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Abstract: Climate change and ecological crisis are a huge threat to Europe and the world. To overcome
these challenges, Europe adopted the New Green Deal as a strategy transforming the Union into
a competitive resource-efficient economy without greenhouse gas emissions and become carbon
neutral in a few decades. The European Green Deal includes the new circular economy action
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plan, highlighting the importance of a products’” “green design”, saving raw materials, and waste
prevention oriented along the entire life cycle of products. Construction and buildings represent
one of the key topics for the green transition. In the European Union, buildings are responsible for
40% of our energy consumption and 36% of greenhouse gas emissions, which are mainly caused
by construction, usage, renovation, and demolition. Improving environmental efficiency can play a
key role in reaching the carbon neutrality of Europe that is expected to be achieved by 2050. In this
research, it was explored how Eco-design, as an innovative approach in buildings and construction,
Life Cycle Thinking and Life Cycle Assessment, as fundamental supporting tools in sustainability, and
finally appropriate and effective Construction and Demolition Waste recycling processes, particularly
oriented to concrete recycling according to the case studies analyzed, can promote a circular economy
in buildings and construction.

Keywords: eco-design sustainability; LCA; circular economy; Circular Cities; EU Green Deal; CDW;
buildings and construction

1. Introduction

The built environment is commonly recognized as a major contributor to global
environmental impacts. Up to 40% of all raw materials extracted from the lithosphere are
consumed by this sector, responsible for roughly 50% of global greenhouse emissions [1].
In the European Union, buildings and construction are responsible for a large part of the
total energy consumption (about 40%) and of greenhouse emissions (36%) [2], along the
entire chain from construction to demolition, passing through utilization and maintenance.

More efficient use of materials, both at the beginning and at the end of their life, would
make a major contribution to reducing the environmental impacts of construction. This
benefit would be achieved principally by a depletion reduction of finite natural resources
and a reduced dependence on landfills.

The construction industry is also one of the world’s largest consumers of natural
resources, with an annual usage of 50 billion tons of sand and gravel. As the main com-
ponent of concrete, they are essential for all kinds of construction work, and considering
the growing world population and urbanization, their demand will further increase in
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the following years. The global natural inert materials’ usage already has a considerable
impact on the environment and human lives. Most of the used sand is mined from fluvial
or coastal areas with several severe environmental impacts risk in terms of various rivers
or beaches and islands ecosystems preservation, and hydrological balance [3].

The need for more sustainable and improved use of natural resources in this sector has
been recognized at the EU level by the Raw Material Initiative [4]. This is reflected in the
challenging target that has been set to increase the recovery and recycling of Construction
and Demolition Waste (CDW) across Europe.

Approximately 1 billion tonnes of waste, which is around one-third of the total
amount generated in EU 27 each year, comes from Construction and Demolition (C and D)
activities [5]. However, at present, large quantities of these materials eventually end up in
landfills, without any form of recovery or reuse. CDW have to be urgently managed in an
appropriate and efficient way. Because of the impacts, not only on environmental but also
from economic and social points of view, Buildings and Construction (B and C) represent a
hot spot related to all the other sectors [6].

According to the UNEP—UN Environment Programme definition [7], the Green Econ-
omy takes into due account all the natural resources from which the human species benefits
without any compensation paid. This is a holistic approach, not only an economic one, in-
volving all community activities, particularly addressed in two crucial areas: procurement
and sustainable use of natural capital and resources. In this context, a fundamental role is
played by government policies on sustainability, first of all, by a decline at a worldwide
level put forward by the UN Agenda 2030 in 2015 [8], and four years later, by the EU New
Green Deal [9]. This represents an intensive and effective roadmap for making sustain-
able the EU economy by transforming ecological and climate issues and environmental
challenges into opportunities. The European Green Deal refers to construction as one of
the key topics for the green transition, contributing in a fundamental way to the carbon
neutrality of Europe that has to be achieved by 2050 [10]. As pillar of that process, the new
Circular Economy Action Plan was adopted in March 2020, highlighting the importance
of a products’ “green design” that has to be oriented to a reduction of raw materials con-
sumption and waste prevention along the entire life cycle of products [11]. The main goal
was identified in a robust reduction of CDW pursued by waste prevention and improve-
ment in recycling processes allowing a high quality and high efficiency secondary raw
materials production. The EU Commission will act in several directions, considering many
production fields, with particular attention given to B and C. The European strategy for a
Sustainably Built Environment [12] represents in fact a whole and exhaustive plan aiming
to guarantee a coherent integration between all the policy strategic areas such as climate
change, energy and resource efficiency, CDW management, etc. This strategy will promote
circularity principles of construction throughout the lifecycle of buildings starting from
an update to the Construction Product Regulation. The strategy includes the possibility
to require appropriate recycled content for construction products, at the same conditions
of quality and safety, and to adopt a Life Cycle Assessment (LCA) methodology in public
procurement. Furthermore, according to Circular Economy (CE) principles, new goals in
CDW recovery targets, in part, an energy efficiency implementation that is expected by a
lifecycle performance optimization and a longer lifespan of construction heritage.

New EU policies are promoting energy performances in buildings by considering
financial leverages, making easier financing access for building assets renovation. In that
direction, also the “Clean energy for all Europeans package” [13] promoted a robust revision
of the previous energy in buildings directives with the aim to drive the EU clean energy
transition. Each country will integrate its national energy and climate plans (NECPs) by
adopting an energy strategy in buildings for the period of 2021-2030, including nearly zero-
energy buildings, energy performance certificates, and smart technology in new buildings
actions, with the aim to reach the 32.5% EU target in energy efficiency by 2030 [14].

The European Green Deal has been recently supported by the new EU Action Plan
“Towards a Zero Pollution Ambition for air, water, and soil—building a Healthier Planet
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for Healthier People” [15], having the purpose of acting on particular climate change and
pollution issues promoting prevention, remediation, and monitoring activities.

Finally, the Circular Cities and Regions Initiative (CCRI) [16] represents an innovative
focal point of the Circular Economy Action Plan, highlighting the importance of pursuing
advanced solutions and actions at the local and regional level. B and C could represent
an excellent field of interest for Circular Cities strategies for minimizing environmental
and social impacts in compliance with the sustainability principles. They can put into
practice more appropriate behavior in consumption and resources supply as well as in
waste prevention, recovery, and recycling, contributing to achieving UN Agenda 2030
SDGs 11 (“Make cities and human settlements inclusive, safe, resilient and sustainable”)
and 12 (“Ensure sustainable consumption and production patterns”).

CDW management has outlined over time the strategies through which waste must
be treated; these methods are positioned within a hierarchical scale, in relation to the
preference given to them from an environmental point of view, that is, from the impact they
can determine on the environment. The environmental impact resulting from the use of
these strategies is in increasing order, from lowest to highest. The principles underlying the
hierarchy are the minimization of resource consumption and the prevention of environmen-
tal impact, which represent the two pillars of sustainability in construction [17]. The three
strategies, ‘Reduce, Reuse, Recycle’, are well known in the field of waste management as
the 3Rs of the hierarchy of CDW management methods [18], and CE in B and C. The waste
reduction strategy offers two major benefits: minimizing the generation of CDW waste
and reducing the costs for the transport of waste. The reduction method is considered
the most efficient and effective for optimizing CDW management and eliminating many
environmental and disposal problems. It must be seriously estimated in the case of refusal
from C and D activities it is inevitable and that the ‘zero waste’ condition is not achievable.
It could be, nevertheless, approached by improving the efficiency dematerialization of
the processes. Reuse generally means the use of the same component in the construction
process more than once. It can be done both considering an ‘old life” reuse, with the
possibility of using a material or a component for the same previous function (i.e., the
wooden formwork), and a ‘new life’ reuse for a new function (such as the use of concrete
fractions or tiles for basic materials for the streets). Reuse requires minimal treatment of the
material and in addition to low energy consumption. Recycling is recognized today as the
most practicable and preferable CDW management strategy compared to all the others, as
well as desirable from an environmental point of view. The goal is to reprocess the waste
to obtain secondary raw materials to be used mostly as aggregate for the production of
mortar and concrete. This not only fulfills the goal of recycling but also results in economic
benefits. The production of secondary raw materials implies a series of well recognized
advantages, such as the reduction of demand for new resources and of transport and energy
costs, the exploitation of waste that otherwise would be landfilled, and the preservation
of land areas and of the general conditions of the environment. Reused and recycled
raw materials also represent an added value in terms of sustainability in construction.
Appropriate material selection, in fact, plays a crucial role in reducing the embodied energy
and other environmental impacts of a building, and it can constitute additional value in
also labeling and environmental certification achievement. For instance, the green building
rating system LEED (Leadership in Energy and Environmental Design) [19], the building
classification method based on energy consumption and ecological footprint evaluation,
includes a complete category (Materials and Resource) that aims at selecting materials that
are assumed to be “green” including material with recycled content and reused materi-
als. In the effort to quantify the whole impacts of materials arising during each step in
the whole supply chain (i.e., manufacturing, transportation, construction, and operation),
including end of life management and valorization, several national and international
regulation and labeling systems are considering a life cycle thinking approach. It allows
a holistic evaluation of all environmental, social and economic impacts deriving from
B and C activities. For instance, in Italy, the so called “CAM” (Minimal Environmental
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Criteria) plan, related to buildings, introduced by the Environmental Ministry in 2017 [20],
and in Spain, the buildings certification system (“Coédigo Técnico de la Edificacion” [21],
support the Public Sector Contracts and Procurement regulations. Both these two policies
assume environmental life cycle assessment (ELCA) and life cycle costs assessment (LCC)
as sustainability evaluation and validation methods. Also, the already mentioned LEED,
in its last updated edition [22], introduced the use of whole building life cycle assessment
(WBLCA) as a compliance option for earning credits. In particular, it was introduced a new
credit named “building lifecycle impact reduction”, supporting Eco-design by using life
cycle assessments in an effort to allow objective comparison of quantified environmental
performance for various materials [23].

In order to understand in which way Life Cycle Thinking and Eco-design approaches
can be successfully addressed in B and C, a preliminary explorative literature review has
been performed.

2. Materials and Methods

The literature review was accomplished by an initial search of more than 250 pa-
pers. The research string used included the following terms: Sustainability, Construction,
LCA, Life Cycle Thinking, Eco-design, Circular Economy, and CDW (Construction and
Demolition Waste).

The initial set of results included 130 papers. Screening was performed based on
more effective keywords each other related, resulting in 73 papers. The final selection was
carried out by reading all the abstracts and excluding 57 papers not fitting with the main
topics.

Therefore, the final set of articles included 73 papers, 57 published in peer-reviewed
Journals, six book chapters, and 10 conference papers.

The literature available testifies and interest toward these topics increasing sensibly over
the last twenty years, with more than 53% of the papers published since 2017 (Figure 1).

Figure 1. Number of paper published over the years.

These articles were, then, clustered based on the topic into nine classes, describing the
macro-themes, i.e., Sustainable Development, Circular Economy, Eco-efficiency of product
and processes, Performance and material Recycling, or more methodological ones, as
techniques for impact assessment, i.e., Carbon Footprint, Life cycle Assessment (LCA),
Life Cycle Sustainable Assessment (LCSA), or for sustainable product development, i.e.,
Eco-Design (Figure 2).
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Figure 2. Number of papers published per specific topic. LCA: life cycle assessment; LCSA: life cycle sustainable assessment.

The papers were published in international peer-reviewed Journals constitute quite
a recognizable stream of research, hosted on Journals engaged on topics related either to
material recycling, such as Resources Conservation and Recycling and Waste Management,
or assessment methods, like International Journal of Life Cycle Assessment, or clean
production in general, as Journal of Cleaner Production (Figure 3).

Journals

'BUSL. CHIN..
Bll.. STRA.. JOUR..

Figure 3. International peer-reviewed journals hosting papers on the topics analyzed.

3. Results and Discussion

The literature review performed highlighted the presence of two pillars underpinning
the academic conversation (Figure 4). One is more oriented to the systemic view required
for policy formulation, referring to the topics of sustainable development in general, circular
economic systems, and recycling as a fundamental approach to waste management. The
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other tends to ground the researches into a more product-oriented approach, rooted in
performance and efficiency evaluations and the application of an advanced tool for the
impact assessment of products and processes, as well as the development of Eco-design
methodologies and products. This last topic, in particular, configures as the natural bridge
between the two frameworks, as it takes advantage of product-oriented tools to develop
solutions integrated with more systemic views. In the following, the two frameworks are
presented and supported by the analysis of case studies of particular significance.

/ Product-oriented \ Policy-oriented

Eco- LCA
Efficiency
Carbon e r
Footprint

Figure 4. Summary of the frameworks identified within the review.

3.1. Product-Oriented Framework

A remarkable stream of research deals with product-oriented approaches, typically
promoting the efficiency and performance of products in terms of environmental impacts,
and the tools were supporting both assessment and product development, such as Life
Cycle Assessment, Sustainability Assessment, and Carbon Footprint.

3.1.1. Life Cycle Thinking, Life Cycle Assessment and Environmental Product Declaration

Over their lifetime, products (goods and services) can contribute to various environ-
mental impacts. Life Cycle Thinking considers the range of impacts throughout the life of
a product.

The fundamental aim of Life Cycle Thinking is to reduce overall environmental
impacts. This can involve trade-offs between impacts at different stages of the life cycle.
However, care needs to be taken to avoid shifting problems from one stage to another.
Reducing the environmental impact of a product at the production stage may lead to
a greater environmental impact further down the line. An apparent benefit of a waste
management option can therefore be canceled out if not thoroughly evaluated.

The European Commission has developed guidelines for LCAs that are fully com-
patible with international standards. These aim to ensure quality and consistency based
on scientific evidence when carrying out assessments. The LCA quantifies environmental
impacts by assessing emissions, consumed resources, and pressures on health and the
environment.

The assessment of the life cycle of a product or of a process represents a standardized
EN ISO methodology [24] that allows to carry out a complete study on the environmental
impacts by considering the entire life cycle (‘from the cradle to the grave’, in the traditional
concept of linear products, or “from the cradle to the cradle” in the CE perspective). It
includes the extraction and processing of raw materials, the manufacturing phase of the
products, transport, and distribution, the use and possible reuse of the product or its parts,
collection, storage, recovery, and the end of life management.

LCA represents an excellent tool in the case of several alternatives or solutions com-
parison [25], being able as well to validate decisions. LCA is able to analyze, quantify
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and evaluate the causes of the environmental impact determined by a product during its
life cycle, and can usefully demonstrate the products and processes sustainability from
a quantitative point of view by estimating and weighting each environmental impact
categories, such as Climate Change or minerals consumption.

LCA and Environmental Product Declarations (EPD) represent important sources of
information in applications in B and C also in the context of Design for Environment [26].

EPDs aim to certify the environmental performance of construction products and
services on the basis of consistent, accurate, and certain data and evaluations. In that way,
LCA can represent the starting point for a reliable EPD, becoming the most interesting
assessment tool of the environmental performance of buildings [27].

As for a product or service, LCA can be applied to buildings, taking into consideration
all the phases ranging from the birth of a work to the end of its useful life, in order to
calculate the relative costs and environmental impact of these activities.

In particular, it includes the phases of planning, design, construction, management
of the asset and its maintenance, redevelopment, or disposal and all these phases have a
robust impact on the environment.

The importance of analysis and evaluation that are as accurate as possible in terms
of the environmental impact of the building life cycle has to be considered in order to
understand the sustainability of the process, optimizing the available resources utilization
and end of life management.

Sustainability in buildings and construction, assessed by a whole Life Cycle Assess-
ment, begins with the extraction of natural resources and the production of energy and
components; substances and energy belong to the production, transport, and use phases as
well as the recovery, reuse, or disposal phase. Using the life cycle approach means balancing
and defining positive environmental, economic and social impacts by defining environ-
mental risks and opportunities, thus recognizing the damage or potential environmental
risks that occur at each stage [28].

In the same way; it is possible to prevent constructive or inappropriate design choices [29]
that mitigate a certain environmental impact from causing other environmental damage,
producing a shift in problems from one phase of the life cycle to another or from a type of
impact to another.

To date, this methodology has found numerous applications in construction. It has
been used as a basic method for establishing standards for awarding eco-labels to building
materials or “green buildings” certification and for supporting the definition of methods for
the assessment of the ecological compatibility of construction products [30], for developing
building materials life cycle database [31].

Numerous tools exist for the assessment of the environmental compatibility of build-
ings, based on a life cycle approach [32]. The first kind of method works by aggregating
the results of LCA studies developed on building materials and components, including the
evaluation of the energies, on the basis of a quantitative assessment of the environmental
impact by the contributions of the different components of the building materials [33].
Other methods assess qualitatively environmental performances of buildings on the basis
of checklists [34] or key performance indicators [35].

3.1.2. Eco-Design in Constructions

The design process is a very important phase for the sustainability of a building by
improving environmental, social, and economic sustainability, minimizing environmental
impacts by making decisions based on a holistic perspective, mainly if based on a Life
Cycle Thinking approach.

According to the Eco-design Working Plan 2016-2019 [36], it is necessary to assume
effective quantitative and qualitative criteria to assess material efficiency, to use upcycled
materials, and an integrated design. By using this approach, the European Commission
is working on the Eco-design toolbox that looks at all the products and materials from
the qualitative and quantitative point of view by integrating technical and technological
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aspects with environmental impacts, such as energy consumption and greenhouse gases
emissions. The integration of environmental criteria into design thinking is a new and
challenging area, and product Eco-design activities can actually encourage step changes in
Small and Medium Enterprises (SMEs) in the construction and building sector [37].

According to the common definitions, Eco-design, ecological design, or sustainable
design is the incorporation of environmental aspects into the design and into product
development [38] in order to avoid negative environmental impacts throughout its useful
life. Appropriate tools are necessary to perform at best an Eco-design process, also by con-
sidering a strict connection with technical and economic issues and business strategy [39].

Eco-design can offer different benefits and opportunities also to B and C companies,
not only environmentally but also from the economic and social point of views. The
environmental performance can be improved by optimizing inputs and outputs of the
construction process, reducing resource consumption (energy, raw materials, and water),
emissions and waste, and increasing the efficiency of the system [39]. An effective Eco-
design implementation firstly needs the appropriate tools but also an inclusion inside
business models and operation. Many SMEs in the B and C sectors still face difficulties in
the effective implementation of these methods because of barriers and challenges associated
with Eco-design methods and to their implementation. Several barriers include specific
knowledge about tools, awareness of the environmental issues, time-consuming efforts,
limited financial and personnel resources [40].

Within the Eco-design approach, the Integrated Product Policy can represent a relevant
guiding tool for the B and C sector towards best practices in design, suggesting instruments
and solutions useful for the greening of products during their whole life cycle [41].

As the Eco-design is rooted in a more comprehensive view of the product as a system,
integrated into a broader value-network, it represents the ideal bridge toward the policy-
oriented framework.

3.2. Policy-Oriented Framework

A wider perspective characterizes the policy-oriented framework identified within the
body of literature included in the review. This more systemic approach toward the study
of sustainable management of CDW encompasses elaborations about their role within the
Circular Economy, the recycling options technologically available, and its contribution to
the design of new materials, twinning, in this sense, the focus on Eco-design presented
above.

Circular Economy, CDW Recycling, and New Materials Design

Circular Economy is proposed as an economic system planned to reuse materials in
subsequent production cycles, extending their useful life, with the aim of reducing and, if
possible, eliminating any waste. According to a circularity approach, materials, resources,
goods, and products have to be maintained in the economic system for as long as possible,
and the production of waste is minimized, with consequent important environmental and
economic advantages [42].

Western societies have increasingly encouraged the use of natural resources for the
production of a considerable amount of goods and products, often with a limited lifetime
duration. This means a resource is consumed faster than the natural systems regeneration
capability, and, at the same time, production of waste higher than the absorption and
transformation capacity of the environment. These phenomena have also affected the
construction industry. Today we can say that this approach is no longer sustainable.
Indeed, the demand for aggregates has generated high impacts on the territory and the
significant amount of CDW that have to be properly managed, avoiding landfilling or, as a
worst-case scenario, illegal dumping.

The C and D industry is responsible for about 50% of the non-renewable raw materials
consumption and 40% of the total amount of solid waste production [18]. CDW has to be
considered as a severe priority in waste management and recycling by European Union.



Sustainability 2021, 13, 2139

9o0f 16

Thanks to an effective CE perspective that has to be entirely reached and applied, CDW
recycling and reuse have to be implemented because also the high value and quality, and
the good performance of the related secondary raw materials also by incorporating the
CDW into fresh-made concrete and other construction elements.

CDW is one of the heaviest and most voluminous waste streams generated worldwide.
Huge amounts of wastes, with the higher percentage still landfilled, are produced in quarries
and processing plants (700 million tons every year in Europe), as well as in construction and
demolition stages (870 million tons per year in Europe representing 40% of special wastes)
(Figure 5) [43]. CDW consists of different materials, including concrete, bricks, gypsum, wood,
glass, metals, plastic, asbestos, many of which can be recycled and can substitute natural
aggregates for new constructions. The idea to improve and enlarge recycled materials coming
from CDW is related to the CE perspective applied to the B and C field.

Figure 5. Examples of construction and demolition waste (CDW) management. On the left, unsorted cumulus of materials

from emergency management in the event of the Emilia earthquake (2012; on the right, a mobile CDW treatment plant.

Some examples demonstrate the possibility of recovery and reuse of materials derived
from the demolition of existing structures. For instance, the materials for the new Juventus
Stadium construction in Turin have been recovered from the demolition of the old “Delle
Alpi” Stadium, by using 40,000 m?> of concrete, reused for the structural embankment of
the new plant, and 5000 t of recycled steel, 2000 m? of recycled glass and 300 t of recycled
aluminum. It means notable environmental and economic advantages: a reduction in
waste production and in new raw materials supply, and in addition remarkable economic
savings that were estimated at around 2 million euros [44].

According to several studies, it can be seen that recycled aggregates can be used for
different construction purposes. CDW aggregates can be used for producing low environ-
mental impact masonry mortars [45] or low-cost bricks [46], satisfying the international
standards and providing better performances such as thermal conductivity than normal
earth bricks [47]. CDW aggregates are excellent for asphalt mixture, meeting the standards
of mix design criteria for heavy traffic (Figure 6). Furthermore, with a usage of a mixture
with an appropriate percentage in recycled aggregates, a reduction of the thickness of the
asphalt layer can be obtained, resulting in both a reduction of environmental impact and of
the total costs of the road construction [48].

An interesting study shows the possibility to consider an appropriate mixture, combin-
ing fine recycled aggregates (30%) and coarse natural aggregates for paving [49]. A similar
analysis [50] demonstrates the feasibility of incorporating a fine fraction of aggregates from
CDW in the manufacture of cement-based masonry mortars based on recycled concrete,
mixed and ceramic aggregates.
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Figure 6. Examples of properly managed CDW materials, deriving from selective demolitions (from the left: concrete

structural elements, mixed materials from water systems, and finally, ready-to-use ground asphalt from road pavement

demolition).

The use of recycled CDW aggregates is worldwide recognized as appropriate to
create asphalt mixes for the construction of urban asphalt roads and paving of urban
roads [51-54].

With respect to the utilization of CDW in concrete, it is possible to recognize that
the use of the fine part of crushed concrete into new mixtures of concrete present similar
compressive strength to a reference concrete when the mixtures are composed of up to
30% of CDW aggregates [55]. CDW can be used for the production of building materials,
replacing the natural aggregate for the production of bricks. The high performance and
properties low-cost bricks can be produced by using CDW as aggregate and lime or cement
as additives, as shown in a case study in Brazil [56].

Geopolymers containing concrete aggregates and fired clay from CDW showed promis-
ing properties for use in building elements even with the 50% of aggregates and more [57].

Some authors [58-61] conducted studies on recycled aggregates for the production of
new concrete by analyzing and comparing standards and guidelines of various countries
around the world. That approach is almost interesting in order to determine the quality
criteria for the physical and mechanical properties of concrete, highlighting the feasibility
and appropriateness of using recycled aggregates and in an environmental assessment
perspective.

Several studies have executed on CDW management, recovery, and recycling, paying
particular attention to the production of recycled aggregates, their properties, and possible
utilization in a wide range of building applications by using a CE perspective [62].

Several kinds of industrial scraps and by-products are actually used as aggregate in
construction to produce new concrete, at different content value, in relation to the expected
properties, such as waste foundry sand [63] or fly ashes [64]. Recycled aggregates are also
applied in new digital construction like 3D printing with excellent performances also in
terms of reduced environmental impact and costs [65]. Besides inert material, also other
CDW, such as plastics and glass, which are actually very often landfilled, can be recycled
for different applications to produce aggregate and concrete [66]. With a global production
of more than 5.3 billion cubic meters per year, there may be a huge potential for using
recycled plastics in concrete [67]. Consequently, the significant use of waste plastics as
aggregate in construction can contribute to a rise in the recycled plastic waste rate. The
utilization of this type of waste in concrete can have a positive effect on the properties of
the material and definitively beneficial from an environmental point of view.

It is clear that more research is required on influencing factors such as the treated
plastic aggregates, shape and size aggregates, favorable mix compositions of concrete,
curing conditions to grow confidence in the use of plastic aggregates in concrete.

In the same way, a life cycle analysis can quantify the environmental impacts assess-
ing how the demolition and subsequent recycling and reuse operations can bring clear
environmental benefits. Considering the potential environmental impacts related to the
end of life of residential buildings, it is possible to highlight how the choice of an adequate
selective demolition technique can increase the quantity and quality of recyclable mate-
rials with excellent effects in terms of environmental sustainability. An interesting study
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performed in a building demolition case [68] shown environmental advantages related to
selective demolition by applying an attributional life cycle assessment able to highlight
and quantify the contributions of each end-of-life phase (i.e., separation and collection of
main components, sorting, and recycling of the waste, etc.). Steel components recycling
results of the primary importance, accounting for 65% of the total avoided impacts related
to respiratory inorganics, 89% of those for global warming, and 73% of those for natural
resources depletion.

Several studies identify environmental performances by using LCA and specific prop-
erties and appropriate behavior in some local contexts around the world, demonstrating
the favorable impact derived from CDW recycling.

The life cycle assessment methodology can be applied to compare the environmental
performance, in a specific context, such as in a northern Italy region, of the CDW manage-
ment by identifying critical aspects and possible improvement actions [69]. LCA and LCC
can also be really useful to evaluate the economic and environmental implications of both
conventional demolition and selective demolition. Some scenarios are considered, in a
specific case study in Portugal, based on possible different waste management options, en-
couraging selective demolition over conventional type by demonstrating advantages both
by economic and environmental impact assessment [70]. Another example is provided by a
case study developed in the area of Bologna, Italy [71], in which the evaluation of different
management options for CDW was coupled with the design of concrete mixes, implement-
ing CDW-derived aggregates as a partial replacement for natural aggregates, traditionally
cultivated in the area. LCA methodology guided the assessment of the environmental
impact of the options designed in comparison with commercial concrete mixes. The model
allowed to identify the breakeven point for the compensation of the trade-off between
the impact generated by CDW processing and the benefit obtained by the replacement.
However, findings suggest that aggregates replacement should be coupled by a parallel
replacement in the cement component in order to trigger a substantial decrease of the
environmental impact of the newly designed mixes.

A particular recycling process, oriented in wood polymer composite (WPC) produc-
tion, was able to achieve a robust amount in CDW recovery and recycling in Finland [72].
The environmental impact of WPC production, by using specific fractions of CDW (i.e.,
wood, plastic, plasterboard, and mineral wool), wa demonstrated to be reduced in compar-
ison with the baseline situation of a common CDW treatment and recycling.

Technological, economic, and environmental aspects are relevant to orient operational
CDW management, usefully assessed by life cycle assessment and life cycle cost with the
aim to support sustainable policymaking.

A rigorous study [73] presents integrated LCA and LCC analysis in four alternative
scenarios (i.e, landfilling, downcycling, advanced recycling, and recycling after selective
demolition) for CDW end-of-life in the Belgian region of Flanders. Recycling and selective
demolition present environmental impact reductions of 36% and 59%, respectively, com-
pared to landfilling. Avoided landfilling and substitution of natural resources is the main
environmental benefit of CDW recycling, while, in the case of selective demolition, the most
significant advantage comes from the recovery of metals and wood during dismantling.
Economically, landfilling is the worse alternative with a total cost of 79 M€/y, followed by
selective demolition (47.8 M¢), recycling (27.9 M€), and downcycling (27.8 M€).

In the same way, an evaluation of appropriate CDW management can be considered by
comparing the two common end of life possibilities, recycling or disposal, by quantifying
both the eco-efficiency [74] or the ecological footprint [75] or the economic impact and the
total indirect costs. CDW landfilling represents an economic and environmental impact,
producing an effect on human health-related and consisting of ineffective mitigation costs,
while recycling means a saving of total external cost [76].

Finally, the implementation of best practices for CDW management across the entire
construction value chain could drastically improve resource efficiency and reduce environ-
mental impact by reducing waste generation, minimizing transport impacts, maximizing
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reuse and recycling by improving the quality of secondary materials, and optimizing the
environmental performance of treatment methods [77].

4. Conclusions

According to the literature, the attention to B and C sustainability is definitively
growing. This sector represents one of the most natural resources (raw materials and
energy) demanding and contributes to a huge amount of greenhouse gas emissions and
solid waste production. For these reasons, the European Commission has been developing
a long-term strategy to tackle the issues. All last policies and action plans, such as the
New Green Deal, the Circular Economy Action Plan, and the Circular Cities and Regions
Initiative, just to mention the most important, are rowing in the same direction. A coherent
and integrated is required to achieve ambitious goals in a few decades, by 2050: European
carbon neutrality, zero pollution, low resource consumption, zero energy buildings, whole
and perfect circularity, zero-waste, and orientation to prevention.

All European countries also have to implement these processes at a national level by
active and effective actions to promote sustainability in B and C.

Nowadays, a more effective CE approach is mandatory, allowing waste to be re-
processed or remanufactured, prolonging the life cycle of the material, and therefore,
alleviating the rising amount of CDW disposed of. Recycling and closing the material loop
are efficient strategies for reducing the environmental impacts of the building industry.
Further research has to be encouraged to promote innovative methods for high-value ad-
vanced recycle, to obtain high quality secondary raw materials. To boost the opportunities
in this sense, it is crucial to demonstrate both environmental and economic advantages
derived from appropriate life cycle thinking and Eco-design approaches. In fact, an effec-
tive recycling process starts from the design phase of the material, when the real impact of
sustainability-oriented solutions can be triggered, and the quality and quantity of recycled
materials depends on proper end of life planning and management. LCA can demonstrate
environmental advantages and compare different solutions in terms of materials, compo-
nents, or processes, while, for example, Life Cycle Costing (LCC) can act on the economic
aspects. The Environmental Product Declaration, based on an LCA and applied in B and C,
could represent an effective and standardized way of quantifying and communicate the
environmental impacts in future buildings. For these reasons, the enhancement of assess-
ment tools, in terms of both reliability and widespread application is strategic, especially
when applied with a systemic view.

Green Public Procurement or the Integrated Product Policy can represent effective
tools Eco-design oriented supporting B and C sector, designers and policymakers towards
sustainability path. Several authors highlight al-so the importance of standardization of the
processes and of the methodologies to develop a design or an environmental assessment,
to apply universally recognized measure units, and to account for impacts. Also, in that
issue, European action plans and guidelines can provide an effective contribution.

According to several pieces of research, it can be demonstrated that recycled CDW
has good physical and technical properties, effective performance and can be appropriately
used as a substitution of natural aggregates and inert materials. In the same way, the
importance of utilizing recycled CDW, both in terms of environmental sustainability and
economic advantages, has been proved. Quality control and certification are essential to
prompt and sustain stakeholder’s confidence in the recycled material. When properly
processed and categorized, in fact, it may be considered as excellent secondary raw material,
fitting for several uses in construction activities, and this has to be supported by greater
governmental intervention in the form of legislations and standardizations.

There is still strong resistance by some practitioners to the use of secondary raw
materials despite numerous studies, such as those analyzed in this paper; however, if
mainly oriented in concrete recycling and consolidated worldwide practices, research has
demonstrated the high quality of some recycled materials and their suitability for different
applications.
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However, the existing Eco-design research can provide a greater understanding of
the barriers and opportunities facing designers and companies wishing to develop en-
vironmentally responsible products. Many companies face difficulties in the effective
implementation of these methods because of obstacles and challenges which are associated
with Eco-design tools and methods. Practitioners and companies have to be supported by
simplifications and, at the same, by an effective recognition of the sustainability approach’s
complexity and importance.

Finally, construction materials eco-labels and green buildings certification can con-
tribute to support and promote B and C sustainability.
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