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Abstract: This article explored the impact of eco-friendly houses on economic development in the
Lisbon metropolitan area. The study analyzed data from 18 municipalities between 2014 and 2020
using regression analysis with ordinary least squares (OLS) and fixed effects. The results indicate that
national policies promoting residential energy efficiency positively impact economic development.
Policies like subsidies, loans, and tax relief encourage homeowners to invest in energy-efficient
technologies, boosting household disposable income and contributing to economic growth. The study
found that an increase in the number of new constructions positively impacts economic development,
leading to job creation and increased demand for construction materials and services. Additionally,
growing eco-friendly houses can reduce energy consumption, lowering energy costs for homeowners
and businesses and ultimately stimulating economic growth. In contrast, increasing the number
of non-eco-friendly houses can have negative economic impacts. A robustness check using the
method of moments quantile regression (MM-QR) confirmed the results from OLS with fixed effects,
providing additional evidence supporting the robustness of the results.

Keywords: eco-friendly houses; economic development; national policies; energy efficiency; GDP
per capita; regression analysis

1. Introduction

Buildings account for a significant share of urban energy consumption and greenhouse
gas (GHG) emissions. In 2021, the building sector accounted for 30% of global final energy
consumption and 27% of total energy sector emissions [1]. Buildings are also threatened by
anticipated climate effects such as urban heat island effects, flooding, and other extreme
weather events [2]. Therefore, in recent years, sustainable buildings have become vital
to ensure environmental sustainability. Buildings play an essential role in sustainable
development, and energy-efficient or green buildings are a key component of sustainable
cities and low-carbon economic growth (e.g., [3–6]).

In the European Union (EU), buildings also account for a significant share of consump-
tion. 40% of energy consumption and 36% of GHG emissions are produced by buildings,
mainly resulting from usage, construction, renovation, and demolition. In the EU, the
building stock is old and changes relatively slowly. More than 220 million building units,
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or 85% of the building stock in the EU, were constructed before 2001. As expected, most of
the buildings in Europe are not energy efficient, mostly using fossil fuels for heating and
cooling and old technologies and inefficient equipment [7]. Thus, the EU developed a legal
framework to enhance the energy efficiency of buildings to achieve decarbonized buildings
by 2050. The achievement of the EU’s climate goals implies that the building sector must
reduce GHG emissions by 60% by 2030 and fully decarbonize by 2050. However, 85–95%
of the existing structures are expected to still stand by 2050 [8].

Many factors, including energy policies, geography, income level, structural features,
and energy infrastructure, affect energy consumption in buildings. Therefore, the residential
building sector in the EU is far from homogeneous, as it varies significantly across and
within member states (e.g., [9–11]). For instance, in the EU region, Southern European
countries have lower residential sector energy consumption [12]. Portugal deserves deeper
consideration among Southern European countries because of its unique characteristics
(e.g., [13,14]). First, the residential sector’s final energy consumption for heating and cooling
varies significantly across European countries. However, buildings in Southern European
countries, including Portugal, are less resilient to climate change than in Northern European
countries [15]. Second, the Portuguese building stock is old. Around 15% of Portuguese
structures were constructed before 1945, and over 70% before 1990 [16]. Third, the building
stock in Portugal needs renovation. About 34% of buildings in Portugal require structural
and energy-related renovations, while over 50% require significant renovations to satisfy
current comfort and safety requirements [17]. Finally, accounting for 17% of Portugal’s
total energy consumption, the building sector is the third most energy-intensive sector [18].
Due to these reasons, focusing on energy efficiency in the Portuguese housing sector is
essential for the region’s environmental quality and residents’ quality of life. It can guide
other countries with similar characteristics.

Increasing the energy efficiency of houses and building houses with high energy
efficiency, namely eco-friendly houses, comes with significant environmental, health, social,
and economic benefits (e.g., [2,8]). Among these, the first benefit is environmental. Building
energy-efficient houses can reduce GHG emissions and air pollutants, improve air and
waste quality, and slow climate change. Second, energy-efficient eco-friendly houses have
positive effects on health. In addition to CO2 emissions, burning fossil fuels and biomass for
heating emits various air pollutants that harm human health. There is a direct relationship
between energy poverty, housing conditions and health conditions, such as physical and
mental problems, mortality risk, etc. [19]. Third, the social benefits of green buildings
mostly refer to the contributions that improve the living standards of occupants. Green
buildings can improve the overall quality of life and efficiency of occupants [20]. Therefore,
one can say that housing and environmental conditions are important factors for individual
human well-being. According to van Praag et al. [21], individual satisfaction or subjective
well-being with different domains may be linked to satisfaction with life as a whole. In
other words, satisfaction with life as a whole can be considered an aggregate concept, which
can be unfolded into its domain components. Satisfaction with life as a whole depends on
several factors, such as job satisfaction, financial satisfaction, and health satisfaction. One
of these factors is satisfaction with housing and the environment (e.g., [22,23]). Besides,
housing conditions are also closely linked to the happiness of cities and individuals. One
of the factors that create happiness in cities is housing characteristics and quality.

Housing conditions are an essential factor in determining the ranking of happy cities.
Many indexes (i.e., the Global Liveability Index, the Urban Environment Quality Index,
Mercer Quality of Living Index) measuring the factors related to the happiness or quality
of living level of cities consider housing conditions. For example, the Mercer Quality of
Living Index (is based on several criteria, including housing, natural environment, and
recreation [24]. Thus, one can say that housing and living conditions are essential factors
affecting happiness or quality of living standards and ranking of happy cities. Fourth, the
rise in eco-friendly housing has significant economic implications for a country or region
(e.g., [25,26]). Building energy-efficient houses may affect local economic growth and devel-
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opment through several channels. First, green buildings will require significant investments
in new clean, and energy-efficient technologies, which will increase productivity growth
(i.e., economic growth). Second, households will likely spend less of their disposable in-
come on energy. Due to more energy-efficient homes and technology, households will pay
cheaper energy bills and can allocate funds to other goods and services. Third, a country
will spend less on energy imports by decreasing demand and dependence on fossil fuels.
Therefore, the country can reallocate more resources toward other investments. Fourth,
green building design and construction offer significant job creation potential. Renova-
tions of buildings are mostly labour-intensive and generate employment and investments
frequently rooted in local supply chains (e.g., [2,8]).

In the literature, some authors (e.g., [7,27–34]) have investigated the impact of eco-
friendly or green buildings on economic growth and development in different countries.
Some studies (e.g., [35–38]) have empirically shown a positive relationship between green
buildings and energy efficiency. In addition, a few recent studies (e.g., [11,12,14,15]) have
focused on Portugal and examined the relationship between energy-efficient or eco-friendly
houses and other factors, such as financial and fiscal incentive policies and energy efficiency
regulations. Despite these studies focusing on Portugal, no study has investigated the effect
of green buildings on local economic development in Portugal. As mentioned earlier, an
increase in eco-friendly homes comes with environmental benefits, but it also has significant
economic implications and may be important for the local development of regions.

This investigation elaborates on the following research question: How do eco-friendly
or greenhouses/buildings impact economic development in the Lisbon Metropolitan area?

Two hypotheses have been formulated to indicate the potential impacts of eco-friendly
or greenhouses/buildings on economic development in the Lisbon Metropolitan area:

Hypothesis 1. Eco-friendly or greenhouses/buildings positively impact economic development in
the Lisbon Metropolitan area. This hypothesis suggests that buildings constructed with eco-friendly
materials and technologies may contribute positively to the economic development of the Lisbon
Metropolitan area. This could be due to various reasons, such as increased energy efficiency, reduced
maintenance costs, and improved air quality, which could ultimately lead to lower operating costs
for businesses and stimulate economic growth in the region.

Hypothesis 2. Eco-friendly or greenhouses/buildings do not significantly impact economic de-
velopment in the Lisbon Metropolitan area. This hypothesis proposes that eco-friendly or green
buildings may not significantly impact economic development in the Lisbon Metropolitan area.
While these buildings may offer environmental benefits, their economic impact may be limited due
to higher upfront costs and potentially longer payback periods. Furthermore, other factors such as
market demand, location, and availability of financing could be more important drivers of economic
development in the region.

The investigation will analyze the impact of eco-friendly houses on economic growth
in 18 municipalities of the Lisbon metropolitan area from 2014 to 2020 to confirm one of
these hypotheses. The study will use regression analysis with ordinary least squares (OLS)
and the Method of Moments Quantile Regression (MM-QR) with fixed effects. Furthermore,
the analysis will consider other factors that could potentially affect local development,
including national policies for residential energy efficiency and the number of new family
housing constructions and reconstructions. By doing so, the investigation aims to provide a
broader perspective and a more comprehensive understanding of the relationship between
local economic development and eco-friendly homes.

The literature on energy-efficient buildings and economic development is relatively
scarce and innovative. Very few studies have investigated the impact of eco-friendly homes
on local economic development. Thus, this paper contributes to the existing literature
on three fronts. First, to the authors’ best knowledge, this study is the first to investigate
eco-friendly houses’ impact on economic development in the Lisbon metropolitan area.
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Second, this study employs a macroeconomic approach and several econometric techniques
to analyze the link between local economic development and eco-friendly houses for a
sample of Portuguese municipalities within the Lisbon metropolitan area. Third, this study
seeks to build on previous research on Portugal [14] by introducing a new econometric
model focused on the municipalities of the Lisbon metropolitan area and analyzing the
impact of eco-friendly houses on local economic growth.

This investigation is highly relevant because it provides valuable insights into the
mechanisms of local economic development and eco-friendly houses. The study highlights
the importance of energy-efficient buildings and emphasizes the need for better strategies
and policies to promote sustainable development. The results of the investigation can
be helpful for policymakers and governments to formulate more effective green policies
and initiatives that can reduce total energy consumption and greenhouse gas emissions
while promoting local development in Portugal. Additionally, the study could guide
other European countries facing similar challenges related to sustainable development
and eco-friendly housing. By providing evidence-based recommendations and insights,
this investigation can contribute to developing more sustainable and environmentally
responsible policies and practices in the housing and urban development field.

A systematic approach was followed by a set of scientific method steps to achieve
high clarity, coherence, and structure in this investigation, as depicted in Figure 1 below.
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This paper summarizes the related literature in the next section as a foundation for
the subsequent sections. Section 3 presents the research methodology and data, while
Section 4 discusses the empirical results. The main findings are comprehensively discussed
in Section 5, and valuable policy implications are provided in the concluding Section 6.

2. Literature Review

Eco-friendly buildings offer numerous benefits recognized by various sources
(e.g., [1,2,7,8,37,39–42]). These benefits range from direct contributions to balancing the
energy trilemma to widespread indirect advantages, including economic, environmental,
and societal benefits.

Energy-efficient buildings significantly reduce energy consumption. On average, En-
ergy Star- and Leadership in Energy and Environmental Design (LEED-)certified buildings
consume 35% and 25% less energy, respectively [43]. In the EU, building renovations
resulted in annual primary energy savings of 8.8% for residential buildings and 17% for
non-residential buildings from 2012 to 2016 [44]. Globally, the IEA [45] estimates that
energy efficiency improvements can decrease buildings’ energy consumption by 25% be-
tween 2020 and 2030. As the building sector is a major energy consumer and a significant
source of greenhouse gas (GHG) emissions ([1,7]), demand reductions achieved through
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energy efficiency improvements lead to more sustainable, reliable, resilient, and affordable
energy systems.

Green buildings have consistently shown a strong correlation with reductions in CO2
emissions. The United States (U.S) Department of Energy (DoE) conducted a review of
22 LEED-certified buildings managed by the General Services Administration and discov-
ered a 34% decrease in CO2 emissions, along with a 25% reduction in energy consumption
and an 11% decrease in water consumption [43]. Ferrantelli and Kurnitsk [46] analyzed
various building types in Estonia. They found that eco-friendly buildings could reduce
CO2 emissions by at least 26% in educational buildings by 2030, based on a 24,898 Energy
Performance Certificates (EPCs) database for Estonian buildings. However, Amiri et al. [47]
noted that LEED and Building Research Establishment Environmental Assessment Method
(BREEAM) certificates fail to account for embodied emissions. Röck et al. [48] emphasized
that energy efficiency measures in buildings might be offset or outweighed by additional
emissions from building materials and technical systems. A systematic review of over 650
individual building Life Cycle Assessment (LCA) studies by the authors revealed a “carbon
spike” in residential buildings due to the production of building materials and systems,
leading to increased embodied GHG emissions. However, office buildings showed a de-
crease and stabilization of embodied GHG emissions. The importance of adopting a whole
lifecycle approach to buildings is increasingly recognized in the literature (e.g., [4,20,48]),
and the Level(s) European framework for sustainable buildings, developed by the European
Commission, underscores this concept [49]. Considering the entire life cycle of buildings
could yield even greater reductions. Karlsson et al. [50] found that GHG emissions in the
construction sector supply chain can be reduced by up to 40% with currently available
technologies and practices, and even higher reductions of 80% by 2030 and 93% by 2045
are achievable.

Eco-friendly buildings offer various benefits, including mitigating peak loads, conges-
tion, and supply disruptions and reducing the need for expanding energy infrastructure
and imports (e.g., [8,41,43]). These energy savings enhance energy security, trade balance,
and resource allocation (e.g., [43]). Furthermore, eco-friendly buildings reduce opera-
tional and maintenance costs, lowering energy bills and improving structural features
(e.g., [39,41,42]). Homeowners can save an average of 15–20% on utility bills and decrease
operational costs by up to 37% [51]. This saving contributes to alleviating energy poverty,
increasing disposable income, and stimulating economic growth (e.g., [30,32]; [41]). For
businesses, eco-friendly buildings result in substantial savings, productivity gains, and
improved competitiveness, boosting the economy (e.g., [36,39,41,42]). It is important to
note that empirical research on the energy-growth relationship has produced mixed and
contradictory results, with varying hypotheses and rebound effects (e.g., [52,53]).

Regarding the impact of energy efficiency improvements on economic growth, the
literature suggests positive effects in high-income countries (e.g., [54,55]). A Cambridge
Econometrics [56] study analyzed different scenarios for the EU, showing that enhanced
energy efficiency leads to the largest positive effect on Gross domestic product (GDP), with
increases ranging from just above 0.3% in 2025 to 0.6% in 2030 compared to 2020 baseline
levels. The minimum efficiency and REPowerEU Efficiency scenarios also result in higher
GDP, ranging from 0.2% to 0.5% by 2030 (e.g., [56,57]). Studies in Portugal have found a
positive relationship between energy efficiency and economic growth (e.g., [58,59]). These
findings support the idea that energy efficiency is associated with sustainable growth [60].

The literature presents varying perspectives on the magnitude of the rebound ef-
fect [61], indicating that energy consumption in buildings is influenced by multiple factors.
Consequently, the net savings from energy efficiency improvements differ across countries
and regions (e.g., [41,57]). Context-specific policies for rebound mitigation should be im-
plemented to address rebound effects [61,62]. Furthermore, it is essential to consider the
multidimensional and long-lasting impact of energy efficiency measures and their direct
and indirect benefits (e.g., [56,63,64]).
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In addition to mitigating climate change and reducing greenhouse gas emissions, eco-
friendly buildings contribute to improved air quality, reduced urban heat island effect, and
the prevention of adverse health effects [8]. The built environment significantly impacts
human health, with poor indoor conditions leading to various illnesses and diseases
(e.g., [41,65]). Green buildings, on the other hand, enhance occupants’ health, comfort, and
satisfaction, as evidenced by empirical studies ([66,67]). Improved indoor environments in
housing and workplaces have been linked to positive outcomes such as respiratory health,
mental well-being, school attendance, and increased productivity (e.g., [41]).

Besides upholding human rights, substantial savings and productivity gains can be
achieved through energy efficiency improvements. Fisk’s [68] study estimated potential
annual savings and productivity gains in the U.S., including improvements in worker per-
formance, reduced sick-building syndrome symptoms, and decreased respiratory diseases
and allergies. The Eurofund [31] projected that addressing severe housing inadequacies in
the EU could lead to significant societal medical cost savings. For every €3 (Euros) invested
in reducing housing hazards, approximately €2 (Euros) could be saved in medical costs
within a year.

Energy efficiency improvements in buildings offer numerous benefits to businesses,
citizens, and governments. Green buildings reduce insurance, environmental, and regula-
tory compliance costs and mitigate sustainability and reputational risks, including the risk
of devalued assets [51]. They also command higher sales prices and rental rates, as demon-
strated by various authors (e.g., [51,69,70]). The IFC [51] reports that green commercial
buildings achieve sale premiums of up to 31%, faster sale times, higher occupancy rates (up
to 23%), and increased rental income (up to 8%). Regarding eco-friendly dwellings, scholars
have no consensus on the effect of energy performance certificates (EPCs) on transaction
prices and rents. However, Koengkan and Fuinhas [71] found that performance certificates
associated with green dwellings increase the value per m2 of dwelling sales in Portugal
through innovative econometric and microeconomic approaches.

The green building sector has significant job creation potential. The European Commis-
sion [49] highlights that energy efficiency in buildings generates the most jobs per million
euros invested. Various studies support this claim. UNEP [40] found that energy efficiency
investments in new buildings and retrofits could create 9 to 30 jobs per year in manufactur-
ing and construction for every United States dollar (USD) 1 million invested. The IEA [72]
estimates that building and appliance efficiency improvements could create 10–15 jobs for
every USD 1 million invested. Garrett-Peltier [73] estimates 7.49 full-time-equivalent (FTE)
jobs in renewables and 7.79 FTE jobs in energy efficiency for every USD 1 million spent,
with a portion of those jobs being indirect. Pollin et al. [74] estimate that building retrofits
in the U.S. could create 16.7 jobs for every USD 1 million invested, including direct, indirect,
and induced jobs.

The demand for energy efficiency drives high-value-added services and technological
innovation, leading to investments, economic growth, and high-income jobs. Bertoldi
and Rezessy [75] suggest that the market for energy efficiency services in Western Europe
has substantial growth potential. Noailly [76] found that policy instruments aimed at
improving building efficiency led to increased technology patenting. Green buildings may
also have a positive impact on tourism (e.g., [2,77]).

The construction sector offers the greatest potential for job creation. The European
Commission [49] estimates that a renovation wave could result in an additional 160,000
green jobs in the EU’s construction industry. Cambridge Econometrics [56] projects that the
EU construction sector, particularly involved in retrofitting and insulation projects, could
experience employment growth between 1.1% (in the minimum efficiency scenario) and
1.4% (in the enhanced efficiency scenario) by 2030.

The construction industry plays a vital role in employment and economic growth,
being both labour-intensive and having a multiplier effect on the local economy [78]. The
National Association of Home Builders [79] studied the local impacts of various building
scenarios and found that significant income, jobs, and revenue for local governments could
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be generated. In Portugal, the construction sector experienced positive growth in gross
value added (GVA) and employment, contributing significantly to the country’s GDP and
employment rate (e.g., [80–82]).

Eco-friendly buildings offer several benefits, including increased tax revenues and
reduced public spending on healthcare and unemployment [83]. However, few studies
have comprehensively assessed the aggregated benefits of green buildings. Cambridge
Econometrics [84] estimated the economic and fiscal impacts of energy-efficient homes in
the United Kingdom (UK), highlighting significant returns on government investment,
improved GDP, increased tax revenues, job creation, energy bill savings, CO2 reductions,
and reduced natural gas imports. Copenhagen Economics [56] found that energy-saving
renovations in the EU building stock would provide permanent annual societal benefits,
including lower energy bills, reduced air pollution, and potential health benefits.

Additional studies have investigated the impact of eco-friendly or green buildings on
economic growth and development in different countries [28]. These studies contribute to
the growing body of evidence supporting the positive economic outcomes associated with
eco-friendly building practices.

Few studies have examined the impact of green buildings on local economic devel-
opment. Allen and Potiowsky [85] analyzed the green building cluster in Portland and
estimated the wages associated with the sector. Choi et al. [86] evaluated the economic
and environmental impacts of building efficiency investments in Hamilton County, Ohio,
finding significant local economic impacts and job creation. However, these studies lacked
broader quantitative assessments of the sector’s economic contribution. To our knowledge,
no study has investigated the effect of green buildings on local economic development in
Portugal. Therefore, this paper aims to contribute to the existing literature by examining the
impact of eco-friendly homes on economic development in the Lisbon metropolitan area.

Green construction and renovation investments are increasing globally, with building
efficiency investments reaching USD 237 billion in 2021, representing a 16% annual increase
from 2020 [87]. The construction of new green buildings presents a substantial investment
opportunity of $24.7 trillion by 2030, particularly in residential construction [51]. The
retrofit market is also projected to grow significantly, reaching $210.37 billion in 2028 [88].

Despite these investments, the building sector is not on track to meet the decarboniza-
tion targets outlined in the Paris Agreement. The UNEP/Global Alliance for Buildings and
Construction index for buildings decarbonization was far below the target in 2021 [40], and
the annual energy efficiency renovation rates must increase globally to meet the goals [87].
The European Commission acknowledges the need for higher renovation rates and ad-
ditional investments to meet targets [49], highlighting an investment gap in the building
renovation sector.

Various authors have identified barriers to energy efficiency investments in buildings,
such as high construction costs, lack of alignment of incentives, low awareness of non-
energy benefits, and fragmented legal and institutional frameworks. These barriers can be
addressed through well-tailored, targeted policies (e.g., [37,41,51]). Effective policy mixes
that offer stability, flexibility, and simplicity can promote increased demand for retrofitting
and a more responsive supply side [89]. Financial and fiscal incentive policies can also
positively impact energy efficiency ratings in residential properties [11].

3. Data and Method

This section will present the data and methods for this investigation. The methodology
framework that will be followed in this investigation is illustrated in Figure 2 below.

Hence, Section 3.1 will present the data/variables, while Section 3.2 will provide a
detailed description of the methodology.
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3.1. Data

As mentioned earlier, the initial stage of our empirical investigation involves data
collection. Therefore, this subsection presents the data/variables used in our empirical
investigation of 18 Portuguese municipalities within the Lisbon Metropolitan Area for
2014 and 2020. The municipalities included in the study are Alcochete, Almada, Amadora,
Barreiro, Cascais, Lisbon, Loures, Mafra, Moita, Montijo, Odivelas, Oeiras, Palmela, Seixal,
Sesimbra, Setúbal, Sintra, and Vila Franca de Xira (see Figure 3 below).

This group of municipalities was chosen because the Lisbon Metropolitan Area, Portu-
gal’s largest urban region, is a diverse area with varying levels of economic development.
The adoption of ecological houses, which are energy-efficient and environmentally friendly,
has become a crucial topic in urban planning due to the growing interest in sustainable
development and reducing environmental impacts.

The Lisbon Metropolitan Area, in central-south Portugal, is categorized as a sub-region
and a Nomenclature of territorial Units for Statistics (NUT) II region. Its central hub is
the capital city of Lisbon. With a population of 2,871,134 residents, it is the most densely
populated region in the country, with 957 inhabitants per km2. Additionally, it has the
largest urban area in Portugal, covering a total area of 3001 km2, ranking as the fifth largest
region in the country. This area is also recognized as the wealthiest region in Portugal, with
a per capita GDP of €29,291 (Euros) in 2020 [14].
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Moreover, the Lisbon Metropolitan Area is crucial in driving Portugal’s economy,
serving as a hub for various industries such as finance, technology, tourism, commerce,
and services. This dynamic economic landscape is further enhanced by multinational
corporations, startups, and research institutions, contributing to the region’s reputation as
a centre of innovation and entrepreneurship [91]. Given the diverse economic composition,
including industry, services, and tourism, studying the impact of ecological houses in this
area offers a unique opportunity to examine their effects on different sectors of the economy.

In addition to Lisbon, the metropolitan area encompasses several municipalities, in-
cluding Amadora, Oeiras, Cascais, Sintra, and Loures. These municipalities blend residen-
tial, commercial, and industrial areas, natural landscapes, and cultural attractions. Various
stakeholders within the Lisbon Metropolitan Area, such as local authorities, residents, and
businesses, hold distinct perspectives on adopting ecological houses. By conducting re-
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search in this region, valuable insights can be gained regarding how different stakeholders
perceive the impact of ecological houses on economic development and identify critical
success factors [91].

In the Lisbon Metropolitan Area, there has been a notable surge in the number of eco-
friendly houses that meet high energy efficiency standards like A+, A, B, and B-, according
to Koengkan and Fuinhas [71]. Specifically, there were only 8047 eco-friendly houses in
2014, but by 2020, this number had more than doubled to 16,881. In contrast, the number of
non-eco-friendly houses with lower energy efficiency certifications, such as C, D, E, and F,
was 32,874 in 2014. However, by 2020, this number decreased to 28,017, reflecting a positive
trend towards eco-friendliness. (see Figure 4 below).

The Lisbon metropolitan area comprises various municipalities that have made signif-
icant strides towards eco-friendliness. The area’s largest number of eco-friendly houses is
in Lisbon, with 29,833 houses, followed by Cascais with 6585, Seixal with 6435, and Loures
with 5324. Other municipalities with high numbers of eco-friendly houses include Odivelas,
Sintra, Oeiras, Mafra, Almada, Setubal, Montijo, Amadora, Vila Franca de Xira, Sesimbra,
Palmela, and Barreiro. However, some municipalities still have a long way to go to increase
the number of eco-friendly houses. Alcochete has the lowest number of eco-friendly houses,
with only 763, followed by Moita, with just 516. Regarding non-eco-friendly houses, the
highest numbers are found in Lisbon, with 86,071; Sintra, 36,925; and Cascais, 21,161. Other
municipalities with high numbers of non-eco-friendly houses include Almada, Oeiras,
Amadora, Seixal, Loures, Setubal, Vila Franca de Xira, Barreiro, Odivelas, Mafra, Sesimbra,
Palmela, Montijo, and Alcochete (see Figure 5 below).
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Figure 4. Number of Eco-friendly and Non-Eco-friendly houses in Lisbon Metropolitan Area from
2014 to 2020. This graph was created by data from SCE [92].
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Figure 5. Number of Eco-friendly and Non-friendly houses in Lisbon Metropolitan Area Municipali-
ties from 2014 to 2020. This graph was created by data from SCE [92].

In the Lisbon metropolitan area, the number of houses classified as “eco-friendly” has
been on the rise since 2017, which can be attributed to the property boom occurring not
only in this region but also throughout Portugal. The property market in Portugal grew by
50% in the same year [93].

Since 2017, this property boom has facilitated the construction of highly energy-
efficient houses, classified as “eco-friendly”. Moreover, it has also facilitated the reconstruc-
tion and revitalization of deteriorated houses with low energy efficiency, making them more
environmentally sustainable. In the Lisbon metropolitan area, the number of completed
dwellings for family housing in new constructions was 1132 in 2014. However, this number
increased significantly, reaching 2883 by 2020 [94]. According to data from the National
Institute of Statistics [95], the ratio of completed reconstructions to new constructions,
expressed as the number of reconstructions completed per 100 new constructions (No.),
was 1.5 in 2014. However, this ratio decreased significantly over the years and reached a
value of 0.5 in 2020.

As previously mentioned, the surge in property demand in Portugal can be attributed
to several factors, including tax incentives, tourism, affordable property prices, low-interest
rates, political stability, social harmony, and a temperate climate [71]. Additionally, Por-
tugal’s swift economic recovery following the Troika intervention, which spanned from
2011–2014, played a significant role. The country experienced a real Gross Domestic Prod-
uct (GDP) growth rate of 0.795% in 2014, 1.79% in 2015, 2.02% in 2016, 3.51% in 2017, 2.85%
in 2018, and 2.68% in 2019, but the trend was interrupted in 2020 due to the COVID-19
pandemic, with a decline of 8.30% in the real GDP growth rate [96].

The economic growth experienced in Portugal between 2014 and 2019 directly and
positively impacted the Lisbon metropolitan area’s GDP per capita (base = 2016). In 2014,
the GDP per capita was €27,831 (Euros), which increased to €28,373 in 2015, €28,876 in 2016,
€29,682 in 2017, and €30,770 in 2018. By 2019, the GDP per capita had reached €32,029.
Unfortunately, the COVID-19 pandemic 2020 led to a decline in the Lisbon metropolitan
area’s GDP per capita (base = 2016), falling to €29,291 [91].



Energies 2023, 16, 4855 12 of 34

Between 2014 and 2019, households in the Lisbon metropolitan area experienced an
increase in GDP per capita, allowing them to acquire new high-energy efficiency dwellings
and reconstruct and requalify deteriorated dwellings with low energy efficiency. This
property boom in Lisbon and Portugal was influenced by increased credit agreements
for the purchase, construction, and reconstruction of permanent or secondary dwellings
during the rapid economic growth from 2014–2019. In 2014, credit agreements in the Lisbon
metropolitan area for such purposes were €35,105.803 (Thousands) and reached €31,213.729
(Thousands) in value in 2019 [97]. Interest rates for housing credit were also reduced during
this period, dropping from 3.19% in 2014 to 1.00% in 2020 [98].

Other factors may have contributed to the increase in the number of “eco-friendly”
houses and reduction of “non-eco-friendly” houses in the Lisbon metropolitan area, includ-
ing the implementation of energy efficiency policies for the residential sector in Portugal.
According to Koengkan et al. [12], since 2006, five energy efficiency policies have been
in force in Portugal. The first policy, implemented in 2006, revised the national RSECE
building code and established strict standards for HVACs energy use. The second policy,
implemented in 2007, established strict standards for space cooling, heating, water heating,
ventilation, and lighting interior. The third policy, implemented in 2008, comprises a set of
measures aiming at an increase in energy efficiency equivalent to about 10% of the final
energy consumption. The fourth policy, implemented in 2013, established strict standards
for energy efficiency conditions and the use of renewable energy systems to ensure the
energy performance of buildings. The fifth policy, implemented in 2020, provides incentives
to promote buildings’ energy efficiency and decarbonization.

These national policies were established through various decrees and directives, in-
cluding the Energy Performance of Buildings Directive and the Sustainable Buildings
Directive, which set energy consumption reduction goals in 2020 and 2030. The introduc-
tion of these policies may have played a role in the reduction of the number of dwellings
with low energy efficiency ratings in Portugal [76].

This investigation first identified the group of municipalities to determine the appro-
priate period for the empirical study. This investigation selected a time frame to provide
sufficient data to meet the research objectives. Therefore, this study has chosen the period
from 2014 to 2020 as the most suitable timeframe for this investigation.

The starting point of 2014 is appropriate because it aligns with the availability of
data for the energy efficiency certificate ratings, which are critical components of the
ECO_HOUSES and NON_ECO_HOUSES variables. These variables are a proxy of “eco-
friendly” and “non-eco-friendly” houses, an essential aspect of our investigation. Likewise,
this investigation chose 2020 as the endpoint for our study because it corresponds to the
latest available data for some critical variables. For example, this investigation obtained
GDP per capita data for all municipalities in the Lisbon metropolitan area until 2020.
Additionally, this study could retrieve data on the number of completed dwellings in new
constructions for family housing until 2020. Table 1 below provides a comprehensive
overview of the variables used in this empirical investigation.

The use of dependent variable GDP as a proxy for economic development is com-
monly employed in economic research. GDP per capita is a widely used measure of a
country’s economic performance and is often used to indicate economic development. It
represents the average income of individuals in a given population and is, therefore, a
useful measure of the standard of living of a country’s residents. In the context of this
article, the dependent variable GDP is used to assess the impact of eco-friendly houses
on economic development in the Lisbon metropolitan area. It is reasonable to use GDP
per capita as a proxy for economic development in this context, as it broadly measures the
region’s economic performance, reflecting changes in income levels, employment rates,
and economic growth.

Moreover, since the study investigates the relationship between eco-friendly houses
and economic development, using GDP per capita as the dependent variable is justifiable.
Changes in eco-friendly houses may impact economic development through multiple
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channels, such as energy consumption, employment, and household disposable income.
GDP per capita provides a comprehensive measure that captures the net effect of these
channels on economic development.

Table 1. Variables and sources.

Abbreviation Variables Source QR Codes

Dependent variable

GDP

GDP (base = 2016) for each municipality. Indeed, this variable
was built by the GDP of each region (25 NUTS III) ×
(population of municipality/population of the region (25 NUTS
III)). This variable can serve as a proxy for economic
development.

Constructed variable
with data from INE

[93]
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The use of independent variables such as POLICIES, HOUSES_RECONS, NEW_HOUSES,
ECO_HOUSES, and NON_ECO-HOUSES to explain the dependent variable GDP is eco-
nomically justified as they have significant impacts on economic growth. Policies such as
subsidies, loans, and tax relief can encourage investment in energy-efficient technologies,
increasing household disposable income and job creation. Completed house reconstruc-
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tions can lead to economic benefits such as job creation, increased demand for construction
materials and services, and improved energy efficiency of existing housing stock.

An increase in the number of newly completed houses can have far-reaching effects
on the economy, such as job creation, increased economic activity, and changes in consumer
spending and property values. However, it is essential to consider the environmental
impact of these houses, particularly in terms of their energy efficiency.

Eco-friendly houses, certified with high energy efficiency ratings (such as A+, A, B,
and B−), can contribute to environmental sustainability, higher property values, and job
creation. On the other hand, non-eco-friendly houses, which have low energy efficiency rat-
ings (such as C, D, E, and F), can negatively impact environmental sustainability, household
wealth, and the construction and energy efficiency industries.

By analyzing these independent variables, we can gain valuable insights into their
potential impacts on economic development. This makes it economically justified to
prioritize the construction of energy-efficient and eco-friendly houses, as they can benefit
both the environment and the economy.

3.2. Method

This section will discuss three crucial aspects of our empirical analysis. First, we
will showcase the preliminary tests conducted to evaluate the quality of our data and
the assumptions required for our regression models. Second, we will delve into the OLS
model regression with fixed effects, which enables us to isolate the impact of independent
variables on the dependent variable while accounting for time-invariant individual or
group characteristics. Finally, we will introduce the Method of Moments Quantile Re-
gression (MM-QR) with fixed effects, which allows for a more flexible modelling of the
conditional distribution of the dependent variable by estimating the conditional quantiles
at various levels.

3.2.1. Preliminary Tests

The preliminary tests play a crucial role in determining the suitability of the variables
used in the econometric model and in selecting the best model estimator. Therefore, before
running the OLS with fixed effects and MM-QR estimators, it is necessary to perform a
battery of tests to check for normality, correlation, multicollinearity, heteroscedasticity, and
serial correlation. These tests include:

(i) Descriptive statistics: Provides summary statistics such as mean, standard deviation,
minimum, maximum, and quartiles for each variable.

(ii) Histogram of variables: Displays the distribution of each variable, providing insights
into its skewness, kurtosis, and potential outliers.

(iii) Pairwise Correlation [100]: Measures the strength and direction of the linear relation-
ship between pairs of variables.

(iv) Skewness and kurtosis test for normality [101]: Tests whether the distribution of
each variable is normal or not. The null hypothesis is that the variable is normally
distributed.

(v) Collinearity Diagnostics [102]: Tests for multicollinearity among independent vari-
ables. High levels of multicollinearity can cause problems with the estimation and
interpretation of coefficients.

(vi) Pesaran CD test [103]: Tests for cross-sectional dependence in panel data. The null
hypothesis is that there is no cross-sectional dependence.

(vii) Fisher-type unit-root test [104]: Tests for the presence of a unit root in each variable.
The null hypothesis is that there is a unit root.

(viii) Kao test for cointegration [105]: Tests for cointegration between pairs of variables.
The null hypothesis is that there is no cointegration.

(ix) Pedroni test for cointegration [106]: Another cointegration test that allows for cross-
sectional dependence. The null hypothesis is that there is no cointegration.
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(x) Breusch-Pagan/Cook-Weisberg test for heteroskedasticity (e.g., [107,108]): Tests for
the presence of heteroskedasticity in the error term. The null hypothesis is that there
is no heteroskedasticity.

(xi) Wooldridge test for autocorrelation in panel data [109]: Tests for autocorrelation in
the error term. The null hypothesis is that there is no autocorrelation.

These tests are widely used in the econometric literature to ensure the robustness and
validity of the model (e.g., [110–112]).

3.2.2. The Ordinary Least Squares (OLS)

The OLS (ordinary least squares) model regression with fixed effects is a statistical
method used to estimate the relationship between a dependent variable and one or more
independent variables while controlling for fixed effects that are constant over time and
vary across individuals or groups (e.g., [113,114]). The fixed effects capture the time-
invariant heterogeneity of individuals or groups and control for omitted variables that
could bias the estimates (e.g., [113,114]). The general equation for the OLS model regression
with fixed effects is:

yit = ai + β1x1it + β2x2it + · · ·+ βkxkit + µit (1)

where yit is the dependent variable for individual i at time t, ai is the individual fixed effect,
x1it, x2it, kit are the k independent variables for individual i at time t, β1, · · · βk are the
corresponding coefficients, and µit is the error term.

The OLS model regression with fixed effects is a suitable method to identify the impact
of independent variables POLICIES, HOUSES_RECONS, NEW_HOUSES, ECO_HOUSES,
and NON_ECO-HOUSES on the dependent variable GDP, as it controls for time-invariant
individual or group characteristics that affect both the dependent and independent vari-
ables. In the context of the housing sector, the fixed effects could capture the differences in
housing policies, construction quality, and environmental regulations across municipalities,
regions, or countries. By including these fixed effects, the OLS model regression can isolate
the impact of the independent variables on the dependent variable while controlling for
unobserved heterogeneity.

The present empirical investigation chose to employ two methods of OLS with fixed
effects, namely FE Robust and FE D.-K, to estimate the relationship between the depen-
dent and independent variables. FE Robust is a widely used method. Nevertheless,
heteroskedasticity and cross-sectional dependence (spatial dependence or spatial regimes)
in the data requires using a more robust estimator such as FE D.-K [115]. The FE D.-K
method adjusts for heteroskedasticity and spatial dependence, improving the estimates’
accuracy and reducing the potential for biased results. Therefore, the FE D.-K method is
preferred in this investigation to ensure the estimates are reliable and robust.

3.2.3. The Method of Moments Quantile Regression (MM-QR)

The Method of Moments Quantile Regression (MM-QR) with fixed effects is a statistical
method used to estimate the relationship between a dependent variable and one or more
independent variables while controlling for fixed effects that are constant over time and
vary across individuals or groups at different quantiles of the conditional distribution [116].
The MM-QR with fixed effects is an extension of the OLS model regression with fixed effects
that allows for a more flexible modelling of the conditional distribution of the dependent
variable by estimating the conditional quantiles of the dependent variable at different levels
(e.g., [117,118]). The general equation for the MM-QR with fixed effects is:

Qτ(yit)
= ai + β1x1it + β2x2it + · · ·+ βkxkit + µit (2)

where Qτ(yit)
is the τ-th quantile of the dependent variable yit for individual i at time t, ai

is the individual fixed effect, x1it, x2it, kit are the k independent variables for individual i
at time t, β1, · · · βk are the corresponding coefficients, and µit is the error term.
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In this investigation, we used the MM-QR with fixed effects to estimate the impact of
independent variables POLICIES, HOUSES_RECONS, NEW_HOUSES, ECO_HOUSES,
and NON_ECO-HOUSES on the dependent variable GDP at different quantiles of the
conditional distribution (25th, 50th, 75th, and 90th). By estimating the conditional quantiles,
this investigation can examine whether the effect of the independent variables on GDP
varies across different levels of the distribution and whether the fixed effects play a role in
shaping the relationship.

Indeed, this is a suitable method for this investigation as it allows for more flexible
modelling of the conditional distribution of the dependent variable while controlling for
time-invariant individual or group characteristics that affect both the dependent and inde-
pendent variables. In the context of the housing sector, the MM-QR with fixed effects can
provide insights into how different policies and housing types affect different population
segments and whether the fixed effects play a role in shaping the impact.

Moreover, the MM-QR with fixed effects is particularly useful in cases where the OLS
assumptions may not hold, such as heteroskedasticity, outliers, or non-normal error terms.
It also allows for the control of unobserved heterogeneity by including fixed effects. In
this investigation, the MM-QR with fixed effects serves as a robustness check to ensure
the validity of the OLS results and to provide additional insights into the impact of the
independent variables on different parts of the conditional distribution of the dependent
variable. Overall, using the MM-QR with fixed effects as a robustness check enhances the
rigour and reliability of the analysis.

Indeed, this empirical investigation used the econometric software Stata 17.0. The Stata
commands used in this study included sum, histogram, pwcorr, graph matrix, sktest, collin, xtcd,
xtunitroot, xtcointtest kao, xtcointtest pedroni, hettest, xtserial, hausman, xtreg, and xtqreg. These
commands were used to realize the preliminary tests and the model estimations.

4. Empirical Results

This section presents the empirical results of the investigation. The first step taken in
this study was to calculate the preliminary tests, which included the descriptive statistics
of the variables under consideration. Table 2 below displays the descriptive statistics of the
variables, namely GDP, POLICIES, HOUSES_RECONS, NEW_HOUSES, ECO_HOUSES,
and NON_ECO_HOUSES, which are reported in natural logarithms.

Table 2. Descriptive statistics of variables.

Variables Obs Mean Std. Dev. Min Max

LogGDP 126 15.88212 4.2190 12.9402 33.0508
LogPOLICIES 126 1.5566 0.2269 1.0986 1.7917

LogHOUSES_RECONS 126 0.4024 0.8003 −0.6668 3.5351
LogNEW_HOUSES 126 4.1286 1.1146 0.6931 6.1793
LogECO_HOUSES 126 6.0022 1.1382 0.6931 8.6864

LogNON_ECO_HOUSES 126 7.3893 0.9334 3.2958 9.5672
Notes: “Log” means variable in the natural logarithms; The Stata command sum was used in this test.

As can be seen in Table 2 above, the dependent variable LogGDP has a mean of
15.88212 and a standard deviation of 4.2190, indicating that there is a considerable amount
of variability in the data. The minimum and maximum values of LogGDP are 12.9402 and
33.0508, respectively.

Indeed, the independent variable LogPOLICIES has a mean of 1.5566 and a relatively
small standard deviation of 0.2269, indicating that the data points are relatively close to the
mean. The minimum and maximum values of LogPOLICIES are 1.0986 and 1.7917, respec-
tively. The independent variable LogHOUSES_RECONS has a mean of 0.4024 and a relatively
large standard deviation of 0.8003, indicating that the data points are dispersed. The minimum
and maximum values of LogHOUSES_RECONS are −0.6668 and 3.5351, respectively. The
independent variable LogNEW_HOUSES has a mean of 4.1286 and a standard deviation of
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1.1146. The minimum and maximum values of LogNEW_HOUSES are 0.6931 and 6.1793, re-
spectively. The independent variable LogECO_HOUSES has a mean of 6.0022 and a standard
deviation of 1.1382. The minimum and maximum values of LogECO_HOUSES are 0.6931
and 8.6864, respectively. Finally, the independent variable LogNON_ECO_HOUSES has a
mean of 7.3893 and a standard deviation of 0.9334. The minimum and maximum values of
LogNON_ECO_HOUSES are 3.2958 and 9.5672, respectively.

The second step is necessary to calculate the histogram of variables. The resulting
histogram can be seen in Figure 6, which visually represents the distribution of the variables.
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Figure 6. Histogram of variables. Notes: “Log” means variable in the natural logarithms; The Stata
command histogram was used in this test.

The histograms reveal insights into the distribution of data for each variable. The
dependent variable, LogGDP, is skewed to the left, indicating that there are more obser-
vations with larger values of LogGDP and fewer observations with smaller values. The
independent variable, LogPOLICIES, is skewed to the right, suggesting that there are more
observations with smaller values of LogPOLICIES and fewer observations with larger
values. The independent variable, LogHOUSES_RECONS, is also skewed to the left, indi-
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cating that there are more observations with larger values of LogHOUSES_RECONS and
fewer observations with smaller values.

In contrast, the data for the independent variable, LogNEW_HOUSES, appears
to be roughly symmetrical, suggesting that the observations are distributed relatively
evenly across the range of values. Similarly, the data for the independent variable, Lo-
gECO_HOUSES, also appears to be roughly symmetrical, indicating that the observations
are distributed relatively evenly across the range of values. Finally, the data for the inde-
pendent variable, LogNON_ECO_HOUSES, is also roughly symmetrical, suggesting that
the observations are distributed relatively evenly across the range of values.

The third step of this investigation involves calculating the Pairwise Correlation test
for all variables included in the model. Table 3 below presents the results of the Pairwise
Correlation test.

Table 3. Pairwise Correlation.

Pairwise Correlation

Variables (A) (B) (C) (D) (E) (F)

LogGDP (A) 1.000
LogPOLICIES (B) 0.0150 1.000

LogHOUSES_RECONS (C) 0.0128 −0.0949 1.000
LogNEW_HOUSES (D) 0.0813 0.2378 *** 0.1600 * 1.000
LogECO_HOUSES (F) 0.1258 0.2421 ** 0.3636 *** 0.5546 *** 1.000

LogNON_ECO_HOUSES (E) 0.1713 ** −0.0079 0.397 *** 0.2247 ** 0.7445 *** 1.000

Pairwise Correlation Matrix
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Table 3 above displays the Pairwise correlation coefficients among the six variables under
investigation: LogGDP (A), LogPOLICIES (B), LogHOUSES_RECONS (C), LogNEW_HOUSES
(D), LogECO_HOUSES (E), and LogNON_ECO_HOUSES (F). The correlation coefficients
are presented in the cells where the two variables intersect. Based on the results presented
in this table, the highest correlation coefficient is observed between LogECO_HOUSES and
LogNON_ECO_HOUSES, with a coefficient of 0.7445. This result suggests a strong positive
correlation between these two variables. Conversely, the correlation coefficient between
LogGDP and LogPOLICIES is very low, at 0.0150, indicating a weak positive correlation
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between these variables. Indeed, the results from the Pairwise correlation matrix above
confirm these results.

The fourth step of this investigation involves conducting a Skewness and Kurtosis test
to assess the normality of all variables included in the model. The results of the Skewness
and Kurtosis test for normality are presented in Table 4 below.

Table 4. Skewness and kurtosis test for normality.

Variables
Skewness/Kurtosis Tests for Normality

Obs
Pr (Skewness) Pr (Kurtosis) adj chi2(2) Statistic

LogGDP 0.0000 0.0000 0.0000 *** 126
LogPOLICIES 0.0001 0.7845 12.72 0.0017 *** 126

LogHOUSES_RECONS 0.0000 0.0001 42.63 0.0000 *** 126
LogNEW_HOUSES 0.0008 0.1246 11.58 0.0031 *** 126
LogECO_HOUSES 0.0005 0.0002 20.80 0.0000 *** 126

LogNON_ECO_HOUSES 0.0104 0.0004 15.49 0.0004 *** 126

Notes: *** denotes statistical significance at 1% level; “Log” means variable in the natural logarithms; The Stata
command sktest was used in this test.

Table 4 above presents the results of skewness and kurtosis tests for normality on
six variables (e.g., LogGDP, LogPOLICIES, LogHOUSES_RECONS, LogNEW_HOUSES,
LogECO_HOUSES, and LogNON_ECO_HOUSES) with 126 observations. The Skewness
test is used to determine if the distribution of a variable is symmetrical or skewed. The table
above shows that all variables have skewness values close to 0, indicating their distributions
are approximately symmetrical. However, the LogNON_ECO_HOUSES variable has a
skewness value of 0.0104, slightly higher than the other variables. The Kurtosis test is used
to determine if the distribution of a variable is normal or has heavy tails (leptokurtic) or
light tails (platykurtic). The table shows that all variables have kurtosis values close to
0, indicating their distributions are approximately normal. However, the LogPOLICIES
variable has a kurtosis value of 12.72, which is higher than the other variables. This finding
suggests that the distribution of LogPOLICIES may have heavier tails than the other
variables. Overall, the results suggest that the variables in the study are approximately
normally distributed. The statistical significance (at the 1% level) of the chi-square test of
normality indicates that these distributions are significantly different from normality, but
the deviations from normality are likely small.

A collinearity diagnostics test was conducted as the fifth step of this investigation. The
results of this test are presented in Table 5 below.

Table 5. Collinearity Diagnostics.

Variables VIF SQRT
VIF Tolerance R-Squared Eigenval Eigenval Index

LogGDP 1.23 1.11 0.8100 0.1900 1 6.1252 1.0000
LogPOLICIES 1.21 1.10 0.8245 0.1755 2 0.7520 2.8539

LogHOUSES_RECONS 1.29 1.14 0.7746 0.2254 3 0.0597 10.1332
LogNEW_HOUSES 1.86 1.36 0.5388 0.4612 4 0.0364 12.9780
LogECO_HOUSES 3.87 1.97 0.2582 0.7418 5 0.0146 20.4893

LogNON_ECO_HOUSES 2.43 1.56 0.4117 0.5883 6 0.0093 25.6052

Mean VIF 1.98 7 0.0029 46.2613

Condition Number 46.2613

Eigenvalues & Cond Index computed from scaled raw sscp (w/intercept)
Det (correlation matrix) 0.1576

Notes: “Log” means variable in the natural logarithms; The Stata command collin was used in this test.



Energies 2023, 16, 4855 20 of 34

Table 5 above presents the results of the collinearity diagnostics test, which indicate
no significant collinearity among the predictor variables. The VIF values range from 1.23
to 3.87, with an average of 1.98, suggesting a moderate correlation among the predictor
variables. The square root of the VIF values ranges from 1.11 to 1.97, which further supports
this finding. Additionally, the tolerance values range from 0.26 to 0.82, indicating that each
predictor variable uniquely contributes to the model. The R-squared values range from
0.26 to 0.82, suggesting that each predictor variable significantly contributes to the model.
The condition number is 46.2613, indicating no significant collinearity among the predictor
variables. Lastly, the determinant value 0.1576 suggests that the predictor variables are not
highly correlated.

As the investigation progresses, the sixth step involves conducting the Pesaran CD test
to analyze the data further. The results of this test are presented in Table 6 below, providing
important insights for the ongoing research.

Table 6. Pesaran CD test.

Variables CD-Test p-Value Obs

LogGDP 32.44 *** 126
LogPOLICIES 32.46 *** 126

LogHOUSES_RECONS N.A 126
LogNEW_HOUSES 15.97 *** 126
LogECO_HOUSES 26.45 *** 126

LogNON_ECO_HOUSES 8.74 *** 126
Notes: *** denotes statistical significance at 1% level; “Log” means variable in the natural logarithms; The Stata
command xtcd was used in this test; N.A denotes unavailable.

The results from Table 6 above indicate the presence of cross-sectional dependent
in the variables in the residuals of the panel data regression for most of the variables,
indicating that the assumption of cross-sectional independence may not hold. Moreover,
for the variable LogHOUSES_RECONS, the CD-test statistic is not reported, which means
that the test could not be performed due to missing observations.

The seventh step in the investigation is conducting a panel unit-root test to examine the
data further. The results of this analysis are presented in Table 7 below, which displays the
outcomes of a Fisher-type unit-root test. These findings will provide valuable information
for the research progress.

Based on the results presented in Table 7 above, it can be observed that the vari-
ables LogGDP, LogECO_HOUSES, and LogNON_ECO_HOUSES, all measured in nat-
ural logarithms, are non-stationary. Similarly, LogPOLICIES and LogNEW_HOUSES
show boundary behaviour between I(0) and I(1). On the other hand, the variable Log-
HOUSES_RECONS is stationary, indicating that it does not exhibit a trend or a unit root.
Furthermore, when considering the variables in their first-difference form, the test shows
that dLogGDP and dLogPOLICIES are non-stationary, while dLogECO_HOUSES displays
boundary behaviour between I(0) and I(1). However, the variables dLogNEW_HOUSES
and dLogNON_ECO_HOUSES are stationary, indicating that they do not possess a unit
root and are thus time-invariant.

When dealing with non-stationary variables, examining the possibility of cointegration
is essential. Therefore, the eighth step of this investigation involves conducting a cointe-
gration test. This test aims to identify any long-term relationships between the variables
under analysis. The results from the Kao and Pedroni tests for cointegration are presented
in Table 8 below, providing essential insights into the relationship between the variables.

The Kao test for cointegration indicates strong evidence to reject the null hypothesis
of no cointegration between the variables at a 1% significance level. The Dickey-Fuller t
statistic is −4.7917 (p-value of 0.0000), and the unadjusted Dickey-Fuller t statistic is −7.8173
(p-value of 0.0000). However, cointegration tests provide statistical evidence and should be
interpreted with economic reasoning and other empirical evidence. When examining the
stationary variables, the Kao test results show that the p-values of all the statistics are below
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the significance level of 0.05, except for the Modified Dickey-Fuller t statistic. Therefore,
there is not enough evidence to conclude that there is cointegration between the variables.

Table 7. Fisher-type unit-root test.

Variables

Fisher-Type Unit-Root Test
(Based on Phillips-Perron Tests)

Without Trend With Trend

Lags Inverse Normal (Z) Inverse Normal (Z)

LogGDP 0 8.2056 0.3372
1 8.0925 0.1451

LogPOLICIES 0 −8.5486 *** 9.5038
1 −10.4421 *** 10.8778

LogHOUSES_RECONS 0 −5.8195 *** −6.6265 ***
1 −6.0145 *** −7.9411 ***

LogNEW_HOUSES 0 0.0986 −4.5015 ***
1 0.0657 −6.2746 ***

LogECO_HOUSES 0 2.2657 1.9285
1 2.6838 1.6228

LogNON_ECO_HOUSES 0 4.3463 6.0491
1 3.8087 5.4698

dLogGDP 0 0.0313 8.5471
1 0.2217 9.7752

dLogPOLICIES 0 3.8931 0.1438
1 5.4022 −0.0773

dLogHOUSES_RECONS 0 −9.9940 −4.3266
1 −11.1357 *** −4.6370 ***

dLogNEW_HOUSES 0 −8.5165 *** −3.3044 ***
1 −9.9904 *** −5.6215 ***

dLogECO_HOUSES 0 −3.2993 *** 0.2991
1 −3.2195 *** −0.3345

dLogNON_ECO_HOUSES 0 1.0892 *** −4.7146 ***
1 0.4446 *** −7.4530 ***

Notes: ***, denotes statistically significant at 1% level, respectively; “Log” means variable in the natural logarithms;
The Stata command xtunitroot was used in this test.

Table 8. Kao and Pedroni tests for cointegration.

Kao Test for Cointegration Statistic p-Value

Modified Dickey-Fuller t 1.0130 0.1555
Dickey-Fuller t −4.7917 0.0000 ***

Augmented Dickey-Fuller t −0.8083 0.2095
Unadjusted modified Dickey-Fuller t −2.7854 0.0027 **

Unadjusted Dickey-Fuller t −7.8173 0.0000 ***

Pedroni Test for Cointegration Statistic p-Value

Modified Phillips-Perron t 3.9430 0.0000 ***
Phillips-Perron t 1.9730 0.0242 **

Augmented Dickey-Fuller t −3.0849 0.0010 **
Notes: ***, ** denotes statistically significant at 1% and 5% levels, respectively; “Log” means variable in the natural
logarithms; The Stata commands xtcointtest kao, and xtcointtest pedroni were used in this test.

The Pedroni test was also computed to confirm the Kao test results. The results indicate
evidence of cointegration between the variables. The Modified Phillips-Perron t statistic is
3.9430 (greater than the critical value for the 5% significance level), and the Phillips-Perron t
statistic is 1.9730 (also greater than the critical value at the 5% significance level). However,
the Augmented Dickey-Fuller t statistic is −3.0849 (less than the critical value for a 1%
significance level), indicating rejection of the null hypothesis of no cointegration. Based on
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the Pedroni test, it can be concluded that there is evidence of cointegration between the
variables, suggesting a long-term relationship and a common trend.

The ninth step of this investigation involves checking for the presence of heteroskedas-
ticity and autocorrelation in panel data. Table 9 displays the results of the Breusch-
Pagan/Cook-Weisberg test for heteroskedasticity and the Wooldridge test for autocor-
relation in panel data.

Table 9. Breusch-Pagan/Cook-Weisberg test for heteroskedasticity and Wooldridge test for autocor-
relation in panel data.

Breusch-Pagan/Cook-Weisberg test for heteroskedasticity

chi2(1) = 80.52 ***

Wooldridge test for autocorrelation in panel data

F (1, 17) = 177.631 ***
Notes: *** denotes statistical significance at 1% level; The Stata commands hettest and xtserial were used in this test.

The results of the Breusch-Pagan/Cook-Weisberg test for heteroskedasticity, presented
in Table 9, indicate that the chi-squared test statistic with one degree of freedom is 80.52,
with a p-value of 0.0000. These results provide strong evidence against the null hypothesis
of constant variance and suggest the presence of heteroskedasticity in the data. Similarly,
the Wooldridge test for autocorrelation in panel data, also reported in Table 9, shows a
statistic of F (1,17) = 177.631, with a p-value of 0.0000. These results provide strong evidence
against the null hypothesis, indicating the presence of first-order autocorrelation in the
panel data.

This investigation’s tenth and final preliminary test examines the presence of fixed
and random effects in the econometric model. The results of the Hausman test can be found
in Table 10 below.

Table 10. Hausman test.

Models
chi2(5) Prob.

117.60 0.0000 ***
Notes: *** denotes statistically significant at 1% level; The Stata command hausman was used in this test.

The results of the Hausman test indicate that the test statistic is 117.60 with a p-value of
0.0000, providing strong evidence against the null hypothesis. As a result, we can conclude
that the coefficients in the fixed and random effects models differ significantly. Based on
these results, the fixed effects model is preferred over the random effects model.

After completing the preliminary tests, the next step is calculating the regression
of OLS with fixed effects and MM-QR with fixed effects. The results of OLS with fixed
effects, namely FE Robust and FE D.-K, can be found in Table 11 below. These methods
were used to estimate the relationship between the dependent and independent variables.
Additionally, Table 11 includes the results of the MM-QR with fixed effects, which serves
as a robustness check.

Table 11 presents the regression analysis results using OLS with fixed effects. The
analysis indicates that the independent variable LogPOLICIES has a positive impact of
0.1578 on the dependent variable LogGDP. This finding suggests that subsidies, loans, and
tax relief can encourage homeowners to invest in energy-efficient technologies, boosting
household disposable income and contributing to economic growth. Implementing infras-
tructure and aid programs can create job opportunities, while monitoring and obligation
schemes can improve environmental sustainability and economic competitiveness.

However, the econometric model suggests that the independent variable LogHOUSES
_RECONS is statistically insignificant, meaning that this variable does not have a signif-
icant impact on the dependent variable. On the other hand, the independent variable
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LogNEW_HOUSES has a positive impact of 0.0187 on the dependent variable LogGDP.
Increasing the number of new constructions can lead to economic benefits, such as job
creation and increased demand for construction materials and services. Additionally, new
constructions can stimulate economic activity by increasing the housing supply, property
values, household disposable income, and consumer spending.

Table 11. Results of OLS with fixed effects and MM-QR.

Independent
Variables

Main Model Robustness Check

OLS with Fixed Effects MM-QR

Dependent Variable (LogGDP) Dependent Variable (LogGDP)

Estimators Quantiles

FE FE Robust FE. D.-K 0.25 Q 0.5 Q 0.75 Q 0.90 Q

LogPOLICIES 0.1578 *** *** *** 0.1881 *** 0.1655 *** 0.1369 *** 0.1112 **
LogHOUSES_RECONS 0.0027 0.0023 0.0026 0.0029 0.0033

LogNEW_HOUSES 0.0187 *** ** ** 0.0093 0.0163 ** 0.0251 ** 0.0329 **
LogECO_HOUSES 0.0786 *** *** *** 0.0716 *** 0.0768 *** 0.0834 *** 0.0892 ***

LogNON_ECO_HOUSES −0.0605 *** −0.0605 *** −0.0605 *** −0.0461 ** −0.0568 ** −0.0703 ** −0.0822 *

Constant 15.3949 *** *** *** N.A N.A N.A N.A
Obs 126 126 126 126 126 126 126

Graphical depiction of the impacts
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Furthermore, the analysis shows that the independent variable LogECO_HOUSES
has a positive impact of 0.0786 on the dependent variable LogGDP. Increasing eco-friendly
houses can lead to economic benefits, such as lower energy consumption, reduced carbon
emissions, and improved environmental sustainability, contributing to overall economic
growth. Additionally, eco-friendly houses may have higher property values, increasing
household wealth and disposable income and creating jobs in the energy efficiency and
construction industries.

Finally, the independent variable LogNON_ECO_HOUSES has a negative impact of
−0.0605 on the dependent variable LogGDP. Increasing the number of non-eco-friendly
houses can lead to negative economic effects, such as higher energy consumption, increased
carbon emissions, and reduced environmental sustainability, which can hinder overall
economic growth. Additionally, non-eco-friendly houses may have lower property values,
decreasing household wealth and disposable income and negatively impacting the con-
struction and energy efficiency industries. The graph depicting OLS regression can, with
fixed effects, be found in Appendix A.

The robustness check using MM-QR confirms the results from OLS with fixed effects.
Specifically, the results in Table 11 indicate that the independent variable LogPOLICIES
positively impacts the dependent variable in all quantiles. The independent variable
LogHOUSES_RECONS is statistically insignificant in all quantiles, suggesting that this
variable does not have a significant impact on the dependent variable. The independent
variable LogNEW_HOUSES positively impacts the 50th, 75th, and 90th quantiles, indicating
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that an increase in the number of new constructions can lead to economic benefits across
different income levels. The independent variable LogECO_HOUSES has a positive impact
in all quantiles, highlighting the economic benefits of eco-friendly housing. Finally, the
independent variable LogNON_ECO_HOUSES negatively impacts all quantiles, indicating
the negative economic impact of non-eco-friendly housing. Therefore, the MM-QR results
provide additional evidence supporting the robustness of the results from OLS with fixed
effects. The graph depicting MM-QR regression can be found in Appendix B.

Indeed, the results of the OLS model regression presented in Table 11 above are
succinctly summarized in Figure 7 below.

In the following section, this investigation will discuss the results of the empirical
investigation that were obtained.
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5. Discussion

This section will present possible explanations for the results that were found. In the
literature, several authors (e.g., [119–121]) have found a positive impact of national policies
for residential energy efficiency on economic growth.

Indeed, this positive impact can occur in several ways. First, these policies can stimu-
late demand for energy-efficient products and services, creating new markets and business
opportunities. This situation can create new jobs, especially in the construction and energy
sectors, and attract regional investments [120]. Second, improving energy efficiency in
residential buildings can reduce household energy bills, freeing up resources that can be
spent on other goods and services. It can increase household disposable income and con-
sumption, which can, in turn, stimulate economic growth through the multiplier effect [119].
Third, energy efficiency policies can reduce greenhouse gas emissions, which can positively
impact the environment and human health, leading to productivity gains and lower health-
care costs. Additionally, reducing energy consumption can help to reduce dependence on
imported energy, improving energy security and reducing the trade deficit (e.g., [72,121]).
Finally, energy efficiency policies can also help improve the quality of housing and reduce
energy poverty, which can positively impact social welfare and equality ([119,120]).

The lack of impact of house reconstructions on economic growth in the Lisbon
metropolitan municipalities can be explained by several factors. One factor is the high
cost of reconstruction, which may not generate enough economic activity to offset the
costs. Moreover, the benefits of reconstruction may be concentrated among homeowners
and construction firms, while the costs may be spread among a broader population. Ad-
ditionally, the economic benefits of energy-efficient renovations may be limited by high
upfront costs and long payback periods, according to studies by Economidou et al. [122]
and Economidou and Bertoldi [123].

Another possible explanation for the lack of impact of house reconstructions on
economic growth is that they may not address underlying economic challenges in the region,
such as unemployment, income inequality, or inadequate infrastructure. In some cases,
investments in house reconstructions may even exacerbate these issues by displacing low-
income residents and contributing to gentrification. The European Investment Bank [39]
also found that the economic benefits of building renovations may be offset by financing
costs, particularly for low-income households.

However, the impact of house reconstruction on economic growth may vary depend-
ing on local factors such as the state of the housing market, the availability of financing,
and the specific goals of the reconstruction project. Some studies and reports, such as
Savills [83], Olga and Antonios [124], and Giang and Pheng [125], have found that house
reconstructions can generate significant economic benefits, particularly in areas with high
levels of blight and disinvestment. Sustainable and energy-efficient reconstruction projects
may also provide long-term economic benefits through reduced energy costs and improved
environmental sustainability (e.g., [43,55]).

The positive impact of new houses on economic growth has been found by some
authors in the literature (e.g., [79]). One possible explanation for this positive impact is
related to the multiplier effect that construction activity can have on the local economy.
When new houses are built, they require inputs from various sectors, such as construction
materials, labour, and professional services. It generates economic activity and employment
opportunities in those sectors, generating additional spending and employment throughout
the local economy. New houses can attract residents and businesses, leading to additional
economic benefits such as increased consumer spending, job creation, and tax revenue. In
addition, new houses may contribute to revitalising blighted areas and increase the overall
attractiveness of the region for investment and development [79].

A study by the National Association of Home Builders found that each new house
built generates an average of 2.97 jobs for one year and $111,000 in taxes and fees for
state and local governments [79]. Additionally, a study by Hoffman [126] found that
housing construction significantly contributes to economic growth in metropolitan areas,
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particularly during periods of economic recovery. The existing literature suggests that
green or eco-friendly houses can promote economic growth, as noted by several authors
(e.g., [29,127]).

There are several economic explanations for the positive impact of eco-friendly houses
or greenhouses on economic growth in the Lisbon metropolitan municipalities. One
explanation is that eco-friendly houses can reduce energy consumption, lowering energy
costs for homeowners and businesses. This, in turn, can lead to increased disposable
income, which can be spent on other goods and services, ultimately stimulating economic
growth (e.g., [30,32]). According to a study by the European Environment Agency, the
adoption of energy-efficient measures in buildings can result in energy savings of up to
50% and provide significant economic benefits through reduced energy bills and increased
economic activity [31].

Additionally, eco-friendly houses may increase property values, attracting investment
and development to the area [28]. This idea is also shared by the United Nations Envi-
ronment Programme (UNEP) [127], where eco-friendly buildings can lead to cost savings
for homeowners and businesses and increased property values and rental rates. These
economic benefits can contribute to overall economic growth. A study by the University of
California, Berkeley found that green-certified buildings had a higher sale price per square
foot than non-, green-certified buildings, with the price premium ranging from 3.5% to
1,3% depending on the certification level [33]. This increase in property values can lead
to increased property tax revenues for municipalities, which can be used to fund public
services and infrastructure.

Moreover, using green technologies in eco-friendly houses can create new business
opportunities and jobs, further contributing to economic growth. For example, installing
and maintaining solar panels, energy-efficient HVAC systems, and other green technologies
require skilled labour, providing opportunities for job creation and economic activity. A
report by the International Renewable Energy Agency [128], found that the renewable
energy industry employed over 11 million people worldwide in 2018, with the potential for
significant job growth in the coming years [128]. This viewpoint is also shared by Singh
et al. [34], where eco-friendly buildings can positively impact employee productivity and
well-being, leading to economic benefits for businesses. This includes reduced healthcare
costs and increased productivity, which can contribute to economic growth. Indeed, ac-
cording to Wei and Zhang [29] and European Commission [49], eco-friendly buildings can
contribute to job creation, increased economic activity in the construction sector, reduced
energy costs, and increased property values. These economic benefits can have a positive
impact on overall economic growth.

Another possible explanation is that eco-friendly houses may contribute to a more
sustainable and resilient local economy. By reducing dependence on fossil fuels and pro-
moting renewable energy sources, eco-friendly houses can help mitigate climate change’s
impacts and reduce vulnerability to energy price fluctuations. This can lead to a more stable
economic environment conducive to long-term economic growth. A Global Commission on
the Economy and Climate (GCEC) study found that investing in low-carbon and sustain-
able infrastructure could generate $26 trillion in economic benefits worldwide by 2030 [129].
The explanation provided above confirms Hypothesis (1) presented in the introduction,
which suggests that eco-friendly or greenhouses/buildings positively impact the economic
development of the Lisbon Metropolitan area. Therefore, this further supports the notion
that sustainable construction practices can contribute to the growth and prosperity of
the region.

Finally, some authors have found that non-friendly or non-greenhouses cause a nega-
tive impact on economic growth [49]. Non-friendly or non-greenhouses can have a negative
impact on economic growth in the Lisbon metropolitan municipalities due to several eco-
nomic factors. Firstly, non-green buildings are less energy-efficient, leading to higher energy
costs for homeowners and businesses. It can reduce disposable income and limit spending
on other goods and services, ultimately dampening economic growth (e.g., [130,131]). This
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idea is shared by Rosenow et al. [132] and Brounen et al. [133], where the authors found that
buildings with poor energy efficiency can result in higher energy costs for homeowners and
businesses, reducing disposable income and limiting spending on other goods and services.

Additionally, non-green buildings may negatively impact health and well-being,
resulting in increased healthcare costs and reduced employee productivity [34]. Indeed, this
point of view is shared by Wyon [134], where the authors found that inefficient buildings
and poor indoor air quality can result in increased healthcare costs and reduced worker
productivity, negatively impacting economic growth.

Furthermore, non-green buildings may contribute to climate change and associated
economic costs, such as increased frequency and severity of natural disasters, which can
damage property and infrastructure and disrupt economic activity [49]. The cost of climate
change impacts on the economy is projected to be significant, with estimated costs of
climate change for the global economy ranging from 2% to 10% of GDP by 2100 [135].

6. Conclusions and Policy Implications

The impact of eco-friendly houses on economic development in 18 municipalities
Lisbon metropolitan area was studied using data from 2014 to 2020. The analysis was per-
formed through ordinary least squares with fixed effects that revealed (i) national policies
promoting residential energy efficiency have a positive impact on economic development;
(ii) policies like subsidies, loans, and tax relief encourage homeowners to invest in energy-
efficient technologies, boosting household disposable income and contributing to economic
growth; (iii) an increase in the number of new constructions has a positive impact on
economic development, leading to job creation and increased demand for construction
materials and services; (iv) an increase in the number of eco-friendly houses can result in
reduced energy consumption, leading to lower energy costs for homeowners and busi-
nesses and ultimately stimulating economic growth; and (v) an increase in the number of
non-eco-friendly houses materializes in negative economic growth impacts. Furthermore,
the robustness check using the method of moments quantile regression has confirmed the
findings from ordinary least squares with fixed effects.

6.1. Policy Implications

Portugal has a huge potential to gain with eco-friendly houses. First, however, policy-
makers must take advantage of creating a regulatory environment that can allow building
new houses to benefit from leaping several stages and taking advantage of the availability
of construction-improved technologies.

Given the challenge of financing the massif cost of the energy transition from fossil to
renewable energy sources is also vital to improve societies’ energy efficiency to reduce the
energy demand. Accordingly, policymakers should exploit the public’s perception of the
reduction in energy bills from living in eco-friendly houses to motivate people to bear the
initial costs of new buildings and the reconstruction of eco-friendly dwellings.

A factor that policymakers can take advantage of is that less local pollution from using
fossil fuels in warming houses increases these locations’ attractiveness and property value.
Accordingly, to initiate or stimulate the transformation of traditional to eco-friendly areas,
policymakers can carry out rehabilitation work in these areas.

Policymakers should not forget that cities compete between them to attract economic
activity. Therefore, the attractiveness of cities is fundamental in their capacity to attract
people and grow economic activity. Furthermore, increasing eco-friendly houses makes
cities environmentally friendly, a major asset in this attraction.

Lisbon metropolitan area (and Portugal as a whole) has suffered from a persistent
property price increase. Consequently, policymakers should be cautious and prepared
to handle a possible bursting of the property speculative bubble. Furthermore, given
their foremost consequences, policymakers must be cautious with the bursting of property
bubbles to protect social, economic, and financial stability, prevent social inequality, and
minimize regulatory risks.
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Another factor that policymakers should be aware it is the role of immigration in
the construction sector. This situation is especially acute in countries like Portugal, where
the availability of a young workforce is scarce. Therefore, policymakers ought to create a
regulatory framework that aligns immigration with the needs of the construction sector.
This approach facilitates macroeconomic stabilization by avoiding sudden variations in the
cost of labour.

6.2. Study Limitations

The main limitation of this research’s generalization is that the Lisbon Metropolitan
Area cannot be decoupled from the troubled times that resulted in the intervention of the
Troika. Indeed, the metropolitan region of the Portuguese capital was subject to several
shocks that disturbed the relationships among the variables used in this study.

Another shortcoming is the influence of real estate bubbles on the stability of estimated
parameters for future analysis of a post-bubble burst. Consequently, the findings can be
conditional on the specificities of the period where the research was done. In the same
way, the Portuguese situation, where the level of indebtedness is massive, is a challenging
concern because most of the debt is foreign. This situation exposes the Lisbon Metropolitan
Area to outside shocks that were impossible to assess with our model. Finally, it is important
to acknowledge the limitations of our investigation, particularly regarding the feasibility of
conducting a comparative analysis with similar studies in other regions. The existence of a
gap in the literature on the specific topic we have examined poses a significant challenge
in this regard. Despite our diligent efforts to conduct an extensive literature review, we
encountered limited studies that directly explore the impact of green homes on economic
development in the context of Lisbon or comparable regions. This scarcity of comparable
studies hinders our ability to conduct a comprehensive comparative analysis and directly
benchmark our findings against similar investigations conducted elsewhere.

This limitation sheds light on this specific domain’s relatively nascent research land-
scape. However, we emphasize that our study still holds great value as it fills an essential
gap in the literature by providing a detailed analysis of the impact of green homes on
economic development in the unique context of the Lisbon Metropolitan Area. We offer
valuable insights and contribute to the broader understanding of sustainable urban devel-
opment by examining the local socioeconomic factors, policy frameworks, and stakeholder
perspectives. Although a direct comparative analysis is impossible, our findings provide
a foundation for future research. They can serve as a reference for policymakers and
practitioners seeking to implement sustainable practices in similar regions.

6.3. Further Research

The logical extension of this research is extending the analysis to how efficiently
stimulate the huge Portuguese potential to gain from new dwellings. Indeed, building
eco-friendly houses is an essential tool in limiting environmental damage in an era where
there is no alternative but to implement it. Consequently, assessing how new dwellings can
be accelerated is essential.

The finding that dwellings reconstruction does not impact economic growth is un-
expected. Portugal has a stable population that ages quickly. Given that most residential
property is traditional, there is a huge potential to gain with dwellings reconstruction if it
was identified the reasons that are hampering its contributions to economic growth. In this
case, Portugal can benefit from leaping several stages and taking advantage of improved
construction technologies.

Another area needing research is the psychological factors’ role in building eco-friendly
houses. Assessing them will help cope with the vast energy transition costs and fight climate
changes for contemporaneous society.
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