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Abstract

To prevent global warming from rising above two degrees celsius, the European Union
introduced Energy Performance Certificates (EPCs). The EPCs were introduced in the
Netherlands in 2008 with the objective of creating awareness and solving the information
asymmetry on energy performance in the housing market. Hence, as house buyers will be
better informed about the future savings of energy costs, ‘green’ dwellings should transact
for a premium. This study investigates the premium paid for green dwellings. It thor-
oughly examines the mechanism at stake, which is followed by an empirical estimation of
the premium. I find that people are willing to pay a premium of around 3% on average
for a green dwelling. Moreover, this study analyses how a change in policy influenced the
premium. The findings show a significant change in premium after the policy changed.
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1 Introduction

To prevent global warming from rising above two degrees Celsius, the world is in the
midst of an energy transition. Apart from finding more sustainable energy sources, there
is consensus that the energy efficiency needs to be increased in order to mitigate climate
change. Related to this aspect of energy efficiency, the European Commission pointed out
that 40% of the energy consumption and 36% of the CO2 emissions in the European Union
originates from buildings (European-Commission, 2018a). Therefore, the EU has set a
target to cut the emissions from buildings with 90% (compared to 1990) by 2050. In order to
achieve this target Energy Performance Certificates (EPCs) were introduced as part of the
Energy Performance Building Directive. The EPCs, used for labeling buildings according
to their energy performance, have the objective of creating awareness. Subsequently this
would lead to a more correct evaluation of energy performance in the housing market,
as people would be better informed. This would then stimulate people to invest more in
energy-saving measures. According to the EU, however, the effectiveness of the energy
labels depends highly on the way they are implemented by the member states (Mudgal,
Lyons, Cohen, Lyons & Fedrigo-Fazio, 2013, p. 18).

Although the EPCs were already introduced in the Netherlands in 2008, it was not until
2015 that the government included the EPBD in their legislation, making it mandatory for
house-owners to include an EPC when selling a house. Consequently, the Dutch govern-
ment was officially criticised several times by the European Commission on their delayed
implementation’. This discussion led to a policy change in 2015 (see BOX 1 for more
information on the EPBD and the change in policy). One way of investigating whether the
EPCs were implemented adequately and whether the change in policy improved their ef-

fectiveness, is by looking how the EPCs are valued in the Dutch housing market. Therefore,

this paper investigates the effect of EPCs on the transaction prices of residential dwellings

ITweede Kamer, 2015-2016, 30 196, nrs. 469 & 549



CHAPTER 1. INTRODUCTION

in the Netherlands. Not only will this give an indication of how energy performance is
valued in the Dutch housing market, it also allows us to evaluate the effectiveness of the
policy. To analyse the developments in the implementation of the EPCs in the Nether-
lands, this thesis estimates the ‘premium’ and the change in premium due to the change
in policy. The premium is the extra amount paid (in percentages) for an energy efficient,
or ‘green’ dwelling, which is in this paper defined as a dwelling with labels A, B or C. The
magnitude of this premium can give an useful insight into the effectiveness of the EPCs.
Moreover, the developments in the magnitude of this premium gives the opportunity to
evaluate the Dutch policy on the implementation of the EPCs.

This research is done by a thorough theoretical examination of the mechanism that
works from assessing the energy performance of a dwelling to the transaction price paid for
the dwelling. This shows how EPCs are supposed to solve the information asymmetry when
it comes to the energy performance in the housing market, how this creates a premium and
how supply and demand influence this premium. A hedonic price model is then used to
estimate the effect of energy labels (as a proxy for energy performance) on house transaction
prices (as a proxy for the value) through OLS. This model is commonly used for analyzing
the willingness-to-pay for houses and their underlying characteristics (Palmquist, 2005;
O’Sullivan & Gibb, 2008). To empirically estimate the premium I use a comprehensive
dataset of more than 300.000 observations over the period of 2008-2017. However, when
estimating the premium, I run into issues of endogeneity due to omitted variables and
self-selection into the sample. These limitations to the model are thoroughly discussed.
Even though not all issues can be solved, the findings still give a useful insight into the
causal effect of EPCs on housing values.

The findings of this thesis show a significant positive effect of the EPCs on the trans-
action prices of houses in the Netherlands. More precisely, I find that green dwellings
transact for a premium of 3.1% compared to non-green dwellings. This implies that the
EPCs are effective. Furthermore, I find that this premium was only 1.2% on average before
2015 and increased by another 2.5 percentage points after 2015. This indicates that the

effectiveness increased substantially due to the policy change. This is supportive of the



CHAPTER 1. INTRODUCTION

European Commission’s reasoning that the effectiveness of the EPCs is sensitive to their

implementation.

BOX 1 The implementation of the EPCs in the Netherlands

The EPCs have been part of the EU’s Energy Performance Building Directive (EPBD),
which was already initiated in 2002, and had the objective of stimulating energy effi-
ciency of buildings by creating awareness amongst house owners. The Directive man-
dated member states to set minimal requirements and inspections for energy perform-
ance. Moreover, it introduced the EPCs that label buildings from A (most efficient) to
G (least efficient). The EPCs are based on energy-saving characteristics of the building
such as the quality of insulation, ventilation, solar systems etc. Besides, an EPC also
provides recommendations on how to improve the energy efficiency of the building. An
example of an EPC can be found in Appendix A.

Member states were supposed to implement the EPCs by 2006, but were allowed
to postpone the implementation for another three years. Since 2009 the inclusion of
an EPC when renting out or selling a house has been made mandatory by the EU.
However, the EPCs were not mandatory in the Netherlands before 2015. Brounen &
Kok (2011) mention several aspects that contributed to the slow implementation of
the EPCs in the Netherlands. Firstly, there was an option for house buyers to sign a
waiver, which meant that an EPC did not have to be included in the sale or rental of
a dwelling. Other factors were the lack of unskilled assessors and unclear requirements
(Brounen & Kok, 2011, p. 4). The Dutch government was therefore criticised by the
European Commission for not including the EPBD in their own legislation as well as
wrongly executing it.

Moreover, before the introduction of the EPBD, the Netherlands already had their

own legislation (since 1995) on the energy performance of buildings in the Netherlands:



CHAPTER 1. INTRODUCTION

the Energy Performance Standard (EPN). The EPN uses a different measure of energy
performance of the housing market, namely the Energy Index (EI). The EI is an index
comparing a buildings’ energy performance to the energy performance of the average
building in 1990, which makes it a much more specific proxy for a building’s energy
performance (van Ekerschot & Heinemans, 2008). There has been some confusion with
the combination of the two legislations, as the energy labels and the Energy Index do
not coincide in 8 percent of the cases”.

All of this confusion and critique led to a new system that was implemented by the
government in 2015 to increase its consumer friendliness (van Eck, 2015). As of Janu-
ary 1% all residential dwellings received a temporary EPC. House owners can change
this into a final EPC, by providing information on the thermal characteristics of the
dwelling including evidence via a web-tool. Afterwards an independent ‘assessor’ uses
this information to decide on the final EPC. Hence, requesting an EPC now happens
entirely online and the assessor no longer needs to be physically present. The new
policy also made the inclusion of an EPC during the sale of a house mandatory. When
the EPC is not included in the sale or rental of the dwelling, the owner is fined with
a maximum of 405euros (van Eck, 2015). However, a downside to the simplicity of
the system is the difficulty in obtaining the Energy Index. This is due to the lack of

detailed information compared to when the assessor is physically present.

“Tweede Kamer, 2017-2018, 30 196, nr. 563

This thesis relates to existing literature that estimate the premium for green buildings.
Up to now, the only academic research done on Dutch level looking into EPCs has been
the work of Brounen and Kok (2011), which dates back to the beginning of energy labels
in the Netherlands. In recent years, however, mitigating climate change and promoting
energy efficiency has gained a lot of importance. Examples of this are the Dutch Energy
Accord that was reached in 2013 and the Global Paris agreement in 2015. Consequently,
many targets have been set recently and policies changed accordingly (e.g. see Box 1).

More importantly, the policy change of 2015 has never been academically investigated.

4



CHAPTER 1. INTRODUCTION

Besides giving a more recent estimation of the premium in the Netherlands, the extensive
dataset over the relatively long observation period allows to give an useful insight in how
the implementation of the EPCs influence their effectiveness. Moreover, it makes it possible
to see the development of the premium throughout recent years where climate change has
gained importance. Additionally, this thesis contributes to existing literature by giving a
thorough discussion of the theoretical background and by explaining the mechanism. This
theoretical analysis prior to the empirical analysis gives insight into the causal effect of
EPCs on the transaction prices.

The remainder of this thesis is structured as follows: the next chapter reviews the
existing literature on this topic. It analyses their findings and their different empirical
methodologies used. Subsequently, Chapter 3 looks into the theory and discusses the role
of imperfect information in energy performance of the housing market. It also reveals the
mechanism behind the causal effect of EPCs on transaction prices and introduces the he-
donic price model. This model is then used in Chapter 4 to obtain the empirical regression
function used in this thesis to estimate the premium. Next, the extensive dataset is ex-
plained in Chapter 5 and is followed by a thorough discussion of the results of the model
in Chapter 6. The results are checked for robustness in Chapter 7. Finally, Chapter &8
summarizes the findings of this thesis once more and concludes with several policy recom-

mendations as well as suggestions for further research.



2 Literature Review

There is a variety of empirical researches focusing on energy-efficiency and the value of
buildings. Since climate change is an issue that has recently gained a lot of attention, this
chapter focuses on more recent researches that look for the effect of energy performance
on real estate values. Table 2.1 summarizes the main effects found by academic researches.
Almost all researchers seem to find significant results with the only exception being Oxford,
most likely due to the small number of observations (Mudgal et al., 2013). The lowest
premium is found in Ireland, where a one step increase of the label increases the transaction
price of the dwelling with only 2.8% (Mudgal et al., 2013). In comparison, the highest
premium is found in the United States where office buildings with a certification from the
programs LEED or Energy Star are sold for a premium of almost 17% (Eichholtz, Kok &
Quigley, 2010). Clearly, there are large differences between the premia, but the researchers
also differ in many other aspects.

Table 2.1 gives a clear overview of the factors that play a role in estimating premia.
Even though the premia give an indication of the amount people are willing to pay for
energy performance, they are not easily comparable to each other due to these differences.
Therefore, it is important to review all of these differences in regions, programs that meas-
ure energy performance, observation periods, type of buildings, number of observations
and comparing methods.

To begin with the differences between researches in regions, the European Commission

argued the following:

“The implementation and effectiveness of the EPCs vary from country to coun-
try and region to region, ... due to political and legal context as well as the

characteristics of their property markets” (Mudgal et al., 2013, p. 17).

The extensive research done by Mudgal et al. (2013) for the European Commission includes

several countries (France, Belgium, UK, Ireland and Austria) that all report very different

6



CHAPTER 2. LITERATURE REVIEW

results. In France the results are stronger for Marseille than for Lille, which is contradictory
to their assumption that energy performance is more valued in areas where more heating
is needed. In the UK no significant effect of EPCs are found. Whereas in Austria, Belgium
and Ireland the premia are significant and positive. Conversely, the results of Austria
show that the effect is bigger in cities than in non-city areas, while the results of Ireland
and Belgium show the opposite. This could be due to the booming housing market in
Austria during that time, while the housing markets of Belgium and Ireland were stagnant
an falling respectively. Another finding that relates to the diversity of the effect among
regions is done by Eichholtz et al. (2010). They find a smaller premium for buildings
situated in more expensive and bigger regions, which implies that as rent increases, the
importance of sustainability decreases (Eichholtz et al., 2010).

Next, the importance of the observation period becomes clear when comparing Eich-
holtz et al.’s first and second research (2010; 2013). Their findings show how the premium
relates to the economic circumstances of a country. The premium decreases from almost
17% in 2007, to 13% right after the financial crisis (Eichholtz et al.; 2010; Eichholtz,
Kok & Quigley, 2013). According to Eichholtz et al. (2013) energy performance becomes
less important during an economic downturn because energy efficiency is seen as a luxury
characteristic of a house. Similarly, when Brounen & Kok (2011) look how the premium
develops over their observation period, they find that the premium drops to almost zero in
the first quarter of 2009, which could be due to the economic downturn in that period.

Besides differences in time periods and regions, there is also a clear division between
researches that focus on commercial buildings, especially office spaces, and residential
dwellings. Naturally, there will be differences between how businesses evaluate green of-
fice spaces and how households evaluate green dwellings. An organisation will consider
different aspects when choosing a building, such as the productivity of its employees and
corporate reputation (Eichholtz et al., 2010; Fuerst & McAllister, 2011). The effect of
energy efficiency might therefore be substantially different for residential dwellings than
for office buildings. This seems to be the case when comparing the different premia found

in the US between office buildings (Eichholtz et al., 2010) and residential dwellings (KKahn
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CHAPTER 2. LITERATURE REVIEW

& Kok, 2014). The differences between offices and dwellings is furthermore shown when
looking at the premia found in the UK (Chegut, Eichholtz & Kok, 2014; Fuerst, McAllister,
Nanda & Wyatt, 2015).

Furthermore, the researches in Table 2.1 differ in the certification schemes that are
examined. The American Energy Star and LEED as well as the Swiss Minergie are different
from the EPBD. In these programs it is only possible for buildings to be awarded with a
certificate of being energy efficient. Hence, unlike the EPBD, they have no different classes
in their energy-efficiency. The benchmark used by the Energy Star program “is chosen so
that the label is awarded to the top quarter of all comparable buildings” (Eichholtz et al.,
2010, p. 8). The EPBD on the other hand has a rating system ranging from label A to
label G. These differences in programs probably also attribute to the wide range of premia
found.

Not only do the papers differ from each other in regions, observation periods, type of
buildings and certification programs, but also in more methodological aspects. Although
all researches seem to use a hedonic price model for the estimation regression, which will
be explained in greater detail in Chapter 3, the researchers use profoundly different ap-
proaches.

Some researchers base their results on a very small number of observations, which
might make them less reliable (Bloom, Nobe & Nobe, 2011; Mudgal et al., 2013; Salvi,
Horehajova & Syz, 2010). Moreover, the researchers that compare labeled buildings as the
treatment-group versus non-labeled buildings as the control-group seem to have a large
sample on first sight (Eichholtz et al., 2010, 2013; Fuerst & McAllister, 2011; Chegut et
al., 2014; Kahn & Kok, 2014). However, in reality the data samples consist mostly of the
control-group, which are non-labeled buildings. For example, the samples of Eichholtz et
al. (2010) and Chegut et al. (2014), which consist of only 199 and 68 certified buildings
respectively, emphasise this.

This approach of comparing labeled versus non-labeled might give rise to another issue.
When requesting a label is not mandatory, it is difficult to make any assumptions on

the energy performance of the control-group. Thus, the control-groups might consist of

8



CHAPTER 2. LITERATURE REVIEW

relatively energy-efficient buildings, which could influence the results. Therefore, the EPBD
and other programs that have different classes of labels can be seen as more suitable in
finding the effect of energy performance on housing values. Mudgal et al. (2013) do look
at the effect of the EPBD, but use the EPC-rating as a continuous variable, by which
they assume that the differences between the labels are constant. However, it seems more
plausible that the premium is varying across the labels. This approach is not used by any
of the other studies, except in one other instance to check for robustness (Hyland, Lyons
& Lyons, 2013).

Looking at the findings of Bloom et al. (2011) another methodological difference ap-
pears: the study uses a linear regression function, while all other researches in the overview
use a log-linear functional form. By not using a logarithm for the dependent variable,
Bloom et al. (2011) assume that the effect stays the same regardless of the transaction
price paid for the house. It seems more preferable to allow for a percentage effect, since the
premium might change in relation to the price. Additionally, the logarithm will mitigate
the outliers in the dataset.

Taking all these aspects into consideration, we are left with only a few studies that
relate closely to this thesis and these will be thoroughly reviewed. Firstly, Hyland et al.
(2013) find a premium of 9.3% for a label A compared to a label D. Conversely, an F or G
label is worth 10,6% less. The study uses asking prices instead of final transaction prices.
However, as the EPCs are especially meant to make house buyers aware of the house’s
energy performance and not house sellers (who already are aware) it is possible that this
influences the results. Moreover, the dataset misses some essential characteristics of the
dwellings. In particular, the model only controls for the size of the house by including a
variable that indicates the number of rooms. However, one could argue that the number
of rooms is not an adequate indicator of the size of a dwelling. Another missing control
variable is the year of construction of the dwelling. It is likely that size and age of a dwelling
are both related to the energy performance as well as the transaction price. Hence, the
exclusion of these variables in the model could lead to substantial omitted variable biases.

The second study that is relatively comparable to this thesis is the work of Fuerst,
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McAllister, Nanda & Wyatt (2015), who find a significant premium in the UK between
1995-2012. As is mentioned in the paper, 44% of the sample consists of buildings that
are more than 50 years old. This might be due to the fact that they use a repeated sales
method, which only observes dwellings that are sold more than once in the time frame and
thus exclude newly built dwellings. Since energy efficient houses are built more recently,
this might explain the very low amount of observations with label A and B in their sample:
7 and 4, 405 observations respectively. Furthermore, the method of matching the datasets
is debatable. Initially, it is not checked whether the EPC was present at the time of sale
in the matched dataset. If a house is sold before it received the EPC, but did receive the
EPC within the observation period, it should not be included in the sample, because this
could influence the results. Indeed, when Fuerst et al. (2015) check robustness for when
the EPC is known at time of sale, their results change. The effect of labels A and B, for
instance, lose their significance.

The only study assessing the effect of energy performance on the value of residential
dwellings in the Netherlands has been done by Brounen & Kok (2011), which makes it the
most comparable paper to this thesis. However, the observation period ranges from 2008
to 2009, which is right at the beginning of the economic downturn that followed the global

financial crisis. According to Brounen & Kok this is:

“clearly reflected in the distribution of the transactions over the sample period:
more than half of the transactions took place in the first two quarters of 2008,
with transactions in the housing market virtually grinding to a halt in the third

quarter of 2009”7 (Brounen & Kok, 2011, p. 7).

Although the authors do not discuss the effect that this could have on their results any
further, it is possible that this might therefore not be representative for an average economy.
Despite this unfortunate time period, the results show significant effects: green compared
to non-green dwellings sell for a premium of 3.7% and dwellings with label A compared to
label D sell for a premium of 10.2%.

When looking more accurately at the methodology used in the paper, some aspects

10
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require a closer look. First, the authors use exterior maintenance as a control variable
in their second regression and find that the premium decreases to 3.6%. However, the
descriptive statistics reveal that they also have data on the interior maintenance. As it is
likely that people who improve the energy performance of a house do this in combination
with other interior renovations, it might have been more accurate to check robustness for
the results by including interior maintenance instead of exterior maintenance as a con-
trol variable. Furthermore, a bigger concern throughout their research is the methodology
in the control for locational effects. An often used mantra within hedonic price models
is that house prices are determined solely by three factors: ‘location, location, location’.
Yet, Brounen & Kok (2011) use only a few locational characteristics. The research includes
province-dummies to control for province fixed effects. However, the Netherlands is divided
in only 12 provinces, meaning locational variation within these provinces will remain, espe-
cially on micro-level. On neighbourhood level the study includes housing density, average
monthly household income and average time on market into the model. Although these
three characteristics allow for an economic interpretation of the locational effects, which
might be seen as favorable, it does not control for all neighbourhood effects. Dwellings
are immobile, so the location of the house is a vital determinant of housing prices and all
studies previously reviewed in this paper use some method of controlling for neighbourhood

fixed effects, thus the lack hereof in this study might lead to substantial biases.
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3 Theoretical Background

Before empirically estimating the premium of a green dwelling, it is crucial to understand
some of the specific characteristics of the housing market. Specifically three aspects are
important for our understanding of the green versus non-green housing market. This
chapter will explore these aspects in the next three sections. Firstly, the issue of imperfect
information on energy performance in the housing market -and how EPCs are supposed to
solve this by creating awareness- is discussed. Secondly, the mechanism that works from
EPCs to housing values is explained by looking at the interaction of relative demand and
relative supply of green dwellings. Lastly, the hedonic price model is introduced, which

will help to establish the right empirical model for the heterogeneous housing market.

3.1 Imperfect information in the housing market

Simple economic theory predicts that the discounted energy savings that one expects from
living in a green house would sum up to the premium paid in advance for the dwelling.
This implies that a rational buyer is indifferent when it comes to the energy performance
of a house.

However, since house buyers are not completely aware of all the characteristics of a
house, there is information asymmetry. Specifically, there is a problem of imperfect in-
formation when it comes to the energy performance of a building. House buyers are often
not completely informed about the energy performance of the dwelling they want to buy
and thus might not be able to distinguish between a green and a non-green dwelling. This
might lead to an incorrect pricing of energy performance of houses. Palmquist (2005) ar-
gues that housing values reflect the expectations of people and that these values change
when people revise their expectations. However, the expectations greatly depend on the
awareness of people and the information they have (Palmquist, 2005). This issue of in-

formation asymmetry can be best explained with Akerlof’s (1970) ‘market for lemons’.
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Theoretically, when house buyers would not have any information on the energy perform-
ance of a house and thus cannot distinguish between a green dwelling and a non-green
dwelling, they will pay a lower amount for a green dwelling than what it is worth. This
means there is no incentive for house owners to actually invest in making a house greener.
This issue is also discussed by Jaffe & Stavins (1994), who argue that due to imperfect
information on future energy savings, energy-saving measures are not sufficiently taken by
the market.

Since the use of (non-green) energy contributes to global warming, the social costs
exceed the private costs. Due to the lack of incentive to create more green dwellings,
this gap between the private optimal and the social optimal amount is difficult to reduce.
Theoretically this could be solved by introducing a tax on energy which would then create
a socially optimal price for energy consumption (Pigou, 1920). In practice, even though
energy consumption is taxed in the Netherlands, we do not see the desired result.

If all house buyers would have been perfectly informed about the energy performance
in the housing market, it would enhance the premium paid for green dwellings. The
introduction of EPCs are supposed to help with this by creating awareness. According to

the European Commission:

“the basic idea behind certificates is to create information that such actors can
use to make more informed decisions and integrate energy efficiency into their
decision-making process. ... It can be hypothesised that the improvement of the
energy performance of a building should then also lead to higher transaction

prices and rents on the market” (Mudgal et al., 2013, p. 18).

However, the European Commission (2013) concludes from their research that the en-
ergy performance of dwellings is not yet fully capitalized in the countries that were ex-
amined, even though EPCs were present. They argue that this is due to what they call
the ‘“information gap’. Specifically the correct valuation of EPCs depends on four factors

(Mudgal et al., 2013):
e the presence of the label;
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e people’s understanding of the label;
e their concern about energy savings; and
e their trust in the label and related policies.

The European Commission therefore argues that the valuation of EPCs highly depends
on its implementation. They recommend campaigns and programmes to make the EPC
scheme more easy and practical for people (Mudgal et al., 2013). The better the EPCs are
implemented, the better people will be informed and the smaller this information gap will
be. It can therefore be expected that the new policy from 2015 onwards that made the
labels more accessible will have increased the premium paid for green dwellings.

In short, the premium people are willing to pay for green dwellings has shown to be
dependent on people’s awareness and expectations of the energy performance in the housing
market. The amount of information in the market influences the discounted value of the
future energy savings. The less information people have, the smaller the premium, and
vice versa. Existing literature for example argues that if people anticipate a future increase
in energy prices due to energy taxes, this should increase the premium (Eichholtz et al.,
2010). As the EPCs try to increase people’s awareness on energy performance, one would

expect an increase of the premium.

3.2 Demand and supply effects

A typical characteristic for the total housing market is the inelastic supply in the short-
term (Dijk, Groot & Mohlmann, 2016). The stock of buildings in the market is relatively
fixed and cannot easily respond to changes in demand. Building new houses takes time
and therefore the supply will adjust very slowly. Figure 3.1 illustrates this with a vertical
supply curve on the short-term. Since demand responds negatively to prices, the demand
curve is downward sloping. Because of this inelastic supply, it is the demand side that

determines the price of buildings on the short-term (Palmquist, 2005, p. 3). In Figure
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3.1 it can be seen that because of the inelastic supply in the short-term, the price P* is

determined by the demand for houses. The quantity of houses Q* is fixed.

TOTAL HOUSING MARKET
Price
Supply
P“ ________________________
Demand
Q" Quantity

Figure 3.1: Short-term supply and demand diagram for the housing market in general

3.2.1 The green housing market

Now, turning to the green housing market, the next two diagrams illustrate the interaction
with demand and supply for the green relative to the non-green housing market. The
vertical axis therefore illustrates the relative price of a green dwelling compared to a non-
green dwelling. Similarly, the horizontal axis illustrates the relative quantity of green
dwellings compared to non-green dwellings in the housing market. Hence, the values on
the axes are ratios.

The relative supply of green buildings is not as inelastic as the total supply on the
housing market, as it is easier to make an existing house greener then to build a new

house. Therefore, the supply curve will not be exactly vertical on the short-term. Instead
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it is upward sloping, because supply increases with the price. Similar to the total housing

market the supply curve will flatten further when the time period increases.

Assuming rationality

Let us first assume that people are completely rational and make their decisions regarding
green dwellings only based on their economic motivation, which is the same for everyone.
The price people are willing-to-pay for a green dwelling, will exactly reflect the price of a
non-green dwelling plus the discounted value of the expected future energy savings. A per-
son will therefore be indifferent between a more expensive green dwelling with lower future
energy costs or a less expensive non-green dwelling with higher future energy costs. This
assumption implies perfectly elastic demand fixed at a certain price, which is illustrated in

Figure 3.2 with a horizontal demand curve.

Price Green GREEN RELATIVE TG NON GREEN HOUSING MARKET

Price Non Green

Supply Green
Supply Non Green

Premium

Demand Green

Demand Non Green

|

. | Quantity Green
Q 1 Quantity Non Green

Figure 3.2: Relative supply and demand diagram of the green compared to the non-green housing market
when people are completely rational
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Theoretically, if there would be no information at all on the energy performance in the
housing market, the price for green dwellings would be exactly the same as the price for
non-green dwellings, which means the relative price would equal 1. In reality however,
house buyers are always able to observe some of the energy-saving characteristics of a
dwelling and will thus be able to make a rough estimation of the future energy savings.
The dotted line in Figure 3.2 that equals 1 can thus be seen as the lower bound of the
relative price.

The objective of the EPCs is to solve the information asymmetry regarding energy
performance in the housing market. Due to the EPCs, people can more accurately estimate
the expected future energy savings. Hence, as is illustrated in Figure 3.2 relative demand
for green dwellings shifts upwards and the relative equilibrium price P* increases. The
premium paid for green dwellings will then be P* — 1. The magnitude of the premium is
thus depending on how effective the EPCs are at solving the information problem. The
upper bound of this premium will be defined by a relative price, where there is complete
information in the market. This implies that depending on the degree of information
asymmetry in the housing market the price P* will vary between the lower bound and the
upper bound.

When the relative price increases due to the introduction of EPCs, relative supply will
respond, by increasing the relative quantity of green dwellings Q*. Hence, the quantity
Q™ is completely determined by the supply of green dwellings. As long as the market has
less green dwellings than non-green dwellings, Q* will be below 1. When the supply curve
flattens, changes in price will correspond with larger changes in quantity. Furthermore,
when external factors would shift the relative supply curve of green dwellings compared to
non-green dwellings, this would only impact the equilibrium quantity and not the premium.

To summarize the above, the policy of introducing energy labels induces a price premium
and stimulates people to invest in energy-saving measures in the existing built environment,
which is exactly the objective of the policy. The percentage of the premium depends on
the implementation of the EPCs and how effectively the EPCs solve the issue of imperfect

information. The more information on energy performance that people have in the housing
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market, the higher this premium will be.

Assuming personal preferences

The perfectly elastic demand, which assumes all people to be the same and rational, can be
seen as too stringent. It might be more accurate to assume that people have personal pref-
erences when choosing between green or non-green dwellings, such that some people prefer
to pay more for a green dwelling than other people, even if they have equal information.
Figure 3.3 demonstrates what happens to the premium when demand is not completely

elastic.

Price Green GREEN RELATIVETO NON GREEN HOUSING MARKET

Price Non Green

Supply Green
Supply Non Green

Py A
Premium I Y A,
due to :
EPC policy
i 4

Demand Green
Demand Non Green

} Quantity Green
1 Quantity Non Green

Figure 3.3: Demand for green buildings increases relative to non-green buildings due to policy introducing
EPCs

The relative demand curve is downward sloping, as relative demand for green dwellings
increases when the relative price decreases. When relative supply is fixed during the

observation period, we can simply state that the premium reflects exactly the shift in
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demand due to better informed people. In other words - similarly to when we assume
rationality- the premium completely reflects the effect of the EPBD policy. However, what
happens when the supply of green dwellings increases simultaneously due to other reasons
than the change in price?

It seems likely that external factors, e.g. other policies focused on increasing the energy
performance in the built environment from the supply-side of the market, have increased
the supply of green buildings during the observation period. This increase in relative
supply, illustrated in Figure 3.3 as a shift of the relative supply curve to the right, would
drive the relative price down to P,. The price premium will then not only reflect the effect
of the EPCs on the price, but also other ‘supply-effects’. The premium that only reflects
the effect of the EPCs solving the issue of imperfect information equals P, — 1. However,
empirically one would find a premium of P, — 1. Therefore, assuming personal preferences
makes it harder to correctly estimate the premium due to the EPCs. When the relative
supply of green dwellings has increased due to external factors, one would empirically
underestimate the effect of the EPCs. The effect of the implementation of EPCs on the

demand for green buildings will in reality be larger.

3.3 The hedonic price model

Another characteristic of the housing market that brings us to the empirical model used
in this thesis, is heterogeneity. Every house is unique in the combination of its locational
and physical characteristics. We assume that houses are sold as a complete package of
these characteristics and that they cannot be sold partially. The price of such a good is
thus completely depending on the price of these underlying characteristics. The hedonic
price model uses the interaction between demand and supply to determine the price of
a good (a dwelling in this case) by the valuation of its characteristics (Malpezzi, 2003).
It is a commonly used model to determine the valuation of houses and their underlying
characteristics.

As mentioned by Malpezzi (2003), who reviews the ‘roots of hedonic price models’, it
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dates back to Lancaster (1966), who provided the first micro-economic foundations for
the model (Malpezzi, 2003, p. 74). The hedonic price model used for this research is
based on Rosen’s (1974) analysis on the market equilibrium for heterogeneous products,
which he calls a ‘package’ of characteristics that cannot be untied. Rosen states that
buyers and sellers maximize their utility, which is determined by the combination of the
characteristics, subject to their budget constraints. The bid functions (demand side) and
the offer functions (supply side) determine the implicit price for a characteristic of the
product.

Following Rosen, every house consists of a distinct set of n characteristics, which we
will call Z = (21, 22, ..., z,). The price of a house is determined by these characteristics and
their implicit prices. Therefore, P(Z) = P(z1, 22, ..., z,). The hedonic price model is then
used to estimate the value of buildings through these characteristics (Rosen, 1974). These
characteristics are often subdivided in physical characteristics of the house (X), locational
characteristics (L) and the time of measurement (T) (Francke, 2014). The basic regression

model is therefore of the following form:

f(V) :g(X’L’T) (31)

The left-hand side is a functional form of the value of a house, which in this case will be
measured by transaction prices. A popular functional form is the natural logarithm. It
has some clear advantages, such as that it allows for non-linear marginal effects of the
characteristics, it has a clear interpretation and it mitigates heteroskedasticity of the error
terms (O’Sullivan & Gibb, 2008, p. 80). The right-hand side is a functional form of
characteristics of the house. According to Malpezzi (2003, p. 79) the basic variables used
as physical characteristics of the house are: number of rooms, floor area, type, age and
the presence of certain features (parking, elevator, basement, etc.). As will be discussed in
greater detail in the next chapters, the model of this research makes a distinction between
the energy performance of a building and all other physical characteristics.

Chay and Greenstone (2005), make clear why this hedonic price model is the best
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method to estimate the valuation of energy performance in the housing market:

“at each point on the hedonic price schedule, the marginal price of a housing
characteristic is equal to an individual consumers marginal willingness-to-pay
for that characteristic and an individual suppliers marginal cost of producing

it” (Chay & Greenstone, 2005).

However, this quote also highlights the drawback of the model, namely that the valuations
of the houses used in the hedonic price model are assumed to be the result of the interactions
of demand as well as supply of houses (Francke, 2014). More specifically, the transaction
price lies in the area where the reservation price asked by house-sellers (supply-side) and
the price that house-buyers are willing to pay (demand-side) overlap (van Dijk, Geltner &
Minne, 2017). Assuming that there is no bargaining power, the price will be exactly in
the middle of this area. This makes it impossible to disentangle the effect on price into a
clear supply effect on the one hand and a clear demand effect on the other hand, which
the previous section showed to be important for concluding whether the price premium
reflects the EPC policy.

The next chapter will empirically estimate this premium paid for green dwellings. In
case of a significant and positive price premium, it is therefore important to keep this in

mind, as it could represent a lower bound of the real premium reflecting only the EPCs.

22



4 Empirical Model

In this chapter the empirical regression model used for estimating the effect of energy
performance on housing values, is presented and explained. The model builds upon the
theoretical framework from the previous chapter. Additionally, the chapter reviews the

endogeneity issues that arise when empirically estimating the premium.

4.1 The regression model

Two separate models are used to first estimate the premium and to secondly estimate the
impact of the new policy on the premium. All the variables included in the models are

defined and discussed.

4.1.1 Estimating the premium paid for green dwellings

The basic regression model that this research will try to estimate is the following:

ln-Pint =a+ ﬁGreenint + ’leint + 677, + Ct + €int (41)

where P;,; is the transaction price of building ¢ in neighbourhood n in time period
t. By taking the natural logarithm of the price and - where possible - other explanatory
variables, the coefficients can be seen as (semi-) elasticities, making the results easier to
interpret. In addition, it mitigates the outliers in the data. Green;,; is a dummy variable
which equals one in case that building ¢ in neighbourhood n in time period ¢ is a green
house and zero otherwise. A green house is defined as a house with label A, B or C.
The coefficient 8 measures the effect of energy performance on the transaction price and
thus estimates the premium in percentages. Alternatively, the regression uses a categorical

variable! indicating the label to estimate the effect per label. The controls consist of Xj,,

LA categorical variable exists of a binary variable per category.
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which is a vector of characteristics of the building, with 4" as the corresponding coefficient
vector. ¢, and (; are neighbourhood specific and time specific effects respectively, which
are considered fixed effects in estimation. Lastly, €;,; is the error term. To avoid ruling out
any correlation between the error term across the neighbourhoods, the model will cluster
standard errors at the neighbourhood level.

Regarding the vector of control variables that present the characteristics of a building,
there is an extensive amount of literature discussing the variables that need to be included
in hedonic price models. The characteristics used in this thesis are consistent with the
variables that are most commonly used in hedonic price models. The size of the dwelling,
which certainly relates to the energy performance as well as the price, is included as the
volume in cubic meters as well as the number of rooms. I take the logarithm to control
for outliers of the volume. The number of rooms takes the form of a categorical variable?.
This is done to allow for non linear effects, because I argue that the effect on transaction
price of going from one to two rooms will be different than the effect of going from ten to
eleven rooms and it is therefore necessary to distinguish these.

The construction period will be included in the model to control for the age of the build-
ing. Since certain time periods will influence the transaction price and energy performance
of a dwelling, rather than a specific year, I include categorical variables indicating the con-
struction period of the dwelling”® instead of controlling for the specific age of the dwelling.
Additionally, an extra dummy variable indicating whether the dwelling is a monument is
included, as monuments have specifically high restrictions for energy-saving measures and
simultaneously spur the price. Furthermore, the type of dwelling will be controlled for by
adding a categorical variable varying between a detached, semi-detached, terraced, end-
of-terraced dwelling or an apartment. Finally, the dataset allows to control for the level

of maintenance of the dwelling, which ranges from 1 (in a very bad condition) to 9 (best

2The variable for number of rooms is categorized in 9 separate categories. The first six categories are
complying with the number of rooms. Thereafter, there is a seventh category for buildings with 7-10
rooms, an eighth for 11-20 rooms and lastly a ninth category for buildings with more than 20 rooms.

3The variable for construction period has 9 different categories, which can be viewed in Table B.1 of
Appendix B.
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possible condition).

Although the categorical variables represent more realistic non-linear relationships, it
also means the model will include a wide range of binary variables. The (neighbourhood)
fixed effects will increase this amount of binary variables even more. This is important
to recognize when evaluating the explanatory power of the model, as it will probably
significantly increase the R-squared of the model. Essentially, hedonic price models try to
determine the valuation of a house as best as they can, so it is common for such models to
have high R-squareds (van Dijk & Francke, 2008; Droes & Koster, 2016; Eichholtz et al.,
2010, 2013; Fuerst et al., 2015). However, it is important to find the right balance of on
the one hand adding the right controls to avoid omitted variable biases and on the other
hand of not overfitting the regression. To better investigate this balance Appendix C will
show what happens to the results when the model is gradually simplified, by excluding or

changing some of the fixed effects and controls.

4.1.2 Estimating the impact of the new policy on the premium

The model is then expanded by including an interaction term to find whether the change
in policy in 2015 had an effect on the premium. This second regression model has the

following form:

NPy = a+ BiGreeniy + BaGreen: * After2015;,, + 7' Xine + 0n + G + €int (4.2)

where After2015;,; is a dummy variable that equals one if the year of sale was 2015
onwards (after the policy change). The coefficient 8; reports the estimated effect of a green
dwelling on transaction price before 2015, while the coefficient [y reports the change in
effect after 2015. In other words, when f; is significant and positive, one can argue that

the change in policy has had an impact on the effectiveness of the EPCs.
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4.2 Limitations to the model

Ideally one would like to observe the price of a house throughout a period and then go
back in time to only change the energy performance to a label A, B or C and observe what
would happen to the price of the house, but in reality this is not possible. OLS regression
is a common used method for estimating the effect of a treatment (in this case improving
the energy efficiency) and thus for finding a causal relationship. However, as is mentioned
by Angrist & Pischke (2008), whenever the sample is not randomized the estimated effect
can be biased and could ultimately even reverse the outcome of the study. Whether the
estimated effect is unbiased depends crucially on the correlation between the error term and
the independent variable, or in this case the energy performance of the dwelling (Angrist
& Pischke, 2008). If the error term is correlated to the energy performance of the dwelling,
it will lead to endogeneity. Depending on the correlation between the error term and the
variable of interest this leads to an over- or underestimation of the regression coefficients.
It is therefore important to consider the potential endogeneity errors that might bias the

results.

4.2.1 Omitted variable bias

The most worrisome bias would be an overestimation of the premium, since this could lead
to incorrect significance of the OLS estimate. Overestimation would exist when a variable
that positively influences the value, as well as the energy performance of a house, is not
controlled for. The impact of energy performance on the value of houses would then be
overstated. An example of this could be when newly renovated buildings might consistently
be correlated to higher energy efficiency of the building *. This thesis tries to control for
this bias by including a maintenance variable into the model. However, it is important
to keep in mind that the findings still depend on how valid this measure of maintenance
is. Moreover, if the maintenance factor incorporates energy efficiency of the dwelling,

the control variable could absorb some of the relevant information of a dwelling’s energy

41t is plausible that people consistently combine the renovation measures with energy-saving measures.
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performance. This could lead to an underestimation of the effect of energy performance.
Therefore, in Chapter 7 extra attention is paid to this variable, to examine how it might
influence the results.

On the other hand, underestimating the premium would be a less worrisome bias be-
cause it would mean the OLS estimate is a lower bound of the real effect. Any variable
that would have an opposite relationship with the value of the house in comparison to
the energy performance, would create an underestimation of the premium when left out of
the regression. For instance, monuments might have a positive effect on the price, but a
negative effect on the energy performance. We therefore also include a control variable for
a houses monumental status.

By including fixed effects, one can also control for certain unobserved variables that also
have an effect on the causal relationship. This research therefore controls for neighbourhood-
specific variables that do not vary across years by including neighbourhood dummies. It
also controls for differences in time, by including time-dummies. To address the issue
of omitted variable bias more carefully, Chapter 7 will focus on several robustness checks,

to show what happens to the results when certain variables are omitted from the regression.

4.2.2 Self-selection in sample prior to 2015

Since the presence of an energy label at the sale of a house was not yet mandatory before
2015, there might be self-selection into the sample. Therefore, the part of the sample
between 2008 and 2015 requires some special attention. When the unobserved factors that
determine whether a person requests a label or not (thus determining whether the person
is part of the sample) are correlated with the unobserved factors in the regression model
this could lead to biased results.

As will become clear when analyzing the data in the next chapter, the dataset is sub-
stantially bigger after 2015. When estimating the first model the issue of selection-bias

cannot be eliminated. However, the part of the dataset with a potential bias will be relat-
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ively small compared to the total sample. Even though, it is therefore plausible that the
impact on the results will be limited, the bias cannot be neglected and needs to be taken
into consideration when interpreting the results.

As the self-selection issue is only present in the sample prior to 2015, the bias has a
different impact on the results of model 4.2, where the sample before 2015 is compared
with the sample after 2015.

The bias can go in two directions. If the unobserved factor determining self-selection
is positively correlated with transaction prices and energy performance, or if negatively
correlated with both, it could lead to overestimation of the effect of energy labels on
transaction prices prior to 2015. The overestimation of the effect prior to 2015, would
then imply that the change in premium due to the new policy (introduced in 2015) is
underestimated. When a significant change of premium with model 4.2 is found, this will
represent the lower bound of the change in premium. The question that remains in this
case is whether the estimated change in premium is too conservative and if it might have
been a bigger change in reality.

However, the bias could also lead to an underestimation of the effect of energy labels
on transaction prices prior to 2015. This would be the case if the correlation between
the unobserved factor determining self-selection and transaction prices has the opposite
sign from the correlation with energy performance, e.g. if people consistently requested a
label when having high energy performance but low transaction prices (or the other way
around).

The presence of a selection-bias when the EPCs are not mandatory was also noticed
in other empirical researches (Brounen & Kok, 2011; Hyland et al., 2013). On the one
hand, Hyland et al. (2013) reason that a selection-bias could exist due to an unobserved
quality factor. In this case house-owners of dwellings of higher quality have higher energy-
performance and are therefore more likely to get a label. Since this quality factor would
also positively influence the price of the dwelling, it would lead to overestimation. However,
when checking for this bias with the Heckman method, Hyland et al. (2013) do not find

any significant correlation.
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On the other hand, Brounen & Kok (2010) find a negative correlation with the Heckman
method, which would mean that “the unobserved factors that make energy-labeling more
likely tend to be associated with dwellings with lower transaction prices” (Brounen & Kok,
2011, p. 11). Although this seems contrary to the reasoning of Hyland et al., Brounen &
Kok do not explain this any further. Finally, both studies conclude that controlling for
this bias with the Heckman method did not change any of the results substantially.

The above mentioned concerns create challenges for the empirical model and need to
be kept in mind throughout this thesis. In the next chapters, I will discuss the data and
results of this thesis and address the endogeneity issues mentioned by checking robustness

of the results.
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5 Data

5.1 Data sources

The Netherlands does not have one dataset including the EPCs as well as the housing
prices and characteristics. Therefore, the data obtained in this research is coming from

two different data sources.

5.1.1 Data on energy performance

For this research I received a dataset from the Rijksdienst voor Ondernemend Nederland'
(RVO) with all EPCs in the Netherlands, also referred to as the final energy labels. The
dataset is updated every six months. The most recent version is from January 2018 and
consists of more than three million dwellings with a final energy label. It also includes the
date when the label was registered, which makes it possible to check whether the EPC was
present at the time of sale.

Besides the label, the RVO dataset includes for a large number of observations the
Energy Index as well. As was discussed before, the index compares the energy efficiency of
the building to the energy efficiency of the average building in 1990%. The Energy Index is
based on much more detailed information and is thus a more precise proxy for the energy
performance of the building. However, since the new policy made it possible to receive an
energy label without having the assessor present, the information on the dwelling’s energy
performance is less detailed than before. Therefore, the dataset does not include Energy
Indices for dwellings after 2015. The Energy Index and the energy-label nowadays comply

with each other in 92% of the cases®.

LA public organisation for entrepreneurs in the Netherlands.

2For example: a building with an index of 0.3 uses 30% of the energy used by an average building in
1990.

3Tweede Kamer, 2017-2018, 30 196, nr. 563.
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5.1.2 Data on housing transactions

The Nederlandse Vereniging voor Makelaars® (NVM) provided the data on housing trans-
actions. Besides characteristics on the transaction, which include the transaction price,
date and time on the market, it also includes a large amount of physical characteristics of

the dwelling. Characteristics that are included in the dataset are:

e measures of the size of the dwelling: in number of rooms and in square meters as

well as cubic meters;
e certain facilities of the dwelling, such as an attic, parking, elevator, etc.;
e the year the dwelling was built;
e the type of dwelling (e.g. apartment, detached etc.)
e measures of how well it was maintained °.

As the implementation of EPCs started in 2008, the observation window for this re-
search will be from 2008 to the end of 2017. Tabel 5.1 shows the number of observations
for both datasets.

Table 5.1: Number of observations

EPC NVM Matched
N % N % N %
Total 3,556,972 1,156,896 334,750
Before 2015 1,976,544 56% 693,015 60% 69,360 21%
After 2015 1,580,428 44% 463,881 40% 265,390 79%

4Dutch Association of Realtors. Over 4000 realtors are member of the NVM and their combined dataset
dates back to 1985 and covers almost 75% of the Dutch housing market.
5The measure used in this thesis ranges from 1-9 and is decided upon by the realtor.
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5.2 Matching procedure

In both datasets the dwellings were identified by postcode, house number and suffix °. Since
there is no clear notation of a suffix in the Netherlands (e.g. different cities use different
notations), merging the datasets according to this variable brought some complications.
Within the EPC dataset 13% of the data consisted of dwellings with more than one dwelling
on the same address but with a different suffix. In only 3.4% of the cases these dwellings
had different labels. This seems like a very small amount. However, if this is not randomly
distributed, a bias could be created when only matching on postcode and house number.
Therefore, I cleared as much of the suffices as possible in both datasets to make them as
similar as possible. Afterwards both datasets were matched by postcode, house number
and the ‘clean’ suffix. After matching, there were more than 600,000 observations left.
However, in many of these observations the EPC was requested after the sale of the house
and thus not present at the time of sale. I therefore cleared the matched dataset further
by eliminating all observations that received the energy label after the sale of the house.

The final sample had a total of over 300,000 observations, as can be seen from Table 5.1.

5.3 Data descriptives

According to Table 5.1 approximately 60% of the observations of both data sources are from
before 2015, which almost coincides with two-thirds of the observation period (2008-2014).
This is only 21% in the matched sample.

Figure 5.1 shows how the total number of transactions from the NVM datasets relative
to the number of transactions with a label have developed throughout the observation

period. The change of policy from 2015 onwards is clearly visible.

6A suffix is an addition to the house number indicating for example on which floor the dwelling is
located. For example a dwelling might be located at postcode 1053 HL, house number 62, on the first
floor, the suffix would then be I.
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Figure 5.1: Development of transactions with labels from 2008 until 2017. The left vertical axis shows the
number of observations and the right axis shows the percentage

Table 5.2 shows how the labels are distributed amongst the sample. A recently pub-
lished study by the Economisch Instituut voor de Bouw.” shows the distribution of energy
performance for the entire Dutch housing market (and not only for the part of the housing
market that is officially labeled) (van Hoek & Koning, 2018). Comparing it to the sample
of this research, the distributions are highly similar. This suggests that the total sample is
representative for the entire population. Additionally, Table 5.2 compares the distribution
of labels before with the distribution after the policy change. The number of dwellings
with label A changed the most: these dwellings made up only 2% of the sample before
2015 and increased to 14% after the policy change. Furthermore, the distribution also
shows a substantial relative decrease in labels D when comparing the distribution before

and after the policy change. These changes might indicate that the EPBD has had the

"Economic Institute for Construction
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desired effect, but it could just as well be that other external factors influenced the supply

of green dwellings (e.g. supply-effects).

Table 5.2: The distribution of labels

Energy-label 2008 - 2017 Before 2015 After 2015

N % N % N %
A 38,914 12% 1,316 2% 37,598 14%
B 49,173 15% 6,865 10% 42,308 16%
C 98,447 29% 19,561 28% 78,886 30%
D 61,299 18% 18,343 26% 42,956 16%
E 41,369 12% 12,273 18% 29,096 11%
F 26,977 8% 7,271 10% 19,706 ™%
G 18,571 6% 3,731 5% 14,840 6%
Total 334,750 100% 69,360 100% 265,390 100%

The boxplot in Figure 5.2 gives an impression of how the EPCs relate to the transac-
tion prices of dwellings. There is no clear relationship between energy performance and
transaction prices visible yet.

The complete summary statistics can be found in Table 5.3. The average transaction
price is highest at label A, decreases until D/E and then slowly increases again. The
opposite is true for Time on Market (TOM), where labels C, D and E have the shortest
average average TOM. Regarding size, the volume variable and the number of rooms
variable do not seem to follow an identical trend, although they do have the lowest means
among dwellings with labels D and E. As was already expected in the previous chapter, the
best maintained houses are label A with an average maintenance grade of 7.5 (out of 9). The
grade then consistently decreases with the labels until an average of 6.2 for dwellings with
labels G. Unsurprisingly, most monuments have labels F and G. Since the new policy makes
exceptions for monuments, there are only a few monuments in the sample. Furthermore,

most dwellings in the sample are apartments or mid-terraced dwellings. Lastly, more
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than 70 percent of the A -label dwellings are built after 2000. This result is expected, as

the EPBD enforces a strategy to make all new buildings zero-energy by 2020 (European-

Commission, 2018b).
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Figure 5.2: Boxplot of the logarithm of transaction price over the energy-labels



DATA

CHAPTER 5.

910 0€ 910 €10 €9 €0 L6T 08°0 €8 9671 8GEL €9°0L V8V'LT VL 0T 676G 100¢ ?
€10 14 0ro V10 6 121 42 6L°01 029°01 GL8Y VL6'€T 0812 V878 et 1€6°€P 0002-T66T
92°0 8 vE0 197 679 GTTI 1689 20°9¢ T97°6€ €0°LT TLE'S 0Z°¢ 8¢S ¢oc1 8LE'CG 066T-T86T
6L'T 61 €96 98°91 €L6'9 €66 £68¢T 62°L2 79892 [4X3 £8T'T 69T L19 T€°LT 8V6'LG 086T-TL6T
€9°eT 4Ly [ ed 29'1E 780°€T L6'GT ST6ST LO'ET 7o8°cT 627 01T'? 060 67¢ 8LCT 61824 0L6T-096T
£e'91 ceo'e 9T'LT 702 SFF'8 9FIL 89 8097 6T 6L 20 €Tl €L 62262 6S6T-GT6T
6912 600" 0F'LT 2501 jidag G82Y 69T 099°T 79°0 are 94] 66 08'G CIv'61 TP6T-TE6T
78T 660°9 00°6¢ 80FT 7e8'G 7OTT SETL 9L'¢ €0L'E 0£°T 0eT'T 7e'T €08 €6 29T'TE 0£61-906T
ceel €68 20’8 L9 66T ¥ 6L5T 16T 6L8°T 8¢'T 6L9 L6°0 9L€ 95°¢ T06°TT G06T-00GT
200 i 000 000 1 100 ¥ 10°0 g 100 g 000 T 10°0 12 umowun
potg :Cﬁu:‘zmzoo
8LVT €1’y S6°9 9187 86'8 208G 39 LTVL 1€°eT ¥50°9 LLET 09€°¢ cL 0T 8L6'GE patpeIaQ
89°61 878°¢ Ge01 1827 ¥0°01 2819 89°€T 697°CT 2281 ‘ 9e'¥v1 88¢'e €Ll 966'GY poypejop-tuIeg
8EV1 8I7'€ 9L TT GO8°F LTET €18 90°¥1 PIR'EL 186 L6'6 6L8'¢ Syl 099°T¥ 10u107)
1791 GTe'L 6V'1€ 820°€T 69°0¢ 01881 €8°2€ LVe'LE 7882 A ag 62vE vreer 20°ce €81°L01 PRORLIY-PI
9LVT €708 GV'6€ 61€9T €0°LE 86922 6892 0LV'92 1L°0€ T0T'GT 19'LT €VL0T 90°1€ €L6°€01 Juouryredy
Burpem(] jo odA7,
96T 682 90T 98¢ 190 9T €50 9z€ 81°0 L1 62°0 €VL LT0 901 87°0 £09°T JUDUNUOTN]
% N % N % N % N % N % N % N % N
871 L9F 09'T 0S¥ 17T @y vl 54 LE°T it vl vy T 97 T S SWOOL JO I0quInN
67T 7T9 PTT 799 20T 9L°9 86°0 89 680 96°9 8°0 LTL 88°0 0G'L 07T 769 (6-1)ooueTOUTETY
60°G62 G8°00% 8T91% 1€°86¢ TGTLT 9z 12¢ PR'QLI Teee GE'E8T 09°€5€ 74869 60°06€ 8T06T LV 1EY €118 €698 SIOJOUL DIND UL dZIG
9T°99¢ LL°2TT £8°G2¢ 2661 1T 76'8LT £6'70¢ G6TLT $L°90€ G8FLI 11716 0L66T Ly 18E £€°661 05°72¢ 67681 JONIRIN TO DUILT,
0L688°TTC 0L°G29°LST  OF'FLO'08T OV'€98THE  0S°0T8°0ST 0Z°€08°TIT  0€'8YG'LET 0LTFO'CIE  09°T00LIT 06'9L6°1e¢  00FFOFET 0€°GOF'T9¢  09°LIC'EIT 0T TIL006  0T9SE'SFT  0L°89G°LET Q0L WOTORSTRL],
A Pis uva a(q prg uvapy a(q PIs uvdIpy a(q prg uva N w(q PIg uvapy (q Prs uva aa(q prg uvapy wa(q Ps uvIp
3] a e a o) a v opdures ejoy,

SO13STIR)S ATRTHIUNG :€°C d[R],

36



6 Results

6.1 The premium paid for green dwellings

The results from Model 4.1 are summarized' in Table 6.1 and show a strong relationship
between the energy performance and the housing value. Several forms of the variable of
interest are used and all of the outcomes are highly significant. Column 1 of Table 6.1
shows that a green dwelling has a significant positive effect on the transaction price, which
indicates that people value the energy performance of a house. In particular a dwelling
with label A, B or C transacts for a 3.1% higher price on average compared to dwellings
with labels D, E, F or G, ceteris paribus. This result is comparable to the premia of other
studies comparing green versus non-green, that were mentioned in Table 2.1 in Chapter 2
(Brounen & Kok, 2011; Cajias & Piazolo, 2012).

As is documented in Column 2, similar results are found when looking at the rela-
tionship separately per label and comparing them to (‘neutral’) label D. All results are
highly significant and as expected: labels E, F and G have an increasing negative effect
(compared to label D) on the transaction price respectively. Conversely, labels A, B and
C have a positive effect on the transaction price. The estimated effect of label A is smaller
than label B, which might seem surprising. However, as their confidence intervals overlap
the difference between the two labels is not significant. Hence, compared to dwellings with
labels D, dwellings with labels A and B transact for a premium of around 3% and dwellings
with labels C transact for a premium of 2% (ceteris paribus), whereas dwellings with labels
E, F and G are sold for an average discount of 0.9%, 2% and 5.6% respectively (ceteris
paribus). This is lower than what other studies found. Specifically, when comparing to
Brounen & Kok (2011) the difference is substantial. However, as becomes clear from Table

C.1 in Appendix C, leaving out some of the fixed effects crucially affects the magnitude of

I'The complete results can be found in Table B.1 of Appendix B.
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Table 6.1: 2008-2017 OLS regression results for model 1 - Energy performance proxy’s on transaction
prices (Dependent variable: logarithm of transaction price)

(1) (2) (3)
Coefficient Std. Error Coefficient Std. Error Coefficient Std. Error

Green 0.031***  (0.002)
(Label A, B or C)
Energy Label®

A 0.025*** (0.004)
B 0.033*** (0.003)
C 0.020*** (0.002)
E -0.009*%**  (0.002)
F -0.020%%*  (0.002)
G -0.056*%**  (0.003)
Energy Index -0.023***  (0.003)
Monument 0.076%** (0.012) 0.077*** (0.012) 0.059*** (0.020)
Size of dwelling 0.589%** (0.012) 0.588*** (0.012) 0.577*** (0.019)
(log of m3)
Type of dwelling®
Apartment -0.121%%*  (0.005) -0.121%%%  (0.005) -0.117***  (0.006)
Corner 0.051%%* (0.001) 0.053*** (0.001) 0.054*** (0.002)
Semi-detached 0.180*** (0.003) 0.182%*** (0.003) 0.196%** (0.005)
Detached 0.402%** (0.005) 0.406*** (0.005) 0.454%** (0.009)
Extra controls for:
Construction period YES YES YES
Maintenance YES YES YES
Number of rooms YES YES YES
Month FE YES YES YES
Neighbourhood FE YES YES YES
Constant 9.403%** (0.143) 0.438*** (0.143) 9.382%** (0.107)
N 334,750 334,750 123,524
R-squared 0.853 0.853 0.857
Adj. R-squared 0.851 0.852 0.853

Notes: This table reports the regression results with the logarithm of transaction price as
the dependent variable. Due to the high number of binary variables, not all coefficients are
included. *, ** ***: gignificant at 10%, 5% and 1% respectively.

A Reference group is label D

B Reference group is a mid-terraced dwelling

38



CHAPTER 6. RESULTS

the premium. As Brounen & Kok (2011) do not control for neighbourhood fixed effects,
this could explain the difference between the premia.

Column 3 shows the effect of the Energy Index, which has a slightly different interpret-
ation due to its index form: the lower the index, the higher the energy efficiency of the
dwelling. The coefficient in Column 3 is significant and negative, which is consistent with
the results of Columns 1 and 2. The coefficient denotes a 2.3% increase of the transaction
price if the Energy Index decreases by 1%.

Next, when assessing the control variables none of the coefficients are surprising. Since
the coefficients are consistent among the columns, I only discuss the coefficients from
Column 1. All of the included control variables in Table 6.1 are highly significant, which
means they all have an effect on house values. As expected, monuments have a positive
effect on the price and sell for a premium of almost 8%. The complete results, which can
be found in table B.1 in Appendix B, show that the construction period of the dwelling
is only significant for dwellings built between 1931 and 1970, when compared to dwellings
built after 2000. Moreover, the maintenance grade has a strongly significant and positive
effect on the price when compared to the lowest possible grade of 1. The only exception
is a maintenance grade of 2 which is not significantly different. Regarding the size of the
dwelling, we see that the coefficient of the logarithm of the dwelling’s volume in cubic meters
is positive and highly significant, whereas the number of rooms has a more inconsistent
effect on the transaction price.

A very large part of the variation in the model is explained, namely around 85%. Indeed,
this result is expected, since the objective of a hedonic price model is to explain the utmost
valuation of a house through its characteristics. Additionally, Appendix C shows how the

R-squared changes when the model is altered.

6.2 The impact of the new policy on the premium

Before turning to the results from Model 4.2, the regression from the first model was run

separately for the period before and the period after the policy change. The results, which
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Table 6.2: 2008-2017 OLS regression results for model 2 - Energy performance on transaction prices before
and after policy change (Dependent variable: logarithm of transaction price)

Model 2
Coeflicient Std. Error

Green 0.012*%%*  (0.004)
(Label A, B or C)

Green * After2015 0.025%%*  (0.004)

Monument 0.077%%  (0.012)

Size of dwelling 0.589***  (0.012)
(log of m?)

Type of dwelling®
Apartment -0.121%F*  (0.005)
Corner 0.052***  (0.002)
Semi-detached 0.180***  (0.003)
Detached 0.403*** (0.005)

Extra controls for:
Construction period YES

Maintenance YES
Number of rooms YES
Month FE YES

Neighbourhood FE YES

Constant 9.403***  (0.143)
N 334,750

R-squared 0.853

Adj. R-squared 0.851

Notes: This table reports the regression results with the logarithm of transaction price as
the dependent variable. Due to the high number of binary variables, not all coefficients are
included. *, ** *¥** gignificant at 10%, 5% and 1% respectively.

AReference group is a mid-terraced dwelling
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can be found in table D.1 in Appendix D, give an indication on the effect of the policy
change and allows to compare the premium found before and after 2015. The estimated
effects are all positive and significant and are larger after 2015. The second model, defined
in Chapter 4, is needed to verify whether these coefficients are significantly different from
each other. The results can be found in Table 6.2.

The coefficient on the variable Green can be interpreted as the effect of a green dwelling
on the transaction price before the policy change. It is again highly significant and positive,
but smaller. More precisely, before the policy change a green dwelling increased the price
with an average of 1.2%, ceteris paribus. This indicates that the EPCs already solved
some of the information asymmetry in the market and thus a premium was present. The
coefficient on the interaction variable Green * After2015 is also significant and positive.
According to these OLS estimates, the premium paid for a green dwelling significantly
increased with another 2.5 percentage points on average after the change in policy, ceteris
paribus. This adds up to approximately 3.7% premium for the period after 2015, which is
fairly consistent with the premium found in Table D.1 when looking at the 95% confidence
intervals.

Moreover, when examining the control variables little has changed compared to the
basic regression model. The significance of all the coefficients stayed exactly the same.
Any of the changes in the magnitude of the effects are negligible. The same is true for the
R-squared of the model.

The results imply that the effect became significantly stronger after the policy-change.
This increase of the premium shows how the effectiveness of the EPCs depend on their
implementation. The change in policy substantially increased people’s awareness and hence
reduced the issue of imperfect information on energy-performance in the Dutch housing
market. Naturally, it is not possible to conclude from the increase of the premium that the
information problem is entirely solved. However, taking the possible future energy savings
into consideration, allows us to give a rough indication. A recently published study showed
that the savings on energy costs for green dwellings vary between 1, 100 and 2, 100 euros per

year when compared to a label D (van Hoek & Koning, 2018). Discounting this to a present
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value?, would imply a premium paid for green dwellings of at least 26,000. However, the
premium found by this research of around 3%, indicates that a green dwelling transacts
for a premium of approximately 7,000 euros compared to a non-green dwelling. Clearly,
the energy-savings are not entirely capitalized into the premium that people are willing-
to-pay. Although this is a very rough estimation, it does give an indication on whether
the premium is enough. This means that the imperfect information problem does not yet

seem to be entirely solved by the new policy.

2 Assuming a lifespan of 25 years for the energy-saving investments and a conservative interest rate of

6%.
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7 Robustness Checks

To check the robustness of the results that were found in Chapter 6, several alterations to
the model and its variables are made. Overall, the results change only slightly, suggesting
that the results are robust. The only exception to this is the inclusion of the maintenance
factor of the dwelling. This chapter briefly discusses each robustness check.

Using the Energy Index instead of the EPCs (Column 3 of Table 6.1) has already
shown that the results are robust for using a different proxy for the energy performance.
Next, it could be argued that houses with lower transaction prices take longer to sell, due
to a lower demand. Therefore, I use the time on the market as an alternative dependent
variable (instead of the transaction price). As expected, the results in Table E.1 (Appendix
E) show a negative and significant effect. A green dwelling sells on average 15 days faster
than a non-green dwelling, ceteris paribus. This complies with the results found earlier.

In order to asses the control variables, several changes were made to the model and
the subsequent effect on the results was observed. By plotting some of the variables on
the transaction price the outliers of the data become visible (see Appendix ). Regarding
the transaction price, I exclude observations that transacted for more than 5 million euros.
Subsequently, dwellings with more than 30 rooms or a size of more than 5000 cubic meters
are excluded. Next, I exclude the dwellings that were sold more than three times within the
observation period. As can be seen from Figures F.1-F.4 in Appendix I, the fitted values
do not seem to change significantly. In fact, reproducing the regression model without
these outliers changed the results only slightly, implying that the results from the previous
chapter were not driven by outliers.

Figure F.5 in Appendix F examines the relationship between the number of dwellings
within the same 4-digit postcode area. In cases where there are fewer than 50 dwellings
within a 4-digit postcode area, I switch to a 3-digit postcode control. This reduced the

amount of locational dummies from 3745 to 2891. The results were robust for this alteration
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and did not change at all. Alternatively, I only include fixed effects on 3-digits postcode
level, which reduced the number of locational fixed effects to 793. As can be seen in Table
C.1 in Appendix C, this decreased the results slightly. Using only 500 municipal dummies
instead, decreased the results further. However, the 95% confidence interval shows that
there is no significant difference between the estimated effects.

Before discussing the maintenance factor, three other alterations of control variables
are made to the model. Firstly, as it could be argued that house prices are affected more
by the surface of the dwelling in square meters, whereas the energy-performance is more
affected by the volume of the dwelling in cubic meters, the regressions are run on both.
This changes none of the estimated coefficients. Secondly, instead of separating the number
of rooms in categories, I used a discrete variable. Again, the effect incurs only a negligible
change, while the significance stays on the 1% level. Lastly, the monthly fixed effects were
replaced by yearly fixed effects (see Table C.1 in Appendix C). The results are again robust.

7.0.1 The maintenance factor

As was already mentioned a few times throughout this thesis, the quality of the dwelling
has an influence on the value as well as the energy performance of houses. As expected, the
results of this research are very sensitive to the way the maintenance variable is used in the
model. Depending on the functional form of the variable, the model gives different results.
Column 1 of table GG.1 in Appendix G demonstrates that the coefficient for Green changes
modestly when the maintenance factor is used as a discrete variable (instead of a categorical
variable), which only allows for linear effects of the maintenance. The impact of a green
dwelling on the transaction price increases from 3.1% to 3.2%, ceteris paribus. However,
the 95% confidence intervals of both estimated effects overlap substantially. Column 2
reports the premium when exterior maintenance of the dwelling is used, instead of interior
maintenance. This seems to substantially increase the effect to 3.5%. Again, the confidence
intervals overlap. This exterior maintenance variable was used by Brounen & Kok (2011),

which could explain the higher coefficients in their findings. Lastly, in Column 3 the
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maintenance factor is excluded from the model. Not controlling for maintenance drives up
the premium to 4.7%, implying that maintenance and energy performance of dwellings are
related. If the maintenance variable does not include any energy performance measures,
this would indicate that a definite omitted variable bias is present when not controlling
for maintenance. However, if the maintenance grade is also based on any factors that
simultaneously determine the energy efficiency of the house', then including the variable
captures some important information of the Green variable. In that case the premium
from Chapter 6 can be seen as the lower bound of the real premium that people are willing

to pay for a green dwelling.

IThis could for example be the case if (some) realtors increase the maintenance grade when the house
has double-glass windows.
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8 Conclusions

This research has examined the premium that is paid for green dwellings. It looked at
what the premium is and subsequently at how this premium changed due to a new policy
that was initiated in 2015.

This thesis therefore provides an insight into how people value energy performance in
the housing market. EPCs are supposed to inform house buyers on the energy performance
of dwellings, which would lead to a price premium paid for green dwellings, due to the
lower future energy costs. However, it greatly depends on how well these EPCs solve the
issue of imperfect information. According to the European Commission the effectiveness
of the EPCs depends on the implementation by the member states. Hence, investigating
the premium for the Netherlands provides an useful insight into whether these EPCs are
effective and whether the change in policy, which made the EPCs mandatory from 2015
onwards, has increased their effectiveness.

The results of this paper are affirmative. The premium that house buyers are willing
to pay for a green dwelling is estimated at an average of 3.1%, ceteris paribus. When
looking at how this has changed due to the policy, there is clearly a significant increase.
Before the policy change the premium was only 1.2%, whereas after the policy change
this increased significantly with another 2.5 percentage points. Therefore, I conclude that
energy performance is valued in the Dutch housing market and that the implementation
of EPCs have been of help with creating a more efficient price for energy efficient houses.

These findings are of specific interest for policy makers. Since this research showed
that the way the EPCs are implemented by the government influences their effectiveness,
it could be argued that it is the role of the government to correctly solve the information
asymmetry and create an efficient premium in the housing market. Moreover, comparing
the premium with the average energy savings of green dwellings has shown that these

savings are not yet fully capitalized. It is therefore necessary for policy-makers to decide
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on what the desired premium is and how this premium is to be achieved. It might then
be needed to increase the stringency of the EPC policy. More specific data on individual
energy consumption could help to correctly determine what the efficient premium is. As
this could advise policy-makers on whether the current policies are enough or whether
stricter policies are needed, further research should address this.

Additionally, it would be economically interesting for further research to examine what
the underlying neighbourhood fixed effects of this research are. However, it would be ne-
cessary to obtain a very extensive dataset with neighbourhood specific characteristics on
4-digits post code level. Running the regression model separately across different neigh-
bourhoods would give an indication on why and when people value energy performance.
This could be of much interest for policy-makers. Moreover, this would make it possible to
control for locational effects that vary over time. As in this model, the time fixed effects
vary only over time, but not across neighbourhoods and the neighbourhood fixed effects
vary only across neighbourhoods, but not over time.

Finally, it seems likely that other external reasons or policies influencing the supply-side
of the housing market have simultaneously increased the relative supply of green dwellings
during the observation period. As this thesis uses a hedonic price model, which uses the
interaction between supply and demand to determine the valuation of dwellings, the supply
and demand effects cannot be separated. Therefore, it is possible that the premium does
not only reflect the effect of the EPCs, but should thus be seen as a lower bound. It would

be interesting for further research to isolate the demand effects from these supply effects.
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A The Dutch Energy Label

Figure A.1: Example of a Dutch energy-label
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APPENDIX A. THE DUTCH ENERGY LABEL

Figure A.2: Dutch info-graphic explaining the energy-label

Ministerie van Binnenlandse Zaken en
Koninkrijksrelaties

Wat is een energielabel voor woningen?

Begin 2015 krijgen eigenaren van woningen die nog geen energielabel hebben een voorlopig label van de Rijksoverheid.
Voor de verkoop, verhuur of oplevering van uw woning heeft u een definitief label nodig.
U kunt dit voorlopige label omzetten naar een definitief label op: www.ener i

nl

Besparing AMmankeljk van uw gedrag kan een Tien kenmerken dicje
Een riezuinig huis scheelt datu een als eigenaar online moet doorgeven
maandelijks in de kosten 10% lagere energierskening heeft om het label te kunnen bepalen.

Ditis tot 10 jaar geldig na opnamedatum.
o 3 s

P
uonline doorgeven via
www.energielabelvoorwoningen.nl

Weetu niet of u al een energielabel heeft?
Kijk dan op www.zoekuwenergielabel. nl
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APPENDIX A. THE DUTCH ENERGY LABEL

Figure A.3: Dutch info-graphic explaining how to get an energy-label after the policy change
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B The Complete Results

Table B.1: Complete results of the basic regression including all control variables

In (Transaction Price)

Coefficient Std. Error

Green 0.031***  (0.002)
(Label A, B or C)

Monument 0.076***  (0.012)

Size of dwelling 0.589***  (0.012)
(log of m?)

Type of dwelling®
Apartment -0.121%  (0.005)
Corner 0.051*%**  (0.001)
Semi-detached 0.180***  (0.003)
Detached 0.402*%**  (0.005)

Construction period®
unknown -0.137 (0.128)
1500-1905 -0.184 (0.128)
1906-1930 -0.154 (0.128)
1931-1944 -0.242%  (0.128)
1945-1959 L0.270%%  (0.128)
1960-1970 -0.237%  (0.128)
1971-1980 -0.202 (0.128)
1981-1990 -0.098 (0.128)
1991-2000 -0.040 (0.128)

(to be continued on next page)
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APPENDIX B. THE COMPLETE RESULTS

Maintenance®
2 0.016 (0.027)
3 0.077***  (0.017)
4 0.114***  (0.018)
5 0.148*** ~ (0.017)
6 0.180***  (0.017)
7 0.266™**  (0.017)
8 0.335***  (0.017)
9 0.368***  (0.017)

Number of RoomsP
2 -0.054*%%*% (0.014)
3 0.011 (0.012)
4 0.032*%%*  (0.012)
5 0.050***  (0.012)
6 0.083***  (0.012)
6-10 0.131***  (0.012)
10-19 0.204***  (0.018)
> 19 0.073 (0.103)

Month FE YES

Neighbourhood FE YES

Constant 9.403***  (0.143)

N 334,750

R-squared 0.853

Adj. R-squared 0.851

Notes: This table reports the regression results with
the logarithm of transaction price as the dependent
variable.
KRR gigmificant at 10%, 5% and 1% respectively.
AReference group is a mid-terraced dwelling
BReference group are dwellings built > 2000
CReference group is maintenance grade 1

DReference group is dwelling with 1 room
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C The Fixed Effects

Table C.1: OLS regression results for variable of interest and R-squared for modifications of the model

Green variable

Coefficient Std. Error R-squared

(1) Basic model:

Green 0.123%%%  (0.009) 0.016
(2) Controls:

Green + X 0.051%%%  (0.005) 0.555
(3) Time fixed effects:

Green + X + year-dummies 0.041***  (0.005) 0.574

Green + X + month-dummies 0.041%%* (0.005) 0.575
(4) Locational fixed effects:

Green + X + month-dummies + municipal-dummies 0.026***  (0.003) 0.788

Green + X + month-dummies + postcode-3-dummies 0.030***  (0.002) 0.825

Green + X + month-dummies + postcode-4-dummies 0.031%**  (0.002) 0.853

Notes: This table reports the results for the variable Green and the R-squared when the model is gradually
expanded. The first model regresses only the variable of interest (Green) on the dependent variable (log
of price). Second model adds physical characteristics as control variables. Third model adds time fixed

kokok,

effects. Fourth model adds locational fixed effects. : significant at 1%.
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D The Premium Before and After the Policy Change

Table D.1: 2008-2017 OLS regression results - Comparing the effect before and after policy change (De-
pendent variable: logarithm of transaction price)

Total Period Before 2015 After 2015
Coefficient Std. Error Coefficient Std. Error Coefficient Std. Error

Green 0.031%%%  (0.002) 0.013%%  (0.003) 0.0425%%  (0.002)
(Label A, B or C)

Monument 0.076*%*  (0.012) 0.082%%%  (0.023) 0.076*%*  (0.010)

Size of dwelling 0.589%** (0.012) 0.546*** (0.025) 0.599*** (0.013)
(log of m3)

Type of dwelling®
Apartment -0.121%%F  (0.005) -0.107*FF  (0.008) -0.124*%F%  (0.005)
Corner 0.051%%%  (0.001) 0.052%%%  (0.003) 0.051%%%  (0.002)
Semi-detached 0.180***  (0.003) 0.202***  (0.006) 0.177***  (0.003)
Detached 0.402%%%  (0.005) 0.470%%  (0.011) 0.397%%%  (0.005)

Extra controls for:

Construction period YES YES YES
Maintenance YES YES YES
Number of rooms YES YES YES
Month FE YES YES YES
Neighbourhood FE YES YES YES
Constant 9.403*** (0.143) 9.39717%** (0.127) 9.252%F* (0.182)
N 334,750 69,360 265,390
R-squared 0.853 0.863 0.853
Adj. R-squared 0.851 0.857 0.851

Notes: This table reports the regression results with the logarithm of transaction price as
the dependent variable. Due to the high number of binary variables, not all coefficients are
included. *, ** ***. gignificant at 10%, 5% and 1% respectively.

A Reference group is a mid-terraced dwelling
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E Time on Market

Table E.1: 2008-2017 OLS regression results with time on market in days as dependent variable

Time on market

Coefficient  Std. Error

Green -14.992*%**  (1.622)
(Label A, B or C)

Monument 8.003 (8.553)

Size of dwelling 60.439%*** (3.255)
(log of m?)

Type of dwelling®
Apartment 73.473*%*%*%  (2.886)
Corner 0.393 (1.539)
Semi-detached 30.914%FF  (2.262)
Detached 157.285***  (3.550)

Extra controls for:
Construction period YES

Maintenance YES
Number of rooms YES
Month FE YES
Neighbourhood FE YES
Constant -404.145%**  (34.102)
N 334,750
R-squared 0.853
Adj. R-squared 0.851

Notes: This table reports the regression results with the logarithm of
transaction price as the dependent variable. Standard errors are
clustered per 4-digit post-code.

*RE KRR significant at 10%, 5% and 1% respectively.

AReference group is a mid-terraced dwelling
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F Scatter Plots

Scatter Plots: looking for outliers

Transaction Price

Figure F.1: Scatter Plot between Transaction Price and Energy Labels
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APPENDIX F. SCATTER PLOTS

Number of Rooms

Transaction Price (x 1,000)

Figure F.2: Scatter Plot between Transaction Price and Number of Rooms
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Figure F.3: Scatter Plot between Transaction Price and Size of Dwelling
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Repeated sales

Figure F.4: Scatter Plot between Transaction Price and Number of Times Dwelling was Sold
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G The Maintenance Factor

Table G.1: Robustness check: controls for maintenance factor

(1) (2) (3)
Coefficient  Std. Error Coefficient  Std. Error Coefficient  Std. Error
Green 0.0327%** (0.002) 0.035%** (0.002) 0.047%%* (0.002)
(Label A, B or C)
Maintenance® 0.054%**%  (0.001)
Exterior Maintenance®
2 0.029 (0.039)
3 0.132%** (0.027)
4 0.171%%* (0.028)
5 0.218%** (0.026)
6 0.260%** (0.026)
7 0.340%** (0.026)
8 0.409%** (0.026)
9 0.436*** (0.026)
Monument 0.076%** (0.012) 0.071%** (0.012) 0.078%** (0.011)
Size of dwelling 0.590%**  (0.012) 0.596***  (0.012) 0.611%%*  (0.012)
(log of m3)
Extra controls for:
Construction period YES YES YES
Type of dwelling YES YES YES
Number of rooms YES YES YES
Month FE YES YES YES
Neighbourhood FE YES YES YES
Constant 9.285%** (0.142) 9.230%** (0.146) 9.558%** (0.148)
N 334,750 334,750 334,750
R-squared 0.852 0.849 0.841
Adj. R-squared 0.851 0.847 0.840

Notes: This table reports the regression results with the logarithm of transaction price as the

dependent variable. Due to the high number of binary variables, not all coefficients are included. Standard
errors are clustered per 4-digit post-code. *, ** ***. gignificant at 10%, 5% and 1% respectively.

A Discrete variable ranging from 1-9.

B As a categorical variable: reference is 1.
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