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Abstract — Two case studies are reported in the present work. They regard municipal solid
waste (MSW) management trends in the last decades in two Italian provinces selected to
analyse some issues of waste management in mountainous areas. The first case study refers
to a selective collection (SC) rate expected to reach 80 % soon. This scenario assumes SC
mainly in kerbside mode. The scenario is based on specific local conditions: the absence of a
thermo-chemical plant in the territory (but with a part of the residual MSW burnt in a
neighbour province), the presence of local plant of anaerobic, and a sanitary landfill for pre-
treated residual MSW. The adopted tariff helped increasing the SC rate: indeed, since 2013,
a tariff calculated at user level, depending on the behaviour of each user, has been adopted.
This is called punctual tariff. The second case study concerns an area where SC reached about
75 %. The punctual tariff has been recently introduced. In this scenario, an incineration plant
and a Solid Recovered Fuel (SRF) plant allow implementing an industrial symbiosis solution
in conjunction with a cement factory. The work demonstrates that SC can be the core of a
correct MSW management and that kerbside collection is fully compatible with mountainous
area. However, other issues remain to be optimized yet: the low density of mountain areas
makes difficult to implement enhanced solutions of SC (e.g. for diapers) and increases costs
for light packaging collection; moreover, the presence of tourist fluxes can significantly affect
SC efficiency.
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SC Selective Collection
SRF Solid Recovered Fuel

1. INTRODUCTION

The waste management sector has improved considerably in the last decades in many
territories, thanks to the introduction of concepts of corporate social responsibility [1] and
Circular Economy (CE) [2]. How society should deal with household waste has become a
significant policy issue. Legislation and policy schemes have become wider, including
specific targets and interests among households and those focusing on an economy-wide
effort to minimize waste. Several awareness and knowledge mechanisms have been
implemented worldwide. For example, in the United States and Canada, individual localities
have introduced initiatives such as kerbside collection charges for household waste to reduce
its amount [3]. Moreover, reuse or composting are examples of efforts to reduce household
waste well established at European level. Of course, the final environmental impact of waste
depends not only on the amount of waste after consumption but also on its fate. The trend
evolved from a wide use of sanitary landfill to a scenario where recovery and reuse are
priorities. The concept of the 3Rs (reduce, reuse and recycle) moved to 5Rs (reduce,
reprocess, reuse, recycle and recovery), increasing citizen’s awareness and involvement and
responsibility not only in emerging countries but also in most evolved ones [4]-[6].
Nowadays, waste management demands first to prevent and minimise waste production also
changing the design of the goods. The second indication is the tight connection to reuse in
order to give a second life to the produced waste. For achieving these goals, it is necessary to
have a good knowledge on the Municipal Solid Waste (MSW) composition, production and
final use taking into account also the interaction between production, selective collection (SC)
and potential final thermal treatments [7]-[9]. The main purpose in the MSW management in
the last decade concerns the intelligent and extended use of the products to comply with the
CE requirements [10]-[12]. The scientific literature in general refers to studies on industrial
products and not with generated MSW [13], [14]. A key factor in this evolution was the
introduction of the concept of “the polluter pays”: pollution can be clearly linked to rMSW
generation.

In this frame, in spite inhabited mountain regions are clearly sensible to human activities,
the literature on MSW management in mountain areas is scarce: a few articles in the Scopus
database until early 2023, showing interest for particular regions (e.g. Hymalaya) [15]-[17].
In the present paper, two case studies are reported regarding the MSW management trend in
two Italian mountainous areas complying with the targets of EU in terms of waste
management, in order to contribute to the set up of guidelines that can be useful in similar
areas of EU or EU-like countries, according to the CE concept. The present work reports an
overview of the MSW management before the beginning of the COVID-19 pandemic as in
Italy still the year 2022 included a period of national emergency that affected people
behaviour and thus waste production and typology.

2. MATERIALS AND METHODS
In order to contribute to the development of guidelines for a MSW management in

mountainous areas in line with the CE requirements, two case-studies at provincial level from
the Northern areas of Italy were selected as characterised by high efficiencies of selective
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collection (SC) in spite of their complex morphology [18]. A documentary analysis was
performed.

The first case study refers to a collecting system with a good SC rate, i.e. 78 %, reached
before the pandemic, following two decades of intensive strategies, and after four Waste
Management Plans starting from 1993. In the analysed system within the Trento’s Province,
14 communities, composed by variable numbers of municipalities, who live in 6200 km? have
been considered.

The area has been subject of SC optimisation activities since the last decade [19] also as a
tourism strategy [20], [21].

SC is made mainly door-to-door (i.e. kerbside). Some communities also have closed bins
along the streets accessible only from pre-selected users. The proposed technical system is
integrated with zonal collection centres for the treatment of specific fractions of waste and
transfer stations.

In the analysed territory, a thermal waste plant is absent due to a partial co-management of
the input into a nearby province thermal plant. The rest of the unsorted MSW, also named
residual MSW (rMSW), in 2019 was sent mostly to a bio-mechanical pre-treatment before
landfilling.

In the analysed system the management of light packaging, collected through source
separation, is supported by a local separation plant dividing the input into plastics, cans, and
composite materials. The material valorisation of these separated flows is performed in plants
out of the Province.

A specific strategy was developed in the last decade to support citizens in understanding
MSW management from the economic, social, ethical and environmental points of view (from
production to final disposal). Particular attention was put to green procurements and to the
environmental campaign “respect the territory — respect yourself”. Within this inclusive
approach eco-volunteers explain to the community the MSW management and the good waste
practices (e.g. reuse days) [22].

The waste payment (a tariff in place of a tax) helped to increase the SC rate. Since 2013 a
tariff calibrated at user level (punctual tariff) is used. It is constituted with a fixed part, that
covers fixed costs independently on the quantity of waste produced, and a variable part,
intended to cover variable costs related to the amount of waste produced. In this way, all the
waste management service costs are covered by a tariff, including the administrative ones,
the street sweeping costs and the amortisation costs. In addition, a Radio Frequency
Identification (RFID) system was adopted for solid waste bins [23], [24].

The second case study (Varese Province) is addressed to a territory with 138 municipalities,
in which SC reached about 72 % in 2019. In this context, intensive actions for increasing the
SC rate began in 2001, while the first Waste Management Plan was issued in 1997 and the
last in 2010 [25]. In 2000, the punctual tariff was used for the first time in a case study with
prepaid bags. Since 2013, a RFID system was used for waste collection for bins and bags.
Differently respect to the first case study, in the territory considered in the second scenario
local energy related plants are available for rMSW: an incineration plant and a Solid
Recovered Fuel (SRF) plant that send the final outputs to a cement factory and a sanitary
landfill. In the province there is not a treatment plant for energy valorisation of food waste.

From the analysis of the selected case studies, the authors pointed out criteria useful for
guidelines applicable for waste management in mountainous areas.
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3. RESULTS AND DISCUSSIONS

In the frame of the first case study, in 2019 the contribution of the Bozen incinerator (out
of the province of Trento) could account for 15-20 ktons per year (the real amount was lower
as effect of technical calibration). The rest of IMSW was pre-treated in a local plant before
landfilling or directly landfilled. Export of rMSW was (and still is) allowed to Bozen because
the area of waste generation belongs to the Trentino — South Tyrol Region. This Region is
considered an optimal territorial context for an integrated rMSW management system.
Moreover, in Italy the Environmental Ministry fosters the use of the rate of the waste-to-
energy plants’ capacity not yet exploited also through tMSW import from nearby regions.
This strategy is subjected to a quick evolution depending on the contracts in force (the amount
of waste accepted at the Bozen plant from Trentino can vary year by year). This situation is
an example of optimisation of the exploitation of existing plants; however, that does not solve
the overall problem of rMSW management in Trentino. The ongoing technical-scientific
discussion concerns the final step of the waste management: waste to energy or landfilling?
The discussion is particularly interesting because presently the amount of rTMSW to be
managed could be lower than the one suitable for an economically sustainable conventional
solution. The final decision cannot be known in time for being part of this paper.

The Province of Trento has 130 waste collection centres (suitable for all recyclable
materials), 15 zonal collection integrated centres and 9 transfer stations. These last ones allow
for economic optimisation of the waste transportation thanks to an increase in the dimensions
of the trucks involved [26]. The collection of TMSW is made kerbside in half of the
communities. In the other ones it is done with closed (locked) street bins except one (that
adopts an open street bin). The results obtained thanks to the introduction of the punctual
tariff can be seen in Fig. 1 in terms of a SC increasing from 12 % to around 77 % in only two
decades; meantime, from Fig. 1 it is possible to depict a rMSW decreasing to less than 100
kg inh~! y~!. This trend shows a consistent improvement of the management system (i.e. a
significant reduction of IMSW).
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Fig. 1. tMSW production and SC trend in the last 3 decades in the Province of Trento (before pandemic).
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The collected streams’ quality control is systematically coupled with a manual approach.
This required specific attention to both SC streams and rMSW composition, emphasizing the
criticalities towards SC streams of food waste and light packaging.

Food waste impurities decreased down to few percentage points. This reduction most
probably reflects the effect of communication strategy to the citizens concerning the
importance of the quality of source separation. Moreover, users know that the staff involved
in kerbside collection can easily check the quality of source separation of this and other waste
streams randomly. Concerning rtMSW, the collection system is based on the use of a plastic
bucket with a lid, available for each user involved (i.e. household): thus the mistakes made
in separation can be easily detected, recorded an sanctioned in the tariff; indeed, after a certain
number of reiterated mistakes, a fine can be applied.

A controversial situation emerged when a strategic substitution of plastic bags, vessels, and
cutleries with biodegradable products was implemented to avoid non-biodegradable
packaging. The problem emerged when the facility manager of the local composting plants,
including schemes of anaerobic digestion and post-composting, verified that the lasting of the
biodegradation process at the industrial plant was shorter than the lasting of the lab tests used
for classifying the products as biodegradable. In other words, biodegradable products might
not be degraded in time if the optimization of the real scale process allows for highly reduced
time. There is here a need to re-calibrate the approach acting on the lab test requirements and
on modifications of some stages of the process at the facilities.

About 33 % of light packaging is discarded after treatment before recycling processes that
separate valuable and mixed streams (these ones often sent to energy recovery). From a
technical point of view, the separation of high value packaging (e.g., PET, HDPE, aluminium
cans, etc.) can be performed efficiently. Moreover, the use of a user-linked bar code on the
plastic bags adopted to handle this stream limits the mistakes (as bags are transparent for
control purposes and the bar code allows finding who makes a mistake). Thus, the main issue
relates to the presence of low-value plastic packaging and its fate.

The rMSW characterization, before the COVID-19 pandemic, has been made seasonally for
each community in the Trento’s Province, allowing to quantify the presence of recyclable
materials in this stream that should be dedicated to non-recyclable materials only. Italy was
one the most affected EU countries by COVID-19. During the first pandemic year some
specific indications were set connected with MSW management from their collection to their
treatment/disposal taking into account also the people involved in all the process [27]. The
main problems were related to the management of the protective masks that were intensively
adopted for a long period since early 2020 and the amount of packaging in domestic waste
caused by the increase of online purchases. In practice, the composition of MSW changed,
specifically during the periods of lockdown. A consequence of the risks for workers during
the pandemic was the suspension of the rIMSW characterization studies that were developed
by looking into 33 fractions of materials of interest to understand if and how much recyclable
materials still can be found in rtMSW (including seasonal changes). However, this approach
based on intensive TMSW characterisation should be adopted everywhere to calibrate CE
strategies. In this case study, this approach allowed to point out a surprising high percentage
of diapers in the rMSW.

In Fig. 2 the municipalities that belong to the second case-study are reported. The collected
rMSW is sent to three thermal plants in the provinces of Varese, Milan and Bergamo (40 %),
to the Varese landfill, the Varese transfer station, and pre-treatment plants.
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Fig. 2. Municipalities in the Province of Varese and SC in 2018.

The production of MSW for the reported case-study was 475 kg inh™! y~! in 2019; this
amount refers to the last pre-pandemic year as the COVID-19 crisis altered the generation of
waste in [taly. From the total MSW production, only a very limited percentage is landfilled,
as requested from the EU priorities.

Additionally, it must be underlined that the strategy of bottom ash treatment for material
recovery from incineration is increasingly adopted in Italy [28], [29] with a consequent
decrease of landfill volumes.

Looking at the municipalities close to the main lake of the province of Varese (Fig. 2) it
seems that SC in the tourist areas suffers from the arrival of people not used to the local MSW
collection system. As a result, SC is often lower than most of the municipalities in the
province. It is important to underline that SC exceeds 85 % in three municipalities. That
means basically that only non-recyclable materials could/should remain in the rMSW.

However, the minimisation of impurities in SC streams is an issue that cannot be forgotten
and is considered a priority in Italy.

Looking at the overall good results of the SC, the local experience demonstrates that
incineration is not in conflict with SC. However, incineration remains a controversial point
of discussion because often considered a disincentive for households to make a more effective
separation.
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Fig. 3 shows a slight trend to lower costs of MSW management in the municipalities where
SC is higher, but the main parameters that affect the costs are the proximity to the treatment
plants and the morphology of the territory (as expected in a mountain area).

From an integrated analysis of the information collected for the two case studies, some
useful considerations can be put forward in order to provide guidelines applicable to other
similar contexts of MSW and rMSW.

Mountainous areas are more sensible to the presence of treatment plants also for the impact
on landscape; adapting this evidence to the analysed contexts, specific guidelines could be
drafted:
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Fig. 3. Specific costs for MSW management at the municipality level and SC efficiency.

— Medium size thermal plants for rMSW (and special waste) can be constructed with a
medium height stack;

— Anaerobic digestion plant for source separated food waste (with post treatment of
green waste) could have an impact due to the height of the digesters, thus horizontally
designed digestor can be a solution;

— Transfer stations are useful in the case of areas with low density of generation of MSW.

In relation to the first proposed aspect, the stack’s height affects the dispersion of the oft-
gas. The lower stack could be compensated by high off-gas velocity and favorable
temperature of release.

The second aspect allows for a resulting volume of the plant that gives the impression of a
facility not related to the waste sector. A remark could be that food waste treatment plants
can have as main problem not so much the skyline but an odorous impact. In reality, the
adoption of an anaerobic stage before composting changes the paradigm because such a
solution allows for an enhanced control of the odorous substances. This is very important for
the acceptability of plants to be located in a mountainous area. Again, the case of the
anaerobic digestion plant in Trentino demonstrated it.
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The third point could be effective in mountainous areas, where large cities could be unusual
(in a few regions). The concept of a transfer station is simple: SC and rMSW collection are
organised through the adoption of medium size trucks to allow a penetration of the territory
adequate to reach whatever user. When the distance from the zone of collection to the location
of the related treatment plant is higher than around 50 km, the minimisation of the transport
costs must take into account the option of moving the waste into larger trucks. Transport on
train is not viable for complex territories like a mountainous area. A limitation is surely the
reduced railways network, but also the limited distances to travel in case of treatment in
proximity takes out the train among the viable options.

Concerning incineration in the first case scenario, the delay in the decision provided
extended time for scientific studies within territorial universities and research bodies. The
related studies [30], [31] demonstrate that a modern combustion plant based on Best Available
Techniques, built in a strategically selected site, designed to the local needs, can have a
negligible impact also thanks to the possibility of decreasing the authorised values of the
pollutants emitted at the stack compared to the regulatory ones.

Another aspect that emerged from the analysis of waste management in the mountainous
areas concerns the role of domestic composting. Through this approach, the availability of a
composter to be located in the household's garden avoids the kerbside collection of food
waste, with a direct benefit on the tariff. From the point of view of SC, the amount of food
waste that is used as input of domestic composters is counted as a stream in the overall
efficiency. Mountainous areas are more suitable to this option thanks to a lower verticality in
the buildings in residential areas.

The analysed scenarios have shown that it is typical to find villages not easily reachable in
mountainous areas when kerbside bins must be emptied. To face this criticality, community
composting is proposed at the commercial level. However, the critical aspect of very small
composting plants is compost quality (conventional approaches can count on continuous,
direct control of the process).

Finally, the rural characteristic of some mountainous areas could favour the local use of
compost in a sort of zero-km strategy. This is coherent both with the principles of CE and
with the limitation of CO, emissions from transport.

Summing up, analysis of the two case studies pointed out some strategies that could support
the creation of guidelines in EU territories to optimise MSW management in mountainous
contexts. Particular attention should be devoted to:

— the treatment capacity of incineration with energy recovery, where correctly designed,
does not affect SC efficiency;

— sanitary landfill can be minimized where SC and incineration are well integrated and
bottom ash is recycled;

— SRF generation can give flexibility to MSW management (if a market of SRF exists);

— incineration can integrate the treatment of waste from different territories;

— MSW composition and impurities analyses are strategic;

— food waste, when source separated, can be a source for renewable energy generation
and not only an input for compost production;

— CE and anaerobic digestion are linked by composting;

— the adoption of the punctual tariff helps in the optimization of the system;

— dissemination of environmental concepts among the population is strategic.

Concerning the specificity of mountainous areas:

— The preservation of landscape can foster lower impacting structures in the waste
management plants;
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— Transfer stations are strategic in valleys to decrease the cost of waste transport thanks
to the change of the typology of trucks;

— Specific studies demonstrate that a modern incineration can be compatible with
mountainous areas (when design, authorization pathway and operation are optimized);

— The rural characteristic of some mountainous areas can foster the local use of compost
(if high quality is guaranteed);

— The urbanization characteristics in mountainous areas can open to a more extensive
adoption of domestic composting.

— In mountainous areas, kerbside collection, compared to conventional street collecton,
can allow high SC rates as users are not affected by the territory slopes when they
deliver their waste.

4. CONCLUSIONS

The present work demonstrates that SC is the core of a correct MSW management and that
kerbside collection is fully compatible with mountainous area. In spite of the complexity of
the territory that can be found in mountainous areas, the effiviency reached in the two case
studies show that the rIMSW stream can be reduced even to one fifth of the amount of MSW
generated. Moreover, the administrative fractionation of a territory does not seem to be an
obstacle towards a good waste managemen: the above mentioned results concern two
provinces with a high number of municipalities. In this frame, the introduction of a punctual
tariff of MSW management seems to be strategic as it involves directly the responsibility of
the users when performing SC activities. However, other issues remain to be optimized yet
even in areas with a developed organization of the sector of waste management:

— In EU, when SC is high, a visible percentage of rMSW is represented by diapers and
similar sanitary products; thus, a specific SC could be organized to send this stream to
recycling. In reality, problems still remain in terms of SC solutions related to the
privacy of the users in case of kerbside collection and the availability of reliable
recycling technologies for adopting a CE approach;

— The light packaging stream is only partially managed under the principles of CE
because around 33 % of the collected material is discarded during the valorisation
treatments and sent to energy recovery; alternatives for switching towards material
recovery are expected in the short term as more attention is made today to the
sustainable design of the products and to their packaging strategies.

— The presence of tourist fluxes can significantly affect SC efficiency. Thus an additional
effort in terms of communication must be made in these cases.
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