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Abstract: Collecting urban solid waste (USW) is a critical and essential phase for proper waste
management and valorization. To date, many data are available for large cities, but few studies have
focused on low-density areas, such as mountainous regions. Considering this lack in the literature, this
study aimed to compare two separate waste collection systems in two mountainous valleys in terms
of effectiveness and GHG emissions. In the first scenario, a mixed collection system (door-to-door +
centers) was used, while in the other, waste was separately collected by a full door-to-door system.
The results suggested that the full door-to-door system achieved better performance than the mixed
collection system (door-to-door + centers), with a fraction of separate waste collection compared to
the unit equals (0.84 ± 0.01 vs. 0.79 ± 0.02). Moreover, the full door-to-door system represented
the best option for collecting separate waste in mountainous areas in terms of GHG emissions, with
11.21 kgCO2, eq twaste

−1 emitted vs. 15.62 kgCO2, eq twaste
−1 in the case of the mixed system. Despite

utilities emitting a higher amount of GHGs in the door-to-door scenario (4.66 kgCO2, eq inh−1 y−1),
they were fully compensated for by the low GHG emissions from citizens in the mixed scenario
(1.77 kgCO2, eq inh−1 y−1 vs. 6.65 kgCO2, eq inh−1 y−1). Given the low amount of data on this topic,
this work could be considered as a pioneer study of waste management in mountainous areas by
comparing the results of two systems regarding effectiveness and GHG emissions. The outcomes
of this study could be helpful for waste utilities, institutional agencies, and local communities and
also serve as a tool for decision-making in the case of comparing the different options for USW
collection systems.

Keywords: Circular Economy; urban solid waste; separate collection; CO2; COVID-19; sustainability

1. Introduction

The increase in population and rapid urbanization have increased the quantity of
urban solid waste (USW) produced by the population. According to Shah et al. [1], more
than 2 billion tons of USW are produced annually around the globe. This amount is
expected to double by 2100 [2]. Therefore, developing structured waste management
systems is essential to prevent issues regarding public and environmental health and the
depletion of natural resources [3].

In this context, the Circular Economy (CE) concept has also gained importance in accor-
dance with the Sustainable Development Goals (SDGs) and FIT for 55 proposals. According
to these principles, USW must first be regarded as a source of material to be recovered and
reused; then, the useable portions of remaining waste (residual waste) should be considered
as a source of energy [4]. This is closely linked with the concept of waste hierarchy that is
promoted by the European Union, according to which after an initial minimization of waste,
the recovery of matter and energy is preferential to disposal in landfills [5].
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In terms of legislation, the current European Directive 2008/98/EC [6] focuses on
waste management while an additional “Circular Economy Package”, which was published
in 2018, contains four new directives regarding several fields of waste management (e.g.,
electronic waste, packaging, and batteries) [7–10]. The legislation regulating waste manage-
ment in Italy is the Legislative Decree 152/2006 and its subsequent amendments [11].

In order to reach the goals imposed by these directives (EC, SDGs and Fit for 55), the
separate collection (SC) of USW is necessary before the potential recovery of matter [12–14]
and energy [15–18]. In recent years, many cities have transitioned from traditional curbside
systems to door-to-door systems to increase the effectiveness of separate waste collection and
enhance the quality of collected materials [19–22]. However, the effectiveness of these systems
can vary depending on the specific characteristics of the area and the differences to other
systems in terms of cost–benefit ratio, which are not necessarily marked. For instance, Gadaleta
et al. [23] applied a multicriteria decision analysis (MCDA) and life cycle assessment (LCA) to
compare door-to-door and mixed (centers and door-to-door) systems for the collection of waste
in a large metropolitan area. They found that the deviation between the two systems in terms
of environmental and socio-technical criteria was less than 10% (in favor of the door-to-door
system), highlighting the intense competitiveness of the mixed collection model [23].

In the literature, many studies on the SC of USW are available; however, they have
mainly focused on significant communities and metropolitan areas, while only a few have
considered rural areas and mountain territories. High waste transportation costs due
to long distances and logistical inefficiencies (i.e., low density) are the most important
drawbacks in waste management in rural areas [24].

In addition, mountainous areas present significant morphological challenges that
are not evident in plain rural areas. The problem of long distances is joined by other
factors (e.g., the steepness of roads and the limited accessibility of some areas), which also
influence the means by which waste collections are removed. The particular orographic
and morphological characteristics of areas can also influence the effectiveness of collection
systems. Among the few available studies, Agovino and Musella [25] focused on the impact
of land characteristics on separate waste collection in Campania, a region in southern Italy,
23% of which comprises mountainous areas. They highlighted that collection in these areas
can be complex due to several factors, such as (i) the large distances that need to be covered
by the population and/or waste utilities and (ii) the higher costs [25].

Moreover, during the collection of USW, greenhouse gases (GHGs) are produced and
released into the atmosphere, although emissions levels depend on many factors, such as (i)
the collection system, (ii) the frequency of USW collection, and (iii) the type of fuel used by
collection vehicles [26–29]. Transportation is an essential factor that should be considered in
studies on GHG emissions within the waste management sector [30,31]. Generally, when long
distances do not need to be covered, emissions from transport are low compared to those from
the subsequent waste treatment phases [32]. However, in the case of mountainous areas, the
low population density can enhance the quantity of emissions. For instance, Korkut et al. [33]
estimated the emissions of a USW collection system in the city of Istanbul and found that in
less populated areas, where larger distances needed to be covered by the collection trucks, the
service was less fuel efficient and more impactful in terms of GHG emissions.

This work aims to analyze and compare two different management systems (door-to-
door and mixed approaches) in mountainous communities in the Alps (Non and Fiemme
Valleys) regarding the effectiveness of separate collection and GHG emissions. In previous
works, we have already investigated the management of USW in the same area of the Alps,
but a comparison between collection systems in terms of different environmental impacts
has never been discussed [22,34,35].

Given the limited available literature on the subject, this research could serve as a precursor
and pioneer study of waste management in mountainous areas by comparing two waste
collection systems regarding their effectiveness and GHG emissions. The outcomes of this study
could be helpful for waste utilities, institutional agencies, and local communities and could
serve as a decision-making and comparison tool for different USW collection systems.
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2. Materials and Methods
2.1. Description of the Case Studies

This study aimed to compare the effectiveness of two different methods for USW
collection in terms of separate collection and the GHG emissions, specifically CO2eq, in
mountainous valleys: (i) a mixed system (centralized + door-to-door system) (Scenario 1)
and (ii) a complete door-to-door curbside pickup system (Scenario 2). In order to compare
these different scenarios, two valleys in the autonomous province of Trento (Italy) with
similar characteristics in terms of extension and orography were selected as case studies.
The USW was considered to be attributable to 20 03 01 mixed municipal waste in the
European waste catalogue. It should be noted that the fraction of recyclable waste also
included materials with different European waste codes (EWCs) (Table A1).

2.1.1. Scenario 1: Mixed System

The Non Valley (Scenario 1) is formed of 23 municipalities, housing 39,000 inhabitants
and covering almost 600 km2. It is a moderate tourist area that is famous for its vast apple
orchards. Waste is mainly collected via mixed door-to-door and centralized collection
systems. The collection of unsorted urban dry waste (UDW) and organic wet waste (OWW)
takes place via door-to-door pickup service using 18 vehicles every two weeks (Figure 1).
Recoverable materials (e.g., paper, plastics, glass) are conferred directly to waste collection
centers by users (Table 1). Due to the fact that almost all types of waste are collected
at waste collection centers, the assumption that the conferment takes place weekly was
made following discussions with the local waste utilities. There are 21 collection centers in
16 different municipalities in the valley.

Table 1. Localities of the collection centers in Scenarios 1 and 2.

Collection Centers Localities

Scenario 1

S1_CC1 Castelfondo
S1_CC2 Brez
S1_CC3 Rumo
S1_CC4 Cavareno
S1_CC5 Sarnonico
S1_CC6 Cis
S1_CC7 Ruffré-Mendola
S1_CC8 Cloz
S1_CC9 Coredo
S1_CC10 Denno
S1_CC11 Bresimo
S1_CC12 Romallo
S1_CC13 Tassullo
S1_CC14 Flavon
S1_CC15 Sanzeno
S1_CC16 Iscle
S1_CC17 Sporminore
S1_CC18 Vervò
S1_CC19 Cles
S1_CC20 Taio
S1_CC21 Ton

Scenario 2

S2_CC1 Medoina
S2_CC2 Tesero
S2_CC3 Ville di Fiemme
S2_CC4 Ziano
S2_CC5 Predazzo
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Figure 1. Types of waste collection in the two scenarios. UDW, urban dry waste; OWW, organic wet
waste.

2.1.2. Scenario 2: Door-to-Door System

The Fiemme Valley (Scenario 2) extends over a territory of 415 km2 and comprises
nine municipalities. The total population of the valley is almost 20,000 inhabitants. Vast
wooded areas and a high tourist attendance also characterize the valley. Waste is mainly
collected via a structured door-to-door system. The local waste utilities provide a weekly
collection for UDW, OWW, plastic and cans, and paper, as well as the collection of glass
packaging every two weeks. Using 26 vehicles and following a detailed pre-established
schedule in each municipality, all materials are collected door-to-door from the users. For
waste disposal, the users are equipped with containers with automatic recognition and
identification plates on a free loan basis. Moreover, there are five collection centers in the
area for the remaining types of waste, which are used by citizens approximately once a
month to dispose of garden waste and other large organic waste materials (Table 1).

2.2. Data Analysis
2.2.1. Effectiveness of Separate Waste Collection

Local waste utilities and the Environmental Protection Agency obtained data about
the effectiveness of the separate waste collection from 2019 to 2021. For each scenario, the
effectiveness of the collection and separation of waste was evaluated using the recyclable
collection index (RI), urban waste-specific production index (UWSP), and the recyclable
waste-specific production index (RWSP), which are calculated using Equations (1)–(3).

RI (−) = RW/TW (1)

UWSP (t inh−1 y−1) = (RW + NRW)/population (2)

RWSP (t inh−1 y−1) = RW/population (3)

where RW is the annual production of recyclable waste (t y−1), NRW is the annual produc-
tion of non-recyclable waste (t y−1), and TW is the sum of RW and NRW (i.e., the annual
production of total urban waste).

2.2.2. GHG Emissions from Waste Collection

The estimation of GHG emissions in terms of equivalent CO2 (CO2, eq) emitted by the
transportation of waste was carried out for both scenarios using two different attributes:
(i) CO2 emitted by individual users when delivering waste to the collection centers and
(ii) emissions caused by the movement of the heavy vehicles used by the utilities for the
door-to-door collection of waste.
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The comparison of the two scenarios was conducted using two indices: (i) the waste-
specific emissions index (WSE) and (ii) the user-specific emissions index (USE). These were
calculated according to Equations (4) and (5), respectively.

WSE (kgCO2,eq twaste
−1) = CO2,eq emitted/W (4)

USE (kgCO2,eq inh−1 y−1) = CO2,eq emitted/population (5)

where W is the amount of transported waste (t−1 y−1), whether collected or delivered,
and CO2, eq is the equivalent CO2 emitted by the transportation of waste (kgCO2, eq y−1)
considering two different attributes: (i) the GHGs emitted by individual users when
delivering waste to the collection centers and (ii) emissions caused by the movement of the
heavy vehicles used by the utilities for the door-to-door collection of waste.

Emissions from Individual Users

The emissions from individual users when delivering waste to the collection centers
were calculated according to Equation (6).

CO2,eq emitted by users (tCO2,eq y−1) = families × N × Em × distance (6)

where the number of families was obtained by dividing each area’s population by the
number of members in each family (in both scenarios, an average of 2.3 family members was
assumed [36]) and N is the number of deliveries per year, which was assumed depending
on the scenario. In Scenario 1, most of the separate waste collection took place in the
collection centers; therefore, the number of deliveries per family was assumed to be one
per week. In Scenario 2, thanks to the structured door-to-door pickup system, the number
of deliveries per family was assumed to be one per month. In both scenarios, a year was
assumed to comprise 52.2 weeks.

The Em value of the specific CO2, eq emissions generated by private vehicles (kgCO2, eq

km−1) was obtained from the percentage distribution of the most commonly used types
of fuel and was considered equal to 0.154 gCO2, eq km−1 [37]. Vehicles running on diesel,
gas, and gas coupled with liquefied petroleum gas (LPG) accounted for 54.2%, 39.84%, and
5.96% of the total number of circulating cars in the autonomous province of Trento. For
each type of fuel, the average emissions were calculated using the arithmetic mean of the
emission values of medium-sized cars (i) used for passenger transport, (ii) class EURO 3 to
EURO 6, and (iii) traveling on country roads [38]. The data are reported in Table 2.

Table 2. Average emissions for different types of fuel. The emissions for each class were taken
from [38]. LPG, liquefied petroleum gas.

Fuel Type Emissions per Class
(g km−1)

Average Emissions
(g km−1)

Diesel

EURO 3 144.55

144.26
EURO 4 147.60
EURO 5 143.88
EURO 6 141.02

Gas

EURO 3 167.77

169.96
EURO 4 175.07
EURO 5 169.23
EURO 6 167.76

Gas + LPG

EURO 3 144.04

138.22
EURO 4 144.64
EURO 5 129.99
EURO 6 134.21
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The average distances traveled by individual users for the delivery of waste were
estimated as half of the average radial distance between the collection centers and those
closest to them. The average distances are presented in Tables 3 and 4. The distances used
for Scenarios 1 and 2 were 1.9 km and 2.2 km, respectively.

Table 3. The radial distances between the collection centers and those closest to them in Scenario 1.
To relate each collection center to the proper location, refer to Table 1.

Collection Centers Distance
(km)From To

S1_CC1 S1_CC2 3.6
S1_CC1 S1_CC3 9.6
S1_CC1 S1_CC5 3.4
S1_CC4 S1_CC7 4.2
S1_CC4 S1_CC5 3
S1_CC6 S1_CC11 3.2
S1_CC6 S1_CC3 4.2
S1_CC8 S1_CC2 2.2
S1_CC9 S1_CC13 1.2
S1_CC10 S1_CC14 2.6
S1_CC10 S1_CC16 1.2
S1_CC12 S1_CC4 5.4
S1_CC12 S1_CC8 3.2
S1_CC12 S1_CC6 6
S1_CC15 S1_CC12 1.6
S1_CC5 S1_CC7 3.6
S1_CC5 S1_CC2 3.4
S1_CC17 S1_CC21 5.8
S1_CC17 S1_CC10 5
S1_CC20 S1_CC18 4.4
S1_CC20 S1_CC9 2.4
S1_CC13 S1_CC19 3
S1_CC13 S1_CC15 4
S1_CC21 S1_CC10 2.4

Table 4. The radial distance between the collection centers and those closest to them in Scenario 2. To
relate each collection center to the proper location, refer to Table 1.

Collection Centers Distance
(km)From To

S2_CC1 S2_CC2 5.4
S2_CC1 S2_CC3 4.8
S2_CC4 S2_CC2 4.2
S2_CC4 S2_CC5 3

Emissions from Waste Utilities

The emissions contributed by waste utilities when collecting waste via door-to-door
systems were calculated according to Equation (7).

CO2,eq emitted by utilities (tCO2,eq y−1) = Journeys × Em × distance (7)

In this analysis, also considering the morphology of the territory, the use of heavy
vehicles (tare weight = 3.5 t; capacity = 1.5 t) was considered based on information provided
by the waste utilities. In both scenarios, 0.230 kgCO2, eq km−1 was used.

Based on the information provided by the waste utilities, in Scenario 1, the collection of
UDW and OWW took place in six distinct catchment areas. The mileage of each vehicle was
obtained from Google Maps©, considering the most efficient route in terms of consumption,
as can be seen from Table 5. The average distance of each journey was 22.43 km. The
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number of journeys was calculated by dividing the annual average amount of UDW and
OWW produced in Scenario 1 from 2019 to 2021 by the capacity of a single vehicle (1.5 t).
The numbers of journeys for UDW and OWW collections were 2015 and 1533, respectively.

Table 5. The average distance covered in each catchment area in Scenario 1.

No. Catchment Area Localities Distance (km)

1 Bresimo, Brez, Cagnò, Castelfondo, Cis, Cloz,
Livo, Revò, Romallo, Rumo 40.8

2 Amblar, Cavareno, Don, Fondo, Malosco,
Ronzone, Ruffreé, Sarnonico 19

3 Cles 2
4 Dambel, Nanno, Romeno, Sanzeno, Tassullo, Ton 35.3
5 Coredo, Sfruz, Smarano, Taio, Tres, Vervò 16.9

6 Campodenno, Cunevo, Denno, Flavon,
Sporminore, Terres, Tuenno 20.6

In Scenario 2, the number of journeys was calculated by dividing the annual average
amount of UDW, OWW, plastic and cans, paper, and glass packaging by the capacity of a
single vehicle (1.5 t). The numbers of journeys for UDW, OWW, plastic and cans, paper,
and glass packaging collections were 1027, 1190, 58, 1275, and 722, respectively. For each
vehicle, the mileage was obtained by dividing the total miles traveled for waste collection
by the number of vehicles and journeys. The average distance of each journey was 94.9 km.

3. Results and Discussion
3.1. Effectiveness of Separate Waste Collection

The amount of waste produced in Scenario 1 was more significant than that produced
in Scenario 2: on average, 17,833 ± 706 t y−1 and 10,972 ± 263 t y−1 were produced, re-
spectively. However, by evaluating the data relating to the amount of waste per inhabitant
(UWSP), it can be highlighted that production was lower in Scenario 1 with respect to Sce-
nario 2 (0.45 ± 0.02 t inh−1 y−1 vs. 0.54 ± 0.01 t inh−1 y−1) (Figure 2). Those values almost
agreed with the Italian average (UWSP = 0.50 t inh−1 y−1) and the southern Italian average
(which comprises predominantly mountainous areas) (UWSP = 0.46 t inh−1 y−1) [39].
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This result could be attributed to several factors, such as the following:

• Tourism is more developed in the Fiemme Valley (Scenario 2) than in the Non Valley
(Scenario 1) as annual non-permanent residents were, on average, more than dou-
ble in Scenario 2 with respect to Scenario 1 (197,179 ± 49,100 vs. 73,934 ± 19,744,
respectively) [40];

• Better economic conditions. The average annual income in the municipalities of
Scenario 2 was significantly higher than those of Scenario 1 (almost 23.8%) [41]. It
has been proven that the amount and composition of waste are linked to the annual
income of the population [42–44]. Despite it not being within the scope of the present
work to investigate the influence of annual income, it is reasonable to assume that
it could be a factor influencing the higher UWSP value in Scenario 2 with respect to
Scenario 1.

With regard to the effectiveness of the separate collection of waste (RI), the door-
to-door system (Scenario 2) proved to be better than the mixed system (door-to-door +
collection centers; Scenario 1), reaching 0.84 ± 0.01 vs. 0.79 ± 0.02. Also, in mountainous
areas, the door-to-door system allowed for the higher performance of separate collection, as
already demonstrated in previous studies on densely populated urban areas [19,45]. This
result could be explained by users needing to pay more attention to the entire door-to-door
system than at the collection centers. The tracking of incorrect collection was more effective
in the first method.

The results of the RI and UWSP reflected the RWSP, which remained higher in Sce-
nario 2 (0.46 ± 0.01 t inh−1 y−1 vs. 0.36 ± 0.02 t inh−1 y−1). Those values were compa-
rable to the Italian average (RWSP 0.32 t inh−1 y−1), but they were significantly higher
than averages in other predominantly mountainous areas (e.g., southern Italy, where
RWSP = 0.26 t inh−1 y−1) due to the higher performance of separate collection [39].

These results also agreed with those found in an analysis of the MSW management in
Bari (Italy). In that study, the better performance of door-to-door systems in comparison to
that of mixed systems was confirmed, in both environmental and economic terms [23]. On
the contrary, Schuch et al. [46] compared different plastic collection strategies in Austria
and found that that the best performance (up to 75%) was achieved in rural areas via
curbside collection.

It should be noted that the UWSP, RWSP, and RI were not affected by the COVID-19
period. During the COVID-19 pandemic, the Italian National Institute of Health applied
regulations about solid waste collection in both valleys [47,48]. For COVID-positive citizens,
using undifferentiated bags as the only collection tool was initially envisaged. For healthy
users, however, waste disposal via separate waste collection continued as normal. As
reported by the water utilities, in Scenario 1, collection centers were closed for the first two
weeks of lockdown; instead, the door-to-door collection of waste materials (glass, plastic,
aluminum, and paper materials) was carried out every 15 days. In the case of Scenario 2,
collection centers remained closed for about a month. However, the amount of waste
produced and the effectiveness of separate collection in the two scenarios were not affected.

3.2. GHG Emissions

The average annual GHG emissions for separate waste collection in Scenario 1 were
two times those in Scenario 2 (279.5 tCO2, eq vs. 128.6 tCO2, eq). Looking at the specific
production per ton of total waste collected and per inhabitant (WSE and PSE, respectively),
the GHGs emitted in Scenario 1 remained higher than those in Scenario 2 (Figure 3).

Considering the total waste produced and collected, the WSE in Scenario 1 was almost
40% higher than that in Scenario 2 (15.62 kgCO2, eq twaste

−1 vs. 11.21 kgCO2, eq twaste
−1).

These results were lower than those obtained by Yaman et al. [26] regarding three urban
provinces in Saudi Arabia (29.14 kgCO2, eq twaste

−1 on average). This difference could be due
to different emission factors being considered when estimating vehicular emissions during
transportation and the different types of waste collection. The full door-to-door system
produced a huge amount of GHG emissions (14.55 kgCO2, eq twaste

−1 and 3.44 kgCO2, eq
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twaste
−1 in Scenarios 2 and 1, respectively), while a significantly lower amount of GHGs

was emitted by citizens bringing waste to collection centers (6.98 kgCO2, eq twaste
−1 vs.

20.78 kgCO2, eq twaste
−1).
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In terms of PSE, the full door-to-door system remained the most advantageous, with
7.11 kgCO2, eq inh−1 y−1 vs. 6.43 kgCO2, eq inh−1 y−1 being emitted in the case of the mixed
collection system (Scenario 1) with respect to the full door-to-door system (Scenario 2). As
for WSE, the high amount of GHGs emitted by the utility vehicles (4.66 kgCO2, eq inh−1 y−1

vs. 0.47 kgCO2, eq inh−1 y−1 in Scenarios 2 and 1, respectively) was compensated for by
the significantly lower amount of GHGs emitted by citizens (1.77 kgCO2, eq inh−1 y−1 vs.
6.65 kgCO2, eq inh−1 y−1).

In terms of GHG emissions during the collection of USW, these results prove that the
full door-to-door system (Scenario 2) is the best option for separate waste collection in
low-population areas, such as mountainous regions. However, several actions have been
suggested in the literature to reduce emissions further. In this case, considering that most
of the emissions were produced by utility vehicles, the renewal of the fleet of vehicles to
focus on those using alternative fuels and the optimization of collection routes could help
to reduce these emissions [49].

3.3. Limitations of Study and Possible Directions for Future Research

The lack of previous in-depth studies on the topic lends significant importance to this
study. However, the results obtained so far could be enriched with statistical studies. The
limited dataset did not allow for a t-test or analysis of variance (ANOVA) and represents a
study limitation. Therefore, this aspect should be taken into account in future analyses. A
detailed study on the advantages of door-to-door systems would not only enrich the litera-
ture on the topic but would also allow an adequate amount of data to be provided to waste
managers to assist them in their decision-making for operations in mountainous areas.

To ensure a detailed overall vision of the topic, further specific analyses could be
derived from investigations and surveys regarding the relationship between waste disposal
and daily transport for diversified activities (especially in the case of mixed waste collection
systems). In this analysis, weekly (Scenario 1) and monthly (Scenario 2) deliveries by
users from home were assumed and estimated. However, this assumption did not take
into account the possibility of waste being taken to collection centers during journeys
that were already made routinely (to reach work, go shopping, etc.). Therefore, detailed
investigations could be carried out to better describe the situation of that particular case
study. Moreover, further additional economic studies could be conducted to understand
the relationship between environmental and economic benefits.
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4. Conclusions

This study aimed to compare two separate waste collection systems in low-density
areas (Alpine valleys) in terms of effectiveness and GHG emissions. In terms of sepa-
rate waste collection, the results suggested that the full door-to-door system (Scenario 2)
achieved better performance than the mixed collection system (door-to-door + centers;
Scenario 1) (0.84 ± 0.01 vs. 0.79 ± 0.02). This result was obtained despite the higher
amount of waste produced in Scenario 2 with respect to Scenario 1 (0.46 ± 0.01 t inh−1

y−1 vs. 0.36 ± 0.02 t inh−1 y−1). In terms of GHG emissions, the results proved that
the full door-to-door system (Scenario 2) represented the best option for collecting sep-
arate waste in mountainous areas, with 11.21 kgCO2, eq twaste

−1 emitted compared to the
15.62 kgCO2, eq twaste

−1 estimated in Scenario 1. The high amount of GHGs emitted by utility
vehicles (4.66 kgCO2, eq inh−1 y−1 in Scenario 2 vs. 0.47 kgCO2, eq inh−1 y−1 in Scenario 1)
was fully compensated for by the significantly lower amount of GHGs emitted by citizens
(−66% for WSE and −73% for PSE).
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Appendix A

Table A1. European waste codes (EWCs) of RW.

Waste Type EWC Code EWC Description

Paper and cardboard 15 01 01 Paper and cardboard packaging
20 01 01 Paper and cardboard waste

Plastic
15 01 02 Plastic packaging
20 01 39 Plastic
02 01 04 Waste plastics (except packaging)

Glass
15 01 07 Glass packaging
20 01 02 Glass
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