ECOMNZTOR

Make Your Publications Visible.

Droes, Martijn L.; van der Straten, Yasmine

Working Paper

A Service of

ﬂ I I I Leibniz-Informationszentrum
° Wirtschaft
o B Leibniz Information Centre
h for Economics

Home improvement, wealth inequality, and the energy-

efficiency paradox

Tinbergen Institute Discussion Paper, No. TI 2024-026/1V

Provided in Cooperation with:

Tinbergen Institute, Amsterdam and Rotterdam

Suggested Citation: Droes, Martijn 1.; van der Straten, Yasmine (2024) : Home improvement,
wealth inequality, and the energy-efficiency paradox, Tinbergen Institute Discussion Paper, No. TI
2024-026/1V, Tinbergen Institute, Amsterdam and Rotterdam

This Version is available at:
https://hdl.handle.net/10419/298033

Standard-Nutzungsbedingungen:

Die Dokumente auf EconStor durfen zu eigenen wissenschaftlichen
Zwecken und zum Privatgebrauch gespeichert und kopiert werden.

Sie dirfen die Dokumente nicht fiir 6ffentliche oder kommerzielle
Zwecke vervielféltigen, 6ffentlich ausstellen, 6ffentlich zugénglich
machen, vertreiben oder anderweitig nutzen.

Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen
(insbesondere CC-Lizenzen) zur Verfiigung gestellt haben sollten,
gelten abweichend von diesen Nutzungsbedingungen die in der dort
genannten Lizenz gewahrten Nutzungsrechte.

WWW.ECONSTOR.EU

Terms of use:

Documents in EconStor may be saved and copied for your personal
and scholarly purposes.

You are not to copy documents for public or commercial purposes, to
exhibit the documents publicly, to make them publicly available on the
internet, or to distribute or otherwise use the documents in public.

If the documents have been made available under an Open Content
Licence (especially Creative Commons Licences), you may exercise
further usage rights as specified in the indicated licence.

Mitglied der

Leibniz-Gemeinschaft ;


https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://hdl.handle.net/10419/298033
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/

O
’ﬁ tinbergen
\B/ institute

TI 2024-026/1V
Tinbergen Institute Discussion Paper

Home Improvement, Wealth
Inequality, and the Energy-
Efficiency Paradox

Martijn I. Drées!
Yasmine Van Der Straten?

1 University of Amsterdam and Amsterdam School of Real Estate

2 University of Amsterdam and Tinbergen Institute



Tinbergen Institute is the graduate school and research institute in economics of
Erasmus University Rotterdam, the University of Amsterdam and Vrije Universiteit
Amsterdam.

Contact: discussionpapers@tinbergen.nl

More TI discussion papers can be downloaded at https://www.tinbergen.nl

Tinbergen Institute has two locations:

Tinbergen Institute Amsterdam
Gustav Mahlerplein 117

1082 MS Amsterdam

The Netherlands

Tel.: +31(0)20 598 4580

Tinbergen Institute Rotterdam
Burg. Oudlaan 50

3062 PA Rotterdam

The Netherlands

Tel.: +31(0)10 408 8900


mailto:discussionpapers@tinbergen.nl
https://www.tinbergen.nl/

Home Improvement, Wealth Inequality, and the Energy-Efficiency Paradox*

Martijn I. Droes' Yasmine Van Der Stratent

April 17, 2024

Abstract

This article examines the rate at which different households go green and how this
affects the distribution of both wealth and CO2 benefits. Using a unique dataset
from the Netherlands, we find that lower-income households are less likely to make
their homes more energy efficient. At the same time, higher-income households sort
themselves into homes that are already more energy efficient to begin with. Over
a 15-year horizon, the combined effect on energy savings accumulates to 17% of
median net wealth, with ex ante sorting explaining 65% of this effect. Although
a policy that encourages lower-income households to own energy-efficient homes
reduces wealth inequality and poverty, it leaves 83% of the potential CO2 benefits
unrealized because the brownest households are in the upper part of the income
distribution. Our results indicate that there is a policy trade-off between sheltering
low-income households against climate risk on the one hand and effectively reducing
CO2 emissions on the other.

Keywords — Energy efficiency, home improvement, wealth inequality, CO2 emis-
sions.
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1. Introduction

In the US, 80% of greenhouse gas emissions are due to households and about 35% of that is directly
related to housing.! Therefore, making the housing stock energy efficient is a major focus for
policymakers. Although there is growing literature on the effectiveness of government-led home
improvement programs (Fowlie et al., 2018) and stricter building codes (e.g. Aroonruengsawat
et al., 2012; Jacobsen and Kotchen, 2013), the return on energy labels (e.g. Brounen and Kok,
2011; Fuerst et al., 2016) and home improvements (e.g. Kattenberg et al., 2023; Metcalf and
Hassett, 1999), much less is known about the rate at which households actually go green. Is this
rate equal across society? Are those with sufficient income and wealth the ones who protect
themselves from climate risks? How does this affect the accumulation and distribution of wealth
on the one hand and CO2 emissions on the other? This paper addresses these questions.

The contribution of this paper is twofold. First, we show that differences in income and
wealth affect households’ ability to invest in energy efficiency, leading to a difference in the rate
at which they become green. We consider home improvements (intensive margin), as well as
the degree to which households sort themselves into energy-efficient housing (extensive margin).
We do so for all housing sectors: owner-occupied, rental, and social housing. Many policies
these days focus on the intensive margin, and many research papers on either the intensive or
extensive margin, and typically for only one of the housing sectors.

Second, we examine how differences in becoming green affect the accumulation and distribu-
tion of wealth, as the degree to which households sort themselves into energy-efficient homes and
have different propensities to undertake home improvements directly affect energy expenditures.
As we have information on both energy expenditures and current levels of wealth - which is a rare
combination - we can examine how energy efficiency affects the distribution of wealth, on the
one hand, and the distribution of CO2 benefits, on the other. That is, if we adopt policies that
protect low-income households from climate risks, as many policies do, how would this impact
our progress toward achieving climate goals related to CO2 reduction? We show that reducing
poverty and inequality does not necessarily correspond to reducing CO2 more effectively, since

those who are poor are typically not the ones who emit the most CO2.

"https:/ /www.pbs.org/newshour/science/5-charts-show-how-your-household-drives-up-global-greenhouse-
gas-emissions.



We use a unique dataset from the Netherlands that contains information on energy efficiency,
home improvements, energy expenditures, house and household characteristics, disposable
household income and wealth. In particular, the data are based on two waves (2006 and 2018)
of the Dutch Housing Demand Survey (WoON), each containing about 65,000 households and
covering owner-occupied, freehold, and social rented housing. Income and wealth are obtained
from administrative sources and data on energy expenditure from energy network operators.

Based on the 2006 wave, we find that a standard deviation increase in disposable household
income relative mean income increases the probability of undertaking home improvements by
1.7 percentage points - an economically significant effect given the average probability of 15.2%.
This effect is largest in the owner-occupied market segment, as households in the other sectors do
not own their own homes. Our findings further indicate that a one standard deviation increase
in income increases the probability of residing in an energy-efficient home by 2.1 percentage
points, compared to an average probability of 90.3%.

We find similar results for the 2018 wave. A standard deviation increase in disposable
household income increases the probability of making home improvements by 3.8 percentage
points. The effect is larger than in 2006, as the survey considers whether a household did home
improvements in the last 5 years (instead of 12 months). The effect is greatest for buying a new
boiler and is smallest for installing solar panels. Furthermore, a standard deviation increase in
income leads to an increase in the likelihood of living in a house with an A- or B-energy label by
3.1 percentage points. We also assess whether households are more likely to use wealth, rather
than income, to invest in energy efficiency-enhancing home improvements or to purchase a more
energy-efficient home. While our results indicate that wealth has a positive and statistically
significant effect on both outcomes, we find that the effect of income is much larger economically.

We estimate that the average annual reduction in utility expenditures resulting from home
improvements and living in an energy-efficient home amounts to 26% of the average total utility
expenditures in 2018. For an investment horizon of 15 years and a real interest rate of 5%,
the present value of the expected savings amount to 17% of median net wealth. Furthermore,
sorting into energy-efficient housing explains 65% of these savings. We estimate the effect of
energy efficiency and home improvements on the distribution of (net) wealth and find that the

Gini coefficient decreases by 1.2%, and the poverty index (Atkinson index) decreases by 2.9%.2

2For comparison, the Gini net wealth coefficient (scale of 0-100) between 2006 and 2013 has increased by



While high-income households nominally benefit the most from improving the energy-efficiency
from their home and are more likely to own or make their homes more energy efficient, wealth at
the bottom of the income distribution is so low that households in that part of the distribution
stand to gain the most in relative terms.

Crucially, we observe that energy savings are 36% of median net wealth for households
in the first quartile of income and only 7% for households in the upper quartile. Instead,
households in the upper quantile emit 1.5 times more CO2, and the remaining potential to
reduce CO2 emissions is nearly half of the total across income quartiles. This leads to a policy
trade-off between reducing poverty and inequality versus effectively reducing CO2 emissions.
A policy that makes the home of below-median income households green would further reduce
the poverty index by 4.2 percentage points, but this would leave 63% of potential CO2 benefits
unrealized. Focusing solely on the first quartile of households leaves 83% of the potential benefits
of CO2 unrealized. Paradoxically, achieving our climate goals would require incentivizing those
households that emit the most CO2, which are high-income households, rather than focusing on
those that are economically hurt the most from climate change.

Our paper contributes to a growing body of literature on financing energy efficiency invest-
ments. Fowlie et al. (2018) estimate the returns on investments in energy efficiency based on the
Michigan weatherization program. They find that the returns to these investments are negative.
Fowlie et al. (2018) show that this cannot be attributed to an increase in energy demand due
to improved efficiency (i.e., a "rebound effect”) and show that returns remain negative when
broader societal benefits are taken into account. On the contrary, Aydin et al. (2017) do find a
rebound effect based on energy performance certificates (EPC) and using a Dutch household
panel dataset. Hancevic and Sandoval (2022) also study the effect of housing investments on
energy consumption, documenting that such investments reduce electricity use, but have no effect
on natural gas use. Instead, using data from Gainesville, Florida, Jacobsen and Kotchen (2013)
show that building codes are effective in reducing both electricity and natural gas consumption.

Several other studies are also closely related to our article. Kattenberg et al. (2023) use Dutch
data to estimate the reduction in gas bills resulting from investments in home insulation. They

find that home insulation reduces gas consumption by approximately 20%, on average, for both

8 points, including housing wealth, and only 2 points excluding housing wealth (Kooiman and Lejour, 2016),
suggesting that the effect we find (about one point reduction) is of reasonable size.



owner-occupied and rental homes and find no evidence of a rebound effect. The return on home
insulation is 15.5%. Our paper is also related to Roberdel et al. (2023), who examine low-income
households in the social housing sector and use a quasi-experimental design to show that the
effect of a Dutch policy aimed at improving the energy efficiency of houses leads to a significantly
smaller reduction in energy use for those in the very left tail of the income distribution. Also,
Ossokina et al. (2021) show that public housing tenants in the Netherlands need 30% return on
the retrofit of their home and are more likely to do so if they get the right information.?

Our study differs from Fowlie et al. (2018), Kattenberg et al. (2023), Roberdel et al. (2023),
Ossokina et al. (2021) and others in that we focus on the propensity to make home improvements
(including insulation and other types of improvement) based on household income across the
entire income distribution and all housing sectors. In addition, we examine the effect of sorting
into energy-efficient housing and thus explore both the intensive and extensive margin of energy
efficiency. As mentioned, another contribution of our paper is that we can estimate the effect of
energy-related savings on the accumulation and distribution of wealth, as our dataset contains
information on both energy consumption and wealth.

A long line of research on wealth inequality (for an overview, see Benhabib et al., 2019),
focuses on the decomposition of inequality based on savings and income. However, less research
has been done on the impact of the green energy transition on the accumulation and distribution
of wealth.* Fried (2024) assesses the distributional impacts of higher temperatures in the US, by
quantifying a macro heterogeneous-agent model in which households are heterogeneous in terms
of their income, as well as their ability to specialize in different types of heating equipment. She
finds that the welfare effects of climate change vary considerably by income and region. Kuhn and
Schlattmann (2024) built a life-cycle model with heterogeneous adoption rates of clean goods by
income to quantify carbon reductions as a result of different (carbon) taxes and subsidies. Such
policies will accelerate the reduction of carbon emissions but will mainly incentivize high-income
households as they emit the most carbon and thus lead to redistributional effects (net transfers

from low to high income). Instead, our paper empirically shows that high-income households

30ur paper further relates to Potepan (1989), who argues that homeowners do more home improvements
instead of moving when interest rates are higher or when there are less technological constraints. They find
evidence of these effects based on the panel study of income dynamics for 1979. However, the paper of Potepan
(1989), although also examining the extensive and intensive margin, does not focus on energy efficiency.

2Our paper is also related to the theoretical work of Van der Straten (2023), who shows that low-income
households have a disincentive to adapt to climate change, as this only benefits them in the future, and highlights
the implications this has on the distribution of wealth.



acquire more energy-efficient housing and that this leads to redistributional effects (poverty,
inequality) through energy savings. We show that this is because of the distribution of energy
savings throughout the wealth distribution. So, although the argument of who emits the most
carbon is similar to that in our paper, the focus of our paper and the channels we discuss are
fundamentally different.

The remainder of this paper is structured as follows. In Section 2, we show a household-level
conceptual framework that highlights key choices and trade-offs of energy efficiency. In Section 3,
we introduce the data and Section 4 describes the methodology. The results are presented in

Section 5 and 6. Section 7 concludes.

2. Conceptual framework

The purpose of this section is to highlight the energy-efficiency choice (intensive and extensive
margin) and to discuss how this affects CO2 emissions and energy savings. Households live for
two periods. In the first period, households spend their income to purchase housing capital (H,;
with a relative price p) and invest in energy efficiency, and save any remaining income. In the
second period, households purchase energy (e;+1 per unit of housing capital, with a relative price
q) and spend any remaining resources, including the resale value of their housing capital, on the
purchase of a consumption good (¢¢41, with a price normalized to 1). Household preferences over
housing, energy, and the consumption good are characterized by the following utility function:

1_ —_
U(ciprt,€ipr1, Hig) = Cioft+1Hi6,tei,tf1 ’ (1)

where o > 3, € (0,0.5] and 3 > 152, 3 € (0,0.5).%

Household ¢ invests in energy efficiency, x; ¢, at time ¢ when purchasing their housing capital,
with x;; € [0,1) (cf. Van der Straten (2023)). The investment in energy efficiency can be viewed
as (i) the premium paid to purchase of a more energy efficient home (extensive margin), or as
(ii) the investment required for making home improvements (intensive margin). To capture both,
denote x;; = [xl{t, :U?}t], where iUil’t denotes the increase in energy efficiency of purchasing a more

energy-efficient home and 5’31215 denotes the increase in energy efficiency of home improvements.
K

5The consumption of housing and energy are thus complementary, indicating that households do not obtain
any utility from consuming housing without consuming energy.



By investing in energy efficiency, the amount of energy, €;;+1, consumed per unit of housing

capital, H; ¢, decreases by a fraction, x;;. This reduces energy costs:

Ciip(€inr1, HigyXip) = (1 —Xi¢) - €1 - Hig - q (2)

Sit41

where S; ;11 denote the savings in energy costs of household ¢ in period ¢ 4 1. However, investing
in energy efficiency is costly. The costs of reaching a higher level of energy efficiency rise at
an accelerating rate as energy efficiency increases. Furthermore, the costs of acquiring energy
efficiency increase in the units of housing owned, as the costs of, for example, insulation rise in

the size (in m?) of the home:

Cr(Hixig) = § Hiy - (x0.) 3)

where 6 reflects the ease of improving the energy efficiency of ones’ home.°
Households have heterogeneous (and exogenous) income and wealth profiles. The income of
household 7 in period ¢ is denoted by y;; and household i is endowed with an initial wealth of
Ao = v(yit) where v/ > 0,v” > 0. Households only earn income in the first period, but can
save part of their income (and wealth) for future consumption. Define A?jt as the net savings of

a household i in period t:
net 0 2
AGE (Hie, xi) = (yi + Aio) — P+ 5%y ) - Hig (4)

On these savings, households earn a rate of return of r, which is exogenously given.

The solution to the household utility optimization problem can be found in Appendix A. The
model illustrates the two key points that are explored in this paper in Panel A and, respectively,
Panel B, depicted in Figure 1. Panel A illustrates that households with higher incomes invest
more in improving the energy efficiency of their homes, both at the intensive and the extensive
margin. However, this does not lead to a reduction in energy consumption, as the demand for

energy increases with income. We define the CO2 emission index as the CO2 associated with

SWe assume that the ease of sorting in a more energy efficient home, and the ease of undertaking energy
efficiency enhancing home improvements are equal, i.e. §* = §* = 6. For a discussion of the general trade-off
between moving or doing home improvement, see Potepan (1989).



the consumption of e;y; units of energy, f(e;y1) with f/ > 0, f” > 0.7 Accordingly, Panel B
shows that the CO2 emission index increases with income. Panel B also shows that energy
savings relative to wealth decrease as income rises. This is due to wealth increasing faster
than the savings in energy costs. Although higher-income households demand more energy
efficiency, the energy savings associated with energy efficiency improvements are therefore of
greater significance for low-income households relative to their wealth. Instead, the potential
reduction in CO2 emissions is greater for high-income households, as they emit the most CO2.
Differences in acquiring an energy-efficient home based on income (Panel A) and the effect
on energy savings (wealth accumulation) versus CO2 benefits (Panel B) are explored in the

remainder of this paper.

Panel A Panel B
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FIGURE 1 — INTENSIVE, EXTENSIVE MARGIN AND TRADE-OFF EMISSIONS AND SAVINGS

Note: Panel A shows the optimal choice of energy-efficiency (x+), both on the intensive and extensive margin.
Panel B shows the optimal demand for energy (e:41) scaled to represent emissions, and the energy costs savings

relative to initial wealth (S¢4+1/Ao).

3. Data and descriptive statistics

Our main data source is the Dutch Housing Demand Survey (WoON), which has been conducted
on behalf of the Dutch government for more than 40 years. The survey supports the policy
making of the Dutch government. We use the Housing Market module of the WoON-survey (other
modules are, e.g., recording residential environment, home improvement and home maintenance,

energy and security, livability, consumer behavior and affordability, housing and care, structural

"For simplicity, we assume that the consumption of housing and the consumption good do not generate
emissions on their own.



home inspection). The Housing Market module takes place once every three years and surveys
roughly 40,000 individuals. To improve the provision of reliable information at the local level,
municipalities are given the opportunity to have additional interviews conducted in their work
area. We use both the 2006 and 2018 waves of the survey. The 2006 dataset is particularly
useful to analyze, as it contains detailed information about location (zip code) and contains both
household income and energy expenditures from administrative sources. It also contains proxies
for home improvement and energy efficiency of the home. Instead, the 2018 wave contains more
information on the exact type of home improvement done and the exact energy efficiency (energy
labels were introduced in 2009) of the house. It also includes administrative information on (net)

wealth. By analyzing both datasets, we can see whether our results are consistent over time.

3.1.  WoON-Survey (2006)

For our main analysis, we use the WoON 2006 survey, in which there are 64,005 respondents.
Households were surveyed between August 2005 - March 2006. We focus on the respondents
for whom all variables of interest are available, which gives us a sample of 54,173 respondents.
Table 1 provides summary statistics. The cross-sectional dataset consists of households living in
owner-occupied housing (55.4%) as well as rental housing, where we distinguish between the free
rental sector (6.0%) and social housing (38.6%).

Our main variables of interest are whether a household has done energy-efficiency home
improvements and the energy efficiency of their home. The home improvements-variable is
a binary variable that indicates whether a household has done insulation or energy saving
facilities (also by order of the landlord) such as double glazing, roller shutters, floor insulation,
the installation of an HR boiler or water saving measures in the past 12 months. The energy
efficiency-variable is a binary variable that indicates whether the house has double glazing (a
more general measure of energy efficiency, energy labels, is explored using the extended WoON
2018 dataset).

Most of the households in our sample live in energy-efficient homes (90.3%) and there is
little variation between the percentage of households with double glazing in owner-occupied
housing (92.6%) and social housing (90.2%). On the contrary, relatively fewer households in

the free rental sector have energy-efficient homes (74.3%). Only 15.2% of households in our



sample have made improvements in energy efficiency at home 12 months prior to the survey.
There is some heterogeneity based on whether households are homeowners or renters. Within
our sample, 18.8% of all homeowners made home improvements, while only 10.4% of renters in
the free rental sector did and 10.7% of renters in social housing.

Additionally, to assess whether energy efficiency-enhancing home improvements reduce energy
expenditures, we also utilize information from the utility operator (Statistics Netherlands) on
households’ annual gas and electricity expenditures, as well as households’ annual utility expen-
ditures, which are measured as their annual energy expenditures plus water bills. Households
spend about 8% of their income on utilities. Most of energy expenditures, about 4.4%, are spend
on natural gas. The distribution of energy expenditures is reported in Figure 2.

The main independent variable of interest is households’ disposable income, which comes
from tax registry data (merged by Statistics Netherlands). Household disposable income is
measured as gross income including social benefits and net of paid income transfers, insurance
premiums, and taxes on income and capital. We exclude households whose income is negative
(0.18% of all respondents) and households with an income higher than 2,500,000 euros (less than
0.01% of all respondents). The mean household income is equal to 31,140 euros, and the median
is 27,116 euros.

We include a set of household characteristics and home characteristics as control variables.
The household characteristics that we consider are age, gender, and education. To control for
education, we include a dummy indicating whether the respondent has a university degree or
finished higher professional education. To proxy for household structure, we obtain information
on the number of persons in the household (which is particularly useful for modeling energy
expenditures) and include a dummy variable indicating whether the respondent has children
under the age of 2 (in the robustness section, we also include a dummy indicating whether

8 The home characteristics we consider are the type of house

a respondent has a partner).
(single-standing, two under one roof, corner, in between two other homes, flat /apartment, other),
house size (measured in square meters), the type of heating system (boiler, block, district or city

heating, heating by heaters, other), and the year of construction.

8The survey contains information on the household structure, this variable is only available for approximately
17.000 respondents. Therefore, we use the presence of a young child as a proxy for household structure.
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FIGURE 2 — UTILITY EXPENDITURES AS A SHARE OF INCOME (2006)

Note: The distribution of utility expenditures as a share of income in our sample for 2006. Utilities
expenditures are measured as annual energy expenditures plus water bills. For this histogram, we
only include respondents for which the utility expenditures as a share of income are at most 30%.

3.2. WoOn-Survey (2018)

The number of respondents in the 2018 sample is 67,523 and they were surveyed from August
2017-March 2018. We focus on the respondents for whom all variables of interest are available,
giving us a sample of 56,283 respondents. Summary statistics for the 2018 sample can be
found in Appendix B. Compared to the 2006 sample, a higher number of respondents live in
owner-occupied housing (66.2%) and in the free rental sector (9.1%). The number of respondents
in social housing has declined (24.7%).

The 2018 survey provides a set of binary variables indicating whether a household has
obtained (i) double glazing, (ii) roof, wall or floor insulation, (iii) the installation of solar panels,
(iv) or the installation of a boiler panels (v) or other energy saving facilities in the past 5 years.
We define our home improvements-variable as a binary variable that is equal to 1 if a household
has undertaken at least one of these measures and zero otherwise. Our energy efficiency-variable
is a binary variable based on the energy label of the house, which is provided by the Dutch
government (RVO). The variable is equal to 1 if a household lives in a house with an A or B

energy label, and zero otherwise. Energy labels range from A to G, with A being the most

10



energy efficient and G the least efficient. We define houses with an energy label of A or B as
energy efficient and houses with another label as energy inefficient.

Table B2 provides summary statistics for energy efficiency and home improvement. Using
the 2018 definition of energy efficiency (rather than the presence of double glazing in the 2006
sample), only 24.3% of households in our sample live in energy-efficient homes (compared to
90.3% in the 2006 sample). The fraction of households in the 2018 sample that did improve
home energy efficiency is 56.8%. This is much larger than in the 2006 sample (15.2%), which can
be explained in part by the fact that we look at home improvements for the last 5 years instead
of last year. Most households improve their home by taking a more efficient boiler (34.6%) or
installing double glass (26.3%).

Our main other variables of interest are households’ income and wealth. The average income
in the 2018 sample is equal to 43,490 euros. We consider total wealth (defined as the total value
of assets, including savings, stocks and bonds, and housing) as well as net wealth (wealth minus
debt, including mortgage debt). Information about both wealth variables comes from tax registry
data (Statistics Netherlands) as well. We again exclude households whose income is negative
and households with an income greater than 2,500,000 euros. We also exclude households with
negative total wealth and households with a total wealth value greater than 2,000,000 euros.
Finally, we exclude households with net wealth lower than - 200,000 euros and households with
net wealth higher than 2,000,000 euros.

The average total wealth in the resulting sample is 264,771 euros (with a median of 217,972),
its distribution is shown in Figure 3, and the average net wealth is equal to 152,846 euros (with a
median of 56,652). Controlling for the composition of the Dutch society using household weights
reduces average (net) wealth. Specifically, once we incorporate household weights, the weighted
average of total wealth is 241,678 euros (with a median of 191,668) and the weighted average of
net wealth is given by 134,977 euros (with a median of 35,576). In the remainder of this paper,
we are particularly interested in how home improvement and/or buying an energy-efficient house

affect the accumulation and distribution of wealth.

11
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FIGURE 3 — THE DISTRIBUTION OF NET WEALTH (2018)
Note: The distribution of net wealth within our sample. Information on wealth, which is defined as

the total value of assets minus debt, comes from tax registry data. We exclude households with
wealth below -200,000, and households with wealth higher than 1,000,000 euros for this histogram.

4. Methodology

We start our analysis with the WoON 2006 dataset and show how income affects home improve-
ment (intensive margin) and sorting into energy-efficient homes (extensive margin). Heterogeneity
in the results, including the effect of subsidies that were given, the role of income versus wealth,
the effect on energy consumption, wealth inequality, and CO2 emissions are discussed when
analyzing the WoON 2018 dataset.

Based on the 2006 data, we first model the probability that the household has improved the

energy efficiency of the home in the last 12 months:
Home improvement, ; = BlogInc; + 0X;; + 6hiy + o + iy, (5)

where log Inc;; is the natural logarithm of the income of household i surveyed in month ¢,
X+ are housing characteristics (house size, type of house, construction year dummies), h;; are
household characteristics (age, presence of young children, gender, and education), o are zip

code fixed effects, and n;; is the error term. We also estimate the relationship using COROP

12



region (work-living areas, NUTS2 classification) and municipality level (NUTS3 classification)
as a robustness exercise. This is useful, as for the 2018 data we only have the COROP region.
We will examine the probabilities of different types of home improvement using the WoON 2018
dataset.

Next, we model the probability that a household lives in an energy efficient house (as proxied

by the presence of double glass):

Energy efficiency; , = BlogInc; s + 0X;: + dhit + aj + €y, (6)

where all variables are defined as before and ¢;; is the error term. A more general measure of
energy efficiency (energy labels, energy index) is explored using the WoON 2018 dataset.

We estimate Eq. (5) and (6) using OLS and cluster standard errors at the municipality level.
We explore whether the type of ownership influences the results by re-estimating the equations
for social rental, free rental, or owner-occupied housing. Furthermore, we show robustness
using an instrumental variable approach, controlling for household structure, estimating the
relationship for a sample of recent movers, and respondents surveyed during the winter, adding
an additional control for unobserved housing characteristics, and including sampling weights.
We also explore logit, multinomial logit, and nested logit as households might first decide on the

extensive margin, Eq. (5), and then on the intensive margin, Eq. (6).

5. Results based on WoON 2006

5.1.  Energy efficiency, home improvement, and the effect of income

Table 2, columns 1-5, reports the results on the probability that a household has improved the
energy efficiency of the house in the last 12 months, as specified in Eq. (5). The results in column
1 suggest that the effect of income is positive and statistically significant at the one percent
significance level. The effect is also economically sizeable against the average home improvement
rate of 0.15. In particular, a standard deviation increase in income (27,458 euros) relative to
mean income (31,140 euros) increases the probability of undertaking energy efficiency-enhancing
home improvements by [In(1 + (27,458/31,140))] - 0.0268 - 100 = 1.7 percentage points. The

effect decreases by more than half when we control for the type of ownership, see column (2),
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since income and the type of ownership chosen by a household are strongly correlated. Both
social and free rental sector houses are less likely to experience home improvements. A potential
explanation for this is that these households must rely on the owner of the house to make home
improvements. Moreover, when a household plans to move into owner-occupied housing or
change rental house, the benefits only accrue to these households for a short period of time and
they would not benefit from any subsequent increase in the house value.

We re-estimate Eq. (5) for the sub-sample of owners and each type of renters. The results,
which are reported in columns 3-5, confirm that the effect of income on home improvements is
entirely driven by the owner-occupied market segment. The results thus imply that regulations
to make it more financially attractive for a household to, for example, insulate the house are
mainly effective for the owner-occupied housing sector.

Table 2, columns 6-10, reports the estimates using the indicator of whether the home is
energy efficient (measured by the presence of double glass) as dependent variable, see Eq. (6).
The results in column 6 suggest that the effect of income is positive and statistically significant
at the one percent significance level. A standard deviation increase in income (27,458 euros)
relative to mean income (31,140 euros) increases the probability of residing in an energy-efficient
home by [In(1 + (27,458/31,140))] - 0.0331 - 100 = 2.1 percentage points. The effect remains
comparable once we control for the type of ownership, see column (7). Interestingly, houses in the
free rental sector are much less likely (by about 10%) to be energy efficient. Social rental sector
housing has, ceteris paribus, the same share of houses with double glass as the owner-occupier
housing sector. This suggests that housing corporations that are owners of the social housing
at least seem to shelter (poor) households against not having double glass (and hence against
high energy expenditures). Like before, we re-estimate Eq. (6) for the subsample of owners and
each type of renters. The results are reported in columns 8-10 and confirm that having a higher
income increases the probability of living in an energy-efficient home. The relationship appears

present, but somewhat weaker, for households in the free rental sector.”

9The full results of the baseline regressions are reported in Appendix B. We also verify that the results remain
valid when the estimation is carried out using fixed effects at the municipality and COROP level (see Table C).
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TABLE 1 — HOME IMPROVEMENT, ENERGY EFFICIENCY, AND ENERGY EXPENDITURES (2006).
Variable Mean SD  Min Max

Energy efficiency € home improvements
Energy efficiency (double glass, living room) 0.903  0.297
Home improvement (isolation, last 12 months)  0.152  0.359

Household Characteristics

Spendable household inc.(euros) 31,140 27,458 142 1,757,024
Age 51 17 18 103
Young child 0.476  0.265

Female 0.549  0.498

Higher education 0.263  0.440

House Characteristics

House size (sq. mtr.) 123 78 6 935
Construction < 1945 0.183  0.387

Construction 1945-1959 0.121  0.326

Construction 1960-1969 0.147  0.355

Construction 1970-1979 0.194  0.396

Construction 1980-1989 0.156  0.362

Construction 1990-1999 0.137  0.344

Construction > 1999 0.062  0.241

Single-standing 0.134  0.340

Two under one roof 0.115  0.318

Corner 0.115  0.318

Row 0.191  0.357

Flat/apartment 1990-1999 0.312  0.168

Other 0.095  0.105

Sector

Social housing 0.386  0.482

Free-rental sector 0.060  0.271

Owner-occupied 0.554  0.497

Energy Fxpenditures

Annual gas expenditures (euros) 1,054 517 138 5,084
as part of income 0.044  0.039 0.002 1.866
Annual electricity expenditures (euros) 745 399 83 3,484
as part of income 0.029  0.026 0.001 1.513
Annual water expenditures (euros) 176 55 69 709
as part of income 0.007 0.009 0.001 1.732
Utility expenditures (euros) 1,976 770 324 8,470
as part of income 0.080  0.565 0.008 1.962
Heating: own boiler 0.805  0.396

Heating: block/district/city 0.111  0.315

Heating: heater 0.072  0.259

Heating: other 0.011  0.103

Number of persons in hh 2.959 1.321 1 27
Robustness

Partner 0.628  0.483

Instrumental variables

Divorce 0.009  0.093

Marriage 0.021 0.144

Note: Based on 54,173 observations, from the WoON-survey (2006). We restrict all types of
energy expenditures as a share of income to be at most equal to two.

15



TABLE 2 — HOME IMPROVEMENTS AND ENERGY EFFICIENCY - BASELINE ESTIMATES (2006)

91

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
Home Improvement Energy Efficiency
Baseline Sector Social rent  Free rent Owner-Occupied  Baseline Sector Social rent  Free rent Owner-Occupied
Income (log) 0.0268*** 0.0117** 0.0084 0.0116 0.0160** 0.0331%**  0.0303***  (0.0191*** 0.0379* 0.0345%**
(0.004) (0.005) (0.006) (0.017) (0.006) (0.004) (0.004) (0.006) (0.020) (0.005)
Social rent -0.0552%** 0.0046
(0.007) (0.006)
Free rent -0.0664*** -0.1020***
(0.008) (0.009)
Household Char. Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
House Char. Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Location FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Time FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Observations 54,173 54,173 19,831 4,338 30,004 54,173 54,173 19,831 4,338 30,004
Adjusted R-squared 0.048 0.052 0.047 0.093 0.057 0.120 0.128 0.090 0.191 0.121

Note: Estimation results for Eq. (5) (columns 1 - 5) and Eq. (6) (columns 6 - 7), based on the WoON-survey (2006). We estimate both equations with OLS, and include
ZIP-code fixed effects and time fixed effects. Standard errors are clustered at the municipality-level, *** p<0.01, ** p<0.05, * p<0.1.



5.2. Robustness checks

This section summarizes several robustness checks on the baseline home improvement and energy

efficiency regressions reported in Table 2. The regression results are reported in Appendix C.

First, to alleviate potential concerns about the exogeneity of our income variable, we estimate
our model using instrumental variables. While we are not concerned about reverse causality
and/or simultaneity bias (since our main independent variable is spendable household income),
the results could potentially suffer from omitted variable bias. There are a number of household
characteristics (e.g. occupation, ability) and house characteristics (e.g. monument status) which
are correlated with income and both our outcome variables, and for which we cannot control. To
mitigate these concerns, we use plausibly exogenous shocks to income as instrumental variables.
In particular, households who moved into their home at most two years before the survey was
conducted (between 2003-2006) were asked about the reason for moving. We identify respondents
for whom the reason for moving was a divorce or marriage.'? The idea is that divorce or marriage
has a large effect on income and, as such, affects the choice to buy an energy-efficient home or
make home improvements in the new home. Since we have overidentifying restrictions, we can
test for the exogeneity of these instruments.

The results of the first stage are reported in Table C1, column 1. The F-statistic of 194
indicates that the instruments are highly relevant. The effect of divorce on income is negative
and statistically significant at the one percent significance level. Respondents who moved to their
current homes as a result of a divorce have [exp(—0.1938) — 1] * 100 = —17.6% less income on
average. On the contrary, the effect of marriage on income is positive and statistically significant
at the one percent significance level. Respondents who moved to their current homes as a result
of a marriage have [exp(0.2054) — 1] * 100 = 22.8% more income on average.

The results of the second stage are reported in columns 2-3. The effect of income on the
probability of making home improvements and on the likelihood of living in an energy-efficient
home is much larger than suggested by our baseline results. A standard deviation increase in
income increases the probability of undertaking energy efficiency enhancing home improvements

by 5.8 percentage points (compared to 1.7 percentage points in the baseline), and increases the

1ONote that these outcomes are not perfectly collinear, as this variable does not indicate whether a respondent
has been/is married or divorced, but rather whether a divorce or marriage was the reason for moving.
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probability that a respondents’ house is energy efficient by 4.9 percentage points (compared
to 2.1 percentage points in the baseline). However, the results of the baseline are within the
confidence intervals for both outcome variables. The effect of instrumented income remains
statistically significant, although the significance level decreases. While the two instrumental
variables might still be correlated with unobserved house and household characteristics, the
Hansen-J test statistic suggests that our instruments are valid (i.e., we cannot reject the null
hypothesis of instrumental exogeneity).

Second, in Table C3 we explore logit, multinomital logit, and nested logit results. It is well
known that controlling for detailed location fixed effects is difficult within these models. That
is, the estimation easily becomes computationally infeasible or the model does not converge.
To overcome this, we use municipality fixed effects for the logit results, region (COROP)
fixed effects in the multinomial logit model, and province fixed effects for the nested logit
model. In addition, the interpretation becomes different as it considers the odds ratios, rather
than probabilities. We rescale the coefficient to reflect a standard deviation change in income
evaluated at mean income. We find that a standard deviation change in income has a positive
effect of [exp(0.2157) — 1]100% = 24% on the odds ratio of making home improvements and
[exp(0.1406) — 1]100% = 15% on the odds ratio of living in an energy-efficient house. Therefore,
with somewhat less detailed fixed effects, we find a similar direction of the effects to those of our
baseline estimates.

We also estimate a multinomial logit and nested logit model. Doing home improvement and
sorting into an energy-efficient home are not independent of each other. In particular, 8.7% of
households did not make home improvements or do not live in an energy-efficient house, 14.1%
have done home improvements and live in an energy-efficient house, 76.2% live in an energy-
efficient house but did not make home improvements, and only 1.1% did home improvements
while not living in an energy-efficient house. The multinomial logit model estimates the effect
of income on all responses jointly. Using not making home improvements and not living in an
energy-efficient home as a base category, the results in Table C3 show that a standard deviation
change in income mainly increases the odds ratio to sort into an energy-efficient home and doing
(40% effect) or not doing (23% effect) home improvements. Just making home improvements

while not living in an energy-efficient home appears to be less affected by income (12% effect).
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The nested logit model assumes that households choose to sort themselves (first nest) and then
also decide whether or not to do home improvement (second nest, decision tree). In comparison
to the multinomial logit model, it allows for cross-correlations in the error term within (but not
across) nests. The results confirm the findings of the multinomial logit model, but the effect
becomes more pronounced (about 3 times larger) for the "having an energy-efficient home and
doing home improvement” category, although the standard error is much larger also. In addition,
the size of the effect should be interpreted with caution, as the model does not adequately control
for location. Also, the Pseudo-R-Squared is much lower for the nested logit model. However, in
general, these results confirm that income plays a crucial role in both extensive and intensive
margins together.

Third, in Table C4 we report several other robustness tests. In particular, in columns 1-2 we
add whether a respondent has a partner (according to the survey 87% of the respondents) as a
control. Although our dependent variables are related to the head of the household, income is
measured at the household level. Consequently, respondents with a partner are more likely to
have a higher disposable income. This is confirmed by the results. The effect of income becomes
lower but remains significant at the one percent significance level. Having a partner increases the
probability of undertaking energy efficiency-enhancing home improvements by approximately
1.7 percentage points and increases the probability of living in an energy-efficient home with
approximately 2.4 percentage points.

We also assess whether households are more likely to do home improvement when they have
just settled in their home, and whether recent movers are more likely to reside in energy-efficient
houses. We re-estimate Eq. (5) and (6) for a subsample of recent movers, which we define as
respondents who moved into their current home in 2004. The results are reported in columns 3-4.
The effect of income is stronger for respondents who recently moved, both when considering home
improvements and energy efficiency as the outcome variable. A standard deviation increase in
income increases the probability of undertaking energy efficiency-enhancing home improvements
by [In(1 + (27,458/31,140))] - 0.044 - 100 = 2.8 percentage points (compared to 1.7 percentage
points in the baseline), and increases the probability that the house is energy efficient by
[In(1 + (27,458/31,140))] - 0.048 - 100 = 3.0 percentage points (compared to 2.1 percentage

points in the baseline). Although both effects increase in size, the statistical significance is
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lower. The effect of income on the probability of undertaking energy efficiency-enhancing home
improvements is only statistically significant at the 10 percent significance level. The effect of
income on the likelihood of living in an energy-efficient house is statistically significant at the 5
percent significance level.'!

In addition, we assess whether attention influences the effect of income on home improvement
and buying an energy-efficient home. In particular, we re-estimate Eq. (5) and (6) for the
subsample of respondents surveyed during winter (December 2005 - January 2006). The results
are reported in columns 5-6. The results indicate that the effect on income is somewhat
stronger for the respondents surveyed during the winter months, both when considering home
improvements and energy efficiency as the outcome variable. A standard deviation increase in
income increases the probability of undertaking energy efficiency-enhancing home improvements
by 1.8 percentage points (compared to 1.7 percentage points in the baseline) and increases the
probability that the house is more energy efficient by 2.3 percentage points (compared to 2.1
percentage points in the baseline). Both effects remain statistically significant at the one percent
significance level.

We also verify the robustness of our results when controlling for unobserved house character-
istics. We proxy for unobserved house characteristics using the most recent assessed value of the
property (used for tax purposes). This variable is only available for respondents who are home
owners, and we exclude observations for which the assessed property value is less than 50.000
euros or greater than 1.5 million euros. The results are reported in columns 8-9. The effect
of income becomes smaller when controlling for unobserved house characteristics. A standard
deviation increase in income increases the probability of undertaking energy efficiency-enhancing
home improvements by 0.9 percentage points (compared to 1.7 percentage points in the baseline).
The effect on the probability of living in an energy-efficient house is roughly equivalent to the
baseline result. A one percent increase in income increases the probability that the house is energy
efficient by 2.0 percentage points. Importantly, the effect of unobserved house characteristics is

statistically insignificant on both the probability of undertaking energy efficiency improvements

" To ensure that the coefficient on energy efficiency really picks up sorting effects, we re-estimate Eq. (5) for
the sub-sample of recent movers (defined as respondents who moved into their current home in 2004) that did not
conduct any home improvements. The effect of income on the likelihood of living in an energy-efficient home
remains statistically significant at the 5 percent significance level, with a standard deviation increase in income
raising the probability that the house is energy-efficient by 3.0 percentage points. Hence, the result is similar to
the estimate based on the entire subsample of recent movers.
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and the likelihood of sorting into a more energy-efficient home.

Next, we verify the robustness of our results against the inclusion of sampling weights. The
results are reported in columns 9-10. Incorporating household weights does not affect our main
results. Both the probability of making home improvements and the likelihood of living in an
energy-efficient home remain roughly the same.

Finally, in Table C2 we look at fixed effects using different spatial scales and find that the

results using COROP or municipality fixed effects are similar.

6. Heterogeneity in the Results: Survey of 2018

6.1. Replication of the 2006 results

We expand our analysis using the 2018 survey to verify that our previous results hold in this wave
and to explore the heterogeneity of the results. We first replicate our baseline estimates from
Table 2 (i.e., Eq. (5) and (6)) using the 2018 sample. The results are reported in Appendix D.
Although there are some notable differences, our key findings remain robust.

The effect of income on the probability of undertaking improvements in energy efficiency
in the home becomes more than two times greater than in the 2006 sample, with a standard
deviation increase in income increasing the probability of undertaking improvements in energy
efficiency in the home by [In(1 + (31,203/43,490))] - 0.0698 - 100 = 3.8 percentage points. This
could be due to either a decrease in costs of energy efficiency enhancing measures or as individuals
value energy efficiency more as a result of an increase in climate change awareness, but we are
unable to disentangle these effects in our data. Houses in the social and free rental sector are less
likely to experience home improvements. Although the effect of income on home improvements
was entirely driven by the owner-occupied market segment for the 2006 sample, the effect of
income on the probability of undertaking home improvements is also statistically significant
for the subsample of respondents who live in rental houses in the 2018 sample. However, the
effect remains strongest for the owner-occupied market segment. The effect of income on the
probability of living in an energy-efficient home becomes almost twice as large as in the 2006
sample. A standard deviation increase in income increases the probability that the house is more
energy efficient by [In(1 + (31,203/43,490))] - 0.0581 - 100 = 3.1 percentage points. Houses in the

free rental sector are still less likely to be energy efficient. The effect of income on the likelihood
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of living in an energy-efficient home is now also present in the subsample of respondents who

live in rental houses.

6.2.  Types of home improvement, reasons, and the role of subsidies

We estimate the propensity to carry out energy efficiency-enhancing home improvements as a
result of increases in income, as specified in Eq. (5). We estimate this relationship using our
home improvement variable as well as for the different types of home improvement. In particular,
we estimate the relationship separately for home improvements in the form of(i) double glazing,
(ii) roof, wall or floor insulation, (iii) the installation of solar panels, (iv) or the installation of
a boiler (v) or other energy saving facilities. The results are reported in Table 3. A standard
deviation increase in income leads to the largest increase in the probability of installing a boiler.
This probability increases by [In(1 + (31,203/43,490))] - 0.0428 - 100 = 2.3 percentage points.
The effect is smallest for the propensity to install solar panels. This probability increases with
[In(1 + (31,203/43,490))] - 0.0241 - 100 = 1.3 percentage points. This implies that households
first start with getting a better boiler and, as income increases, they eventually end up placing
solar panels.

Subsidies can play an important role in home improvement. Our measure of income does
not account for that. Although we do not know the exact level and type of subsidies, we can
control whether a household received a subsidy. About 6.8% of the sample received a subsidy.
This is 14.2% of those who do home improvement. We re-estimate the results of Table 3 and
add this additional control variable. The results are reported in Appendix E. Households who
have received a subsidy are 43% more likely to have done home improvement. The effect is
larger for households that have added solar panels and lower for those who installed a heating
boiler. This is not surprising, as solar panels have been highly subsized in recent years. About
50% of the sample indicates that they have had subsidies against only 11% in case of a boiler.
In general, the marginal effect of income also becomes much greater. A standard deviation
increase in income leads to an increase in the probability of making home improvements by
[In(1 + (31,203/43,490))] - 0.0428 - 100 = 7.7 percentage points. This is twice as large as our
baseline estimate for 2018. Finally, since we do not know whether the decision to undertake

home improvements preceded the receipt of a subsidy, the above results must be interpreted
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TABLE 3 — DIFFERENT TYPES OF HOME IMPROVEMENTS (2018)

1) 2) 3) (4) (5) (6)
VARIABLES Home Improv. Double Glass  Isolation Solar Boiler Other
Income (log) 0.0698*** 0.0330%** 0.0404***  0.0241***  0.0428***  0.0264***
(0.005) (0.004) (0.003) (0.002) (0.005) (0.003)
Household Characteristics Yes Yes Yes Yes Yes Yes
House Characteristics Yes Yes Yes Yes Yes Yes
Location FE Yes Yes Yes Yes Yes Yes
Time FE Yes Yes Yes Yes Yes Yes
Observations 56,283 56,283 56,283 56,283 56,283 56,283
Adjusted R-squared 0.091 0.064 0.097 0.044 0.055 0.014

€¢

Note: Estimation results for Eq. (5) for various types of home improvement, based on the WoON-survey (2018). We
estimate the equation with OLS, and include COROP-code fixed effects and time fixed effects. Standard errors are
clustered at the COROP-level, *** p<0.01, ** p<0.05, * p<0.1.



with caution, given that there might be reverse causation. Importantly, while the results do
reveal a positive association between subsidies and the propensity to undertake energy efficiency-
enhancing home improvements, the main insight brought forward in this analysis is that the
effect of income remains significant once we control for subsidies.

Lastly, we also evaluated other reasons why households made improvements to their home
that improved energy efficiency. The results are reported in Appendix G. Table F1 reveals
that the most common reason for making home improvements is the need for maintenance
(43%). Additionally, many households believe that the investment pays off or makes the house
more pleasant (24%). Table F1 indicates that the most common reason to not make home
improvements is because the house is already energy efficient (38%). Furthermore, investment is
out of budget for 16.7% of respondents who did not make home improvements.

Table F2 shows how the probability of each reason for implementing home improvements
changes with income. We find that an increase in income makes it more likely that households
undertake home improvements in order to make their home more pleasant or because of
environmental considerations, while an increase in income makes it less likely that home
improvements are necessary due to maintenance. Table F3 shows how the probability of each
reason not to make home improvements also changes in income. An increase in income raises
the likelihood that the home is already efficient, as well as the probability that respondents did
not get to making home improvements yet and plan to move. An increase in income reduces the

likelihood that households have an investment that is out of budget.

6.3. Sorting based on energy labels

We re-estimate the probability of moving to a more energy-efficient home for an increase in
income, as specified in Eq. (6), but using data on energy labels and the energy index of the house.
The results are reported in Table 4. We first use temporary labels as a dependent variable, as
we have data available on temporary labels for all respondents in our sample, since all homes in
the Netherlands were assigned a temporary energy label in 2015. The effect of an increase in
income on the likelihood of living in an energy-efficient home becomes insignificant. This occurs
because part of the temporary labels were assigned according to the year of house construction.

Consequently, there is a strong negative correlation (-0.9) between the year of construction and
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the energy label. We account for this by excluding the construction year from our control variables
in the estimation. The effect of income on the likelihood of sorting into a more energy-efficient
home becomes statistically significant at the one percent significance level, as shown in column
2 of Table 4. A standard deviation increase in income leads to an increase in the likelihood
of living in a house with a high energy label by [In(1 + (31,203/43,490))] - 0.0581 - 100 = 3.1
percentage points.12

As temporary energy labels do not take into account any measures to improve energy
efficiency in the home, homeowners can request a final energy label. We have data on the final
energy label of roughly half of the respondents within our sample, and we redo the estimation
with final energy labels as dependent variable. Columns 3 and 4 report the results (with and
without incorporating the construction year as a control variable). The effect of income on the
likelihood of sorting into a more energy-efficient home is significant at the one percent level
when we exclude the construction year from our control variables. An increase in income by
a standard deviation increases the likelihood of living in a home with a high energy label by
[In(1 + (31,203/43,490))] - 0.0409 - 100 = 2.2 percentage points - an effect which is roughly
comparable to the estimate obtained when using temporary labels as outcome variable. The
effect when adding construction year dummies as controls is quite somewhat smaller, but still
statistically significant.

Lastly, we re-estimate Eq. (6) using the (log) energy index as the outcome variable in columns
5-6. The energy index is a numerical measure of the energy performance of a home. An energy
label of A 4+ + corresponds to an energy index below 0.6, while an energy label of G corresponds
to an energy index greater than 2.7. This means that a lower energy index reflects higher energy
performance. Accordingly, the effect of income on the energy index is negative and statistically
significant at the one percent level. According to column 6 (estimated as log-log model), an
increase in income by a standard deviation is associated with a decrease in the energy index by

[exp((31,203/43,490) * 0.03)) — 1] - 100 = 2.2%.

12We also estimated a multinomial logit model using the different energy labels. The results are in line with
our main findings. A unit increase in log income (100%) increases the relative risk ratio for energy label A or B
versus G by a factor of 1.5 while increasing the ratio by 1.07 for energy label F. Therefore, as income increases,
households are more likely to eventually have an A or B energy label.
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TABLE 4 — ENERGY EFFICIENCY: ENERGY LABEL AND ENERGY INDEX (2018)

1) 2) 3) (4) (5) (6)
VARIABLES Energy Label (temp.) Energy Label (temp.) Energy Label (fin.) Energy Label (fin.) Energy Index Energy Index
Income (log) 0.0016 0.0581*** 0.0072%* 0.0409*** -0.0114%** -0.0300***
(0.003) (0.008) (0.004) (0.007) (0.004) (0.007)
Household Characteristics Yes Yes Yes Yes Yes Yes
House Characteristics Yes Yes Yes Yes Yes Yes
Construction Year Yes No Yes No Yes No
Location FE Yes Yes Yes Yes Yes Yes
Time FE Yes Yes Yes Yes Yes Yes
Observations 54,170 54,170 22,789 22,789 16,855 16,855
Adjusted R-squared 0.672 0.064 0.478 0.039 0.393 0.039

Note: Estimation results for Eq. (6), based on the WoON-survey (2018). We use (i) temporary energy labels (columns 1-2), (ii) final energy labels (columns 3-4) and
(iii) the energy index (columns 5-6) as a proxy for energy efficiency. We estimate the relation with and without the inclusion of construction year as the control
variable (first, respectively, second column). We estimate the equation with OLS, and include COROP-code fixed effects and time fixed effects. Standard errors are
clustered at the COROP-level, *** p<0.01, ** p<0.05, * p<0.1.



6.4. Wealth or income?

We assess whether home improvement or sorting into a more energy-efficient home is affected
more by wealth or income. We include the total value of the assets of the respondents in
addition to the income in the estimation of Eq. (5) and (6). The results are reported in
columns 1-2 of Table 5. The effects of both income and total assets are positive and statistically
significant at the one percent significance level. A standard deviation increase in income
increases the probability of undertaking energy efficiency-enhancing home improvements by
[In(1 + (31,203/43,490))] - 0.0595 - 100 = 3.2 percentage points, while a standard deviation
increase in wealth only increases the probability of undertaking energy efficiency-enhancing home
improvements by In(1 + (299400/264771)) - 0.0094 - 100 = 0.7 percentage points. This indicates
that the income of the respondents matters more to the likelihood of making improvements
in energy efficiency in the home than the wealth of the respondents. A similar pattern is
observed for the likelihood of living in a more energy-efficient home. The effect of a standard
deviation increase in income on the probability of living in a more energy-efficient home is
[In(1 + (31,203/43,490))] - 0.0420 - 100 = 2.3 percentage points, while a standard deviation
increase in wealth increases the probability of living in a more energy-efficient home by In(1 +
(298926/265444)) - 0.0109 - 100 = 0.8 percentage points.

Although the total value of a respondents’ assets serves as a proxy of wealth, this variable does
not account for an effect of debt on the propensity to invest in energy efficiency out of wealth. On
the one hand, debt may form a barrier to investing in the energy efficiency of one’s home. On the
other hand, households may attract debt to finance investments in energy efficiency. Although
we do not know the exact amount that households borrow to finance home improvement, about
8% of households indicated that they borrowed to invest in home improvements. Of these
households, 64 percent used a mortgage. To determine the effect of debt on our estimation
results, we re-estimate Eq. (5) and (6) using net wealth. The results are reported in columns
3-4. An increase in wealth by one standard deviation increases the probability of undertaking
energy efficiency-enhancing home improvements by In(1 + (250575/352846)) - 0.0144 - 100 = 0.8
percentage points. This is roughly equal to the effect based on the total value of assets, indicating
that debt plays a negligible role in determining the likelihood of making home improvements.

However, when it comes to energy efficiency, a standard deviation increase in net wealth increases
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TABLE 5 — EFFECT OF INCOME vs WEALTH (2018)

(1) (2) 3) (4)
VARIABLES Home Improv. Energy Eff. Home Improv. Energy Eff.
Income (log) 0.0595%** 0.0420%** 0.0711%** 0.0543%**
(0.006) (0.006) (0.006) (0.007)
Total Assets 0.0094*** 0.0109%***
(0.001) (0.002)
Net Wealth 0.0144*** 0.0252%*
(0.005) (0.009)
Household Characteristics Yes Yes Yes Yes
House Characteristics Yes Yes Yes Yes
Location FE Yes Yes Yes Yes
Time FE Yes Yes Yes Yes
Observations 55,619 53,528 55,418 53,378
Adjusted R-squared 0.093 0.068 0.091 0.065

Note: Estimation results for Eq. (5) and Eq. (6), based on the WoON-survey (2018). We include
wealth as an explanatory variable, using total assets (columns 1-2) and net wealth (column 3-4) as
proxy. Results for Eq. (5) are reported in columns 1 and 3, and for Eq. (6) in columns 2 and 4.
We estimate the equation with OLS, and include COROP-code fixed effects and time fixed effects.
Standard errors are clustered at the COROP-level, *** p<0.01, ** p<0.05, * p<0.1.

the probability of living in a more energy-efficient home by [In(1+ (250964 /354793))]-0.025-100 =
1.3 percentage points. This is a stronger effect than when we consider the total value of assets,
suggesting that debt indeed plays an important role in financing the purchase of a more energy-

efficient home.

6.5. Energy expenditures and energy savings

To explore how energy efficiency affects wealth distribution on the one hand and CO2 gains on the
other, we explore how improvement of the home and sorting into energy-efficient housing affects
energy consumption both in euros and in physical quantities (e.g., KWh, m3). In particular, we

estimate households’ energy consumption as a fraction of income:

Energy consumption, (%) = v1Home improvement, ;, + y2Energy efficiency; ;
+ ¢Number of persons; ; + ¢pHeating type; ; + 0X; 1 + 0hi 1 + oy + wit,
(7)
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where Number of persons; , captures the number of persons in the household and Heating type; ;
are dummy variables for the type of heating system being utilized. Again, X;; are housing
characteristics, h;; household characteristics, o; location fixed effects, and w;; is the error term.
As a dependent variable, we will use the general costs of utilities, but we also provide estimates
for gas, electricity, and water separately.

A potential reason for caution in the estimation of Eq. (7) is that it might be affected by
a rebound effect. That is, as soon as a household does home improvement or owns an energy-
efficient house, this may lead to a higher energy consumption. As such, we would underestimate
the true effect of energy efficiency on energy consumption. Besides that there is mixed evidence
on the rebound effect, as some find such an effect (Aydin et al., 2017) while others do not
(Kattenberg et al., 2023; Fowlie et al., 2018), the fact that the effect we estimate possibly includes
a rebound effect would suggest that we underestimate the returns to energy efficiency (which is
not the focus of our study). However, we would effectively capture the actual energy expenditure
(including any behavioral consideration) and its implications for wealth accumulation and CO2
reduction benefits.'?

The estimation results of Eq. (7) are reported in Table 6. The reduction in expenditures is
largely driven by a decrease in the gas bill, which explains 48.9% (i.e., —0.0023/ — 0.0047 * 100%)
of the overall reduction in utility expenditures for home improvements. In case of sorting into
energy-efficient homes, it is 86.6%. We find evidence that home improvements reduce utility
expenditures as a share of income by [exp(—0.0047) — 1] % 100 = —0.5 percentage points. This is
a reduction of approximately 6.4% of the average annual utility expenditures as a percentage
of income (which are equal to 7.8 percentage points, see Table B1). Utility expenditures as a
share of income of respondents living in a house with an A- or B-energy label are on average
[exp(—0.0088) — 1]« 100 = —0.9 percentage points lower. This leads to a reduction in the average
annual utility expenditure as a percentage of income by 11.5%.'* Interestingly, the marginal
effect of sorting into an energy-efficient home is larger in terms of usage than in euros for gas

and electricity consumption. This implies that the energy price that is being paid is lower in

13 An interesting alternative issue is given by Adelino and Robinson (2023). They argue that home improvements
typically coincide with other changes in the home, effectively reducing the benefits of energy savings. However, in
our dataset, these inside and outside changes are negatively correlated with home improvement. Controlling for
such changes reduces the effect of home improvement on energy consumption somewhat.

14We also explored the interaction effect between energy efficiency and home improvement, but the combined
effect is not statistically significant.
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case of sorting. One possible explanation is that households who sort themselves into more
energy-efficient housing get a more advantageous energy contract. However, we do not have
information on the exact contract the households have to investigate this future.

We also evaluate the heterogeneity of the effects of various types of home improvement on
utility expenditures. The results, which are reported in Appendix G, indicate that solar panel
installation leads to the largest reduction in utility expenditures as a share of income, while
double glass installation does not appear to lead to a statistically significant reduction in utility
expenditures. We also explore the heterogeneity in the effect of distinct energy labels on utility
expenditures. The results reveal that utility expenditures are significantly lower for houses with
an A-, B-, or C-energy label. Additionally, households living in a house with an D-, E- of F-label
also have significantly lower utility expenditures compared to households who live in a house
with a G-label.

The average annual reduction in utility expenditures resulting from home improvements
(0.5% of income) and living an energy-efficient home (0.9% of income) amounts to 587 euros,
which constitutes 25.9% of the average total utility expenditures. We determine the present
value of the average savings, which is given in Table 7. Based on an investment horizon of 15
years and a real interest rate rate p, of 5%, the present value of savings is 6,093 euros.'® These
savings amount to 3.2% of median wealth (and 17.1% of median net wealth) in the Netherlands
in 2018, with sorting explaining 65% of these savings.'6

Although the costs for making home improvements can vary substantially over suppliers,
time, and type of home improvement, for a standard row house placing double glass can easily
cost 2,000-3,000 euros, solar panels can be 3,000-4,000 euros. Buying an energy label A house
instead of an energy label D house costs about 5,000 euros extra (Aydin and Brounen, 2016). So
taking our baseline energy savings and a 3,000 (9,000) euros investment cost (for both sorting

and some home improvement), suggests an annualized return of 4.8% (-2.6%).'"

15In comparison, Fowlie et al. (2018) report an average life-span of home improvements of 16 years and use a
3%-7% discount rate.

We conduct a similar exercise using the 2006 data (see Appendix F). In 2006, energy savings amount to
12.3% of the median net wealth based on aggregate wealth data from Statistics Netherlands.

"The investment horizon of certain home improvement may be longer, so it might well be a more favorable
investment opportunity (see for example the returns to isolation as estimated by Kattenberg et al., 2023).
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TABLE 6 — THE EFFECT ON ENERGY CONSUMPTION (2018)

(1) (2) (3) (4) (5) (6) (7)
Gas/Income Electricity /Income Water /Income Utility /Income

in euros  usage (in m®)  in euros  usage (in KWh)  in euros  usage (in m?) in euros
Home Improvements -0.0023*** -0.0028*** -0.0021%** -0.0070%*** -0.0003*** -0.0002*** -0.0047%**

(0.0005) (0.0006) (0.0004) (0.0012) (0.0001) (0.0001) (0.0005)
Energy Efficiency -0.0076*** -0.0113*** -0.0010** -0.0031*** -0.0003* -0.0002*** -0.0088***

(0.0006) (0.0007) (0.0005) (0.0017) (0.0001) (0.0001) (0.0008)
Household Characteristics Yes Yes Yes Yes Yes Yes Yes
House Characteristics Yes Yes Yes Yes Yes Yes Yes
ZIP-code FE Yes Yes Yes Yes Yes Yes Yes
Time FE Yes Yes Yes Yes Yes Yes Yes
Observations 53,805 53,805 53,809 53,809 53,821 53,821 53,782
Adjusted R-squared 0.082 0.079 0.048 0.028 0.028 0.018 0.108

Note: Estimation results for Eq. (7) for various types of energy expenditures, based on the WoON-survey (2018). We estimate the equation with OLS,
and include COROP-code fixed effects and time fixed effects. Standard errors are clustered at the COROP-level, *** p<0.01, ** p<0.05, * p<0.1.



TABLE 7 — PRESENT VALUE OF AVERAGE ENERGY SAVINGS (2018)

Investment horizon p=002 p=005 p=0.08
10-year horizon in euros 5,273 4,533 3,939
as % of median wealth 2.8 2.4 2.1
as % of median net wealth 14.8 12.7 11.1
15-year horizon in euros 7,543 6,093 5,024
as % of median wealth 3.9 3.2 2.6
as % of median net wealth 21.2 17.1 14.1
20-year horizon in euros 9,598 7,315 5,763
as % of median wealth 5.0 3.8 3.0
as % of median net wealth 27.0 20.6 16.2

Note: Based the WoON-survey (2018). The real interest rate is based on a nominal interest
rate of 4, 7 and 10% respectively, and an inflation rate of 2%.

6.6.  Wealth inequality, CO emissions, and public policy scenarios

In this section, we consider the effects of savings related to energy efficiency on the distribution
of wealth and CO2 benefits. Panel A reports the current footprint per quartile of income.
Households in the first quartile spend much more on utilities (11.4%) than households in the
upper quartile (3.8%). They also have relatively high gas expenditures. In terms of actual energy
usage, households in the upper quartile use 1.5 times more gas, almost 2 times more electricity,
and more than 2 times more water, than households in the lower quartile.

Using a m? gas to MMBTU conversion factor of 0,0366, a KWh electricity to MMBTU
conversion factor of 0,003404, a MMBTU to CO2 conversion factor of 53,07kg, and 0.4kg CO2
per cubic meter of water, we can calculate the CO2 emissions associated with the energy usage.'®
Fowlie et al. (2018) report an abatement cost per ton of CO2 of 201 to 285 dollars and an
average life span of 16 years for home improvements. Kikstra reports social costs of CO2 of
185-200 dollars based on the SSP1-1.9 en SSP1-2.6 climate scenarios, which are in line with the
Paris Climate Agreement and incorporate climate feedback and economic forces. Based on these
estimates, we use a cost of CO2 of 200 dollars (*0.92 = 185 euros) per ton of CO2. Then, our
findings indicate that households in the upper quartile of income emit about 7,500 euros of CO2

which is about 1.5 more than household in the lowest quantile.

BFor the gas and electricity conversion factors, we use a Dutch source (www.energieconsultant.nl) but the
numbers are similar if we look at the U.S. Energy Information Administration (EIA). The MMBTU to CO2
conversion factor comes from the EIA. The CO2 per cubic meter is 0.34 - 0.46 kg according to www.brightest.io.
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We use a similar approach to examine what the energy savings and CO2 gains are as the
results of the current distribution of home improvement and sorting and using the estimates
in Table 6. The results are reported in Panel B. The key finding is that although low-income
households may be less likely to make home improvements and, when they do, the nominal PV
of energy savings is relatively low, the amount they save relative to their wealth is particularly
high. For the lowest quartile of income, the energy savings are 26.9% (35.5%) of (net) wealth
while it is only 3.0% (7.3%) for the upper quartile. Instead, we find the opposite for CO2
savings. Households in the upper quartile save about 4 times more (4,000 euros versus 1,000
euros) given their current state of energy efficiency (sorting + home improvement) and their
total savings (2.7 billion euros) represent 49.5% of the overall savings within a time frame of 15
years. Additionally, the remaining CO2 benefits in the upper quartile based on houses that are
not yet energy efficient represent 38.0% (3.9 billion euros) of the overall remaining CO2 benefits
and 90.5% of those benefits come from the owner-occupied housing sector. The difference in
the distribution in energy savings and wealth, on the one hand, and CO2 benefits, on the other,
underlies the policy trade-off which we turn to next.

Panel C reports the current level of (net) wealth inequality (Gini coefficient) and a welfare
equivalent that weights in poverty more heavily (Atkinson index). To be more precise, the
Atkinson index includes the inequality aversion parameter e. A low level of aversion is when
e = 0.5, and a relatively high one when e = 1.0. Even higher aversion parameters tend to
give results close to perfect inequality (i.e., index value of 1). Both indices are between 0 and
1 but we rescaled them to be between 0 and 100. The post (15 years) column indicates the
level of inequality based on the current level of sorting into energy-efficient homes and home
improvements. Surprisingly, both the net and overall wealth Gini-coefficients are expected to
decrease over a 15-year, forward-looking, horizon. For example, the net wealth Gini-coefficient
decreases from 77.0 in 2018 based on the actual wealth distribution to 76.1 (about -1.2%) based
on the expected accumulated savings over a 15-year horizon.!” Even though households in the
higher quartiles are more likely to make home improvements and the CO2 benefits are nominally
the highest, this is outweighed by the fact that households in the lowest quartile gain relatively

more from having an energy-efficient house. This is even more salient when we look at the

This is based on the assumption that all energy savings are saved. Therefore, the impact on the wealth
distribution should be seen as ’consumption equivalent’ wealth. In addition, we ignore the additional impact on
house prices, as this should (at least in part) be a reflection of the accumulated savings.
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Atkinson indices.

Next, we determine the implications of various policy scenarios given our estimation re-
sults. Policy 1 provides households within the lowest quartile that do not have an energy-
efficient house and/or have done home improvements recently (i.e., Home improvement, , and/or
Energy efficiency; ; equals zero in Eq. (7)) an energy-efficient house. Policy 2 does the same
for households below the median income. Policy 3 provides an energy-efficient house to all
households. That is, after the policy, there is no difference in the level and adjustment rate of
energy efficiency between households.

Policy 1 does not appear to reduce inequality (compared to the status quo), although it does
seem to reduce poverty (Atkinson indices). Importantly, this policy only captures 17% of the
overall potential CO2 benefits, leaving 83% unrealized (of which most are in the owner-occupied
sector, see Panel B). Under Policy 2 the inequality-reducing effects become stronger, but 63% of
the CO2 benefits remain unrealized, as these benefits stem from the upper part of the income
distribution. Policy 3 performs best in terms of inequality and poverty reduction and also
captures the most CO2 benefits. These results imply that, if the goal is to achieve climate goals,
policy makers should also incentivize households with an above-median income. This does not
necessarily mean that we should subsidize rich households, but that we need to consider how to
incentivize them (for example, through taxes or higher prices), as high-income households are
also typically brown households.

Although the costs of such policies are difficult to estimate, Panel C also provides some
indication about the costs. For our baseline, we assume that obtaining an energy-efficient house
(through sorting or home improvements or a combination of both) costs 6,000 euros. We use a
lower bound of 3,000 euros and upper bound of 9,000 euros.? First, it is important to note that
in all policies the costs substantially outweigh the CO2 savings except for the low-cost scenario.
This implies that changes in economic conditions and technological progress (leading to lowers
costs) or a higher social costs of CO2 can make some of these policies worthwhile if the focus
lies only on CO2 benefits (i.e., not factoring in poverty or inequality considerations), but these

policies may currently not be very cost-efficient, which is in line with Fowlie et al. (2018).

Towlie et al. (2018) report a retrofit cost of 4,585 dollars.
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TABLE 8 — DISTRIBUTION OF WEALTH, ENERGY SAVINGS, AND CO2 BENEFITS (2018)

Panel A: Current footprint per quartile of income

15% Quartile

274 Quartile

374 Quartile

4th Quartile

Mean Income (euros) 18,810 31,359 45,856 78,184
Utility costs (as % of income) 11.4 6.8 5.3 3.8
Gas costs (as % of utility costs) 52.4 51.5 50.4 50.5
Electricity costs (as % of utility costs) 39.5 40.2 411 41.2
Water costs (as % of utility costs) 8.1 8.3 8.4 8.3
CO2 emissions (euros, 15 years) 4,629 5,449 6,300 7,453
Gas (m?3/year) 1,131 1,313 1,487 1,754
Electricity (kWh/year) 2,118 2,683 3,314 3,984
Water (m? /year) 71 96 120 143
Panel B: Savings per quartile of income
PV of energy savings (euros, 15 years) 2,637 4,396 6,428 10,960
as % of median wealth 26.9 2.4 2.6 3.0
as % of median net wealth 35.5 7.1 7.2 7.3
PV of CO2 savings (euros, 15 years) 972 1,612 2,358 4,020
Total PV CO2 (mil. euros, 15 years) 582 839 1,297 2,705
as % of overall PV 10.7 15.4 23.7 49.5
Remaining CO2 savings (mil. euros, 15 years) 1,764 2,060 2,614 3,944
as % of overall remaining PV 17.0 19.8 25.2 38.0
in owner-occupied housing (%) 17.2 58.0 80.0 90.5
in social housing (%) 57.8 27.3 11.5 3.9

Panel C: Policy scenarios

Policy 1: The first quartile of income gets an energy-efficient house and home improvement.
Policy 2: Below median income gets an energy-efficient house and home improvement.
Policy 3: FEveryone has the same energy-efficient house and the same level of home improvement.

Post (15 years) Policy 1 Policy 2 Policy 3
Inequality & Poverty
Wealth Gini (current: 57.6) 57.3 (-0.5%)  57.4 (-0.3%) 57.2 (-0.7%) 56.7 (-1.6%)
Net Wealth Gini (current: 77.0) 76.1 (-1.2%)  76.6 (-0.5%) 76.2 (-1.0%) 744 (-3.4%)
Wealth Atkinson(e = 0.5, current: 33.7) 33.3 (-1.2%)  33.2 (-1.5%) 32.8 (-2.7%) 31.9 (-5.3%)
Net Wealth Atkinson(e = 0.5, current: 38.7) 38.5 (-0.5%)  38.6 (-0.3%) 38.5 (-0.5%) 37.8 (-2.3%)
Wealth Atkinson(e = 1.0, current: 74.8) 71.7 (-4.1%)  70.5 (-5.7%) 68.6 (-8.3%) 65.5 (-12.4%)
Net Wealth Atkinson(e = 1.0, current: 74.2) 72.6 (-2.9%)  71.7 (-3.4%) 70.9 (-4.4%) 69.0 (-7.0%)
Climate
CO2 savings (mil. euros, 15 years) 8,962 +1,764 43,824 +10,382
as % of all potential savings (Policy 3) - 17.0 36.8 100.0
Costs
100% funding (costs in bil. euros) 14.1 24.2 41.7
Low costs (3,000 euros per house) 7.1 12.1 20.9
High costs (9,000 euros per house) 21.2 36.4 62.6

Note: Based on the WoON-survey (2018). In panel A, we used a m? gas to MMBTU conversion factor of 0.0366, a
KWh electricity to MMBTU conversion factor of 0.003404, and a MMBTU to CO2 conversion factor of 53.07kg. We
assume 0.4kg CO2 per cubic meter of water and a social cost of CO2 of 200 dollars (185 euros). In panels B and C, we
use a 15-year investment horizon and a 5% discount rate. In panel B, the total and remaining savings, and in panel C,
the inequality indices, CO2 savings, and funding costs are calculated using sampling weights. The calculations in panels
B and C are based on the estimates shown in Table 6. The costs in panel C are based on 6,000 euros per household,
where 9,000 is used as an upper bound and 3,000 euros as a lower bound.
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If we look at the highest impact in terms of inequality index (relative to the status quo),
which is the Atkinson of wealth, and examine the effects per billion euro invested, Policy 1 leads
to 0.11% reduction in the Atkinson index and 0.13 billion euros CO2 savings, Policy 2 leads to
0.17% reduction in the Atkinson index and 0.16 billion euros CO2 savings, and Policy 3 leads to
0.20% reduction in the Atkinson index and 0.25 billion euros CO2 savings. Hence, our conclusion

remains the same when considering the results per (billion) euros invested.

7. Conclusion

The transition to a green economy requires fundamental changes in the way in which firms produce,
but also in the way in which households live. This paper sheds light on the critical intersection
between household income, housing, and the transition to a green economy. Our results reveal
that high-income households are more likely to make energy-efficient home improvements and
tend to sort into energy-efficient homes. Both of these effects accumulate to 17% of median net
wealth over a 15-year horizon. Most of this effect, about 65%, is not due to actively improving
the energy efficiency of the existing home, but by presorting into energy-efficient homes. Hence,
buying energy-efficient housing appears to be a key channel through which households become
green.

While high-income households contribute to a more sustainable living environment, the
rate at which households become green is not equally distributed throughout society. Yet,
unexpectedly, we find that wealth inequality will most likely decrease as a result. Although
the level of wealth benefits for households at the bottom of the wealth distribution is lower
and they are less likely to realize these benefits, the benefits they do receive by living in an
energy-efficient home are disproportionately high relative to their wealth. However, we find
that wealth inequality could be even lower if all households become green at the same pace.
Moreover, if we try to alleviate poverty and shelter households below the median income against
climate risk, it comes at the cost of less effectively reducing CO2 because 63% of the potential
CO2 benefits are in the above median income group. This is even 83% when policy only focuses
on the lowest quartile of income.

Although our study emphasizes the economic relevance of sustainable living choices, it also

underscores the importance of recognizing the unequal distribution of efforts toward sustainability
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and the subsequent impact on the accumulation and distribution of wealth. As societies make
efforts to mitigate climate change, it becomes imperative to design policies that not only promote

ecological responsibility but also ensure an equitable transition to a green economy.
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Appendix A. Household Optimization Problem

Households maximize lifetime utility subject to their budget constraints. In the first period,
households spend their income on purchasing housing capital and investing in energy efficiency,
and save any remaining income. In the second period, households purchase energy and spend the
remainder of their savings, including the resale value of their housing capital, on the purchase of
the non-durable consumption good.

_ o B 1-a—p
max Ui, €1, Hig) = ¢y Hy ey iy (A1)
Cit41,€4,¢041,X4,¢,H5 4,5 ¢ o

0
s.t. (yz + Am) < <p + 2X12,t> Hiﬂg + Si,t

Ciatr1 S (1 4+7)Sie+ (p— (1 —Xi4)q - €ipq1) - Hiy

Cit415€it4+1,Xit, Hip >0

The equilibrium is characterized by a system of equations. Specifically, the optimal investment

in energy efficiency for a given household ¢ in period ¢ is given by

* q- €
R a A2
Xz7t 0 - (1—|—7")’ ( )

which increases in the price of energy, ¢, as well as the amount of energy consumed, e; ;4 1.

The optimal demand for energy is given by

(I—a—=p5) ¢
¥ o= T A3
61,t+1 O[(l _ X;:t) K q K H:t ( )
and the optimal demand housing is given by
et
H:t _ B i,t+1 , (A4)
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The demand for the consumption good follows from the time ¢ 4+ 1-spending constraint:
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ciy=1+r) ((Z/z + Aiy) — (P + 2’9‘,%) i,t) + (p —(1=x5,)q- ei,t+1) - Hjy (A5)

Al



Appendix B.

TABLE B1 — HOUSEHOLD, HOUSE CHARACTERISTICS, AND ENERGY EXPENDITURES (2018).

Descriptive Statistics, WoON (2018)

Variable Mean SD Min Max
Household Characteristics

Spendable household inc.(euros) 43,490.049  31,203.402 11.000 1274501
Total wealth 264,771 299,400 0 249,8334
Net wealth 152,846 250,575 -199,918 1,994,929
Age 17-24 0.023 0.149

Age 25-34 0.133 0.340

Age 35-44 0.146 0.353

Age 45-54 0.193 0.395

Age 55-64 0.202 0.401

Age 65-74 0.180 0.384

Age 75+ 0.123 0.328

Young child 0.086 0.281

Partner 0.613 0.487

Higher education 0.338 0.473

House Characteristics

House size (sq. mtr) 123.925 68.824 14.000 1,000.000
Construction < 1945 0.171 0.376

Construction 1945-1959 0.090 0.286

Construction 1960-1969 0.135 0.341

Construction 1970 - 1979 0.179 0.383

Construction 1980 - 1989 0.154 0.361

Construction 1990 - 1999 0.123 0.329

Construction 2000 - 2009 0.096 0.295

Construction > 2010 0.052 0.223

Single-standing 0.160 0.367

Two under one roof 0.144 0.351

Corner 0.130 0.336

Row and other 0.295 0.456

Flat 0.272 0.445

Sector

Social 0.247 0.431

Rent 0.091 0.288

Occupied 0.662 0.473

Energy expenditures

Annual gas expenditures (euros) 1,156.493 513.065  227.280 6,275.760
as part of income 0.036 0.047 0.001 1.935
Annual electricity expenditures (euros) 923.594 345.136  290.520 2,660.160
as part of income 0.028 0.039 0.001 1.955
Annual water expenditures (euros) 188.391 55.663 96.240 597.240
as part of income 0.006 0.008 0.000 0.486
Utility expenditures (euros) 2,268.478 747.883  624.120 8,822.400
as part of income 0.068 0.065 0.002 1.961
Heating type 1.777 1.789 1.000 8.000
Number of persons in hh 2.230 1.173 1.000 5.000

Note: Based on 56,283 observations from the WoON-survey (2018). For for net wealth, we have
55,418 observations. We restrict all energy expenditures as a share of income to be at most equal

to two. We have 8 dummies for the different heating types (central heating boiler, wood-burning

heating device, pellet stove, gas heater, heat pump, block/district heating, city heating, other). In

our sample, 88% of respondents have a central heating boiler. The variable 'heating type’ displays

the average heating type.
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TABLE B2 — ENERGY EFFICIENCY AND HOME IMPROVEMENTS (2018)

Variable Energy Eff. A-Label B-Label C-Label D-Label E-Label F-Label G-Label
Mean (Overall) 0.243 0.089 0.155 0.310 0.076 0.130 0.113 0.128
Social 0.198 0.090 0.108 0.365 0.048 0.265 0.077 0.047
Rent 0.198 0.085 0.114 0.226 0.030 0.192 0.070 0.283
Owner-occupied 0.266 0.089 0.177 0.300 0.092 0.071 0.132 0.140
Variable Home Improv. Glass Isolation Solar Boiler Other
Mean (Overall 0.568 0.263 0.196 0.085 0.346 0.089
Social 0.497 0.248 0.144 0.054 0.308 0.048
Rent 0.383 0.186 0.091 0.024 0.228 0.043
Owner-occupied 0.620 0.279 0.232 0.105 0.376 0.111

Note: Based on 56,283 observations from WoON-survey (2018). Home improvements-variable is a binary variable equal
to 1 if a household has undertaken at least one type of home improvement measure in the last 5 years (double glazing,
roof, wall or floor insulation, the installation of solar panels, or the installation of boiler panels, or other energy-saving
facilities), and zero otherwise. Energy efficiency-variable is a binary variable based on the energy label of the house and
equal to 1 if a household lives in a house with an A or B energy label, and zero otherwise. Energy labels range from A to
G, with A being the most energy-efficient, G the least efficient.



Appendix C.

Robustness: Effect of Income, WoON (2006)

TABLE C1 — INSTRUMENTAL VARIABLES REGRESSION (2006)

First Stage

Second Stage

VARIABLES Income (log) Home Improv. Energy Eff.
Divorce -0.1938***

(0.0206)
Marriage 0.2054***

(0.0151)
Income (log) 0.0924* 0.0778*

(0.0500) (0.0416)

Weak Instruments (F-statistic) 194
Hansen J (Xz) 1.367 0.699
p-value 0.242 0.403
Household Characteristics Yes Yes Yes
House Characteristics Yes Yes Yes
Location FE Yes Yes Yes
Time FE Yes Yes Yes
Observations 53,717 53,717 53,717
Adjusted R-squared 0.395 0.023 0.045

Note: Based on the WoON-survey (2006). The second-stage estimation results for Eq. (5)
and Eq. (6) are reported in columns (2) and (3). We instrument income based on whether

the reason for moving was a divorce or marriage (column 1). Standard errors are clustered
at the municipality-level, *** p<0.01, ** p<0.05, * p<0.1.

TABLE C2 — DIFFERENT SPATIAL SCALE OF FIXED EFFECTS (2006)

(1) (2) 3) (4) (5) (6)
Home Improvements Energy Efficiency
Spatial Scale COROP  MUNICIP. ZIPCODE COROP MUNICIP. ZIPCODE
Income (log) 0.0288***  (0.0285*** 0.0268***  (0.0285***  (.0279*** 0.0331%**
(0.004) (0.004) (0.004) (0.004) (0.004) (0.004)
Household Characteristics Yes Yes Yes Yes Yes Yes
House Characteristics Yes Yes Yes Yes Yes Yes
Location FE Yes Yes Yes Yes Yes Yes
Time FE Yes Yes Yes Yes Yes Yes
Observations 54,173 54,173 54,173 54,173 54,173 54,173
Adjusted R-squared 0.037 0.039 0.048 0.101 0.104 0.120

Note: Estimation results for Eq. (5) (columns 1-3) and Eq. (6) (columns 4-6), based on the WoON-survey
(2006). We estimate the equations with OLS using (i) COROP, (ii) municipality and (iii) ZIP-code level
fixed effects. Standard errors are clustered at the municipality-level, *** p<0.01, ** p<0.05, * p<0.1.
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TABLE C3 — LoGIT, MULTINOMIAL LOGIT, AND NESTED LoGIT (2006)

Logit Logit Multinomial Logit Nested Logit

Home Imp. Energy Eff. En. Eff. (N) En. Eff. (N) En. Eff. (Y) En. Eff. (Y) En. Eff. (N) En. Eff. (N) En. Eff. (Y) En. Eff. (Y)
H. Imp. (N) H.Imp. (Y) H.Imp. (N) H.Imp. (Y) H.Imp. (N) H. Imp. (Y) H.Imp. (N) H. Imp. (Y)

Income (log) 0.2157%** 0.1406*** - 0.1136** 0.2039%** 0.3365%*** - 0.1942 0.0583* 0.8518%**
(0.039) (0.021) (0.052) (0.040) (0.043) (1.737) (0.033) (0.151)

Household Char. Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
House Char. Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Municipality FE Yes Yes No No No No No No No No
COROP FE No No Yes Yes Yes Yes No No No No
Province FE No No No No No No Yes Yes Yes Yes
Time FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Observations 52,786 54,088 54,173 54,173

Pseudo R-squared 0.178 0.060 0.101 0.013

¢

Note: Logit, multinomial logit, and nested logit results for Eq. (5) and (6), based on the WoON-survey (2006). We estimate the equations with maximum likelihood. We
report the log odds ratio effect of a standard deviation change in income (evaluated at the mean). The logit models include municipality fixed effects, the multinomial logit
model region (COROP) fixed effects and the nested logit model province fixed effect. Standard errors are clustered at the COROP level, *** p<0.01, ** p<0.05, * p<0.1.



TABLE C4 — OTHER ROBUSTNESS CHECKS (2006)

Family Structure Recent Movers Winter Unobserved House Char. Sampling Weights
VARIABLES Home Imp. Energy Eff. Home Imp. Energy Eff. Home Imp. Energy Eff. Home Imp. Energy Eff. Home Imp. Energy Eff.
Income (log) 0.0187*** 0.0216*** 0.044* 0.048** 0.0277*** 0.0364*** 0.015* 0.032%** 0.0252%*** 0.0313***
(0.005) (0.004) (0.025) (0.023) (0.006) (0.006) (0.008) (0.006) (0.005) (0.005)
Partner 0.0166*** 0.0236***
(0.004) (0.004)
Unobserved House Char. 0.003 0.012
(0.012) (0.008)
Household Char. Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
House Char. Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
ZIP code FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Time FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Observations 54,173 54,173 3,443 3,443 26,551 26,551 21,472 21,472 54,173 54,173
Adjusted R-squared 0.049 0.121 0.194 0.108 0.044 0.119 0.057 0.120 0.082 0.160

€0

Note: Robustness tests for Eq. (5) and (6), based on the WoON-survey (2006). We verify the robustness of our results against (i) controlling for family structure, (ii) focusing
a sub-sample of recent movers, (iii) focusing on a sub-sample of households surveyed during the Winter, (iv) controlling for unobserved house characteristics, and (v) including
sampling weights. Results for Eq. (5) are reported in the first column and for Eq. (6) in the second column, respectively. We estimate both equations with OLS, and include
ZIP-code fixed effects and time fixed effects. Standard errors are clustered at the municipality-level, *** p<0.01, ** p<0.05, * p<0.1.
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Appendix D.

Replication of Baseline Regressions, WoON (2018)

TABLE D1 — REPLICATION BASELINE RESULTS

(1) (2) (3) (4) (5) (6) (7) (8) 9) (10)
Home Improvements Energy Efficiency
Baseline Sector Social rent  Free rent Owner-Occupied Baseline Sector Social rent  Free rent  Owner-Occupied
Income (log) 0.0698***  (.0523*** 0.0388***  (.0248** 0.0598*** 0.0581***  (.0531*** 0.0348***  (.0281*** 0.0601***
(0.005) (0.005) (0.013) (0.010) (0.006) (0.008) (0.007) (0.009) (0.009) (0.007)
Social -0.0560*** -0.0097
(0.008) (0.013)
Rent -0.1385%** -0.0583***
(0.008) (0.007)
Household Characteristics Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
House Characteristics Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
ZIP-code FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Time FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Observations 56,283 56,283 13,885 5,131 37,267 54,170 54,170 13,572 4,832 35,766
Adjusted R-squared 0.091 0.096 0.073 0.050 0.083 0.064 0.066 0.056 0.033 0.076

Note: Estimation results for Eq. (5) (columns 1 - 5) and Eq. (6) (columns 6 - 7), based on the WoON-survey (2018). We estimate
both equations with OLS, and include COROP-code fixed effects and time fixed effects. Standard errors are clustered at the
COROP-level, *** p<0.01, ** p<0.05, * p<0.1.



Appendix E. Home Improvement and Subsidies, WoON (2018)

TABLE E1 — HOME IMPROVEMENT AND SUBSIDIES (2018)

TH

(1) (2) 3) (4) (5) (6)
VARIABLES Home Improv. Double Glass  Isolation Solar Boiler Other
Income (log) 0.1420%** 0.0670*** 0.0545%*%*  0.0221*%**  0.0942***  (.0308***
(0.007) (0.004) (0.004) (0.002) (0.005) (0.002)
Subsidy (yes/no) 0.4316%** 0.2031*+* 0.2714%F%  0.5155***  0.1124***  (.1011%**
(0.008) (0.012) (0.026) (0.025) (0.008) (0.007)
Household Characteristics Yes Yes Yes Yes Yes Yes
House Characteristics Yes Yes Yes Yes Yes Yes
ZIP-code FE Yes Yes Yes Yes Yes Yes
Time FE Yes Yes Yes Yes Yes Yes
Observations 46,466 46,466 46,466 46,466 46,466 46,466
Adjusted R-squared 0.235 0.110 0.158 0.277 0.100 0.032

Note: Estimation results for Eq. (5) for various types of home improvement, based on the WoON-survey (2018). We
estimate the equation with OLS, and include COROP-code fixed effects and time fixed effects. Standard errors are
clustered at the COROP-level, *** p<0.01, ** p<0.05, * p<0.1.



Appendix F. Reasons for Home Improvement, WoON (2018)

TABLE F1 — REASONS FOR DOING AND NOT DoOING HOME IMPROVEMENTS

VARIABLES Observations Mean Std. Dev.
Necessary due to maintenance (1A) 23,485 0.426 0.494
Investment pays off (1B) 23,485 0.242 0.428
Make the home more pleasant (1C) 23,485 0.204 0.403
Environmental considerations (1D) 23,485 0.064 0.244
Agreed in homeowner’s association (1E) 23,485 0.012 0.110
Enhance marketability of the home (1F) 23,485 0.011 0.106
Other reasons (1G) 23,485 0.0401 0.197

Panel A. Reasons for undertaking energy efficiency-enhancing home improvements.
Note: Based on Dutch survey data (WoON-survey) from 2018.

VARIABLES Observations Mean Std. Dev.
Home is already energy efficient (2A) 11,310 0.384 0.486
Outside of my budget (2B) 11,310 0.167 0.373
Savings are insufficient (2C) 11,310 0.124 0.329
Don’t know what the possibilities are (2D) 11,310 0.055 0.227
Don’t want to renovate (2E) 11,310 0.069 0.253
Homeowner’s association doesn’t want this (2F) 11,310 0.020 0.141
Didn’t get to it yet (2G) 11,310 0.224 0.417
Planning to move (2H) 11,310 0.060 0.238
Others (21) 11,310 0.131 0.338

Panel B. Reasons for not undertaking energy efficiency-enhancing home improvements.
Note: Based on the WoON-survey (2018).
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TABLE F2 — REASONS FOR UNDERTAKING HOME IMPROVEMENTS (REGRESSION RESULTS)

(1) (2) (3) (4) (5) (6) (7)

VARIABLES 1A 1B 1C 1D 1E 1F 1G
Income (log) -0.0451%%*  0.0012  0.0212***  0.0266*** 0.0026* -0.0018 -0.0048
(0.011) (0.008) (0.006) (0.004) (0.001)  (0.002) (0.004)

Household Characteristics Yes Yes Yes Yes Yes Yes Yes

House Characteristics Yes Yes Yes Yes Yes Yes Yes

ZIP-code FE Yes Yes Yes Yes Yes Yes Yes

Time FE Yes Yes Yes Yes Yes Yes Yes
Observations 23,104 23,104 23,104 23,104 23,104 23,104 23,104
Adjusted R-squared 0.039 0.028 0.033 0.032 0.109 0.002 0.034

¢cd

Panel A. Reasons for undertaking energy efficiency enhancing home improvements.

Note: Estimation results for the various reasons to undertake home improvements, based on the WoON-survey
(2018). We estimate the equation with OLS, and include COROP-code fixed effects and time fixed effects. Standard
errors are clustered at the COROP-level, *** p<0.01, ** p<0.05, * p<0.1.
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TABLE F3 — REASONS FOR NOT UNDERTAKING HOME IMPROVEMENTS (REGRESSIONS RESULTS)

(1) (2) (3) (4) (5) (6) (7) (8) (9)

VARIABLES 2A 2B 2C 2D 2E 2F 2G 2H 21
Income (log) 0.0340***  -0.0980***  0.0176*** -0.0008 -0.0024 0.0013 0.0346*** 0.0118***  (0.0006
(0.009) (0.008) (0.006) (0.005)  (0.005) (0.003) (0.008) (0.004) (0.007)

Household Characteristics Yes Yes Yes Yes Yes Yes Yes Yes Yes

House Characteristics Yes Yes Yes Yes Yes Yes Yes Yes Yes

ZIP-code FE Yes Yes Yes Yes Yes Yes Yes Yes Yes

Time FE Yes Yes Yes Yes Yes Yes Yes Yes Yes
Observations 11,109 11,109 11,109 11,109 11,109 11,109 11,109 11,109 11,109
Adjusted R-squared 0.134 0.059 0.021 0.012 0.020 0.110 0.059 0.006 0.017

Panel B. Reasons for not undertaking energy efficiency enhancing home improvements.

Note: Estimation results for the various reasons not to undertake home improvements, based on the WoON-survey
(2018). We estimate the equation with OLS, and include COROP-code fixed effects and time fixed effects. Standard
errors are clustered at the COROP-level, *** p<0.01, ** p<0.05, * p<0.1.



Appendix G. Energy Expenditure Regressions, WoON (2006, 2018)

TABLE G1 — ENERGY EXPENDITURE REGRESSIONS (2006)

(1) (2) (3) (4)

VARIABLES Gas/Income  Electricity/Income  Water/Income  Utility /Income
Home improvements -0.0012%** -0.0011%** -0.0002*** -0.0026***

(0.000) (0.000) (0.000) (0.001)
Energy efficiency -0.0070*** -0.0027*** -0.0005*** -0.0100***

(0.001) (0.001) (0.000) (0.001)
Household Characteristics Yes Yes Yes Yes
House Characteristics Yes Yes Yes Yes
Location FE Yes Yes Yes Yes
Time FE Yes Yes Yes Yes
Observations 54,169 54,169 54,169 54,169
Adjusted R-squared 0.174 0.107 0.707 0.152

Note: Estimation results for Eq. (7) for various types of energy expenditure, based on the WoON-survey
(2006). We estimate the equation with OLS, and include ZIP-code fixed effects and time fixed effects.
Standard errors are clustered at the municipality-level, *** p<0.01, ** p<0.05, * p<0.1.

TABLE G2 — PRESENT VALUE OF AVERAGE SAVINGS (2006)

Investment horizon p=20.02 p=0.05 p = 0.08
10-year horizon in euros 3,512 3,019 2,624
as % of median net wealth 10.6 9.1 7.9
15-year horizon in euros 5,024 4,058 3,347
as % of median net wealth 15.2 12.3 10.1
20-year horizon in euros 6,393 4,873 3,839
as % of median net wealth 19.3 14.7 11.6

Note: Based on the WoON-survey (2006). We use median net wealth (which includes any
private residence) as reported by CBS in 2006, which is 33.100 euros. The real interest rate
is based on a nominal interest rate of 4, 7 and 10% respectively, and an inflation rate of 2%.
With a nominal interest rate of 7%, the payback period is 10 years.
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TABLE G3 — ENERGY EXPENDITURE REGRESSIONS (2018)

(1) (2) (3) (4)
VARIABLES Utility /Income  Utility /Income ~ Utility/Income  Utility /Income
Home improvements -0.0047*** -0.0049%**
(0.001) (0.001)
Double Glass -0.0004 -0.0005
(0.001) (0.001)
Isolation -0.0022%** -0.0031***
(0.001) (0.001)
Solar -0.0071%** -0.0066***
(0.001) (0.001)
Heating -0.0017*** -0.0016***
(0.001) (0.001)
Other -0.0031%** -0.0031***
(0.001) (0.001)
Energy Efficiency -0.0088*** -0.0086***
(0.001) (0.001)
A-Label -0.0161%** -0.0156%**
(0.002) (0.002)
B-Label -0.0141%** -0.0143%**
(0.002) (0.002)
C-Label -0.0100%** -0.0101%**
(0.001) (0.002)
D-Label -0.0042%** -0.0040%**
(0.001) (0.001)
E-Label -0.0050* -0.0050%*
(0.003) (0.003)
F-Label -0.0047%** -0.0047%**
(0.002) (0.002)
Household Characteristics Yes Yes Yes Yes
House Characteristics Yes Yes Yes Yes
ZIP-code FE Yes Yes Yes Yes
Time FE Yes Yes Yes Yes
Observations 53,822 53,822 53,822 53,822
Adjusted R-squared 0.002 0.001 0.002 0.001

Note: Estimation results for Eq. (7) for various types of energy expenditure, based on the WoON-
survey (2018). We estimate the equation with OLS, and include COROP-code fixed effects and time
fixed effects. Standard errors are clustered at the COROP-level, *** p<0.01, ** p<0.05, * p<0.1.
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