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Abstract: Trentino (an Italian Province located in the northern part of the country) is equipped
with a management system of municipal solid waste collection at the forefront. Among the most
positive aspects, there is a great ability for waste separation at the source and a consequent low
production of residual municipal solid waste for disposal. Latest data show a gross efficiency of
selective collection that has recently reached 80%, one of the highest values in Italy. This study
analyzed the “Trentino system” to identify the main elements that have been at the base of the
current efficient model. This provided an opportunity to propose a selective collection quality index
(5CQYI), including collection efficiency for each fraction, method of collection, quality of the collected
materials, presence of the punctual tariff and tourist incidence. A period relevant for the transition of
the collection system to the recent one was chosen for the demonstrative adoption of the proposed
indicators in order to determine the potential of the index adoption. Results of the analysis of this
case study were obtained in a quantitative form thanks to the sub-parameters that characterize the
proposed index. This allowed selected collection decision makers to focus intently on a territory to
find criticalities to be solved. For instance, the use of the index and its sub-indicators in the case of
Trentino identified and comparatively quantified the local problems resulting from the presence of
a large museum in a small town, tourism peaks in some valleys, and a delay in the punctual tariff
adoption. The index has been proposed with the aim to make available an integrated tool to analyze
other areas in Italy and abroad.

Keywords: quality index (SCQI); municipal solid waste (MSW); MSW management; selective
collection (SC); tariff

1. Introduction

In Europe, the framework of waste management in various countries is very different, but it
is interesting to note a common profile related to areas climatically homogeneous and traditionally
similar in cultural habits. For example, the use of landfills is predominant, especially in the countries
of southern Europe. In Greece and Romania, the amount of waste disposed of in landfills exceeds
80%, and in Spain and Italy, their role remains significant [1-5]. In the countries of northern Europe,
instead, incineration prevails, except in Finland and England [6-12]. Countries with a “cold climate
require large amounts of thermal energy for most of the year and are oriented towards a waste
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management model that encourages recovery of their energy content. The production of fuels and/or
biofuels from municipal solid waste (MSW) has become very important in European Union (EU)
countries [13-18]. In this framework, there is an option that is always considered strategic: selective
collection (SC) [19]. Starting from this assumption, the Province of Trento (Italy) is performing an
integrated waste management system taking into account the circular economy view regarding the
recovery of material and energy and defining strategic policies in order to achieve the following targets:

1. adecrease in the total amount of MSW even considering the population growth; this goal involves
the constant reduction of MSW per capita generation;

2. definition of specific yields of selective collection (SC) for each fraction of waste: these yields
integrate the average percentage of recycling (%SC) typically adopted for characterizing the sector;

3.  definition of a threshold of residual waste (RMSW) as a result of the combination of the reduction
of the total production of waste and the achievement of the goals of SC.

To understand the distinctive features of the system in the Province of Trento and to identify
the elements that can be improved, indicators have been studied and aggregated into a specific
index; their evolution over time highlights the qualitative evolution of the waste management system.
This approach ensures the correct implementation of all the helpful steps suitable to provide the full
effect of the principles imposed by law.

2. Municipal Waste Management in the Case Study

2.1. Organization Criteria

The implementation of the strategies established by local planning has led to a reorganization of
SC that has grown steadily. In the last decades, SC in the Province of Trento has increased from 21% in
2002 to more than 80% today [20]. This also depends on the transition to the method of the punctual
tariff extended to all collection areas. A punctual tariff means that a user pays depending on their
MSW production; in the case study, that depends specifically on the RMSW produced by each user.
In this regard, the resident inhabitants (RES) can be calculated based on the public registration data.
The equivalent population (EQ) considers, besides the resident inhabitants, the number of tourists
annually derived from the records of hotel businesses and similar activities, and the number of second
homes. The total of the Province of Trento was EQ 609,163 in 2012 and EQ 621,512 in 2016, with an
EQ/RES ratio of around 1.15 in both cases.

The total production of MSW in the Province of Trento has remained steady over the last decade.
Faced with an increase in the equivalent population of a few percentage points, the primary strategic
objective of waste reduction has been reached. However, unexpected “help” to reach this target came
from the economic crisis of the last decade that reduced the consumption of families.

In 2012, the total MSW production (270,200 t including street sweeping waste) marked the most
significant yearly reduction (—9950 t), decreasing to a per capita MSW production value of 442 kg eq-inh !
year~! [21]. In 2016, this value reached 427 kg eq-inh ! year~!, confirming the trend to a reduced amount
of MSW [21].

In Figure 1, the composition of MSW from the point of view of SC and RMSW is presented with
reference to 2016 [21]. The pie allows checking the role of each fraction in the frame of SC: food waste
and cellulosic materials play the most important roles in source-separated streams.

The residual municipal solid waste (RMSW) decreased from 216,400 t/year in 2002, to 73,800 t/year
in 2012, to 59,400 t/year in 2016.

The production of per capita RMSW decreased from 388.9 kg eq-inh~! year—! in 2002 to 121.3 kg
eq-inh~! year~! in 2012, to 95.4 kg eg-inh~! year—! in 2016 (with EQ/RES not increasing in that
period), demonstrating a clear change of behavior among the citizens.

The dynamics of SC and RMSW in the last decade are reported in Figure 2, showing high values
of SC already reached 10 years ago [21].
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Figure 1. MSW composition (SC view) in the Province of Trento (2016).
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Figure 2. Dynamics of RMSW and SC in the Province of Trento.

2.2. Financial Aspects

The Italian national regulation states that the administrative and management functions related to
waste management are given to municipalities that must apply a specific tariff to users. The tariff must
cover all the costs related to the collection service, including administrative costs (i.e., amortization of
investments), following the principle of “the polluter pays”. The tariff is structured in two parts: a fixed
part to cover the fixed costs and a variable part applied to variable costs. The “polluter pays” principle
is applied, usually, evaluating the variable part of the fee in relation to the amount of waste considered
“pollutant”, that is to be disposed of (unsorted waste). This is not the unique approach adopted in Italy:
in some cases, a reverse mechanism is used to reward the source separation of recyclable materials.
In both cases, the method of collection is performed to enable the “punctual” measurement of waste
streams and to identify the user who delivers it to the collection service. The adoption of a tariff with
an accurate measurement of unsorted MSW produced by the user (UNS) quickly leads to a substantial
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reduction of the quantity of unsorted MSW. Of course, the quality of SC must be guaranteed by an
adequate system of punctual control. In spite of that, in the Province of Trento, the decrease of unsorted
MSW corresponded to an increase in scrap in the SC, indicating errors in separation by users and a
few attempts to circumvent the system of punctual charging.

3. Materials and Methods

3.1. Percentage of SC

The percentage of selective collection (%gc) is the main indicator used in the sector. The percentage
of SC is defined by the ratio:
o/osc = (Zi SCi/MSWTQT) x 100 (1)

In the classic version, the numerator (SC) is given by the sum of all municipal waste separately
collected, while the denominator is the total of the collected municipal waste. MSWtqr is the sum of
SC and RMSW (separately collected waste + unsorted waste, bulky and street sweeping waste).

The %sgc is often mistakenly identified as the level of waste recovery downstream of all treatments.
Of course, collection is not equal to recovery. There are, at least, three waste streams demonstrating
that, because they follow final disposal paths at the end of the plant chain:

> municipal hazardous waste: even separately collected, this is largely intended for disposal;
> impurities collected;
> scraps from the treatment chain.

Therefore, the percentage of waste effectively recovered is less than the %SC, and the results must
clearly point out differences.

3.2. Effect of Main Parameters on SC Calculation

Data at the yearly level can be used to carry out an SC calculation analysis. We identified four levels
of the “purity” of the collection (A, B, C, D), and we used five models of SC calculation (C1 ... C5):

A.  use waste collection data as officially announced by the General Managers of the Province
(“original data”)
B.  distribute the multi-material collection in different components such as glass, plastic, metals

and scrap based on analysis conducted by the National Consortium for packaging management
C.  eliminate the impurities of the collection
D. eliminate the waste treatment scraps

The parameters related to the impurities of the collection and the waste treatment scraps can be
estimated using a mass balance of selection and treatment plants. For the collection of multi-material
packaging and single-material plastic, however, the impurities and scraps can be obtained from the
periodic analyses and statistical processing conducted by the National Consortium for Packaging.

The calculation models taken as reference for the application of Formula (1) are the following:

> Cl. Conventional: the numerator (SC) is given by the sum of all fractions separately collected,
excluding the unsorted, bulky and street sweeping waste (considered in the denominator
as RMSW).

> C2. National: in the numerator of the Equation (1), the method adopts Xi SCi. Specifically, the
considered streams are the organic fraction (wet + green), packaging (paper, plastic, glass, wood,
metal, including fractions resulting from multi-material collection, net of scraps), WEEE from
households, bulky to be recovered, used clothing and textile waste and SC of hazardous waste
(batteries and accumulators, expired medicine, T/F containers, ink, paint oils, other hazardous
waste). The denominator has the same amount reported in the numerator (i SCi) to which, at the
national level, the unsorted MSW and waste from street sweeping (MWuns), the bulky waste
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(BW) and the SC scraps (SCS) are added (for example: waste from multi-material collection).
Therefore, Formula (1) becomes:

%gc = Xi SCi/(Xi SCi + MWuns + BW + SCS) x 100 2)

Inert waste is not counted in urban waste and, therefore, it is neither in the numerator nor the
denominator of (2), even if arising from household demolition.

> (3. Provincial: Similar to the conventional model with the difference that in the denominator,
the waste from street cleaning is not considered. The obtained value is consequently slightly
higher, if compared with the traditional method. The exclusion from the calculation of the
street sweeping waste is motivated by climatic variables (mainly snow and ice) that the citizen
cannot influence.

Additional assumptions are necessary for managing biostabilisation as landfill pre-treatment and
the role of home composting.

It is assumed (C4) that all the unsorted MSW is subjected to a process of biostabilization before
being stored permanently in a landfill. In the Province of Trento, biostabilization is required by law
when the organic fraction to be landfilled exceeds the limit of 115 kg eq—inh’l year’l, in order to
reduce the possible negative effects on the management of the landfill.

Concerning home composting, when it is sufficiently widespread, it removes a major part of the
organic waste from collection service, reducing waste production. This provides an additional model
of calculation (C5).

Thus, five different values of percentage of recycling combined with four levels of purity of the
collection were calculated, yielding 20 combinations.

3.3. Selective Collection Quality Index

The authors defined a new index to support the %gc to obtain a clear reading of the achieved
results. Indeed, in addition to %sgc, other indicators need to be integrated in a new index to understand
how effective SC is, such as:

e  collection efficiency for a single fraction
e adopted system and method of collection
e quality of SC

e implementation of the punctual tariff

e  tourist incidence

The purpose is to define a synthetic index, SCQI (SC quality index) that is fed by the various
indicators listed above, in order to identify the best management models. Its definition will require an
eight STEP pathway, pointed out as follows.

Regarding the efficiency related to each fraction and the evaluation of the tourist incidence, it is
sufficient to apply the respective definitions. The application of the punctual rate is a simple binary
yes/no, while it is possible to create an abstraction for classifying the sorting system and method of
collection, assigning a value to the single conventional configuration according to a scale of values
fixed as reference.

The measure of the quality of the collection is highly conditioned by the scrap of SC, which is the
fraction of waste unrelated to the amount of collected fraction. Usually the difference is due to user
errors in separating the waste, especially in the case of plastic packaging.

Within multimaterial collection, there are high percentages of scrap, mainly composed of waste
not amenable to further recovery.

The high amount of existing plastic for packaging that leads to unify all of the objects made of
plastic, facilitates this phenomenon.
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It is important to impose continuous control on users to fight the transfer of foreign materials.
To this end, we note the importance of the unique user-container relationship to improve the quality of
the collection.

The analysis of all (or at least the most important) waste collected fractions would be required
to determine the scraps of recycling. However, it is possible to determine with certainty only the
impurities in the collection of packaging.

The scrap of the collection can be used as a variable key in assessing the quality of the
collection system.

Starting from these considerations, the variables considered in the construction of the SCQI are
(STEP 1):

e  Scrap of SC (Ssc): this is the tons of waste expelled from the SC stream during the selection phase.
The data originate from product analysis performed on the collection of multi-material packaging
and single plastic materials, which are only systematically available every three months from the
National Consortium of Packaging [22]. For other fractions (i.e., organic, paper and cardboard),
few data are available and are more sparse in time; they are assembled directly by the Province of
Trento from selected plants.

e  Gross SC (SCg): this is the tons of waste collected separately, both with curbside systems and at
collection centers. The waste fractions are organic, green, paper and paperboard, multi-material,
glass, metals, plastics, wood, textiles, WEEE (Waste from Electric and Electronic Equipment),
hazardous wastes, and others. It includes residues of waste collection.

e  Unsorted waste (UNS): this is the tons of rubbish collected by the users with a dedicated system.

e  Bulky waste (BW): this is the tons of bulky waste collected mainly at the collection center. In some
territories, the withdrawal is active on call at the user’s home.

e Residents and equivalent population (RES, EQ).

Starting from the shown variables, we can define some derived variables (STEP 2):

e Net SC, that is SC without scraps:
SCN =SCg — Ssc 3)

o  Residual MSW, that is MSW not managed by SC:
RMSW = UNS + BW 4)
e Percentage of SC (definition of the Province of Trento):
%gsc = SCg/(SCg + RMSW) ®)
e  Tourist impact TI, as tourism causes an increase in anthropic pressure:
TI = EQ/RES — 1 Q)
e  The SC purity index (PI) has been defined as (STEP 3):

PI=Ssc/SCq 7)

The ratio shows how the collection system is characterized by a little amount of scrap. It has
a value between 0 and 1.

The preferable results are characterized by low Sgc associated with high SCg. The indicator has a
clear physical meaning and it is easy to understand. Low values of the index represent the best class
that gets worse with increasing PL.
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P, by itself, does not distinguish between areas characterized by little scrap and an undeveloped
SC system with territories with higher scraps, but high levels of SC. To properly judge the effectiveness
of a SC system, PI must be associated with other leading indicators, such as the collection rate and the
per capita production of waste. We consider it useful to introduce some correction factors for PI in
order to obtain a new index that summarizes the effect of the considered variables.

We considered the following factors, with the aim of building a quality index with higher general
validity than PI (STEP 4):

(@) Level of SC: the territories with a greater percentage of SC generally have a higher amount of
scrapes. At constant P, the territories with lower %gc must be penalized as a collection system
as higher %sc initially requires a substantial investment in human, organizational and economic
resources. Consequently, PI must grow and the correction factor becomes:

ko,sc = (1/%sc — 1) (8)

with ke,gc € [0, oo], with extremes at %gc = 1 (or 100%), and Y%gc = 0%.

The infinitive value is an extreme case as it means that there is no SC (not acceptable in EU)

(b) Underutilization of SC: Sgc is usually a proportion of waste that had to be classfied as
undifferentiated. In this context, the approximation is acceptable. A low production of unsorted
MSW (UNS) does not automatically show an efficient collection system when associated with
high levels of Sgc. In this configuration, a transfer of waste from the undifferentiated stream to
the collection ones outlines obvious diseconomies of management.

The correction factor is:
kuns = Ssc/(Ssc +UNS) )

with kyns € [0, SCG/(SCG + UNS)]

Ssc + UNS represents the “real” undifferentiated waste. The areas with low Sgc and high UNS
have a very low ratio, while the territories with high Sgc and low UNS are characterized by a high
ratio. The higher the Ky ratio, the more the SC results are underutilized.

(c) Migration of bulky waste: the production of bulky waste should be an independent variable of
the collection system, reaching standard per capita values. In more advanced collecting systems
(high %sc), there is a migration of waste from undifferentiated to bulky. If strict control is not
active at the collecting centers and the punctual tariff is applied, the user is encouraged to deliver
part of unsorted MSW to the collecting centers to reduce the variable part of the tariff. The formula
of the correction factor is:

kpw = BW/RMSW (10)

with kgw € [0, 1].

(d) Inhabitants and tourist incidence: with all factors constant, the organization of the collection
service, in areas with a high number of resident inhabitants and/or a high tourist incidence,
is more difficult. The tourist incidence is given by the ratio:

(amn1)ij = EQ;i/RES;; — 1 (11)

with i = catchment area, j = year

To determine decreasing factors with increasing variable (RES and ajn 1), we calculated the ratio
using the maximum value of the data series for the year j, according to the following expressions:

o  coefficient of permanent residents:

ARES = 1-— RESll/max{RESI}] (12)
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e  coefficient of tourist incidence:
ar =1 — (amnv1)ii/max{(ain)} (13)

The linear combination of the two coefficients provides the correction factor kap that, in the more
severe case (a territory at the same time characterized by maximum permanent residents and highest
incidence of tourism: aggs = 0 and aT = 0), assumes a unit value. Thus,

KAB = aRrgs +ar (14)

Starting from this framework, the authors propose the following formula (STEP 5) for an SC
quality index (SCQI), whose calculation pathway can be reconstructed according to the method
proposed by Kyriakis et al. [23]:

SCQI =PI x (1 + k%SC) X (1 + kUNS) X (1 + ka) X (1 + kAB) (15)

A high value of the index corresponds to a low quality. SCQI coincides with the index of purity
PI when a territory simultaneously presents all limiting situations. Consequently, SCQI > PI.

The various contributions of the k factors have the same weight in the formula of SCQI. It is
considered appropriate to introduce a weight coefficient p [0, 1] for each factor k in order to better
calibrate the influence of SCQI based on the historical data available. Therefore, denoting K (capital
letter) as the definitive formula of correction factors, the individual expressions become (STEP 6):

Kosc =1+ pYsc X kosc (16)
Kuns =1+ puns X kuns (17)
Kpw =1+ ppw X kpw (18)
Kap =1+ pres X args + P7 X aT (19)
From which (15) becomes:
SCQI =PI x K%SC X KUNS X Kgw X Kap (20)

To fully assess the influence of the four K contributions in (15), a set of indexes was defined as
follows (STEP 7):

Loysc =PI x Koysc (21)
Iuns =PI x Kyns (22)
Igw = PI x Kgw (23)
Ing = PI x Kap (24)

It is appropriate to define a limited number of classes (STEP 8) in order to facilitate the reading of
PI and SCQI. We have chosen to fix three classes:

e  (lass 1-high
e  C(Class 2—average
e  (lass 3-low

Data related to a period of some years can be used in order to define the limit values of PI and
the correction factors. For the correction factors, limits can be established in relation to the best and
worst performances in the catchment areas, in accordance with the objectives of the planning data.
For PI, class limits can be defined by evenly distributing the frequency of the sample. SCQI, contrary
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to PI, does not have a real physical meaning, but represents an abstraction of the quality of the
collection, through the linear combination of dimensionless quantities, based on per capita waste
weight and inhabitants.

PI must be analyzed together with other factors that characterize the system in order to have
a complete and comprehensive reading of the achieved results. Instead, SCQI does not need to explain
the characterizing factors, except to understand the origin of the corrections.

3.4. Selection of the Period to Be Analyzed

The years close to the one of introduction of the punctual tariff (Y = 2011) were chosen to assess
the proposed index and its sub-parameters; indeed, these are years when the SC efficiency was still
growing significantly and not homogeneously in the territory. Thus, an analysis of that period can be
useful for pointing out specific criticalities that today are no longer visible. For instance, in the chosen
period, the delay in the optimization of SC in areas with a higher presence of tourists is more visible.
Data for 2016 show smoothed differences in the territory and thus are less interesting for testing the
proposed index.

4. Results and Discussion

4.1. Overall SC

In Figure 3, the SC efficiency for each community in the Province of Trento is reported referred to
the year Y + 1. Data were checked to find areas where SC was delayed. Only the town Rovereto showed
a delay in SC optimization apparently not related to the peak of tourism; this can be explained by the
presence of an important museum that can be visited without requiring a night spent in this town:
the tourist flux is higher than the one monitored. Consequently, the SC delay cannot be attributed only
to a lack of attention of the resident population.

%SC year=Y+1

Total province of Trento
Trento*

Rovereto*
Isera*
Val di Fassa***
Vallagarina*
Alto Garda**
Giudicarie*
Val di Sole**
Val di Non*
Piana Rotaliana, Val di Cembra, Valle dei Laghi e Altopiano...

Catchment area

Alta Valsugana*
Bassa Valsugana*

Primiero*

Val di Fiemme*

(=]

10 20 30 40 50 60 70 80 90 100

Figure 3. Catchment areas of MSW in the Province of Trento, relevance of tourism (number of *) and
percentage of SC. SC delay is pointed out in orange in case of efficiency lower than 65%, i.e., the target
set in Italy by law. Notes: * areas with 1 < [EQ/RES] < 1.5; ** areas with 1.5 < [EQ/RES] < 2; *** areas
with 2 < [EQ/RES] < 2.5.

Analyzing the per capita RMSW production in different areas, in Table 1 it can be seen that the
highest values were recorded in the catchment areas that had not yet adopted the method of punctual
tariff service. Where the punctual tariff was consolidated, the annual production per capita resulted in
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even less than 100 kg eq-inh ! year~!. Val di Fiemme was the first territory to invest in this system,
applying the method of curbside collection of unsorted MSW.

Table 1. Production per capita of RMSW (kg eq-inh ! year—!) in year Y + 1 and the applied tariff model.

Areas of MSW Collection Presumptive Tariff Punctual Tariff

Alto Garda 193.4
Val di Sole 161.3
Trento 156.5
Rovereto 151.2
Vallagarina 137.4
Val di Fassa 127.8
Province of Trento 121.2
Isera 116.9
Bassa Valsugana 105.0
Val di Non 92.8
Alta Valsugana 81.8
Primiero 78.8
Giudicarie 75.8
PR-VDC-VDL-ADP 74.1
Val di Fiemme 55.9

4.2. SC Calculation Analysis

A number of parameters, calculated as follows (Table 2), have been used to perform the analysis:

1. Composition of multimaterial collection: it is the provincial composition related to the year Y + 1.
For each quarter, the area sample was rebuilt multiplying the percentage of the fraction by the total
amount of collected multimaterial. Subsequently, all contributions were added (all quarters of
each basin), obtaining a single provincial sample, from which the percentages of composition were
determined. With these percentages, multiplying by the total amount of provincial multimaterial
(29,467 t), the quantities were determined. In this way, the sample represents the weighted
average of all the considered analyses.

2. Impurities of multimaterial collection: the analysis limits the estimate of the impurities of the
main collected fractions with dedicated systems that generate significant amounts of waste.
The coefficients in the column % were estimated based on literature values [21], except for the
plastic data that were derived from the product analysis conducted by the National Consortium
for Packaging.

3. Assessment of treatment scraps: the percentages were estimated by averaging the data for some
treatment plants present in the Province. The value of the plastic is based on a statistic by the
National Consortium for Packaging.

4.  Biostabilization of unsorted MSW: operating parameters (for year Y) of the biostabilization
plant installed at the Rovereto landfill were adopted for the analysis. The plant received
20,000 tons/year of unsorted MSW, coming from a basin with about a 185,000 equivalent
population. The plant, besides being the largest in Trentino, is representative because the
territories of its catchment area were characterized by very different levels of recycling,
evenly covering the whole Province. Consequently, the unsorted MSW sent to the plant had
a composition sufficiently distributed that can be used as a reference. When calculating the %gc
we have considered as denominator, besides the usual fractions of recycling and related scraps,
the waste landfilled after biostabilisation: oversize and biostabilized.

5. Home Composting: an extension of this practice for 20% of the resident population was considered
to evaluate the influence of home composting on the %gc. As there is no precise data on the
actual distribution of composters in the Province, the percentage was extrapolated by the number
of composters in the city of Trento extended to the entire Province. Considering the resident
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inhabitants of the Province of Trento and using 0.250 kg inh~! day~! for the daily production of
waste to be composted, we can determine the amount of organic matter dealt with in the system
of home composting, amounting to 9654 t/year deducted from the waste collection system [21].
This amount seems significant, but, even if approximated, is coherent with the urbanization
characteristics of the territory, where the verticality of the building is limited and private gardens
are typical, i.e., aspects that favor the adoption of home composting.

Table 2. Composition and processing parameters.

Composition Parameters

Composition of Multimaterial Collection

Fraction (%) Quantity (t)
Glass 26.6 7838
Metal 7.9 2328
Plastic 37.8 11,139
Scrap 27.7 8162
Impurities of Multimaterial Collection
Organic 2.0 988
Green 2.0 366
Paper and cardboard 5.0 2120
Glass 3.0 329
Metal 5.0 193
Plastic 36.7 1047
Treatment Scraps
Organic 3.0 1452
Green 3.0 539
Paper and cardboard 5.0 2014
Glass 5.0 910
Metal 5.0 303
Plastic 57.0 7320

Processing Parameters
Biostabilization of RMSW

RMSW input 100.0 64,156
Inflow to the sieving 99.2 63,662
Oversize 62.0 39,481
Undersize 37.2 23,690
Biostabilized 24.9 15,835
Home Composting
Value
Resident inhabitants 529,000
Home composting diffusion 20%
Daily pro-capite production 0.250 kg inh~! day~!
Total yearly production 9654 t

Table 3 summarizes the original quantities of collected MSW (A), the multimaterial breakdown (B),
the consequence of the elimination of impurities due to the collection phase (C) and the elimination of the
scraps due to treatment in recovery plants (D). At each step, we highlighted the residues for disposal,
with the hypothesis that they are sent to the same landfills for municipal waste. Summing up:

- column B allowed relocating some recyclable materials collected together (named multimaterial)
and moving the amount of undesirable materials in the item “scraps to disposal”;

- column C allowed relocating impurities present in the SC streams to the item “scraps to disposal”;

- column D allowed relocating scraps generated by the treatment of SC streams in recycling plants
to the item “scraps to disposal”.
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Table 3. The data of MSW collection (SC streams and other) in the Province of Trento divided by level

of purity (t/year).
A B C D
Waste Collection Multimaterial Collection Impurity Treatment Scraps
Original Data Breakdown Deduction Deduction
Organic 49,396 49,396 48,408 46,956
Green 18,319 18,319 17,953 17,414
Paper and 42,403 42,403 40,283 38,269
cardboard
Multi-material 29,467 - - -
Glass 10,957 18,795 18,467 17,543
Metal 3858 6186 5993 5693
Plastic 2854 13,993 12,945 5566
Other fractions 27,327 27,327 27,327 27,327
Unsorted MSW 64,156 64,156 64,156 64,156
Bulky 9666 9666 9666 9666
Sweeping 11,763 11,763 11,763 11,763
Seraps to - 8162 13,205 25,813
isposal
Total 270,166 270,166 270,166 270,166

For these relocations, data from Table 2 were used. As these relocations, aimed to point out the
real amount of materials recycled, can be done only for recyclable streams, a few items of Table 3 do
not change. In other cases, values from A to D demonstrate a high quality of source separation and
treatment: this is the case of the organic stream that shows few differences from raw collection to
net valorization.

Moving from A to D, we move towards the amount of waste that is closest to the actual recovery
of materials and, of course, the value of %gc falls proportionally (unsuitable materials are not taken
into account focusing on the recyclable ones).

As reported in Figure 4, the trend in the percentage of SC related to the method of calculation
and to the presence of collection and treatment scraps highlights a difference between the different
combinations, also in the order of 10%, comparing the national model (C2-C) and the provincial model
(C3-A). The conventional model indicates an intermediate value (C1-A).

ca c5

Figure 4. Results of the SC calculation analysis (C1-C5: calculation methods of SC; A, B, C, D:
calculation criteria for impurities and scraps).
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As demonstrated in Figure 4, the use of a common calculation model is necessary to compare
the results of territories with different management collection services. The %gc should represent
the separation capacity of the collection management system, also considering the impurity (C1-A).
The importance of defining the new index, SCQ]I, to accompany the %sc is required to obtain a clearer
vision of the achieved results.

4.3. SCQI Assessment

Data related to the selected period were used in order to define the limit values of PI and the
correction factors. For the correction factors, limits have been established in relation to the best and
worst performances, in accordance with the objectives of the planning data. For PI, class limits have
been defined by evenly distributing the frequency of the sample. In conclusion, the classes of PI were
defined as:

e Class 1-high PI < 6.1%
e C(Class 2—average 6.1% < PI < 8.8%
e (Class 3-low PI > 8.8%

After establishing the PI and correction factor class limits, the SCQI threshold classes can be
calculated. All parameters are summarized in Table 4.

Table 4. PI, 1%gc, Iyns, Isw, Iap and SCQI limits, highest and lowest values.

Class Limits Extreme Values

Index
1-2 2-3 Min Max
PI 6.1% 8.8% 3.1% 13.8%
To,sc 8.1% 14.7% 21.6% 21.6%
Iuns 7.0% 10.4% 3.4% 18.8%
Igw 7.0% 10.2% 3.5% 16.7%
IAB 8.8% 10.2% 5.0% 22.6%
SCQI 15.3% 23.3% 7.9% 51.4%

The PI and SCQI model calculation is sensitive to the definition of the limits of PI as the distribution
of values of the latter falls within a very narrow range. Comparing PI and SCQI calculated for the
selected period (Table 5), we can appreciate that:

e in some areas there is no change in class between the two indexes. This means that the scrap in
the collection is the nullifying element, while the correction factors do not affect the change of
class, or offset positive and negative effects. The phenomenon is recorded in the areas where the
collection system is in a consolidation phase (Val di Fiemme and Alta Valsugana). Alta Valsugana
and the area of Trento, however, reached qualitative results of Class 1 for both PI and SCQI.
The fact that all the influential indices are always (but one) in Class 1, indicates that the collection
has achieved a good level;

e in the other areas, the factor that has the greatest influence is related to the population: residents
and tourists. This means that, according to the calculation of SCQ)], it gives special importance to
the inhabitant settlement and tourist dynamics.
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Table 5. Values of indexes to distinguish classes (brown = class 1; grey = class 2; blue = class 3) calculated
for the year of punctual tariff introduction (Y), one year before (Y — 1) and one year after (Y + 1).

PI PI PI Ionsc  Tusc  Iusc Tuns  Tuns  Tuns Tgw Igw Isw I Ias Ias SCQI  SCQI SCQI
Catchment areas Y-1 Y Y+1 Y-1 Y Y+1 Y -1 Y Y+1 Y-1 Y Y+1 Y-1 Y Y+1 Y -1 Y Y+1

Val di Fiemme  [JNI2ENN 6.6 71 [148 78 83 790 85 94 &5 76 7.8 187 193

Primiero 6.0 50 87/ 7.7 7.3 7.0 7.3 72 6.9 7.3 7.0 6.6 9.9 9.7 9.3 18.5 17.8 16.6

Bassa Valsugana 7.5 il 6.8 107 72 9.4 8.9 5.8 8.1 9.4 6.4 8.5 86 [I15 271 174 [[285
Alta Valsugana 66 31 44 89 41 56 77 34 50 75 35 49 50 69 188 79 114
PRVDC-VDL-ADPJIEANINESN 76 WNSIN 116 o5 [NSOMMEN o5 [EOMNOSN o2 52
Val di Non 71 55 42 99 76 57 86 65 48 92 73 54 91 69 193 136
Val di Sole FENG i 107 104 70 56 58 41 58 X ; : 83 58 186 183 124

7.3 13.0 124 80 [N 95

Alto Garda 83 g 143 ¥ 9.2 8.2 10.0
Vallagarina
Val di Fassa
Rovereto
Trento 2 8.1 6.7 4.0 g ¥ . . 52 20.4 16.8
Province of Trento 10.2 7.9 7.6 6.5 17.7 13.6

Giudicarie

4.4. Discussion

The main advantage of the proposed methodology is the integration of data that quantify the
principles of prevention, accountability, cooperation, transparency, technical and economic viability
in MSW management. SCQI provides summarized information both in terms of the dynamics of its
absolute value, to check improvements in the management of an area, and in terms of comparison
between areas, specifically in a same region. This is not obtainable at zero cost. The reason is the
need for the detailed generation of data year by year for each area where there is a homogenous
responsibility in MSW collection (that can be a valley in a mountainous area or a city in large urbanized
areas). The same administrative responsibility does not guarantee the same effort in generating data
suitable for characterizing MSW collection and thus SCQI. An example is the difference in quantity and
quality of information that can be seen comparing alpine regions in the North of Italy (e.g., Trentino
and Lombardy in Italy) but also comparing mountainous regions of different countries (e.g., Trentino
in Italy and Transilvania in Romania). The presence of international tourism is surely an incentive for
a better management of MSW collection. To this end, SCQI helps the management of MSW collection
in tourist areas but its full exploitation needs a tradition in generating data for SC characterization.

In the literature, some performance analyses on MSW management can be found either dedicated
to SC or including it in a wider approach.

Chung-Chiang Cheng [24] highlighted the important role of MSW generation in affecting MSW
management performance and provided an integrated model to assess MSW management performance
by dividing MSW management into three stages including MSW generation, sorting and collection.
Compared to this approach, the proposed SCQI focuses on the SC sector at greater detail.

Bianchini et al. [25] pointed out the need to adopt management tools where SC and recovery
efficiency are clearly distinguished. The proposed SCQI is coherent with this vision.

Gamberini et al. [26] underlined that the definition of engineering indexes aiding MSW
management systems during the design and evaluation of performance is a topic widely discussed in
literature. That depends on the interest from technicians and the complexity of the problem requiring
efforts by academics and researchers. Nevertheless, although a wide variety of published articles is
available in this field, contributions evaluating the implementation of engineering indexes in a wide
set of case studies are rare [26]. Thus, the present article, proposing and assessing the SCQI in a wide
set of communities, contributes information in this regard.

5. Conclusions

In the case study, the adoption of enhanced collection systems and the implementation of the
tariff with accurate measurement, clearly showed a way to get very high levels of waste separation.
However, while from the quantitative point of view the results are of absolute excellence, work remains
on the qualitative part of recycling, lowering the level of the scrap. Improvements can be identified by
the proposed index.



Sustainability 2018, 10, 257 15 0f 17

In particular, the assessment of waste collection in general, and of the SC in detail, depend on
several factors. The evaluation of the efficiency of the SC expressed in terms of percentage with
respect to the total amount of waste is very limited and conditioned by many factors, starting with the
typology of tariff details. The present work has made it possible to develop a set of indicators and
aggregate indices able to evaluate the different factors that affect SC. In particular, the SC quality index
SCQI has been defined and applied to each catchment area of the region object of study. Data used to
test the model relate to a historical period in which the areas that started first, such as Val di Fiemme,
have reached a phase of the consolidated system. It would be interesting to apply the calculation
model in contexts different from Trentino and with longer data series. A limitation to that could be the
amount of data necessary and their reliability.

The potentialities of SCQI adoption will be analysed by the authors in research planned for Sibiu
County (Transilvania), named the European Region of Gastronomy in 2019, in order to take advantage
of the interest of the local authorities for MSW management in that area. Indeed, the adoption of
SCQI needs strong collaboration of the administrative sector for data collection and sharing. This new
research will provide an opportunity for a comparison between European regions and will help to
tune the proposed approach. Moreover, it will provide an opportunity to reconstruct the calculation
pathway according to the above-cited method [23], in order to generate a flow chart of the algorithm
suitable for software implementation.
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Abbreviations

EQ Equivalent Population

EU European Union

MSW Municipal Solid Waste

PI Purity Index

RES Resident Inhabitants

RMSW  Residual Municipal Solid Waste
SC Selective Collection

SCQI Selective Collection Quality Index
SCS SC scraps

TI Tourist Impact

UNS Unsorted MSW
WEEE Waste from Electric and Electronic Equipment
BW Bulky Waste
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