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Abstract: A significant portion of postwar buildings, typically concentrated in suburban areas, are
now difficult assets to manage due to their poor sustainability and limited replacement feasibilities.
This paper focuses on strategies to improve their metabolism using energy-saving measures based on
optimizing energy needs and integrating internal and external energy sources: a new organizational
model for energy management should focus first on saving energy, and then on the possibility of
integration into a local energy network. This positively affects the anthropogenic impact and becomes
a role model for aggregating buildings not only into a district system, but also into a wider, large-
scale energy network. The paper shows a significant case study of actual retrofitting intervention
that is examined in order to confirm the theoretical guidelines proposed in the first part of the
paper. Moreover, another significant case study, taken from common practice, is illustrated, in which
different levels of retrofitting are tested. While taking into account the complexity and fragmentation
of private property both in a single building and in the city, some strategies are finally described with
the aim of reducing the anthropic impact of the postwar building stock.

Keywords: postwar building stock retrofitting; energy saving; building sustainable refurbishment;
retrofitting guidelines and techniques; energy community

1. Introduction

The paper aims to highlight how awareness of the ecosystem issues represented by
building heritages is relatively recent, particularly with reference to the size of Italy’s
postwar building stock, that is, the building stock built in Italy between 1945 and the 1970s.
These buildings have often been recognized as one of the hottest issues due to their irrational
use of nonrenewable energy sources, prompting reflections about the understanding of the
use and function of the built heritage, understood as a complex system. The purpose of
this article is, therefore, to solicit reflection on current methods of diagnosis and retrofit
applied not only on an architectural scale but also on an urban scale.

1.1. The Weight of Buildings in Energy–Environmental Issues

Earth ecosystem protection and sustainable energy supply depends on the application
of both policies for the development of new renewable sources and policies aimed at
containing energy consumption.

In this outlined framework, data provided by the literature show that the building
stock management and construction industries are among the sectors that have the greatest
energy consumption and global fossil fuel emissions.
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The Ecorys 2014 report [1] indicates that, in European countries, about 40% of total en-
ergy consumption and 30% of greenhouse gas emissions are attributable to the construction
sector. On a global scale, the situation is equally critical (Figure 1) [2].
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According to estimates by the Global Alliance for Buildings and Construction [3], 46%
of the world’s building stock still existing in 2050 will have been built between 2015 and
that date. It is estimated that much of the growth will take place in countries in tropical
climate, so the largest share of energy demand will be due to air cooling. Air cooling energy
expenditure will equal that of heating in 2060 [4].

The goal is to produce building plant systems that are increasingly integrated and
progressively less “energy-consuming” [5]. This integration is achieved in Passive Houses
and Smart Buildings that can better manage energy by exploiting the Internet of Things
(IoT) and Artificial Intelligence (AI) thanks to a more refined control capacity.

The evolution, from the second postwar period to the present, of the economic produc-
tive model and the technological changes induced in the building construction industry are
the premises for the development of directions in the refurbishment of building stock.

1.2. Urban Growth in Italy since the Years of the “Economic Boom”

Between the end of Second World War and the 1970s, the world economy experienced
a period of great prosperity. In this so-called Economic Boom, the idea that growth of
wellbeing was an unstoppable phenomenon progressively consolidated [6].
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In Italy, the increase in per capita income almost doubled [7] and low interest rates
allowed many people to access credit and mortgages. Intervention plans by Italian State for
construction of public housing, such as the one managed by the Ina-Casa Institute wanted
to favor, in addition to the revival of construction sector, the absorption of a considerable
number of unemployed and the construction of housing for low-income families. These
initiatives played a leading role in increasing the amount of real-estate initiatives [8].

In 1951, almost 11 million occupied dwellings were registered, while in 1991, they had
almost doubled, reaching the amount of almost 20 million units, up to about 24 million
units in 2011 [9].

1.3. The 1970s: The Energy Crises and the Energy–Environmental Issue

Years of unstoppable economic development rooted the common mentality conviction
that economic growth would be unlimited and that the depletion of energy resources would
be a problem only far in the future.

In 1973, the Yom Kippur conflict, which broke out unexpectedly, changed such convic-
tions, as OPEC’s retaliation of crude oil supplies led to a sudden and substantial increase in
the price of oil, which rose more than threefold in a short time.

Italy experienced the first crisis of energy shortage, which forced a reduction in heating
expenditure and prevention of car use on Sundays.

A few years later, in 1979, the Iranian revolution and the subsequent war with Iraq led
to a sharp decline in oil production and a further increase in oil prices that triggered strong
inflation in all the industrialized countries [10].

The events that took place from 1973 to 1979 represented a watershed for energy
policies in the years that followed. In fact, it made the debate on an ecologically compatible
development model and on possible energy alternatives to oil and other fossil fuels pro-
gressively more and more central, favoring the spread of ecological awareness and giving
strength to the demands promoted by the first environmental movements [11,12].

In the 1970s, the echo of some publications such as Rachel Carson’s Silent Spring [13]
marked the beginning of a phase called the Ecologist Spring. In Italy, the negative implica-
tions of the economic boom became recognizable with reflections in multiple spheres of
society, including architectural design. In Italy, those reflections drove the “I International
Biennial of Global Methodology of Design” in 1970 [14], while at the international level, the
United Nations Organization convened the First Conference on the Human Environment
in Stockholm in 1972.

In the same year, the Club of Rome released the report “The Limits to Growth”,
better known as the “Meadows Report” [15]. It predicted that economic growth could not
continue indefinitely due to the limited availability of natural resources, especially oil, and
the planet’s limited capacity to absorb pollutants. This report attracted public attention to
the closely related energy and environmental issues by announcing the depletion of fossil
energy resources as predicted by the model developed by Hubbert [16].

In the years that followed, the trend in the consumption of fossil sources confirmed
what was predicted in the “Meadows Report” rather well [17].

1.4. After the 1970s: An Emerging Regulatory Framework

In 1987, Brundtland’s report “Our common future” highlighted the need to implement
a strategy capable of integrating both the needs of development and the preservation of the
environment, introducing the idea of sustainable development [18].

The report urged the UN to organize a conference that took place in Rio in 1992 and
produced the so-called “Agenda 21”, a document of intent in which the need for the creation
of a fair global partnership was expressed to protect the integrity of the environment [19].

Further developments introduced by the Kyoto Protocol, developed in 1997 at the
“Third Conference of the Parties (COP)”, required developed countries to initiate a process
of global collaboration, based on the centrality of climate problems in socioeconomic
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development, with the purpose of pursuing certain goals in terms of reducing gas emissions
for which they are mainly responsible.

The European Union adhered to the Kyoto Protocol, addressing its policies to the
efficient use of energy, the development of renewable and low-emission sources, as well as
issuing a series of European Directives regarding the energy efficiency of buildings.

The 2002/91/EC “Directive on the energy performance of buildings” set the objectives
for reducing energy consumption and gas emissions and introduced new design standards.
It required member states to ensure that both new and existing buildings undergoing
major renovations met minimum energy performance requirements and introduced En-
ergy Performance Certificates (EPCs), rating schemes to summarize the energy efficiency
of buildings.

The European Directive 2010/31/EU introduced the concept of a Near-zero Energy
Building (NZEB) as a building with high energy performance whose energy needs must be
met, to a significant extent, by the use of renewable sources, including onsite production.

The Italian legislation transposed, in the building sector, the commitments of the Kyoto
Protocol and the first European guidelines into national laws, among which were 120/2002
Act, 192/2005 Legislative Decree, and 102/2014 Legislative Decree “Energy Efficiency
Decree” [20].

1.5. A New Energy Crisis

Although even in 2021 the trend of the energy price was increasing, nonetheless,
Russia’s invasion of Ukraine has had far-reaching impacts on the global energy system,
disrupting supply and demand patterns and fracturing long-standing trading relationships.
It has pushed up energy prices for many consumers and businesses around the world,
hurting households, industries, and entire economies [19].

But even before Russia’s invasion of Ukraine, the world was far off track from achiev-
ing its shared energy and climate goals. Global CO2 emissions reached an all-time high in
2021, and fuel markets were already showing signs of strain.

At the same time, investment in clean energy technologies has remained far below
the levels that are needed to bring emissions down to net zero by mid-century, a critical
but formidable challenge that the world needs to overcome if it is to have any chance of
limiting global warming to 1.5 ◦C, as the Net Zero by 2050 roadmap is aimed at the global
energy sector [21].

Otherwise, world’s energy system is increasing in complexity. Electricity will be
increasingly favored due to the development of electric mobility, electric heating, the
greater diffusion of heat pumps, and access to electricity in geometric progression (Table 1).

Table 1. World need of electricity and energy (EJ).

World Energy Final Consumption [EJ]

Year Total Energy Electricity Electricity as % of Energy

2019 427.1 80.4 18.8%

2030 491.4 109.0 22.2%

2040 544.3 135.8 24.9%

2050 592.3 161.4 27.2%

1.6. Energy Poverty

The growth of the world energy system’s complexity, as previously illustrated, exacer-
bates social problems that already afflict the most fragile consumers in many countries.

The European Commission defines energy poverty as the inability of families or
individuals to access basic energy services that are needed to ensure a decent standard
of living, such as heating, cooling, artificial lighting, and gas for cooking food [22]. An
indicator of energy poverty is the incidence of energy expenditure on the overall income
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of the family. The fight against energy poverty is part of the objectives of the Agenda
2030 of the United Nations Organization, signed in 2015. The program aims to “ensure
access to affordable, reliable, sustainable and modern energy systems for all” (goals for
sustainable development).

According to Eurostat, in 2020, 8% of the European population suffer from energy
poverty [23]. In fact, the effects of a strong energy crisis could threaten the exercise of the
right of access to energy. Up to now, this problem mainly concerned developing countries,
but it could even extend to the countries of the First World.

Due to the actual critical situation, it is crucial to find viable local solutions to face the
energy price crisis [24].

1.7. Energy Issues Related to the Italian Postwar Building Stock

There is a noticeable portion of Italian building stock, built during postwar period
(precisely between 1946 and 1975), whose performance obsolescence and vulnerability is
worsening its value and urban image.

The reconstruction of Italian cities following the Second World War made it necessary
to carry out numerous interventions often carried out in ways that were not in keeping with
the quality required by a correct building technique. The scarce economic resources and
the urgency imposed by the scarcity of available housing imposed a speed of intervention
not suitable for reaching satisfactory quality levels.

To cope quickly and affordably to the housing emergency, new technological solutions
spread and consolidated, favoring the use of local construction techniques and materials,
with the purpose of encouraging employment in the building sector.

A certain typology of the building stock, particularly in the biggest urban centers, con-
sisted of multistory residential buildings and adopted reinforced concrete (RC) structural
frames and nonstructural masonry infills.

Our research addresses this constructive conception due to its diffusion and to its
suitability to be retrofitted, preserving their value.

Generally, those buildings were characterized by double-leaf hollow clay masonry
with a non-insulated cavity. Thermal transmittances (U) of this building envelope had
typically higher values compared to current standards (Table 2).

Table 2. Typical Italian U-values (thermal transmittances) in the 1950s and 1960s building stock,
deduced by the Authors on a statistical base from previous research.

Building Elements Typical Thermal Transmittance (U)

Reinforced concrete structures 2.20 W/m2 K

Brick walls without insulation camera 2.00 W/m2 K

Beams and clay block floors 2.10 W/m2 K

Windows (single-glazed, sp. < 3 mm) 5.50 W/m2 K

The architecture of that time only entrusted the function of visual screen and shelter
from meteorological agents to the envelope, the task of creating a comfortable microclimate
was relegated to the heating plant. Environmental control was mainly based on the
exploitation of nonrenewable energy sources.

The changed attitude to oil consumption produced by energy crises led many govern-
ments of industrialized countries to launch policies aimed at energy saving. In Italy, after
the crisis of 1973, new strict policies gave rise to so-called ‘austerity’, which affected the
construction sector, as well. In June 1976, the first Italian legislation was issued to contain
energy consumption for thermal uses in buildings.

It limited the thermal power of the heating systems and imposed, in the design phase,
the verification of the dispersion coefficient (Cd), the representative parameter of geometric
characteristics of the building. The concept of degrees-day (GG) was introduced as well.
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From a design point of view, more attention began to be paid to the heat loss of the
building envelope.

The technological impact consisted of the large-scale introduction of insulant materials.
This was also possible thanks to the spread of construction techniques already partially
consolidated in those years, characterized by a loadbearing skeleton in reinforced con-
crete beams and pillars and by two layers of perforated brick infill with an interposed
cavity [5]. Table 3 shows the most representative values of the technological solutions used
in those years.

Table 3. Typical Italian U-values (thermal transmittances) in the 70s building stock, deduced by the
authors on a statistical base from previous research.

Building Elements Typical Thermal Transmittance (U)

Reinforced concrete structures 2.20 W/m2 K

Brick walls with insulation camera 0.90 W/m2 K

Beams and clay block floors 0.90 W/m2 K

Windows (single-glazed, sp. < 3 mm) 5.50 W/m2 K

Nowadays, the Italian postwar building stock is at least 60 years old; therefore, most
of its buildings are at the end of their (designed) service life, and they are usually affected
by performance obsolescence, high seismic vulnerability, and living discomfort, especially
for that substantial quota with inadequate maintenance status.

By now there is no doubt about how much this residential building stock represents a
difficult heritage, because of the progressive loss of its value and stiffness in meeting the
new housing needs.

Even though a large-scale construction replacement seems to apparently be the ex-
pected way to solve the problem, the need to preserve an architecture, often authorial, that
testifies to the culture of an important period in Italian history and current global strategies
towards built environment demand different approaches.

2. Objectives and Methodology of the Research
2.1. Objectives of the Research

New approaches in retrofitting are needed that could either valorize most of this
building stock and allow for the accomplishment of a refurbishment capable of reviving
these architectures, according to the needs of the contemporary living, contrasting social
problems such as energy poverty and achieving a positive anthropogenic impact.

The anthropogenic impact on a built heritage means the combination of positive and
negative influences that the use of energy, soil, and natural resources available to the city
and its inhabitants has on the future generation’s availability of the same.

It is possible to act upon two complementary aspects of the energy management of
the built environment. The first one is the improvement in energy efficiency, with the
purpose of reducing energy needs and consumption, while the second is the adoption of
management models of energy, such as energy communities, which can make it possible to
cut the price of the energy. Both aspects are mutually connected and can be synergistic in
achieving a positive anthropogenic impact on the built environment.

Building energy efficiency is increasingly recognized as the most effective way to
reduce CO2 emissions linked with climate change. Simple measures, such as a more
careful lighting energy use; better insulation; more efficient building glazing; and heating,
ventilation, and air-conditioning (HVAC) systems could significantly reduce carbon dioxide
emissions and represent a net economic gain for society [25].

Generally, the energy retrofit of the building, achievable through the amelioration
of the insulation of the envelope, window replacement, the improvements to envelope
airtightness and installation or the replacement of plants, is justified according to energy
conservation. Interventions are usually expensive because they require labor-intensive
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modifications, such as additions to or replacements of parts of the technological building
system. Otherwise, the building envelope retrofits may be justified for reasons other than
energy efficiency, such as an increase in indoor thermal comfort [26].

The objective of this research is the development of a framework according to which
energy efficiency retrofit measures can be assessed in the postwar Italian building stock.
Energy savings are estimated in a relatively straightforward manner by applying retrofitting
measures to the model of a representative building belonging to the Italian postwar building
stock. Then, this research estimates the energy performance index (EPI), which represents
the impact that different interventions would have on the annual energy demand.

These retrofits have been evaluated not only based on the savings that can be achieved
but also in terms of their CO2 abatement potential, which can depict anthropogenic impact.

The results of this research can be useful for drawing a framework of guidelines that
can be used as a decision support tool for refurbishment and retrofitting interventions
regarding the Italian postwar building stock.

2.2. Methodological Premises

As previously illustrated, the refurbishment of Italian postwar buildings can be carried
out using two synergic actions. The first one is aimed at reducing energy need and
consumption, while the second one is aimed at reducing the cost of the energy through
more rational use of it.

The knowledge and the clear understanding of the functioning of constructive tech-
nologies of the postwar building stock are necessary premises to the application of such
actions. The research examines the most common technological solutions to the Italian
postwar building stock.

Once the comprehension of technology is acquired, it is possible to draw a framework
of retrofitting strategies and approaches, compatible with the characteristics of the building
stock, aimed at energy consumption reduction. A framework of measures is proposed
according to their features.

The application of energy management models, based on self-production, self-consum-
ption, and sharing, can empower global retrofitting action through the reduction in the cost
of the energy. The management model of energy communities is offered as a viable solution
in the consolidated built environment, characterized by both cultural and authoritative
value and socioeconomic problems.

The achievement of positive anthropogenic impact may be the result of the synergic
actions of both energy need and consumption reduction and energy cost reduction, with a
drawback on the ecological footprint of the building stock.

A case study is reported with the purpose of carrying out an assessment of the
application of the abovementioned retrofitting actions to demonstrate the achievability of
both energetic and environmental benefits.

The ecological footprint is determined by the calculation of the abatement of CO2
release into the atmosphere.

2.3. Understanding the Technology of Italian Postwar Buildings

In order to correctly identify any strategy, it is important to analyze the targeted
building stock in relation, e.g., to a building’s dimensions and shape, generic structural
configuration, and technological details of its existing envelope (as exemplified in Figure 2),
which play a crucial role in any systemic retrofitting strategy aimed at enhancing not only
indoor comfort and building performance, but also functional improvement, environmental
footprint and its resilience towards climate and users’ needs, also with positive fallouts for
the environment and urban image.
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ing envelope.

In particular, with regard to the close connection between a reinforced concrete frame
structure and traditional vertical envelope, it is important to notice that the latter is basically
an external infill walling and not a curtain covering: this specificity is a key element to
fully understanding the performance and functional deficiencies of postwar buildings, in
addition to low-quality materials, lack of thermal insulation, and constructional criticalities,
which all belong to the building practices of the postwar reconstruction period. A postwar
building’s vertical envelope consists of an RC structural frame and nonstructural masonry
infills, generally made of double-leaf hollow clay masonry, almost independent each
other, and a non-insulated cavity, generally used to host the central heating piping. The
external leaf is often made of facing bricks, or otherwise has simple cement plaster cladding.
By detailing the beam–column joint, regardless of any declinations for composition and
architectural image needs, it is possible to identify a few recurrent cases, as illustrated
below in Figure 3.
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The complete lack of thermal insulation and the use of low-quality materials are the
main reasons for poor energy performance in postwar building envelopes: the average
U-value is around 1.8 W/m2 K with reference to Figure 3, case (a), far from the standards
required today.

This type of building stock had the goal of capturing and pleasing buyers using an
envelope claiming modernity, comfort—and even some luxury—after hard war times. New
shapes and shiny material claddings, suggesting a lasting and stylish image, faded out
the fact that façades are intended to manage the in/out bond in charge of a great part of a
building’s metabolism. With low-cost and powerful central heating systems, large windows
and, sometimes, holiday homes at hand, seemed to solve any comfort issue in winter and
summer, since there was absolutely no widespread sensitivity towards environmental
pollution and sustainability.

In the 1970s, the oil crisis shock caused awareness of the building envelope’s metabolic
interface function to reappear in evaluation and property management criteria. But in
the following decades, 1950s and 1960s envelope design criteria were misunderstood,
even if they were only ten or twenty years old: in those façades, the active energy supply
(heating system) and passive energy control (thermal insulation) were conceived in a
synergistic (and very energy exhaustive) way. All the nude (not insulated) heating pipes
in the wall cavity worked both as an anti-dew system and a pre-heater for the façade’s
inner (and outer, unfortunately) surfaces: in that way, indoor comfort was increased for
the radiant temperature and for the wall dew point, paying for more oil instead providing
thermal insulation and a vapor barrier. In the following decades, the increasing heating
costs suggested a thermal insulation retrofitting that set apart these two energy spheres
(active and passive): the façade’s original metabolic system was deeply modified and mold
often appeared.

2.4. Retrofit Strategies for Energy Consumption Reduction

The comprehension of how both the building envelope and the heating system used
to work synergistically in post-war building stock induces research to identify tailor-
made solutions in relation to each case that do not alter the dynamics and the original
functioning of the building plant system, while allowing an adaptation to the needs of
contemporary living.

Retrofitting measures can be driven by different approaches and strategies (Table 4).
Approaches can be additive (when new components of the building system are added) or
substitutive (when existing components of the building system are substituted). Strategies
can be passive (when retrofitting measures are aimed at energy containment) or active
(when retrofit measures are aimed at better energy generation and management). It should
be emphasized that intervention using substitutive approaches entails having to face the
problem of the relocation, even temporarily, of residents. Although the relocation of
inhabitants is possible in the case of a single owner (private tenant or real estate player),
this becomes problematic in the case of property fragmentation, as it is typical in Italian
building stock.

Table 4. Retrofitting strategies and approaches.

Additive Approach Substitutive Approach

Passive strategy

Passive strategy, Additive approach
Limitation of energy consumption by the

installation of new technical elements to the
building system

Passive strategy, Substitutive approach
Limitation of the energy consumption by the

substitution of existing technical elements of the
building system

Active strategy

Active strategy, Additive approach
Energy generation or management by the

installation of of new technical elements of the
building system

Active strategy, Substitutive approach
Energy generation or management by the

substitution of the existing technical elements of
the building system
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A representative example of the best intervention technique aimed at minimizing the
anthropogenic impact, by carrying out retrofitting actions on a 1963 building, is represented
by the project “The Black One” (Figure 4), developed in 2020, by + Studio Architects
and Mediapolis Ingegneria [27]. It is a radical retrofitting intervention of a ten-level,
38-apartment postwar building in Turin, Italy, consisting of the full substitution of the
building envelope and plant system and anti-seismic strengthening of the frame-reinforced
concrete structure (Tables 5 and 6).
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Table 5. “The Black One”, anthropogenic impact data comparison.

“The Black One”
Anthropogenic Impact Reduction Due to Retrofitting Intervention

Before the intervention After the intervention

Seismic Structural Class: F Seismic Structural Class: D

Energy Performance Class: G (160 kW/m2 y)
Energy Performance Class: A3

(0.4 ÷ 0.6 kW/m2 y)

Table 6. “The Black One”, costs of retrofitting intervention.

“The Black One”
Costs of Retrofitting Intervention

Total cost of the intervention EUR 9,000,000

Total flat square meter cost 1940 EUR/m2

(4540 m2)

Total seismic structural reinforcement cost EUR 950,000
210 EUR/m2

Total façade retrofitting cost
EUR 600,000

(2800 m2)
215 EUR/m2

As shown in the tables provided, the “Black One” intervention is a remarkable case
study due to both the lowering of anthropogenic impact and the comprehensive design
techniques adopted on a whole building, due to the property being single.

The retrofitting intervention presented the opportunity not only to improve the overall
energy performance of the building but also to achieve a new characterizing architectural
image of the regenerated city.

Professional Credits
Building design: Studio Pralavorio (Geom. Pralavorio G.M., Geom. Pralavorio A. with

Arch. Pasini J. and Arch. Di Giovanni P.)
Structural design: Eng. Lonero G.
Safety coordination on construction site: Eng. Lonero G.
HVAC design: Eng. Trimboli U.
Electrical plant design: P.I. Crudo L.
Acoustic design: Eng. Soffredini A.
Fire safety engineering: Arch. Corba G.
Developer Credits
Real estate developer: SDS S.r.l., Settecasi family
Building Company Credits
Building company: Fiammengo Federico S.r.l., 7 Real Estate S.r.l.
Glazed element supplier: SEPAM S.r.l.
Ventilated façade: FLORIM S.p.A.
Landscape design: DECO’—RB Solution

3. A Case Study Based on Common Retrofitting Practice
3.1. Description of the Case Study

Considering what has been discussed so far, it may be interesting to test what the
improvement in energy footprint is due to upgrading the building envelope and revamping
the HVAC system on a real case. The case study was chosen to represent typical middle-
class housing project in Northern Italy in the 1950s and, more generally, the situation of the
housing stock rebuilt after World War II.
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The building upon which some energetic retrofitting intervention scenarios were
hypothesized was built in Turin and represents an example of the building typology and
construction techniques most commonly adopted for the reconstruction of the Italian city
in the 1950s (Figures 5 and 6).

The building is 4 levels high within a basement partially confining with the exterior
and consists of 43 residential apartments. Its main façade is 60 m long. The building is
mostly oriented to the south (main front) and north (internal courtyard). It is disengaged
by five stairs and is not equipped with any lift.

The housing complex has a floor surface of about 2770 m2, a gross heated volume of
10,800 m3, and a cold envelope of 4920 m2 (form factor of 0.45).

The structural organism consists of a frame with beams and pillars in reinforced
concrete. The floors are made using 250 mm thick reinforced brick concrete (RBC) slabs.
The structure of the sloping roof is wooden. The roof covering made of clay tiles and is
not insulated.

Without the aid of destructive tests on the surfaces, also thanks to the analysis of the
project documents deposited in the Building Archives of the City of Turin, it was possible
to reconstruct the stratigraphic composition of the building envelope.

The opaque infill of the vertical envelope is from 400 mm to 500 mm thick and is made
using clay masonry made up of a double layer of perforated bricks placed in offset to create
an inner cavity. The infill is inserted inside the structural reinforced concrete frame and is
not thermally insulated.
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The envelope cladding is characterized by finishing in different materials, according
to the architectural design of the portions of the façades: Vicenza stone, clinker tiles, and
plaster (especially in the courtyard).

Windows are extremely heterogeneous. In fact, over time, many of the original wooden
window frames have been replaced with aluminum alloy or PVC, without any proper plan
for replacement interventions. The original wooden windows do not have airtight gaskets
and are single-glazed with a glass thickness of 3 mm.

The concrete-bearing elements jut out from the envelope surfaces to enhance the
structural matrix, but this compositional expedient causes inhomogeneity of the envelope
transmittances and variable energy dispersions. The horizontal and vertical elements
of the structural framework, directly bordering the external environment, constitute a
thermal bridge. The first floor insists of the basement, which contains unheated garages
and technical rooms.

3.2. Energy Efficiency Assessment

The thermographic investigation carried on the building envelope revealed a poor per-
formance level in relation to the containment of heat dispersion (Figure 7), as summarized
in Table 7.
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Table 7. Case study on geometrical and thermophysical data (present status).

Geometrical Data of the Case Study

Total cold envelope surface 4920 m2

Total opaque envelope surface 4445 m2

Total glazed envelope surface 475 m2

Total climatized floor surface 2780 m2

Total climatized volume 8320 m3

Form factor (Scold envelope/Vclimatized) 0.45

Thermophysical Data of the Case Study

Average transmittance of the opaque envelope 0.89 W/m2 K

Average transmittance of windows 3.08 W/m2 K

Average transmittance of basement roof 1.31 W/m2 K

Average transmittance of the roof of the building 1.60 W/m2 K

Energy performance index from nonrenewable sources (EPIgl,nren) 179.43 Wh/m2·y

Taking advantage of the acquired data, a digital model of the building was obtained,
and various retrofitting options were simulated with “Edilclima release EC700”, which
is a software package validated by the Italian Thermotechnical Committee. Estimates
of the energy performance of the building were made according to the Italian technical
standard UNI-TS 11300. Then, some scenarios were assumed in which the increase in
energy efficiency was evaluated in relation to the application of different technological
retrofitting measures. This step made it possible to show the progressive decrease in
ecological footprint and the increase in energy efficiency of the building.

3.3. Description of the Retrofit Measures and Scenarios

The described retrofitting measures adhere to both passive and active strategies based
on both substitutive and additive approaches, as shown in Table 8, in order to gain the
scenarios in Table 9.

3.4. Results

The model first returned a primary energy consumption index EPIgl,nren for winter
heating of 179.43 kWh/m2 ·year, which places the current building in the Italian energy
class F. The progressive application of energy efficiency interventions, selected from those
suitable for that building, has shown the application of some retrofitting strategies, both
envelope and HVAC system oriented, allows the building to reach the threshold of Italian
energy class B with an EPgl,nren consumption index of 70.39 kWh/m2 · year. The strategy
and results are illustrated in Tables 10 and 11.
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Table 8. Case study retrofitting measures.

Description of Retrofitting Measures

Measure 1
Passive strategy

Additive approach

Interventions on the opaque envelope (estimated service life 50 years)
Total surface = 3340 m2

Uaverage = 0, 21 W/m2 K
Street façades: application of an external thermal coating in aerogel panels (thermal
conductivity (λ) = 0.015 W/m·K, thickness 50 mm)
Courtyard façades: application of an external thermal coating in EPS panels (thermal
conductivity (λ) = 0.031 W/m·K, thickness 100 mm)
Basement ceiling: thermal insulation in graphite EPS panels
(thermal conductivity (λ) = 0.031 W/m·K, thickness 120 mm)
Roof: application of PUR multilayer panels under clay tiles
(thermal conductivity (λ) = 0.024 W/m·K, thickness 120 mm)

Measure 2
Passive strategy

Substitutive approach

Intervention on the glazed envelope (estimated service life 30 years)
Total surface = 475 m2

Windows: replacement of every single-glazed window with double-glazed windows
(Uw = 1.30 W/m2·K)

Measure 3
Active strategy

Substitutive approach

Installation of heat pumps (estimated service life 15 years)
Replacement of the gas boiler for domestic hot water with a hybrid system twining a
condensing boiler (output power 188.7 kW) and an air-to-water heat pump
(output power 75.5 kW)

Measure 4
Active strategy

Additive approach

Intervention on the heating plant (estimated service life 15 years)
Installation of a centralized HP DHW and storage tank for HP heat pumps

Measure 5
Active strategy

Additive approach

Installation of a photovoltaic plant (estimated service life 25 years)
Installation of photovoltaic panels on the roof (total peak power 50 kW)

Table 9. Case study retrofitting scenarios.

Description of Retrofitting Scenarios

Scenario 0
Baseline scenario
This configuration is the benchmark for further comparisons.
The building is assumed with its original configuration

Scenario 1 Application of
Measure 1: retrofitting of the opaque envelope

Scenario 2
Application of
Measure 1: retrofitting of the opaque envelope
Measure 2: retrofitting of the glazed envelope

Scenario 3

Application of
Measure 1: retrofitting of the opaque envelope
Measure 2: retrofitting of the glazed envelope
Measure 3: installation of heat pumps

Scenario 4

Application of
Measure 1: retrofitting of the opaque envelope
Measure 2: retrofitting of the glazed envelope
Measure 3: installation of heat pumps
Measure 4: substitution of centralized HP DHW

Scenario 5

Application of
Measure 1: retrofitting of the opaque envelope
Measure 2: retrofitting of the glazed envelope
Measure 3: installation of heat pumps
Measure 4: substitution of centralized HP DHW
Measure 5: installation of a photovoltaic plant
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Table 10. Case study of retrofitting measures.

Description of Retrofitting Measures

Measure 1
Passive strategy

Additive approach

Interventions on the opaque envelope (estimated service life 50 years)
Total cost = EUR 691,210
EPIgl,nren = 105.84 kWh/m2 · yr

Measure 2
Passive strategy

Substitutive approach

Intervention on the glazed envelope (estimated service life 30 years)
Total cost = EUR 370,500
EPIgl,nren = 140.88 kWh/m2 · yr

Measure 3
Active strategy

Additive approach

Installation of heat pumps (estimated service life 15 years)
Total cost = EUR 140,430
EPIgl,nren = 129.63 kWh/m2 · yr

Measure 4
Active strategy

Substitutive approach

Substitution of centralized HP DHW (estimated service life 15 years)
Total cost = EUR 84,800
EPIgl,nren = 170.48 kWh/m2 · yr

Measure 5
Active strategy

Additive approach

Installation of a photovoltaic plant (estimated service life 25 years)
Total cost = EUR 96,000
EPIgl,nren = 178.29 kWh/m2 · yr

Table 11. Case-study retrofit scenarios.

Description of Retrofitting Scenarios

Scenario 0 Baseline EPIgl,nren = 201.04 kWh/m2 · yr

Scenario 1 Measure 1 Ctot = EUR 691,210
EPIgl,nren = 105.84 kWh/m2 · yr

Scenario 2 Measures 1, 2 Ctot = EUR 1,061,710
EPIgl,nren = 75.60 kWh/m2 · yr

Scenario 3 Measures 1, 2, 3 Ctot = EUR 1,202,140
EPIgl,nren = 68.64 kWh/m2 · yr

Scenario 4 Measures 1, 2, 3, 4 Ctot = EUR 1,286,940
EPIgl,nren = 39.23 kWh/m2 · yr

Scenario 5 Measures 1, 2, 3, 4, 5 Ctot = EUR 1,382,940
EPIgl,nren = 23.51 kWh/m2 · yr

3.4.1. Passive Strategies: The Additive Approach

Firstly, a standard additive approach was applied to the envelope renewal, planning
external insulations to be added to the façades, where possible.

The rear façade was to be equipped with a 100 mm plastered graphite EPS cladding,
while a 50 mm aerogel covering should have been added to the front façade, thus reducing
the façade overhang in the public area. In doing so, the opaque vertical envelope mean
U-value dropped from 71 to 0.21 W/m2 · K (−70.4%), but the whole energy performance
index lowered to 166.01 kWh/m2·yr only (−17.4%, the same considering the building’s
carbon footprint). The large single-glazed windows played a part in that, but also the
uninsulated first slab and roof (about 1300 m2 both) certainly have an important energy
role in a building of only four heated floors.

Therefore, a second option was evaluated, and the previously described façade
claddings were integrated with the thermal insulation of the first slab and roof, adding a
120 mm thick plastered EPS layer to the ceiling of the garage and patented120 mm thick
polyurethane foam insulating panels under the tiles in the pitched roof. All this considered,
the garage ceiling U-value decreased from 1.27 to 0.21 W/m2 · K (−83.5%), while the roof
U-value lowered of about the same percentage. The whole energy performance index
lowered to 105.84 kWh/m2·yr (also for the carbon footprint −47.3% with reference to the
original status), without any work being carried out on the existing windows.
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3.4.2. Passive Strategies: The Substitutive Approach

The most popular way to refurbish a glazed envelope is to replace it, because new
frames paired with up-to-date glazing share a favorable price/performance ratio and a
quick work schedule. Generally, anything added to existing windows will be as effective
as new windows: this is why the common strategy regarding glazed envelopes cannot be
anything but swapping to new windows. In the case study, the replacement of the current
windows with energy-saving models (U from about 4.0 to 1.3 W/m2 · K, around −67.5%)
was added to the abovementioned additive approach scenarios.

The new strategy on windows, if added to the “opaque envelope only” scenarios, re-
vealed to be much more effective, obtain an energy performance index of 75.60 kWh/m2·yr
(−62.4%, also for the carbon footprint, with reference to the original status).

3.4.3. Active Strategies: The Substitutive Approach

An “active” strategy is any design criteria concerning energy generation or manage-
ment. In this frame, in addition to the envelope’s renewal, the heating system’s revamping
should also be considered. After the building envelope is refurbished, the existing heating
system can be set to work at a lower temperature to obtain the same level of inner comfort
due to the consequent lower thermal loads and the heat pump implementation being very
easy. The swap of the current boiler with a hybrid system, made of an air-to-water heat
pump coupled with a condensing boiler, typically provides the HP the heat load in spring
and autumn (75 kW max power, with low-temperature water out), while the boiler goes
into operation in winter, when heat demand is at its highest. In this way, and also thanks to
the renewable sources used by the HP, the case study would achieve an energy performance
index of 92.50 kWh/m2·yr (−54.0%, also for the carbon footprint, with reference to the
original status and without replacing any windows).

3.4.4. Active Strategies: The Additive Approach

The adoption of a hybrid system to supply the case study heating system suggests a
photovoltaic implementation to power up the heat pump. A PV field of about 220 m2 and
50 kW peak power was added on the pitched roof. In this way the case study would achieve
an energy performance index of 76.75 kWh/m2·yr (−61.8%, the same decrease for the
carbon footprint, with reference to the original status and without replacing any windows).

In this type of PV installation, the main issue is how to manage summer overproduc-
tion. The case study has no centralized air conditioning system, unless the outermost layer
of the façade is replaced, and a new centralized system is installed at the same time (but
this is not the case). Therefore, there is no way to use the whole PV production from April
to October onsite, because nowadays, the Italian onsite energy market (production vs. con-
sumption) is limited only to what concerns the electrical needs of the condominium itself.
The amount of exceeding energy is relevant, since the simulation on this case study shows
a yearly overproduction of 30.1 MWh (5004 kWh in April, 5847 kWh in May, 6307 kWh in
June, 6987 kWh in July, 6350 kWh in August, 4988 kWh in September and 3628 kWh in
October), very useful for integration to an energy community grid.

3.5. Case Study Energy Performance and Historical Reference Benchmark

The results report that, in the baseline setup, the case study has its peak winter thermal
load at just over 216 kW and the energy performance index (EPIgl,nren) is 201.04 kWh/m2·yr.
It is not particularly bad in Northern Italy, considering the form factor and the building
period: this matches the average performance of the so-called “Legge 10/91” buildings
(i.e., those built in the 1990s; see Table 12). Anyway, the case study heating service triggers
a yearly carbon footprint of 110 tons of CO2.

The comparison of the results obtained with benchmarks, acquired from aggregated
historical data provided by the scientific literature, shows that it is possible to achieve a
significant improvement in the energy performance of postwar buildings, bringing them
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closer to benchmarks comparable to recently built housings designed in compliance with
the most recent regulatory provisions.

Table 12. Average energy performance for heating of buildings over the last 50 years in Italy. Adapted
from [30].

Average Energy Performance for Building Heating over the Last 50 Years in Italy
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3.6. Ecological Footprint Assessment and Anthropogenic Impact

As already stated, building energy efficiency is increasingly recognized as the most
effective way to reduce CO2 emissions and fossil source consumption, which are topics
closely linked to climate change. Hence, the retrofitting scenarios were evaluated not
only considering the savings in energy need that can be achieved but also in terms of
natural gas consumption and CO2 abatement potential, which can be assumed, among
many others, as some of the most representative indicators of the anthropogenic impact of a
building on the environment. The calculation was carried out using the software “Edilclima
EC700”. Table 13 and Figures 8–11 synthetize the results obtained and correlate the energy
performance of the building of each scenario to indicators of anthropogenic impact.

Table 13. Case study of yearly energy performance, power demand, and carbon footprint for
each scenario.

Scenario EPIgl,nren
Annual Gas

Consumption
Annual Electric
Consumption

Global Carbon
Footprint

kWh/m2·yr Nm3/yr
kg

CO2/yr kWh/yr kg CO2/yr kg CO2/yr

0 201.04 51,233 106,943 11,741 5401 112,344

1 105.84 25,970 54,210 11,426 5256 59,466

2 75.60 17,953 37,475 11,364 5227 42,702

3 68.64 11,522 24,051 35,895 16,512 40,563

4 39.23 2553 5329 42,087 19,360 24,689

5 23.51 2553 5329 19,749 9084 14,413
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The data provided show that the retrofitting scenarios, belonging to common practice,
that have been assumed can drastically reduce the needs of nonrenewable, fossil sources
such as natural gas. This dramatically decreases the global carbon footprint of the build-
ing. Otherwise, the electric power demand rises proportionally. In scenario 5, the electric
power demand is mitigated thanks to the installation of a photovoltaic plant on the roof
of the building. The results suggest that retrofitting interventions based on energy-saving
or nonrenewable energy production are not sufficient to balance the metabolism of the
buildings themselves. This aspect becomes even more crucial if we consider the progres-
sive electrification of services in progress. An old building, using commonly practiced
retrofitting measures, can hardly become self-sufficient or achieve environmental neutrality.
This consideration drives reflection towards the study of new management models for the
use and consumption of energy that, from the passage of energy management from an
architectural (the building) to urban scale, allow for the achievement of greater efficiency
within a systemic framework.

3.7. A Positive Model for the Energy Management

Although the achievement of energy savings is always desirable from an environmen-
tal and ethical point of view, it cannot be separated from a careful economic evaluation
of the investments in terms of extra costs related to the interventions to be implemented,
and it is necessary to attribute economic value to achievable energy savings. The literature
presents some studies [31] in which, starting from models referable to building types char-
acterized by different form factors (S/V), simulations were conducted to determine the
variation of a building’s energy needs in the face of applied retrofitting interventions to
the envelope, in order to compare the extra costs with the energy savings obtained. The
hypothesized interventions consisted of increasing the insulation of walls, roofs, and bases
and replacing windows.

The studies showed that the form factor of buildings (S/V), a geometric parameter
that identifies the type of building and the related heat exchanges, significantly affects
the extra costs compared to the energy advantage obtained. Furthermore, the extra costs
necessary to reach demand values lower than 70 kWh/m2 per year strongly depend on the
form factor and, consequently, the smaller the building, the more exponentially the extra
costs increase with the S/V ratio increase.
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These limits can be overcome by aggregating building organisms into a larger energy
community. Think, for example, of the case in which the useful surfaces of the build-
ing for the installation of photovoltaic solar panels are not sufficient. Then, it would be
possible to obtain the energy produced using a photovoltaic field connected to the grid.
Thus, the aggregation in clusters of energy-obsolete buildings represents the opportunity
to overcome their most binding technological limits. Integrated energy systems of pro-
sumers/consumers can help in refurbishing the old building stock, providing it with a
clean, affordable, resilient, reliable, equitable, and safe shared energetic setup that can
achieve a positive anthropogenic impact.

In addition to the reduction in energy needs and consumption, achieved using the
application of the retrofitting measures illustrated so far, the adoption of new management
models, based on the sharing of resources, can mitigate the cost of the energy and cope
with its collateral problems.

An ‘energy community’ (Figure 12) is a management model of energy self-production
and self-consumption, often based on the exploitation of renewable energy sources, which
has recently been endorsed by the European “Clean Energy Package” (European Directives
UE 2018/2001 and UE 2019/944), as a measure to achieve long-term energy–environmental
objectives [32].
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The members of an energy community are active protagonists in the management of
energy flows, as they are not just consumers but also energy producers and, therefore, they
are defined as prosumers. Each prosumer, through their own energy production plant, can
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consume energy at once, accumulate the excess to use it at any time, according to demand,
or exchange it with other members of the community [33].

Users of an energy community make up a smart grid, which relies on interconnected
devices and digital platforms. The Internet of Things (IoT) allows for the monitoring and
management of the production and the distribution of energy, providing users with data
about the system in real time, with the aim of reducing power peaks and imbalances due to
the random nature of renewable sources.

This model achieves environmental, economic, and social benefits. Among the envi-
ronmental benefits, the most valuable is the reduction in the emission of climate-altering
gases into the atmosphere.

The economic advantages for a citizen, a condominium, a public body, or a company
are cost reduction of the variable components of the bill (energy quota, network costs, and
taxes) and the income derived from the sale of the energy produced and any tax concessions,
according to incentive policies adopted in each country.

The reinvestment of the income from the sale of the energy can give rise to an ancillary
economy (capable of creating new job opportunities such as, but not limited to, technical
ones) that can be addressed to cope with social problems regarding promoting energy af-
fordability and equity, energy resilience, equitable and sustainable mobility, local resources,
and social projects in local communities, with the general purpose of redeveloping the
sociocultural substrate.

Recent experiences carried out all over the world have demonstrated the effectiveness
of energy communities. In Italy, positive examples are the Green Energy Community
(GECo) in Bologna, the Energy City Hall Energy Community of Magliano Alpi in Piedmont,
the Pinerolese Community near Turin, the Società Cooperativa Alto But (SECAB) in Friuli
and the Puglia Active Network (PAN), the latter being a large network that is expected to
cover the entire Puglia Region.

3.8. Achievement of Positive Anthropogenic Impact Using Energy Communities

Generally, buildings do not achieve energy self-sufficiency on their own. NZEBs also
need external energy supplies, albeit limited. Traditional post-war buildings, on the other
hand, are far from self-sufficient and thus have a high environmental impact, mainly due
to outdated HVAC systems and poor thermal insulation.

Therefore, a single post-war retrofitted building can join an energy community taking
part in a systemic metabolism that can balance and allocate resources according to demand,
reducing inefficiency and waste. This symbiotic management model, encouraging energy
production and consumption model change, can lead to a positive anthropogenic impact
on the environment. Thus, retrofitted interventions should be implemented using the
adoption of energy management models based on the sharing of energy resources, shifting
from a particular and narrow view to a global one.

However, new policies that favor the sharing economy and an energetic mix of re-
newable sources are required. Scale interventions, addressing parts of the building stock
such as groups of buildings or even small neighborhoods, should substitute uncoordinated
and nonconcerted measures. This is even more crucial in the underperforming postwar
building stock.

To make the building stock more energy efficient and insert it into the mutual energy
exchange grid, the following guidelines should apply:

1. Energy demand and supply analysis: estimation of energy needs and examination of
supply options (both contractual and technical aspects should be considered). The
objective is to identify critical issues and actions to be taken to optimize the building’s
energy setup;

2. Prosumer energy structure evaluation, assessing both the energy and anthropogenic
impact (e.g., carbon footprint);

3. Energy prosumer’s reorganization, if necessary, to optimize the energy setup;
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4. Growing energy communities: each territorial player is eventually aggregated into
an energy management system (EnMS) according to the standards in place to join its
energy community;

5. Defining the objectives of the energy management system and coordinating them.

The path defined using these guidelines is not meant to be a linear path, but as
an iterative “remake and improve” circular trail to be implemented in the design and
management phases.

4. Conclusions and Discussion

In order to make up for the share of primary energy required for the functioning of a
postwar building, it would perhaps be necessary to overcome the very consistency of the
architectural artifact. This is even more evident when there are considerable geometric,
technological, and technical constraints.

On the other hand, fully replacing the opaque building envelope, as in the case of
“Black One” project, seems to be the most uncommon way to revamp them: and this
is adequate to the “energy-saving only” tactic, generally adopted by law to compare
refurbishing strategies. It probably is time to go further, considering the sustainability goal
within a systemic approach that also includes the expected service life. Sparing energy
is a key point, but the authors believe sparing obsolescence is another pivot, feeding
the debate between “retrofitting vs. demolition and rebuilding”, because obsolescence
causes unused buildings and then giant amounts of rubble from ghost edifice demolition,
squandering their embedded energy or recycling management activities, which require
further energy supply.

Considering façade revamping, the complete or partial (i.e., external layers only)
building envelope substitution opens the design process to updated criteria, such as a
new network strategy for building systems (e.g., a heating system can be turned into an
energy-metered HVAC system with a new pipe network; sensors can be added to improve
the HVAC management; and so on). Such types of works also have huge potential in
terms of building image and up-to-date grid-connections, renewable energy technology
integration, and solar shading control, even adopting greenery systems to take advantage
of “free” benefits such as carbon dioxide absorption, cooling using evapotranspiration, and
other biomimetic strategies.

This kind of multi-benefit approach (functional, performance, imagery etc.) has
already consolidated in various research fields, also regarding existing façade over-cladding
(overlapping) and recladding (replacement), as in the case of old ventilated façades.

In the common practice, the envelope upgrade strategy is often based on an additive
approach, but if we consider the further benefits due to enhanced functionalities and
updated image, the substitutive approach cannot be neglected, also because it helps sys-
tem revamping through PV-powered centralized cooling system implementation (more
efficient than individual A/C split systems, also considering the whole-life building CO2
footprint). Whereas the additive approach can be only applied, and a PV-supplied heat
pump adopted, a nonnegligible PV overproduction issue rises, even if masked by a less
impactful construction site and immediate carbon footprint balance.

In Italy, PV overproduction is usually handed over to the national power system for
free. The feasibility of an energy community (a large district, a small cluster of buildings,
or even just a single condominium) energy system would be a great opportunity to locally
balance prosumption and consumption of green power. This can be achieved by using
modern smart metering: those who need power, e.g., for an air-conditioning system could
appreciate the option to comply to the local power market, and those who are producing
green energy in excess will be gratified to sell it instead of giving it away for free.

Each 100 m2 flat energy meter counts about 2500 ÷ 3500 kWh/yr [34] depending on
the kind of A/C system (centralized or individual system), with units having an individual
air-conditioning system showing a monthly increase of 350 ÷ 400 kWh in the case of A/C
use in July and August and about 150 kWh in June and September.
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If we consider an overproduction of 10 ÷ 15 MWh/yr each 100 m2 of PV, the peer-to-
peer energy market (condominium or district based) is a promising business model for the
near future and will improve the sustainability of each district.

The energy model of a society draws its shape and support from its social and cultural
model. Every change of one depends on the change of the other. Therefore, the change is
characterized as a technological and social transition. As consequence, the time required
for this process cannot be short. However, it may be faster in some sectors, such as
transport and communications, and slower in other sectors, depending on the persistence
and complexity of economic, social, and technical situations.

The planning and programming of energy transition policies have the responsibility
of not causing irreversible situations, in relation to the considerable permanence of the
measures undertaken and the difficulty of implementing corrective actions that could be
effective in a short time.

Construction is an important sector in the economic–productive basket of each country
but it is also the sector in which the characteristic temperatures of final uses are among
the lowest (all below 100 ◦C). Therefore, this sector is suitable for the replacement of fossil
fuels with both solar energy or the integration of cogeneration plants (electricity or other
processes) into thermal networks.

The primary energy that is absorbed by the existing building stock exceeds, in order
of magnitude, the energy that can be saved through the construction of new buildings.
Therefore, it is necessary to assign priority to the energy retrofitting of the existing building
stock using passive or solar active technologies or, in any case, by interventions energetically
coherent with contextual situations.

The energy communities model represents an effective solution, thanks to the involve-
ment of specific types of existing buildings (residential, schools, hospitals, office buildings,
industrial buildings, etc.) and other collective services, in which the functioning timetable
or the characteristics of the energy demand model can simplify or reduce the terms of
complexity. The integration of processes offers the advantage of temporal continuity of
energy demand, significantly reducing the time of economic return on investments [35].

The results that were obtained in this work demonstrate that, although it is possible to
achieve an overall performance improvement of a postwar building from the point of view
of its energy needs, it is difficult to achieve complete energy self-sufficiency.

The general set of ideas and beliefs of a historical period is formed and consolidated
around multiple factors that are independent by origin, but mutually influencing. Our era
can be considered revolutionary without revolutions. Without a rebellion or a collective
movement led by an ideal or ideology, humanity is profoundly changing its anthropology.
From simply “human” beings, endowed with a body and reasoning that makes us act,
we are rapidly transforming ourselves into beings endowed with an “extended identity”
that goes beyond our body and our thinking—a dochumanity [36]. In other words, a new
expression of the human race evaluated, profiled, interpreted, and finally sold as a product
of ratification. Our voluntary action is forever transformed and, in any case, is an automatic
production of data that represent a source of wealth for those who possess them.

From this awareness, a new conscience must be born. As inhabitants of a house, a
neighborhood, and a city, we are consumers, but equally, as explained in the paper, we can
be producers of energy in solidarity and as such become responsible for a new status of
“active citizenship” for the environment and for a new, virtuous circular economy concept.
This is the only way to reduce the anthropogenic impact of the buildings in which we live.
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