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Abstract. Construction and demolition wastes (C&DW) are usually recognized as not dangerous, but their accu-
mulation can generate serious environmental problems. In spite of C&DW high potential to be reused/recycled, the
practical procedures need to be assessed in terms of environmental consequences. The objective of this study is to
quantify the environmental impacts of C&DW recycling/reuse, specifically in the production of aggregate 0/30 mm,
comparative to those generated during the natural inert processing, in terms of global impacts addressing the whole
process and for each technological phase. The analysis was carried out using Life Cycle Assessment methodology,
assisted by SimaPro software, and based on primary data collected directly from the Italian Emilia Romagna region.
Three methods were used for impact quantification: Eco-Indicator 99, EDIP/UMIP and Cumulative Energy Demand.
The analysis revealed that the environmental impacts generated by C&DW recycling/reuse accounting for about 40%
of the impacts induced by natural inert processing.
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Introduction scientific research, as well as for various actors involved
in production processes and waste treatment and mana-
gement (del Rio Merino et al. 2010; Vlase et al. 2012;
Wiesmeth, Hackl 2011). One of the key issues of a conti-
nuous progress is ensuring the sustainable management
of prevention, control and remediation processes relative
to the environmental components, associated in particular

Waste generation is the result of inefficient and unsustai-
nable uses of natural resources and energy in production
processes, which leads to economic and environmental
problems, such as large additional expenses for the col-
lection, processing and waste landfilling and elimination

(Dall’Ara et al. 2012; Schiopu et al. 2012; Simion et al. to waste minimization and valorization (Gavrilescu 2004;
2012; Taboada-Gonzalez et al. 2012; Yeheyis et al. 2012). Simion et al. 2013).

The enormous production of waste generated during va- In this context, a sustainable approach should address
rious anthropogenic activities induces the need to extend various procedures for reducing waste and/or for the op-
the life cycle of the products as well as the producer  timization of waste recovery, recycle and reuse as well as

responsibilities, which is a subject of great interest for its processing in various ways (Agamuthu 2008; del Rio
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Merino et al. 2010; Fortuna et al. 2012; Ghinea, Gavriles-
cu 2010; Petraru, Gavrilescu 2010; Rigamonti et al. 2009;
Schiopu, Gavrilescu 2010).

Construction and demolition wastes (C&DW) inclu-
de diverse categories of materials that, when recovered,
can represent high-value materials and resources for new
construction (EPA 2002; Simion et al. 2013). However,
C&DW is a significant part of the total solid waste stre-
ams, since building materials account for almost half of
all materials used and about half the solid waste generated
worldwide (Cochran et al. 2007; Dosal et al. 2012; Edge
Environment 2011; Kourmpanis et al. 2008; Vasquez
2013). An Australian report shows that C&DW generation
in Australia during 2004-2005 “was 15.1 million tonnes,
of which 7.6 million tonnes was recycled materials (tim-
ber, steel, concrete, rubble and soil) and 7.5 million tonnes
was residual waste to landfill. In 2006-2007, 43,777,000
tonnes of waste was generated, 38 per cent of which was
from C&DW?” (Edge Environment 2011). C&DW repre-
sents 10-30% of total waste generation in Europe, which
means about 180 million tonnes per year, approximated at
480 kg per person. While only 28% is recycled, the rest

of 72% is disposed (Bressi, Puia 2000; EPA 2002; Pittalis
2009; Poon 2007). Table 1 shows the amounts of C&DW
generated yearly in European countries in 2006-2010
(Eurostat 2013). On the other hand, large quantities of
natural primary aggregates and building materials are ex-
tracted each year due to increasing demands. At a global
level, 60% of the raw materials extracted from the lithos-
phere are used for civil works and building construction.
In Europe, the extraction of minerals for building is about
4.8 tonnes per inhabitant per year, which is 64 times the
average footprint per person (Bribian ef al. 2011; Simion
et al. 2013).

Unfortunately, materials resulting from construction
and demolition are often considered as waste for disposal,
rather than resources for processing and reuse. They have
negative impacts on environment, economy, public health
and social life (Ionescu et al. 2011; Robu et al. 2007,
SARMa 2011; Yeheyis et al. 2012). Governmental regu-
lation and legislation worldwide can be considered as po-
sitive reactions to the need of waste minimization, since
they often generated the market framework for building
materials and products resulting from the construction and

Table 1. C&DW generation in the European countries during 20042010 (Eurostat 2013)

Time 2004 2006 2008 2010
Country
France 3.461 3.680 3.942 4.011
Austria 3.418 3.788 3.765 1.074
Netherlands 3.047 3.464 3.617 4.698
Treland 2.773 3.896 0 360
Germany (until 1990 former territory of the FRG) 2322 2.386 2.402 2.336
United Kingdom 1.658 1.808 1.645 1.695
European Union (27 countries) 1.576 1.708 1.721 1.713
Sweden 1.142 985 359 1.000
Spain 1.085 1.073 986 824
Belgium 1.059 1.241 1.1442 1.667
Ttaly 845 888 1.165 981
Czech Republic 796 816 1.022 889
Denmark 791 1.067 1.033 572
Cyprus 660 386 544 1.288
Slovenia 455 496 681 737
Bulgaria 385 133 240 10
Estonia 362 534 820 326
Greece 300 613 608 184
Slovakia 261 170 241 329
Portugal 250 341 761 1.041
Norway 240 269 314 316
Hungary 172 302 323 307
Croatia 145 - 29 2
Lithuania 104 103 123 109
Iceland 63 - -
Poland 52 371 182 545
Latvia 4 8 5 10
Romania 4 2 15 11
European Union (15 countries) - -
Turkey — — 0 0
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demolition (C&DW) waste streams (Edge Environment
2011).

However, it is very difficult to know correct data and
establish statistics with any degree of confidence because
this form of waste is deposited both legally and illegally.
Also C&DW is often not recorded as a separate waste
stream, or is recorded incorrectly. Besides, there seems
to be confusion regarding the status of clean fill materials
that can be accepted for landfills establishment according
to European regulations (Bonoli, Garfi 2008; Dosal et al.
2012).

Even though this material is derived from cons-
truction or building projects, it is seldom recorded as
C&DW (EPA 2002; Simion et al. 2013).

The demolition of walls or renovation in course of
restructuring activities are perhaps the most immediate-
ly reminded of to the memory of the ordinary citizen, in
connection with the mounds of rubble often improperly
abandoned on roads and bank river (Balazs et al. 2010;
D’Andrea 1999).

1. Structure of C&DW and recycling/reuse
framework

Most of the materials obtained during dismantling can
be recycled and, if they receive an appropriate treatment
process, can become recycled raw materials that find their
target market materials for building and for construction
in civil engineering works. These products can be used for
many applications often quite comparable to performance
those of natural aggregates (Bonoli et al. 2006; Taranu
et al. 2012). In order to increase the recycling amounts of
C&DW it is necessary to know the specific composition
of this waste (Dosal ef al. 2012; Simion et al. 2013). The
typical components of C&DW include concrete, asphalt,
wood, metal, drywall, and smaller amounts of packaging
materials, such as paper and plastic (Coronado ef al.
2011). However, C&DW has a very inconsistent composi-
tion according to local building techniques, climate, eco-
nomic activities, technological development in the area,
available raw materials (Table 2). Their characteristics
depend in a high degree on the region and involve large
numbers of stakeholders (Coelho, de Brito 2013; Taranu
et al. 2012).

The enormous quantities of C&DW produced by
many anthropogenic activities generate the need of its
recycling: this is to reduce withdrawals from quarries
of natural materials and at the same time to reduce the
quantities of waste disposed in landfills. That’s in accor-
dance with European directives and national laws envisa-
ge the achievement of important objectives of recycling
and recovery. Directive 2008/98/EC on waste incorpora-
tes the need to quantify the waste stream and to improve
the C&DW recovery efficiency in the European Union

(EC Directive 2008). Moreover, the European Commis-
sion considers C&DW as a priority in waste stream mana-
gement due to large quantities produced yearly and, above
all, following its high potential for reuse and recycling
embedded in the waste structure (Coronado ef al. 2011;
Solis-Guzman et al. 2009).

Table 2. Compositions of C&DW in Europe (EPA, 2002)

Material Percentage of total fill (%)

Concrete 20-50
Bricks 5-20
Timber 5-20
Steel 5-15
Soil 15-70
Green Waste 5-20
Plastic 5

Certainly, recycling and waste reprocessing are
highly affected by this situation and their own impacts,
mostly due to transporting and reprocessing the materials
recovered could be increased by any inconsistence in was-
te composition. All these can weaken the benefits from
recycling, so as it is necessary to examine the lifecycle as
a whole and quantify the environmental impacts, based
on an adequate knowledge of the inputs to material reco-
very facilities, even more the Landfill Directive asks the
recycling target of C&DW by 2020 to be 70% (Bribian
et al. 2011; Coronado et al. 2011). The optimization of
recycling operations in dedicated facilities is necessary in
order to achieve this target, so as it is necessary to group
the waste into homogeneous fractions by (Bonoli ef al.
2000):

- selection of raw materials and their appropriate

storage containers;

- separation of waste to facilitate the treatment.

The recycling of building materials has its origin
in the time of the total or partial demolition of a manu-
factured housing (Mymrin, Correa 2007; Rigamonti ef al.
1996). Demolition technique adopted is closely related
with waste valorization: in fact, it has a direct influen-
ce on the quality of waste produced and of recycled ma-
terials. Those recycled materials deriving from treated
homogeneous waste possess a higher quality than those
coming from a heterogeneous mix (Pitalis 2009; Taranu
et al. 2012).

These actions are feasible if the building processes
use less natural resources and energy, and do not gene-
rate more waste than the production processes of similar
products using virgin resources. Furthermore, at present
the cost implications of preparing recycled or reused ma-
terials are often unclear (Gorgolewski et al. 2006; Bressi
1999).

In particular, the use of C&DW after adequate treat-
ment for civil engineering purposes may bring economic
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and environmental advantages due to the lesser need for
their transportation to landfill, reduced spaces designed
for authorized dumps, and to the considerable savings in
traditional quarry materials (Cupo-Pagano et al. 1994).
The Life Cycle Assessment (LCA) tool makes possible
a specific examination of particular construction waste
streams, taking into account impacts occurring over the
entire life cycle. There are numerous studies published in
which the LCA is applied to evaluate the impact of diffe-
rent construction materials and solutions (Bribian et al.
2011; Khasreen et al. 2009; Koroneos, Dompros 2007).

The aim of this paper is to analyze the processes and
materials involved in the Italian C&DW management sys-
tem and the environmental benefits of C&DW recycling/
reuse. Based on the above consideration, in this study we
developed a life cycle assessment approach to compare
the recycling/reuse scenario of C&DW management with
the conventional scenario, which processes natural inert,
against a range of environmental criteria. Two scenarios
were considered:

- scenario 1: production of aggregate 0/30 mm from

natural inert quarries (Fig. 1);
- scenario 2: production of aggregate 0/30 mm from
C&D inert waste (Fig. 2).

The two scenarios specific for the Italian Emilia Ro-
magna region are discussed and evaluated based on their
environmental impact, exploiting the facilities offered by
simulation software SimaPro 7.3.3, offered by the DI-
CAM University of Bologna.

2. Materials and method
2.1. LCA methodology

Customarily related to the analysis of products and mate-
rials, the use of LCA has extended in recent years to cover
larger processes and services such as waste management
(Curan 1996; Powell ef al. 1996). In this study the metho-
dological standards ISO 14040:2006 and ISO 14044:2006
were used. According to these standards, Life Cycle As-
sessment (LCA) is an internationally standardized metho-
dology for environmental assessment, applied to evaluate
the environmental impact of a product or system (ISO
2006a, b; Comandaru ef al. 2012; Georgakellos 2011; Ghi-
nea et al. 2012). LCA consists of four steps: goal and scope
definition, inventory analysis, impact assessment and inter-
pretation (Curan 1996; Ghinea, Gavrilescu 2010b; Ghinea
et al. 2012; Tosip et al. 2010; ISO 20064, b). This methodo-
logy can be used for modeling and simulation of waste ma-
nagement scenarios, supported by SimaPro software, while
all of the data needed for the life cycle inventory are col-
lected from the literature, the database of the software and
the municipal waste services (Kazemi ef al. 2012). With
SimaPro software tool, life cycle balances were elaborated
and analyzed in specific ways.

2.2. Goal and scope definition

The aim of the present analysis was to provide multiple
criteria for decision-making, according to the values of
three different methods to assess impact categories for
the two scenarios: natural inert processing (scenario I)
and C&DW recycling/reuse (scenario 2). The three met-
hods applied for impact assessment are: Eco-Indicator 99,
EDIP/UMIP and Cumulative Energy Demand.

The focal point is the inert waste, and the data are
compared to those for natural inert materials, related to
1 tonne of processed material as the functional unit. The
boundaries of the systems are drawn so as to comprise all
significant impacts.

2.3. Production and reuse of C&DW — system
boundaries

In the first step of LCA the boundaries of systems are
defined to identify inputs and outputs, so as to consider
all processes, the input data on energy flows and mate-
rial flows and output data related to specific issues. The
necessary treatment for C&DW recycling/reuse as raw
materials in new processes consists in: preliminary sepa-
ration, primary crushing, direct classification or screening,
secondary crushing and new separation. An efficient plant
is equipped with a technological line, which allows the
separation the incoming material into three streams: a sto-
ne material, a light fraction (paper, plastic, wood), a metal
fraction (Bonoli et al. 2006).

2.4. Inventory analyses phase

The inventory phase is conducted by collecting all in-
formation, using specific methods that were analyzed
comparatively with studies from literature and software
libraries, for all the sectors involving materials, energy
and fuels. Natural inert and inert wastes are analyzed in
all their phase of processing, normalized to the functional
unit (1 tonne) of material entering in the systems. The da-
tabase BUWAL 250 was used for all stages of assessment,
excepting the distribution of waste and iron extraction, for
which the Ecoinvent database has been used.

After data inventory collection and data normali-
zation to the functional unit, the environmental impact
was evaluated.

2.5. Life cycle impact assessment

Life cycle impact assessment is the phase in the LCA ai-
ming at understanding and evaluating the magnitude and
significance of the potential environmental impacts of a
product system. The life cycle of a product ranges from
resource extraction via material processing, manufactu-
ring, and product use or service delivery, to recycling, and
to the disposal of any remaining waste.
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Fig. 2. Scheme of the production process of aggregate 0/30 mm from inert waste
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some individual categories of impacts (Table 3). The cha-
racterization of the three main categories of impact and
of the individual categories is illustrated in Figs 3 and 4,
which allow making comparisons between the environ-
mental effects due to the production of aggregate in the
two analyzed scenarios. It can be seen that the impacts
generated by the production of aggregate from crushed
natural inert are important in terms of human health, eco-
system quality and resources.

Table 3. Impact categories determined with Eco-Indicator 99
method (Goedkoop et al. 2010)

Carcinogens

Respiratory effects (organics)

Respi . . .

Human health eﬁplratory effects (inorganics)
Climate changes
Radiation

Ozone layer

Ecotoxicity

Ecosystem quality Acidification/ Eutrophication
Land use
Minerals

Resources .
Fossil fuels

%
120
100

80

60

40
P e I e I —

0 = =

-20

-40

-60

-80
-100
-120

Human health Ecosistem quality Resources

[ Inertwaste [ Natural inert
Fig. 3. Characterization of impact with Eco-Indicator method

On the other hand, C&DW recycling generates
positive impacts on human health, and negative impacts
on ecosystem quality and resources but accounting for
about 20% of the impacts generated by natural inert pro-
cessing.

If the analysis is detailed by taking into account
the individual categories of impacts, it is evident that
the two scenarios induce negative impacts for all these
subcategories excepting Carcinogens and Minerals. In
these two cases, C&DW recycling generate positive im-
pacts.

However, unlike the situation presented in Fig. 3,
C&DW recycling induce high negative impacts in terms
of ionizing Radiation and Land Use (since the tempo-
rary storage of waste involves occupation of large ar-
eas), while for the other impact categories, the effects of
C&DW recycling account for maximum 30% of the im-
pact of scenario 1.

The recycling of C&DW allows, therefore, obtaining
the same product as from the natural inert quarry, but with
much lower impact on humans and the environment, fa-
vorizing the conservation of mineral resources, since their
extraction generates extensively environmental damages.

3.1.2. EDIP/UMIP method

This method allows the evaluation of various indicators,
the most important of which is the Global Warming Po-
tential (GWP), due to greenhouse gas emissions. Other
impact categories able to be assessed by the EDIP/UMIP
are as follows: ozone depletion; acidification; eutrophica-
tion; photochemical smog; ecotoxicity (water, chronic);
ecotoxicity (soil chronic); human toxicity (air); human
toxicity (water); human toxicity (soil); bulk waste; ra-
dioactive waste; slags/ashes; resources; hazardous waste.

120

110

100

-100

Carcinogens Resp. Resp. Climate Radiation
organics inorganics change

Ozone Ecotoxity Acidyfication/ Land use Minerals  Fossil fuels
layer Eutrophication

I Inertwaste [ Natural inert

Fig. 4. Characterization of impact categories with Eco-Indicator method
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Fig. 5. Characterization of impacts with EDIP/UMIP method

Figure 5 demonstrates that C&DW recycling and reuse
(scenario 2) generates positive impacts in terms of Pho-
tochemical smog, Ecotoxicity of water (chronic, acute),
Ecotoxicity of soil, Human toxicity (air, water, soil), bulk
waste, hazardous waste, Radioactive waste, Slag/ashes,
while the negative impacts account for maximum 40% of
those of scenario 1.

3.1.3. Cumulative Energy Demand method

This method considers the energy consumption, referring
to the different types of energy utilized in all phases of
life cycle, as extraction, processing, recycling, etc. mea-
sured in MJ (Fig. 6). Overall, the energetic consumption
for scenario 2 is 17% of that for scenario 1. Energy con-
sumption for the production of aggregate from C&DW
recycling or extracting natural inert material is presented
in Figure 6.

It’s important to observe that the energy neces-
sary for the production of aggregate from natural
inert is higher (1664.11 MJ) than that for inert waste
(246.41 MJ). Most of the energy comes from burning
fossil fuels, which have a high impact on health and the
environment.

The categories of energy taken into account in this
analysis are obtained from: fossil fuels, nuclear, biomass,
renewable (wind, solar, geothermal, etc.), hydroelectric
sources (Table 4). Data from Table 4 shows that there are
significant differences between the energy consumption
for C&DW recycling/reuse (scenario 2) and natural inert
processing, as follows:

- the potential consumption of energy from fossil

fuel for scenario 2 is 16% from that associated to
scenario 1;

Human  Human  Human Bulk  Hazardous Radio-  Slags/  Resources
toxicity  toxicity  toxicity waste waste active ashes (all)
air water soil waste

[ Natural inert

- the potential consumption of nuclear energy associ-
ated to scenario 2 is 11% from that for scenario I,

- the energy from biomass is coupled with energy
production in scenario 2, unlike the situation for
scenario 1, which consumes energy equivalent to
that from biomass;

- the potential consumption of hydroelectric
energy for scenario 2 is 9% from that for sce-
nario 1;

- the potential consumption of wind, solar, geot-
hermal energy is similar in the two scenarios.

2000.0

1000.0

Units

00 [
[ Inertwaste [ Natural inert

Fig. 6. Energy consumption with Cumulative Energy Demand
method

Table 4. Energy consumption for different type of produced
energy

Natural inert Inert waste (MJ)

MJ)
Fossil fuels 1300 210
Nuclear 185 20.6
Biomas 0.06 —0.09
;Lntﬁ’e ;‘I’llj‘lr 0.05 0.04
Hydroelectric 178 16.4
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3.2. Assessment of impacts associated to various
phases for the production of aggregate 0/30 mm
by natural inert processing (sce-nario 1)

3.2.1. Eco-Indicator 99 method

The analysis shows that the most impact is generated due
to the usage of aggregates for extraction, such as exca-
vator buckets and this is because they have high energy
consumption. The resulting impacts are high on human
health, quality ecosystems and the consumption of resour-
ce (Fig. 7).

Handling and distribution of materials, as other
phases of the process have also high environmental im-
pact, even if the order of magnitude is lower than that
for extraction, both due to the use of machines such
as power shovels and trucks that have substantial fuel
consumption and consequently high impact (Fig. 7).
However, the primary and secondary crushing have
smaller impacts. The same is true in the assessment
of impacts for the individual categories expressed in
Fig. 8. In this case it is necessary to emphasize that, as
regards the categories relating to radiation, the use of
the territory and the consumption of minerals play fun-
damental roles in the distribution phase of the material,

while the other does not contribute to the formation of
this kind of impacts.

3.2.2. EDIP/UMIP method

This method takes in account many indicators, including
the GWP, as a result of CO, emissions.

The Sankey diagram presented in Fig. 9 shows
that high GWP due to the production of CO, is associ-
ated with the extraction of aggregate from the quarry
(84,800 g), followed by handling through mechanical
shovels (6,890 g) and distribution (4,330 g) respectively.
The contribution of the stages of primary and seconda-
ry crushing is reduced, respectively 2,030 g of CO2 and
3,200 g of CO2, while the steps of screening and washing
do not involve the production of carbon dioxide (Fig. 10).

Fig. 10 shows that the extraction of aggregate from
the quarry and the distribution of the aggregate output
from the processing plant induce higher environmental
impacts. The first one contributes mostly to the Global
Warming Potential, Ozone Depletion, Acidification, Eu-
trophication, Photochemical smog, Human toxicity (air)
and consumption of Resources, while the latter is mainly
responsible for Human toxicity (water, soil).

Yo

s SRENEHERSRBIIREARY

Human Health

mm Excavator inert B Feed hopper

= \ibraking screen  mmm Vibro dryer = Sleve sleve

Ecosystem Quality

= Sieve roughing == Jaw crusher
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Fig. 7. Characterization of impact category for each phase of scenario 1 with Eco-Indicator 99

method
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Fig. 8. Characterization of individual impacts for each phase of scenario 1 with Eco-Indicator 99

method



Journal of Environmental Engineering and Landscape Management, 2013, 21(4): 273-287 281

p
Natural
inert
1,03E5
—— 1
1E3 kg 1E3 kg 1E3 kg 1E3 kg 1E3 kg
Excavatot Jow crusher Rotary mill Mechanical Distribution
inert shovel crushed inert
8,48E4 2,03E3 L 3,2E3 6,89E3 4,33E3
A A A A
566 MJ 20tkm
Electricity Tra:’::r;:;rt,
Italy EI250 28UCH S
9,85E4 4,33E3
T AA
493 MJ 83,1 MJ 286M) ] 249 MJ
Electricity Electricity Electricity Electricity
from coal B250 from gas B250 from lignite B250 from oil B250
1,49E4 1,88E4 1,08E3 6,36E4

Fig. 9. Mass balance flow sheet (Sankey diagram) for CO, produced during natural inert processing,
associated to GWP impact category
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Fig. 10. Characterization of individual impacts for each phase of scenario I with EDIP/UMIP method

3.2.3. Cumulative Energy Demand method 2,000

From Fig. 11 it can be seen that higher energy consump-
tion (1380 MJ equivalent) is attributable to the extraction

stage (the excavation process), followed by material £ 1,000
handling by mechanical shovels (111.6 MJ equivalents), -
transport and distribution by truck (70.95 MJ equiva-
lents), the secondary crusher (51.77 MJ equivalent) and
0.0

th.e jaw crusher (33.02 MJ eq.ulvalen.t). In Fig. 11 the steps  Exraction B Secondurycnshing I Distibution
with lower energy consumption equivalent to 10 MJ were W Primary crushing W Handling

ignored because they contribute to the expenditure of Fig. 11. Energy of individual phases for inert crushed
energy to a less significantly degree. processing
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3.3. Assessment of impacts associated to various
phases for the production of aggregate 0/30 mm
by C&DW recycling/reuse (scenario 2)

3.3.1. Eco-Indicator 99 method

In the production of aggregate 0/30 mm by C&DW
recycling/reuse, the phases of iron extraction from waste
and, respectively the subsequent recycling have environ-
mental and economic positive impacts. In fact, scenario
2 allows the recovery and sale of various materials that
would otherwise be disposed of in landfills (Fig. 12).
Table 5 shows the energy consumption related to other
phases that take part in the preparation process of aggre-
gate 0/30 mm from quarry material. On the other hand,
transportation of materials from the scrap yard generates
the highest negative impact in terms of Human health,
followed by materials distribution phase, which is also
characterized by high impacts in terms of Human health
and Ecosystem quality (Fig. 13).

Figure 13 also shows that mechanical shovels gene-
rate an impact almost equal to that of transport and dis-
tribution, if not superior, in the impact categories relating
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to the destruction of ozone layer, ecotoxicity and the con-
sumption of fossil fuels.

Table 5. Machinery used in the manufacture of grinding with
the consumption less than 10 MJ equivalents

Energy consumption

Phases (MJ equivalent)
Power (hopper) 0.87
Sieving (sieve roughing) 4.39
Screening (vibrating screen) 2.44
Washing (beating slurrying) 8.04
Drying (vibro drying) 1.82
Sieving (sieve sieve) 5.76
Handling (conveyor belt) 1.07

Conversely, iron extraction and recycling have po-
sitive contributions in almost all impact categories, espe-
cially for those related to the carcinogenic effects on res-
piration due to inorganic substances, ecotoxicity and the
consumption of minerals.

%

Human Health

B Trnggort to the system NN Hammar md

N Virating screen . Conveyor balt e

Ecosystem Quality

= Conveyor bek of
waste
I e chariical shovel

N ron extraction . [ron SAnspart

W Distrbution of nert waste

Fig. 12. Characterization of impacts generated by various processing phases involved in
C&DW recycling/reuse, based on Eco-Indicator method
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Fig. 13. Characterization of impacts generated in various phases of C&DW recycling/
reuse process assessed with the Eco-Indicator method
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3.3.2. EDIP/UMIP method

The flow diagram of CO, balance (Sankey diagram,
Fig. 14), closely related to the Global Warming Potenti-
al (GWP) highlights that the recycling of iron allows to
avoid CO, emissions, equivalent to 3430 g. The material
handling with mechanical shovels results in emissions of
CO, equivalent to 6890 g, while the transport system and
the distribution of the aggregate respectively are associa-
ted with CO, emissions equivalent to 6,500 g and 4,330 g,
respectively (Fig. 14).

1,55E4

Tp
Inert waste
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Similar arguments apply to sulfur dioxide (SO,) and
nitrogen peroxide (N,O,), respectively, responsible for
acidification and eutrophication potentials (Fig. 15). SO,
is generated in particular during handling with mechani-
cal shovels (60.1 g), transport to the waste plant (48 g),
distribution of aggregate (32 g) and grinding (8.6 g). The
equivalent quantities of N,O, generated during recycling
process are of 80.5 g in the transportation of waste, 53.7 g
in the distribution of aggregate, 21.1 g in handling with
shovels and 3.02 g in grinding. The quantities of these

6,5E3 985 —3,43E3

1E3 kg 1E3 kg 1E3 kg 1E3 kg 1E3 kg
Transport Hammer mill Iron Mechanical Distribution
to the system extraction shovel of inert waste

6,89E3 4,33E3

A
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Transport, Recycling Electricity
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from coal B250| from gas B250 from oil B250
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Fig. 14. Mass balance flow sheet (Sankey diagram) for CO, produced during C&DW
recycling/reuse, associated to GWP impact category
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Fig. 15. Characterization of impacts generated in various phases of C&DW recycling/reuse

process assessed with the EDIP/UMIP method
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gases emitted in the other phases of C&DW recycling are
relative small and therefore can be neglected.

3.3.3. Cumulative Energy Demand method

According to this method, an equivalent of 246.41 MJ is
necessary to recycle one tonne of C&DW. The extraction
of iron saves 60.78 MJ equivalents, while the transport
to the recycling plant involves a consumption of 0.38 MJ
equivalents, so that we have a positive balance of mining.
In Fig. 16 the technological phases with higher energy
consumption were compared, neglecting phases that con-
sume less (screening and handling through the web site
immediately after the screening, which needs 0.67 MJ
equivalents each).

2,00.07
a ]
£ 1,000
5 4
0.0
B Transport B Handling B Distribution
B Crushing W Handling shovels

Fig. 16. Energy of individual phases for C&DW recycling/
reuse

Handling shovels is the phase with higher energy
consumption, followed by transport of waste and the dis-
tribution of aggregate. To reduce the environmental im-
pact of C&DW recycling it is necessary to improve or
remove the three phases mentioned above.

Conclusions

In this study, we applied LCA to quantify the environ-
mental impacts in C&DW recycling/reuse, specifically in
the production of aggregate 0/30 mm. A comparison was
performed with the environmental performance of natural
inert processing, in terms of global impacts addressing the
whole process and for each technological phase. Three
methods were used for impact quantification of the two
scenarios: Eco-Indicator 99, EDIP/UMIP and Cumulati-
ve Energy Demand, according to Life Cycle Assessment
methodology, supported by SimaPro 7.3.3 software, and
based on primary data collected directly from the Italian
Emilia Romagna region.

The comparison of the two scenarios — the pro-
duction of aggregate from crushed inert (scenario 1)
and C&D waste inert (scenario 2), with the mentioned
methods showed that the recycling process generates a
significantly lower environmental impact compared to
that resulted from the natural inert processing, as regards

the emission of pollutants, the consequences on human
and ecosystems health, the amount of energy consumed.
It should be noted that, in the process of recycling, reco-
very of iron has a positive impact on reducing the con-
sumption of raw materials and energy consumed. Subs-
tantial differences appear between the two processes in
terms of global warming potential, since the production
of 1 tonne of aggregate from crushed inert generates
103,000 g of CO, equivalent, compared with 15,500 g
of CO, generated from the recycling of C&DW (almost
7 times lower). A similar argument applies to the acidi-
fication and eutrophication, assessed in terms of SO, and
N,O, emissions.

The technological phase with the higher environ-
mental impact and energy consumption is extraction of
minerals, followed by transport and handling.

Apart from the above mentioned aspects, recycling
of C&DW has several advantages, including: reducing
the exploitation of non-renewable raw materials; re-
duction in the number and size of the landfill; creation
of a material to replace natural raw materials such as
gravel and sand, with equivalent performance. Howe-
ver, the selective collection of various components of
C&DW should be helpful to ensure the efficiency of the
recycling process.

Assessing the costs of recycling technologies, emer-
ging affordability to promote these solutions rather than
conventional disposal in landfills, the eco-tax introduced
for the disposal of waste has contributed to this condition
benefit of recycling.

Considering the mentioned positive effects associa-
ted to the C&DW recycling/reuse, from both environmen-
tal and economical perspectives, it would be necessary to
strengthen the market for recycled aggregates, especially
in the perspective of sustainable development in the cons-
truction sector.
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