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Abstract: In recent years, the building sector has been turning towards intervening in the existing
city building stock. In fact, it is generally accepted that the refurbishment of buildings and the
urban regeneration based on sustainability must form the axis of reformulation of the building
sector. Nowadays, achieving sustainable urban development inevitably involves improving existing
buildings, thereby preventing the need for city growth, and for the emptying of established
neighbourhoods. Furthermore, considering the whole life cycle, it is well known the great amount of
greenhouse emissions derived from the construction sector, so in order to reach a decarbonized society
it is important to provide eco-efficient construction materials and solutions, adding the principles of
circular economy and resource efficiency. The articles of this special issue show different aspects to be
considered in order to reach a decarbonized and circular building stock.
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1. Special Issue “Decarbonization and Circular Economy in the Sustainable Development and
Renovation of Buildings and Neighbourhoods”

In recent years, the building sector has been turning towards intervening in the existing city
building stock. In fact, it is generally accepted that the refurbishment of buildings and urban
regeneration based on sustainability must form the axis of reformulation of the building sector.
At present, achieving sustainable urban development inevitably involves improving existing buildings,
thereby preventing the need for city growth, and for the emptying of established neighbourhoods.
Furthermore, considering the whole life cycle, the great amount of greenhouse emissions derived from
the construction sector is well known; thus, in order to reach a decarbonized society, it is important to
provide eco-efficient construction materials and solutions, adding the principles of circular economy
and resource efficiency.

Therefore, the theme of this Special Issue is “Decarbonization and Circular Economy in the
Sustainable Development and Renovation of Buildings and Neighbourhoods” in response to the
objectives not only raised at Horizon 2020 but by all the people who seek a more sustainable world.
This Special Issue of Sustainability focuses on, but is not limited to:

• Obtaining an overview of the environmental problems that arise from construction activity,
focusing on refurbishment as an alternative to the current crisis in the construction sector, as well
as on actions designed to minimize environmental effects on the environment;
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• Searching for new alternatives to conventional construction solutions that minimize the
environmental impact of the construction activity, improve indoor environmental quality of
buildings, build or refurbish, always from a rentable and optimal cost in time, and implement a
circular economy and an efficient resource and waste management;

• Minimizing the consumption of material resources, energy consumption and CO2 emissions in
construction and looking for the proper management of construction and demolition waste and
the opportunities for their recycling and reuse;

• Sustainable planning and urban development, for an ordered and sustainable growth.

2. Background and Contents

The European Union (EU) is committed to establish a sustainable, competitive, secure and
decarbonised energy system [1]. Furthermore, the European Green Deal [2] boosts the efficient use of
resources in order to get a clean and circular economy.

Buildings have a capital importance in both communications as the building sector in the European
Union represents around 36% of greenhouse emissions, 40% of the final energy consumption, 50% of
extracted materials, 30–50% material resource use, 21% of total water abstracted and is responsible
for over 35% of the EU’s total waste generation with very significant life cycle impacts, particularly
associated with extraction and processing stages [1–6].

Decarbonization means a decrease in the specific amount of carbon (or CO2) emitted per unit of
primary energy consumed. In the building sector, decarbonization can be achieved through the energy
efficiency measures focused on reducing the energy demand, reducing the energy consumption and
increasing the use of low-carbon technologies, such as renewable energy sources. Decarbonization
in the building sector involves the materiality of the built environment throughout their whole life
cycle, users’ energy habits and the performance and efficiency of the building and neighbourhood
systems [4].

A circular economy is one “that is restorative and regenerative by design and aims to keep
products, components and materials at their highest utility and value at all times” [7]. In a circular
economy, waste and resource use are minimised, and when a product reaches the end of its life it is
used again to create further value [8]. In the building sector, the circular economy is applied by closing
water, energy and material loops, so design for disassembly has a central role and promotes buildings,
construction materials and products to be intentionally designed for material recovery, value retention
and meaningful next use [9,10].

In this context, the new Circular Economy Action Plan [5] promotes circularity principles
throughout the lifecycle of buildings in order to increase the material efficiency and reduce the climate
impacts. These goals are aligned to the ‘Renovation Wave’ initiative [11] as around 60% of the current
EU’s buildings were built under limited or non-existent energy efficiency requirements [12,13] so
they require a partial or total refurbishment in order to fulfil the EU’s Energy Efficiency objectives for
2050 [12,14]. Furthermore, the current inefficient building stock is at the base of the energy poverty
that around 50 million Europeans suffer [2], affecting their comfort, sanitation and living conditions.

Energy renovation strategies of social housing are addressed in the article written by Belinda
López-Mesa, Marta Monzón-Chavarrías and Almudena Espinosa-Fernández [15]. The two studied
strategies are compared based on the regulation compliance, the energy use, the emissions reduction,
the thermal comfort and the cost-effectiveness of the measures. The results show that renovating the
whole building with efficient solutions, including external insulation for existing brick-facing walls,
and drawing up coordination plans in order to guarantee a coordinated new image of the residential
estates is the best strategy, achieving a 69%–79% reduction of CO2 emissions and a 75%–97% reduction
of heating use, as well as being the only one capable of transforming these buildings into nearly zero
energy buildings (nZEBs).

One example on reducing energy consumption by implementing low-carbon technologies is
exposed by Eloy Velasco-Gómez, Ana Tejero-González, Javier Jorge-Rico and F. Javier Rey-Martínez [16].
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Evaporative cooling systems are energy-efficient, cost-effective and environmentally friendly solutions
for cooling the indoor environment by evaporating water in dry air. It is a technology that replicates
a natural process with a low energy consumption, so it can substitute, improve the performance of,
or complement conventional mechanical compression cooling systems. The system depends on the
wet surface in contact with the air, so the authors have designed a cooling pad that enables maximum
wetted surface with minimum pressure drop so it improves the currently high efficiency of the system.

However, decarbonising the building stock must look beyond the energy consumption during the
use phase of the buildings. The energy used in the manufacture of construction product and during the
construction process of the building also has an important role. Manufacturing construction products
represents 5–10% of total energy consumption in the EU [17] and the greenhouse emissions related
to material extraction and manufacturing of construction products are estimated at 5–12% of total
national greenhouse gas (GHG) emissions in the EU [5]. Furthermore, the material requirement of
buildings currently represents one of the greatest resource use challenges in terms of mass of resources
used. Concrete, aggregate materials (sand, gravel and crushed stone) and bricks make up to 90% (by
weight) of all materials used [6].

In this context, looking for alternatives that minimize the extraction of raw materials, incorporate
recycled materials and reduce the energy consumption related to the manufacture of construction
products is another way to move towards decarbonization and a circular building sector. This approach
is addressed by the article written by Cătălina Mihaela Grădinaru, Radu Muntean, Adrian Alexandru
S, erbănoiu, Vasilică Ciocan and Andrei Burlacu [18]. Focused on the manufacture of concrete,
they present how to rationalise its use of natural mineral aggregates and reduce its energy consumption
by replacing mineral resources with vegetal waste for non-structural concretes. The exposed ecological
concretes substitute 50% of their mineral aggregate volume, thus reducing the extraction of raw
materials, and have mechanical properties used for concrete screeds or for modular elements for
buildings closures.

The article written by Carolina Piña Ramírez, Alejandra Vidales Barriguete, Julián García Muñoz,
Mercedes del Río Merino and Patricia del Solar Serrano [19] is also focused in the replacement of raw
materials for sustainable alternatives. In this case, recycled materials are used as reinforcement of
cement mortars used for external continuous coating as a mean to seek new uses for construction and
demolition waste from buildings. The explored options were characterized obtaining similar values to
those cement mortars reinforced with commercial fibres, so it is a viable way to reduce raw material
extraction and energy consumption from manufacture, and reuse construction and demolition waste.

Pilar Mercader-Moyano and Jesús Roldán-Porras [20] go beyond manufacture of materials and
explore the greenhouse gas emissions related to the phases related to transportation of materials to the
worksite and the construction process, applied to foundations and structures. The variables related to
those phases are not contemplated in the sustainability assessment in the Spanish legislation and the
results they present show the importance of these variables to be considered when choosing the lower
contaminant option.

Apart from the contribution of certain phases of the life cycle, it is important to consider the
environmental impact of the whole life cycle of a building. This is the focus of the article written by
Patricia González-Vallejo, Radu Muntean, Jaime Solís-Guzmán and Madelyn Marrero [21]. The authors
compare the environmental impact of housing projects in Spain and Romania using the OERCO2 tool
considering the difference in the constructive solutions for structures in both countries. A total of
24 projects were assessed, differentiated by the material of their structure and according to the type
of their foundation. They found that buildings with metallic structures were more economical but
more contaminant than reinforced concrete, and they ranked the impact of the materials being metal,
concrete, cement and ceramic products those with greater environmental impact.

One of the circular economy principles regarding materials is related to their durability.
This concept is also related to the economic investment for the replacement of the material or construction
product. These aspects should be carefully taken into account especially when working on social
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housing, as their inhabitants are economically, and frequently energy, vulnerable. The article written by
Antonio Dominguez-Delgado, Helena Domínguez-Torres and Carlos-Antonio Domínguez-Torres [22]
studies not only the energy impact but also the economic one of cool roof constructive solutions through
their life cycle in order to evaluate their performance over time as roofs are elements continuously
exposed to outdoor climate conditions affecting to the durability of the solution.

Ernesto Antonini, Andrea Boeri, Massimo Lauria and Francesca Giglio also studied durability
as an indicator for circular technologies, added to the reversibility of such technologies as design for
disassembly is one of the principles of the circular design approach [23]. As the authors indicate “no
clear definitions are yet available to link these concepts to indicators suitable for measuring Circular
Economy and, specifically, Circular Building Technologies”, so they discuss whether reversibility and
durability may represent suitable indicators in order to promote the circular assessment of construction
technologies, providing useful assessment tools to designers to assist their choices early.

A circular building sector must optimise the use of resources and result in zero waste to
landfill. The measures are based on incorporating recycled content and reducing resource waste
in the manufacturing process of construction products; minimise the use of new materials, select
environmental-friendly construction products, and establish an adequate construction and demolition
waste (CDW) management in order to recover quality materials, as CDW is the largest waste stream in
EU [17,24–26]. In this context, design for disassembly, one pillar of the circular economy, includes the
reduction of CDW as it promotes that buildings and products are designed intentionally for material
recovery, value retention and meaningful next use [10].

In this sense, Eduardo Vázquez-López, Federico Garzia, Roberta Pernetti, Jaime Solís-Guzmán and
Madelyn Marrero [27] analyse the costs that imply the selective dismantling and waste management
which also have a repercussion on the environmental performance of a demolition project. They develop
a method to calculate the end-of-life cost through the quantification of demolished materials considering
demolition, load, transport and waste management costs. They found that demolition cost was the
weight factor and it was mostly due to foundation and structure demolition. Compared to the life
cycle cost, the end-of-life cost represents approximately 5% of the total.

CDW also has to be considered when executing refurbishments in order to update existing
building to current legislative requirements. This is the focus of the article written by Begoña Blandón,
Luís Palmero and Giacomo di Ruocco [28]. The authors studied the CDW management impact
on interventions destinated to repopulate the abandoned rural areas as these areas do not count
with the facilities for waste management of the cities, and repopulating the rural areas is another
way to move towards decarbonization and circular economy as it reuses and revalue existing built
environments. The authors analysed interventions carried out in recent years, reviewed the existing
European management protocols specifying their application to Mediterranean popular housing and
presented a representative case in order to be conscious about the existing reality regarding the destiny
of the CDW in the rural environment.

However, users are also participants on the sustainability of the building stock and the built
environment, and they have an important role so tools are needed to transmit, in an understandable
manner, how their decisions related to buildings can be sustainable. The article written by Milagrosa
Borrallo-Jiménez, Maria Lopez de Asiain, Rafael Herrera-Limones and María Lumbreras Arcos [29]
defines a method for the development of tools able to transmit to society scientific knowledge related
to sustainability, evaluating the environmental impact of their actions in order to actively involve the
actors towards a more sustainable built environment. They present a specific tool experimentally
developed for the context of Seville prioritizing communicative actions in order to reach citizens and
professionals, but also researchers in the building sector.

The participatory dimension not only has an influence on the built properties of the persons;
it can go beyond and be applied to the urban regeneration actions and projects, as shown in the
article written by Maria Lopez De Asiaín and Vicente Díaz-García [30]. The authors reviewed the
participatory dimension of different urban regeneration actions carried out in Spain and the impact of



Sustainability 2020, 12, 7914 5 of 6

this dimension on the results obtained by environmental, economic and social urban improvements
in order to improve the resilience of the cities. They analysed several cases in order to assess their
effectiveness and relevance of the actions on the urban development and resilience. From their study,
success and fail reasons can be obtained, identifying weaknesses for future participatory actions.

The final reflection of this editorial is that although several cases shown before are thorough and
applied to refurbishment, which is important as is a mean to reuse and revalue the existing buildings,
the principles of decarbonization and circular economy must be incorporated at the very early stages
of building and urban design. In this context, environmental assessment schemes are playing an
important role moving the building sector towards its sustainability. The article written by María
M. Serrano-Baena, Paula Triviño-Tarradas, Carlos Ruiz-Díaz and Rafael E. Hidalgo Fernández [31]
analyses the implications of the BREEAM scheme on the design of hotels for the Spanish context.
They present seven case studies and the measures implemented in order to achieve the scheme targets
and conclude that although considering the requirements for getting a good environmental assessment
may limit the hotel design, it is easier implemented at the early design stage so these limitations can
be reduced.
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