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An ecosystem “is defined as an area, place or environ-
ment where organisms interact with the physical and chem-
ical environment” (Chatzinikolaou et al., 2018, p. 43). In this
perspective, cities can be seen as urban ecosystemes, i.e.
systems formed by the combination of people and nature,
where biophysical and social factors regularly interact in
a resilient and sustained manner and where different spa-
tial, temporal and organizational scales exist (Redman et
al., 2004). There is a variety of definitions of this concept,
for example Tansley (1935) defines urban ecosystems as
a combination of physical factors forming what we call the
“environment”, while Threlfall and Kendal (2018, p. 248) ex-
press the concept according to which “urban ecosystems
contain a myriad of natural, constructed and hybrid spaces,
where the combination of each is unique in every city and
town”.

Like any ecosystem form, cities are also nodes of con-
sumption of energy and material as well as production of
residuals (Rees and Wackernagel, 1996) and in order to
understand their functioning, it is necessary to focus on
the material, energy and information flows that sustain
the human population (Rees, 1997). Urban ecosystem are
characterized by a heterotrophic nature because of their
dependence on external sources of energy and they are
also energy-intensive entities (Collins, 2000).

About 72% of the European population is concentrated
in cities; therefore, in order to support their functioning, vast
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Urban ecosystems, in their complexity, like living organisms, have their own me-
tabolism, whose functioning is linked to the presence of input and output streams.
These metabolic flows define the interconnection of different life cycle phases and
determine the presence of wasted landscapes, i.e. portion of territory waiting for
the activation of regeneration actions. The present paper focuses on the abandoned
industrial areas that characterize a portion of the Metropolitan Area of Naples, de-
fining a spatial identification methodology and connecting them to the production of
Construction and Demolition Waste, in a multi-scale perspective.

amounts of energy, food, water and other kind of goods are
used, generating as well huge quantities of waste (Phillis et
al., 2017). It is possible to say that urban ecosystems are
complex and open systems closely linked with their sur-
roundings through metabolic exchanges of energy and ma-
terial flows and information circulation (Su et al., 2012) and
as a consequence they are entities characterized by their
own Urban Metabolism (UM) (Marx, 1909; Wolman, 1965;
Kennedy et al., 2007). According to Broto et al. (2012), UM
links material flows with social and ecological processes
and it is necessary to take into account the possibility to
modify the actual patterns of consumption and production
towards more sustainable schemes.

Definitely, through an analogy between cities and meta-
bolic processes of organisms, it is possible to understand
the functioning and the development of a city by the con-
sideration of the inputs, the outputs and the storage of
different resources, mainly represented by energy, water,
nutrients, materials, and wastes (Maranghi et al., 2020).
According to Mostafavi et al. (2014), through the analysis
and quantification of the materials that circulate within a
city, it is possible to assess the impacts of urban devel-
opment and to perform a multidimensional assessment
of sustainability (Beloin-Saint-Pierre et al., 2017). Further-
more, the actual prevailing linear UM considers the city as
an urban machine, consuming unlimited resources and
producing waste to dispose of (Gasparrini, 2013), deter-
mining the necessity to rely no longer on this kind of model.
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Three main typologies of metabolic flows can be identi-
fied within a city (Minx et al., 2010):

Direct extractions and releases, that are resources di-
rectly extracted and wastes and emissions released;
ilmports and exports, that are different products that
can be imported or exported in and out of the urban
ecosystem;

Indirect flows associated with imports and exports,
such as resources indirectly extracted and emissions
and waste products indirectly released.

Moreover, UM can be examined at different scales:
global UM studies analyze the global antroposphere, while
there are studies at the national or regional scale as well
as at the urban and local dimension (Li and Kwan, 2017).
Definitely, UM determines the necessity to adopt a flow per-
spective on urban ecosystems (Dijst et al., 2018).

Having defined urban ecosystems, the aim of the pres-
ent paper is to focus on abandoned portions of these eco-
systems, i.e. wasted areas produced by the results of UM.
In the subsequent sections, the concepts of territorial life
cycle and wasted landscapes are introduced, presenting a
methodology to spatially identify former industrial areas
in a portion of the Metropolitan Area of Naples (MAN). In
a multi-scale perspective, abandoned industrial areas are
connected to the production of Construction and Demo-
lition Waste (CDW), linking waste landscapes and waste
flows.

2.1 Renewable cities: the concept of territorial life
cycle

The concept of life cycle refers to all the phases that
distinguish the life of an element, and in the present case
the territorial system is taken into account. Urban ecosys-
tem, being a concentration of environmental, social and
economic resources and services, evolve according to the
form of governance to which their territory is subjected. A
set of interconnected phases strictly linked to a system of
resources and performances that characterize the territori-
al functioning, determine the end of a life cycle and the rise
of a new phase. This concept can be referred to a particular
temporal scenario in which, it is possible to find three dif-
ferent processes (Torricelli, 2015a):

Settlement processes;

Processes of use and consumption of resources,
equipment and services;

Processes of production and consumption of goods
destined more or less to the territory.

These processes result in the generation of environ-
mental flows and social relations linked to the territorial
activities. In this perspective, a territorial portion does not
have the possibility to grow endlessly, but when the sys-
tem of its resources is exhausted, this area will overcome
an involution phase until a new balance is found, i.e. a new
life cycle is started (Zucchetti, 2008). An urban ecosys-
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tem, like all complex autopoietic systems, tries to keep its
identity intact thanks to flows of matter and energy and
the end of a territorial life cycle does not mean that the
territory interrupts its functioning, because this process is
continuous.

Different social, economic and multidimensional fac-
tors are responsible for the evolution of the territorial life
cycle. However, this concept is not totally new: for example,
it is possible to think about the slogan developed by the
American architect William MC Donough and the chem-
ist Michael Braungart “Cradle to Cradle”(McDonough and
Braungart, 2002), which is based on the application of bi-
ological criteria to industrial processes, that, passing from
one state to another, can generate new life cycles.

In the present paper, this concept is based on the pos-
sibility of generating new life cycles for abandoned por-
tions of the territory, giving rise to recycling strategies for
building, urban and environmental resources (Bocchi et
al., 2013), determining to the so-called “hyper—cycle, i.e.
a reactivation of a certain life cycle. Another interesting
concept is that of the so called Cityforming®©, proposed by
Carta (2016), that is a design protocol capable of reacti-
vating the metabolism of an area starting from its latent
regenerative components, activating multiple cycles of in-
creasing intensity to create a new sustainable urban eco-
system over time. The application of this protocol is able
to reactivate the inactive cycles, but also to reconnect the
interrupted ones or to activate new ones, more suited to
the new identity of the places. Carta (2016) identifies three
main life cycle phases:

The colonization phase, in which some new functions
are identified or some buildings are recovered; the lat-
ter are like stamina cells. This phase can also comprise
the removal of some infrastructural or environmental
detractors, facilitating the reconstitution of some eco-
logical networks;

The consolidation phase, that acts on the new ecosy-
stem through the grafting of some more valuable fun-
ctions, able to generate profits, increasing the attracti-
veness of the areg;

The development phase, in which the new metabolism
of the area is able to generate new urban value.

Definitely, the life cycle phases of the territory can be
generated by different causes, spontaneous or induced.
The latter generally intervene on those portions of the
territory whose life cycles, almost completely exhausted,
require the start of strategic regeneration actions capable
of giving new life to the territory. If city are like living or-
ganismes, through the start of a new life cycle it is possible
to proliferate and hybridize the surrounding tissues, trans-
forming a group of undifferentiated cells into new organs
and new connective tissues (Carta, 2013). If the concept of
life cycle can be associated to that of change, a city is like
a body in constant transformation (McDonough and Braun-
gart, 2002) and can be seen as a renewable resource.

In conclusion, the starting point of the present work is
the assumption that the city does not follow an unmodifi-
able biological path, but has the ability to regenerate itself,
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overcoming a life cycle and decline phase, reinterpreting its
components (Gabbianelli, 2013).

2.2 Wasted landscapes

As already specified, “cities are not static objects, but
active arenas marked by continuous energy flows and trans-
formations of which landscapes and buildings and other
hard parts are not permanent structures but transition-
al manifestations” (Berger, 2006b, p. 203). According to
Lynch and Southworth (1990, p.146), waste “is worthless
or unused for human purpose. It is a lessening of something
without useful result; it is loss and abandonment, decline,
separation and death. It is the spent and valueless material
left after some act of production or consumption, but can
also refer to any used thing: garbage, trash, litter, junk, impu-
rity and dirt. There are waste things, waste lands, waste time
and wasted lives”.

Similarly, Berger (2006, p. 203) states that “contempo-
rary modes of industrial production driven by economical
and consumerist influences contribute to urbanization and
the formation of waste landscapes — meaning actual waste
(such as municipal solid waste, sewage, scrap metal, etc.),
wasted places (such as abandoned and/or contaminated
sites) or wasteful places (such as oversized parking lots or
duplicate big-box retail venues)"”.

Waste in its spatial connotation is the outcome of ur-
ban processes that characterize the activities of the sup-
ply chain, i.e. the set of activities that feed the life cycle
of a product from the phase of extraction of raw materials
up to the disposal of waste materials. The supply chain, in
other words, represents the distribution chain of a product
or service from the supplier to the customer, starting from
the raw materials necessary for its realization, then moving
on to the realization of the product, and subsequently to
the phases of management and distribution to the custom-
er, which carries out the consumption phase. Each single
phase determines the production of waste products, and
tracing the waste streams starting from the production
phase of the products, allows to analyze the consumption
patterns and to identify better paths to be taken, facilitating
the transition from the linear economy model to the circu-
lar one.

In this perspective, urban ecosystems are character-
ized by the presence of portions of territory at the end of
their life cycle, i.e. wasted landscapes or wastescapes
(Amenta and Attademo, 2016; Amenta and Van Timmer-
men, 2018). This concept, has been analysed in the Ho-
rizon 2020 Project REPAIR — Resource Management in
Peri-urban Areas: Going Beyond Urban Metabolism’, that
proposes an association between waste products and
wasted landscapes. The concept of wastescapes derives
from that of drosscapes coined by Berger (2006), i.e.
wasted landscapes that are an outcome of metabolic pro-
cesses. Drosscapes “accumulate in the wake of the socio
- and spatio — economic processes of deindustrialization,
post-Fordism and technological innovation” and they “are
located in the declining, neglected and deindustrializing ar-
eas of cities” (Berger, 2006, p. 239). Consequently, there
are physical components of the urban structure that lose
their function and, at the same time, the economic and so-
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cial recognition of their usefulness: what occurs is the de-
finitive or temporary suspension of a determined use of a
certain space, with its consequent abandonment, the sub-
sequent re-use, and more rarely and more distant in time
its full replacement.

Wastescapes are an inevitable result of the processes
of economic growth that produce waste and emissions
that damage land, water, fields, but also buildings and in-
frastructures. Therefore, the flows of matter and energy
and those of waste that feed or come from the activities
of the supply chain, respectively, are also able to shape the
territory in its physicality. This generates the development
of portions of territory that are no longer able to provide
goods and services and, finding themselves at the end
of their life cycle, they are like “waiting spaces” or terrain
vague. The activation of new urban regeneration process-
es may be able to give new functions to these portions of
territory and to reconnect them to the surrounding urban
fabric. This means that the real challenge is to integrate
these portions of land into the functioning of urban eco-
systems (Berger, 2007), turning useless matter into useful
matter, as it happens in the waste recycling system (Erz,
1992; Strasser, 1992), avoiding further land consumption.
The disuse can be understood as a “natural” phase of the
life cycle of the functions and spaces predisposed to wel-
come them (Baiocco et al., 2017). This vision determines
the consideration of urban ecosystems as endowed with a
metabolism capable of digesting, assimilate and feed the
succession of cycles of production and where space is al-
ways small with respect to the quantity of flows (economic
and human) that cross it.

Definitely, waste can be interpreted as a natural and
unavoidable component of an evolving and dynamic ur-
ban ecosystem and represents an indicator of its healthy
growth (Berger, 2007).

REPAIR projects identifies 5+1 categories of wastes-
capes that are grouped in drosscapes and operational in-
frastructure of waste, the latter represented by the plants
dedicated to Waste Management (WM) (Geldermans et al.,
2018):

DROSSCAPES

1. Degraded land (W1)

2. Degraded water and connected areas (W2)

3. Declining fields (W3)

4. Settlements and buildings in crisis (W4)

5. “Dross” of facilities and infrastructures (W5)

+

6. OPERATIONAL INFRASTRUCTURE OF WASTE (W6)

2.2.7 How to map wastescapes? A spatial methodology for
their identification

For the territorial identification of wastescapes, it is
necessary to define a precise spatial methodology of anal-
ysis that could be systematically replicable. The flows of
matters and energy that cross the territory, allowing the
carrying out of the activities of the supply chain, cause not
only emissions and waste flows, but they also physically
shape the territory. There is, indeed, a strict link between
territorial processes and wastescapes determination,
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which can be considered the spatial result of UM together
with impacts at micro, meso and macro scale. Therefore,
the metabolic activities of extraction, production, distribu-
tion and consumption that define the supply chain and the
activity of Waste Management (WM), affect resources, but
simultaneously are able to generate Land Use Functions
(LUF) and to provide environmental, social and economic
services as well. In the same time, they alter the territorial
performances, generating multidimensional impacts and
in addition a particular form of spatial impact known as
wastescape (Figure 1).

The general idea for the wastescapes characterization
methodology is that of aggregating increasingly complex
information up to the definition of performance indicators
. The spatial organization of a city, as well as its infrastruc-
tural system, affect the resources used to support human
activities and therefore its level of environmental pressure
on the regional and global environment (Alberti and Suss-
kind, 1996).

The starting point is the concept that these metabolic
activities are powered by resources (EEA, 2015) that feed
the processes that act on the territory and generate in the
meantime environmental, social and economic perfor-
mances. The European Commission's Thematic Strategy
on the Sustainable Use of Natural Resources (European
Commission, 2005) states that European Economies de-
pend on natural resources that can be defined as anything
that occurs in nature that has the possibility to be used
for economic production or consumption (OECD, 2010) or
also that can be used for producing something else (UNEPR,
2011). Furthermore, spatial planning in general is able to
condition the use of resources, influencing as well the con-

ACTIVITIES

Supply Chain Processes

Affect
Generate
RESOURCES ,
Determine
FUNCTIONS
Soi SERVICES
Water
Natural Areas
Energy
Matter
Land
Use
Functions
Economic
Social

Environmental

sumption pattern of an urban ecosystem, because the spa-
tial form of cities has a long-standing impact on the daily
resources needed (Dijst, 2013). Consequently, urban eco-
systems are undergoing multiple and often contradictory
changes from expansion to de-industrialization and land
abandonment (McPhearson et al., 2016).

According to European Commission (2005), natural re-
sources that feed European economies are composed by:

Raw materials, such as minerals, biomass and biologi-
cal resources;

Environmental media such as air, water and soil;

Flow resources such as wind, geothermal, tidal and so-
lar energy;

Space (land area).

The life cycle of the supply chain processes and the
available resources allow interpreting the territory as a sys-
tem of use functions (Loiseau et al., 2014; Torricelli and
Gargari, 2015).

The system of interpretation for the wastescapes char-
acterization and spatial mapping is formed by four main
steps which follow each other cyclically (Figure 2):

Pattern;
Process;
Driver;
Effect.

As far as the pattern is concerned, this refers to the
spatial and territorial organization of the area under analy-
sis and of its characterizing geographies, in terms of com-
bination between land cover, land use and land use func-

MULTIDIMENSIONAL IMPACTS

THE TERRITORIAL PERFORMANCES

Generate

WASTESCAPES

FIGURE 1: Activities in the supply chain processes and their consequences?.
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tions. The latters allow defining the main features of the
area under analysis from a physical and human perspec-
tive (Geldermans et al., 2017). As a matter of fact, “form -
the spatial patterns of the built, infrastructural, and embed-
ded biotic components of cities — is a crucial component of
urban structure” and this link between urban structure and
its functioning provides a new way of analyzing urban eco-
systems patterns and processes (McPhearson et al., 2016,
p. 206).

Secondly, wastescapes are the results of the territorial
processes and therefore they could be analyzed according
to each single activity of the supply chain that influences
flows and stocks within the urban ecosystem (Dijst et al.,
2018).

Once chosen the activity to analyze, it is necessary to
define the land cover that hosts this activity and the sub-
sequent land use. On the one hand, the first represents
the observed (bio)physical cover of the earth’s surface (Di
Gregorio, 2005) and it is formed by three main categories:
natural vegetation, crops and human structure, each one
generating a certain number of sub-categories. The main
reference for the land cover is represented by the Corine
Land Cover (CLC) elaborated by Copernicus. On the other
hand, land use refers to the human activities carried out
on a certain land cover from a functional dimension (Tor-
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ricelli, 2015b) and the reference can be represented by the
categories of land use proposed by European Environment
Agency through Urban Atlas. Land use is a determining
factor that influences the ability of ecosystems to provide
services (EEA, 2015).

From a combination of the two informative layer, a sys-
tem of Land Use Functions (LUF) is developed according
to the categories proposed by Pérez-Soba et al. (2008), to
which the cycles of the activities of the supply chain and
the resources that feed these activities refer. As stated by
Verburg et al., (2009), more attention should be given to
land use as well as to LUF and to the correlations between
the two.

LUF can be defined as the “goods and services that the
use of land provides to human society, which are of econom-
ical, ecological and socio-cultural value and are likely to be
affected by policy changes” (ESPON, 2013, p. 12). LUF, rep-
resenting the social, environmental and economic issues
of a territory, are classified by Pérez-Soba et al. (2008) as
follows:

Provision of work;

Human health and recreation;

Cultural and aesthetic values;

Residential and non land-based industry and services;
Land-based production;
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Infrastructure;

Provision of abiotic resources;

Support and provision of biotic resources;
Maintenance of ecosystem processes.

Each LUF can be analyzed from an environmental, so-
cial or economic perspective according to the wastescape
to characterize. LUF consideration allows to complete the
pattern definition.

The following step is related to the processes that hap-
pen in the territorial system, as the activities of the supply
chain that define the territorial processes are contained in
the LUF categories. In particular, it is possible to identify
two systems:

The background system, that is related to the activities
of extraction, production, distribution and consumption,
each of them generating a certain amount of waste;
The foreground system refers to the WM activities
that happen in the Focus Area or Region (Taelman et
al., 2017). Collection is a transversal activity, followed
by storage, transport and treatment of the collected
amount.

These territorial processes determine an effect repre-
sented in the form of impacts at micro, meso and macro
level (Taelman et al., 2017) as well as the above-mentioned
wastescapes.

The next step is the drivers identification; drivers refer
to causes of alteration of the territorial functioning and
represent factors of change with influence on the environ-
ment and also on economy and society. According to Dijst
et al. (2018, p. 193), “drivers refer to macro developments
which have an impact on needs and constraints experienced
at the micro (individual or community) level. We can distin-
guish various types of drivers: socio-cultural (e.g. values and
norms), economic (e.g. growth and decline), political (e.g.
power relations and policy aims), demographic (e.g. ageing
and population decline), urbanization, climate change and
natural resources”.

Italy Campania Region
[ campania Region

|:| Focus Area |:| Focus Area

[ ] Metropolitan Area of Naples

The final step of this chain is the identification of per-
formance indicators (Loiseau et al., 2014), characterized by
thresholds for a territorial benchmark. If these thresholds
are exceeded, they act on the pattern through degradation
processes and they generate the transition from servic-
es to disservices. While at the initial life cycle the perfor-
mance is high and the pattern is in a healthy condition, able
to provide goods and services through LUF, as the territorial
processes take place, they generate drivers of change and
the life cycle tends to run out, until it flows into the wastes-
capes at the end of the territorial life cycle.

In the following chapters, it will be proposed a method-
ology to spatially identify a category of wastescapes repre-
sented by abandoned industrial buildings.

3. CASE STUDY

The case study selected for the experimental applica-
tion coincides with the Focus Area (FA) chosen for the Ital-
ian case study in the Horizon 2020 REPAIR Project (Gelder-
mans et al., 2017), formed by a portion of the Metropolitan
Area of Naples (MAN), that includes the following munici-
palities (Figure 3):

Acerra;

Afragola;

Caivano;

Casalnuovo di Napoli;

Casoria;

Cardito;

Cercola;

Crispano;

Frattaminore;

Naples (with the following areas: Poggioreale, Indu-
strial Zone, Ponticelli, San Giovanni a Teduccio, Barra);
Volla.

The boundaries of the Neapolitan case study have been
selected in REPAIR Project through a reasoning based on
the spatial organization of the area. One of the aspect that

\

\

\
. \
Caivano [

g Acerra

2

Focus Area with Naples Municipality
[ ] Focus Area

FIGURE 3: Focus Area boundaries.
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has been taken into account is the territorial distribution
of the transport system together with some ecological as-
pects. As a matter of fact, the case study is crossed by a
plain area and by a network of rectilinear channels, mostly
artificial, located in the North-Eastern part of Naples and
known as “Regi Lagni”, that was worth including.

Metropolitan cities in general are territorial entities of
wide area aimed at the care of the strategic development
of the metropolitan territory, the promotion and integrated
management of services, infrastructures and communica-
tion networks and finally the care of institutional relations,
including those with European cities and metropolitan ar-
eas (law 56/2014, art.1). In addition, metropolitan areas
require as well suitable planning instruments because of
the presence of environmental conditions that are more
critical due to energy consumption and greenhouse gas
emissions, generating many negative impacts.

The MAN as a whole can be considered highly affect-
ed by territorial aggressions of human matrix (Mazzeo and
Russo, 2016) and it is formed by 92 municipalities, repre-
senting the third most populated metropolitan area in Italy,
with more than 3.5 million inhabitants.

The MAN is also characterized by an unregulated ur-
ban development and during the last two decades, the
different municipalities have welded together, creating un-
differentiated suburbs, with socio-economic and environ-
mental disorder. Moreover, it is marked by an extremely
anthropic urban development with a notable population
density and the occurrence of both phenomena of density
and of dispersion of settlements at the same time (Form-
ato and Russo, 2014), which make the territorial develop-
ment somewhat chaotic. Furthermore, congestion and
urban chaos are the dominant characteristics, especially
in the outlying areas. For this reason, the urban conditions
of the suburbs of Naples are among the main concerns
of the city. In this area, there are numerous environmental
and social problems, for which the search for a solution is
one of the main challenges that the city has to face (Mo-
relli and Salvati, 2010). Moreover, the MAN has an irregular
development due to the lack of an integrated plan of coor-
dination of the entire territory, but a succession of sectori-
al plans. This led to the presence of a fragmented territory,
often caused by the succession of illegal settlements and
by a continuous of built up soils, interrupted by poorly con-
nected rural areas.

Facing the specific merit of the selected case study, it
is a territory characterized by the combination of valuable
elements and at the same time elements characterized
by a high degree of fragility together with a considerable
concentration of peri-urban areas. The latter are charac-
terized by the symbiotic interaction between rural/natu-
ral ecosystems and urban ecosystems (Zhu et al., 2017),
habitually seen as residual areas lacking in identity and
autonomy and usually located near large urban agglomer-
ations (Gongalves et al.,, 2017). As defined in the REPAIR
Project, peri-urban areas deal with hybrid portion of terri-
tory, sometimes characterized by densely urbanized are-
as, agricultural land, discontinuous campaigns, as well as
abandoned territories, pervaded by degraded ecosystems,
with high levels of pollution. In particular, in the South area
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(Naples, Casoria, Volla, Cercola, Casalnuovo di Napoli) the
main feature is the presence of abandoned land linked to
the presence of former refineries and oil depots with a con-
sequent intense level of pollution of soils and aquifers. The
East area (Caivano, Acerra, Frattaminore, Crispano, Cardito,
Afragola) is characterized by an under-utilization of agricul-
tural land and the presence of huge infrastructural systems
with many phenomena of disposal. Anyway, despite the
problematic context of the present case study, there is also
great potential of development, thanks to the territorial va-
riety, the presence of high quality landscapes and many
economic, cultural and environmental resources.

Definitely, metropolitan areas require suitable planning
instruments because their environmental conditions are
more critical and these instruments could be better applied
if supported by useful evaluation methodologies. It is nec-
essary to build a solid knowledge base able to support the
decision making phase not only at the metropolitan level
but also at different and smaller scales, according to the
variety of the territory. The aim is to enhance the capabili-
ties that the territory is already able to offer and to act on
the weaknesses in order to create environmental, econom-
ic and social win-win solutions.

3.1 Wasted landscapes: dismissed industrial areas

According to ISTAT, about 3% of the entire Italian territo-
ry is occupied by abandoned industrial areas. In Italy, there
is a specific distinction between “dismissed industrial are-
as”, that are areas in need of processes of redevelopment
and “contaminated sites”, that require processes of recla-
mation. According to the Environmental Code, dismissed
sites in general can be defined as sites were production
activities ceased. Dismissed sites can be:

Contaminated;
Potentially contaminated;
Non-contaminated.

In the last decades, because of the economic crisis
and the changes in the productive sector (especially in the
most advanced countries), there has been a progressive
reduction of industrial activities. This process has deter-
mined the born of large dismissed areas with the presence
of abandoned industrial buildings, very often located in
peri-urban areas that are strategic for the urban develop-
ment. As a consequence, the re-development of these are-
as constitutes a current problem of considerable interest,
characterized by economic, social and environmental re-
percussions and it represents as well an unavoidable op-
portunity for activating urban regeneration actions and for
the valorization and re-connection of peri-urban areas. For
this reason, new operational methods and techniques are
required, in compliance with environmental compatibility
(Arbizzani and Materazzi, 2012).

It is possible to add that when an industrial activity
ceases, it leaves not only a physical vacuum, but it also con-
tinues to occupy the territory, polluting it with its residues.
Above all, since the mid-1980s, industrial dismissed areas
have been recognized as a form of heritage to preserve as
a demonstration of the cultural value that it is possible to
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attribute to productive activities and for this reason, it is
worth preserving and promoting this form of heritage.

The disused industrial areas are also generally already
served by the main infrastructures and are often located
near railway plants or important sections of the road net-
work that can determine a good accessibility, therefore
the return of these areas to the city can constitute an im-
portant occasion for the redesign of the local urban fab-
ric (Aiello, 2012). The recovery of abandoned industrial
areas connected to the location of new important urban
and productive functions, can be configured as a unitary
intervention of metropolitan level, able to define places and
relationships related to a large pool of users and able to
renew and increase the points of reference in the vast ter-
ritory (Miano, 2005).

For the case study elaboration, the selected wastes-
cape category is called “settlement and building in crisis”
and it is formed by a series of subcategories represented
by: vacant/underused, neglected or obsolescent buildings
and settlements, urban settlements suffering from fatigue,
informal settlements, urban lots in transformation, unau-
thorized buildings and settlements, confiscated assets.
The application is focused on the subcategory “vacant/
underused buildings and settlements”, that in REPAIR Pro-
ject is described as follows (Geldermans et al., 2017, p.17):
“vacancy and underusing phenomena can be the direct con-
sequences of the urban decline, due to several factors in the
organization of the territory. Economic changes/crisis could
also cause abandonment of settlements, or of some parts

Airports

Agricultural crops with important natural areas
Water bodies

Construction sites

Industrial and commercial units
Continuous urban fabric
Discontinuous urban fabric
Dump sites

Mineral extraction sites
Orchard and smaller fruits
Intensive crops

High maquis

Continuous grasslands

Discontinuous grasslands

Port areas

Areas with sparse vegetation

Road and rail network

Crop systems and complex particles

Temporary crops associated with permanent ones
Green urban areas

of them. In this category, abandoned, vacant, underused,
dismissed industrial, commercial, military buildings are also
included. Examples are: a) brownfields; b) abandoned his-
toric buildings (farms, houses, mills); c) building blocks with
high percentages of apartments and/or offices and/or com-
mercial premises not leased; d) agricultural products (such
as greenhouses or shelters)”.

3.2 Methodological application: spatial identification
of abandoned industrial areas in the Focus Area

The model of characterization presented in paragraph
2.2.1is applied in order to characterize and spatially identi-
fy the selected wastescape category.

First of all the correspondent land cover and land use
that host vacant/underused industrial buildings are rep-
resented respectively by artificial land cover, in particular
industrial and commercial units and industrial use (known
as ‘“industrial, commercial, public, military and private
units”) (Figures 4-6). Combining land use and land cover,
it is possible to select the correspondent LUF, represented
by “residential and non land-based industry and services”,
according to the industrial activity, in particular the activity
of production, with reference to the supply chain (Figure 7).

Various typologies of degradation processes can alter
the available resources, that in this case are represented
by the land that houses the industrial activities and by the
building stock itself that is no longer able to perform the
economic functions previously carried out. It is not easy
to go back to the specific drivers that caused the disposal

FIGURE 4: Focus Area land cover based on CLC.
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FIGURE 5: Focus Area land use based on Urban Atlas, year 2012.
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FIGURE 6: Wastescapes characterization model.
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of industrial buildings, but often the closure and the trans-
fer of the plants are due to the contraction of the produc-
tive apparatus and the tendency to transfer the productive
activities in countries with low labor costs. Therefore, it is
possible to assume that drivers are represented especially
by economic factors.

The final step of this methodology is represented by the
selection of a performance indicator, that in this case is
represented by the number of employees. Where the num-
ber of employees is equal to 0 (assumed as the previous-
ly described threshold), it can be a potential abandoned
industrial building, passing from the industrial productive
service to the disservice of abandonment. The data con-
sidered in this phase have as a source the industry and
services census carried out by ISTAT, and indicate for each
census section two relevant information for the purposes
of the present survey:

Number of local units;
Number of employees.

These data were subsequently spatially coupled and
represented through Geographic Information System (GIS).
The use of reference maps is vey significant for the visu-
alization of those elements of the decision-making prob-
lem that are characterized by a spatial dimension and has
proved to be very useful in various occasions (De Toro et
al., 2016; De Toro and lodice, 2016; De Toro and lodice,
2018).

In order to complete the survey and get to the selection
of the investigated wastescape, it was necessary to inte-
grate aerial views through the use of Google Maps, making
a first selection of all the areas potentially useful for the
analysis. To this, it was added a selection criterion that al-
lowed to make a further reduction of the sections, exclud-
ing those that meet the following requirements:

Sections containing Roma settlements;
Sections containing plants;
Sections containing greenhouses;
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Sections containing already demolished buildings.

Consequently, the sections containing built structures
in terms of large abandoned spaces, with abandoned in-
dustrial buildings characterized by lack of activity, or where
there are often perimeter control activities have been ex-
amined.

The first result of the described methodology is repre-
sented in Figure 8. As it is possible to observe, the census
sections represented in white are those that contain a num-
ber of employees between 0 and 5. Some, especially those
of larger dimensions located in the northern part of the
FA, are constituted by agricultural fields. The final result is
represented in Figure 9, where, the wastescapes “vacant/
underused, industrial buildings and settlements” can be
spatially identified

For the application, by way of example, the attention
has been focused on one single wastescape that belongs
to this category. The selected wastescape is the former in-
dustrial plant known as “Rhodiatoce”, located in the Munic-
ipality of Casoria (Figure 9).

Casoria (Figure 10) located in the north-eastern sub-
urban part of the Neapolitan area, is characterized by the
presence of a series of dismissed areas that determine the
existence of abandoned portion of territory and large urban
voids without function that delineate a specific landscape,
configuring itself as a real environmental issue.

Because of the crisis of urban production facilities,
Casoria is represented by an industrial scenario in transi-
tion, with many abandoned factories, as skeletons of monu-
ments, as a fixed and resistant scene, in a territory of trans-
formations. One of the main problems to be addressed in
view of a possible recovery of these areas is represented
by the presence of polluted soils, which determine the need
to carry out extensive reclamation operations before any
type of intervention.
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FIGURE 9: Vacant/underused, industrial buildings and settlements with focus on Rhodiatoce industrial plant.
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Municipality of Casoria.

This industrial landscape has developed and at the
same time died in an urban life cycle of around 30 years
(Miano, 2005).

The redevelopment of the abandoned industrial areas
can be seen in the context of a territorial reorganization,
creating the possibility of establishing links between ap-
parently autonomous elements of the urban fabric (Miano,
2005).

Among the five disused industrial plants that charac-
terize the territory of Casoria, there is the Rhodiatoce in-
dustrial plant for nylon production, that rises in 1928 and
one of its branches was born in 1953; its organization and
distribution is accurately described by Miano (2005).

4.1 The life cycle of a building: how to manage Con-
struction and Demolition Waste

Having previously specified how the territory is charac-
terized by its own life cycle that determines the formation
of residual spaces, it is necessary to underline that also the
built heritage, in a multi-scale perspective, is endowed with
its own life cycle.

The life cycle of a building is based on the analysis of
the practices that affect the whole path of life that a build-
ing undergoes in the course of some years. The life of a
building begins with the design phase, in which the costs
and times are the items that most influence the result of the
final project. In the next phase, the construction phase, the
life cycle of materials, the times, the costs and the building
site take on a particular relevance. After the construction,
begins the period of use of the artefact in which different
functions can be carried out with different subjects who
perform maintenance works of the building. A possible
next phase is that of abandoning the building.
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Some possible scenarios arise subsequently: it is pos-
sible a recovery of the building with the part of the dis-
assembly in which the existing conditions are evaluated.
It is also possible a complete demolition of the artefact,
without a new construction, determining the necessity
of the disposal of waste or also its recovery. Finally, the
last alternative is the demolition of the building but a sub-
sequent construction of a new building (Baiocco et al.,
2017).

As far as the demolition phase is concerned, there are
two possible alternative scenarios (Figure 11):

The first concerns the total demolition of the building,
without recovering the waste materials and the con-
struction of a total new building;

The second alternative is based on the demolition of
the existing building and the construction of a new buil-
ding by reusing part of the demolition materials.

The demolition phase and the way it is carried out de-
pends strictly on the constructive process, underlining the
necessity to consider the entire life cycle.

In the demolition phase, it is possible to take two op-
posite paths:

The firs concerns the disposal of the materials without
any opportunity of recovery;

The second provides the possible recycling of Con-
struction and Demolition Waste (CDW) and the dispo-
sal of the material that it is not possible to recycle.

As a matter of fact, the disposal phase is very relevant
and it is necessary to support this phase by accurate eco-
nomic and environmental evaluation procedures (Baiocco
et al., 2017). Furthermore, the application of sustainable
development principles can influence and improve the
sustainability of urban ecosystems and among this princi-
ples there is that of Waste Management (WM) (Dizdaroglu,
2015).

CDW belongs to the category of Special Waste, which in
turn is divided into hazardous and non-hazardous one. The
CDW flow is produced during the life cycle of a project, that
can be summarized in three main phases (Wu et al., 2014):

Construction;
Usage/maintenance;
Demolition.

4.1.1 Life Cycle Assessment as a tool to support the rege-
neration of abandoned industrial areas: CDW quantification
methods

At this point, itis necessary to specify that it isimportant
to collect reliable information on the expected quantities of
CDW in order to facilitate the establishment of policies and
alternative possible solutions (Ding and Xiao, 2014), also
using environmental assessment methods able to improve
the decision making phase. One of the most useful tool is
represented by Life Cycle Assessment (LCA), that can pro-
vide quantitative information, able to facilitate the selec-
tion of sustainable choices (Helling, 2017).

Usually LCA takes origin from the production of raw
materials until their disposal, i.e. “from cradle to grave”,
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but could be an useful instrument also for specific phases
of the life cycle, such as that of WM. The latter comprises
everything that happens when the product becomes waste,
in order to evaluate the impacts of its disposal (Turconi et
al., 2011; Brogaard and Christensen, 2016; Taelman et al.,
2019).

Supposing a reuse and requalification of Rhodiatoce in-
dustrial plant following the architecture project described
in Miano (2005), it is necessary to bear in mind that a clear
tendency to rise for the next years for retrofitting and dem-
olition activities is shown and since they have proven to
generate more waste than construction activity (Coelho
and De Brito, 2011), it is necessary to identify a suitable
quantization model and to monitor the environmental im-
pacts.

As stated by Martinez Lage et al. (2010) and Ding and
Xiao (2014), CDW is the sum of Construction and Demoli-
tion Flow as well as the waste produced by retrofitting or
renovation activities.

CDW quantification represents a fundamental prereg-
uisite in order to implement a successful WM. Wu et al.
(2014) propose an analytical review of the existing quan-
tification methods, introducing a first distinction between
quantification at two different levels:

At regional level, with the aim of quantifying CDW of all
projects in a particular region;
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At project level, that has the aim of forecasting CDW
quantities in a single project.

Still Wu et al. (2014) identify six major categories of
quantification methodologies:

Site Visit method (SV), in which it is possible to adopt
both direct measurement, through which the waste pro-
duced is measured on site and indirect measurements,
such as truck load records and on-site interviews as well.
Generation Rate Calculation (GRC) method, that is ba-
sed on the waste generation rate for a particular activity
unit (for example Kg/m?) and the amount of total units.
This category of methods can comprise per capita mul-
tiplier, financial value extrapolation and area-based cal-
culation. The latter can be estimated by multiplying the
generation rate and the total area.

Lifetime Analysis (LA) method that is based on material
mass balance and on the principle according to which
the amount of demolition waste must equal the mass
of the construction. This methodology is divided in bu-
ilding lifetime analysis and material lifetime analysis.
Classification System Accumulation (CSA) method,
that is based on a platform for quantifying different
specified materials.

Variables Modelling (VM) method is based on the prin-
ciple according to which CDW quantification and gene-
ration depend on a series of variables such as econo-
mic indicators, construction areas, etc. Very interesting
can be the quantification framework based on an
“Activity Based Waste Generation” (Wimalasena et al.,
2010), according to which the total CDW quantity can
derive from the sum of the waste quantities produced
in each construction activity.

Other methodologies, such as method based on chemi-
cal characteristics or method based on fix percentages
of the purchased materials.

These methodologies can be adopted either individual-
ly or in combination, depending on the needs.

As far as site visit is concerned, this method could be
the most precise but it is time consuming and costly and
it could be characterized by significant barriers (Franklin
Associates, 1998).

The first factor to determine for the application of the
calculation model is represented by waste characteriza-
tion. Secondly, the main factor for the estimation of CDW
is represented by the Waste Generation Rate (WGR), that
depends on the quantity of material developed from differ-
ent sources (Ghosh et al., 2016). Different quantification
formulas have been proposed in the literature; for exam-
ple Kofoworola and Gheewala (2009) suggest to apply for
construction waste the quantification model based on the
following formula (1):

Qx = A *Gav * Px @)

whereas Qx represent the quantity (tons), A is the area
of activity, Gav is the waste generation rate and Px is the
percentage of waste material. Martinez Lage et al. (2010)
propose a quantification model that estimates a quantity
of 80 kg/m? of CDW for new construction work, 1350 kg/
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m? of waste for demolition work and finally 90 Kg/m? for
renovation work.

According to the data availability, for the present appli-
cation it is considered appropriate to choose the method
indicated by Wu et al. (2014) as “area based calculation”
linked to the “generation rate calculation” category.

Therefore adopting the formula proposed by Kooworo-
la and Gheewala, (2009) (1) and the estimations of Martin-
ez Lage et al. (2010)3, it is expected that (2-3-4):

Construction Waste = Anc * 80 kg/m? = 259554 m? * 80 kg/
m? = 2.076.400 kg @)

where Anc is the total area of new construction based on
the project of renovation described in Miano (2005).

Renovation Waste = Arc * 90 kg/m? = 1416 m? * 90 kg/m?
= 128 Kg of total RW (3)

where Arc is the total area of the renovated building, as es-
tablished by Miano (2005).

Demolition Waste = Adc * 1350 kg/m? = 46000 m? * 1350
kg/m? = 62.100.000 kg (4)

where Adc = is the total area of the demolished building
always according to the demolition proposed by Miano
(2005).

Therefore the total CDW flow is:

CW+RW+DV =(2.076.400 + 128 + 62.100.000) Kg = about
62.102.204 Kg.

At this point it is necessary to specify that these are
forecast estimates based on broad indicators and which
naturally determine plausible but not effective results. To
this end, it would be necessary to use the “direct measure-
ment” method during the actual construction and demoli-
tion phases linked to the building transformation process-
es envisaged for the future.

Once quantified the CDW that would arise from a ren-
ovation project of Rhodiatoce factory, it could be possible
to run a LCA model to assess the environmental impacts
linked to the treatment of CDW, in order to identify some
sustainable guidelines aimed at reducing environmental
impacts.

Material fractions for Rhodiatoce industrial plant: a hy-
pothesis.

As regards the quantitative information related to the
individual flows, REPAIR Projects performs a LCA for the
CDW produced in the Focus Area and has officially received
from the Campania regional agency for environmental pro-
tection (in Italian “Agenzia Regionale per la Protezione
Ambientale in Campania” = ARPAC) data related to CDW
flow according to the year 2015 (Tonini et al., 2019). For
the present application, the percentage considered for the
flow produced in the Focus Area is basically maintained
and it is considered representative of an average CDW flow.
Anyway, some adjustments are necessary according to the
specificities of the building.

Therefore, on the basis of these two information, name-
ly on the one hand the flow produced in the Focus Area and
in Campania Region, described in Tonini et al. (2019) and
the temporal and constructive characteristics of the build-
ing that create the necessity to eliminate some fractions
and to make a general calibration, a possible hypothesis
of the CDW fractions coming from Rhodiatoce renovation
could be the ones represented in Table 1°.

Urban ecosystems are characterized by complex so-
cial-ecological interactions where sustainable choices
made in one place can create social, economic or envi-
ronmental problems elsewhere (McPhearson et al., 2016).
Urban ecosystems, in their complexity, like living organ-
isms, have also their own metabolism, whose function-
ing is linked to the presence of input and output streams.
Hence the concept of UM has been introduced and de-
scribed together with the concept of territorial life cycle.
This is because the territory, like living organisms, is not
only endowed with its own metabolism but is also marked
by the succession of life cycles that are shaped by met-
abolic flows. The portions of territory that are at the end
of their life cycle, configure themselves as territorial waste,
and a spatial methodology for their identification has been
proposed. A multi-scale approach is adopted, as cross-city
comparison at multiple scales is a key quality to under-
stand and analyze the complexity of social-ecological in-
teractions (McPhearson et al., 2016) (Figures 12-13).

Focusing on one single category among the wastes-
capes proposed in the Horizon 2020 Project REPAIR, the
attention has been focused on the abandoned industrial
areas. Here, the LCA could be a valid instrument to sup-
port the decision-making phase of possible renovation

Material Fractions % . = . . .
actions, providing useful information about the environ-
Bituminous mixture 0.5 .
mental impacts connected to the management of the
Clear Glass 1.5 metabolic flow represented by Construction and Demo-
Mixed CDW 45 lition Waste.
Insulation materials 1 This procedure serves also to demonstrate how the LCA
tool could prove to be useful in supporting the regeneration
Ferrous components 5 X . . .
of the territory, and in this case to support the demolition
Concrete 35 and reconstruction of the abandoned buildings, suggesting
Ceramics 0.5 to the decision makers good practices of demolition and
Wood 135 reconstruction, such as that of selective demolition. As a
Gypsum 015 matter of fact, at the scale of city and urban region, LCAis a
: field of application that has not yet been properly explored
soil 10 (Alberti et al., 2017) (Figure 14).
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FIGURE 12: From wasted landscapes to waste flows.

This example also shows that the same procedure
could be repeated in the same territory or even in different
territories to identify and support the redevelopment of the
abandoned building heritage.

Definitely, the present paper proposed a first possi-
ble association of LCA as a tool to support the regener-
ation of the territory, but it is also open to future advanc-
es. For example, it is possible to take into account all the
other wasted landscapes, in order to calculate the total
amount of CDW that would come out of the regeneration
of abandoned industrial buildings in the Focus Area. The
real challenge would also be the reuse of the materials of
abandoned artifacts, using LCA to asses the economic

[1 campania Region
I Metropolitan Area of Napes
I Focus Area

Municipality of Casoria

FIGURE 13: Multi-scalarity.

and environmental costs of this recovery, that in general
could be energy-intensive and thus very demanding for the
environment. In this perspective, a very useful approach
focusing on the territorial aspects of LCA is that represent-
ed by the “Territorial LCA” (Loiseau et al., 2012; Loiseau et
al., 2013; Louseau et al., 2014; Loiseau et al., 2018) that
focuses on the impacts linked to the territorial activities,
comprising also that of WM.

Secondly, it is also possible to focus on other activ-
ities that take place on the territory or on other types of
metabolic flows, to support the regeneration of other ty-
pologies of wastescapes.The real step forward, however,
would consist in the geographical mapping of impacts
(Gargari, 2015), which is linked to the distribution of pol-
lutants in the air. Indeed, the combination of the results
of an LCA evaluation with models of territorial mapping
of emissions is an innovative development line in relation
to the issue of spatialization of environmental impact in-
dicators.

Urban Region
City

District
Neighborhood
Block

Building

House

Constructive system

Construction product

FIGURE 14: Hierarchy of the built environment, adapted from Al-
berti et al., (2017).
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