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Abstract: Abandoning rural areas requires promoting their repopulation. In Europe, wealth and life in
these enclaves are valued. However, the current state of these houses does not meet actual needs and
requires interventions to actualize current standards. Therefore, decisions in the design and execution
of the works will generate a volume of construction and demolition waste (CDW), which must
be managed sustainably out of respect towards its origin, the architecture, and the surrounding
environment. This paper examines the prevention and management of CDW, providing control
strategies and actions to monitor and plan them from the rehabilitation project itself. Some of the
interventions carried out in recent years on this type of housing have been analyzed and the existing
management protocols within the European Union have been reviewed, specifying their application
in Mediterranean popular housing. As a result, we herein show a representative case that observes
the existing reality regarding the destination of generated CDW and delves into their possibilities
for use. We present these findings in order to reduce the energy cost resulting from manufacturing
new materials and meeting the established sustainability and energy efficiency parameters.

Keywords: disinvestment; popular housing; rehabilitation works; sustainable construction; waste
management; circular economy

1. Introduction

The year 2020 began by recognizing the end of an era. More specifically, this era was marked by
important scientific and technological advances, such as the expansion of communications, interesting
archaeological, astronomical, or biological findings that tackled challenges in medicine, biotechnology,
or nanotechnology. Moreover, new discoveries supported technological progress in the information
age. Likewise, this era made room for relevant decisions regarding greater social awareness on aspects
as diverse as gender equality, quality of life for the elderly, or environmental deterioration and its
consequences. However, the year 2020 will be remembered most for the international health and
economic emergency caused by COVID-19. However, there may be an opportunity in which new
habits with concern for the future of human health now take center stage. It is obvious that our social,
labor, and habitat habits require reviewing (with environmental criteria), especially with regard to
certain models of architecture, urban planning, environment, and city-life [1].

For years, the growth of large European cities has caused depopulation in rural areas. Although the
origin of this important demographic imbalance is located in the middle of last century, when cities
housed factories and needed abundant and unspecialized labor, these areas today still have the lowest
population densities in the entire continent, and the rural exodus continues to grow. Likewise, in Asia,
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cities have grown exponentially in the face of attractive city living. Opportunities across the Asian
continent are better compared to the isolated and resource-poor rural environments of Europe. As will
be seen in many cases, perhaps life is not as hopeful as promised. As a novelty, during the pandemic,
rural areas have been able to defend themselves during different stages of this pandemic and this
favors possible future changes in population dynamics.

On the other hand, rural areas have a significant proportion of the population aged 65 years
or older. The continued decline in birth rates and the increase in elderly life expectancy distorts
the population pyramids. (Europe has 20% of its population above the age quoted and there is no
generational replacement.) Italy, for example, has the highest median age in Europe [2]. Considering
that in the next 50 years demographic forecasts will triple these figures, the level of depopulation to
which these municipalities are subjected has not yet ceased and its consequences are aggravated [3].

With this concern, Spain can serve as an example of high depopulation [4]. As in other European
Union countries like France or Italy, 40% of the municipalities are classified as having a severe risk of
depopulation. The growth with which abandonment develops in these zones is one of the essential
lines of study in order to enact possible solutions in the next decade [5]. In recent years, initiatives have
emerged that seek to revitalize rural environments at the economic, demographic, and social level [6].
In 2017, Spain confronted the demographic challenge as state policy. Thus, in 2018, the 2018/2021 state
housing plan [7] launched aid to rehabilitate housing for general interventions and promoted energy
efficiency in rural areas, bringing its offer closer to young people and those aged over 65. In 2019,
general guidelines were established as the 2030 Agenda and National Strategy, which constructed a
plan to fight against depopulation in rural areas [8].

At present, administrations are implementing improvement policies in infrastructures and
transport systems, betting on new lines and models of production and trade, defending sustainable
agriculture and livestock, or rural tourism. Thus, technological advances are being considered that
could make field work more efficient, present work alternatives in the case of an economic crisis,
improve telecommunications (which have made telework possible during the period of coronavirus
confinement), or, simply, the approach to a more natural life [9]. In the incoming decade, a new
repopulation phenomenon is to be expected that, fueled by the wealth of these enclaves, demands the
rural world as a habitat option. Now, the rural era will take center stage. The year 2020 is a decisive
time to promote actions that slow down the isolation and review living conditions in these locations.

Principles of Action and Objectives

Residence rehousing options are divided between new work (i.e., visual alteration of the
environment that surrounds them) and the occupation of existing and currently unoccupied homes
(i-e., as a consequence of the abandonment process). However, the buildings available in these places do
not respond to the needs of a new population, who will be forced to adapt buildings to the regulatory
requirements and European guidelines on comfort, energy efficiency, and environmental sustainability.
From an architectural point of view, the requirements that are demanded, at a typological, constructive,
or technological level, are not considered in the original home [10]. Thus, any proposal will be
accompanied by essential adaptation works (punctual or comprehensive) to achieve these objectives.
In this regard, the environmental impact that the construction and demolition waste (CDW) generated
deserves a study on the control of its production, the promotion of prevention, or any other recovery
formula according to the current legislation.

In 2017, the construction industry consumed 36% of the world’s energy, which represents almost
40% of gas emissions and contributes to the current greenhouse effect and climate change. According to
the Green Building Council (UKGBC) [11], more than 400 million tons of materials are used each year,
15% of fresh water and 25% of the world’s wood. Annual global demand for sand and gravel is
between 40 and 50 billion tons per year. On the other hand, construction produces a quarter of global
waste with materials such as cement, metals, glass, or asphalt that end up in landfills or incinerators.
This exorbitant expense is far from what is dealt with in international protocols. The term sustainable
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development (Brutland Report of the year 1978) is a concept that implies a very important change in
the idea of guaranteeing an ecological attitude over time, within a framework that also emphasizes
economic and social development. “Our Common Future” is the World Commission on Environment
and Development’s report that addresses such concerns (United Nations Headquarters, August 1987).
In the years after the report was published, there were other world-renowned actions such as the famous
Kyoto protocol, (Japan, December 11, 1997), whose March 2005 implementation led to an emission
reduction of at least 5% between 2008-2012, compared to emissions reported in 1990. This action and
other subsequent ones highlight the global situation regarding gas emissions due to the release of
polluting emissions into the atmosphere. The effects have manifested themselves through a progressive
phenomenon of global warming, in addition to representing uncertainty about the residual availability
of non-renewable resources, with all of the consequent potential environmental risks [12].

If this disproportionate level of consumption continues, the planet is headed for an energy and
pollution crisis of irreparable consequences. The construction industry should be closely examined
to prevent such consequences, given its material manufacturing waste propagation. The European
Directive on Energy Efficiency [13] supports the revitalization of the market for the renovation of existing
buildings: Member States must renovate at least 3% of their building stock through rehabilitation and,
if necessary, demolition and reconstruction. Likewise, to reach the goal of zero emissions before the end
of the 21st century [14,15], all buildings, regardless of the country in which they are built, must produce
not only the energy they consume but also the energy needed to build, maintain, and dismantle them
via recycling their components.

Because existing rural homes lack attractive technical and comfortable conditions, we decided to
study building intervention and observe the construction and demolition waste (CDW) impact on
planned rehabilitation works. Thus, we propose the generated use of CDW, betting on recycling and/or
reuse to incorporate materials and components back into buildings.

2. Materials and Methods

There is a clear antecedent to our work: to raise awareness for partly abandoned and depopulated
heritages. Different seminars and congresses, such as the “Small Towns Conference” (STC-19) held in
Salerno, Italy, emphasized the habitat situation that addresses sustainable strategies for the valorization
of construction and the landscape/cultural/architectural heritage in inland areas [16]. Currently, the
University of Seville’s Higher Technical School of Architecture TEP 954-IN FACT (Investigation Factory)
research group in coordination with professors from the Polytechnic University of Valencia’'s (Spain)
Higher Technical School of Building Engineering and the Faculty of Engineering of the University
of Salerno’s, (Italy), are taking the opportunity to share and promote interventions that defend and
protect the visual beauty of the rural environment.

In this work, we reviewed the European Union’s existing management protocols, specifying their
application in the example of popular architecture in the Mediterranean area. Our final task was
to create actionable guidelines that guaranteed the sustainable quality of these interventions and to
develop a monitoring guide that benefited the management and treatment of the indicated waste.
This objective encompassed different stages differentiated into research phases according to their
purpose and temporal state (Figure 1).

1. Phase 1: Studying risk locations. The scope of the intervention was specified by selecting locations
of interest and going deeper into their architecture and recovery possibilities.

2. Phase 2: Producing CDW and studying the nature of CDW and its typology.

3.  Phase 3: Managing CDW. Protocol for action in the rehabilitation of housing in small towns.
After the data was collected, we analyzed the final destination of CDW in the cases studied.

4.  Phase 4: Possibilities of taking advantage of the generated CDW. Reuse and study new recycled
construction products. Currently, this work is still in the process of development. We continue to
set new goals in this last phase.
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Figure 1. Outline of contents and defined stages in the research process.

2.1. Study of the Municipalities and Identification of Affected Locations

The history and evolution of rural area populations throughout the 20th century facilitates the
understanding of what factors have led communities to their present situation. In the cases of warfare
and agricultural production crises (i.e., labor force mitigation caused by the mechanization of working
mediums), massive migrations can occur, which give rise to abandonment in many locations [17].
Young people flock to cities for job opportunities. Cities grew and benefited from the post-war
baby boom, leaving rural areas forgotten. In the years 1960 to 1970, population growth in rural towns
paralyzed, streets were empty, and inhabitants began aging and dying. In the 1990s, the abandonment
dynamics to which many municipalities in the Mediterranean area are subjected to, led to alarming
statistical data.
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To specify the scope of the intervention, different levels of risk were identified to locate the
affected municipalities according to the number of inhabitants, causes of abandonment, context,
and opportunity for recovery. The study was enriched with intrinsic values (i.e., landscape, culture,
gastronomy, and architecture) and other parameters, such as an area’s geography, economy, and current
activation policies [18].

The scope of this study covers the following municipalities: Andalusia, Levante, and Catalonia
(Spain); Occitania and the region of Provence-Alpes-Cote d’Azur (France); and Emilia-Romagna,
Piedmont, Sicily, Tuscany, and Campania (Italy). All of these regions had less than 1000 inhabitants
and highlighted the need for a recovery process. Currently, they have improvements in accesses,
infrastructure, and services, so the need to provide a solution to the possible rehousing is immediate
and requires a detailed study and an empty housing stock.

2.2. Study of the Existing Housing

In an area as extensive as the one proposed, architecture and construction vary as a consequence
of geographical location, topography, climatology, and the various impacts incurred to these locations
over centuries. This section identifies existing homes within the canons of vernacular architecture.
We can deepen our knowledge of traditional architecture and thus learn to reactivate these areas by
understanding construction valorization, landscapes, and cultural heritage [19].

Similar models have been observed in the Mediterranean area. Although the origin of some
populations date back to prehistory and Roman times, the buildings examined in this study are largely
from the 18th and 19th centuries. However, the poor evolution of the rural house verifies that there are
no outstanding innovations and thus proves that surviving constructions steeped in history deserve
consideration and respect [20]. In any of the analyzed cases, housing reflects rural life, as it is not far
removed from the idea of comfort many people in the developed world have today [21]. Tradition and
environment tend to justify the predominance of these functions in existing housing prototypes.

As a starting point, we examined each houses spaces and constructive solutions to determine their
evolution and deficiencies. For data collection in the different locations, we developed a visit plan,
which was not always successful. These visit plans have limited our inspection of the surrounding
environment and architectural enclosures. To complete the study, the sample of dwellings was
expanded to include homes with similar typological and construction characteristics (belonging to
the same, or neighboring municipality). Although some of these were not abandoned, collecting data
was more accessible.

In this study, three types of properties were observed according to their constructive typology,
their walls, and their roof coverages and claddings, allowing for a first classification summarized in
Figure 2.
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Figure 2. Typology of existing houses. Classification made according to the constructive solution and
family of representative materials in each case.

2.3. Proposed Interventions on Existing Housing

The study of the original housing, its state of conservation, and the needs of new users,
have confirmed the necessity of intervention. Since we did not use normative criterion (perhaps because
these homes did not exist in their origins), the need for a formal study can hence be observed [22].
During the time period investigate in this study, the paradigm of environmental sustainability was
hardly taken into account, which was an inevitable requirement when intervening in this type of
construction. Knowledge of traditional architecture guided the search for sustainable strategies to
guarantee respect for future interventions. We herein combined its technical adaptation and the value
of the existing buildings.

From a construction point of view, the study of materials, products, techniques used, and plastic
solutions allowed us to understand the evolution and responses over the years in comparison with
their current state and nature of the CDW. Likewise, progressive location abandonment and their
consequent lack of maintenance accelerated deterioration, causing defects and injuries that affected
stability, habitability, and decoration. As can be extracted from Figure 3, the criteria followed in the
Catalog of Constructive Rehabilitation Solutions [23] made it possible to decide which intervention
was necessary. In this respect, the vertical supporting elements were scarce; thermal deficiencies
detected in the surrounding elements of the property should be improved in 56% of the cases analyzed.
However, solutions should be transferred and the original element was hardly affected). In 70%
of houses, it was necessary to review the stability of the horizontal structure and roof. Moreover, it
was necessary to guarantee the tightness of the roof in 68% of the cases. The intervention proposals
included pavement revision and of interior patio conditioning in 76% of cases. When renovating the
vertical cladding (interiors and exteriors), we needed to replace the carpentry and replace the majority
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of the facilities. The layout of the interior spaces and routes were affected by 50%. In this regard,
the intervention measures were grouped into three levels according to economic, technical, and social
character and criteria [24]: basic level (i.e., elementary actions that affect installations and vertical
finishes), medium level (i.e., redistribution of interior spaces, pavements, and thermal comfort),
and intense level (i.e., action planned on structural elements, their renewal or reinforcement). In the
required interventions, cleaning and sanitation of walls and leveling of floors were included.

CURRENT CONDITION OF THE HOUSE

IDENTIFICATION INTERVENTION AREA

CODE N TYPE (i e A i e [ (3 i Ll [] 'NTERVEI\IJ.TEIVOET
ES ALROD 01 1 at+c Strong
ES BAVAL 01-02 2 b Medium
ES CAVE] 01 1 b Strong
ES CAVE] 02-06 5 a Strong
ES COCAN 01 1 a Light
ES COVIMI 01 1 a Medium
ES GRAFER 01 1 a Strong
ES HUGRA 01-03 3 a Medium
ESHUVAL 01 1 a Medium
ES MACAR 01-02 2 c Medium
ES MAMAC 01 1 a Strong
ES MUREV 01-02 2 b Light
ES SEBUR 01-03 3 c Light
ES SECAS 01-03 3 c Light
ES SECAS 04-06 2 a+b Light
ES SECON 01-02 2 a Strong
ESTACOR 01-04 4 a Strong
ESTECAM 01 1 a Strong
ES ZABEL 01-04 4 c Light
FR AIOZA 01 1 c Light
FR HECEL 01-02 2 a Strong
FR PRCAN 01 1 e Light
IT LUCOL 01-02 2 a Medium
IT PIBOR 02 2 a Medium
IT SIMES 01 1 c Light
IT SPPOR 01 1 at+b Strong
IT SOVAM 01 1 ( Strong
IT TOPIE 02 2 a Light

LIKELIHOOD OF INTERVENTION
LOW LIKELY INTERVENTION

ES CAVE] 03 * HIGH LIKELY INTERVENTION
10 LOCALIZATION OF THE STUDIED INTERVENTION

Figure 3. Description of the original state of the houses and the character of the interventions.

The reflected identification codes corresponded to the geographical location (country, province,
or region and municipality of the locations). The type of dwelling (a, b, c) is recognized from the
classification shown in Figure 2. The selected dwelling will be the protagonist of the application and
results described in Point 3.

In order to adapt the house to the required technical and comfort needs, the proposed interventions
contemplated sustainable strategies that improved habitability, indoor air quality, and energy
efficiency [25]. Passive thermal conditioning was sought whenever possible as an energy saving
functionary. As part of prevention, the choice of materials and products with low environmental
impact in their management was done to minimize CDW production [26].

2.4. Construction and Demolition Waste Management Protocol CDW

The CDW management protocol was drawn up on behalf of the European Commission as part
of follow-up measures and served as a starting point in this study. This document is part of the
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Construction Strategy 2021 and the proposed measures will contribute to achieving the objective
of the waste framework directive of recycling 70% of construction and demolition waste by 2020.
These results will thus close the life cycle of products by increasing recycling and reuse, and obtaining
benefits for both the environment and the economy [27,28].

By applying the CDW management protocol to different case studies, the conclusions and
particularities detected allowed us to review its content and write a simplified action guide that files,
orders, and classifies the CDW with the hope of rehabilitating houses in uninhabited towns.
Tracking sheets were configured in a simple content format in which different sections related
to the work data and description of the planned works favored the circular economy and the
global competitiveness of the resulting products, i.e., CDW identification (origin and typology),
CDW quantity estimation, the preventive measures to be adopted (to minimize the generation of CDW),
the exploitation operations (on-site or its external management), and the final destination of the CDW
surplus (specifying the place of discharge if necessary).

3. Results: Application of the Protocol on Case Studies

For the review of the CDW management protocol and its application, one of the representative
cases when rehabilitating homes in southern Spain was typological; its construction characteristics
made it representative in this study (see Appendix A: Figure Al). The house belonged to the
municipality of Vejer de la Frontera, in the province of Cadiz (Spain). This municipality is part of the
route of the White Towns in Andalusia and includes buildings defined by typical mountain locations.
In this specific case, the position of the municipality gave it proximity and ease of access to the coast,
which facilitated its activation in recent years. Today, it is part of the recovered villages moving away
its prior status as an abandonment area. The planned interventions were developed mainly inside
the house. We checked the stability of the horizontal structure, access to the rooftop, the renovation of
vertical cladding and pavements (interiors), carpentry, and the facilities (see Appendix A: Figure A2).
Considering waste management, the process allowed us to draw interesting conclusions about the
intervention circumstances.

In compliance with RD 105/2008, the preparation of the waste management study during the
drafting of the rehabilitation project [29] was carried out by a designer prior to the start of the work,
which allowed us to check the veracity of the results and the greater or lesser success in the typology
forecasts, quantity, and CDW destination. As part of this process, the adequacy of the prepared
monitoring sheets was checked. We deduced deficiencies inherent in the data collection, such as the
derived decisions and the incidents suffered during the execution of the work.

3.1. Type and Characteristics of the Waste Generated

In accordance with the European waste list [30], the study and identification of the generated waste
allowed us to classify origin and place of production, stage of the process, danger, adhered contaminants,
and alternatives in recovery [31]. As observed in the tracking sheets (see Appendix A: Figure A3),
the planned CDW mostly came from the demolition/dismantling of existing elements in the original
construction and, to a lesser extent, from the execution/replacement of the new proposed elements.

Figure 4 shows that the highest percentage of expected CDW was included in the inert group
(a name that encompasses those products that do not cause environmental contamination over time).
In total, 85% came from masonry, bricks, mortars, and other materials from the family of ceramics
or stone. Within this percentage, ceramic waste (belonging to the elements of coverage, interior
partitioning, and cladding) was found to have greater presence in the stony houses, even though it was
a type of dwelling (type “a”) with good supporting elements. Despite the initial classification made
on the housing typology, the results obtained allowed us to unify the ceramic CDW in this type of
construction. The CDW composition considered ceramic waste as a consequence of other materials and
pastes with which it was in contact with. In the cases studied, the presence of lime, mortars, plasters,
and paints attached to the pieces was inevitable. Although they occurred in a smaller proportion,
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they were considered as pollutants because they altered their original characteristics, quality, and posed
a problem for new uses, i.e., plaster.

Figure 4 shows the important presence of wood as a consequence of the deterioration and rot
of beams, demonstrating the need for new carpentry, glass, and metals/alloys. Unlike new construction,
there were no remains from the demolition of concrete elements. Its only detection resulted from the
removal of the compression layer from the original floors.

CDW GENERATED

m STONE CERAMIC MORTAR WOOD " METALI ' PLASTER M GLASS ®PAPER ™ PLASTIC ™ OTHER

Figure 4. Proportion and nature of the generated construction and demolition waste (CDW).
Coded housing application ESCAVE] 03.

3.2. Current Management of Generated CDW

The final destination of the generated CDW in ESCAVE] 03 (see Appendix A: Figure A4) was
chosen as the only option for use. We made a first selection for waste, incorporating them almost
immediately into the building. In this type of construction, due to its heritage value, the reuse of
original materials/products turned out to be an inquiry demanded in many cases by the user himself,
resorting to those materials and products whose state of conservation was worth incorporating. During
the execution of this study, the lack of storage space made reuse impossible.

The CDW was initially considered as waste with no possibility of use. The final destination was
the rubble dump in Chiclana de la Frontera (32 km). Given the volume and nature of the remaining
CDW, the review and management dynamics for the generated waste was considered unsuitable for
direct reuse. It was necessary to study CDW characteristics for a possible assessment that allowed for
the possibility of recycling.

4. Discussion of Results and Progress on the Possibility of Recycling

The information obtained in the set of case studies provides an interesting perspective when
considering the management tools relevant to decision-making. In the cases studied, i.e., the ESCAVE]
03 application, the reuse of original construction materials and products (e.g., ceramic tiles, old bricks,
glazed tiles, clay tiles, stone tiles) was considered as the only option for use. The treatment and
recycling of the generated CDW was not considered in any of the studied cases. Furthermore, as in
other EU countries, rural communities are exposed to illegal CDW removal, controlled discharge
points, and, sometimes, reduced CDW volume, inviting bad practices on roadsides, riverbanks,
easily accessible farms, or abandoned lots [32]. Trying to avoid this practice, our research reviews final
destinations and regulatory positions. In this regard, it is recommended to manage the future of inert
CDW within the municipality itself (specifically within the intervention itself).

This study defends the on-site use of generated CDW, as it tries to incorporate CDW back into
buildings, which extends its life cycle unlike anything else. To propose a reliable recycling option, it is
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necessary to consider it in advance of the rehabilitation project. Therefore, it is essential to specify the
classification, separation, and on-site collection (selectively) of the generated CDW [33].

The nature and possible contaminants of the main house with which it was in contact allowed us
to take a first approach to the existing waste properties that facilitates final decision-making. To do this,
the study and characterization of a representative sample of granular material (MG) obtained after
crushing the initially discarded CDW began. We sought simple and effective treatments that would
allow them to be managed in on-site facilities. The MG obtained must be valued and, always consistent
with the nature of the waste, it must reduce the current lack of confidence in the quality of the recycled
materials. Logically, the costs derived from its management must also be added. Based on the
characteristics obtained and, at a later stage, a new construction product obtained from recycling may
be proposed. Figure 1 summarizes the full content of this investigation.

Although still in process, the laboratory of the Department of Architectural Construction I of
the ETSA at the University of Seville is studying the characteristics of the planned MG according to
the requirements and recommendations required to form the aggregates projected on coated pastes,
whether vertical, graveled, or terrazzo pieces, for flooring and baseboards [34]. Obviously, given
the nature of the materials and products that are part of the original construction systems, their low
reliability is deduced and their use for other purposes is ruled out (such as aggregates a part of concrete
or road sub-bases) [35].

In the case studied, the MG obtained presented a high percentage of hollow brick and tiles (from
partitioning and cladding elements). In its larger pieces, this origin reflected a geometry of laminar
aggregates with frequent edges that limited their use in construction. The shape coefficient and its
index of flagstones and needles was reduced for sizes smaller than 4 mm, which allowed the MG
to be used as an for the proposed uses. In general, in other locations in the Mediterranean arch,
with a greater presence of natural aggregates and/or solid brick, there was a higher percentage of
rounded aggregates and the proportion of peaks and ridges was reduced, benefiting their final use
for other uses. In any case, among its physical characteristics, the MG did not soften or decompose
with water. Due to its ceramic nature, this value was innate to the selected material. Regarding their
chemical characterization, the CDW selected for the sample contained a high percentage of clays
(this result was expected during poor firing of old bricks and possible contamination of clay soils, sand,
or gypsum, which, other than clays, were able to decompose and crumble during the test). Freezing
was a quality offered by the studied MG for its resistance to chlorides or sulfates, which indicated its
low aggressiveness towards metallic elements with which it could be in contact.

Based on the obtained results and future application of aggregate for terrazzo pavements, we can
deduce that with correct selection and planning, the selected MG, after a cleaning process, would reduce
the clay content and fines detected in its composition (Table 1). Likewise, the previous removal of the
gypsum coatings influenced the results for certain coating solutions that were limited by the percentage
of clays and light particles, which would confirm their suitability as MG.
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Table 1. Recycling possibilities of the granular material (MG) obtained after crushing the planned
CDW. Application and evaluation as MG. Coded housing application ESCAVE] 03.

GRANULAR MATERIAL CHARACTERIZATION
SUBFLOOR AGGREGATE

REGULATORY REQUIREMENTS GRAVEL AGGREGATES FOR FINISHING
EAOIEEII’CO];}IETSIISII\EI TMA Accepted Accepted
GEOMETRY FORM Accepted Accepted
FAEIEQ%TI&E{\};EN’ Acileigrtﬁgt:;ith Accepted
SHARP EDGES, limitations
ELONGATED
CONTENT THIN AGGREGATES Initially rejected Initially rejected Initially rejected
WATER ABSORPTION Accepted
LIGHTWEIGHT PARTICLES Accepted
PLASTER CONTENT Initially rejected Initially rejected
ORGANIC MATTER Accepted Accepted Accepted
SOFT PARTICLES Accepted
CLOTS OF CLAY Rejected
JELIVITY
FIRE RESISTANCE Accepted
CALCIUM OXIDE CONTENT Accepted Accepted
LOSSES THROUGH CALCINATION Accepted Accepted
SULPHUR COMPOUNDS Accepted
RATING Accepted ! Accepted ! Rejected for its

geometry

! Accepted by requiring excessive removal of finish and plaster.

Some of the obtained results could improve by recycling the MG obtained from CDW. Collections
should be organized on-site on a selective basis, with protected storage, classification (labelling), origin,
and CDW recoverability. Moreover, they must be located out of contact and access to the neighborhood
to ensure the absence of organic waste from domestic rubbish. This prior selection would allow for
the consideration of CDW organization, cleaning, and subsequent management. With regard to the
manufacturing of terrazzo pieces, the product must be subjected to corresponding tests that guarantee
its suitability for use in pedestrian traffic inside homes or patios. Moreover, it must have resistance to
wear and tear, slipperiness, finish options, and textures, according to the envisaged area, insulation
against impact noise, resistance to simple compression and flexotraction, resistance to certain chemical
agents, etc.

It is well known that recycled products have to compete with traditional building materials. Thus,
it is essential to achieve adequate levels of quality, a quality that derives directly from their origin and
composition. If we consider these improvements as MG treatments, new results could be deduced to
allow for betting on a new construction product that could be incorporated for building improvements,
as reflected in Figure 5; Figure 6.
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CDW MANAGEMENT Section 4

STRATEGIES, SELECTIVE COLLECTION, RECOVERY AND USE

DEPOSIT FINAL DESTINATION ON-SITE TREATMENTS
ENVELOPE TYPE RE-USE | RECYCLE | REMOVE | CLEANING SHREDDING | SIEVING and | ON-SITE USE
and WASHING SIFTING PRODUCTION | DESTINATION
EARTH and STONES | % b 4 b 4 b 4 b 4 b 4
CERAMICS x b 4 b 4 b 4 X b4
WOODS X b 4 X X b 4 Ic 8
CONCRETE, MORTAR % X X b 4 x
IRON and STEEL e

GLASS

PLASTER

PAPER and BOARD
PLASTICS
DANGEROUS

t IR IR Ik

GENERAL CONSIDERATIONS:

Figure 5. Tracking sheet. Proposal for the management of CDW generated on coded housing ESCAVE]
03 (Section 4 on strategies for the use of generated CDW).

POSSIBILITY OF CDW EXPLOITING
60

40

I |

30

20

10 F !

" —_—— me A e T
) CDW GENERATED b) CDW AFTER REUSE C) CDW AFTER RECYCLING
WSTONE ™ CERAMIC MORTAR WOOD ®METAL ®PLASTER WGLASS MPAPER MPLASTIC  mOTHER

Figure 6. Results obtained after the planned use on-site for generated CDW. Comparison in the
proportion and nature of the generated CDW: (a) surplus CDW (total); (b) surplus CDW after reuse;
(c) surplus CDW after the management of reuse and recycling. Final result on CDW without the use
option foreseen on-site. Coded housing application ESCAVE] 03.

5. Conclusions

One of the great challenges of today is to better understand the vicissitudes of rural environments
and building rehabilitations, specifically the prevention, reuse, and recycling of CDW in planned
intervention works. The European Union’s CDW protocol should be implemented in order to
promote the specifications of data accumulation and decision-making surrounding housing recovery
in uninhabited villages. Once we analyze our object of study, possibilities and advantages of this type
of action were noted, especially for promoting a sustainable strategy beneficial to the environment
(compared to new works, energy savings and environmental benefits are notable). With this type of
intervention, we also pursued profitable economic and social sustainability.

Waste management provides a viable and guaranteed solution. Moreover, the historical regulatory
framework represents unprecedented support. Many years have passed since the inception of Directive
91/156/CEE [36] and this process undoubtedly had a double environmental benefit. On the one hand,
waste dumping should be avoided and on the other hand, the exploitation of natural resources,
which in countries like Spain, has reached truly exaggerated levels, should be reduced. However,
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establishing an economy of rotation requires strategies specifying in recovery, recycling, and reuse,
as well as timely assessments for agents in the process, whether they are of a legislative, technical,
regulatory, or business nature.

Lastly, and in relation to the effective and convenient good building practice, “deconstruction”
(i.e., demolition following the opposite process of construction) must be taken into account in order
to demolish or selectively take down and make the most of a building’s materials. In this work,
we verified the process of acting on representative examples of popular architecture, which allowed
us to adjust its content and structure while also guaranteeing its operation. In this respect, special
emphasis was placed on identifying the origin and nature of waste, as well as the on-site measures and
operations needed to minimize waste. Cumulatively, this provides sustainability benefits and a better
quality of life, given the uniqueness of the housing types.

In recent years, the industry initially linked to the land has suffered a radical shift due to
social changes, new materials, and new practices. Today, the capacity for pollution, contamination,
energy expenditure, environmental deterioration, and resources scarcity is enormous. Therefore,
it is necessary to consider new awareness programs aimed at minimizing and controlling waste.
Thus, the “use” of popular architecture—which is often abandoned and in danger of becoming
demolition waste—is becoming a first-rate alternative for achieving the maintenance and appreciation
of architectural heritage. There is also an environmental benefit in the return of life to places with a
privileged environment. This return of life offers a sense of authenticity, welfare, and positive future to
its inhabitants
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Appendix A

Tracking sheets. Action protocol. Coded housing application ESCAVE] 03.

Figure Al: Follow-up sheet. Section 1: Identification and recognition of the original state.

Figure A2: Follow-up sheet. Section 2: Data collection of the intervention.
Figure A3: Follow-up sheet. Section 3: CDW forecast.

Ll N

Figure A4: Follow-up sheet. Section 4: Strategies for the use of generated CDW.

Data corresponding to an example of application on a real case without considering recycling.
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IDENTIFICATION and RECOGNITION Section 1
LOCALIZATION IDENTIFICATION CODE ESCAVE] 03
C/ Marqués de Tamaron. Vejer de la Frontera. Cddiz. Esparia BUILDING TYPE ( A ) B C
PHOTOS

YEAR OF CONSTRUCTION  1.870 aproximado CATASTAL DATA 37644/39
BUILDING TYPOLOGY CATALOGUING LEVEL 4
FORMAL FEATURES HOUSEN®1 | ISOLATED FLANKED INTERNAL EXTERNAL BUILDING VALUE
HOUSE % | PATIO ¥ | PATIO PEPRIH. Influence BIC
Surface m? 77.03 m? PLANTS N° 2 PROTECTION REQUIREMENTS
OTHER INFORMATION  Adherent to the historical walls Facades
RECENT RENOVATIONS Not known Type of roofing
STATE OF PRESERVATION | VERYGoOD | Goop 3¢ | BAD VERY BAD Volums
EXISTING CONSTRUCTION SOLUTION DIAGNOSIS OF DEGRADATION
VERTICAL STRUCTURE WOOD EARTH STONE 3§ | CERAMIC
EXTERIOR CLADDING LIME 3| PLASTER MORTARS CERAMIC
BASEBOARDS, CORNICES BRICK STONE CERAMIC
BALCONIES, RAILINGS WOOD IRON % | cEramIC ¥
CARPENTERIES wooD | METAL Damiage, degradation
FENCTIONS IRON
INTERIOR WALLS WOOD CERAMIC 3| STONE Cracks
INTERIOR CLADDINGS LIME 3| PLASTER | PAPER 3| CERAMIC ¥ Paintings | Detachments, stains
HORIZONTAL STRUCTURE WOOD | CERAMIC | IRON HORMIGON Mortar Rot, woodworm
FLOOR COVERINGS STONE CERAMIC  3¢| MAJOLICA Terraces
COATED CEILINGS PLASTER 3¢| WOOD Paintings
FLAT COVER CERAMIC x MAJOLICA STONE Lack of maintenance
TILTED ROOF SLATE CERAMIC
STAIRS STONE CERAMIC 3¢ | WOOD Cracks
FUNCTIONAL PLAN

. —
. N

Figure A1. Follow-up sheet. Section 1: Identification and recognition of the original state.

IMPLEMENTATION PROTOCOL FOR THE REHABILITATION OF ABANDONED COUNTRIES

INTERVENTION DATA Section 2
AREA OF OPERATION

EXTERNAL % ROOFING INTERNAL X PATIO X URBAN OTHER OUTBUILDINGS

FACADES x ROOMS CONTEXT

TYPE OF INTERVENTION

WALLS' ENERGY ® FLOOR X ROOF x INSTALLATIONS | REDISTRIBUTION OF INTERNAL SPACES
STABILITY SAVING STABILITY WATERPROOFING UPGRADING R | O the first floor

KITCHEN % BATHROOM VERTICAL ® HORIZONTAL X INCLINED ROOF | OTHER ACTIONS PLANNED
FURNISHING FURNISHING CLADDINGS COATING Roof access

INTERVENTION LEVEL OBSERVATIONS

DILAPIDATED BUILDING [ HEAVY X | MEDIUM X [ LiGHT Interventions at the floors are localized
INTERVENTION PLAN

The area of intervention is indicated on the functional plan (Section 1).

Figure A2. Follow-up sheet. Section 2: Data collection of the intervention.
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CDW MANAGEMENT

Section 3

CDW FORECAST GENERATED BY EXISTING BUILDINGS

DANGER OF THE PLANNED CDW:  None

TYPE OF EWC CAUSE ORIGINAL | OTHER QUANTITY | POSSIBILITY OF USE IN THE NEW BUILDING
WASTE CODE POSITION | ADHERED | M3 TON | RE-USE | RECYCLE | REMOVE | COMMENTS
EARTH
VEGETATION
ORGANIC
STONES 170503 | Wall revision Load-bearing | Lime 0.292
walls
STONE
CLADDING
BRICKS 170102 Distribution of Internal Mortars 3.026 X X Re-use of rough bricks in
spaces partitions Plasters pavement walls
Paintings
CERAMIC and 1701 03 Floor Renovation Indoor Mortars 2375 % X Reuse in pavements
MAJOLICA flooring
CLADDING
CLADDING 1701 06 Renovation of Interior Mortars 0.625 X
TILES facades cladding Plasters
ROOF TILES
WOODEN 170201 | Floor replacement Mortars, 0.336 b 4 Reusing beams as
BEAMS Paintings decorative elements
CARPENTERIE | 170201 Renewal doors Plasters 0.110 ® Reuse of doors.
Wood and windows Paintings Removal of windows
GLASSES 170202 | Deterioration of Windows and 0.558 %
window structure | doors
CONCRETE 170101 Screed revision Compression 0.809 b4
and MORTAR layer
TERRACE 170101 Soil Renovation Interior floors 1.147 X X Reuse in pavements
TILES
LIME Cladding overhaul | Adherent
residuals
CHALK and 1708 02 Cleaning of walls Interior Paintings 0.223 x They are small
PLASTER cladding proportions and attached
IRON and 170407 | Structural 0.279
METALS restoration
Cables | 17 04 03 Installations 0.085 ®
Paper | 200101 Interior 0.334 X
cladding
TOTAL CDW GENERATED IN THE ORIGINAL BUILDING 10.2 | OTHER POSSIBILITIES OF USE:
DANGER OF THE PLANNED CDW:  None No other alternatives for external use are contemplated
FORECAST OF THE CDW GENERATED FROM THE NEW CONSTRUCTION
TYPE OF EWC CAUSE ORIGINAL | OTHER QUANTITY | POSSIBILITY OF USE IN THE HOUSE
WASTE copr POSITION | ADHERED | M3 TON | RE-USE | RECYCLE | REMOVE | COMMENTS
BRICKS and 17 01 07 Residues of the Partitions Mortars 0.662 b 4
other CERAMICS new construction | and coatings
PLASTER 17 08 02 Residues of the Interior 0.135 b 4
new construction | cladding
TOTAL CDW GENERATED IN THE ORIGINAL BUILDING .79 | OTHER POSSIBILITIES OF USE:
DANGER OF THE PLANNED CDW:  None No other alternatives for external use are contemplated
OTHER RELATED WASTE
TYPE OF EWC CAUSE ORIGINAL | OTHER QUANTITY | POSSIBILITY OF USE IN THE HOUSE
WASTE CODE POSITION | ADHERED | M3 TON | RE-USE | RECYCLE | REMOVE | COMMENTS
PLASTICS 170203 | Packaging 0.160 X
WOODEN
PALLET
PAPER and 200101 | Packaging 0.003 X
BOARDS
ALUMINIUM
TOTAL CDW GENERATED WITH THE NEW CONSTRUCTION 0.16 | OTHER POSSIBILITIES OF USE:

No other alternatives for external use are contemplated

(Coming from the original housing and from the new intervention works)

Figure A3. Follow-up sheet. Section 3: CDW forecast.
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CDW MANAGEMENT Section 4

STRATEGIES, SELECTIVE COLLECTION, RECOVERY AND USE

DEPOSIT

FINAL DESTINATION

ON-SITE TREATMENTS

ENVELOPE

SIEVING and

ON-SITE

USE DESTINATION

RE-USE RECYCLE | REMOVE | CLEANING SHREDDING

and WASHING SIFTING

TYPE PRODUCTION

EARTH and
STONES

CERAMICS x
WOODS X

CONCRETE
and MORTAR

IRON and
STEEL

GLASS

PLASTER

PAPER and
BOARD

PLASTICS

DANGEROUS
Mixed b 4 X External management
GENERAL CONSIDERATIONS:

Since the limit value

shed in RD 105/2008 are not exceeded, the CDWs are not separated on site

an external agent is responsible for separation, collection and transport for subsequent treatment in the plant (no separation on site due to lack of

Figure A4. Follow-up sheet. Section 4: Strategies for the use of generated CDW.
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