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About ZEBRA2020
Nearly Zero-Energy Building Strategy 2020

Sustainability of the European society and economy will be based on renewable energy and
high resource efficiency. For the building sector, this implies the large scale deployment of lowenergy buildings (so called nearly zero-energy buildings or nZEBs). ZEBRA2020 aims at
creating an observatory for nZEBs based on market studies and various data tools and thereby
generate data and evidence for policy evaluation and optimisation. European legislation
(Energy Performance of Buildings Directive) makes nZEBs a standard by 2020. Therefore, the
key objective of ZEBRA2020 is to monitor the market uptake of nZEBs across Europe and
provide data as well as recommendations on how to reach the nZEB standard.

ZEBRA2020 covers 17 European countries and about 89% of the European building stock and
population. Thus, it is actively contributing to meeting the ambitious target of 100%- share of
nZEBs for new buildings from 2020 and a substantial increase of deep nZEB renovations.

Learn more at www.zebra2020.eu
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1. INTRODUCTION
1.1 AIM OF THE REPORT
The primary aim of this report is to assess whether energy efficiency is capitalised upon in the
housing market of selected European countries. The affirmative case would result in a price
surplus due to energy efficiency for sale and rental transactions. The energy efficiency rating
given in Energy Performance Certificates (EPCs) is used as a proxy for the energy efficiency
of a dwelling. This enables a hedonic analysis to be carried out to estimate the willingness-topay for energy efficiency.
The motivation for this investigation resides in the potential to tackle the energy and climate
challenges of the 21st century through the optimisation of energy efficiency in buildings. In
particular, minimising the energy consumption of the building stock is a key policy goal of the
European Union. A key indicator of the success of policies in this field is the level of
capitalisation of energy efficiency on the market. As a result, a regular assessment of price
surpluses due to energy efficiency should be incorporated as a fundamental component of EU
policy evaluations.
Whilst similar analyses have been carried out for a limited number of EU Member States, data
limitations have so far prevented a comprehensive report. Data availability in this field is
continually improving due to the increasing levels of implementation of the EU Energy
Performance in Buildings Directive (EPBD), which requires EPCs to be advertised for rental
and sale transactions. However, data limitations remain and a full report on the level of energy
efficiency capitalisation in all EU and EEA Member States is not yet possible. Despite this
drawback, this report will outline a method for the assessment of price surpluses due to energy
efficiency, which will be carried out on 12 countries. This will provide the foundation for future
investigations that can be performed periodically to assess changes in the level of
capitalisation of energy efficiency, thereby providing information that can be used to assess
the success of policies in the field, such as the success of energy performance certification.
In addition to the market analysis a survey among real estate agents has been carried out for
8 countries. The aim of the survey was to collect real estate agents’ professional opinion on
what are the main factors that households consider when selecting properties to buy or rent.
Additionally, the survey asked questions concerning the impact of energy performance
7
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certification on the values of properties, exposure time of properties and a set of questions
which asses the problems with wider uses of EPCs in the daily practice. Many of the
statements regarding energy performance certification expressed by real estate agents are
statistically slightly negative. However, a few answers showed positive opinions and the results
vary among the countries. The results of the real estate agents’ survey provide significant
recommendations on how to increase the impact of EPCs on the property value and how to
overcome obstacles in wider use of EPCs across EU. For instance, in some countries EPCs
are not mandatory at all stages of real estate use (e. g. design, primary market release,
secondary market transactions, and renovations). In those countries, where EPCs are already
mandatory, this duty may be better respected, if EPCs would be also requested by
lawyers/notaries as witnesses of real estate transactions. Bureaucratic hurdles in issuing EPCs
shall be reduced while the evaluation of energy performance certificates in terms of reliability
shall be improved. Improved training and qualifying of the certifiers and proper quality control
would increase reliability and credibility of EPCs.
The EPC market analysis of the report has been conducted as part of a master thesis at TU
Wien (De Graaf, 2016), which provides even more detailed information than this report on the
investigated real estate markets. The survey among real estate agents has been carried out
by Mrs Martyna Dębicka, independent social surveyor from Poland, supported by the project
consortium.
The following section will provide a more detailed background into the potential benefits that
can be derived from the optimisation of the energy efficiency of residential buildings. It will also
provide an overview of current EU policy in this field, with a focus on the role and requirements
of EPCs.

1.2 BACKGROUND
Buildings account for 40% of energy consumption in the EU, making the building sector the
single largest contributing sector (European Commission, 2016). This number is rising, with
energy consumption having increased from approximately 400 Mtoe to 450 Mtoe in the last 20
years (BPIE, 2011). As a result, improving the energy efficiency of buildings is seen as a key
area in which EU and EEA Member States can reach their emissions and energy consumption
targets. The EU has committed itself to the following targets by 2030 (European Commission
2016b):
8
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40% reduction in greenhouse gases, relative to 1990 levels



Minimum of 27% share of renewable energy consumption



Minimum of 27% energy savings, relative to business-as-usual projections

EEA Member States that are not members of the EU have committed themselves to similar
climate and energy targets. For example, Norway adopted the EU’s 40% emissions reduction
target in advance of the Paris Conference in December 2015 (Norway Mission to the EU,
2015).
Despite the currently increasing trend in energy consumption in buildings, the sector has been
identified as having the highest cost-effective potential for energy savings by 2020 (European
Commission, 2006). This finding was supported on a global scale, with the review of 80 studies
in the IPCC’s Fourth Assessment Report concluding that 29% of projected emission by 2020
could be reduced cost-effectively in the residential and commercial building sectors, making it
the sector with the highest potential in the IPCC report (Levine et al. 2007).
Transitioning towards low carbon fuels and managing emissions are two options that could be
pursued as ways of meeting the first two EU targets without the need to alter energy
consumption. However, emphasis has been placed on energy efficiency in the building sector
as it “encompasses the most diverse, largest and most cost-effective mitigation opportunities
in buildings” (Levine et al. 2007). This is in part due to the fact that the housing sector - unlike
other energy intensive sectors - is dominated by second-hand, inefficient goods, which
therefore have a high potential for efficiency improvements.
This report will focus exclusively on energy consumption in the residential building sector. The
primary reason for this focus is the fact that residential buildings account for 75% of the EU
building stock (BPIE, 2011). As a result, residential buildings alone make up 27% of total
energy consumption (BPIE, 2011). Furthermore, policy regimes that target residential buildings
have a number of wide-reaching potential benefits in addition to the fulfilment of energy and
climate goals, including a “blend of direct and indirect and monetary and non-monetary
benefits” (Fuerst et al. 2015, 147) to home dwellers. Primarily, if the negative externality of
poor energy performance were to be fully accounted for in the market, home-dwellers would
have real incentives to consider energy efficiency in transaction decisions. Such a market
transformation can be equivalently conceptualised as the full capitalisation of the benefits of
energy efficiency in the market. The key benefit of this transformation taking place in the
residential market is that a larger proportion of the population is involved in decision-making in
this sector than in the non-residential sector. As a result, additional benefits that could arise
9
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from an increased awareness in the importance of energy efficiency are likely to be further
reaching in policies that target the residential sector. However, a potential negative
consequence of energy efficiency capitalisation is the fact that it could prevent those in energy
poverty from living in energy efficient dwellings, as energy efficiency becomes increasingly
correlated with price.
In addition, this report will focus on the existing housing stock, rather than policies aimed at
increasing the efficiency of new buildings. This is, again, primarily due to the fact that this is
the area that offers that highest potential for savings due to increased energy efficiency. The
IPCC’s Fourth Assessment Report identified that the highest potential for emissions savings
by 2030 resided in the retrofitting of existing buildings and replacement of energy-intensive
equipment (Levine et al. 2007). This high potential is a direct result of the previously discussed
irregular nature of the housing market, whereby houses have a relatively long lifetime as
compared with assets and goods in other markets. Indeed, it is estimated that between 7590% of the current building stock will still be standing in 2050 (European Commission DG
Energy, 2015). Policies focussing primarily on new buildings are therefore insufficient as they
do not account for the low turnover in the housing stock.
A number of market barriers have been identified that account for the current lack of energy
consumption optimisation in the residential building sector. In addition to financial, institutional
and administrative barriers, a key obstacle to the capitalisation of energy efficiency in the
housing market is imperfect information (IEA, 2010). This market barrier primarily relates to a
lack of available information regarding the most cost-effective changes that can be made to
improve the energy efficiency of a dwelling. In addition, when the information is made available
it is sometimes not well-understood. Furthermore, it has been observed that the impact of
imperfect information is increased in an environment of rapidly developing systems; as it can
be difficult for experts to keep track of the best available technologies (IEA, 2010).
The two main EU policy frameworks that target energy efficiency in buildings are the recast of
the Energy Performance of Buildings Directive (EPBD)1 (2010/31/EU) and the Energy
Efficiency Directive (2012/27/EU). The former is a recast of the original EPBD (2002/91/EC),
which is included in the EEA agreement, and hence all EEA Member States are required to
transpose and implement it. The three main requirements of the EPBD are the setting of

1

Unless otherwise stated, all future references to ‘EPBD’ relate to the 2010 recast of the

Directive
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building performance standards, the application of an energy performance certificates (EPCs)
scheme for buildings, and the need for all new buildings to be ‘nearly zero energy buildings’
(NZEBs). The deadline for most of the requirements was 2013; however, Member States have
until the end of the decade to fully implement NZEB requirements (European Commission DG
Energy, 2015).
The requirement to implement an EPC scheme is the most important policy in relation to
market transformation, as it applies to existing buildings as well as new buildings and seeks to
directly tackle imperfect information in the market. If the latter aim were successfully fulfilled, it
is likely that retrofitting improvements that exceed minimum regulations would be observed,
due to corresponding financial rewards.
Due to the principle of subsidiarity, Member States have the freedom to develop their own
measurement systems, accreditation requirements and EPC layouts, provided they comply
with the EU framework policy outlined in the EPBD, as well as the minimum methodology
requirements given in Annex 1 to the Directive. The main information requirements for EPCs
include the presentation of an energy performance index and expert recommendations for
cost-effective home improvements that could be made to improve the energy performance
rating of the building. It is also required that the energy performance index includes reference
values so that buildings can be compared (European Union, 2010). In practice, this has led to
most countries developing a letter-based rating scale that is defined either by fixed-values of
energy consumption or according to reference buildings. In addition, the calculation
methodology must be harmonised on a national level.
The EPC framework policy was strengthened in the 2010 EPBD, with the requirement to
publish energy performance indicators at the point of advertising dwellings for sales or rental
transactions. This was an improvement on the 2002 EPBD, as it had been observed that EPCs
were often presented at the point of transaction, when the decision to buy or rent a dwelling
had already been made (Bio Intelligence Service et al. 2013). Such a scenario does not support
market transformation as EPCs are not factored into decisions and therefore cannot be
capitalised in the market. In addition, quality assurance mechanisms were strengthened in the
2010 EPBD recast, with the requirement to implement an independent control mechanism as
well as a random checking system (Bio Intelligence Service et al. 2013).
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2. RESEARCH
METHODOLOGY

QUESTIONS

AND

2.1 REAL ESTATE AGENTS SURVEY
The aim of the survey was to collect real estate agent’s professional opinion on what are the
main factors that households consider when selecting properties to buy or rent. Additionally,
the survey asked questions concerning impact of energy performance certification on the
values of properties, exposure time of properties and a set of questions, which asses the
problems with wider uses of EPCs in the daily practise, in eyes of real estate agents.

2.1.1

Motivation for the survey

The system of evaluating the energy performance of buildings, implemented by the EPBD,
should motivate designers, developers, real estate managers, real estate users and their
agents to regard energy saving as a necessary feature of the designed and used buildings. It
is supposed to limit the costs connected with the maintenance of buildings we reside and work
in. At a longer time perspective, such procedure shall influence lower energy consumption and,
thus, limit the emission of greenhouse gases. It is supposed to be an important factor
increasing the energy security of countries and regions, stopping further global warming.
Specifying the energy performance of buildings at every stage of designing and using the
building should bring benefits to its owners and tenants, as well as societies of particular
countries and international societies.
The target of the real estate agents survey was collecting the opinions on energy certification
and its influence on the real estate market and acquiring information about the obstacles in
implementing the energy certification.
The main issues covered by the survey concerned the following:


Information about the ways of energy performance certification



Factors considered whilst the selection, purchase and lease of real estate

12

ZEBRA2020 - D3.1: The Impact of Energy Performance Certificates on property values and
nearly Zero-Energy Buildings



Evaluation of energy performance certificates (EPC2) in terms of the duty of its
application, reliability and usefulness in the professional activity of real estate agents.



The role of the EPCs on the real estate market whilst estimating the real estate value
and its connection with the exposure time of the real estate on the market.



Obstacles in implementing the energy performance certification and improvement of
the energy performance of buildings



Possible actions influencing the improvement of the energy performance of buildings



Evaluation of the knowledge about the EPBD 2002/91/EC directive

The survey has been conducted on the territory of 8 EU Member States – Austria, France,
Germany, Italy, Norway, Poland, Romania and Spain. The survey included 618 interviews in
total, respectively in particular countries: Austria N= 50; France N= 70; Germany N= 90; Italy
N= 136 Norway N= 90; Poland N= 71; Romania N= 43; Spain N= 68.
The survey’s largest respondent group consisted of individuals with large professional
experience in real estate agency. Whilst analysing all the surveyed countries, as much as 64%
respondents indicated they have a 10-year professional experience. Additionally, this
distribution varied in particular countries, the percentage of the agents with an over-10-year
experience was statistically significantly higher in Spain (88%), Germany (81%) and Italy
(76%). Whereas, in Austria and Poland it was significantly lower. In Poland, agents with 1 – 6
years of professional experience prevailed
Researchers conventionally determine what level of significance of the results are
shown as statistically significant depending on the type of report. For social studies a
significance level of p <0.05 has been contractually adopted. That is the way in which
it has been determined in the ZEBRA2020 report. As the significance of a given result
is less than 0.05, then the results are statistically significant, and irrelevant when
greater.

The authors of the survey and the ZEBRA2020 project partners would like to thank the
following institutions and companies that have helped in the distribution of the survey:

Austria

2

Wirtschaftskammer Oesterreich, REMAX Austria

EPC- Energy performance certificate, shortly: certificate
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France

FNAIM (Fédération Nationale de l’Immobilier)

Italy

Federazione Italiana Agenti Immobiliari Professionali

Norway

Norwegian Association of Real Estate Agents (NEF)

Poland

John Lang LaSalle, Lebiedź Consulting, Metrohouse, Wilson`s Nieruchomości

Romania

Asociatia Profesionala a Agentilor Imobiliari din Romania, Uniunea Nationala
a Agentiilor Imobiliare, Asociatia Brokerilor Imobiliari, RoGBC, RICS, BPIE

Spain

Colegios Oficiales de Agentes de la Propiedad Inmobiliaria de España,
participantes del Sareb, other real estate agents from known web portals and
networks in Spain

2.1.2

Survey methodology

The entire survey was preceded by an analysis of the available materials connected with the
subject of low-energy building construction in Europe, the existing statistic data and
elaborations, as well as quality instructions. The more detailed interviews conducted in the
initial stage of the project have allowed to verify the initial assumptions of the survey, finalize
and prepare the questionnaire concerning quantitative surveys. The detailed methodology of
the survey has been described in the deliverable of the Zebra2020 project number D3.4.

2.2 ENERGY PERFORMANCE CERTIFICATE
ANALYSIS
2.2.1

Research questions and hypotheses

Taking into account the current state of the art, this report will seek to answer the following
research question for each of the countries under assessment:
Does a statistically significant price surplus due to EPC ratings exist in the selected
housing markets?
a. What is the impact on sales prices
b. What is the impact on rental prices
The results of this research question will provide an indication for the extent to which energy
efficiency is capitalised in the assessed housing markets. In addition, it will give an indication
14
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of the success of the EPC scheme. However, the lack of similar hedonic analyses that predate
the EPC scheme prevent the possibility of controlling for natural surplus levels. As a result, it
is not currently possible to assess the extent to which observed surpluses are purely the result
of the EPC scheme itself. Such an assessment can be made in future investigations, if the
same methodology is used periodically with new EPC data.
Taking existing literature account, the following hypotheses are made:
H0 (null hyporeport): No surplus due to EPC rating is observed
H1 (alternative hyporeport): A surplus due to EPC is observed. For EPCs that use a letterrating scale, surpluses are present between each adjacent letter shift.
Sub-research questions a, b:
H0: Surpluses in rental prices are equal or greater than surpluses in sales prices
H1: Surpluses in rental prices are lower than surpluses in sales prices
The alternative hyporeport will be tested in each case using a 95% confidence interval, with
the null hyporeport being rejected in cases where the alternative hyporeport is confirmed.
In addition to the second, comparative hyporeport for rental and sales surpluses, the literature
suggests that surpluses in both cases are unlikely to exceed 10% of average dwelling prices.
Price surpluses due to the size and age of dwellings are not included in the central research
questions. However, the literature suggests that a positive surplus due to size is expected. The
presence of a surplus due to age is contested due to the trade-off between quality- and
aesthetic-characteristics (Fuerst et al. 2015).

2.2.2

Methodology

This report will follow the hedonic method, which is ubiquitous in the literature in this field. The
key benefit of this method is that it allows for the contributions of dependent variables on the
independent variable to be separated and identified. The functional relationship between the
dependent variables and the independent variable is not fixed. The resulting general form of
the equation is given in equation (1)
Y = f(𝐗) + ε

(1)

Where Y is the independent variable, X is a set of dependent variables and ε is an error term
that is assumed to be uncorrelated with X and normally distributed about zero: ε ~ N(0, σ2 )

15
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In market analysis, this method is often used to identify the contribution of different factors and
characteristics to the overall price of a good or service. Equation (2) gives the further
specification of the hedonic model in this case.
P = f(𝐗) + ε

(2)

Where P now represents price and X is a set of characteristics of the good or service.
Many hedonic studies specify a linear model. This assumption greatly simplifies the analytical
process as it allows for contributions to be estimated using the multiple regression technique.
In the case of the housing market, the linear assumption has been shown to be valid, leading
to a number of studies that use regression analysis to decompose house prices.
Adopting a linear functional form, equation (3) gives a further specification of the relationship
between the price and characteristics of a good or service.
P = α + ∑N
j=1 βj X j + ε

(3)

Where α is a constant and βj are the coefficients relating to independent variables, X j .
Contributions to the overall price are determined through the estimation of the βj coefficients,
which are chosen to minimise the sum of squared errors between a dataset and the linear
model.
For the case of the housing market, possible independent variables include age, size, quality,
location and energy performance. Some of these variables, such as age and size are
quantitative and can be analysed using continuous variables in a simple linear function as
specified above. However, for quality characteristics and other qualitative factors, it is often
necessary to create dummy variables, which are equal to one if the characteristic is present
and zero otherwise.
The independent variables can therefore be separated, as is shown in equation (4).
M
P = α + ∑N
j=1 βj X j + ∑k=1 γk δk + ε

(4)

Where X j are continuous variables and δk (with corresponding coefficients, γk ) are dummy
variables.
In cases where a qualitative variable has multiple categories, separate dummy variables have
to be created. The coefficient of each of these variables represents the deviation of the
intercept relative to a reference situation. It is necessary to omit one category from the set of
dummy variables, which is then taken to define this reference, or ‘hold-out’, value.
The literature is divided as to whether to use a continuous variable or a set of dummy variables
for the EPC rating of a dwelling. The letter-rating system allows for it to be categorised as a
16
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qualitative variable (Fuerst et al. 2015). However, it is also valid to create a continuous variable
by converting the letter-scale into a number-scale (Bio Intelligence Service et al. 2013). The
disadvantage of the latter method is that it assumes that the ceteris paribus relationship
between price and EPC rating is linear. In other words, this method assumes that the difference
in marginal price between a G- and an F-rated dwelling is the same as the difference between
a B- and an A-rated dwelling. This method is valid in establishing whether a clear relationship
exists across the scale but gives no information as to how marginal surpluses differ across it.
The dummy variable method is therefore favoured in this report, as it provides an additional
insight into the different surpluses that may result from a shift between different letters on the
scale.
Most of the datasets provide data for the following three categories:
-

Year of construction (age variable)

-

Area/number of rooms (size variable)

-

EPC rating (energy efficiency variable)

The research questions will focus on the results relating to the third category; however, it has
been stated that the first two categories are “essential controls for any residential hedonic price
modelling” (Fuerst et al. 2016)
Equation (5) is constructed in a linear form in order to estimate the contribution of each of these
variables.
P = α + β1 AGE + β2 SIZE + γ1 (EPC1) + γ2 (EPC2) + ⋯ + γn (EPCn) + ε

(5)

Where AGE and SIZE are continuous variables and (EPCi) are dummy variables. The number
of letter-categories in the EPC scale varies between countries and hence so do number of
dummy variables. Without loss of generality, the D category is left out from the set of dummy
variables in each case, representing the reference, or ‘hold-out’, category.
Some studies use a semi log model, whereby the price is replaced by its natural logarithm as
the dependent variable. The main advantage of this method is that it allows relative price
surpluses to be estimated as percentage values. However, the linear price model given above
was generally found to be a better fit for the datasets in this report. As a result, the semi log
model is not used.
A simple linear model using a continuous variable for the EPC rating is also used in cases
when the EPC includes a number rating for energy performance, or when it is necessary to
estimate the average surplus across the scale. Furthermore, this method enables the
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estimation of percentage surpluses, which aids comparability with the literature. This model is
specified in equation (6).
P = α + β1 AGE + β2 SIZE + β3 EPC + ε

(6)

Where EPC is now a continuous variable.

2.2.3

Data

The following countries were chosen for analysis in this study:


Austria



Czech Republic



Denmark



France



Germany



Luxembourg



The Netherlands



Norway



Slovakia



Spain



Sweden



United Kingdom

Data on the characteristics of dwellings in these countries (including EPC ratings) was
collected from estate agency websites. This downloading process is currently set to run every
six months. This will provide the opportunity to extend the scope of the current report to include
a temporal component. Data was collected for both sales and rental transactions in each
country. In addition to EPC ratings and advertised prices, the useable area was collected for
each dwelling and in most cases the construction year.
The use of data on advertised-, rather than final transaction-, prices could lead to
overestimations in this data field. This is due to the fact that negotiations often drive down
transaction prices. Information relating to cases where EPCs are used directly during such
negotiations will not be captured by our analysis
Once the data had been collected, it had to be sorted. This process is important to ensure that
false data entries are removed from the dataset. These entries can be the result of inputting
errors at the data entry level, as well as incorrect categorisation at this level and at the data
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collection level. This can lead to offices and apartment blocks being categorised as singlefamily dwellings. Some false entries also arise from formatting errors in the spreadsheets. In
order to identify probable false entry points, cut-off values were established for each data
category.
Two of the selected countries (Belgium and Italy) were excluded from the main body of this
report due to insufficient data quality. Results from these countries can be found in the study
of de Graaf (2016).

2.2.4

Literature review

A growing number of studies have emerged that investigate the extent to which EPCs have
been successfully implemented in EU Member States. In particular, these studies investigate
the level of public understanding and awareness of EPC labels, the extent to which EPCs have
been taken into consideration in transactions and home improvements, and the effect that
EPCs have had on property prices. This adds to existing literature on the market effects of
other energy performance labels that have been developed for commercial and residential
buildings. These include the Green Market Certificate (GMC) in Singapore and ENERGY
STAR® in the United States, both of which differ from the EPC system in that a minimum green
standard must be met in order for a label to be awarded.
This section of the literature review will proceed as follows. First the literature that specifically
investigates price surpluses due to EPC ratings in EU countries will be examined, as this
relates directly to the current investigation. The most important studies in this field represent
the body of work that the results of this report will contribute to directly and will therefore be
elaborated in detail. Key findings of similar studies that investigate price surpluses due to other,
non-EU labelling systems will then be evaluated, followed by a review of the research that has
been carried out on the success on EPC implementation through survey analysis. The latter
section aims to contextualise the quantitative studies on the level of market capitalisations of
EPCs. Finally, the split-incentive dilemma will be summarised, including an evaluation of its
observed impact on the capitalisation of energy efficiency.
Almost all of the studies that estimate price surpluses due to energy efficiency ratings use a
form of Rosen’s hedonic method. The basic model assumes that goods can be differentiated
by the number of attributes they contain. In a purely competitive market, the price of this good
at market equilibrium then represents a combination of supply and demand side attributes.
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Such a formulation allows for the value of unobserved attributes to be estimated (Rosen, 1974).
The benefits and limitations of different formulations of the hedonic method will be discussed
in the methodology chapter.
One of the earliest quantitative studies into the market impact of EPCs was carried out by
Brounen and Kok (Brounen and Kok 2011). The report focussed on the Netherlands and
investigated both the level of implementation of the EPC scheme and the resulting price
surpluses, which were estimated using the hedonic method. Whilst the level of implementation
was observed not only to be low, but also to be declining, the authors calculated statistically
significant price surpluses for EPC ratings. The Netherlands national EPC rating system uses
an A-G scale, where A is the most efficient and G is the least. Compared with a D rating, the
report found price surpluses of 10%, 5.5% and 2.0% for the sales prices of homes with A, B
and C ratings respectively. In addition, the report calculated relative sales price deficits of 0.5%,
2.5% and 5% for E, F and G rated homes. This positive relationship between house price and
EPC rating demonstrated an early indication that energy efficiency was being capitalised in
housing transactions where EPC labels were present.
A joint research group from the University of Cambridge and the University of Reading have
carried out two studies that investigate price surpluses due to EPC ratings in the UK. The first
report uses data from England (Fuerst et al. 2015) and the second from Wales (Fuerst et al.
2016). Both used a semi-log hedonic model that allowed for average relative surpluses to be
calculated as percentages. In addition, data of dwellings with repeat sales were obtained and
used to control for factors specific to individual dwellings. In England, statistically significant
surpluses of 5% and 1.8% were found for sales prices for A/B and C ratings respectively, when
compared with D ratings. In addition, deficits of 0.7% and 0.9% were found for E and F ratings.
In Wales, relative again to dwellings with D ratings, surpluses of 11.3% and 2.1% were found
for sales prices for A/B and C ratings respectively and deficits of 2.1%, 4.7% and 7.2% were
found for sales prices for E, F and G ratings. Whilst these two studies appear to suggest that
sales prices in Wales have been more greatly affected by the introduction of EPCs, the authors
warn that this effect may be largely down to the lower average house prices in Wales. This
finding demonstrates the potential limitations of presenting surpluses in relative terms, as the
added value of energy efficiency improvements may be an absolute quantity.
The EU Commission DG Energy published a report in 2013 on price surpluses resulting from
EPCs (Bio Intelligence Service et al. 2013). This report was one of the first to analyse price
surpluses for multiple EU countries in a single investigation. Furthermore, the report was able
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to make estimations of rental surpluses in Austria, Belgium and Ireland and therefore to
compare rental and sales surpluses in these countries. In all three countries, the rental surplus
was found to be smaller than the sales surplus, which provides empirical confirmation of the
well-documented split incentive problem, which will be further elaborated below. The report
used a hedonic method; however, it made the assumption that the increase in the price surplus
due to a one-letter improvement remained constant across the EPC scale and hence did not
estimate the different surpluses resulting from improvements between different letters (e.g.
from G to F vs from B to A). Whilst this represents a simplification, as most quantitative studies
have confirmed the fact that the relationship between rating and price surplus is “not expected
to be uniform” (Fuerst et al. 2016, 29), the method is valid in giving an average indication of
surpluses in each country. The numerical results obtained are summarised in Table 1.

Table 1: Property price surpluses due to EPC ratings, summary of results from the Bio
Intelligence Service Report (Bio Intelligence Service et al. 2013)
Country (region)

Sales surplus for one- Rentals surplus for oneletter improvement (%)

letter improvement (%)

Austria (Vienna)

10 - 11

4.4

Austria (Lower Austria)

5-6

4.4

Belgium (Flanders)

4.3

3.2

Belgium (Wallonia)

5.4

1.5

Belgium (Brussels)

2.9

2.2

France (Marseille)

4.3

-

France (Lille)

3.2

-

Ireland

2.8

1.4

UK (Oxford)

-4

-

Inter-country comparisons are made by the authors; however, this should be done with caution.
This is because the differences between EPC mechanisms and housing markets in each of
the countries may greatly impact the magnitude of surpluses.
The most surprising result from the report is the deficit recorded for Oxford, UK. However, the
authors stress that care must be taken with the interpretation of this result, since the sample
size was limited and a key explanatory variable, age, was omitted in the data set. The latter is
likely to have led to a bias in results, as the age of a dwelling is often correlated with its energy
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efficiency rating. As a result, Franz Fuerst et al. state that “two attributes that are essential
controls for any residential hedonic price modelling are size… and age” (Fuerst et al. 2016).
Another report carried out in 2013 investigated sales and rentals surpluses in Ireland due to
EPC ratings (Hyland et al. 2013). This report confirmed the findings of the EU Commission
report of greater surpluses for sales than for rental transactions. It is difficult, however, to
compare the quantitative results as the EU Commission report gives surpluses in absolute
percentages, whereas this report uses relative percentages compared with a dwelling with a
D rating. This serves to demonstrate a difficulty in interpreting and comparing quantitative
results in existing literature
The above studies represent the most prominent work published on the quantitative impact of
EPC ratings on house prices. Whilst other investigations have also been made into the impact
that energy efficiency has on selected EU housing markets (de Ayala et al. 2016) (Cajias and
Piazolo 2013), these do not use EPC data as a proxy for energy efficiency attributes and hence
are not directly comparable to our research. In addition, many studies have carried out the
same hedonic analysis of EPCs in the commercial buildings market (Fuerst and McAllister
2011) (Kok and Jennen 2012). These generally also find a positive relationship between EPC
rating and price surplus; however, caution must be taken when using these findings as an
evidence-base for predictions in the housing market. It is beyond the scope of the current
analysis to control for the differences between the two markets, as well as the differences in
legislations for the two buildings types under the EPBD. As a result, a detailed literature review
in this area is not included.
The existing literature clearly finds a positive relationship between EPC ratings and price
surpluses in the housing market. All of the findings presented above are statistically significant
and have been subjected to robustness checks. However, it is instructive to compare these
findings to those of similar studies carried out into the effect of non-EU energy rating schemes
on housing prices. This comparison acts as a control against other factors that may be causing
a positive relationship between house price and EPC rating. If the other studies confirm the
positive relationship between the two attributes, greater confidence can be attributed to the
assertion that it is the label itself that is causing observed market changes. The key findings
from a selection of these studies are presented in Table 2.
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Table 2: Summary of key findings for hedonic studies on the impact of non-EU energy
efficiency labels on housing prices
Reference

Focus

Energy

Key findings

country/region efficiency
labelling scheme
(Addae-Dapaah

Singapore

and Chieh 2011)

Green

Mark 12

Certification
(4

levels:

hedonic

developed

models

to

estimate

GMC surpluses.

Surplus

(lowest),

GMG, identified for sales prices

GMGP,

GMPL with GMC label (relative to

(highest))

non-GMC) but mixed results
were found for higher rated
labels (market confusion)

(Australian

ACT (Australia)

Bureau

EER (scale: 0-6)

of

Surpluses (sales) relative to
a

Statistics, 2008)

0-rated

home:

1.6%

(EER1), 3% (EER2), 5.9%
(EER3), 6.3% (EER4), 6.1%
(EER5)

(Bloom et al. 2011) Colorado (US)

ENERGY STAR®

Price surplus for homes with
an ENERGY STAR® label:
$8.66/ft2 (relative to homes
without one)

(Deng and Quigley Singapore

Green

2010)

Certification

Mark Average
(sales)

price
of

GMC

surplus
homes

relative to non-GMC: 15%
(Kok

and

Kahn California (US)

ENERGY STAR®

Price surplus for homes with
an ENERGY STAR® label:

2012)

9%

(relative

to

homes

without one)
(Salvi et al. 2010)

Zurich

Minergie labelling Sales surplus of labelled

(Switzerland)

scheme

homes

compared

unlabelled homes:
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7% (single family homes)
3.5% (flats)
(Yoshida

and Tokyo, Japan

TGLSC

Sugiura 2010)

Sales deficit of labelled
(compared with unlabelled)
condominiums: 5.6%

(Zheng et al. 2011)

Beijing (China)

“Green”
(developed
authors)

index Sales

price

surplus

of

by “green” homes compared
with non-“green” homes:
17.7% (initially)
But:
-11% (resale price)
-8.5% (rental price)

The above studies, which cover a range of global energy efficiency labelling schemes, show
that statistically significant surpluses are observed in most cases. Two outstanding findings
that do not follow the pattern are found in the studies carried out by Zheng et al. (Zheng et al.
2011) and Yoshida and Sugiura (Yoshida and Sugiura 2010). Both studies are often included
in the analysis of other hedonic model investigations, which seek to explain the discrepancy
between these findings and the wider body of literature that consistently estimates price
surpluses in relation to higher levels of energy efficiency. It has been argued that the deficit
observed in the first report by Zheng et al. could be the result of a perception of high
maintenance costs in energy efficient homes (de Ayala et al. 2016). Furthermore, since the
green index was developed by the authors, it transactions in this report did not benefit from the
increased information that accompanied transactions with energy efficiency labels in other
studies. Yoshida and Sugiura, the authors of the second report, also suggested that the deficit
may be the result of perceived high maintenance costs of energy efficient homes as well as
uncertainty over the quality of building material. In addition, the authors identified omitted
variable bias as a potential cause, which becomes significant when explanatory variables that
are correlated with energy efficiency are omitted from the regression. It can be difficult to
control for this bias as it often results from a lack of data for the omitted variable. As a result,
independence tests between this attribute and energy efficiency usually cannot be carried out.
However, control mechanisms have been developed for variables that are thought to be
correlated, such as location (Fuerst et al. 2016).
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The literature discussed so far in this section reflect the observation that energy efficiency
labelling schemes are being capitalised in transactions in housing markets. However, the
geographical scope of the studies relating specifically to the EPC scheme is limited, as
quantitative analyses have only been carried out for a minority of EU Member States. This
report will therefore build on the current body of work in this field by carrying out hedonic
regressions for countries that have not yet been analysed, as well as comparing results with
countries that have.
A number of studies have been carried out that use survey data to assess the success of the
EPC scheme. This methodology seeks to better understand the way in which consumers
interact with EPC labels in the housing market. Studies have focussed on five key areas:


The level of understanding of EPCs



The extent to which the labels have been incorporated into decision-making processes



The significance of EPC labels as compared with other attributes in the decisionmaking process



The level of implementation of improvement recommendations provided in EPCs



The level of trust of the information contained within EPCs

Investigations into the level of understanding of the information provided in EPCs have
generally found that the most important information is well understood (Lainé, 2011). However,
many studies have identified issues relating to a lack of understanding of more complex
information. In a survey carried out in Germany, respondents were asked to give a rating (out
of seven) for the level to which they found the information provided in EPCs understandable.
A mode response of five was reported, which was classed as by the author as “fairly
understandable” (Amecke, 2012, p. 8). However, only 58.1% of respondents were correctly
able to identify and distinguish between the two types of certifications schemes offered in
Germany, which signified a lack of understanding of the EPC valuation method. Furthermore,
a survey carried out as part of the previously mentioned EU Commission report found that the
level of understanding across surveyed states was generally high; however, evidence also
suggested a lack of understanding of more complex information such as the meaning behind
different ratings and the method used to calculate them (Bio Intelligence Service et al. 2013).
In addition, Amecke stated that the main cause behind the ineffectiveness of EPCs was the
fact that the certificates were insufficient in helping consumers to understand the financial costs
and benefits relating to energy efficiency (Amecke, 2012). This is supported by the EU
Commission report that stresses the importance of making financial forecasts easier to
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calculate for home-dwellers. In particular, the report highlights the fact that the amount of
money that can be saved in the future is a lot more difficult to calculate than upfront investment
costs.
Investigations into the extent to which EPCs affect decision-making in the housing market have
tended to find that they play a minor role (Amecke, 2012) (Backhaus et al. 2011) (Murphy,
2013). Key factors behind this include lack of implementation of EPCs, complexities within the
housing market and poor coordination with other policy measures. Research has been done
into the reasons behind consumers opting for houses with lower ratings in order to further
understand the lack of consideration of EPCs in purchase decisions. One factor that has been
identified is a fear that potential house buyers will appear difficult if they demand an EPC rating
where it has not been provided (Lainé, 2011). In addition, Gram-Hanssen et al. found evidence
that EPCs were used to decide what changes to make after a house had been purchased,
rather than in the pre-purchase decision-making process (Gram-Hanssen et al. 2007).
However, this finding was based on interviews with a small sample of 10 Danish households
and cannot necessarily be generalised. In contrast with the negative outcomes of the above
studies, Amecke et al. reported that 78% of respondents had used EPCs at some point during
their search process. Whilst this does not necessarily mean that EPCs formed part of the
decision-making process in all cases, it demonstrates an awareness of their existence and
purpose (Amecke, 2012). Finally, investigations into price negotiation processes have found
that EPCs tend to play a minor role, if any (Lainé, 2011). However, since many of the previously
discussed hedonic studies use datasets with advertised prices rather than final transaction
prices and still find statistically significant surpluses, it is possible that the EPCs are being
capitalised in the housing market even if they are not used in price negotiations.
In order to contextualise the apparent lack of importance of the EPC scheme in decision
making, it is instructive to compare it against other factors that influence the decision to buy a
house. Amecke et al. report that respondents rated location, outdoor spaces, price and
dwelling condition as the most important criteria, while EPC rating was “only a minor
purchasing criterion” (Amecke, 2012, p. 4). In addition, it was reported that EPCs were seen
to be less useful than utility bills, which were thought to relate more directly to energy efficiency.
Murphy explains the dominance of features such as size, location and price above energy
efficiency as resulting from the fact that they are considered to be unalterable features of a
dwelling (Murphy, 2013). Whilst the quantitative hedonic studies also provide estimations of
the relative importance of different factors such as size, age, EPC rating and location, it is
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important to compare this with the above survey results that provide an insight into the factors
that consumers perceive to be affecting their decisions.
Although our research will focus purely on the market effects of EPCs for sales and rental
transaction and will not investigate the extent to which retrofitting recommendations are
enacted, it is important to have an overview of this area of the literature. In particular, this is
because it aids the assessment of whether observed price surpluses relate to overall energy
efficiency improvements of the existing housing stock or whether they are just connected with
a redistribution of home-owners with wealthier people moving to more energy efficient
dwellings. Studies in this field have found evidence of home-owners carrying out energy
efficiency measures as a result of the EPC of their dwelling (Murphy, 2013) (Tigchelaar et al.
2011) (Kjaerbye, 2009) (NHER, 2009). However, Murphy et al. did not find a statistically
significant difference between EPC-recipients and non-EPC-recipients in terms of likelihood to
have carried out an energy efficiency measure (Murphy, 2013). Furthermore, a report carried
out in the UK found that 32% of households with EPCs had implemented energy efficiency
measures; however, they observed a discrepancy between the most recommended costeffective measures in EPCs and the most implemented measures, which casts doubt over the
extent to which EPCs formed the primary information source for these renovations (NHER,
2009). In contrast with these findings, the IDEAL EPBD multi-country report reported that
households with EPCs were twice as likely to carry out energy efficiency renovations (Murphy,
2013). The contradiction between this result and the previously mentioned studies that fail to
find a statistically significant difference between EPC- and non-EPC-recipients may be
demonstrative of the influences of country-specific factors and biases due to the samples used
in different studies. Taking this into account, it is concluded that weak evidence exists to
suggest that EPC-recipients carry out more energy efficiency renovations.
The final area that has been investigated by studies using survey data is the extent to which
the information contained in EPCs is trusted. A country that has suffered from a lack of trust is
the Netherlands, which is reflected by the fact that adoption rates of the EPC scheme was
observed to decrease over time after an initially strong level of implementation (Brounen and
Kok 2011). In their report, Brounen and Kok were able to match this downward pattern with
the level of negative press printed about the EPC scheme, suggesting that lack of trust was an
important factor. This is supported by Murphy et al. who attributed the sharp decrease in public
acceptance of the scheme in the Netherlands to a consumer programme, which showed that
a single dwelling could receive a wide range of EPC ratings (Murphy, 2013). In addition to a
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lack of trust in the valuation method, a survey carried out in the Netherlands in 2011 reported
that 40% did not trust recommendations given in the EPCs (Tigchelaar et al. 2011). This issue
has also been reflected in studies carried out in other countries, with Amecke et al. reporting a
mode response of four (out of seven) for a survey question on the level of trust in EPC
information in Germany (Amecke, 2012). In addition, the NHER report in the UK reported that
the main reason for recipients not implementing retrofit recommendations was due to
disagreement that the recommendations provided in EPCs were the best measures to
implement (Amecke, 2012). The example from the Netherlands highlights the importance of
strict valuation standards and training of personnel. In addition, it is possible that in cases
where the correct recommendations have been made, insufficient reasoning has been given
to support these recommendations, which can also lead to a lack of trust.
The final area of the literature that provides an important background to this studies’ analysis
relates to the well-documented split-incentive dilemma. This dilemma encompasses situations
in which investment decisions are hindered due to the fact that the flow of benefits and
investments are unequally divided among actors in a given transaction. In the case of energy
efficiency improvements in the housing market, the split incentive dilemma surrounds the
differing interests and incentives of landlords and tenants. Since landlords generally do not
pay energy bills, it is in their interest to provide house components as cheaply as possible. On
the other hand, tenants have the incentive of maximising the energy efficiency of their home
so as to minimise energy bills. However, tenants generally lack control over home
improvements (Bird and Hernández 2012). As a result of this market barrier, the market
transformation impact of the EPC and other energy efficiency schemes are predicted and
recorded to be less for rental markets than for sales markets (Fuerst et al. 2016) (Cajias and
Piazolo 2013) (Kholodilin et al. 2014).
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3. REAL ESTATE AGENT`S SURVEY
The aim of the survey was to collect real estate agent’s professional opinion on what are the
main factors that households consider when selecting properties to buy or rent. Additionally,
the survey asked questions concerning impact of energy performance certification on the
values of properties, in eyes of real estate agents

3.1 RESPONDENT CHARACTERISTICS AND
INFORMATION ON THE RELEVANT
METHODS OF ENERGY PERFORMANCE
CERTIFICATION
The survey’s largest respondent group consisted of individuals with large professional
experience in real estate agency. Whilst analysing all the surveyed countries, as much as 64%
respondents indicated they have a 10-year professional experience. Additionally, this
distribution varied in particular countries; the percentage of the agents with an over-10-year
experience was statistically significantly higher in Spain (88%), Germany (81%) and Italy
(76%). Whereas, in Austria and Poland it was significantly lower. In Poland, agents with 1 – 6
years of professional experience prevailed. (Figure 1)
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Figure 1: How many years of experience do you have as a real estate agent?

Source: Quantitative report on real estate agents survey ZEBRA2020

As a dominant form of applying the EPC in the purchase/lease of real estate, practically
relevant in all surveyed countries, the legal obligation/obligatory certification (requirement
necessary for contract conclusion) has been indicated. Such solution was indicated by 93% of
the surveyed participants (Figure 2). Poland is a special case, where present are both the
mandatory certification (39%) and voluntary one (55%) and other forms of certification than
those listed.
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Figure 2: Please indicate if there is a legal requirement to issue an EPC of the building when buying/renting a
property?

Source: Quantitative report on real estate agents survey ZEBRA2020

Every building handed over for use, as well as every building subject to disposal or lease,
should have an established energy performance in the form of a certificate, specifying the
energy value expressed in kWh/m2/year necessary to fulfil the various requirements connected
with the building use.
Only Poland has indicated that both the obligatory and voluntary certification are relevant (it is
not a necessary condition for property sale/lease contract conclusion). The problem with
indicating the relevant form of certification may result from the fact that in the case of the
primary real estate market – the obligatory certification remains relevant, whereas, in the case
of the secondary market – the voluntary certification is relevant.
In Germany, Poland and Romania, another form of relevant certification have been indicated.
Participants who have responded this, first of all indicated certain exceptions from the legal
obligation.
Exceptions from a specified rule in Poland result from an Act, according to which EPCs are not
issued for buildings, such as:
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o

are subject to protection on the basis of regulations on historical monument
protection and maintenance,

o

used as places of worship and intended for religious activity,

o

intended for use within the time frame of 2 years,

o

non-residential intended for agricultural economy,

o

industrial and economic with energy requirements not larger than 50
kWh/m2/year,

o

residential intended for use within the time frame of 4 months a year,

o

detached with usable floor area below 50 m2.

3.2 INFLUENCING FACTORS FOR SELECTION,
PURCHASE/LEASE OF PROPERTIES
Main elements taken into account in the selection, purchase / lease of real estate are first of
all location (top2box3 positive responses 99%), price (top2box positive responses 98%) and
the size of the real estate (top2box positive responses 96%). A further important element was
various "nuisance" e.g.: a busy road, landing airplanes, landfill, a high-voltage line, etc.
(top2box positive responses 90%). The cost of energy is on the 10th place among all factors
(top2box positive responses 57%). (Figure 3)

3

top2box – rather high and definitely high indications
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Figure 3: Please rate, according to your experience as a real estate agent, the importance of each aspect for the
choice of property. (1/3)

Source: Quantitative report on real estate agents survey ZEBRA2020

In terms of the order of the factors in different countries, this list is relatively similar. (Figure 4
and Figure 5).
In Germany, Norway and Poland, the location was indeed more frequently indicated as the
most important element in selecting real estate. Whereas, in the case of Italy and Spain the
price constitutes the main criterion of property selection. It’s important to point out that the
surveyed Austrian participants indicated the maintenance costs in comparison to another
similar real estate as an important aspect in the real estate selection (top2box responses 92%).
Whereas, Polish and Norwegians focused on the technical condition of the building
(respectively 88% on top2box).
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Figure 4: Please rate, according to your experience as a real estate agent, the importance of each aspect for the
choice of property. (2/3) – top2box

Source: Quantitative report on real estate agents survey ZEBRA2020
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Figure 5: Please rate, according to your experience as a real estate agent, the importance of each aspect for the
choice of property. (3/3) – top2box

Source: Quantitative report on real estate agents survey ZEBRA2020

3.3 APPLICATION,
RELIABILITY
3.3.1

USEFULNESS

AND

Frequency of EPC presentation

The requirement of issuing EPCs has been introduced by the 2002/91/we directive of the
European Parliament and Council concerning the energy performance of buildings (Journal of
laws l 1 dated 4 January 2003, p. 65). Its primary aim was energy saving, due to the amount
of energy being wasted resulting from using inappropriate technologies, improper materials or
building design errors. EPCs usually assign energy classes to particular buildings, which
inform a potential purchaser or tenant about the energy quality and consumption.
In Austria, France, Norway, Romania, Italy and Spain, the EPC shows the energy performance
of a real estate in the scale from A to G, similarly to the system used for electric devices and
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household equipment in Europe. The energy performance scale ranges from 0 to 1000 in
Poland and Germany.
Certificates are required for concluding contracts for the sale and lease of real estate. However,
6% of respondents declare that no certificate has been presented in the time of concluding the
contract (Figure 6).
Figure 6: How often are EPCs presented at the time of signing a sale/rent agreement?

Source: Quantitative report on real estate agents survey ZEBRA2020

The requirement of presenting certificates in concluding contracts is indeed statistically most
frequently indicated in France (90%), Italy (79%) and Romania (72%). Whereas, it is indeed
less frequently required in Spain and Poland, where only 8% participants have stated that
certificates are always required in contract conclusion, whereas, as much as 39% have
indicated no requirement of presenting the EPC whilst doing transactions. For illustration of
this issue among countries in which the real estate agents confirmed high use of EPCs, the
authors show the results of the survey without of impact of Polish situation, which is rather
radical (Figure 6A).
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Figure 6A: How often are EPCs presented at the time of signing a sale/rent agreement? (Without Poland)

Source: Quantitative report on real estate agents survey ZEBRA2020

For this case (without answers from Poland), the requirement of presenting certificates in
concluding contracts is indeed statistically most frequently indicated in France (90%), Italy
(79%). It is indeed statistically less frequently required in Germany (56%), Norway (51%) and
Spain (41%).
In Poland the lack of certificate does not hinder purchasing and sale transactions, or lease and
does not constitute any formal obstacle in its conclusion. Poland is not the only EU member
state that has left clients on the real estate market with an almost total freedom in terms of
presenting the certificates. Although, officially the directive promoting energy saving requires
certificates in all EU Member States. In Poland, the EPC has to be obtained by developers
(and handed over to their clients) who hand over the premises for use and those that will finish
the building construction. Whereas, owners of ready buildings and premises, who wish to sell
or lease it, may ignore this requirement.
The buyer may demand this document, but they rarely do so. It is similar in the other European
countries (perhaps less Germany). However, no penalties for not fulfilling this duty have been
executed.
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3.3.2

EPC reliability

Generally, the reliability of data provided by the EPC is evaluated relatively low. (Figure 7)
Figure 7: How do you assess the reliability of data provided by EPCs in your country?

Source: Quantitative report on real estate agents survey ZEBRA2020

According to Bot2box4, there are 35% negative responses. Similarly, 35% respondents have
evaluated EPCs on an average level. Only 27% (Top2box) respondents have evaluated EPC
positively.
Compared to other countries that take part in the survey, the German respondents evaluate
the EPC data reliability most negatively (Bot2box 54% negative responses), similarly
Norwegians and Poles (Bot2box 47% negative responses) and the French (Bot2box 42%
negative responses).
In terms of the evaluation of data reliability, Austria generated the best results; over a half of
respondents (54%) has evaluated the EPC data reliability positively.

4

Bot2box – rather low and definitely low indications
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The evaluation of the certificate reliability went relatively well in Spain (44% positive responses)
and in Italy, where it has been evaluated statistically significantly more often (31% responses)

3.3.3

EPC usefulness

The usefulness of the certificates is rather negatively evaluated by respondents (Bot2box 47%
negative responses). Only slightly above ¼ of the surveyed participants indicates the
usefulness of the EPC in their professional activity. (Figure 8)
Norwegians evaluate the certificate usefulness particularly bad, almost 80% bot2box negative
responses. Also the Germans (56% bot2box negative responses), the Spanish (55% bot2box
negative responses) and the Polish (53% bot2box negative responses) do not speak in favour
of the certificate usefulness. Whereas, the Romanians 61% (top2box) and the French 40%
(top2box) best evaluate the certificate usefulness.
Figure 8: Please rate the general usefulness of EPCs in your work.

Source: Quantitative report on real estate agents survey ZEBRA2020
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3.3.4

Concluding remarks

Summing up, certain tendencies shaped in particular countries in terms of the evaluation of
the EPCs may be observed, particularly that EPC:


Is relatively unreliable and not useful – Norway, Poland, Germany



Is relatively unreliable, but useful - Romania and France



Is reliable but relatively not useful – Spain



Is reliable and useful – Italy and Austria
Figure 9: Reliability and usefulness of EPCs

Source: Quantitative report on real estate agents survey ZEBRA2020
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3.4 ENERGY PERFORMANCE CERTIFICATION
AND THE BUILDING’S SPECIFICATIONS
3.4.1 EPC and improvement of energy efficiency

Respondents rather (45% responses) do not see any connection between EPCs and the
improvement of the energy performance of buildings (Figure 10).
Figure 10: Do you think there is a link between EPCs and the improvement of the energy efficiency of buildings?

Source: Quantitative report on real estate agents survey ZEBRA2020

The lack of this connection has been statistically significantly more often in Germany (69%)
and Spain (62%).
Although not all surveyed countries do not see the dependency between EPCs and the
improvement of the energy performance of buildings. Italy statistically significantly more
frequently indicated the existence of the connotation between the EPC and the improvement
of the energy performance of buildings. Also almost ¾ of the surveyed respondents in Romania
see this connection.
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3.4.2 EPC and price surplus

The participants declared the lack of association between the high evaluation of the real estate
energy performance and the higher price of a given real estate. Additionally, in Poland and
Spain, the respondents statistically significantly more frequently stressed no influence on
higher costs (rent, price). Only 27% all respondents see the connection between the high
evaluation of energy performance of buildings and the high prices of the real estate. Among
all respondents, the Germans saw this dependency (46% responses) most often. (Figure 11).
Figure 11: Is there a rent/price surplus of buildings/flats with high energy performance rating?

Source: Quantitative report on real estate agents survey ZEBRA2020

3.4.3 Client interest regarding best EPC classes

According to the respondents, most clients are not interested with the purchase / lease of a
real estate with high energy class (A, A +, etc.). Only 30% of respondents have indicated that
clients are more interested with such real estate (Figure 12).
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Figure 12: Are the clients more interested in buying/renting a property with high EPC (A, A + etc.) and/or with
labels since introduction of compulsory attachment of EPC into contracts?

Source: Quantitative report on real estate agents survey ZEBRA2020

However, the analysis of the responses of the particular participant countries there are
significant differences in the answers.
Statistically significantly more often Italians (46%) are particularly more frequently, whereas
the French are relatively (70%) interested in real estate with higher energy class.
Statistically significantly Spaniards (88%), Norwegians (83%) and Poles (77%) are least
interested in real estate with high energy performance class.

3.4.4 Time exposure of the real estate

Three fourths of respondents think that the exposure time of real estate with higher energy
performance classes on the market is not shorter than in comparison to the remaining classes
(Figure 13).
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Figure 13: Is the exposure time on the market of real estate with higher Energy Performance Classes (A, A gold
etc.) and/or with labels shorter in comparison to others?

Source: Quantitative report on real estate agents survey ZEBRA2020

The lack of this dependency was statistically significantly more often indicated in Spain (87%).
In comparison to the participant countries, the statistically significant connection between the
exposure time of real estate and the energy performance which is observed in Austria (32%),
France (21%), Romania (19%) and Italy (18%).
3.4.5 Length of time exposure of the real estate

Among those that claimed that the exposure time of real estate with higher energy classes is
shorter (14% responses), the respondents most often indicated that this time is 2-3 months
shorter, 45% responses (Figure 14).
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Figure 14: How long is shorter the time exposure of the real estate?

Source: Quantitative report on real estate agents survey ZEBRA2020

In higher energy performance classes, the exposure time is not very shorter in comparison to
other classes.
According to the respondents, having the certificate does not impose the shorter exposure time
of the real estate on the market (Figure 15).
Figure 15: Is the exposure time on the market of real estate with EPC shorter in comparison with the exposure
time of real estate without EPC?

Source: Quantitative report on real estate agents survey ZEBRA2020
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3.4.6 Concluding remarks

As a summary of this section, some real estate market perceptions according to EPCs are
observed:


The improvement of the energy performance of buildings is not linked to EPCs (45%
responses)



A surplus price between higher energy classes and properties (when purchasing or
leasing) was expected, but respondents do not find this association (67%
responses).



The exposure time on real estate market does not differ between having a certificate
or not of a property (indicated by ¾ respondents). Even the higher energy classes
on the market do not shorter this time in comparison to the other remaining classes.
The amount of exposure time for the higher classes is established in 2-3 month,
although it does not mean that exposure time is less than without class or other
remaining class.



Most clients are not interested with the purchase / lease of a real estate with highenergy class (65%).

3.5 OBSTACLES AND IMPROVEMENT OF
ENERGY PERFORMANCE CERTIFICATION
OF BUILDINGS
3.5.1 Obstacles whilst implementing EPCs

The respondents asked about their vision of the obstacles in implementing energy
performance certification, indicated mainly additional costs for the owners 52% and the clients’
lack of / insufficient knowledge 50% responses (Figure 16).
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Figure 16 Do you see any problems with the current Energy Certification?
(Multiple answers were possible for this question)

Source: Quantitative report on real estate agents survey ZEBRA2020

Further causes, indicated by 41% respondents each, include the practice of issuing unreliable
EPCs and additional papers / unnecessary bureaucracy / additional procedures. A further
obstacle observed is the unclear, incomprehensive form of communication with the client /
unknown value visible in the certificate (38%). Only 5% respondents do not see any obstacles
in the implementation of the energy performance certification.
The list of these obstacles varies when divided into particular participant countries. Additional
costs for owners of real estate remain high on the list of problems. Both in Spain and Germany,
this obstacle is statistically more significant than the remaining of the survey attempt. Although
there are also countries, in which the aforementioned obstacle is not statistically significant,
like in Norway (11%). Norway indicated (60% responses) issuing improper certificates as the
most statistically significant obstacle.
It’s also worth noticing that mainly Germany (63% responses) perceives implementing the
energy performance certification as unnecessary bureaucracy. The insufficient client
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awareness is high on the list in all of the participant countries, whereas in France it is definitely
the leading cause with 66% responses. (Figure 17)
Figure 17: Do you see any problems with the current Energy Certification?
(Multiple answers were possible for this question)

Source: Quantitative report on real estate agents survey ZEBRA2020

3.5.2 Problems with energy efficiency improvements in buildings

The most frequently mentioned problem in the implementation of the energy performance
improvement is lack of financial incentives for real estate owners - 57% answers (Figure 18).
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Figure 18: What problems do you see for the implementation of energy efficiency improvements in buildings?
(Multiple answers were possible for this question)

Source: Quantitative report on real estate agents survey ZEBRA2020

Further elements constituting problems were: insufficient information about benefits (39%),
small social engagement in matters concerning energy transformation (38%) and the fact that
economic benefits resulting from energy saving are not assigned to the person who tries to
save (32%).
With reference to problems in implementing energy performance certification in particular
countries, the list is relatively similar. Only the Germans and Italians presented a different
attitude in this issue (Figure 19).
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Figure 19: What problems do you see for the implementation of energy efficiency improvements in buildings?
(Multiple answers were possible for this question)

Source: Quantitative report on real estate agents survey ZEBRA2020

The surveyed Germans statistically significantly more often indicated the lack of financial
incentives (83% responses), but pointed to insufficient information about benefits (16%
responses) and small social engagement in matters concerning energy transformation (18%
responses) statistically significantly more rarely.
Whereas, Italians statistically significantly more often indicated insufficient information and
small social engagement in matters concerning energy transformation (55%) as main
problems, they statistically significantly more rarely pointed to financial incentives (35%),
economic benefits of energy saving do not accrue to the person who is trying to save (24%)
and inappropriate legal conditions (11%).
Mostly away from other countries are Norwegians, who statistically significantly more rarely
pointed out lack of financial incentives for property owners (46%), insufficient information about
the benefits (29%) and small public engagement in the energy transformation (11%).
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3.6 CHANCES
OF
INFLUENCING
THE
IMPROVEMENT
OF
ENERGY
PERFORMANCE OF BUILDINGS
3.6.1 Benefits of EPCs

The most important benefits from energy performance certification are connected with the
evaluation of the technical condition of the real estate. On the basis of the EPCs, respondents
have obtained information about energy costs (39%) and the technical condition of the building
32% responses (Figure 20).
Figure 20: What benefits do you see in having an EPC? (Multiple answers were possible for this question)

Source: Quantitative report on real estate agents survey ZEBRA2020

The survey results are similar to the general results in particular participant countries (Figure
21).
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Figure 21: What benefits do you see in having an EPC? (Multiple answers were possible for this question)

Source: Quantitative report on real estate agents survey ZEBRA2020

Only in Germany respondents statistically significantly less often indicate certificates as the
source of information about energy costs of a given real estate (26%) and nearly half of the
German respondents don’t see any benefits at all.
In Italy where respondents statistically significantly more often point to EPC as the source of
information about energy costs of a given real estate (54%). Therefore, only Italy statistically
significantly more often pointed to benefits resulting from having an EPC as promoting
ecological attitudes (34%).
3.6.2 Actions for improvement

According to the respondents, financial incentives constitute the most expected support that
might improve the energy performance of buildings (Figure 22).

52

ZEBRA2020 - D3.1: The Impact of Energy Performance Certificates on property values and
nearly Zero-Energy Buildings

Figure 22: What actions do you think could improve the energy efficiency of buildings?
(Multiple answers were possible for this question)

Source: Quantitative report on real estate agents survey ZEBRA2020

Economic support is directed to the owners of real estate (72% responses) and economic
privileges are intended for those who undertake such financial activity (45% responses). It’s
important not to forget about the detailed information about the benefits resulting from energy
saving activity (44% responses).
In particular participant countries, respondents agree and perceive benefits mainly in the light
of economics. Statistically significantly more often indicated that Germany {87%). Only in Italy
and Norway, respondents significantly less often indicate economic aspects, respectively 67%
and 60% responses (Figure 23)
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Figure 23: What actions do you think could improve the energy efficiency of buildings?
(Multiple answers was the possible for this question)

Source: Quantitative report on real estate agents survey ZEBRA2020

3.7 ROLE OF INSTITUTIONAL MEASURES
There is a definite tendency in the survey, concerning the need for institutional solutions that
could improve the real estate energy standards. Spain, Romania, Italy expects institutional
solutions, whereas Norway, Germany and Austria prefers no institutional regulations. French
and Polish respondents remain undecided in this matter (Figure 24).
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Figure 24: Do you think it is necessary to take institutional measures to improve the energy standard of buildings?

Source: Quantitative report on real estate agents survey ZEBRA2020

3.8 KNOWLEDGE ON THE EPBD DIRECTIVE
The level of applying the Energy Performance of Buildings Directive 2002/91/EC issued by the
European Parliament and Council of the European Union, dated 16 December 2002, in
everyday work of the respondents is relatively low 34% (Figure 25).
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Figure 25: Have you encountered in your work a reference to the Energy Performance of Buildings Directive
2002/91/EC or 2010/31/EU?

Source: Quantitative report on real estate agents survey ZEBRA2020

They statistically significantly more often face it in Italy (63% responses) and statistically
significantly least often in France 11% responses and Norway 6% responses (Figure 26).
According to the respondents that have already come across this directive, its main task is
carbon reduction (70% responses) and improvement of the energy performance in the EU
(67% responses). Almost a half of the respondents (48%) perceive the directive as a promotion
of energy saving construction, whereas UE safety is important only for every fifth person
answering this question (Figure 26).
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Figure 26: Please indicate the objectives of the Energy Performance of Buildings Directive.
(Multiple answers were possible for this question)

Source: Quantitative report on real estate agents survey ZEBRA2020
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4. ENERGY PERFORMANCE CERTIFICATES
This chapter is divided into sub-chapters for each of the countries under analysis. Each of
these sub-chapters begins with a brief overview of the current national legal transposition of
EPC regulations, as well as the level of implementation. This information is important in
understanding the extent to which the policy has penetrated the market in each country, as
well as in understanding the rating and measurement systems, which differ between countries.
This is followed by a presentation of the regression results. Results tables are preceded by bar
charts presenting the distribution of energy labels in the sample. These are expected to follow
a log-normal distribution and the bar charts provide information as to which rating classes are
represented more in the sample. Results tables are then presented and are first given for sales
data and then for rental data. The dummy variable model is favoured and in most cases this is
the only model that is presented. In cases where there is an ambiguity as to whether a
statistically significant surplus or deficit exists when averaged over the whole EPC scale,
regression results using the linear model are also given.
The linear model is also useful in enabling the estimation of the average surplus across this
scale as a percentage of the average dwelling price in the sample. This estimation is
particularly valuable in increasing the comparability of the results of this report with the
literature, in which results are commonly given as percentage values. As a result, linear models
are also run for the sales and rental markets in all countries. These results can be found in the
study of de Graaf. The only exception to this is for cases mentioned in the above paragraph,
in which it is necessary to present the linear results in the current chapter, in order to resolve
ambiguities in the dummy variable model results. In these cases, surplus values as
percentages of average dwelling prices will also be presented in the results tables and
analysed in the discussions chapter.
The level of statistical significance of each of the price contributions is indicated using the code
given in table 3.
Table 3: key for the coding of p-values in the results chapter

P-value

Code

<0.001

***

<0.01

**

<0.5

*
58

ZEBRA2020 - D3.1: The Impact of Energy Performance Certificates on property values and
nearly Zero-Energy Buildings

A 95% significance level has been chosen as the cut-off value for statistically significant results.
As a result, p-values above 0.05 are not reported and the corresponding price contributions
are not considered to be statistically significant. The t-statistic for each price contribution is
also reported in parentheses. Finally, for countries that do not have the euro currency,
conversions into the euro are presented. The exchange rates for all of the conversions were
taken at 10am on 28th May5. These do not represent the actual transaction prices in Euros, as
the exchange rate is likely to have been different at the time of transaction. However, the values
give an indication of the magnitude of the surpluses to the reader that is unfamiliar with noneuro currencies.
The literature on the minimum sample size per number of variables contains greatly varying
recommendations. This value is commonly referred to as the number of subjects per variable
(SPV) and suggested minimum values vary from two (Steyerberg et al. 2015) to 15-25 (Green,
1991). A rule of thumb of a minimum sample size of 50 falls within this range and represents
similar SPV values for each regression, since the number of available variables are similar
between countries. This rule is therefore adopted and EPC classes are grouped in cases where
dummy variable classes contain fewer than 50 data points in a sample.
The limitations in the number of explanatory variables mean that the numerical results will
mainly be used to analyse general trends. As a result, numerical analysis will not penetrate far
beyond the precision level of orders of magnitude. All price contributions are therefore given
to two significant figures. In addition, t-statistics are given to four significant figures and the pvalues are given to 6 significant figures.
The observations sub-chapter will summarise the regression results. Possible causes for
observed trends will also be discussed. This sub-chapter will focus on the results from the
dummy variable model, except for in cases of ambiguity, when the linear results will provide
extra clarification of overall trends. An analysis and overview of all linear results not discussed
in the observations sub-chapters will be left for the discussion chapter at the end of the report.

5

Conversion

rates

were

taken

from

the

website:

http://www.x-

rates.com/table/?from=EUR&amount=1 (10:00, 28/05/16). The following conversion rates
were used. 1 EUR: 0.760158 GBP, 27.030878 CZK, 7.347814 DKK, 9.265874 NOK, 9.279431
SEK
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4.1 AUSTRIA
Austria is divided into nine federal states. Certain areas of legislation are managed at a state
- rather than national - level. This includes building regulation policy, which covers the
calculation methodology for EPCs. However, whilst the policy is managed regionally, a
harmonisation process took place in 2006 at the national level to ensure the full transposition
and implementation of the EPBD. This resulted in a set of guidelines, which are followed by all
states (OIB, 2015). As a result, the impact of EPCs can be analysed on a national level, without
the need to adjust for different state measurement systems. However, it is possible that some
regional differences could occur as a result of staggered implementation. The guidelines were
updated in 2011 to account for the recast of the EPBD and were first implemented in the state
of Carinthia at the end of 2012. The final state to fully implement them was Salzburg in October
2013 (CA EPBD, 2016).
The main indicator that is used to determine the energy efficiency of a home for Austrian EPCs
is the total energy efficiency factor. This is calculated using a fixed-value method, which
converts energy usage in kW/m2 into categories on a scale from A++ (most efficient) to G (least
efficient). By 2011, it was estimated that 20% of the Austrian building stock had obtained valid
EPCs (CA EPBD 2016b).
EPC class distributions in the sample:
Figure 28: Bar chart of the distribution of EPC classes
in the Austrian rental market sample
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Figure 27: Bar chart of the distribution of EPC classes
in the Austrian sales market sample

2000
1500
1000

800
600
400
200

500
0

0
A++ A+ A

B

C

E

F

G

A++ A+ A

EPC class

B

C

D

EPC class

60

E

F

G

ZEBRA2020 - D3.1: The Impact of Energy Performance Certificates on property values and
nearly Zero-Energy Buildings

Table 4: Regression results for the Austrian sales market using the dummy variable model. P-values are given
using the code in table 3 and t-statistics are given in parentheses

Variable

Price Contribution (€)

Total Area (m2)

3,100***
(53.42)

Construction Year

− 480***
(− 4.360)

A++, A+

67,000
(1.420)

A

170,000***
(7.410)

B

200,000***
(11.90)

C

70,000***
(4.181)

D

Hold out

E

− 79,000**
(− 3.201)

F

− 180,000***
(− 5.343)

G

− 210,000***
(− 6.953)

Intercept

910,000***
(4.224)

Regression and Sample Statistics
Adjusted R2

0.287403

Sample size

7335

Average price of a dwelling (€)

395,016.90
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Table 5: Regression results for the Austrian rental market using the dummy variable model. P-values are given
using the code in table 3 and t-statistics are given in parentheses

Variable

Price Contribution (€)

Total Area (m2)

16***
(90.71)

Construction Year

− 0.91***
(− 6.186)

A++, A+, A

120**
(3.192)

B

94***
(3.311)

C

17
(0.6264)

D

Hold out

E

− 180***
(− 4.583)

F, G

− 340***
(− 5.500)

Intercept

1,600***
(5.448)

Regression and Sample Statistics
Adjusted R2

0.748568

Sample size

3,023

Average rent of a dwelling (€/month)

1,361.44

Sales market
For the sales market, the statistically significant EPC coefficients follow the expected trend in
the range between B- and G-rated dwellings. It is observed that the coefficients increase
relative to the hold-out category for C- and B-rated dwellings, and decrease for E-, F- and Grated dwellings. However, there is an unexpected trend at the higher-end of the scale, whereby
the price contribution decreases between B- and A-rated dwellings, and again between A- and
A+-/A++-rated dwellings. This suggests that the price surplus effect ceases to exist in this
region of the EPC-scale. In addition, since a statistically significant discount has been
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observed, it is possible that there is a negative price effect associated with dwellings that are
perceived to be highly energy efficient, such that the willingness-to-pay for energy efficiency
actually decreases for these homes in the sales market. However, caution should be taken
with this conclusion, since the adjusted R2 value shows that the model is about 29% described
and it is therefore possible that other factors that have not been included are affecting dwelling
prices at the highest end of the EPC scale.
The area coefficient for the sales market is highly statistically significant and positive, as
expected. However, a negative correlation between price and construction year is observed,
suggesting that older dwellings are more desirable. Provided that energy efficiency is fully
described by the EPC variables, it is likely that aesthetic factors contribute to this effect, as
well as other factors including the regional distribution of the sample. However, other negative
quality characteristics that may be present in older homes and are not connected to energy
efficiency would also be expected to cause a positive correlation between price and age.
Further investigation with better data on the quality- and aesthetic-characteristics of the
dwellings in the sample is necessary to ascertain the extent to which the construction year
coefficient is consistent with expectations.

Rental market
For the rental market, a positive correlation between price and EPC-rating is observed across
the whole scale. This suggests that if a negative effect does exist at the higher end of the scale
in the sales market, it has not been transferred to the rental market. A possible cause of this is
the fact that tenants generally do not expect to bare the maintenance costs for energy efficientmechanisms and hence will usually only consider bills in their energy-related considerations.
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4.2 CZECH REPUBLIC
The EPBD has been implemented and transposed in the Czech Republic on the national level.
The most recent amendment in April 2013 involved a change to the measurement method of
the EPC. As a result, EPCs issued after this date use a reference building approach to classify
the energy performance of buildings, instead of the previously used calculated asset rating.
The classification system takes the form of a letter scale between A (most efficient) and G
(least efficient). By the end of 2014 it was calculated that 3% of the building stock had been
certified (CA EPBD, 2016).
EPC class distributions in the sample:
Figure 30: Bar chart of the distribution of EPC classes
in the Czech rental market sample
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Figure 29: Bar chart of the distribution of EPC classes
in the Czech sales market sample
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Table 6: Regression results for the Czech sales market using the dummy variable model. P-values are given
using the code in table 3 and t-statistics are given in parentheses

Variable

Price Contribution (Kč)

Price Contribution (€)

Useable Area (m2)

14,000***

520***

(43.33)
Construction Year

12,000***

440***

(6.549)
A

2,000,000***

74,000***

(5.173)
B

1,400,000***

52,000***

(6.338)
C

580,000**

21,000**

(2.611)
D

Hold out

Hold out

E

− 440,000

−16,000

(−1.452)
F

−780,000*

−29,000*

(−2.380)
G

−830,000***

−31,000***

(−4.213)
Intercept

−22,000,000***
(−6.064)

Regression and Sample Statistics
Adjusted R2

0.258238

Sample size

6322

Average price of a dwelling (Kč)

3,590,628.34

Average price of a dwelling (€)

132,834.32
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Table 7: Regression results for the Czech rental market using the dummy variable model. P-values are given
using the code in table 3 and t-statistics are given in parentheses

Variable

Price Contribution (Kč)

Price Contribution (€)

Useable Area (m2)

91***

3.40***

(19.04)
Construction Year

− 20

−0.74

(−0.6668)
A, B

−7,400**

−270**

(−2.628)
C

−4,900*

−180*

(−1.782)
D

Hold out

Hold out

E, F, G

− 8,100***

−300***

(−3.535)
Intercept

53,000

2000

(0.8781)
Regression and Sample Statistics
Adjusted R2

0.342613

Sample size

724

Average rent of a dwelling (Kč/month)

15,667.06

Average rent of a dwelling (€/month)

579.60
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Table 8: Regression results for the Czech rental market using the linear model. P-values are given using the code
in table 3 and t-statistics are given in parentheses

Variable

Price Contribution (Kč)

Price Contribution (€)

Useable Area (m2)

91***

3.37***

(19.16)
Construction Year

− 27

−1.00

(−0.9130)
EPC rating

620*

23*

surplus
(2.193)
Regression and Sample Statistics
Adjusted R2

0.335202

Sample size

724

Average rent of a dwelling (Kč/month)

15,667.06

Average rent of a dwelling (€/month)

579.59

Surplus as a percentage of average price 4.0
(%, 2sf)

Sales market
The observed trend for the sales market in the Czech Republic is consistent with the
hypothesis report of a price surplus existing across the EPC scale. This trend is strongest in
the shift between C- and B-rated dwellings and weakest between G- and F-rated dwellings. It
is possible that the latter effect is due to the fact that dwellings in both categories have poor
energy efficiency and hence the marginal difference is incorporated to a lesser degree in
decision-making.
In addition, the area variable is observed to have a strongly significant positive correlation with
price. In contrast with the results for the Austrian sales market, a positive correlation is found
between construction year and price, which may result from the increased quality of newer
dwellings.

Rental market
The results for the rental market using the dummy variable method yielded unexpected,
statistically significant results for the effect of EPC-ratings on house prices. Whilst dwellings
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rated below the ‘hold out’ category D were observed to have the expected price discount, a
price discount was also observed in the shifts between D- and C-, C- and A-/B-rated dwellings.
The latter result directly contradicts the studies’ hypothesis report. It is possible that missing
variables or sample biases have distorted the results at this end of the scale. Given the
ambiguity in the first set of results, a linear model was run to identify whether the observed
surplus or the observed deficit dominates when averaged over the full EPC scale. These
results give a statistically significant surplus; however, the dummy variable model results
demonstrate the fact that this is unlikely to be distributed across the scale.
Neither model yielded a statistically significant result for the effect of construction year on price;
however, both models confirmed a positive area contribution.
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4.3 DENMARK
The transposition and implementation of the EPBD takes place on the national level in
Denmark. EPCs are calculated using a fixed-value approach, in which different value classes
are used for different types of buildings. The energy efficiency factor is given as a letter rating
on a scale between A (most efficient) and G (least efficient). The A band is subdivided into
three categories: A2020 (most efficient), A2015 and A2010 (least efficient). In 2012, it was
calculated that 19% of the building stock was certified (CA EPBD 2016b). More specifically, it
has been estimated that 29% of single-family houses have a certificate (CA EPBD, 2016).
Denmark already had an energy performance certification scheme before the transposition of
the first EPBD in 2006. This made implementation relatively simple compared with other
countries that did not have existing schemes (BPIE, 2010). A new law came into force in July
2012 to account for the EPBD recast. The main change to EPC policy was the inclusion of the
mandatory advertising requirement, which was required to be implemented by 1 January 2013
(BPIE, 2016). EPC class distributions in the sample:
Figure 32: Bar chart of the distribution of EPC classes
in the Danish rental market sample
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Figure 31: Bar chart of the distribution of EPC classes
in the Danish sales market sample
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Table 9: Regression results for the Danish sales market using the dummy variable model. P-values are given
using the code in table 3 and t-statistics are given in parentheses

Variable

Price Contribution (kr.)

Price Contribution (€)

Area (m2)

12,000***

1,700***

(36.45)
A2020

1,500,000***

200,000***

(10.75)
A2015

3,000,000***

410,000***

(18.44)
A2010

480,000

65,000

(1.890)
B

370,000***

50,000***

(4.008)
C

74,000

10,000

(1.261)
D

Hold out

Hold out

E

− 280,000***

− 38,000***

(− 4.577)
F

− 390,000***

− 53,000***

(− 5.389)
G

− 830,000***

− 110,000

(− 10.03)
Intercept

400,000***

54,000***

(6.313)
Regression and Sample Statistics
Adjusted R2

0.209607

Sample size

7449

Average price of a dwelling (kr.)

2,162,898.25

Average price of a dwelling (€)

294,359.842
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Table 10: Regression results for the Danish rental market using the dummy variable model. P-values are given
using the code in table 3 and t-statistics are given in parentheses

Variable

Price Contribution (kr.)

Price Contribution (€)

Area (m2)

45***

6.10***

(21.83)
A2020, A2015

1,800***

240***

(3.866)
A2010

330

45

(0.7610)
B

950*

130*

(2.493)
C

20

2.70

(0.06074)
D

Hold out

Hold out

E

− 320

− 44

(− 0.8133)
F, G

− 1,300*

− 180*

(− 2.482)
Intercept

2,700***

370***

(8.800)
Regression and Sample Statistics
Adjusted R2

0.343969

Sample size

947

Average rent of a dwelling (kr./month)

7240.57

Average rent of a dwelling (€/month)

985.40

Sales market
The trend for the price contribution due to EPC rating in the Danish sales market is similar to
the trend observed in the Austrian sales market. A price surplus is estimated in shifts between
all EPC ratings except for at the highest end of the scale (in the shift between A2015- and A2020-rated dwellings), where a deficit is detected. Another significant observation is the fact
that the order of magnitude of the shift between B- and A2015-rated dwellings (even if
averaged over the two steps taken with the intermediate shift to A2010) is higher than in any
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of the other adjacent letter shift. This would suggest that the surplus effect is strongest at the
higher end of the spectrum, until the highest level, at which point an opposing negative effect
is observed. It is possible that a ‘tipping point’ exists, where the increased benefits of energy
efficiency are capitalised at a heightened rate at the higher end of the EPC scale until the point
at which energy efficiency ceases to be capitalised in the market. However, the results could
also be biased due to the small sample sizes for A2015- and A2020-rated dwelling.
Furthermore, the relatively low adjusted R2 value means that other factors not related to the
EPC value may be causing this pattern. Data for construction year was not obtained for the
Danish sales market; however, a positive contribution is observed due to area.

Rental market
Statistically significant results are only observed for three of the dummy variable categories in
the Danish rental sector. However, each of these results is consistent with the hypothesis
report of a positive relationship between price and EPC rating. In addition, a positive
relationship is observed for area.
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4.4 FRANCE
EPCs are managed at the national level in France. The implementation process was updated
in 2010 along with new regulations that have greatly improved the EPC procedure (CA EPBD,
2016). The relevant indicator for energy efficiency is the primary energy consumption factor.
Energy consumption is either calculated or measured, depending on the building type and the
year of construction. This value is then compared to fixed-value bands that relate to a letterscale, ranging from A (lowest energy consumption) to G (highest energy consumption). It was
calculated in 2012 that 17% building stock was certified (CA EPBD 2016b). It is estimated that
this number had grown to 20% by 2014 (CA EPBD, 2016).
EPC class distributions in the sample:
Figure 34: Bar chart of the distribution of EPC
classes in the French rental market sample
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Figure 33: Bar chart of the distribution of EPC
classes in the French sales market sample

40000
30000
20000

40000
30000
20000
10000

10000
0

0
A

B

C

E

F

G

A

EPC class

B

C

E

EPC class

73

F

G

ZEBRA2020 - D3.1: The Impact of Energy Performance Certificates on property values and
nearly Zero-Energy Buildings

Table 11: Regression results for the French sales market using the dummy variable model. P-values are given
using the code in table 3 and t-statistics are given in parentheses

Variable

Price Contribution (€)

Area (m2)

1,600***
(330.1)

A

32,000***
(15.22)

B

74,000***
(47.08)

C

33,000***
(37.54)

D

Hold out

E

− 21,000***
(− 25.33)

F

− 39,000***
(− 31.60)

G

− 52,000***
(− 26.35)

Intercept

66,000***
(89.17)

Regression and Sample Statistics
Adjusted R2

0.329191

Sample size

265,143

Average price of a dwelling (€)

245,545.80
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Table 12: Regression results for the French rental market using the dummy variable model. P-values are given
using the code in table 3 and t-statistics are given in parentheses

Variable

Price Contribution (€)

Area (m2)

5.10***
(128.7)

A

53***
(8.019)

B

47***
(8.740)

C

12**
(3.257)

D

Hold out

E

− 11***
(− 3.378)

F

− 7.084
(− 1.649)

G

− 8.572
(− 1.206)

Intercept

300***
(95.92)

Regression and Sample Statistics
Adjusted R2

0.072385

Sample size

224,341

Average rent of a dwelling (€/month)

589.32

Sales market
The French sales market is also observed to display the previously-discussed trend of a price
surplus across the scale up until the highest shift (in this case between B- and A-rated
dwellings) at which point a deficit is observed. Orders of magnitudes of shifts between adjacent
letters are fairly consistent across the scale. In addition, the area variable contributes positively
to price.

75

ZEBRA2020 - D3.1: The Impact of Energy Performance Certificates on property values and
nearly Zero-Energy Buildings

Rental market
Statistically significant results are not observed at the lower end of the EPC scale for the
French rental market. However, shifts between letters ratings above E-rated dwellings
correspond to the expected price surplus. A positive area contribution is also observed.
Nevertheless, the extremely low adjusted R2 value for this set of results (<0.1) means that over
90% of price contributing-characteristics are not covered by the model and corresponding data.
As a result, caution must be made when using these results to make further inferences about
the French rental market.
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4.5 GERMANY
The transposition of the EPBD in Germany took the form of an amendment to the existing
Energy Saving Ordinance. Further amendments were made to account for the 2010 EPBD
recast; however, the decision to adopt the ‘Energiewende’ policy led to a legislative delay, as
it was necessary to strengthen energy efficiency requirements. As a result, the deadline for the
implementation of the majority of provisions relating to EPCs was May 2014 (CA EPBD, 2016).
A key change in EPC policy for non-residential buildings was the transition from a continuous
number scale to a letter-rating system (BPIE, 2016). Although EPC policy is controlled and
implemented at the state-level, it is formulated nationally and hence it can be assumed that
the EPC rating that a given dwelling receives is largely independent of the state in which it is
located. It is difficult to estimate the proportion of buildings that are certified, as EPCs that were
issued before the 2014 amendment were not registered (CA EPBD, 2016). The current EPC
measurement system uses a reference building comparison approach.
The dataset for Germany is unusual in comparison to the other datasets as it is possible to
distinguish between the EPC entries that were implemented before and after the 2014
amendment that accounted for the 2010 EPBD recast. This is because of the transition from a
number- to a letter-based rating system. By contrast, all of the other countries assessed in this
report maintained the same rating scale before and after the implementation of the 2010 EPBD
recast.
This feature of the German dataset enables a comparison between the new and old systems.
However, it is necessary to limit this exercise is limited to a comparison of general trends rather
than a comparison of numerical surpluses. This is because the new legislation for the energy
efficiency requirements for buildings in 2014 resulted in a stricter scale, with H-rated buildings
in the new regime relating to the entire lower half of the scale in the pre-2014 legislation. Figure
3 demonstrates how the primary- and end-energy of the same building are rated differently
according to the different scales. A key reason behind the decision to refrain from converting
between these scales in the analysis of this report is the fact that a given building, such as the
one in this figure, can be perceived to be efficient according to one scale, and only moderately
efficient according to the other. This effect is enhanced through the colour-coded presentation
of the EPC.
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Figure 35: A comparison between the EPC scales in Germany in the pre-2014 legislation (above) and the post2014 legislation (below). ‘Gleiches Gebäude’ indicates the fact that the arrows for each scale relate to the ratings
of the same buildings. The arrow above each scale indicates final energy demand (kWh/m2*a) and the arrow
below indicates primary energy demand (kWh/m2*a) (Thermomess Wärmemessdienst AG, 2014).
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Figure 36: Bar chart of the distribution of EPC classes in the German
sales market sample for the pre-2014 number-rated EPC system
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Figure 37: Bar chart of the distribution of EPC classes in the German
rental market sample for the pre-2014 number-rated EPC system
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Figure 38: Bar chart of the distribution of EPC
classes in the German sales market sample
for the post-2014 letter-rated EPC system

Figure 39: Bar chart of the distribution of EPC
classes in the German rental market sample
for the post-2014 letter-rated system
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Table 13: Regression results for the German sales market for the pre-2014 number-rated EPC system. The linear
model is used. P-values are given using the code in table 3 and t-statistics are given in parentheses

Variable

Price Contribution (€)

Number of rooms

39,000***
(75.87)

Construction Year

560***
(11.88)

Energy consumption characteristic value

− 110***

(higher number: higher consumption)

surplus
(− 3.337)

Intercept

− 1,000,000***
(− 11.02)

Regression and Sample Statistics
Adjusted R2

0.203651

Sample size

22,513

Average price of a dwelling (€)

209,172.85
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Table 14: Regression results for the German sales market for the post-2014 letter-rated EPC system. The dummy
variable model is used. P-values are given using the code in table 3 and t-statistics are given in parentheses

Variable

Price Contribution (€)

Number of rooms

33,000***
(51.54)

Construction Year

540***
(14.50)

A+

63,000***
(8.109)

A

30,000***
(4.128)

B

53,000***
(7.542)

C

33,000***
(4.595)

D

Hold out

E

− 12,000
(− 1.790)

F

− 42,000***
(− 6.018)

G

− 84,000***
(− 11.64)

H

− 130,000***
(− 18.97)

Intercept

− 940,000***
(− 12.74)

Regression and Sample Statistics
Adjusted R2

0.115517

Sample size

29,579

Average price of a dwelling (€)

289,754.90

81

ZEBRA2020 - D3.1: The Impact of Energy Performance Certificates on property values and
nearly Zero-Energy Buildings

Table 15: Regression results for the German rental market for the pre-2014 number-rated EPC system. The linear
model is used. P-values are given using the code in table 3 and t-statistics are given in parentheses

Variable

Price Contribution (€)

Number of rooms

220***
(105.3)

Construction Year

0.59***
(10.05)

Energy Consumption Characteristic Value

0.39***

(higher number: higher consumption)

Deficit
(9.070)

Intercept

− 1,200***
(− 9.996)

Regression and Sample Statistics
Adjusted R2

0.300827

Sample size

26,527

Average rent of a dwelling (€/month)

624.62
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Table 16: Regression results for the German rental market for the post-2014 letter-rated EPC system. The
dummy variable model is used. P-values are given using the code in table 3 and t-statistics are given in
parentheses

Variable

Price Contribution (€)

Number of rooms

260***
(48.39)

Construction Year

1.7***
(8.988)

A+

360***
(10.63)

A

230***
(8.460)

B

160***
(6.521)

C

56**
(2.647)

D

Hold out

E

30
(1.394)

F

54*
(2.158)

G

4.10
(0.1241)

H

− 17
(− 0.4027)

Intercept

− 3,300***
(− 9.979)

Regression and Sample Statistics
Adjusted R2

0.325220

Sample size

6223

Average rent of a dwelling (€/month)

866.61
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Sales market
A statistically significant price surplus due to EPC rating is observed for the pre-2014 numberrated data. However, at around 0.05% of the average house price, this surplus is several orders
of magnitude below surpluses observed for other datasets in this report, as well as in the
literature. A possible cause for this could be a damping effect due to the presence of a
statistically significant deficit for sections of the EPC rating scale, as was observed in the Czech
rental results. The number of rooms was used as the size variable and demonstrated a positive
contribution, as did construction year.
A price surplus is also observed due to the letter-based EPC ratings in the sales market for all
statistically significant, adjacent letter shifts, with the exception of the shift between B- and Arated dwellings, where a deficit is observed. Since this is the penultimate highest shift in the
scale, the pattern is distinct from the previously observed deficit at the highest end of the
spectrum for the sales markets of other countries. The low adjusted R2 value (just above 0.11)
suggests that it is highly likely that the explanation is connected to an omitted variable bias.
More data covering a wider number of explanatory variables would be necessary to further
explore this potential explanation. As with the pre-2014 dataset, the number of rooms and
construction year variables display a positive price contribution.

Rental market
The results for the section of the rental dataset with number-rated EPCs demonstrate a
statistically significant deficit due to EPC rating, which directly contradicts this studies’
hypothesis report. By contrast, the rental results for letter-rated EPCs display the expected
price surplus for shifts in letter ratings above the D hold-out category. However, these results
contain a level of ambiguity as only one of the shifts below the hold-out EPC category is
statistically significant and it suggests a deficit in the shift between F- and D-rated dwellings. It
is possible that the presence of a deficit in this section of the EPC scale is also the causal
factor behind the observed deficit for the pre-2014 results. For both sets of results, positive
contributions are the observed for number of rooms and construction year, in agreement with
the sales market results.
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4.6 LUXEMBOURG
The EPBD was transposed into Luxembourgish law by means of a modification of the existing
legal framework governing the energy performance of buildings. A policy timeline was
established in 2012 in response to the EPBD recast, which outlined the necessary adjustments
that needed to take place. These have now mostly entered into force. The EPC contains an
energy performance letter-indicator, which is calculated using a reference-building approach.
The scale ranges from A (most efficient) to I (least efficient). Since the central database for
EPCs is still being developed, statistics on the proportion of the building stock that is certified
are not currently available (CA EPBD, 2016).
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Figure 40: Bar chart of the distribution of EPC ratings in the Luxembourgish sales
market sample
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Figure 41: Bar chart of the distribution of EPC ratings in the Luxembourgish rental
market sample

The Luxembourgish EPC rating is given as a number with a corresponding letter-class.
However, the dataset used for this report only contains the number class and a conversion to
letter classes was not possible, due to the reference-building categorisation method used for
EPCs in Luxembourg. As a result, a linear model was used to measure the impact of the
number ratings.
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Table 17: Regression results for the Luxembourgish sales market using the linear model. P-values are given
using the code in table 3 and t-statistics are given in parentheses

Variable

Price Contribution (€)

Liveable surface area (m2)

460***
(10.01)

Construction Year

160
(1.123)

Energy Consumption

− 98***

(higher number = higher consumption)

(4.601)
surplus

Intercept

− 140,000
(− 0.5100)

Regression and Sample Statistics
Adjusted R2

0.351598

Sample size

285

Average price of a dwelling (€)

194,472.30

Table 18: Regression results for the Luxembourgish rental market using the linear model. P-values are given
using the code in table 3 and t-statistics are given in parentheses

Variable

Price Contribution (€)

Liveable surface area (m2)

1.7***

Energy Consumption

− 0.01**

(higher number = higher consumption)

surplus

Intercept

440***
(11.85)

Regression and Sample Statistics
Adjusted R2

0.310141

Sample size

88

Average rent of a dwelling (€/month)

589.32

Sales market
The sales market demonstrated a statistically significant price surplus due to EPC rating across
this scale, despite the small sample size. A positive contribution due to area was also
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observed; however, a significant result was not obtained for the contribution of construction
year.

Rental market
The construction year variable was not included in the rental model, since data was only
available for 18 of the useable data entries. Nonetheless, the remaining model displayed a
small surplus due to EPC rating. The expected positive area contribution was also observed.
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4.7 THE NETHERLANDS
The transposition and implementation of the EPBD is managed on the national level in the
Netherlands. The first law including EPC measures entered into force in 2008. This was
followed by an improved system that was implemented in January 2015. The new EPC system
puts a strong emphasis on usability and takes the initial form of an interactive web application.
All dwelling owners have been issued with ‘temporary’ web-based EPCs based on cadastral
data. These can then be adjusted by the owners themselves through the input of new data. In
order to obtain an official EPC, this adjusted model has to be checked by a qualified
professional. The energy performance rating is calculated using this web application, following
the input of 20 building characteristics by the owner (CA EPBD, 2016). The new web-based
system has led to an increase in the number of issued EPCs from 300,000/year to
460,000/year and this number is expected to increase further (CA EPBD, 2016).
EPC class distributions in the sample

Figure 43: Bar chart of the distribution of EPC
classes in the Netherlands rental market
sample

1400

40000
35000
30000
25000
20000
15000
10000
5000
0

1200

Frequency

Frequency

Figure 42: Bar chart of the distribution of EPC
classes in the Netherlands sales market
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Table 19: Regression results for the Netherlands sales market using the dummy variable model. P-values are
given using the code in table 3 and t-statistics are given in parentheses

Variable

Price Contribution (€)

Area (m2)

2,800***
(423.6)

Construction Year

160***
(10.31)

A

17,000***
(9.590)

B

15,000***
(9.166)

C

− 15,000***
(− 9.893)

D

Hold out

E

− 3,900*
(− 2.184)

F

28,000***
(15.94)

G

25,000***
(14.46)

Intercept

− 400,000***
(− 12.72)

Regression and Sample Statistics
Adjusted R2

0.570168

Sample size

150323

Average price of a dwelling (€)

294,728.50
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Table 20: Regression results for the Netherlands sales market using the linear model. P-values are given using
the code in table 3 and t-statistics are given in parentheses

Variable

Price Contribution (€)

Area (m2)

2,800***
(440.7)

Construction Year

160***
(10.14)

Energy label

− 2,400***
deficit
(− 8.362)

Intercept

− 400,000***
(− 12.39)

Regression and Sample Statistics
Adjusted R2

0.565894

Sample size

150,323

Average price of a dwelling (€)

294,728.50

Surplus as a percentage of average price − 0.81
(%, 2sf)
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Table 21: Regression results for the Netherlands rental market using the dummy variable model. P-values are
given using the code in table 3 and t-statistics are given in parentheses

Variable

Price Contribution (€)

Area (m2)

12***
(77.07)

Construction Year

− 1.00**
(− 2.741)

A

110*
(2.494)

B

130**
(3.023)

C

33
(0.8168)

D

Hold out

E

190***
(4.111)

F

480***
(8.971)

G

440***
(9.595)

Intercept

1,700*
(2.335)

Regression and Sample Statistics
Adjusted R2

0.582352

Sample size

5,263

Average rent of a dwelling (€/month)

1,316.17
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Table 22: Regression results for the Netherlands rental market using the linear model. P-values are given using
the code in table 3 and t-statistics are given in parentheses

Variable

Price Contribution (€)

Area (m2)

13***
(80.01)

Construction Year

− 1.50***
(− 3.945)

Energy label

− 53***
deficit
(− 7.967)

Intercept

2,600***
(3.390)

Regression and Sample Statistics
Adjusted R2

0.573943

Sample size

5,263

Average price of a dwelling (€/month)

1,316.17

Surplus as a percentage of average price − 4.0
(%, 2sf)

Sales market
The results for the sales market in the Netherlands are mixed across the EPC scale. The
expected surplus due to EPC rating is observed in the following adjacent letter shifts: G to F,
E to D, C to B and B to A. However, the shifts from F to E and D to C display relatively strong
deficits. This suggests that if a surplus does exist in this market, the results have been distorted
by another effect or characteristic that is not accounted for in the model. The fact that the
deficits are observed for specific shifts, rather than across the whole scale, implies that the
effect relates to dwellings within these bands, either in general in the Netherlands housing
market or within the sample. It should also be noted that whilst the adjusted R2 value indicates
that the model is little over 56% described; this is one of the highest observed values among
this studies’ results. This would suggest that the causes of the unexpected results are at least
in part specific to the Netherlands and cannot be fully described by the same omitted variable
bias affecting the other countries’ results.
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A linear model was also run to establish whether the surplus or deficit effect is dominant across
the sample. A statistically significant deficit is observed. This is not a surprising result given
the relative magnitudes observed for the dummy variable coefficients in the earlier model. The
models also indicate a positive price contribution of both construction year and area.

Rental market
The results for the rental market are also mixed, with surpluses being observed for the following
shifts: G to F and C to B. No significant result was observed for the shift from D to C and all of
the other shifts displayed deficits. The linear model was run and displayed an overall deficit.
The fact that such unexpected and mixed results were also observed in the rental market
further indicates a lack of both information and understanding in the Dutch datasets.
The area coefficient for the rental market was positive as expected. However, the construction
year coefficient was negative, despite the fact that the coefficient for the sales market is
positive. This is unexpected, given the fact that the sign of the coefficient for this variable has
been observed to be consistent between rental and sales results for other countries. However,
it is possible that negative quality characteristics that cause a positive relationship for the sales
markets is less prevalent in the rental markets, where tenants are not expected to bear the
costs of maintenance and repair. In this case, aesthetic considerations may dominate in favour
of older buildings.
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4.8 NORWAY
As a member of the European Economic Area (EEA) but not the EU, Norway is only obliged
to transpose and implement the initial 2002 EPBD Directive. This is because the 2010 EPBD
recast was not included in the Agreement on the EEA (CA EPBD, 2016). The 2002 Directive
was fully implemented by 2013 and the 2010 Directive has since been used as a guide for
policy formation. Current Norwegian legislation requires EPCs to be displayed at the point of
marketing, as is specified in the 2010 EPBD recast; however, it is possible to supply it in its
shortened form. In addition, the legislation exceeds the requirements of the Directive by stating
that all dwellings must acquire an EPC. An energy grade is given on the EPC according to the
calculated energy needs, which ranges from A (lowest energy needs) to G (highest energy
needs). New buildings that meet - but do not exceed – requirements, are usually given a C
rating (CA EPBD, 2016). Given the requirement for all dwellings to be certified, the percentage
of the building stock with valid EPCs is relatively high. In 2012, it was estimated to be 75% (CA
EPBD 2016b).
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Figure 44: Bar chart of the distribution of EPC
classes in the Norwegian sales market
sample

Figure 45: Bar chart of the distribution of EPC
classes in the Norwegian rental market
sample
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Table 23: Regression results for the Norwegian sales market using the dummy variable model. P-values are given
using the code in table 3 and t-statistics are given in parentheses

Variable

Price Contribution (kr)

Price Contribution (€)

Area (m2)

17,000***

1,800***

(60.12)
A

940,000***

100,000***

(4.152)
B

430,000***

46,000***

(4.710)
C

260,000***

28,000***

(3.718)
D

Hold out

Hold out

E

− 450,000***

− 49,000

(− 6.303)
F

− 560,000***

− 60,000

(− 8.212)
G

− 480,000***

− 52,000

(− 7.787)
Intercept

1,300,000***

140,000

(22.66)
Regression and Sample Statistics
Adjusted R2

0.274192

Sample size

10,176

Average price of a dwelling (kr)

3,127,709.76

Average price of a dwelling (€)

337,551.51

Rental market
Statistically significant results were not obtained for the price contribution due to EPC rating in
the Norwegian rental market. As a result, these results have been omitted from the report.

Sales market
The results for the Norwegian sales market indicate the expected statistically significant
surpluses due to EPC ratings for all shifts except for at the lowest end of the scale, between
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G- and F-rated dwellings. It is possible that the barriers to improving energy efficiency are
higher, or perceived to be higher, for the least efficient dwellings. However this effect has not
been observed for other countries. Data on the construction year was not available. However,
the area variable displays a positive correlation with price.
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4.9 SLOVAKIA
The Slovakian transposition of the 2002 EPBD entered into force between 2006 and 2007 and
is managed on the national level. However, EPCs only started to be issued in January 2008.
The calculation method of the EPC was altered in October 2009 and the template was changed
in the new Decree that entered into force in January 2013, which accounted for the changes
present in the 2010 EPBD recast. The current energy performance index consists of a letterrating scale that ranges from A (most efficient) to G (least efficient) and uses a fixed value
calculation method. So far, the rate of certification has been relatively low. It was estimated in
2012 that only 4% of the building stock was certified (CA EPBD, 2016).
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Figure 47: Bar chart of the distribution of EPC
classes in the Slovakian rental market sample

Figure 46: Bar chart of the distribution of EPC
classes in the Slovakian sales market sample
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Table 24: Regression results for the Slovakian sales market using the dummy variable model. P-values are given
using the code in table 3 and t-statistics are given in parentheses

Variable

Price Contribution (€)

Living Area (m2)

1,100***
(22.84)

A

63,000**
(3.252)

B

81,000***
(4.456)

C

23,000
(1.172)

D

Hold out

E, F, G

− 15,000
(− 0.6470)

Intercept

− 50,000**
(− 2.742)

Regression and Sample Statistics
Adjusted R2

0.394425

Sample size

867

Average price of a dwelling (€)

133,866.74
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Table 25: Regression results for the Slovakian sales market using the linear model. P-values are given using the
code in table 3 and t-statistics are given in parentheses

Variable

Price Contribution (€)

Living Area (m2)

1,100***
(22.41)

EPC rating

22,000***
surplus
(6.304)

Intercept

59,000***
(5.629)

Regression and Sample Statistics
Adjusted R2

0.383564

Sample size

867

Average price of a dwelling (€)

133,866.74

Surplus as a percentage of average price 16
(%, 2sf)

Rental Market
The dataset for the rental market was too small and limited to carry out meaningful analysis.

Sales Market
Significant results were only found for the A and B EPC categories in the results of the dummy
variable model analysis of the sales data. However, whilst both show a price surplus relative
to the D hold-out category, the shift between them (from B to A) indicates a price deficit. This
effect has been observed between the top two EPC categories for other countries; however,
the lack of meaningful results in the other categories makes it difficult to ascertain whether or
not a surplus exists across the lower part of the scale. A linear model was therefore also run.
The results from this model show a statistically significant surplus, which supports the
hypothesis report that a surplus exists across the scale, other than at the highest end where a
deficit has been observed. As with the results in other countries, the expected surplus due to
area was also observed.
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4.10 SPAIN
Energy certification for buildings in Spain dates back to 2002, when a number of different
methodologies were used to assess the energy performance of new buildings. In order to
transpose the 2002 EPBD, a national Decree was issued in 2007 that required the use of a
newly developed simulation and evaluation tool in the certification process. Until 2013,
certification was only required for new buildings. This was updated by a new Decree that fully
transposed the 2010 EPBD recast and included the need to certify existing buildings prior to
sale or rental transactions. Whilst the EPC policy is formulated on the national level,
registration and quality control come under regional jurisdiction (CA EPBD, 2016). The energy
efficiency index used in Spanish EPCs reports energy consumption in kWh/m2yr and matches
this to its corresponding letter on a fixed-value scale that is determined by a reference building.
This scale ranges from A (most efficient) to G (least efficient). Data on the proportion of the
building stock that is currently certified is not available; however, proportions of EPCs among
the regions have been published and show an imbalance in activity (CA EPBD, 2016).
A lack of publicly available information has made the analysis of the effect of EPCs on the
Spanish housing market difficult in the past. In particular, the most recent and prominent
hedonic report uses proxy data to estimate EPCs (de Ayala et al. 2016). The results in the
current report therefore represent a significant contribution to this field of research in Spain.
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Table 26: Regression results for the Spanish sales market using the dummy variable model. P-values are given
using the code in table 3 and t-statistics are given in parentheses

Variable

Price Contribution (€)

Area (m2)

3,100***
(53.51)
Construction Year

− 710***
(− 5.267)

A, B

130,000***
(4.315)

C

160,000***
(5.734)

D

Hold out

E

− 55,000***
(− 3.341)

F

− 92,000***
(− 4.353)

G

− 190,000***
(− 12.11)

Intercept

1,400,000***
(5.344)

Regression and Sample Statistics
Adjusted R2

0.491028

Sample size

3,719

Average price of a dwelling (€)

251,843.67
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Table 27: Regression results for the Spanish rental market using the dummy variable model. P-values are given
using the code in table 3 and t-statistics are given in parentheses

Variable

Price Contribution (€)

Area (m2)

9.40***
(19.94)
Construction Year

− 0.45
(− 0.9077)

A, B, C

130
(0.9620)

D

Hold out

E

110
(0.9620)

F, G

− 530
(− 4.673)

Intercept

1,100
(1.131)

Regression and Sample Statistics
Adjusted R2

0.328465

Sample size

978

Average price of a dwelling (€/month)

968.24
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Table 28: Regression results for the Spanish rental market using the linear model. P-values are given using the
code in table 3 and t-statistics are given in parentheses

Variable

Price Contribution (€)

Area (m2)

9.30***
(19.61)
Construction Year

− 1.20**
(−2.598)

EPC rating

210***
(12.44)
surplus

Intercept

3,700***
(3.954)

Regression and Sample Statistics
Adjusted R2

0.318142

Sample size

978

Average price of a dwelling (€/month)

968.24

Surplus as a percentage of average price 22
(%, 2sf)

Sales market
The results for the Spanish sales market confirm the predicted surplus due to EPC rating for
the range: C-G. Insufficient data was available to distinguish between A- and B-rated dwellings.
However, the shift from C to A/B exhibits a price deficit, as observed at the higher end of the
scale in other countries. A surplus was also observed due to area and a deficit was observed
due to construction year.

Rental market
The dummy variable model was used to analyse the Spanish rental market. However, no
significant results were found for the EPC-rating coefficients. The linear model was also run
and this gave a statistically significant surplus averaged across the EPC scale. The existence
of a surplus in the market can therefore be deduced; however, the pattern of this surplus across
the EPC scale cannot be analysed. The results show a positive price relationship and a
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negative price relationship for area and construction year respectively. The latter is consistent
with results in the sales market.
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4.11 SWEDEN
EPC transposition and implementation takes place on a national level in Sweden. The original
transposition took the form of an amendment to existing regulations, which were further
updated in 2009 and 2012 to account for the requirements in the EPBD recast. The National
Board of Housing, Building and Planning is responsible for supervising and controlling the EPC
system and the national EPC database, the latter of which includes an online service where
all EPC ratings are can be obtained through the address of the dwelling (CA EPBD, 2016).
A new rating system using letter-classes entered into force in 2014, with the scale ranging from
A (most efficient) to G (least efficient). The top of the C band represents the minimum rating
permitted for new buildings. The other classes are then determined by the calculated final
energy of a building as a percentage of the minimum requirements for new buildings (CA
EPBD, 2016). In 2012, it was calculated that 20% of the building stock had obtained an EPC
(CA EPBD 2016b).
EPC class distributions in the sample:
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Figure 50: Bar chart of the distribution of EPC classes in the
Swedish sales market sample
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Table 29: Regression results for the Sweden sales market using the dummy variable model. P-values are given
using the code in table 3 and t-statistics are given in parentheses

Variable

Price Contribution (kr)

Price Contribution (€)

Area (m2)

8,600***

930***

(12.54)
A, B

− 670,000**

− 72,000**

(− 2.715)
C

− 41,000

− 4,400

(0.2217)
D

Hold out

Hold out

E

− 400,000*

− 43,000*

(− 2.441)
F

− 500,000**

− 54,000**

(− 2.690)
G

− 670,000**

− 72,000**

(−3.152)
Intercept

− 200,000***

1,900,000***
(12.10)

Regression and Sample Statistics
Adjusted R2

0.115560

Sample size

1416

Average price of a dwelling (kr)

2,844,574.31

Average price of a dwelling (€)

306,546.20
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Table 30: Regression results for the Sweden sales market using the linear model. P-values are given using the
code in table 3 and t-statistics are given in parentheses

Variable

Price Contribution (kr)

Price Contribution (€)

Area (m2)

8,500***

920***

(12.46)
EPC rating

90,000*

9,700*

(2.190)
surplus
Intercept

2,000,000***

220,000***

(8.515)
Regression and Sample Statistics
Adjusted R2

0.108788

Sample size

1416

Average price of a dwelling (kr)

2,844,574.31

Average price of a dwelling (€)

306,546.20

Surplus as a percentage of average price 3.2
(%, 2sf)

Rental market
Rental data was not obtained and therefore results on the rental market are not included in the
report.

Sales market
Significant surpluses are observed for categories below the ‘hold out’ category, D, in the
dummy variable model results. However, the only significant shift above the hold out category
relates to a significant deficit. A linear model was therefore run to ascertain whether the surplus
or deficit effect dominates when averaged over the scale. The results in table 29 show that the
former effect is dominant. Both sets of results show a significant surplus due to area, as
expected
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4.12 UNITED KINGDOM
The UK is made up of four jurisdictions: England, Northern Ireland, Scotland and Wales. The
transposition and implementation of the EPBD is managed independently in each of the
jurisdictions as a result of power devolution. However, before to 31 December 2011 (CA EPBD,
2016), the devolution of powers agreement between England and Wales did not include
building regulations. As a result, England and Wales were governed by the same EPC
regulations before the EPBD recast. However, despite the fact that the EPBD recast has been
transposed and implemented separately by each jurisdiction, all of the jurisdictions follow the
same UK Standard Assessment Procedure (SAP) to calculate EPC ratings. Furthermore, the
regulations governing the advertisement and scope of EPCs are broadly consistent (BPIE,
2016). As a result, a mixed dataset of dwellings from the UK can be used without the need to
treat each of the jurisdictions separately. Nevertheless, as is the case with other countries that
formulate EPC legislation on a regional level, the staggered rate of implementation of
regulations must be taken into consideration. In the case of the UK, new regulations due to the
EPBD were implemented at a staggered rate between 2012 and 2014 across the jurisdictions
(BPIE, 2016).
The SAP uses a fixed-value measurement approach. The energy efficiency index provided in
the EPC displays the level of energy efficiency of a dwelling as a numerical rating between 0
and 100, with 100 representing the highest possible energy efficiency and 0 representing the
lowest. These numerical values are then matched to letter-bands, which range from A to G. In
addition to the current ratings, potential ratings are displayed to reflect the improvements that
would likely arise if renovation recommendations were acted upon (CA EPBD, 2016).
EPC class distributions in the sample:
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Figure 51: Bar chart of the distribution of EPC
classes in the UK sales market sample

Figure 52: Bar chart of the distribution of EPC
classes in the UK rental market sample

Table 31: Regression results for the UK sales market using the dummy variable model. P-values are given using
the code in table 3 and t-statistics are given in parentheses

Variable

Price Contribution (£)

Price Contribution (€)

Area (m2)

8,500***

11,000***

(67.61)
A, B

95,000***

120,000***

(3.529)
C

56,000**

74,000***

(3.229)
D

Hold out

Hold out

E

− 23,000

− 30,000

(− 1.043)
F

− 15,000

− 20,000

(− 0.3535)
G

− 59,000

− 78,000

(− 0.7087)
Intercept

− 35,000*

− 46,000*

(− 2.142)
Regression and Sample Statistics
Adjusted R2

0.430918

Sample size

6148

Average price of a dwelling (£)

743,417.13
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Average price of a dwelling (€)

977,977.12

Table 32: Regression results for the UK rental market using the dummy variable model. P-values are given using
the code in table 3 and t-statistics are given in parentheses

Variable

Price Contribution (£)

Price Contribution (€)

Area (m2)

5.60***

7.40***

(45.90)
A, B

− 37

− 49

(− 1.455)
C

− 13

− 17

(− 0.7109)
D

Hold out

Hold out

E

− 81***

− 110***

(− 3.295)
F,G

− 51

− 67

(− 1.225)
Intercept

170***

220

(10.01)
Regression and Sample Statistics
Adjusted R2

0.450810

Sample size

2,608

Average rent of a dwelling (£)

608.10

Average rent of a dwelling (€/month)

799.97

Sales market
The UK sales market demonstrates a price surplus above the ‘hold out’ category. However,
the results for E- and F-rated EPCs are not significant and hence conclusions can only be
made for the higher end of the scale. Data was not available for the construction year of the
dwellings in the data set; however, the area variable correlates positively with price as
expected.
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Rental market
The results for the UK rental market are statistically weak, since only one of the EPC
coefficients was found to be statistically significant. However, this result, which reflects the
presence of a price discount in the shift between D- and E-rated dwellings, is consistent with
the hypothesis report. In addition, the positive area coefficient confirms expectations. The
results for the linear model for the UK market are not statistically significant.
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5. DISCUSSION
Cross-country comparisons must be made with caution, given the different EPC systems, as
well as the fact that each country has a distinct housing market. In addition, the quality and
size of samples vary between the analysed countries. Bearing in mind these limitations, the
results for each of the analysed markets are presented together in table 33, with surpluses
given as percentage values of the average dwelling price in each of the samples. These
percentage values are therefore estimations of the added value of a dwelling due to any oneletter improvement. The adjusted R2 values are also given, as these give an indication of how
well described the models are. The surplus values used to calculate the percentages were
derived using the linear variable model.
Table 33: Sales and rental surpluses given as percentages of average dwelling prices in the respective samples
of each of the analysed countries. The linear model was used to calculate the surpluses in each case

Sales surplus
Country

6

Rental surplus

% value

Adjusted R2

% value

Adjusted R2

Austria

18

0.280480

5.2

0.747323

Czech Republic

11

0.256793

4.0

0.335202

Denmark

13

0.191310

5.1

0.342421

France

9.0

0.327088

2.0

0.072216

Germany (pre-2014 EPC) 6

0.60

0.203651

−3.2

0.300827

Germany (post-2014 EPC)

7.9

0.111914

4.4

0. 317947

Luxembourg4

2.6

0.351598

0.084

0.310141

The Netherlands

−0.81

0.565894

−4.0

0.573943

Norway

6.4

0.270419

-

-

Slovakia

16

0.383564

-

-

Spain

27

0.486787

22

0.318142

Sweden

3.2

0.108788

-

-

United Kingdom

4.8

0.430918

-

-

For countries with linear rating systems, surpluses are given for a 50-point improvement, as this is the

averaged equivalent of the post-2014 letter classes. It is also fairly typical for other national systems.
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The first observation that can be made from table 33 is that the alternative hypothesis report
for the second research question can be accepted for all countries where the rental and sales
markets were analysed. This is the hypothesis report that the surplus for sales markets is
greater than for rental markets due to the split incentive dilemma. The decision to reject the
null hypothesis report is less clear for the case of the Netherlands, since both markets display
deficits. However, it can be argued that the fact that the rental market deficit is greater than the
sales market deficit is consistent with the hypothesis report, as it can also be explained by the
split incentive dilemma.
The closest literature comparison that can be made to these results is the DG Energy
commissioned report that was outlined in detail in the literature review (Bio Intelligence Service
et al. 2013). The highest estimated surpluses in this report, which are given in table 1, are 1011% for the sales market and 4.4% for the rental market. These results are similarly limited
due to poor data and omitted variables; however, they give a rough guide as to the order of
magnitude that should be expected for the surpluses in this report. Using these maximum
values as a guide, it is possible that the results for the sales markets in Austria, Slovakia and
Spain have been inflated by omitted variables, as well as the results for the Spanish rental
market. Furthermore, such high surplus values appear to be inconsistent with survey results,
which have found EPC ratings to be “only a minor purchasing criterion” (Amecke, 2012, p. 4).
Omitted variables - such as location and quality - have different effects on the final surplus
results depending on the level of correlation with the variable of interest. For example, if a
variable is highly positively correlated with energy efficiency, and is not included in the dataset,
then the surplus due to this variable will be partly included in the energy efficiency surplus. In
this report, location and quality are the most important omitted variables. Location is particularly
significant as the housing market can vary between urban and rural locations, making it a
potentially “significant source of unobserved heterogeneity” (Fuerst et al. 2015, 147). In
addition, quality is likely to be highly correlated with energy efficiency, but categorisation is
very subjective, making it a difficult variable to include in regression models. The adjusted R 2
values in table 33 give an indication of the number of significant variables that have been
omitted, which are greater for results with lower adjusted R2 values. However, the impact that
these omitted variables have on the energy efficiency surplus depends on the level to which
they are correlated with it, which cannot be tested statistically since the data for these variables
is not available.
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An unexpected pattern was observed in a number of the dummy variable regression results in
this report. This was the pattern of a price deficit for the highest adjacent letter shift in the EPC
scale, which is present in the results for the following markets:


Austria sales market



Denmark sales market



The Netherlands rental market



Slovakia sales market



Spain sales market

Deficits observed for highly efficient dwellings in the analysed literature have been attributed
to a perception of high maintenance costs (de Ayala et al. 2016) (Yoshida and Sugiura 2010).
However, given the fact that dwellings in the penultimate, as well as the highest, rating class
are likely to be highly energy efficient, it is unlikely that such a distinction between maintenance
costs is made by prospective buyers and renters. Furthermore, the fact that the pattern was
only observed for a minority of the analysed markets weakens the likelihood of perceived high
maintenance costs being the causal factor of the deficits. In particular, the pattern was only
observed for one rental market, despite the fact that tenants tend to bear maintenance costs.
Furthermore, there is no a priori explanation as to why a perception of high maintenance costs
for efficient products would not exist in all European markets, if it does exist in the markets that
have been observed. An alternative explanation for the trend is that it results from the impact
of unobserved variables, such as location. For example, it is possible that these dwellings are
mostly found in rural areas where dwelling prices are cheaper. In addition, it is possible that
the highest rating class is under-represented in the sample. Further investigation is needed to
identify which of these explanations is the most likely cause for the observed deficits.
The country with the most unexpected results in this report is the Netherlands, for which deficits
were observed for both the sales and rental markets. Hedonic studies that have previously
been carried out in the Netherlands have reported surpluses due to EPC rating. However,
these studies also provide evidence that suggests that the Netherlands struggled to implement
the transposition of the 2002 EPBD (Brounen and Kok 2011) (Murphy, 2013). In particular, it
has been reported that implementation levels greatly decreased after an initially strong uptake
of the EPC scheme. A key reason for this downward pattern in implementation that is stated
in both studies was a lack of trust due to a negative press reception of the scheme. However,
the new web-based version of the EPC that was developed for the implementation of the 2010
EPBD recast has led to a sharp increase in certification frequency. Furthermore, lack of trust
115

ZEBRA2020 - D3.1: The Impact of Energy Performance Certificates on property values and
nearly Zero-Energy Buildings

and low implementation are issues that have been faced by many countries since the EPBD
was first created in 2002 and all hedonic studies carried out on the EPC scheme have reported
statistically significant surpluses due to EPCs. For these reasons, omitted variables such as
quality and location are more likely to be the cause of the unexpected deficits. Further
investigation into the causes would have to expand the scope of the model to include these
variables. In particular, the report carried out by Brounen and Kok includes variables for
dwelling quality characteristics, dwelling type and neighbourhood properties (Brounen and Kok
2011).
In addition to omitted variables, dataset quality can be affected by the quality of data inputting
for the real estate websites. In particular, multiple cases are observed where fields are omitted
in the data inputting for a dwelling. In addition, different agencies use different definitions for
certain variables, such as the number of rooms and the liveable area of a dwelling. The extent
to which datasets are consistent in these fields for a given estate agency depends on the
training level of the agents, as well as the level to which these variables are well defined by
the agency. When they are not well defined, subjective choices have to made, such as what
constitutes a half-room and whether outdoor space should be included in the liveable area
category. In addition to this, the quality and accuracy of EPC ratings depends on the personnel
requirements, which are defined nationally. Qualified professionals are required in all cases;
however, specialist training is not always needed (CA EPBD, 2016).
To conclude, the results of this report confirm the alternative hypotheses for most markets. In
cases where unexpected results are observed, which contradict these hypotheses, omitted
variables such as location and quality are the most likely causal factors. In addition, certain
markets confirm the alternative hypotheses but also display surpluses that are around two
times the size given in most literature studies. These cases are most likely caused by the
omission of positively correlated variables.
Considering the results of the real estate survey many of statements expressed by the real
estate agents are statistically slightly negative concerning impact of energy performance
certification of the buildings on the values of properties, exposure time of properties, however
there are positive opinions also.
Having in mind the above mentioned methodological remarks and the fact, that the perception
of the subject of the survey is driven to high extend by the country specific implementation of
EPBD, the authors provide to each main result the country related weight of the given
statement.
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1. The dominant form of EPC indicated by the real estate agents is mandatory certification
(93% responses). Although certain exceptions to this rule have been presented
(especially in Poland).

Conscientiousness
of EPCs
Mandatory
certification
Voluntary
certification
Other

TOTAL Austria France Germany Italy

Norway Poland Romania Spain

93%

100%

100%

99%

100% 100%

39%

98%

100%

6%

-

-

-

-

-

55%

-

-

1%

-

-

1%

-

-

6%

2%

-

2. In opinion of real estate agents, the main factors taken into account whilst selecting,
purchasing or leasing real estate is mainly the location, price and the size of the real
estate.
A further important element was factor called various "nuisance" e.g.: a busy road,
landing airplanes, landfill, a high-voltage line, etc. The cost of energy is indicated as
very important factor by 13% and as important by 44% of real estate agents only.

Factor selected
by client

TOTAL Austria France Germany Italy

Norway Poland Romania Spain

location

99%

100%

98%

100%

100% 100%

98%

95%

99%

price

98%

98%

95%

98%

100% 99%

99%

96%

100%

96%

100%

96%

92%

97%

95%

96%

93%

97%

90%

90%

95%

97%

86%

89%

92%

75%

84%

56%

70%

61%

64%

73%

23%

57%

67%

38%

size/number

of

rooms
various
"nuisance"
cost

of

electricity, heat,
etc.
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3. The EPCs are required in concluding the purchase/lease contracts, although 6% of the
respondents indicated that they were never necessary (Germany, Italy, Norway,
Poland, and Spain).

Presentation of
EPCs

TOTAL Austria France Germany Italy

Norway Poland Romania Spain

always

59%

62%

90%

56%

79% 51%

8%

72%

41%

never

6%

0%

0%

1%

2%

39%

0%

3%

1%

4. The real estate agents are in general not satisfied with reliability of the data provided
by the EPC (mostly in France, Germany, Norway and Poland).

Reliability

of

EPCs
positive
responses
negative
responses

TOTAL Austria France Germany Italy

Norway Poland Romania Spain

27%

54%

17%

17%

36% 14%

18%

21%

44%

35%

28%

42%

54%

22% 47%

47%

19%

17%

5. Usefulness of EPCs in the professional activity of real estate agents is evaluated by
them rather negatively. Only near ¼ of the respondents indicates the usefulness of the
certificate in their professional work.

Usefulness
EPCs

of

TOTAL Austria France Germany Italy

Norway Poland Romania Spain

positive
responses

26%

36%

40%

13%

34% 6%

15%

61%

15%

47%

38%

33%

56%

34% 80%

53%

14%

34%

negative
responses

6. Certain tendencies shaped in particular countries in terms of the evaluation of the EPCs
reliability and usefulness may be observed, particularly that EPC:


Is relatively unreliable and not useful – Norway, Poland, Germany
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Is relatively unreliable, but useful - Romania and France



Is reliable but relatively not useful – Spain



Is reliable and useful – Italy and Austria

7. The real estate agents do not rather see any connection between the EPC and the
improvement of the energy performance of buildings.

EPCs
connection with
building`s

TOTAL Austria France Germany Italy

Norway Poland Romania Spain

improvements
positive
responses

27%

22%

29%

46%

29% 29%

18%

19%

10%

67%

66%

69%

52%

69% 54%

77%

72%

85%

negative
responses

8. Usually, real estate agents don`t confirm correlation between the high energy
performance and high value of real estate.

Impact of EPCs
on the market
value

of

real

TOTAL Austria France Germany Italy

Norway Poland Romania Spain

estate
positive
responses

27%

22%

29%

46%

29% 29%

18%

19%

10%

67%

66%

69%

52%

69% 54%

77%

72%

85%

negative
responses

9. Most of real estate agents don`t observe that higher energy performance of buildings
causes the growing interest in its purchase / lease in comparison to other buildings.
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Impact of EPCs
on demand of TOTAL Austria France Germany Italy

Norway Poland Romania Spain

real estate
positive
responses

30%

42%

70%

26%

46% 12%

13%

23%

7%

65%

54%

26%

69%

53% 83%

77%

67%

88%

negative
responses

10. In opinion of real estate agents, the influence of having the higher EPC class on the
exposure time of the real estate is rather low.

Impact of EPCs
on

exposure

time

of

real

TOTAL Austria France Germany Italy

Norway Poland Romania Spain

estate
positive
responses

14%

32%

21%

11%

18% 3%

8%

19%

4%

75%

64%

60%

80%

79% 80%

65%

74%

87%

negative
responses

11. The main obstacles in improving the energy performance of buildings were indicated
by real estate agents to be the following: financial matters (additional costs for owners),
low social awareness in this subject, additional bureaucracy and the practice of issuing
unreliable certificates.

Obstacles

in

improving
energy

TOTAL Austria France Germany Italy

Norway Poland Romania Spain

performance
additional costs
for owners

52%

64%

40%

68%
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lack/insufficient
knowledge

of 50%

50%

66%

53%

54% 52%

49%

40%

50%

41%

22%

43%

31%

38% 60%

52%

19%

26%

41%

46%

19%

63%

28% 46%

45%

14%

35%

the customers
the practice of
unreliable
certification
additional
paperwork

12. Among the problems of implementing the improvement of the energy performance of
buildings, the following has been mainly indicated: the financial aspect, no incentive for
the real estate owners.

Problems

TOTAL Austria France Germany Italy

Norway Poland Romania Spain

Lack of financial
incentives

for

property owners 57%

70%

70%

83%

35% 46%

56%

51%

68%

13. The most important benefit of having the EPC indicated by the real estate agents is the
source of information concerning the energy costs and technical condition of the
building.

Benefits

of

EPCs
source

of

information

on

TOTAL Austria France Germany Italy

Norway Poland Romania Spain

energy costs in
the real estate
source

39%

32%

53%

26%

54% 43%

38%

28%

22%

the 32%

32%

30%

29%

37% 19%

30%

49%

34%

of

information
about
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technical quality
of the building

14. The most expected support that would influence the improvement of the energy
performance of buildings, according to the respondents, is financial activity. Economic
support directed to real estate owners and economic incentives for those that
undertake such actions and sufficient information about the benefits.

Actions

for

benefits of real TOTAL Austria France Germany Italy

Norway Poland Romania Spain

estate owners
financial
incentives

for

property owners 72%
the

78%

82%

87%

67% 60%

69%

63%

73%

56%

45%

53%

37% 39%

49%

39%

52%

36%

45%

22%

64% 28%

51%

61%

45%

economic

advantages
the

of

energy

savings should
go directly to
the person who
is trying to save 45%
sufficient
information
about

the

benefits

44%

In the case of the necessity to undertake institutional actions in order to improve the
energy quality of buildings, a division among origin country of respondents has
appeared. The real estate agents from:
- Spain, Romania, Italy expect institutional solutions,
- Norway, Germany, Austria prefer no institutional regulations
- France and Poland remain undecided in this matter.
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15. The level of awareness and information about wording, requirements and settlements
of the 2002/91/EC or 2010/31/EU Directive among the real estate agents is relatively
low.

Encountered
Directive

TOTAL Austria France Germany Italy

Norway Poland Romania Spain

positive
responses

34%

44%

11%

30%

63% 6%

39%

28%

32%

48%

44%

70%

57%

24% 70%

52%

42%

40%

negative
responses
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6. CONCLUSIONS AND RECOMMENDATIONS
This report has contributed to a small but growing field of hedonic analyses into the extent to
which the EPC scheme has been capitalised upon in European housing markets. In particular,
it has confirmed the existence of price surpluses in all but one of the analysed markets, and
has also demonstrated the effect of the split incentive dilemma on these markets, which is the
most likely cause for the observed discrepancy between sales and rental surpluses.
The main EPC policy objective is to increase the extent to which energy efficiency is
incorporated into decision-making on the housing market. The success of this aim can be
measured through periodic hedonic analyses that, like this report, measure the level of
capitalisation of energy efficiency on the market. As has been shown by this report, as well as
in literature, such hedonic analyses are greatly limited by data constraints. In order for the
European Commission DG Energy to measure the success of the scheme to a greater level of
accuracy and precision, Member States should be encouraged to collect and share data for
important characteristic variables in addition to EPC ratings. Furthermore, a process of
regularly commissioned hedonic analyses, such as the report carried out in 2013 (Bio
Intelligence Service et al. 2013), is recommended.
A key observation found in literature, that has been confirmed for a wider number of countries
in this report, is the existence of a greater surplus for sale transactions than rental transactions.
Given the significant proportion of tenants as opposed to home-owners in most of the analysed
countries, true market transformation to account for energy efficiency should include measures
to tackle this. The key reason given for the existence of the discrepancy in the surpluses
between the two markets is the fact that landlords do not usually bear the costs of
maintenance. Policies that provide incentives for landlords to invest in energy efficient
improvements, such as subsidy schemes, could increase the surplus in the rental market and
aid market transformation towards more efficient buildings. However, a negative consequence
of such measures would be a strengthening of the energy poverty effect, whereby energy
efficient dwellings can only be accessed by richer tenants and home-owners.
A key limitation of current EPC schemes is the lack of financial estimates for recommended
home improvements. This leads to a further information barrier, in which home-owners are
unable to weigh the costs of making improvements on a home against the increased value of
the dwelling. In addition, financial forecasts for the time frame in which home-owners can
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expect to see returns as well as the expected surplus that will result from specific
improvements would further decrease imperfect information. Measures taken to improve
access to information in this field would likely increase the level of capitalisation of energy
efficiency due to the further breakdown of this market barrier.
The analysis of the real estate agents’ survey provides significant recommendations on how
to increase the impact of EPCs on the property value and how to overcome many, identified
by them, obstacles facing a wider use of EPCs across EU. The following table presents the
set of recommendations elaborated based on statements from real estate agents, who took
part in the survey.

No.

Issue

Favourable conditions/good
practices

1.

Mandatory certification

Requirement by low of an EPC

with EPCs, if not yet

at each stage of real estate use

obligatory.

(designing,
release,

primary

market

secondary

market

transactions, and renovations).
2.

Factors considered by

The

clients

becomes more important in

whilst

selection,
and

lease

the

purchase
of

energy

cost

factor

line with higher energy prices.

real

estate.
3.

Evaluation of energy

This

performance

respected,

certificates in terms of

investor/owner/manager

the

obligation,

requested

parallel

lawyers/notaries

duty

of

its

application.

being

duty

may
if

by

be
it

witnesses

better
is

of

in

of

transactions.
4.

Evaluation of energy

The professional training and

performance

qualification of the certifiers

certificates in terms of

and assurance of the quality

reliability

in

the
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5.

professional activity of

control will increase reliability

real estate agents

of the EPCs.

Evaluation of energy

The

performance

included in EPCs should be

certificates in terms of

understandable

usefulness

the

property user. The market

professional activity of

analysis and improvement of

real estate agents

real

in

scope

of

information

by

estate

each

valuation

procedures by consideration of
sustainable

factors

may

increase the usefulness of
EPCs
6.

Correlation
the

high

between

The

market

research

and

energy

analysis of registered EPCs

performance and high

providing evidence for the

value of real estate.

impact

of

the

energy

performance of the buildings
on theirs market value, could
be used by the real estate
agents in relations with their
clients.
7.

Influence of having a

Market research and wider use

higher EPC rating on

of EPC ratings by real estate

the market exposure

agents

time

exposure

may
time

shorten
of

the

nZEB-

properties.
8.

Obstacles in improving

They may be less important, if

the

energy

the cost of improvements and

of

the cost of issuing of EPCs will

performance
buildings

be reduced by the state policy,
accompanied by awareness
raising campaigns and more
fair division of profits from
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energy savings among the
stakeholders

(landlords,

tenants)
9.

Incentives

for

real

estate owners

Expected

are

economic

incentives for those who are
undertaking

the

energy

savings measures, associated
with well-designed information
campaigns. Their introduction
in a transparent way, not
necessary by regulations and
in the form of long term
programmes

helps

understanding

better
energy

efficiency and climate change
goals and the role of EPCs in
this context.
10.

Increase the level of

The upcoming recast of the

awareness

EPBD is a good chance to

and

information about the

implement

training

and

EPBD.

awareness raising campaigns
for a better understanding of
the Directive’s aims and the
impact of energy performance
certification.

To conclude, this report has demonstrated the existence of a price surplus due to energy
efficiency in all but one of the countries analysed. In addition, in cases where sufficient data
on the rental sector was available, an increased surplus for the sales sector was observed.
However, the accuracy of the surplus values is restricted by limited datasets that cause omitted
variable bias. As a result, quantitative cross-country comparisons could not be made.
Nonetheless, areas for further research have been presented that would enable regular and
increasingly accurate evaluations of the EPC scheme. In addition, issues have been identified
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with the current EPC regulations, such as the fact that the scheme does not fully break down
the imperfect information market barrier, or account for the split incentive dilemma. The results
of the real estate agents’ survey provide significant recommendations on how to increase the
impact of EPCs on the property value and how to overcome obstacles facing a wider use of
EPC`s across EU. For instance, in some countries EPCs are not mandatory yet at all stages
of real estate use (e. g. design, primary market release, secondary market transactions, and
renovations). In those countries, where EPCs are already mandatory, this duty may be better
respected, if EPCs would be also requested by lawyers/notaries as witnesses of real estate
transactions. Bureaucratic hurdles in issuing EPCs shall be reduced while the evaluation of
energy performance certificates in terms of reliability shall be improved. Improved training and
qualifying of the certifiers and proper quality control would increase reliability and credibility of
EPCs.
These suggestions for the improvement of the Directive’s requirements could either be enacted
voluntarily on a national model or through the expected recast of the EPBD on the European
Union level in 2017/2018.
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