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a b s t r a c t

Construction and Demolition Waste (CDW) has been identified as a priority waste stream by the Euro-
pean Union due to its significant generation level and its high recycling potential. The purpose of the
present study, which was supported by the local government of Lombardy Region (Italy), is to apply the
Life Cycle Assessment (LCA) methodology to evaluate the environmental performance of the current
regional management of CDW and to identify critical aspects and possible improving actions. The focus
has been placed on the waste fraction mostly present in CDW that is the mixed non-hazardous waste
(identified by the European Waste Code 170904). In the recycling plants, this is usually blended with
cement, tiles and ceramics, and, to a lesser extent, with bituminous mixture and gypsum-based waste to
obtain mixed recycled aggregates. These are mostly used in road construction works and in environ-
mental fillings/restoration.

The LCA of the current CDW management system showed that the induced environmental impacts are
in general higher than the benefits arising from recycling activities. At the same time the current system
performs better than a scenario where all the CDW is sent to landfill. On the basis of several sensitivity
and scenario analyses, a best-case scenario has been defined by optimizing all the main system pa-
rameters. Finally, recommendations were formulated to improve the environmental performances of the
system.

© 2018 Elsevier Ltd. All rights reserved.

1. Introduction

The Construction and Demolition Waste (CDW) is one of the
most abundant waste stream generated in European Union (EU),
accounting for approximately 34.7% of the total waste production in
EU-28 in 2014 (Eurostat, 2017a). CDW is a heterogeneous waste
composed of several materials that are identified by waste codes
belonging to the Chapter 17 of the European Waste Catalogue
(EWC). CDW includes concrete, bricks, tiles, bituminous mixtures,
gypsum, wood, glass, metals, plastic, solvents, asbestos and soil.
The non-hazardous inert fraction is the most abundant (Blengini
and Garbarino, 2010; De Melo et al., 2011; Mercedes et al., 2009);
from it, after appropriate valorisation processes, secondary prod-
ucts may be recovered and used in civil and road construction, in
substitution or in combination with natural mineral resources.

In this perspective, the Waste Framework Directive (2008/98/

EC) requires Member States to achieve at least 70% (by weight) of
re-use, recycling and other material recovery, including backfilling
operations, for non-hazardous CDW by 2020. For this reason, there
is a growing interest by public authorities to ensure a sustainable
management system of CDW at a regional/local scale, not only to
reduce the environmental burdens associated to waste generation
and landfilling, but also to mitigate the mineral resource depletion
induced by construction activities. Quarrying industry is in fact
really developed in Europe, where about 2 billion tonnes of sand
and gravel were extracted in 2015 (Eurostat, 2017b). Quarrying
activities, in addition to consume non-renewable natural resources,
cause significant damages to the environment, such as hydrological
modifications, habitats alterations, and soil loss (UNEP GEAS, 2014).
Thus, using secondary materials derived from CDW recycling in
civil engineering works can partially reduce the environmental
impacts associated to non-renewable materials quarrying.

Life Cycle Assessment (LCA) is a widespread tool to assess the
environmental benefits and burdens associated to waste manage-
ment systems and to identify strategies that will improve their
performance (ISO 14040, 2006; ISO 14044, 2006). LCA studies
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about CDW management has increased since 2003 (Bovea and
Powell, 2016), probably as a consequence of the publication in
Europe of the Directive 2002/91/EC (more recently repealed and
updated by the Directive 2010/31/EC) on the energy performance of
buildings and then of the Directive 2008/98/CE. Blengini and
Garbarino (2010) analysed the CDW management system imple-
mented at the provincial scale in Turin (Italy) from a life cycle
perspective. In particular, they investigated the different types of
recycling plants operating in the territory and the different types of
recycled aggregates (RAs) produced from them. Likewise, Mercante
et al. (2012) presented a life cycle assessment of the CDW man-
agement system in Spain: primary data were collected directly
from Spanish enterprises, including all the stages from the tem-
porary storage of inert waste in containers up to its recovery or final
disposal in landfills. Both studies showed that the CDW recycling
chain is not always beneficial for the environment and that waste
transportation plays a crucial role in the overall impacts of the
analysed systems.

The present research aims to evaluate the environmental im-
pacts associated with the non-hazardous CDW management sys-
tem implemented in Lombardy Region (Italy) by applying the LCA
methodology; the final goal is the identification of actions to
improve the environmental performance of the current system.
Besides the detailed analysis on the CDW flows and recycling
technologies actually available in the region, the current work in-
cludes some original methodological aspects in the modelling of
the saving of natural resources thanks to the use of RAs. The
reference year is 2014 and the focus has been placed on the inert
fractions that in Lombardy are usually mixed together in the
recycling plants to obtain mixed RAs: cement, tiles and ceramics
(EWC 1701), bituminous mixture (EWC 170302), gypsum-based
wastes (ECW 170802), and mixed non-hazardous waste (EWC
170904). As detailed in section 3.2.1, mixed RAs produced by CDW
recycling plants could be used in several engineering applications,
according to their own characteristics. In Italy, the use of RAs in
road construction works (embankment body, road sub-base, road
base, environmental reclamations and fillings, anti-freeze, anti-
capillary and draining layers) is regulated by the Attachment C to
the Ministerial Circular n. 5205/2005, while the use of RAs in
concrete production is subjected to the quality criteria set by the
UNI EN 12620 standard.

The research comprises the following steps: i) quantification of
the amount of CDW generated at regional scale and of the current
level of recycling (section 2): this part precedes the LCA system
definition, but it's essential for setting up the mass balance of the
entire management system; ii) gathering information about the
type, quality and actual use of RAs and evaluating the type and
amount of primary resources that can be replaced by RAs for the
different end-uses (section 3); iii) assessing the environmental
impacts associated with the current CDWmanagement system in a
life cycle perspective, analysing alternative management scenarios

to identify possible improvements of the system, and modelling a
best-case scenario with all the main system parameters being
optimized (section 4). Primary data and informationwere collected
through the support of local authorities (Lombardy Region, Prov-
inces, regional agency for the environmental protection e ARPA
Lombardia), direct investigations to CDW recycling plants and
quarries, and through the engagement of construction companies
that use RAs in civil engineering works. In this way, a specific data
set for the regional context under study was created.

2. CDW generation, composition and management in
Lombardy Region

In Italy, about 51Mt of CDW were generated in 2014, most of
which were non-hazardous (50.2Mt, ISPRA, 2016). Lombardy is the
Italian region generating the largest amount of CDW (11.9Mt in
2014, about 24% of the national production, ISPRA, 2016), showing a
generation rate of more than 1 t of non-hazardous CDW per capita.

As official data for each waste code covered by this study (EWC
1701, 170802, 170302 and 170904) were not available at regional
level, CDW flows have been estimated by analysing the annual
mandatory declaration (i.e. MUD eModello Unico di Dichiarazione
ambientale) submitted by waste treatment operators to the
regional agency for the environmental protection (ARPA Lombar-
dia). FromMUD data, the annual amount of managed CDW and the
waste flows entering in the different facilities (transfer stations,
recycling facilities and landfills) in Lombardy were assessed.

As mentioned before, the most common practice to treat the
four analysed CDW fractions in the region is mixing them, as
observed during the technical visits at the major recycling facilities.
However, a small portion of bituminous mixtures and gypsum-
based wastes has been recovered in dedicated plants to produce
other types of secondary products (i.e. new asphalt mixtures and
recycled gypsum). Since the focus of the LCA study is the non-
hazardous CDW fraction from which mixed RAs are produced, the
amount of bituminous mixtures (382,488 t) and gypsum-based
CDW (97 t) sent to specific treatment plants in 2014 have been
subtracted from the total CDW managed.

Results from MUD data elaboration are presented in Table 1;
values do not include the aforementioned flows of bituminous
mixtures and gypsumwastes sent to the specific recycling chain. In
2014, about 7Mt of CDW have been managed; the mixed waste
(EWC 170904) is the main flow, accounting for approximately 80%.
CDW are mainly treated in recycling facilities (90.7%) and only a
limited amount (3.3%) is currently disposed of in landfills; the
remaining CDW (6%) has been stored in transfer stations without
being subjected to any further treatment.

The management system in Lombardy comprises a large num-
ber of facilities, widely distributed across the territory: 378 CDW
recycling plants, 13 landfills and 346 transfer stations. CDW flows
within the regional system is quite complex since a portion of CDW

Table 1
CDW managed in Lombardy Region in 2014 for the European Waste Codes of interest.

Type of waste Storage (1) [t] Recycling (2) [t] Disposala (3) [t] Total managed (1 þ 2þ3) [t]

EWC 1701
cement, tiles and ceramics

45,669 704,270 14,011 763,950

EWC 170302
bituminous mixture

68,502 510,465 10,201 589,168

EWC 170802
gypsum

2951 17,696 244 20,891

EWC 170904
mixed waste

303,243 5,119,930 202,805 5,625,978

Total 420,365 6,352,361 227,259 6,999,986

a Disposal mostly includes CDW flows disposed of in landfill and a little amount sent to other disposal operations (waste Directive 2008/98/EC).
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