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Abstract: This article investigates the impact of fiscal and financial incentives for energy efficiency
labels on eco-friendly houses (houses with high energy efficiency certificates, such as A+, A, B,
and B—) in 18 municipalities in the Lisbon metropolitan region during the period 2014-2020. The
empirical results indicate that the variables of fiscal incentive policies for energy efficiency labels,
income per capita, credit agreements for the purchase or construction of a house, and the number
of completed dwellings in new constructions for family housing encourage eco-friendly houses. In
contrast, the variable number of completed reconstructions per 100 completed new constructions
has a negative impact. Although this study is constrained by data limitations resulting from the
short period under analysis and the moderate number of municipalities available, it advances the
discussions around energy efficiency in residential properties in Portugal. Furthermore, it investigates
the effectiveness of tax incentive policies for energy efficiency seals as an instrument for promoting
ecological houses in the municipalities of the Lisbon metropolitan area. Thus, the need to study the
Portuguese capital stands out as it is the most populous city in the country and concentrates a large
part of the economic activity.

Keywords: eco-friendly houses; econometrics; energy economics; energy efficiency; incentive policies;
Lisbon; Portugal; sustainability; statistical analysis

1. Introduction

The European Union’s (EU) energy policy aims to reduce total energy consumption
and achieve carbon neutrality, with numerous distinctive features. A critical part of the
policy is dedicated to reducing energy consumption and emissions in the residential sector,
primarily because of technological advancements in the renewable energy area that can
be applied in this particular sector [1]. EU established the legal framework for making
buildings more energy efficient, starting in 2010 to reach decarbonized buildings by 2050.
The EU residential sector is crucial for achieving EU targets in the environmental and
energy areas and creating more jobs in the green sector, alleviating poverty, improving
health conditions and increasing people’s comfort. The residential sector’s contribution
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to total world energy consumption is more than one third (25% in the EU), and to total
pollution up to (40%) [2]. Furthermore, the EU legal framework has introduced minimum
energy performance standards and released energy performance certificates to support
building renovations to achieve energy efficiency goals [3].

Many EU funds are allocated for innovation in technological processes, pilot plants,
and smart grids [4]. In addition, the European Investment Bank grants technical assistance
to support building investments. However, EU financial support varies across EU countries,
and so do the countries’ performances in renewable energy use in buildings [5]. As a result,
renewable energy in the building sector has increased in the EU. Nevertheless, it has
increased at a slower pace than in other sectors. The most significant shares are found
in Baltic countries, Balkan countries (such as Romania, Bulgaria, Slovenia, Croatia, and
Greece), Scandinavian countries (such as Sweden and Finland), as well as France, Germany,
and Italy [6,7].

Pollution has caused severe climate changes across the world, and buildings in South-
ern Europe cannot quickly adapt to these severe changes [8]. Increased heat waves during
the summertime require solutions for cooling the building space in this part of Europe. The
residential sector in Portugal represents a critical share (18%) of the country’s total energy
consumption, despite the share of total energy consumption in Southern Europe being
lower than in other European countries. This situation is due to Portugal’s reliance on
fossil fuels (around 75% of total energy consumption) and its vulnerability to severe climate
changes [9-12]. Portugal has many old buildings with low energy performance and high
energy consumption [13] that require significant renovation [11,14]. However, Portugal
ranks 2nd among the countries with the lowest energy consumption in the residential sector
in Europe, after Malta [15]. Despite this, Portugal’s programs for improving energy effi-
ciency are not as developed or performant as those of other European countries [16]. One
crucial program adopted by Portugal to achieve its 2050 targets for zero-carbon emissions
is the evaluation of buildings in terms of energy efficiency and the release of green-houses
certificates for houses with high energy efficiency [17]. Since 2009, all buildings in Portugal
must have an energy certificate, and the legislation for this was updated in 2013 [12].

Some previous researchers have linked low energy performance to Portuguese energy
poverty [18] and the high price level of electricity and gas for households compared to the
EU average [19]. Portugal is also one of the first countries to release energy performance
certificates for buildings [12]. In addition, some previous studies have shown that energy
efficiency programs and building performance tools are crucial for reducing total energy
consumption in the residential sector [20]. In contrast, others have found that financial or
fiscal subsidies or incentives are more effective in achieving this goal [9,21].

Previous research has shown that fiscal and credit incentives can support building reno-
vation, increase energy efficiency, and reduce energy consumption [9,22,23].
Fuinhas et al. [12] investigated the impact of energy policy in 19 Portuguese districts
between 2014 and 2021. They found that Gross Domestic Product (GDP) per capita nega-
tively impacted households with energy performance certificates, but the fiscal and financial
incentives or credit per capita had mixed impacts on households with energy performance
certificates. The income level was found to be insufficient for promoting high-efficiency
energy certificates for buildings. Some studies found that fiscal and financial subsidies
even impede energy-efficiency programs because of their continuous evolution and diver-
sity [24,25]. Despite mixed results in previous studies on the impact of fiscal and financial
incentives on energy-efficiency targets, the current research is essential in filling this gap.
The study aims to investigate the impact of fiscal/financial incentives on energy-efficiency
certificates for houses in Lisbon municipalities, using GDP per capita, credit granted for
house construction or purchase, number of new houses constructions, and number of
reconstructions as control variables. The study applies Ordinary Least Squares (OLS)
with the fixed effects method and Method of Moments Quantile Regression (MM-QR) for
18 municipalities in the Lisbon area between 2014 and 2020.

Thus, the contribution of this research is as follows:
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e [t aims to investigate whether fiscal and credit incentives can support building renova-
tions in Lisbon, where there are many old buildings, and if this can increase energy
efficiency and reduce energy consumption for households;

e Itaims to analyse the impact of economic growth, new dwelling constructions, and
the number of reconstructions on eco-friendly houses with certificates;

e Itapplies 2nd generation techniques for estimations, including a detailed analysis for
quantiles (MM-QR) to elaborate adequate and specific policy measures in this regard.

This research can support Portugal’s goal of decreasing its total energy consumption,
increasing energy efficiency, increasing the consumption of renewable energy sources, and
promoting technological advancements in the residential sector to achieve carbon neutrality
by 2050. It also addresses the severe effects of climate change that have significantly
impacted Southern Europe, particularly in the form of significant heat waves during
the last decade. This study aims to deepen the analysis carried out in previous studies
on the Portugal case [11,12] by introducing new control variables into the econometric
model, focusing on the municipalities of the Lisbon area, and applying new quantitative
methods in this field. Previous studies have yielded mixed results on the relationship
between fiscal and credit incentives and the increase in eco-friendly houses with energy
efficiency certificates, including those few existing studies that have been conducted on
Portugal, where the results have varied depending on the type of dwelling, with high-
energy efficiency and low-energy efficiency. Fiscal and credit incentives are expected to
support the increase in eco-friendly houses with energy efficiency certificates.

Section 2 presents the findings of previous studies on this topic, while Section 3
presents the applied methodology. Section 4 presents the results. Section 5 discusses the
results and correlates them with the findings of previous studies. Section 6 presents the
limitations and directions for future research. Finally, Section 7 presents the conclusions
and some policy recommendations.

2. Literature Review

Incentive policies to increase energy efficiency in the residential sector can take dif-
ferent forms, including direct and indirect incentives such as subsidies, tax exemptions,
direct grants, and research and development programs. Sarker et al. [26] investigated
the role of financial incentives in promoting energy efficiency in the industrial sector of
four Asian countries (India, Japan, China, and Indonesia). They found that market-based
instruments (MBIs) like white certificates and tendering schemes significantly reduced
energy intensity, while direct subsidies had limited results despite their high costs for the
government. Trotta [27], for England, using the survey data “England Housing” with
the probit model, found that households living in London were more likely to invest in
building retrofits than in the northeast. Additionally, the results found that households
that received a mortgage were more likely to invest in increasing the energy efficiency of
their homes than actual owners. Finally, Trotta et al. [9] evaluated energy efficiency in the
residential sector of Hungary, Finland, Italy, the United Kingdom (UK), and Spain. They
found that the UK has adopted a better range of private-sector policies and initiatives.

On the other hand, Finland’s lack of adequate policies led to increased energy con-
sumption. Hungary, Spain, and Italy used attractive financial incentives. Filippini et al. [22]
for the European Union (EU)-27 from 1996 to 2009 stated that the residential sector of the
European Union had a high potential to reduce energy consumption caused by inefficiency.
Financial incentives and performance standards also played an influential role in promoting
energy efficiency.

Noailly [28], for seven European countries from 1989 to 2004, found that a (10%) in-
crease in wall insulation standards led to a (3%) improvement in technological innovations.
Additionally, the increase in Research and Development (R&D) costs positively affected
energy efficiency, but the price did not significantly affect energy efficiency. Lakic et al. [29],
for Slovenian households in 2017, found that energy efficiency was the second most crucial
factor in property purchase after energy price. The results indicated that households paid
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more attention to energy efficiency when investment costs were higher. He and Chen [30]
found that subsidies positively affected the development of green buildings.

Additionally, the results showed that the subsidy paid to consumers had more positive
effects than the subsidy to developers, and the subsidy paid to consumers and developers
brought the most benefits for developers and the highest welfare. Villca-Pozo and Gonzales-
Bustos [31] found that tax incentives for energy efficiency were insufficient in a Spanish
housing energy efficiency study. Bonifaci and Copiello [32] investigated the effect of tax
incentive policies on energy efficiency in the residential sector in Italy. They found that
incentive policies could not fully promote minimum energy standards in buildings. Neveu
and Sherlock [33] found that tax credits for energy efficiency were vertically inequitable.
The results showed that taxpayers in states with colder weather claimed tax credits, while
taxpayers with higher electricity costs claimed more significant tax credit amounts. In a
study of Kuwait’s residential sector, Ameer and Krarti [34] stated that both households
and the government benefited from strict energy efficiency codes even under high energy
price subsidies.

Shen et al. [35] investigated the energy efficiency of buildings in seven selected coun-
tries and regions using three policy statements categories: mandatory, incentive, and
voluntary implementation tools. The authors found that different policy initiatives have
helped improve building efficiency. Chen and Hong [36] investigated suitable subsidy
policies for green building development. The results indicated that construction policies
influence subsidy policies and that removing asymmetric information can help create more
green areas and fewer subsidies. In a study for Italy, Alberini and Bigano [37] addressed
the effectiveness of energy efficiency incentive programs. The authors found that monetary
incentives, such as tax incentives, have more significant effects on replacing heating systems
with more efficient equipment than non-monetary incentives, such as potential reductions
in CO, emissions. Charlier [38], in a study for France using a Tobit model, found that
tenants have high energy costs due to energy-inefficient buildings. Because of their lower
income level than homeowners, they cannot invest in energy saving. Moreover, the results
indicated that the tax credit division in the tax incentives between owners and tenants
was inefficient. Dubois and Allacker [39] stated that subsidies for renovating residential
buildings with a partial energy increase led to worsening overall energy consumption
because it locks in energy-inefficient houses. The authors found that taxes on virgin land
use would have to be increased to convince people to invest in demolishing and rebuilding
old homes.

Pasichnyi et al. [40] assessed the quality of energy performance certificates (EPCs)
using Sweden’s data quality assurance method. The authors found that EPC data could
be improved by adding or revising EPC features and ensuring the interoperability of EPC
datasets. Murphy et al. [24] conducted a study to improve the energy performance of the
Netherlands and found that current policy instruments are unsuitable for improving the
long-term energy-saving performance of existing residential buildings. Linden et al. [41]
researched the residential sector of Switzerland and stated that extensive information cam-
paigns during the oil crisis of the 1970s and energy labelling of household appliances were
effective policy instruments in this sector. Tambach et al. [42] researched the Netherlands’
residential sector and stated that although existing policy instruments are appropriate to
some extent, additional policy instruments are needed to stimulate and pressure residential
renovation. Boza-Kiss et al. [43] evaluated the enhancement of energy efficiency of build-
ings. They found that although policy instruments such as product standards and labels
can have a high impact on energy savings, a clear prioritization of the policy instruments
reviewed is not possible in terms of cost-effectiveness. Nair et al. [44] conducted a study in
Sweden and stated that reducing household energy consumption was essential for most
homeowners. Personal characteristics such as education, income, age, and contextual factors,
including home age, past investment, and energy cost, influence homeowners’ preferences
for a particular energy efficiency measure. In Table 1, a summary of the literature review
is given.
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Table 1. Summary of literature review.
Authors Study Area Policy Instruments Finding
China, India, Indonesia, White certificates and tendering Marhket.-l.)ased 1nstr1'1rnents (MBIS) have
Sarker et al. [26] a significant effect in reducing energy
and Japan. schemes . .
intensity.

Households that receive a mortgage

England Combined data tend to invest more in

energy efficiency.

Trotta [27]

Interesting initiatives in Hungary, Spain
and Italy have been found, particularly

Trotta et al. [9]

in fiscal and

Hungary, Finland, Italy, the Private initiatives
financial incentives.

United Kingdom, and Spain
Financial incentives and performance

Filippini et al. [22]

Financial incentives and energy standards play an effective role in
performance standards h -
promoting energy efficiency.

European Union (EU)
An increase of (10%) in insulation

Noailly [28]

. Regu.lat'ory energy standards in standards for walls would likely result
Seven European countries buildings codes and energy . oy ; s L
tax in a (3%) increase in filing additional
axes patents.

When higher investment costs,
households tend to pay more attention

Laki¢ et al. [29] Slovenia Energy efficiency
to energy efficiency.
Subsidies paid to developers
alone, subsidies paid to Subsidies can be a positive incentive for

He and Chen [30]

China consumers alone, subsidies paid the development of green buildings.

to both, and no subsidy
Tax incentives have not effectively

reduced investment in home energy

Villca-Pozo and
Gonzales-Bustos [31]

. Tax incentives and aids adopted
Spain . . . - .
in the taxes efficiency improvements, particularly in
old construction.

Incentive policies alone may not be
sufficient to promote minimum energy

Bonifaci and Copiello [32]

Italy Tax rebates
standards in buildings.
Taxpayers in states with colder weather

Neveu and Sherlock [33]

tend to claim more extensive tax credits,
Tax credits while those with higher electricity costs
claim more significant tax credit

The United States
amounts.

Strict energy efficiency codes benefit
both households and

Ameer and Krarti [34]

Stringent energy

Kuwait .
efficiency codes
the government.

Different countries have made good

Shen et al. [35]

. Mandatory, incentive, and progress in improving buildings’ energy
Seven selected countries . . . ; . .
voluntary implementation tools efficiency by adopting various policy
instruments.

Factors such as policy benefits,
construction costs, transfer paid by the

Chen and Hong [36]

Subsidy policy end-user, and the developer’s
preferences will affect the design of the

China
subsidy policy.




Energies 2023, 16, 1839

6 of 20

Table 1. Cont.

Authors Study Area Policy Instruments Finding
Monetary incentives tend to affect
Alberini and Bigano [37] Ttaly Monetary. and ‘ replacing heating systems more than
non-monetary incentives non-monetary
incentives significantly.
Tax incentives for energy efficiency
Charlier [38] France Tax credits between owners and tenants are
inefficient.
Subsidies for renovation, . .
- " Increasing taxes on virgin land use may
subsidies for demolition, be necessary to persuade people to
Dubois and Allacker [39] China reconstruction projects, and . - yope peop’e’
1 s invest in demolishing and rebuilding
subsidies for building new houses
— old homes.
on virgin land
EPC data quality could be improved by
. . ) Energy performance certificates adding or revising EPC features and
Pasichnyi etal. [40] Sweden (EPCs) ensuring the interoperability of EPC
datasets.
Energy Performance Certificate, iri:gziztrleg ?:Ciiqlrﬁ)tf:;negisszrj
Murphy et al. [24] Netherlands covenants, economic, and . . Provins 8
- . residential buildings’ long-term
information tools -
energy-saving performance.
Combinations of information, . .
economic measures Information campaigns and energy
Linden et al. [41] Switzerland . . ! labelling of household appliances are
administrative measures, and X L
. effective policy instruments.
more user-friendly technology
While existing policy instruments may
be sufficient to some extent, additional
Tambach et al. [42] Netherlands Dutch energy transition policy policy instruments are necessary to
stimulate and encourage residential
renovation.
Product standards and labels can have a
Boza-Kiss et al. [43] European Union (EU) Product standards and labels significant impact on energy
conservation.
Education, income, age, and contextual
factors, including home age, past
Nair et al. [44] Sweden Investment and energy cost investment, and energy cost, influence

homeowners’ preference for using a
particular energy efficiency measure.

Although various studies have been conducted in different countries and regions
on the effects of financial incentives, to the best of our knowledge no study has been
conducted on the effects of financial incentives on energy efficiency in Lisbon, Portugal.
Additionally, in most studies, one or two variables (such as subsidies and tax exemptions)
have been considered financial incentives. However, this research’s financial incentive
includes grants, subsidies, and tax exemptions. On the other hand, in this research, the new
MM-QR econometric model and the OLS with fixed effect method are applied to estimate
the financial incentives for energy efficiency. Therefore, the next part of this research will
deal with the data presentation and the method used in this research.
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3. Data and Methods

This section presents the variables and methodological approach used. The first
subsection, 3.1, will describe the data and variables, while the second subsection, 3.2, will
outline the methodological approach.

3.1. Data

Eighteen municipalities from the Lisbon metropolitan area were selected to carry
out this examination, such as Alcochete, Almada, Amadora, Barreiro, Cascais, Lisbon,
Loures, Mafra, Moita, Montijo, Odivelas, Oeiras, Palmela, Seixal, Sesimbra, Setubal,
Sintra, and Vila Franca de Xira (see Figure 1 below).

Mafra

Loures
Odivelas
. Amadora
" Lisboa
Cascals  Ogiras Alcochete Montjo
Montijo
% ' Moita
Imada  Barreiro
Saixal Paimala
.g r-.
Setibal
Sesimbra

V. Franca De Xira

Figure 1. Illustrates the municipalities of the Lisbon metropolitan area. This figure was sourced from
Gongalves and Marreiros [45].

This group of municipalities was selected due to the significant number of eco-friendly
houses/dwellings in Portugal concentrated in this region. Moreover, this region receives
the most investments in the construction and reconstruction of homes. The period between
2014 and 2020 will be used in this study due to data availability for all municipalities. In
other words, this study is limited by the data used. In this empirical investigation, the
variables that will be used are presented in Table 2 below.
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Table 2. Variable acronyms, descriptions, and sources.

Acronyms

Description

Source

Dependent variable

GHC

Green or eco-friendly houses certificated.
This variable represents the number of
dwellings with high energy efficiency
certificate ratings, such as A+, A, B, and B—.

SCE [46]

Independent variables

GDP

GDP (base = 2016) for each municipality.
This variable was constructed by multiplying
the GDP of each region (25 NUTS III) by the
ratio of the population of the municipality to

the population of the region (25 NUTS III).

Constructed variable with
data from PORDATA [47-49]

HGC

The credit agreement, in Euros (EUR), for the
purchase, construction, and renovation of
primary or secondary dwellings or rental

properties and land purchase for the
construction of owner-occupied properties.

PORDATA [50]

POL

The fiscal and financial incentives for energy
efficiency in the residential sector include
grants, subsidies, and tax relief. This variable
was accumulated over time, where each
policy is represented by a numerical value
that increases with the addition of new
policies throughout their useful life or until
theirend (e.g., 1,1,2,2,2,3,3).

IEA [51]

CDT

The number of completed dwellings in new
constructions for family housing.

INE [52]

CRT

The number of completed reconstructions
per 100 new constructions.

INE [53]

Notes: This table was created by the authors.

In this investigation, the dwelling with high energy efficiency certificate ratings (e.g.,
A+, A, B, and B—) were used as a proxy for “green” or “eco-friendly” dwellings for the
following reason. A dwelling or building to be considered “green” or “eco-friendly” needs
to have attributes such as ventilation systems designed for efficient heating and cooling,
energy-efficient lighting and appliances, adaptive reuse of older buildings, water-saving
plumbing fixtures, among others, as mentioned by Ragheb et al. [54]. This same situation
occurs in the real estate market, where numerous rating systems assess the environmental
impact of dwellings or buildings and classify them as “green” or “eco-friendly” [55]. Energy
performance certificates (EPCs) is one of them, as Koengkan et al. [11] and Fuinhas et al. [12]
have cited. Furthermore, the EPCs report energy efficiency and recommendations for
cost-effective improvements to raise the rating of a dwelling or building [9].
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3.2. Method

The following methodology will be employed to carry out this empirical investigation
(as illustrated in Figure 2 below).

— Candom eftects RE model
RE) models

Shapiro-Wilk and
Skewness/Kurto-
sis tests

Variance infla- Pesaran CD- Fisher-type Hausman
tion factor (VIF) test test unit-root test test

— | 1 —

[

Norma
distribu-
tion data

—
[

Non-nor-
mal dis-
tribution

|

ticolline-
arity

High mul- Low muk- Non- Presence o
ticolline- Presence e e Stationary |
arity of CSD

Fixed effects panel
(FE)

MM-QR OLS with fixed effects

Figure 2. Methodology strategy. (The authors created this figure).

3.2.1. Preliminary Tests

Before conducting the main regressions, it is necessary to perform preliminary tests to
verify the characteristics of the variables. For example:

(a) Descriptive statistics of the variables. This test checks the attributes of the variables;

(b) The Shapiro—Francia test [56] checks for normality in the model’s variables. The null
hypothesis of this test is that the data are normally distributed;

(¢) The Shapiro-Wilk test [57] checks for normality in the model’s variables. The null
hypothesis of this test is similar to the Shapiro-Francia test;

(d) The Variance Inflation Factor (VIF) test [58] checks for multicollinearity between
the variables;

(e) The Cross-Sectional Dependence (CSD) test [59] checks for CSD in the panel data;

(f)  The Fisher-type unit-root test [60] tests for the presence of a unit root (i.e., nonstation-
arity) in the all-time series in the panel;

(g) The Hausman test checks for heterogeneity in the panel, i.e., whether it has random
effects (RE) or fixed effects (FE).

3.2.2. OLS with Fixed Effects

The ordinary least squares regression (OLS) with fixed effects is used in this investiga-
tion. This estimator was chosen for this study because, as Koengkan et al. [11] mention, it
allows for estimating the slope and intercepts for a set of observations and further estimates
the mean response for the fixed predictors using the conditional mean function. In the
literature, this estimation follows the general equation below:

iy = a; + a1xj + e 1)

where g; are the intercepts, and a1 is the value of fixed covariates being fitted to predict
the dependent variable GHCj, ¢; is the error term, and each independent variable enters
regression for municipality i at year ¢ (e.g., GDP;;, HGC;;, POLj;, CDTjy, and CRTj).
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3.2.3. MM-QR

This investigation also includes the computation of quantile regressions using the
method of moments (MM-QR) to check the previous model’s robustness. This estimator
was selected for this study because, as mentioned by Koengkan et al. [11], it allows for the
estimation of models with endogenous variables in the presence of cross-sectional data. In
the literature, the MM-OR estimator follows the general equation shown below:

lip = hi + e+ (vi + biyy) Ui, )

where { (Zit,e;t)/} from a panel of n individuals i = 1, ..., n over T time-periods with

P{y;+ b}y >0} = 1. Furthermore, the parameters (h1,6;), i = 1,...,n, capture the
individual i fixed-effects, and b is a k-vector of known differentiable (with probability 1)
transformations of the components of e with element ! given by b, = b(e), I =1,..., k.
The sequence {¢;;} is i.i.d. for any fixed i and independent across t. Uj; are i.i.d. (across
i and t), statistically independent of ¢;;, and normalised to satisfy the moment condition
E(U)=0 ANE(JU|) = 1.

This study conducted all preliminary tests and model estimations using Stata 17.0.
The Stata commands used are presented in three forms for easy access: through a QR code
displayed in Figure 3, in the notes accompanying each results table, and in the Appendix A
of this article. The QR code, notes, and appendix provide complete test and regression
model instructions.

Figure 3. QR code—All commands of Stata that were used in this investigation.

4. Empirical Results

This section presents the results of the preliminary tests and main models (OLS with
fixed effects and MM-QR). First, the descriptive statistics of the variables are presented.
Table 3 below shows that GDP and CRT have the most significant and most minor means
among the model variables, respectively.

Table 3. Descriptive statistics.

Variables Obs Mean Std. Dev. Min Max
GHC 126 711.9841 982.5453 2 5922
GDP 126 1.11 x 1013 4.62 x 1013 416,737.8 2.26 x 1014
HGC 126 1,746,426 3,798,354 0 1.95 x 107
POL 126 16.85714 0.9936944 15 18
CDT 126 99.23492 93.25564 1 481.6667
CRT 126 1.487513 4392428 0 33.3

Notes: The ‘sum’ command of Stata 17.0 was used. ‘Obs.” denotes the number of observations in the model.
‘Std.-Dev.” denotes the standard deviation. ‘Min.” and "‘Max.” denote the minimum and maximum, respectively.

After displaying the descriptive statistics of the variables, preliminary tests were
examined. The first tests were the Shapiro-Francia test and the Shapiro-Wilk test, which
were used to check the normality of the data. The results of these tests are illustrated in
Table 4 below. The results of the Shapiro—Francia test reject the normal distribution for
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all variables except for POL. Furthermore, the Shapiro-Wilk test results also support the
rejection of the normal distribution for all data. Thus, these findings support the usage of
quantile-based estimation methods.

Table 4. Normal distribution tests.

Shapiro-Francia Test Shapiro-Wilk Test

Variables Obs
Statistic Statistic
GHC 7.832 *** 8.525 *** 126
GDP 8.882 *** 9.718 *** 126
HGC 8.367 *** 9.198 *** 126
POL 1.068 1.602 * 126
CDT 5.768 *** 6.315 *** 126
CRT 7.880 *** 8.565 *** 126

Notes: The commands sfrancia and swilk of Stata 17.0 were used. ***, * denotes statistical significance at (1%) and
(10%) levels.

The next test conducted was the variance inflation factor (VIF) test to examine the
presence of multicollinearity among the variables. As shown in Table 5, the mean VIF is
1.53, which is less than 6, indicating no severe multicollinearity problem.

Table 5. VIF-test.

Variables VIF 1/VIF Mean VIF
GHC N.A
GDP 1.01 0.9888
HGC 221 0.4533
POL 111 0.9011 1.53
CDT 111 0.8994
CRT 222 04511

Notes: The command vif of Stata 17.0 was used. N.A denotes unavailable.

The next test is the cross-sectional dependence (CSD). The CSD test recognizes the
presence of cross-sectional dependence in the panel data. Based on the results of Table 6
below, all the variables have significant p-values at the (1%) level, so the null hypothesis is
not rejected and there is cross-sectional dependence in all variables. However, the CSD test
did not show any results for the variable CRT.

Table 6. CSD-test.

Variables CD-Test p-Value Corr Abs(corr) Obs
GHC 24.51 o 0.749 0.759 126
GDP 32.71 ok 1.000 1.000 126
HGC 29.82 X 0.911 0.911 126
POL 32.73 o 1.000 1.000 126
CDT 18.73 e 0.572 0.594 126
CRT N.A. 126

Notes: The command xfcd of Stata 17.0 was used; *** denotes statistical significance at (1%); N.A denotes unavailable.

The panel unit root test (Fisher-type) was also conducted. This test detects the presence
of unit roots. The results from the Fisher-type unit root test are presented in Table 7. The
results show that all variables without and with trends appear to be somewhere boundary
between 1(0) and I(1).
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Table 7. Fisher-type unit-root test.
Fisher-Type Unit-Root Test (Based on Phillips—Perron Tests)
Variables Without Trend With Trend
Lags Inverse Normal (Z) Inverse Normal (Z)
GHC 1 42622 2.4883
GDP 1 9.8403 —2.7589 *
HGC 1 8.5837 —2.2187 *
POL 1 —5.4849 i 11.6394
CDT 1 2.1062 —3.1858 ok
CRT 1 —7.6648 —8.0785 o

Notes: The command xtunitroot fisher with the options pperron lags(1) and pperron lags(1) trend of Stata 17.0 were
used. ***, ** denotes statistically significant at (1%) and (5%) levels.

After conducting the Fisher-type unit root test it is necessary to perform the final
preliminary test. The Hausman test is used to verify heterogeneity, specifically whether
the panel has fixed effects (FE) or random effects (RE). Table 8 below shows the results of
the Hausman test. The outcomes reject the null hypotheses, indicating that there are fixed
effects in the model.

Table 8. Hausman test.

Coefficients
Variables
(b) Fixed (B) Random (b-B) Difference  sqrt(diag(V_b-V_B)) S.E.

GDP 1.75 x 10711 3.00 x 10712 1.45 x 10711 8.16 x 10712

HGC 0.0004 0.0002 0.0001 0.0000

POL 137.7112 138.3249 —0.6136 23.0341

CDT 1.9144 2.3855 —0.4710 0.42729

CRT —70.8735 —55.2222 —15.6512 5.3865
chi2(3) 20.20 ***

Notes: The command hausman with the option sigmamore of Stata 17.0 was used. *** denotes statistical significance
at (1%) level.

After reviewing the preliminary tests, it is time to estimate the primary model’s
regression. Therefore, the following estimators have been used: fixed effects (FE), FE robust
standard errors (FE Robust), and FE Driscoll and Kraay (FE D.-K.). Table 9 below illustrates
the findings from the OLS with a fixed effect model.

Table 9. Results from OLS with fixed effect estimators.

Dependent Variable (GHC)

Independent Variables Estimators
FE FE Robust FE D.-K.

GDP 0.0000 o wx -

HGC 0.0004 ok otk ok

POL 137.7112 —

CDT 1.9145 4% *% ek

CRT —70.8735 ot - ok
Constant —2.8 x 103 i otk -

N 90 90 90

Notes: The command xtreg with the options fe, fe robust, and fe lag(1) of Stata 17.0 were used. ***, ** denotes
statistically significant at (1%) and (5%) levels.

The findings of the OLS with a fixed effect model indicate that the impact of the CRT
variable (—70.8735) on the dependent variable GHC is negative and significant. However,
the variables GDP (0.0000), HGC (0.0004), POL (137.7112), and CDT (1.9145) have a positive
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and significant effect on GHC. Therefore, the next step after reviewing the principal model
regression is checking the robustness of the results. For this purpose, the MM-QR model
has been used in this research. This method has been estimated at different quantiles (0.1,
0.25, 0.5, 0.75, and 0.9). The results of the MM-QR model regression are shown in Table 10
and Figure 4 below.

Table 10. Results from MM-QR.

MM-QR
Dependent Variable (GHC)
Independent Variables
Quantiles
10th 25th 50th 75th 90th

GDP 234 x 1011 #0209 x 101 e 181 x 10710 = 132 x 101! * 1.15 x 10711 o=
HGC 0.0001 0.0003 0.0004 ** 0.0006 w* 0.0007 **
POL 154.63 ** 147.4256 o 139.5067 wx 125.3343 ** 120.372 *
CDT 1.6680 * 1.7730 i 1.8883 o 2.0948 . 2.1670 **
CRT —92.71758 * —83.4159 e —73.1917 ** —54.8935 —48.4866

Notes: The command xtgreg with the option i(municipality) quantile (0.1 0.25 0.50 0.75 0.90) Is of Stata 17.0 was

used. ***, ** * denotes statistically significant at (1%), (5%), and (10%) levels, respectively.
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Figure 4. The quantile estimate: Shaded areas are (95%) confidence bands for the quantile regression
estimates. The command gregplot, with option ols olsopt(abs(municipality) robust) (10 25 50 75 90) of
Stata 17.0, was used.

The MM-QR results demonstrate that the variable CRT has a negative and significant
impact on GHC in the 0.1, 0.25, and 0.5 quantiles. However, the impact of the variables
GDP, POL, and CDT on GHC is positive and significant in all quantiles. In addition, HGC
positively and significantly impacts the dependent variable GHC in the 0.5, 0.75, and
0.9 quantiles. Therefore, the outcomes of MM-QR confirm that the OLS results are reliable
and robust.
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In addition, the effect of independent variables on the dependent variable is summa-
rized in Figure 5 below. This figure is based on the findings of Tables 9 and 10 above.
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Figure 5. Summary of the variable’s effect. The authors created this figure.

In this section, the empirical results of this investigation are presented. Furthermore,
in the next section, the discussion will be presented.

5. Discussion

Following the results of the OLS model, corroborated by the MM-QR results, the vari-
able GDP has a positive and significant impact on the dependent variable (i.e., Green House
with a certificate /Eco-friendly House with a certificate—GHC). Even though economic
growth is usually positively related to energy use, recent data has shown signs of a tendency
towards decoupling between economic growth rates and energy demand [61]. One of the
factors contributing to this trend is the increasing demand of consumers in developed
countries for more energy-efficient utilities (and houses) due to increased environmental
consciousness and the cost-reducing effect that energy efficiency can have on household
energy costs [61]. Therefore, the signal of the relationship was not surprising. However,
its small coefficient raises some questions regarding growth’s impact on promoting more
eco-friendly houses (in the Portuguese case).

Regarding the impact of HGC on GHC, it was also positive. As in the case of
Fuinhas et al. [12], the credit variable demonstrates a positive impact on energy efficiency,
contributing to the promotion of more energy-efficient houses. In sum, credit is a tool
households can use to materialize their energy-efficient house projects. The variable CDT
(number of completed dwellings in new constructions for family housing) also positively
impacted GHC, which is unsurprising given the increased demand for energy-efficient
utilities and houses. However, the variable CRT (number of completed dwellings in rebuilt
houses) negatively impacted GHC, suggesting differences between newly built and rebuilt
houses. For example, older buildings often require many steps in the process [62]. As a
result, they have high renovation costs [63] that may impede energy-efficient renovations.

Now, regarding the variable POL (fiscal/financial incentive policies for energy effi-
ciency for the residential sector), we can see from the results from both Tables 9 and 10 that
the impact of this variable on GHC is positive and statistically significant (in all quantiles).
Once again, the results of Fuinhas et al. [12] support this same output. In their estimations,
fiscal policies also positively impacted higher-grade certified residential properties (e.g., A+,
A, B, and B—). If governments want to promote more energy-efficient households, financial
and fiscal incentives can be a powerful tool to achieve this objective. As an example of this
fact, we can state the “Programa de Apoio Edificios mais Sustentdveis” (in English, “More Sus-
tainable Buildings Support Program”), which was first launched in 2021 by the Portuguese
Government. In this program, the Government called for applications from households
interested in financial support to increase their houses’ energy efficiency /energy comfort.
After the first phase the government had to quickly move to a second one due to the
increased interest of households in this program. Indeed, the Ministry of the Environment
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started this second phase of the “Programa de Apoio Edificios mais Sustentdveis” with an
endowment of EUR 30 million, but due to high demand this endowment quickly rose to
EUR 60 million. It is expected that this endowment will increase again soon, primarily
due to the resources which will be provided by the “Programa de Recuperagio e Resiliéncia”
(PRR)—"Recovery and Resilience Program” for the “Fundo Ambiental” (Environmental
Fund) [64,65]. In sum, this means that the financial incentives provided by the Government
are showing a high degree of success, being a tool in which the Portuguese Government
has placed its trust to promote more eco-friendly residences and buildings.

6. Limitations and Future Recommendations

This research was constrained by data limitations that resulted from the short period
under analysis (from 2014 to 2020) and the moderate number of individuals (municipalities)
available. Indeed, when working with a micro panel we have limited confidence in the time
stability of the relationships found. This restriction also reduces the capacity to analyse
temporal effects and can blur the presence of dynamic effects. Thus, these shortcomings
can severely constrain the analysis in the presence of viscous variables.

The research also suffers from common trends (cross-sectional dependence), which
imposes some econometric drawbacks. Indeed, Lisbon’s metropolitan area is particular as it
is rich by Portuguese standards and simultaneously one of the most expensive cities in the
world context. Hence, comparing the Oporto metropolitan area and other municipalities
with the results found in the Lisbon metropolitan area could clarify the general validity of
the research findings.

The methodological approach endures the insufficiency of working with proxies for
green and eco-friendly dwellings. Indeed, the variable of houses with energy efficiency
certificate ratings can only be considered a rough approximation for “green” or “eco-
friendly” dwellings. Another methodological variant that can raise new insights and have
theoretical consequences is using variables per capita.

Finally, one severe limitation was that the scarce-specific literature imposes constraints
in formulating the conceptual framework and restrains the assertiveness of findings. These
limitations could compromise the generalisation of results achieved in this research and
have put demanding and unanticipated challenges during the realisation of this study.

The housing sector is a critical energy consumer and, consequently, a source of pollution.
Hence, there is a need for massive investment to implement the energy transition by the
deadlines required to dampen ecological damage and global warming. Therefore, humankind
must explore the effect of energy-saving technologies on “green” or “eco-friendly” dwellings.

The significant challenges in the housing sector are the decisions to renovate build-
ings or build new dwellings. The decision favouring one of these two alternatives has
environmental impacts that deserve further research. For example, understanding the
implications (i) of renovating buildings to achieve energy efficiency goals, or (ii) what kind
of interventions on old buildings can better cope with the harsh winters and summers
motivated by climate changes. The former reason is especially worrisome given that it will
expose people to the necessity of increasing energy consumption. This issue makes green
or eco-friendly houses a priority over a business-as-usual scenario.

Achieving a stage of maturity of energy efficiency technologies will strongly impact the
development of the housing sector. Adapting to renewable energy optimises passive energy
consumption by improving energy efficiency (better climatisation). Indeed, it will actively
contribute to decarbonisation by allowing renewable energy generation. Consequently,
investing in fundamental research and patents that support innovation will facilitate the
management transition to green and eco-friendly dwellings.

Moreover, linking energy efficiency and housing renewable energy generation with
demand management can reduce carbon dioxide emissions. Therefore, further research on
policy instruments, like non-financial incentives or penalties for not achieving eco-efficiency
certificates, should be pursued to promote these linkages. It can be done, for example, by
adding the possibility of creating valences for the generation of renewable energies (e.g., photo-
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voltaic energy and management of energy stored in batteries) in new and renovated dwellings
or stimulating the innovation in technological processes that facilitates the adoption of green
or eco-friendly dwelling. In short, what needs to be studied are the interactions between
energy-saving building technologies, policy incentives, and the financing of dwellings.
These issues require a better understanding of: (i) energy poverty and affordability of
energy; (ii) the effect of economies of scale on renovating dwellings; (iii) the other kinds
of incentives that are also effective in encouraging the adoption of eco-friendly houses in
Portugal and elsewhere; and (iv) the availability and ease of obtaining credit to finance,
as well as the conditions for obtaining credit (term, grace period, etc.), are contributing
to expanding the knowledge of the determinants and accelerating the implementation of
eco-friendly houses. Indeed, the mix of incentives is far from clear in the present state of
the art.

There are several topics requiring further research. For example: (i) how to achieve
a balance between saving and emitting CO;, as renovated buildings also generate large
amounts of CO, emissions and other greenhouse gases, or how to make the recycling of
construction residues economically attractive; (ii) exploring the finding of this research
that new buildings are different from renovated or rebuilt structures; (iii) searching for
evidence that identifies specific determinants to design better policies to promote “green”
or “eco-friendly” dwellings; (iv) performing similar studies to ensure cross-validation of
the findings achieved in this research; (v) pursuing a double verification of this research to
confirm (a) if the results are valid in other metropolitan areas, and (b) if the conclusions
are generalisable to other contexts that are not metropolitan areas; and (vi) identifying
relationships between the several factors that may impact green or eco-friendly dwellings
to allow for a comprehensive understanding of how the housing sector can contribute to
decarbonising economies.

7. Conclusions and Policy Implications

This article focuses on studying the impact of tax and financial incentives on energy
efficiency certificates for houses in 18 municipalities in the Lisbon metropolitan region
from 2014 through 2020. The study found that energy efficiency is one of the challenges
governments and society face in promoting sustainable economic development and growth,
which impacts the population’s well-being and quality of life.

In addition, the implementation of economic instruments through the creation of
financial and fiscal incentives facilitates the implementation of energy efficiency by re-
ducing energy consumption and public spending on energy, the environment, and health.
Furthermore, economic instruments serve as an incentive to motivate people who have not
yet adopted actions in favour of energy efficiency.

Europe has implemented energy efficiency measures to promote the rationalization
of energy consumption and reduce environmental impact. For example, in Portugal the
National Energy and Climate Plan has set decarbonization targets by 2030, emphasizing
the importance of replacing electricity production from coal with the large-scale use of
renewable energy. The government of Portugal has also encouraged increased energy
efficiency in houses and the use of renewable energy for self-consumption. By doing so, the
country will be able to face the effects of climate change caused by elevated temperatures
increasing in frequency and intensity in many regions of Europe.

Based on the results obtained, this article has enormous potential to contribute to
formulating and improving public policies in Portugal aimed at energy efficiency and
compliance with the carbon neutrality goal by 2050. This contribution includes the re-
duction in total energy consumption, investments in technologies in the residential sector,
increased consumption of renewable energy, and actions to encourage science, technology,
and innovation.

The search for energy efficiency in residential properties plays a key role, as climate
change has negatively impacted ecosystems, the economy, and human health in Europe.
Furthermore, fiscal and financial incentives for technological development in renewable
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sources of clean energy promote significant advances in renewable energy production
chains. Therefore, for the effective implementation of public policies aimed at energy
efficiency and to promote improvements in terms of energy and environmental performance
of buildings, Portugal created the “More Sustainable Buildings Support Program”, which
aims to finance measures that boost rehabilitation, decarbonization, energy efficiency, water
efficiency, and the circular economy.

In this sense, the work advances to deepen the discussions around energy efficiency
in residential properties in Portugal and to investigate the effectiveness of tax incentive
policies for energy efficiency seals as an instrument for promoting eco-friendly houses
in the municipalities of Lisbon. Likewise, the study highlights the need to focus on the
Portuguese capital as it is the most populous city in the country and concentrates a large
part of the economic activity.

Finally, it appears that the effective implementation of energy efficiency policies
with financial and fiscal incentives and benefits is an important mechanism to promote
the energy transition, establishing practices that aim to reduce the economic, social, and
environmental impacts of changes caused by long-term weather patterns.

Author Contributions: M.K.: Conceptualisation, Methodology, Writing the original draft, Supervision,
Validation, Data curation, Investigation, Formal analysis, Visualisation. J.A.F.: Reviewing and Editing,
Investigation. M.R.: Investigation. E.K.: Investigation. N.K.A.: Investigation. R.S.: Investigation. M.T.:
Investigation. All authors have read and agreed to the published version of the manuscript.

Funding: CeBER: R&D unit funded by National Funds through FCT—Fundacao para a Ciéncia e
a Tecnologia, I.P.,, project UIDB/05037/2020. UCILeR is an R&D Unit accredited and funded by
FCT—Portugal National Agency within the scope of its strategic project: UIDB/04643/2020.

Data Availability Statement: Data are available on request from the corresponding author.

Acknowledgments: CeBER: R&D unit funded by National Funds through FCT—Fundagao para a
Ciéncia e a Tecno-logia, L.P., project UIDB/05037/2020. UCILeR is an R&D Unit accredited and funded
by FCT—Portugal National Agency within the scope of its strategic project: UIDB/04643/2020.

Conflicts of Interest: The authors declare no conflict of interest.

Appendix A

This appendix provides the Stata commands used in the empirical investigation.
How to do:

* Table 3. Descriptive statistics*

sum ghc gdp hcg pol cdt crt

* Table 4. Normal distribution tests*
sfrancia ghc gdp hcg pol cdt crt

swilk ghc gdp heg pol cdt crt

* Table 5. VIF-test*

reg ghc gdp hcg pol cdt crt

oif

* Table 6. CSD-test*

xted ghe gdp hcg pol cdt crt, resid

* Table 7. Fisher-type unit-root test*
xtunitroot fisher ghc, pperron lags(1)
xtunitroot fisher ghc, pperron lags(1) trend
* Table 8. Hausman test*

qui:xtreg ghc gdp hcg pol cdt crt fe
estimates store fixed

qui: xtreg ghc gdp heg pol cdt crt,re
estimates store random

hausman fixed random, sigmaless

* Table 9. Results from OLS with fixed effect estimators*
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qui: xtreg ghc gdp hcg pol cdt crt fe

estimates store fe

qui: xtreg ghc gdp hcg pol cdt crt fe robust

estimates store fer

qui: xtscc ghe gdp hcg pol cdt crt fe lag(1)

estimates store dk

*estimates table ols fe fer dk, star (0.10 0.05 0.01) stats(N r2 ¥2_a F) b(%7.4f)
estimates table fe fer dk, star (0.10 0.05 0.01) stats(N 12 r2_a F) b(%7.4f)

* Table 10. Results from MM-QR*

xtqreg ghc gdp hcg pol cdt crt, i(municipality) quantile (0.1 0.25 0.50 0.75 0.90) Is
gregplot, ols olsopt(abs(municipality) robust) q(10 25 50 75 90)
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