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ABSTRACT

In the light of the recent intentions of the European Union, the issue of decarbonisation has become critically
important in the building sector. The coherence between the attention of policy makers towards the issues of
decarbonisation and urban regeneration and the higher academic interest can be linked to the current needs of
sustainability and the climate objectives: The present review aims to provide a general framework of the state of
knowledge on the broad topic, focusing on the investigation of the interrelationships existing between energy
retrofit interventions, urban redevelopment and the consequent dynamics of the real estate market. The study
has been developed as a systematic analysis of the existing literature on the topic in order to point out the main
explored aspects, the geographical contexts, the investigated market segments and the most used methodological
approaches. Specifically, 167 papers have been analyzed, whose 44 % investigates the relationship between
energy retrofit and real estate market, 39 % explores the link between the urban regeneration and property sector
and 17 % points out the effects of dynamics of the real estate market on urban transformation interventions. To
summarize some of the most significant data regarding the estimated sample, approximately 75 % of the articles
has been published after 2016, around 50 % focuses on the European context, more than half of the papers
addresses the residential sector and the majority of the contributions (approximately 70 %) consists of scientific
Journal articles. In particular, approximately 50 % explicitly indicates the increase in real estate value resulting
from the implementation of an energy retrofit/urban redevelopment intervention. Descending from the above,
the review provides a valuable reference to address the subjects involved in building and urban renewal oper-
ations towards profitable and effective choices.

1. Introduction

challenge as urban areas are home to more than 75 % of the population,
contributing to more than 65 % of energy consumption and, as a result,

The issue of decarbonization has become critically important in the
building sector, partly because of the policy initiatives proposed by the
EU as part of the European Green Deal [1,2]. The EU has in fact set the
twin goals of reducing harmful emissions by 55 % by 2030 from 1990
levels to climate neutrality in 2050, providing some space for each
member state in setting national targets. The ISPR .A Report on Effi-
ciency and Decarbonization Indicators in Major European Countries
published in 2020 found a decrease in CO2 emissions of about 40 % over
the past two decades, including in sectors such as manufacturing and
construction [3].

Urban regeneration has a key role to play in the decarbonization
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to climate-changing emissions. Due to the crucial role played by cities in
the decarbonization process, in the Italian context the Structure for
Ecological Transition of Mobility and Infrastructure of the Ministry of
Sustainable Infrastructure and Mobility, presented the report “Zero
Climate Impact Cities: Strategies and Policies” [4] which identifies nine
cities committed to achieving climate neutrality in 2030 (Bergamo,
Bologna, Florence, Milan, Padua, Parma, Prato, Rome and Turin) as
‘innovation laboratories’ for the ecological transformation of urban
areas in which to test decarbonization solutions to be extended to other
cities.

Beginning with an analysis of the current situation, the report
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provides local governments with a framework of policy choices aimed at
decarbonization, identifying the areas in which to intervene in order to
achieve the European climate goals of reducing emissions by 55 % by
2030 and achieving zero emissions by 2050 (2030 for the nine selected
cities), while making cities more resilient to climate change. In partic-
ular, the report outlines possible technological and practical solutions to
promote more sustainable urban mobility and energy production from
renewable sources, focusing on green infrastructure and urban water.
Strategies geared toward generating change in the choices of citizens
and economic actors, as well as digital technologies to serve decarbon-
ization and climate change adaptation, are also key factors.

Carbon emissions from the real estate sector can be classified pri-
marily into two categories: operational emissions and embedded emis-
sions. Operational emissions are directly related to the use of buildings
and can be reduced through the implementation of low-impact tech-
nologies and the adoption of measures to improve energy efficiency.
Embodied emissions, on the other hand, arise from construction pro-
cesses and require changes throughout the building supply chain.

Because of the above, urban regeneration from a sustainable
perspective requires a multiplicity of policy strategies pertaining to
three main macro areas, namely: (i) reducing the amount of energy
required by buildings for their operation by promoting the production
and use of energy from renewable sources (e.g., eliminating the use of
fossil fuels to power air conditioning and domestic water heating sys-
tems); (ii) life-cycle assessment of buildings with a focus on building
materials in order to reduce carbon emissions related to building design
i.e. selection of low-carbon materials during the design phase and
adoption of sustainable construction practices; and (iii) promoting low-
emission mobility by proposing urban developments aimed at encour-
aging slow mobility (pedestrian and bicycle) and the use of public
transport, ride-sharing or electric and low-emission vehicle services.

Given the decarbonization targets set by the European Community
and the age of Italy’s building stock [5], there is an emerging need for
substantial retrofitting interventions aimed at substantially improving
the energy efficiency of existing buildings. This need, along with the
growing demand in construction for solutions that promote the
containment of global warming, could generate the loss of market value
of existing “energy-intensive” buildings that do not meet these demands.
As a result, achieving climate neutrality will require substantial in-
vestments, even exceeding the funds allocated by the EU In order to
meet these additional needs and facilitate a transition to a low-carbon
economy, the financial system must play a central role, with the au-
thorities required to develop appropriate regulatory frameworks in
order to avert the risk of misalignment of market valuations with the
value of sustainable investments [6]. In fact, the decarbonization pro-
cess inevitably exerts an influence on the dynamics of the real estate
market, since a higher appreciation of “green” properties is reflected in
an increase in the willingness of potential buyers to pay because of the
positive long-term impact on the operating costs of an efficient property
and, therefore, in an increase in their market value; on the other hand,
the potential loss of attractiveness in the market of “energy-intensive”
properties would lead to a decrease in their market value. It is worth
considering another aspect represented by the potential advantage of
entities that follow carbon-impact reduction policies over the penalty
system associated with failure to comply with the standards introduced.
In fact, regulators will increasingly impose carbon taxes and penalties
for non-compliance with established emission levels. In such a circum-
stance, the higher costs associated with real estate will inevitably result
in lower market appreciation, i.e., a decline in their value. The real es-
tate sector is thus increasingly oriented toward sustainability and the
integration of ESG (Environmental, Social and Governance) criteria into
its investment practices and choices. Vertical forests and green building
solutions are among the trends responding to the growing demand for
green and sustainable buildings, with relevant impacts also on urban
regeneration increasingly influenced by sustainability. Bringing build-
ings in line with European directives on sustainable construction is a
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crucial issue, leading toward the adoption of green practices and tech-
nologies. ESG impact has emerged in the industry with an increasing
focus on sustainable investments and ESG certifications for real estate,
aspects that inevitably influence the performance of real estate
dynamics.

2. Aim

In the outlined framework, the present review aims at investigating
the different aspects connected to the broad topic of the relationships
existing between energy retrofit and urban regeneration interventions
and the consequent dynamics of the real estate market. The literature
review is strictly associated to the current need to define evaluation tools
to support decision-making processes capable of addressing the choices
of the subjects interested in investing in urban redevelopment and en-
ergy retrofit initiatives. In this sense, the influence that the specificities
of the real estate market of the reference geographical context could
determine on investments is widely investigated in academic literature.

Similarly, the link between the implementation of urban renewal
projects and local real estate values is the focus of numerous studies
targeted at providing useful information on market trends and the
reactivity of supply and demand in the mechanisms of formation of
selling and rental prices.

With particular reference to energy requalification interventions and
broader territorial rehabilitation ones, the present review focuses on the
systematic analysis of the studies that verify the possible existence of a
correlation between the implementation of this type of building and
urban interventions and the real estate market.

These scientific studies pursue to investigate the capacity of the
sector to absorb the consequences of investments developed in different
contexts, in order to understand the modalities in which sellers and
buyers transpose, i.e. in terms of variations in selling and rental prices.

According to the mentioned goals, the review goal is to collect
relevant contributions focalized on the examination of one or more of
the described relationships:

1. Energy retrofit and real estate market;
2. Urban redevelopment and real estate market;
3. Real estate market and urban transformation interventions.

The three considered topics have been identified to investigate the
main relationships existing between decarbonization strategies con-
nected to the building energy renovation and urban regeneration and
the real estate market in different geographical contexts. This aspect is
essential for the evaluation of the effectiveness of decarbonization pol-
icies already developed, in progress or planned in different territories.
From the analysis of the three relationships identified in the reference
literature, a framework on how the general topic has been addressed in
different contexts, and the relative purposes and results, is outlined. The
first two relationships, characterized by an increasing scale of observa-
tion (building and urban area), aim to highlight the implications that
interventions determine on the real estate market dynamics in terms of
variation of market values or appreciation for specific factors by po-
tential buyers and sellers. The third relationship, instead, reverses the
point of view, trying to draw from the literature the main evidence on
how market mechanisms can influence investors’ choices regarding the
implementation of energy efficiency interventions on real estate assets
or urban regeneration. In general terms, the implementation of decar-
bonization strategies presupposes the verification of the financial and
economic convenience of such initiatives. Firstly, this implies the in-
fluence that such initiatives determine on the market values of real es-
tate. The choice of the three relationships is connected to its ability to
adequately represent the main macro-categories of intervention for the
increasingly stringent requests of the European community in terms of
energy transition and sustainability. The achievement of decarbon-
ization objectives involves the convenience of the operations to be



FE.D. Liddo et al.

implemented for the subjects promoting the interventions and, in this
sense, the real estate market represents a proxy variable — in terms of
price variations — of the retrofit energy implications.

The need to develop methodological approaches for the evaluation of
the links between (urban and building) planning and design and the real
estate sector is an issue currently at the centre of debates on urban
governance policies to be implemented to improve the urban centres
quality. The evolution of market values allows to analyse the implica-
tions of transformations on the territory and, therefore, supports in-
vestors in choosing the urban areas for which greater financial feasibility
is expected. Likewise, the preferences of potential buyers of energy-
efficient properties constitute a significant element to be taken into ac-
count in the decision-making processes, indicating the higher or lesser
attention paid to this aspect and, therefore, its influence on the total
selling price and on the profit obtainable also in light of the costs to be
incurred.

The different interrelationships between the three items (urban
redevelopment, energy retrofit and real estate market) are studied from
several points of view by scholars of relevant scientific disciplines.

In the overall illustrated framework, the present review aims to
outline an overview of the main questions and to give useful guidelines
to address the subjects involved in building and urban renewal opera-
tions towards profitable and effective choices.

Therefore, the paper provides a methodical analysis of the literature
for identifying the aspects that have been mainly dealt with regarding
the impacts of urban regeneration (at the city scale) and energy retrofit
(at the property scale) on the real estate market, in terms of variation of
market values and dynamism of operations.

The literature review carried out in the present research is not
limited to summarizing the existing data and outcomes derived from the
main studies on the topic, but also provides a critical analysis of the
theories, methodologies and previous findings. With reference to
different aspects (number of papers per year; geographical context of
analysis; market segment studied; origin of the Authors; typology of
paper), the collected papers have been examined and classified in order
to identify research trends and gaps and possible future developments.
Furthermore, the methodological approaches used in the analyzed
research and the different ranges of market value differentials are
investigated in detail. The purpose of the review is to explore the liter-
ature background and the most pointed out relevant topics, highlighting
the current focus of the academic community and constituting a com-
parison term with respect to which the new results can be placed. In this
sense, the work intends to contribute to a knowledge advancement in the
field by proposing an analytical systematization of the main research
and, drawing from it, the main emerging evidence and conclusions.

To successfully achieve the fixed literature review’s goals, the paper
is articulated as follows. The third section outlines the current deep
connection between decarbonization initiatives and urban regeneration
interventions and highlights the different decarbonization strategies and
effects on real estate market across European countries. The fourth
section describes the main steps of the procedure carried out for iden-
tifying and examining the papers. The fifth section concerns the analysis
of the records included in the review according to the investigated
relationship. Then, the sixth section summarizes the most significant
outputs in terms of year of the publication, the geographical origins of
the authors, the examined geographical context, the investigated market
segment and the type of the research paper.

The seventh section highlights the most frequent methodological
approaches applied to reach the fixed objectives and the ranges of value
differentials that have been observed in the relevant studies. To this
purpose, the verification of the existence and, if it is attested, the
determination of common issues and results from the investigation of
the different researches are carried out. In the eighth section, the current
challenges of the existing literature are presented in order to highlight
the potential gaps of the gained knowledge. In the ninth the conclusions
and future developments of the work are discussed.
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3. Decarbonization and urban regeneration

Although urban areas account for only 3 % of the earth’s surface,
they are responsible for about three-quarters of global CO2 emissions
[7]. This underscores the extent to which cities play a key role in climate
change mitigation actions and how their contribution is crucial to
achieving the environmental impact reduction targets set at national
and international levels. Urban regeneration is first and foremost a social
and economic as well as a disciplinary (i.e., regulatory) project,
encompassing a plurality of dimensions (settlement, environmental,
social, institutional). Based on this assumption and in light of current
economic, social and urban conditions, an urban regeneration model
cannot ignore environmental considerations. The relationship between
decarbonization and, more generally, sustainability and urban regen-
eration has been extensively investigated in the existing literature,
analyzing various aspects of it. Measures to achieve climate neutrality
certainly include increased use of renewable energy sources, energy
efficiency of existing and new buildings, gradual reduction in the use of
fossil fuels, implementation of urban green, and limited land con-
sumption. In particular, decarbonizing the energy system requires action
on all aspects of the electricity production, transportation and con-
sumption chain. To achieve the goal of climate neutrality, decarbon-
ization of the energy sector is crucial because energy production and use
account for more than 75 % of the EU’s greenhouse gas emissions [8].
Beginning with the connection of renewables close to consumption lo-
cations, greater flexibility in changing the pattern of operation could be
achieved; in this sense, the concept of ECs (“Energy Communities™)
provides a relevant impetus for infrastructure development and
increased deployment of Distributed Energy Resources (DERs), sup-
ported by private investment including in public-private partnerships
[9]. Since an energy community is an association of citizens, public
administrations, and various stakeholders created with the aim of pro-
ducing, exchanging, and consuming energy from renewable sources on a
local scale, it is evident how the role of man plays a fundamental
importance. Humans, understood as citizens and stakeholders, and their
propensity to adopt sustainable practices and behaviors, determine the
actual weight assumed by energy efficiency in the urban regeneration
process [10]. The importance of practices adopted by consumer
behavior is fundamental to making the integration of renewable energy
systems into the urban fabric profitable, with appropriate development
of distribution networks in cities and integration of storage systems. For
example, the installation of photovoltaic panels on the roofs of resi-
dential, commercial and industrial buildings, but also the implementa-
tion of charging stations for electric cars can promote a balanced
distribution of consumption points across the territory. The particular
importance of decarbonization of buildings in the process of reducing
emissions was also explored in depth by de Oliveira et. al, who analyzed
the effectiveness of different technologies related to interventions on
existing buildings as well as new constructions [11]. The decarbon-
ization of buildings, with the same indoor comfort, can be achieved
starting from the choice of building materials, aiming at improving the
performance of the building envelope that contains heat loss, reducing
energy demand; nonetheless, the composition of the electrical grid used
plays a key role, so technological and plant solutions oriented toward
systems that use energy from renewable sources, such as heat pump
heating systems, are to be preferred.

The environmental and social benefits associated with electrification
of the vehicle fleet have been explored in depth by Kouridis et al., taking
into account the shortage of raw materials, depletion of fossil fuels,
rationalization of energy use and reduction of air and noise pollution
[12]. In the analysis of decarbonization strategies for city-level energy
systems, the study by Arabzadeh et al. analyzed the city of Helsinki,
particularly the heating, energy and transportation sectors, which ac-
count for more than 95 % of CO2 emissions. The analysis proved that the
goal of zero emissions in 2050 is achievable, however with support from
the exogenous energy system (national electricity market) to balance the
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mismatches [13].

The impact on urban districts of decarbonization of grid supply was
also investigated by Morvaj et al. showing that the renewable share of
the grid has a great impact on the optimal solutions determined by the
analysis [14]. However, the study shows that only when the renewable
share in the power grid is 100 % will it be possible to have a carbon-
-neutral district, making it necessary to upgrade the grid to enable
electrification of the heating system.

The need for grid reinforcement at the national level is one of the
aspects that highlights that in this slow and gradual change, the
involvement of local and national governments, as well as the decision-
making process of policy makers, is crucial for achieving the goals set by
the EU. In this sense, the study by Mréwczynska et al. presents an
approach that integrates Analytic Hierarchy Process (AHP), Geographic
Information System (GIS) and Bayesian fuzzy networks to support
decision-making for the decarbonization of urban areas [15]. Sustain-
able city transformation is a complex process that must consider many
technical, economic, social and political factors. It must also balance the
various interests and needs of the stakeholders involved in the decision-
making process and include support from the financial system. In this
regard, there is, therefore, a need for ever-increasing environmental and
overall public awareness, because the complex of individuals’ opinions
and behaviors form the basis of public opinion, which is able to
concretely influence and guide the choices of governments.

In the context illustrated, the goal of decarbonization can be ach-
ieved by acting at the building scale on existing assets (through point
operations of energy retrofit) and at a larger scale (through urban
redevelopment interventions). The integrated implementation of both
approaches (on individual buildings and urban areas) enable the effec-
tive and overall achievement of the mentioned targets. However, the
effective implementation of such interventions depends on the willing-
ness of stakeholders, which in turn is closely guided by the economic
benefit that these stakeholders can obtain from them. In this sense, the
economic choices of investors promoting these types of initiatives are
influenced by the effects that the interventions could bring about on the
real estate market. Preliminary estimation of the effects (in financial and
economic terms) is essential to attest to the sustainability of the in-
vestments from the point of view of the private entity, which is exclu-
sively interested in obtaining the maximum return/profit from the
operations in which it commits its own capital and for which it bears the
technical and economic risk.

3.1. Decarbonization strategies and effects on real estate market across
European countries

The approaches for the decarbonisation adopted in different Euro-
pean countries vary significantly based on i) climate, social and eco-
nomic specificities, ii) existing infrastructural systems and iii) local
territorial governance.

With regard to climate, the cold temperatures and the availability of
natural resources (e.g. waves, wind or water) in Northern countries (e.g.
Sweden and Norway) influence their renewable energy policies. For
example, the Norway energy system is almost entirely based on hydro-
power, making it one of the countries with the lowest carbon intensity in
Europe. In contrast, Southern countries such as Spain, Italy and Greece
face different climate-related challenges, despite having significant po-
tential to exploit solar energy.

The social and welfare policies in each geographical context are
another important aspect that affects the success of decarbonisation. The
sensitivity and the acceptance of climate changes vary according to the
economic and social situation of different countries. For example, States
with a developed heavy industry, such as Poland that is heavily
dependent on coal, accounting for over 70 % of electricity production,
may address a more difficult transition process than countries with
economies that are more oriented towards services or technological
innovation. With the Energiewende program, Germany has adopted a
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series of policies for an efficient energy transition, trying to balance
economic and social needs. However, difficulties arise in finding solu-
tions for regions that mainly depend on traditional power sources and
for the integration of renewable energy into the national grid.

In fact, countries with more industrialized economies or with a
strong dependence on specific energy or agricultural sectors may have
obstacles to carry out a rapid transition. The United Kingdom has
implemented economic measures focused on reducing greenhouse gas
emissions, such as the closure of coal power plants and significant in-
vestments in offshore wind farms. The British economy has adapted to
these changes with an increase in green technologies and renewable
energy-related businesses, although clashing with the Brexit implica-
tions that has made access to EU funds and the European energy market
more difficult.

In some contexts with more fragile economies, e.g. some Eastern
European States (Romania or Bulgaria), the transition could be slowed
down by the lack of sufficient financial resources or the strong need to
modernise obsolete infrastructure.

In order to analyse specific examples of targeted strategies imple-
mented in different cities, the cases of Helsinki, Copenhagen, Milan,
Barcelona, Berlin, Madrid and Paris are examined, by detecting different
approaches and incentive systems that characterize the undertaken
mission.

Helsinki has developed a district heating system powered by
renewable sources and has invested in Power-to-Heat technologies,
which use renewable electricity to produce heat. The integration of
geothermal heat pumps and the progressive elimination of coal are key
elements of local policies.

Copenhagen constitutes a significant urban sustainability model as i)
advanced electric transport networks, with a large number of charging
stations for electric vehicles and ii) Power-to-X technologies, in partic-
ular in the production of green hydrogen, have been promoted.

Similarly, Milan has been investing in electric mobility and charging
infrastructure, supported by local incentives for the purchase of electric
vehicles and the creation of limited traffic zones. At a national level, the
city has been recognized as the most “circular”, thanks to the adoption of
sustainable practices and efficiency in resource management.

Barcelona has focused on the existing building stock energy requa-
lification also through benefits for the installation of photovoltaic sys-
tems that aimed at energy self-consumption solutions.

In the German context, Berlin has proposed a robust subsidies system
for building renovation and the government has favored the acceleration
of a hydrogen economy development, especially aimed at decarbonising
heavy industry. Moreover, The Spanish capital (Madrid) is currently
speeding up the energy transition mechanisms by introducing bonus for
the replacement of gas boilers with high-efficiency heat pumps.

The French city of Paris has recently adopted a new climate plan for
the period 2024-2030, that also aims to reduce local greenhouse gas
emissions by 50 % and increase the share of renewable energy to 45 %
by 2030 and 100 % by 2050.

These examples demonstrate how urban decarbonisation is consis-
tent with the local cities’ specificities, combining technological solu-
tions, economic incentives and integrated urban planning to maximise
the effects of the ecological transition.

The decarbonisation strategies adopted in various European coun-
tries are significantly changing the dynamics of the real estate market.
According to the European Commission, buildings represent approxi-
mately 36 % of greenhouse gas emissions and 40 % of energy con-
sumption in the entire EU, making the sector one of the main targets of
climate policies. The Energy Performance of Buildings Directive (EPBD)
requires that by 2030 all new buildings be zero-emission and that, by
2050, the existing building stock must also become zero-emission. These
measures have generated a “green premium” for highly efficient build-
ings: recent studies show that for (LEED, BREEAM) certified buildings
increases in value between 6 % and 11 % can be detected, whereas
energy-intensive ones can suffer a “brown discount” between 10 % and
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30 %. Furthermore, from the investment costs point of view, it is esti-
mated that 275 billion euros will be needed per year until 2030 to
energetically adapt the European building stock. The implications are
already visible: in national contexts such as Germany, France and the
Netherlands, investors are decommissioning inefficient assets, favouring
those compatible with ESG criteria, and in cities such as Paris and
Amsterdam relevant selling price differentials between redeveloped and
non-redeveloped buildings are found. Therefore, the ecological transi-
tion is not only orienting urban interventions, but is redefining the logic
of properties value and attractiveness within the European real estate
sector.

In this scenario, energy efficiency initiatives influence both the
market supply and demand and change the behaviour of investors,
buyers and landlords. In particular, the adoption of regulations that
promote sustainability (in its three pillars: environmental, economic and
social) has grown the demand for highly energy efficient and low
environmental impact properties. Buildings with certifications such as
Passivhaus or those equipped with renewable energy technologies (solar
panels, heat pumps, etc.) are increasingly sought after. Moreover,
renovation obligations to improve the existing buildings performance
have led real estate investors to face significant costs to update their
properties to the new constrains, such as installing more efficient heat-
ing systems or insulating structures. This has minimized the market
appreciation for older buildings, causing a depreciation of this proper-
ties category, especially in high-density markets. The growing demand
for low environmental impact buildings consequently generates a prof-
itable and dynamic market aimed at the construction of “green” houses,
also fostered by tax incentives and subsidies for innovation in technol-
ogies. In many European cities, the decarbonisation is strongly reflected
in urban regeneration, with the introduction of low-emission zones,
improved infrastructure for electric mobility and the creation of green
spaces, resulting in an increase in the value of residential areas that are
close to such projects. Among the nations mostly involved in boosting
sustainable assets, the Netherlands with the Klimaatakkoord strategy are
pushing for a massive real estate renovation. The rental market is
influenced by the growing demand for apartments that meet high-
energy standards and investors are focusing on projects with low envi-
ronmental impact, as properties with these characteristics have a greater
potential for market appreciation. In addition, Sweden through
advanced environmental policies aims to become climate neutral by
2045. In the real estate sector, government measures incentivize the
construction of low-impact homes, the adoption of geothermal energy
and solar panels and the construction of wooden skyscrapers as a sus-
tainable alternative to traditional concrete buildings. Across Europe,
decarbonization is developing growth opportunities for the “green”
market: national policies differ in the main incentivised operations
terms, but all aim to encourage the adoption of renewable energy
solutions.

4. Methodological approach to collect the records

The present review borrows the seven steps recommended in
Cochrane Reviewers’ Handbook [16] to conduct a literature systematic
analysis. These are synthetically reported and, for each phase, the
operative tasks conducted in this study are specified.

Phase 1. Posing a Research Question: a well formulated research
question helps the determination of articles to include in the litera-
ture review and those to be not considered as poorly consistent with
the fixed objectives.

The research question of the present review is: in the reference
literature, which types of relationships between energy retrofit in-
terventions, urban redevelopment initiatives and real estate market
dynamics are most studied? Does the implementation of energy
improvement projects on buildings and urban renewal influence market
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trends and, therefore, investors’ choices to take part in real estate op-
erations? Vice versa, do real estate market dynamics (transaction vol-
umes, selling prices, rental fees, sales times, etc.) impact decision-
making processes related to the launch of building and urban trans-
formation plans or projects?

Phase 2. Locating studies: the use of several sources to locate and
retrieve scientific studies is fundamental to obtain a sufficiently
representative sample of relevant researches.

Specifically, in the present review the main consulted databases used
to collect scientific articles, papers published in conference proceedings
and specialized studies are Google Scholar and Scopus.

Phase 3. Critical evaluation of the studies: the identification of spe-
cific criteria to determine the validity of the selected studies supports
the decision-making process determining which articles would be
included in the literature review.

In this work, the inclusion criteria considered for identifying the
records to be examined are: i) the full availability of the document, ii)
the English language, iii) the consistence with the explained research
questions.

Phase 4. Data collection: the description of each study goal and
findings is important to compare the obtained results.

With reference to the three analysed relationships (urban redevel-
opment and real estate market, energy retrofit and real estate market
and real estate market and urban transformation interventions), in the
present review the papers collected are classified in paragraph 4.

Phase 5. Data analysis and reporting: the studies are grouped
together according to their similarities.

In the present review, graphs and maps are elaborated in paragraph 5
to organize the contributions in specific categories and to summarize the
results of the systematic analysis.

Phase 6. Interpretation of the findings: the practical implications of
the outputs, i.e. the utilization of the findings in the current practice,
are pointed out.

In this work, some considerations on the methodological approaches
mostly frequent in the collected papers are carried out. Then the main
ranges of value differentials in terms of variation of prices deriving from
the implementation of urban or energy interventions are highlighted.

Phase 7. Refinement and updating the review: after the publication,
the review will be scrutinized by the scientific community who will
then make recommendations to be addressed in subsequent reviews.
In this sense, any new research questions will be formulated and
proposed in the Conclusions Section.

In Fig. 1 the flow chart of the main steps of the literature systematic
analysis is reported.

5. Data collection

Within the reference literature, the analysis has allowed to collect
167 papers that best represent the purpose of this review.

By recalling the aim of the study, the graph reported in Fig. 2 shows
the distribution of the specific research objectives of the retrieved con-
tributions divided into the three topic categories according to the pre-
viously defined relationships between: i) energy retrofit interventions
and real estate market mechanisms, ii) urban redevelopment
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Fig. 1. Flow chart of the phases of the methodological approach to collect
the records.
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Fig. 2. Research objectives of the retrieved contributions.

interventions and real estate market dynamics and iii) real estate market
trends and urban redevelopment in terms of investors’ choices.
The main results are described below.

Relationship 1. Energy retrofit and real estate market (44 %).

The topic of properties energy retrofit represents the mostly analysed
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issue of the collected researches [17-90]. This indicates a growing
attention by academic scholars towards the investigation of different
points of view of the wider question connected to the improvement of
the existing buildings performance. The importance is particularly
relevant considering the global urgency of reducing CO, emissions and
achieving the set climate objectives. By referring to the real estate
sector, the Authors examine the effects of the energy redevelopment
interventions on properties values from an energy saving and sustain-
ability perspective. Specifically, among the main renewable energy
sources considered in the reviewed papers, photovoltaic and solar
panels, building automation (smart home technology), heating systems
with heat pumps, thermal insulation of building envelope (cladding) are
the most investigated ones. Regarding the most effective technologies in
terms of energy efficiency, the integration of different sources of
renewable energy such as solar photovoltaic, wind, biomass, micro-
hydroelectric, appears to be able to pursue the net zero building emis-
sions goal by 2050 [11,50].

Relationship 2. Urban redevelopment and real estate market (39 %).

The topic related to the urban redevelopment is dealt with in these
studies for exploring the implications connected to the transformation of
cities areas on real estate market [91-154]. The interest for this focus
can be attributed to the evident obsolescence of urban infrastructure and
the need i) to create urban spaces that meet the new livability and
sustainability criteria and ii) to adapt them to potential users variable
demand. Moreover, the urban regeneration policies are very often linked
to government incentives or public investments, which makes this issue
relevant for subjects’ choices within the real estate. In fact, the outputs
of these analyses could provide useful indications for decision-makers
(public and/or private) for defining effective strategic measures of
urban redevelopment, since the real estate sector can be considered as a
proxy variable of the surrounding dynamics. The impacts of in-
terventions on territory on selling and rental prices and number of
transactions can be interpreted through the exam of the variations
observed on the reference market in order to outline address lines for the
governments and investors. Within the collected papers, the most
analyzed solutions of sustainable urban regeneration concern the
improvement of public transport efficiency through i) the implementa-
tion of smart technologies in the existing network, such as sensors and
monitoring systems, ii) the use of low-emission vehicles (cycling and
pedestrian infrastructures) and iii) the development of intelligent traffic
management devices to reduce road congestion and emissions.
Furthermore, the rehabilitation of degraded green areas and the creation
of new green spaces constitute a crucial issue. In addition, with reference
to rainwater harvesting and reuse, the implementation of systems for
collecting and reusing rainfall for irrigation and other non-potable
purposes is one of the main suitable solution explored in the relevant
literature. With reference to measures taken in the selected studies
sample for decarbonization goals, one of the most investigated solution
which is recognized as effective for CO2 reduction in urban contexts is
represented by the extensive vehicle fleet electrification [12,13], in
addition to renewable electricity, storage and sector-coupling strategies,
energy distribution systems and the design of district heating [14].

Relationship 3. Real estate market and urban transformation in-
terventions (17 %).

The third category covered by the collected studies concerns the
analysis of the dynamics of the real estate market and their effect on the
relative investment decisions [155-183]. Although this topic is the least
represented in the graph, it highlights the constant need to better un-
derstand the forces that drive the market and the factors that influence
investors’ choices. The dynamics related to market supply and demand,
demographic trends and fiscal policies play a crucial role in real estate
investment operations.
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In line with the expected outcomes, the graph suggests that the
relevant research is increasingly oriented towards sustainability issues
(energy retrofit and urban redevelopment), by attesting the evolution of
the real estate market for more environmentally friendly practices and
the improvement of urban spaces, to achieve more liveable, safe, sus-
tainable and resilient cities (Sustainable Development Goal No. 11
Agenda 2030 [184]). Simultaneously the need to realize profitable (in
financial terms, i.e. for the private investors) and beneficial (in economic
terms, i.e. for the communities and public subject) initiatives points out
the crucial role assumed by the evaluation discipline that use the real
estate market for describing, simulating, forecasting the current mech-
anisms that occur or could occur.

6. Analysis of the collected contributions

In this paragraph a description and classification of the collected
documents is carried out. In particular, the contributions are examined
through the following aspects: i) number of papers per year; ii)
geographical context of analysis; iii) market segment studied; iv) origin
of the Authors; v) typology of paper. The categorization of the retrieved
studies has allowed to identify research trends and gaps and possible
future developments.

6.1. Number of papers per year

The graph of Fig. 3 shows the detected scientific contributions
divided by year of publication in the period between 1969 and the first
half of 2024. In this time frame, 3.0 % of the 167 papers were published
between 1969 and 1999, 4.2 % between 2001 and 2005, 3.0 % between
2007 and 2010, 13.20 % between 2011 and 2015, 35.90 % between
2016 and 2020 and the remaining 40.70 % between 2021 and 2024.

It is clear that the trend is growing: in fact, from 2015 onwards, a
significant increase in the number of publications is observed with the
maximum quantity between 2020 and 2022. This suggests a rising in-
terest in urban and building redevelopment issues, especially to identify
the effects on real estate market prices. This result could be linked to a
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series of factors, attributable — for example — to the influence of
increasingly stringent energy policies, to fiscal incentives for sustain-
ability and also to the Covid-19 pandemic which has stimulated re-
flections on the improvement of urban spaces and buildings. The
increase in publications post-2015 could be associated to the imple-
mentation of international and European regulations on the energy ef-
ficiency of buildings, such as the EU “Energy and Climate Package 2030"
or the Paris Agreement [185].

The relevant development of scientific contributions since 2020 can
also be explained by highlighting that the ecological transition is one of
the pillars of the Next Generation EU [186], the European plan aimed at
favouring the recovery after the Covid-19 pandemic (2020), through the
promotion of the transformation and growth of the economies and so-
cieties of the different Member States. In particular, by means the Na-
tional Recovery and Resilience Plans (NRRP in Italy [187]) adopted by
each State, European funds are allocated to the specific needs of each
country. The common line of the different national tools is the orien-
tation towards the green, ecological and inclusive transition of society
and economy, to make the systems as a whole sustainable and
competitive, and to encourage the circular economy, the development of
renewable energy sources, and more sustainable agriculture. The global
and European objectives for 2030 and 2050 (Sustainable Development
Goals, Paris Agreements, European Green Deal [1,2,184,185]) also
pursue these targets, aiming at a progressive and complete decarbon-
isation of the ‘Net-Zero’ system and boost the adoption of circular
economy solutions.

Before 2015, on the contrary, a limited development of papers can be
noted, with a small number of publications per year. This aspect prob-
ably reflects the lower attention or the few economic and legislative
subsidies to address the questions. This lack is also due to a smaller
awareness of the role of urban redevelopment for the increasing of
communities’ well-being, in addition to the fact that the energy retrofit
interventions were not yet a priority within the urban governance.

However, in the coming years, further growth is expected thanks to
new European and global directives for the achievement of climate
neutrality objectives and in light of the experience progressively gained
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Fig. 3. Distribution of the years of publication of the collected papers.
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and acquired.

6.2. Geographical context of analysis

With reference to the set of 167 collected papers, the graph in Fig. 4
shows the distribution of the papers into the different continents. This
allows to better understand in which geographical territories the ana-
lysed topics have been mainly studied and how the national public
policies and regulatory frameworks have influenced the number of
contributions in each specific context. In fact, the graph outcomes
indicate the continents most oriented towards sustainability and urban
redevelopment, as well as the main contexts in which the significant
academic researches on the topic have been carried out.

Europe constitutes the continent in which the most of the retrieved
documents have been developed (50.93 %) dominating the academic
scene and confirming the interest of the European area towards urban
redevelopment and energy retrofit interventions on existing building
stock. This may be due both to European legislative initiatives and
government programs in favor of sustainability and energy efficiency
such as the Green Deal [1,2] and the National Energy and Climate Plans
(NECPs) [188] and to the fact that many European countries are pro-
moting the ecological transition of the real estate sector in response to
the decarbonization objectives set by the EU, both at the research and
practical implementation levels. In light of what has already been clar-
ified with respect to Next Generation EU [186], the strategies imple-
mented by the European governments that aim at a progressive
ecological transition and decarbonisation of the property assets have
also oriented the academic research on the topic. Therefore, it is
reasonable that the analyses carried out are often pursued at the Euro-
pean contexts analysis.

Asia (23.36 %) represents the second geographical area by volume of
contributions. This output is consistent with the expected one, by
considering that many Asian nations are facing rapid urbanizations and
aiming at large urban development and energy retrofit projects. Coun-
tries such as China and India are heavily investing in these typologies of
interventions to cope with the growing urban population, the challenges
related to climate change and the objectives of reducing the levels of
produced pollution, being among the most “polluting” State on a global
scale. Furthermore, the expansionary phase of the real estate market in
some Asian contexts could explain the growing academic interest in
these topics.

The American continent also has a considerable weight within the
outlined overall framework (14.95 %), although less than Asia and
Europe. The United States, in particular, represents an important center
for research and implementation of projects related to urban redevel-
opment. In fact, there are numerous initiatives that promote the
regeneration and energy retrofit operations, although at the federal level
the policies vary greatly between member states. For example, Canada
and some South American countries have also shown growing interest in
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Fig. 4. Geographical contexts of analysis of the selected researches.
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these issues, with an increase in studies focused on the relationships
between urban sustainability and real estate market.

Africa is significantly less influential than the previously analysed
contexts (2.80 %), demonstrating a lower amount of research or projects
in this field. However, this could also be a sign of the need to raise
awareness in these countries, especially the most emerging ones, to-
wards these topics.

Australia is the least influential context in the graph (1.87 %),
attesting a marginal interest compared to other continents, despite the
attention towards energy retrofit and sustainability being relevant
especially in large cities such as Sydney and Melbourne. The low number
of contributions could reflect the smaller size of the population and the
real estate sector compared to other continents.

The category named “not defined” (6.07 %) refers to studies that do
not focus on a specific geographical context. These researches, in fact,
deals with the topic in a general manner, without i) focalizing on a
specific place and ii) implementing an empirical investigation with the
analysis of a pre-established case study.

In addition, it should be highlighted a prevalence of papers that
cover the topic in multiple contexts comparing the socioeconomic and
regulatory differences that characterize them. These reflect and confirm
the tendency of relevant researches to focus on the European and Asian
continents that are the main actors in urban redevelopment and energy
retrofit policies. Also in cases of analyses carried out on different
countries, the academic interest in America and Africa is, in fact, less,
but still present, whereas Australia represents a currently emerging area.

6.3. Number of documents analyzed for market segment

According to the different uses of properties, the collected studies
focus on examining the following market categories: residential, com-
mercial, office, industrial, hospitality, special and urban areas.

The graph in Fig. 5 shows that the highest number of papers (112)
focus on the residential market segment. The centrality of the residential
sector can be attributed to several factors: i) interest of policy makers as
energy efficiency policies are largely aimed at the housing stock, given
that residential buildings occupy a large part of the urban fabric and
that, therefore, these measures have a significant impact on reducing
overall energy consumption; ii) increased market demand given the
increased appreciation for energy-efficient housing.

The commercial (35) and office (18) sectors are segments studied in
the relevant literature, although with less significance than residential.
These categories are significant for analyzing the interaction between
market dynamics and energy retrofit interventions, especially in urban
settings where commercial and office buildings are concentrated. In
addition, the fact that the commercial sector has been studied relatively
extensively in recent years suggests that urban redevelopment cannot
disregard the inclusion of commercial spaces, as they are indispensable
to residential areas by providing essential services and infrastructure to
housing developments.

Other marginal segments such as hotel (6), industrial (12), education
(3) and health (3) represent a very small portion of the studies analyzed
in this review. In particular, the in-depth study of the hospitality sector
could be associated with specific urban settings characterized by a
particularly developed tourism sector. The industrial sector, although
less focused on, is relevant especially for the energy requirements
associated with industrial buildings. Indeed, collected papers focused on
this topic indicate an interest in energy efficiency in manufacturing
spaces. The upgrading of public buildings, such as schools and hospitals,
cannot ignore the provision and/or availability of public funds and
current regulations. However, it remains a less discussed topic in
literature.

Urban areas (7) are treated in papers that analyze the issue of urban
redevelopment referring to entire neighborhoods or urban meshes and
aimed at verifying the effects on housing market dynamics.

Finally, the category of the chart called “undefined” (23) refers to
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Fig. 5. Number of documents analyzed for market segment.

papers that deal with the issue of urban or energy redevelopment
without focusing on a specific market segment, thus providing a general
or theoretical insight into the topic.

6.4. Origin of authors

The graph in Fig. 6 represents the geographic distribution of the
origin of the authors of the collected papers. Since these are contribu-
tions often written by multiple authors of different nationalities, the
total number of authors is 187. This aspect highlights interdisciplinary
or intercontinental collaborations, which are often related to the avail-
ability of research funds in the field of sustainability. Therefore, a
summary of the analysis of the collected data is given below.

Most Authors are from Europe (60.20 %), accounting for more than
half of the total, consistent with what was highlighted in Sub-section 6.2
in reference to the geographical context of analysis. This confirms that
research on urban redevelopment and energy retrofits and their impact
on the housing market are specifically discussed in the European
context. The significant attention could be related to energy-related
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Fig. 6. Geographic distribution of the origin of the authors of the
collected papers.

policy strategies that give incentives to investment and research in
these areas.

Asian Authors account for nearly one-fifth of the total (18.88 %),
again consistent with the results obtained for the context of analysis
(Sub-section 6.2). This indicates that these issues are also of increasing
importance in Asia, probably related to rapid urban developments and
the growing focus on energy efficiency.

Authors from America make up 15.31 % of the total. Although lower
than in Europe and Asia, this reflects a significant interest in these issues
in American countries, indicating a growing sensitivity to climate
change and sustainability.

Australia (3.57 %) and Africa (2.04 %) present the lowest percentage
in the first case likely due to the small size of the continent, in the second
due to the generally underdeveloped condition of the African continent.

6.5. Type of paper

The papers collected for the present research were finally catego-
rized by type. Analysis of the graph shown in Fig. 7. It differentiates the
papers in relation to the type of scientific contribution produced.

The number of papers (Article) is higher than the other categories
(72.46 %). This shows that the subject matter is addressed in detail and
specifically, with many original studies published. Scientific articles are
generally associated with rigorous methodology, solid empirical data
and careful evaluation by the scientific community.

The number of Contributions in Volumes and Conference Pro-
ceedings suggests that there is also some production in the form of less
formal works as opposed to scientific articles, but all the same of aca-
demic value. In particular, the presence of conference proceedings in-
dicates that the topics of retrofit and urban regeneration are widely
discussed at academic events, where researchers and practitioners come
together to share ideas and preliminary results. This indicates the sci-
entific community’s interest in disseminating research results even
before formal publication in articles. Volume contributions often indi-
cate chapters written as part of collections, where authors contribute to
a broader topic by delving into specific aspects related to the same
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macro-theme.

The presence of academic dissertations, albeit limited, indicates that
the topic is also considered relevant to long-term research, such as PhDs.
Dissertations usually present in-depth studies on a specific case or
emerging area of interest and often include extensive literature reviews.

Books and article reviews account for a small part of the scientific
output. This may indicate that the literature in the field is still
developing.

In conclusion, the prevalence of scholarly articles suggests that
research in this area is advanced and focused on specific empirical
studies, consistent with developments in regulations and practice in
different international geographic contexts. However, the presence of
conference proceedings and contributions in publications also demon-
strates an important collaborative dimension and ongoing exchange of
knowledge.

In order to summarize the observed results, in terms of the per-
centage incidence of the sample across the various characteristics
analyzed, Fig. 8 includes an overview of the main outcomes.

7. Interpretation of the findings

In order to describe the evolution of scientific research over time, for
the three identified relationships some considerations are provided.

Firstly, the academic literature on the analyzed themes has been
characterized by an upward trajectory, in line with the strengthening of
environmental and urban policies at the international level. Regarding

the relationship between energy retrofit and the real estate market, the
initial systematic studies date back to the early 2000 s, primarily
focusing on the impact of energy certifications on property selling pri-
ces. With the introduction of increasingly stringent European regula-
tions, the research has been expanded to encompass empirical analyses
and econometric models (e.g. hedonic pricing models), with key con-
tributions such as those by Hyland et al. [19] and Brounen et al. [36],
which have demonstrated the existence of a *green premium.’

In relation to the link between urban regeneration and real estate
dynamics, the academic interest has developed more unevenly, with
pioneering studies emerging as early as the 1990s. However, a more
pronounced intensification occurred only after 2010, driven by a
growing focus on urban quality and sustainability. The adoption of
quantitative methodologies has allowed for the measurement of the ef-
fects of urban transformations on property values, with notable studies
such as those by De Sousa [98] and Kallio [124].

Finally, the literature on the role of the real estate market in urban
transformation decisions is more recent and expanding. It acknowledges
the market as a proxy for local socio-economic dynamics. In this domain,
significant contributions utilize predictive models and spatial analysis to
support sustainable urban planning, as seen in the researches of Troy
et al. [170] and Mangialardo et al. [175].

In general terms, knowledge accumulation on this topic has been
gradual but has accelerated over the past five years, characterized by an
increasing multidisciplinarity and a growing focus on the support that
the academic results could offer to the decision-making processes for the

COMPARISON OF THE RESULTS OF DIFFERENT STUDIES
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Fig. 8. Summary of the results.
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implementation of effective decarbonization interventions.

In order to identify the epoch-making researches that may have
contributed to point out the measures and the technologies taken in each
one for the decarbonization goal, an analysis of the significance of the
papers according to Scholar citations number (to the current date — May
2025) has been carried out in Table 1, by reporting for each the total
citations and the normalized number of citations respect to the publi-
cation year.

7.1. Methodological approaches in literature

An analysis of the 167 papers reviewed shows that different meth-
odological approaches are used in existing literature to investigate
topics of interest. From an initial generic classification, the papers can be
divided into three macrocategories in relation to the type of study
developed namely i) qualitative analysis and review ii) qualitative-
quantitative analysis, and iii) quantitative and empirical analysis.

With regards to the first category, specifically among the various
reviews of existing literature, Contat, Hopkins et al. [79] developed an
in-depth examination of academic research regarding the relationship
between climate risks and real estate. Physical risks such as floods, fires,
and the rise of sea levels are analyzed with respect to variables such as
price, loan performance, and the resulting migration effects, with a focus
on transition risks, particularly in relation to energy efficiency and
decarbonization. First of all, academic literature reviews found that
physical risks can generate discounts on real estate prices, which vary
depending on the specific risk and historical period. Second, they noted
a certain influence of the occurrence of damaging events related to
physical risks on the performance of mortgages, albeit with short-lived
impacts, yet pointing out as a consequence the importance of insur-
ance sustainability to cover damages. Third, it was found that existing
studies show that energy efficiency performance is generally associated
with higher prices for residential properties, however with mixed results
regarding the influence on mortgage performance.

Among the qualitative research, some articles in the sample analyzed
resort to the use of interviews and surveys: for example, Tozer [42]
investigated the effectiveness of policy strategies in implementing urban
decarbonization initiatives in response to climate change by examining
governance policies in urban construction in Stockholm, London, and
San Francisco as case studies through interviews with a group of 40
experts in the field. The results show how regulatory development and
the influence of different urban actors, promote the diffusion of decar-
bonization strategies as the standard for new building construction.
Petkov et al. [48] investigated via a qualitative analysis the relationship
between the decision-making processes of large investors and building
energy upgrading policies in the Swiss context. By way of interviews
with four main types of large investors, industry experts, and policy
makers, the authors investigated the investment sector in building en-
ergy efficiency, highlighting the importance of tools such as credit
accessibility and financial sustainability in facilitating green investment
planning.

Examination of the sample shows that descriptive statistics are at
times used in existing literature to interpret the results of interviews and
surveys conducted, as in the case of McCarty et al. [51]. The authors
examined energy retrofit interventions on residential buildings in Van-
couver through a survey involving 56 industry experts and found that,
with regards to the issue of decarbonizing the housing sector, there is a
greater stakeholder appetite for demolition of old buildings and new
construction than for retrofitting and energy efficiency in existing
buildings. Using a similar approach, Onyekwelu and Ogbuef [138]
investigated the impact on different stakeholders of a particular urban
regeneration project in Lagos State, Nigeria, by administering 137
questionnaires to government agents, residents, and investors and then
assessing the aspects (accessibility, traffic decongestion) most affected
by the implemented regeneration project, as well as the main obstacles
perceived by different stakeholders (delays in project execution, lack of
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Number of Scholar citations of papers sample.

Reference Publication Scholar citations Normalized Scholar
number date number citations number
17 2011 23 1.64
18 2012 295 22.69
19 2013 416 34.67
20 2014 34 3.09
21 2015 36 3.60
22 2015 5 0.50
23 2016 1 0.11
24 2017 89 11.13
25 2017 886 110.75
26 2018 42 6.00
27 2018 46 6.57
28 2018 31 4.43
29 2018 11 1.57
30 2018 88 12.57
31 2019 45 7.50
32 2019 11 1.83
33 2019 27 4.50
34 2019 43 7.17
35 2020 75 15.00
36 2020 8 1.60
37 2020 32 6.40
38 2020 20 4.00
39 2020 34 6.80
40 2020 11 2.20
41 2020 20 4.00
42 2020 29 5.80
43 2020 21 4.20
44 2020 28 5.60
45 2021 38 9.50
46 2021 6 1.50
47 2021 49 12.25
48 2021 8 2.00
49 2021 77 19.25
50 2021 2 0.50
51 2021 6 1.50
52 2021 0 0.00
53 2022 11 3.67
54 2022 15 5.00
55 2022 4 1.33
56 2022 13 4.33
57 2022 16 5.33
58 2022 31 10.33
59 2022 6 2.00
60 2022 32 10.67
61 2022 1 0.33
62 2022 2 0.67
63 2023 14 7.00
64 2023 13 6.50
65 2023 6 3.00
66 2023 4 2.00
67 2023 0 0.00
68 2023 0 0.00
69 2023 6 3.00
70 2023 1 0.50
71 2023 3 1.50
72 2023 5 2.50
73 2023 0 0.00
74 2023 2 1.00
75 2023 0 0.00
76 2023 0 0.00
77 2023 2 1.00
78 2024 4 4.00
79 2024 24 24.00
80 2024 4 4.00
81 2024 29 29.00
82 2024 0 0.00
83 2024 0 0.00
84 2024 2 2.00
85 2019 50 8.33
86 2019 55 9.17
87 2013 232 19.33
88 2017 20 2.50
89 2019 85 14.17

(continued on next page)
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Table 1 (continued)
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Table 1 (continued)

Reference Publication Scholar citations Normalized Scholar Reference Publication Scholar citations Normalized Scholar

number date number citations number number date number citations number

90 1969 3 0.05 165 2015 35 3.50

91 1994 122 3.94 166 2015 43 4.30

92 1994 272 8.77 167 2016 214 23.78

93 2002 23 1.00 168 2016 3 0.33

94 2003 37 1.68 169 2017 5 0.63

95 2005 94 4.70 170 2018 32 4.57

) 2007 23 1.28 171 2018 5 0.71

97 2009 77 4.81 172 2018 68 9.71

98 2009 184 11.50 173 2019 66 11.00

99 2010 13 0.87 174 2019 67 11.17

100 2010 12 0.80 175 2020 28 5.60

101 2010 72 4.80 176 2020 26 5.20

102 2011 53 3.79 177 2020 132 26.40

103 2011 81 5.79 178 2020 22 4.40

104 2011 33 2.36 179 2020 180 36.00

105 2012 7 0.54 180 2022 7 2.33

106 2015 0 0.00 181 2021 7 1.75

107 2015 33 3.30 182 2022 8 2.67

108 2015 15 1.50 183 2023 3 1.50

109 2015 90 9.00

110 2016 16 1.78

1 2016 94 10.44 public participation, and lack of political/fiscal incentives).

112 2016 31 3.44 Among the various works reviewed, descriptive statistics often

113 2016 4 0.44 § P

114 2017 21 2,63 contribute initially to outlining a cognitive framework of the context

115 2017 59 6.50 studied, which precedes a second stage of more complex empirical an-

116 2017 10 1.25 alyses, for example conducted through regression techniques, finally

117 2017 0 0.00 arriving at results supported by mathematical models. Among several

ﬂg igi; ; 4 g‘gg academics using such an approach, Mecca, Moglia et al. [38] chose a

120 2017 57 213 working-class neighborhood in Turin to analyse the impact of non-

121 2018 53 7.57 routine maintenance and energy upgrading work on the market value

122 2018 44 6.29 of surrounding residential properties. In the first instance, they used

123 2019 108 18.00 descriptive statistics to illustrate an overview of different European

124 2019 1 0.17 . . . -

125 2020 13 2,60 contexts; then by implementing a multiple regression they found that

126 2020 1 0.20 the increase in property value generated by such energy retrofit in-

127 2020 70 14.00 terventions is greater than the costs incurred in carrying them out,

128 2020 18 3.60 thanks in part to the incentive system provided by Italian legislation

129 2020 73 14.60 during the period of analysis. Similarly, Gibilaro, Mattarocci et al. [183]

130 2020 57 11.40 §the p Y y

131 2020 18 3.60 first described the context of analysis i.e., suburban areas in Connecticut,

132 2021 2 0.50 through a set of statistical data, then implemented a logistic regression
g p. g g

133 2021 6 1.50 to assess the impact on the surrounding real estate market of brownfield

134 2021 15 3.75 regeneration interventions, also taking into account the financial sup-

135 2021 8 2.00 . .

136 2021 s 125 port programs provided by the local legislation. The results found that

137 2021 61 15.25 while these interventions generate an increase in market values, they

138 2021 3 0.75 also lead to a reduction in buying and selling volumes due to higher

139 2021 475 118.75 prices, which are difficult to sustain in low-income areas.

12(1) 38;; ? éi: In the literature reviewed, hedonic models are recurrent in deter-

142 2022 13 433 mining the effects of redevelopment and retrofit work on real estate

143 2022 6 2.00 prices; among the contributions in which this approach is used, De Sousa

144 2022 12 4.00 et al. [98] constructed hedonic models to assess how the size of

145 2022 6 2.00 brownfield redevelopment projects affects the values of surrounding

146 2022 3 1.00 . . L . .

147 2022 < 167 residential properties in Milwaukee and Minneapolis. The results found

148 2023 3 1.50 a significant increase in the value of adjoining properties in home prices

149 2023 5 2.50 near Milwaukee and smaller in Minneapolis. In contrast, it was found

150 2023 38 19.00 that the size and amount of public subsidy in the project is of marginal

1:; zgij Z z‘gg significance. Barlindhaug and Nordahl [119] used a hedonic price model

153 2024 4 400 to analyze the sales prices of 7000 new apartments in Oslo bought and

154 2024 2 2.00 sold between 2011 and 2015, distinguishing infill-development (new

155 1992 10 0.30 construction) from redevelopment. The results showed that homes in

12? ;zzi’ 121 (7)'22 redevelopment projects are sold at a lower price than similar homes in

158 2002 185 8.04 infill projects. Liu, Tang et al. [120], with reference to the Chinese

159 2003 111 5.05 market and the city of Shenzhen, through the implementation of a

160 2005 37 1.85 multilevel hedonic model quantitatively tested the effect of shadow

161 2011 3 0.21 prices of property-led urban redevelopment interventions (with private

i:g igig 4210 (1)‘2; involvement), in terms of the increase of nearby housing prices.

164 2014 % 873 Among the studies reviewed, the differences — in-differences (DID)
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model is also a recurring approach as it allows for the estimation of the
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effects of a given phenomenon from the evolution of the analyzed var-
iable over time. Among several authors using this approach, Kallio [124]
analyzes the effects on surrounding housing prices with respect to an
area affected by an urban renewal program in Myllypuro, a suburb in the
eastern part of Helsinki. The work involved the construction of a new
shopping mall, and the author, using a DID approach, found that
property prices in the immediate vicinity of the new mall grew faster and
more consistently than in more distant areas over a 10-year period. Di
Ruocco et al. [136] explored the role of art as an urban regeneration tool
capable of influencing property values, focusing on the study of areas
near metro stations. In detail, the paper studied the effects of the so-
called “art metro stations” of Line 1 in the city of Naples by resorting
to the DID model to examine the impact of the construction of the
“Duomo” station in Naples, which opened in August 2021, on adjoining
neighborhoods. Starting with the time series of real estate values of
Naples neighborhoods since 2010, the analysis found an increase in
economic activities in the vicinity of the station and market values,
unlike other surrounding areas. Li, Wang et al. [144] investigated the
effect of urban renewal interventions on residential real estate prices in
Shenzhen (China) through a DID approach, verifying that there is a
positive influence as well as a spatial heterogeneity dependent on road
network optimization, especially with respect to the most congested
roads. Also with reference to the Chinese context, Yuan et al. [154] using
a DID approach and the implementation of a hedonic model, compared
the economic effects of three different urban regeneration projects in
terms of the change in housing prices in the city of Chongqing for a time
frame between 2015 and 2021. The most significant variables were
found to be the amount of investment, which showed a negative influ-
ence, and the location factor, with areas with better location in the
urban fabric having a greater positive influence.

Overall, despite the multitude of approaches used, it was found that
certain methodologies such as the DID and hedonic models, including
mathematical models based on the use of regressive techniques, are
more recurrent as they are well suited to the study of the relationship
between the variables examined and their evolution over time. This
makes it possible to verify empirically the impact generated by certain
phenomena, such as urban regeneration or energy upgrading in-
terventions, on the surrounding context and the housing market. On the
other hand, descriptive statistics have also been found to be effective in
providing useful information to outline a comprehensive cognitive pic-
ture of different contexts, also allowing for possible comparative ana-
lyses. Qualitative analyses, while not corroborated by empirical models,
are crucial, for example, as a cognitive tool of the perceptions of
stakeholders involved in the different processes investigated, allowing
for the identification of factors that may influence policy decisions. In
this sense, reviews of existing academic literature also prove to be an
indispensable starting point for acquiring the knowledge needed for the
development of future studies. In light of the above, the integration of
different approaches within the same work can be particularly valuable
for investigating aspects and factors of the same context from different
perspectives, providing more comprehensive results overall when
interpreted in a correlated manner.

7.2. Analysis of the ranges of market value differentials found in the
retrieved papers

Among the 167 papers collected in the present review approximately
50 % explicitly indicates the increase in real estate value resulting from
the implementation of an energy retrofit (specifically) or urban rede-
velopment (in general) intervention.

The researches that do not quantify the price variation among the
obtained results are 84, among which those that belong to the third
group (i.e. focused on the examination of the ways in which market
mechanisms influence investment choices in terms of energy and/or
urban requalification) and those that, through purely qualitative ana-
lyses, mainly aim at theoretically deepening the discussed topic by

13

Energy & Buildings 343 (2025) 115914

limiting the investigation of the available data without quantifying the
contribution on prices that the requalification intervention has or can
determine.

The different ranges of market value differentials detected by the
analyzed studies are mainly connected to the specific examined market
segment and to the geographical context of analysis and, therefore, to
the specificities of the dynamics of the reference real estate market.

The graph in Fig. 9 shows the ranges of price differentials, expressed
in percentage terms, divided into negative values and successive cate-
gories — articulated for progressively growing increases of the price
ranges.

A limited number of papers has highlighted a negative change in real
estate prices, probably due to unexpected factors related to the in-
terventions. This could include situations for which the benefits of the
initiative were not fully perceived by potential buyers or tenants for
reasons attributable to the impact of the intervention costs or other not
predictable effects (e.g. the demand and supply ratio that could be
different from that initially hypothesized).

The range corresponding to the price increase between 0 % and 5 %
represents the most common result obtained in the analyzed sample of
studies. Fluctuations in this interval could indicate energy retrofit or
urban regeneration interventions that, while improving the attractive-
ness of the property connected to a higher quality and performance
standard, do not have a significant impact on market prices, probably
due to the size of the costs to be incurred.

The increase range between 5.1 % and 10 % is frequently detected,
attesting a more significant increase in prices, probably linked to in-
terventions that consistently improve the context of intervention (i.e.
the performance characteristics of the property or the urban area in
which the property is located) or involve lower construction costs.

Although rarer, the ranges of growing differentials are associated
with urban regeneration or energy improvement initiatives that
generate added value for the property, attracting investors and buyers,
also because they are connected to more consistent and structured
operations.

With reference to the selected papers focused on the investigation of
the relationship between urban redevelopment and real estate market,
for example De Sousa et al. have measured and compared the impact of
publicly assisted brownfield redevelopment on nearby residential
property values in Milwaukee and Minneapolis (USA). The Authors have
concluded that spillover effect in terms of raising surrounding property
values is significant, with a net increase of 11.4 % in nearby housing
prices in Milwaukee and 2.7 % in Minneapolis [98].

In the Turkish context of the city of Istanbul, Gur has examined the
rehabilitation process of the historical and cultural sites of Fener-
Balatand. He has analysed the project results in the districts through a
survey design based on a standardized questionnaire. The aim was to
explore how the increase in housing prices after the rehabilitation pro-
gram affected the social structure and how this process resulted in un-
desired gentrification [107].

With regard to the retail shopping property values, the study carried
out by Jayantha and Ming has evaluated the effect of the improvements
of neighbourhoods, connected to urban redevelopment interventions, on
nearby ground-floor property values. In particular, the potential tenants
are willing to pay rental prices premium ranging from 13 % to 34 % for
shops located near redeveloped areas [108].

By considering the same commercial market segment, the impacts of
revitalisation of historic buildings on retail shop values have been
investigated using 2961 real estate transactions of buildings close to
three redevelopment projects in the old Wanchai area of Hong Kong
(China), by attesting a 15 % premium on the rental price for shops
located within a radius of 350 m from the selected sites [121].

Analyzing data on redevelopment projects and real estate trans-
actions in Hong Kong (China) between 2005 and 2020, significant
positive implications on housing prices following the intervention
announcement have been found by Fan et al. The Authors have observed



FE.D. Liddo et al.

Energy & Buildings 343 (2025) 115914

PRICE RANGE

RANGE

OVER50,1%

BETWEEN 25, 1% AND 50%

BETWEEN 20, 1% AND 25%

BETWEEN 15,1% AND 20%

BETWEEN 10,1% AND 15%

BETWEEN 5, 1% AND 10%

BETWEEN 0% AND 5%

NEGATIVE VALUE

29,60%

20 30 40
PERCENTAGE

Fig. 9. Ranges of price differentials detected in the analyzed papers.

decreasing increases as the redevelopment project progressed: on
average, prices respectively increase by 4.24 %, 3.88 %, and 3.62 % at
the time of the project announcement, construction start, and reopening
[151].

Since the creation of urban green spaces has a positive impact on
proximate property values, in Subang Jaya (Malaysia), Noor et al. have
attested that based on these areas size (neighbourhood parks), the pos-
sibilities of increasing in housing prices is between 3-12 % [109].

In Cuyahoga County (Ohio — USA), the consequence of brownfield
redevelopment on nearby home prices has been examined from 1996 to
2007, specifying that the effects vary with land use upon completion of
remediation. In particular, the brownfield functional reconversion into
recreational intended use has determined a significant increase in prices
from — 32.8 % to 75.9 % [112].

Similarly, in Taipei City (Taiwan) from 2008 to 2011 Lee at al. have
empirically verified the increase in housing prices following urban
renewal interventions, finding that average values in areas that were
subsequently renovated were lower than those in non-renewed neigh-
borhoods by NTD 11,180. After the projects public announcement,
residential prices in close areas increased by NTD 14,880 [115].

In the same nation (Taipei city), Lee et al. have applied the hierar-
chical linear model to examine the possible different implications of
various urban transformation projects on neighboring housing prices.
They have quantified the variance in the average prices equal to 31.46
%, by demonstrating that the larger the scale of the intervention, the
greater its impacts on real estate values [143].

The effects of specific urban renewal programs carried out in
different territories on selling prices in terms of their variations have
been investigated in numerous studies: Kallio empirically examined the
context of Myllypuro, a suburb in eastern Helsinki (Finland), with
reference to the construction of a new shopping center. He has found
that housing prices within 400 m from the new pole grew significantly
faster in the range between 11 %-15 %, compared to areas farther away
from the center over a ten year period. Then, the apartment prices
within 800 m from the pole increased from 4 % to 16 %, compared to the
similar apartments at the same distance band from shopping centers in
other dis-tricts in the same time period [124].

In addition, Morano et al., have focused on a redevelopment initia-
tive developed for the San Girolamo waterfront in the peripheral of the
city of Bari (Italy) and have compared the estimated ante-project prices
and the prices assessed after the implementation of the renewal, con-
firming the outputs empirically expected (in terms of growth in the
market values of the properties located in the area close to the project
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approximately equal to +32 % on average) [126].

For the same Italian city (Bari), Di Liddo et al. have assessed the
impacts of four urban redevelopment interventions, each located in an
urban area (central, semi-central, peripheral and suburban): in partic-
ular, the average increase in property values recorded in the central
municipal area is equal to approximately +6 %. With reference to the
semi-central area, the effects of the redevelopment of a road on the
residential prices are quantified in a range between +3 % and +5 %. For
the peripheral area, the obtained results show a significant growth in
property values of houses close to the site, certifying the positive impacts
that the project would determine in terms of improving the level of
urban quality in the surrounding context, with the average increase in
prices approximately equal to +32 %. Finally, the average rise in prices
associated to the rehabilitation of an urban park located into the sub-
urban zone is assessed equal to about +1.4 % [131].

Then, the announcement of new urban regeneration plans in Ulsan
(Korea) has been the core topic of the research by Cho et al., through the
analysis of data for single-family residential properties sold from
January 2014 to December 2016. The Authors have pointed out that the
detailed timing of plan information dissemination from the beginning of
the planning process to the release of the final plan assume a central role
in the real estate market dynamics. The outputs have revealed that
urban regeneration strategic plan’s release in December 2015 had a
significant influence on the values of residential properties in and
around the project sites, with different premiums across neighborhoods:
the publication of the definitive documents has induced an increase in
single-family home price premiums (by approximately by 16-20 %)
within 300 m distance from the project sites [130].

In the framework of the studies analysed in this review focused on
examining the impact of energy retrofit interventions on property
values, Hyland et al. have investigated the effect of energy efficiency
ratings on selling and rental prices of properties in the Republic of
Ireland, by using the Heckman selection technique. They have found
that for each additional 0.5 score on the energy rating scale, housing
prices increased by 1.23 % in 2005 and by 1.91 % in 2006 [19]. For
dwellings characterized by a label A, they have found an increase in
rents of 1.8 % when compared to similar D-rated dwellings. Finally, the
Authors have attested that the premium is greater for property sales
compared to rentals and higher when worse market conditions are
detected.

Moreover, the assessment of the financial potential of investments in
real estate energy efficiency using a discounted cash flow analysis has
been conducted by Christersson et al., highlighting the positive impacts
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on market values on average of 2.5 % with variations in the values
ranging between a minimum of 0.01 % and a maximum of 8 % [22].

The office segment has been explored by Carlson and Pressnail to
study the relationship between building energy efficiency retrofits and
the market value in Toronto (Canada), by using pre and post-retrofit
energy and financial data referred to four relevant case studies of
modernization and by quantifying the net operating income connected
to the operations. The analysis has revealed that energy-refurbished
buildings are characterized by lower operating costs, greater occu-
pancy rates and higher rental fees (+12.5 % or + 35 % compared to the
year before the intervention depending on the year chosen for the
comparison) which are connected to a higher net operating income and,
overall, an increase in the market value [26].

The study by Brounen et al. also has discussed the commercial real
estate sector, aiming to decompose the impacts of energy retrofits on this
market category into three components (capitalization of energy sav-
ings, exposure to value discount due to more stringent standards and
market value increase due to indirect benefits). Starting from this goal,
the Authors have attested a growth in prices due to energy efficiency
improvements in the range of 2.4-7.4 % [36].

Morano et al. in the Italian context have compared two case studies
located in different areas in terms of the socio-economic and climatic
factors, and have verified the contribution of the energy performance on
the residential selling prices. In both cases, the energy components
contribute to the formation of property prices, but the market appreci-
ation is different. The analyses carried out have highlighted a greater
effect of the energy label on prices for the case study of the city of
Bolzano (Northern Italy), for which the best energy characteristic (en-
ergy label “A”) can lead to an increase in property values equal to 45 %,
whereas the marginal contribution of the same factor for the sample of
the city of Bari (Southern Italy, so with a general warmer and milder
climate) is equal to 30 %. Furthermore, the lower energy performance
determines a higher effect on selling prices in absolute terms for the
sample of the city of Bari (—27 %) compared to the case study of the city
of Bolzano (—19 %) [29].

In the same country (Italy), Micelli et al. have investigated the pre-
mium price associated to energy-efficient homes compared to less effi-
cient ones, by observing significant average gap (equal to 30 %) between
properties in the highest efficiency label and those in label G (i.e. the
lowest), and differential around 14 % in the passage from energy label D
to G one. In monetary terms, the difference in unitary price found be-
tween a label G property and a label D property is respectively 372 €/m?,
190 €/m? and 194 €/m? for the cities of Padua, Mestre and Bergamo.
Considering the gap between labels G and A, the highlighted price dif-
ferential is 802 €/m? for Padua, 404 €/m? for Mestre and 414 €/m? for
Bergamo [71].

The green premium connected to the energy efficiency has been the
focus of a comparison between two European cities characterized by
different climate conditions (Turin in Italy and Barcelona in Spain)
carried out by Dell’Anna et al. For each rating level from G to A they
have estimated an increase of 6.33 % in Turin and of 1.88 % in Barcelona
[85].

Still in the Spanish context of Barcelona, Chen and Marmolejo-
Duarte have highlighted that an energy performance improvement
from label G to label A brought in a growth of 8.6 % of housing prices in
2014, and an increase of 10.6 % from label G to label B in 2016 [86].

In the Dutch residential market, the study by Aydin et al. has indi-
cated that energy efficiency is capitalized in house prices, concluding
that when the energy efficiency of a house increases by 10 %, the market
value of the house increases by about 2.2 % [35].

In the reference literature, the influence of the energy label on the
real estate market has been investigated, although to a lesser extent, also
in the context of rental apartments.

In the German rental market Groh et al. have identified a price
premium for energy efficiency equal to 3.98 %, 2.43 %, 2.12 % and 0.80
% respectively for the highest energy efficiency labels A+, A, B, C
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compared to the reference category (labels G and H). Furthermore, the
Authors have shown only very small differences of 0.3 %, 0.1 % and 0.2
% for D, E and F in comparison with worst performing labels G and H
[55]1.

Cajias & Piazolo have assessed a green premium in the German rental
market for energy labels B, C and D of 13.3 %, 13.5 % and 16.3 %
respectively compared to the lowest energy class [87].

Based on rental data in the city of Brussels (Belgium), Dressler and
Cornago have pointed out that highly energy-efficient dwellings are
associated with a rent premium of 4.8 %, which translates into a mon-
etary amount of 50 € per month for a typical 107 m? apartment [88].

With a dataset of almost 760 thousand observations in Germany,
Cajias et al. have estimated that rents for labels A+, A, B and C apart-
ments are respectively, on average 0.9 %, 1.4 %, 0.1 % and 0.2 % higher
than properties with D energy label. Furthermore, for homes charac-
terized by less performing energy labels (E, F, G and H) a discount on the
rent of up to —0.5 % has been quantified [89].

Although it is “surprising” to find negative effects of urban regen-
eration as this result contradicts many research studies which attest that
urban regeneration can bring economic benefits by increasing property
values in surrounding areas [189-191], some works focusing on specific
types of projects in different contexts have obtained these outcomes
[122,181]. In the Chinese context with reference to new construction,
this could be due to the fact that the local residential market segment,
after a long expansion period, is currently in a stasis condition with the
housing supply and demand in balance. Urban regeneration can
reasonably determine a new supply of high-quality housing, which
compared to an unchanged demand, could cause an increase in potential
real estate transactions in the regenerated neighborhood rather than in
the surrounding properties and, therefore, a decrease in selling prices in
the area close to the urban regeneration projects [154].

Among the works that present negative range differentials, the
research carried out by Liu et al. should be highlighted. With reference
to the urban expansion of Chinese cities, the Authors have studied the
relationships between urban villages (previously rural), the life of resi-
dents and the real estate market. In particular, they have explored the
impact of the presence of urban villages and their renovation on the
prices of surrounding houses, showing negative externalities (the price
of houses decreases by 0.005 % for every 1 % approach to urban villages
and decreases by 0.023 % in correspondence with every 1 % increase in
the scale of the village), also linked to the extension of the village due to
the significant social heterogeneity that is determined. The redevelop-
ment of urban villages, however, positively affects the residential price,
constituting a compensatory effect for the negative externalities of
accessibility and scale of the villages [145].

In addition, Gu has investigated the varied effects of urban renewal
and regeneration projects on land prices in Seongnam, South Korea,
revealing that the initiatives which involve significant physical up-
grades, determine a substantially increase of land prices. However, a
deeper analysis accounting for spatial spillover effects indicates that
land price changes in 2017-2021 have an average value of 18.73 % and
the minimum value detected is equal to —4.56 %, by attesting a negative
output [153].

From the analysis of the ranges of market value differentials (selling
price or rental fee) carried out on the basis of the collected scientific
contributions, a clear significance of the impact that urban redevelop-
ment or energy retrofit interventions on existing building stock have on
real estate values is confirmed. The implications of urban or buildings
projects could be translated in a variation in the mechanisms of the main
forces acting on the market (supply and demand).

In this sense, the market can be assumed as a proxy variable of the
different dynamics that can occur on the territory and can be investi-
gated to evaluate the effects that building and/or urban initiatives can
generate in terms of improving the quality/attractiveness of properties
and urban spaces and, consequently, increasing the value of real estate
assets. In fact, prices and their variations could reflect the socio-
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economic, environmental and cultural features of the urban context in
which the properties are located and provide useful indications for the
definition of valid renewal policies. The development of descriptive,
interpretative and predictive assessment models of the real estate mar-
ket dynamics is fundamental to define decision-support models useful
for effectively guiding interventions on the territory.

8. Current challenges in the reviewed literature

Existing literature highlights several challenges in the decarbon-
ization process of the building sector, including the complexity of
upgrading the current stock, regulatory fragmentation, the high costs of
energy retrofit interventions and the need for scalable and accessible
technological solutions. The growing interest in this topic confirms its
increasing relevance within the academic sphere as well, supporting
decision-makers in formulating effective public policies. In particular,
scientific literature consistently identifies numerous structural and
operational issues, especially related to the difficulty of intervening in
the existing property asset, which is often marked by energy in-
efficiencies, architectural constraints, and limited opportunities for deep
renovation.

This is further compounded by the lack of a cohesive legislative
framework, which varies significantly across regions and hinders the
adoption of uniform strategies. Moreover, the availability and the
accessibility of low-carbon technologies remain critical concerns, espe-
cially for smaller buildings or those located in disadvantaged areas.

Finally, the literature underscores the importance of an integrated
approach that also considers social and behavioral aspects, since the
transition toward zero-emission buildings requires not only technical
solutions, but also a cultural shift in how occupants perceive residential
comfort and energy use. Another key issue—still not fully explored in
the existing body of knowledge—is the high cost of renovation in-
terventions, which often necessitates the activation of public incentives
or public-private partnerships. Indeed, despite the certain benefits
associated with energy retrofit and urban regeneration interventions in
terms of reduction of environmental impact and sustainability-related
benefits, the unresolved issue in the literature remains the economic
and financial sustainability of such interventions for the stakeholders
involved, both public and private ones.

This study has intended to examine the pivotal role in the existing
literature played by energy retrofit and urban regeneration initiatives,
whose importance can be interpreted as a response to the needs of
communities, as well as to the legislative provisions at national and
international level.

In this sense, the ever-increasing need to define tools capable of
orienting choices towards aware and profitable actions for all interested
parties highlights the importance of evaluating investment and man-
agement costs, also identifying expected increases in real estate value
due to improvements in the performance of buildings. These elements
are essential if the potential environmental benefits and sustainable
developments must be effectively implemented, in order to define
practical guidelines to be applied in different contexts.

9. Conclusions

The present review has aimed, on the one hand, to highlight the
relevant literature focused on identifying the effects that urban regen-
eration and/or energy requalification interventions can determine on
the real estate market, in terms of changes in selling and rental values. At
the same time, market mechanisms (demand and supply dynamics,
average sales times, price and rent trends, number of concluded trans-
actions, etc.) could address the investment choices of subjects involved
in operations related to the regeneration of property assets and public
spaces. In this sense, the systematic analysis of the existing literature on
the topic declined in the two aforementioned issues, has allowed, first of
all, to point out the main explored aspects, the geographical contexts,
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the market segments investigated and the most used methodological
approaches. Furthermore, a framework of the ranges of differentials in
market values associated with the implementation of energy retrofit and
urban requalification interventions has been outlined.

Therefore, the study provides a valuable reference for policymakers
and planners to make urban and building recovery programmes and
projects better by considering comprehensive benefits obtainable and
the experience already gained in the field.

The analysis carried out has revealed a substantial consistence be-
tween the attention shown by governments towards the topic of energy
retrofitting and urban regeneration, also by taking into account the
national and international objectives of decarbonisation, and the
growing academic interest for the same questions. This is mainly
demonstrated by the increase in studies and research projects aimed at
verifying the existence and, possibly, the measurement of the effects of
energy retrofit and urban regeneration initiatives on the real estate
market. In this regard, in fact, it is highlighted how the market strongly
perceives the influence of such interventions which is translated into an
increase in real estate values due to a resulting greater appreciation on
the market. As empirically expected, in fact, the coherence between the
attention of policy makers towards the issues of decarbonization and
urban regeneration and the higher academic interest can be linked to the
current needs of sustainability and the climate objectives, which have
become important drivers both for concrete actions to be undertaken at
the urban level and for the advancement of academic knowledge. The
mutual influence and growth on a practical as well as theoretical level
has also led to a substantial convergence of different academic disci-
plines, such as architecture, urban planning, engineering and social
sciences, in order to define new or renewed models of sustainable urban
governance. The usefulness of this work concerns the definition of an
operative support to policy makers and a guide in technical urban
planning choices. On the other hand, the present systematic analysis
represents a valid starting point for the development of future academic
studies in the sector.

Further insights of the research may concern the integration of
artificial intelligence (AI) systems into the energy transition processes,
improving efficiency in resource management and accelerating the shift
towards more sustainable models. The interconnection between the Al
and urban and building regeneration constitutes one of the most
promising developments within the field of sustainable construction.
Through the implementation of predictive analysis of energy con-
sumption, intelligent control of heating, ventilation and air conditioning
systems, real-time processing of data from IoT sensors and the auto-
mated detection of structural deficiencies and energy inefficiencies, Al
can significantly enhance the effectiveness of targeted retrofitting stra-
tegies. Furthermore, machine learning algorithms and big data analysis
can inform large-scale urban planning mechanisms by identifying pri-
ority areas for intervention and modeling scenarios for CO2 emissions
reduction. In particular, from an academic research perspective, data
analysis through artificial intelligence and the ability to manage big data
will enhance the prediction and the optimization of energy solutions.
Within a systemic framework that combines the scientific research with
practical experience, Al represents a pivotal tool for the achieving of
objectives outlined in the European Green Deal and climate neutrality
directives. In this sense, the integration of disciplines of engineering and
architecture with computer science ones could improve the holistic
vision of future smart cities.
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