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Abstract: A model was developed in order to design the solid waste management systems of a municipality in 
line with the regulatory standards imposed by all institutional levels, in accordance with the demographic, 
territorial, social and economic context. 

Stakeholders involved in such model design are either citizens and users in general, institutions – at varying 
degrees – forced by law to provide the service, companies, trade unions and workers engaged in municipal 
solid waste management service. 

As a first step best practices were identified as regard to the solid waste management in Italy and their 
management systems. As a second step, data and constraints were investigated to be considered in the design 
of the system: an analysis was carried out about the Community, national, and regional framework and 
demographic, territorial, and production data were recorded preparatory to design. As a third step, the system 
was designed by sizing the service of waste collection, the street cleaning service, the logistics centre which 
supports the management of municipal solid waste. 

The assessment of the municipal solid waste management system under design was done through the 
economic analysis of all costs of installation and operation and through the subsequent comparison among 
the data of the system under design, the average data in Italy and in the best practices previously identified. 

As a case study the implementation of the theoretical model is shown through the design of the municipal 
solid waste management system in a medium-sized Italian town located in the inland site of Sicily. 
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Acronyms: MSW Municipal Solid Waste, UWR urban waste residue, WS Waste Sorting, SC Street Cleaning, 
MCC Municipal Collection Centre, GMP Glass – Metal – Plastic, DNR Dry Non Recyclable, WWTS Wood – 
WEEE – Textiles –  Selective, WEEE Waste Electrical and Electronic Equipment, UWR Urban Waste 
Residue  

1. Introduction 

Waste is “any substance or object which the holder 
discards or intends or is required to discard”. 

The evolutionary dynamics of industrialized societies, 
based on continuing growth in the production of 
consumer goods and on the expansion of markets, has 
resulted in a growing consumption of natural resources, 
largely non-renewable, and in the consequent production 
of waste. In nature there is no concept of waste, but only 
of matter that is transformed; all the material placed on 
the market however is expected, sooner or later, to 
become waste. In order to achieve the necessary balance 
between economic and environmental system, the 
Community legislature has laid down an obligation, for all 
those involved in waste management, to process them so 
as to contain the negative environmental and human 
health, by encouraging the application of the principles of: 

 hierarchy of waste: actions to prevent waste 
production and hazardousness, waste sorting 
activities, materials recycle, energy recovery of 

those not further exploitable, and ultimately 
disposal, are the ideal sequence of actions to be 
carried out in the management of waste; 

 polluter pays: it is a cornerstone of EU 
environmental policies; those who are 
responsible for pollution, or environmental 
damage, should bear the costs necessary to 
prevent or repair pollution or damage; 

 extended producer responsibility: the principle 
according to which any natural or legal person 
who professionally develops, manufactures, 
processes, treats, sells or imports products, must 
ensure the acceptance of returned products and 
waste that remains after the use of these 
products and the subsequent waste management 
and financial responsibility for those activities; 
this in order to promote projects and products to 
ensure the efficient use of resources during the 
entire life cycle of the product. 

Since the current trends are therefore direct to the 
application of the above-mentioned principles, the work is 



aimed at designing a management system of Municipal 
Solid Waste (MSW) according with the regulatory 
standards imposed by all institutional levels, taking into 
account demographic, spatial, social and economic 
context. 

Stakeholders interested in a MSW system are as follows: 

 citizens and users in general of MSW services; 

 institutions, at various levels, required by 
regulation to provide the service of MSW 
management; 

 companies, trade unions, workers involved in 
MSW management service. 

The Work Breakdown Structure (WBS) of MSW 
management project (see Figure 1) consists of the 
following deliverables and work packages: 

a) investigation of best practices: 

a.1) analysis of the National Observatory on 
Waste (ONR) report;  

a.2) analysis of the National Institute for 
Environmental Research and 
Protection (ISPRA) report; 

a.3) analysis of the Association “Ecology - 
Science and Society” (Ecoistituto) 
report;  

b) investigation of project data and constraints:  

b.1) analysis of law framework;  

b.2) analysis of demographic data; 

b.3) analysis of territorial data;  

b.4) analysis of production data;  

c) system sizing: 

c.1) sizing of waste sorting (WS);  

c.2) sizing of street cleaning (SC);  

c.3) sizing of the Municipal Collection  
centre (MCC);  

d) system assessment: 

d.1) economic analysis; 

d.2) comparison of case vs Italy vs best 
practices. 

 

Figure 1. Project WBS of MSW management system. 

2. Survey of best practices 

The first deliverable of the project is represented by the 
results of a survey, at the national level, of best practices 
in managing MSW.  

Applying the “deductive” method, moving from general 
to particular, we developed the work package described 
below.  

a.1) Analysis of ONR Report. The 2009 report of the 
National Observatory on Waste has provided an 
overview on the management of MSW in Italy 
highlighting the strategic actions that led to the 
north of the country for the proper management 
of MSW: actions of prevention (careful pricing, 
environmental education), of recycling (sorting, 
activation of  industry consortia), of recovery 
(energy through digestion, raw material through 
composting).  

a.2) Analysis of ISPRA Report. The 2009 report of the 
Institute for the Protection and Environmental 
Research has enabled a detailed study on the 
management of MSW in Italy and then the 
identification of best practices at national level in 
terms of production of MSW (Veneto, Trentino-
Alto Adige, Friuli-Venezia Giulia), of collection 
(Trentino-Alto Adige, Veneto, Piedmont and 
Lombardy) and of annual cost per capita (Friuli-
Venezia Giulia, Lombardy, Trentino-Alto 
Adige).  

a.3) Analysis of Ecoistituto report. The 2007 report of 
the Association “Ecology - Science and Society” 
made it possible to analyze in detail the 
management of best practices (Lombardy and 
Veneto) and highlight that the best yield in terms 
of production of MSW, waste sorting, and 
annual cost per capita can be currently achieved 
by using a door-to-door collection system with 
separation of dry-wet fractions in heavy multi-
material mode, combined with the activation of a 
MCC. 

It has therefore opted for this solution and, in line with 
best practices surveyed, it was decided to separate the 
collected waste in the following categories: 

 GMP (Glass – Metal – Plastic);  

 paper;  

 DNR (Dry Non – Recyclable);  

 WWTS (Wood – WEEE – Textiles –  Selective);  

 organic.  

The functional flow chart and the value chain of the MSW 
management process described above are shown in Figure 
2 and Figure 3.  
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Figure 2. Functional flow chart of MSW management 
system. 

 

Figure 3. Value chain of MSW management system. 

3. Collection of design data and constraints 

The second deliverable of the project, represented by data 
and constraints to be considered in the design of MSW 
management system, has been realized by composing the 
work packages described below. 

b.1) Analysis of law framework. The analysis was made 
in a top-down order for institutional level and 
for date of endorsement of the act. The analysis 
of the EU law framework has enabled the 
evaluation of the principles which the present 
environmental legislation of all EU member 
states relies on: the hierarchy of waste, polluter 
pays, prevention activities of production and 
dangerousness of waste, extended producer 
responsibility. 
The analysis of the national law framework has 
highlighted the translation of the above 
Community principles in laws, related 
implementation decrees, framework agreements; 
in particular, it was possible to appreciate the 
definition of the minimum value of MSW 
recycling to be achieved by December 31, 2012 
(at least 65%); the activation of recycling and 

recovery plans through the National Packaging 
Consortium (CONAI); the rules of design and 
operation of the MCC; the discipline to “public 
evidence” for the entrustment of MSW 
management services; the requirements for the 
transition from the Tax on MSW (TARSU) to 
the Environmental Health Fee (TIA); the state 
of waste emergency in the Region of Sicily where 
the President of the Region was appointed 
Special Commissioner for the emergency and the 
minimum fraction of waste sorting was set. The 
analysis of the regional law framework 
emphasizes implementation rules consistent with 
the superior regulations; in particular: the 
definition of new optimal territorial districts 
(reduced from 27 to 10 on a provincial basis plus 
one for the smaller islands); the organization of 
the same districts in the Societies for the 
Regulation of Waste Management Service (SRR); 
the powers of the Special Commissioner for 
removing and transporting of piles of waste, 
including hazardous ones, present on public or 
private areas, for localization and realization, 
even at variance with the existing legislation, of 
special areas for temporary storage, and for 
conscripting of workers. 

b.2) Analysis of demographic data. The analysis was 
started from the demographic data available at 
the Municipal register; then the number of 
residents was partitioned by street and by census 
section; such partition was graphically evidenced 
for the immediate identification of the census 
sections that have the largest number of 
residents. 

b.3) Analysis of spatial data. The analysis moves from 
“territorial basis” pre census of the National 
Institute of Statistics (ISTAT) available at the 
municipal technical services. The analysis was 
first developed by a spreadsheet application and 
then by using a Geographic Information System 
(GIS), integrating demographic data and satellite 
territorial ones; it allowed the definition of the 
following results for each street and census 
section: 

 number of residents; 

 total length of streets; 

 minimum, average and maximum width 
of streets; 

 area of streets; 

 residents / length of streets; 

 residents / area of streets; 

 area of section; 

 residents / area of section; 

 total length of streets / area of section; 

 area of streets / area of section. 

b.4) Analysis of production data. It was carried out from 
data of total annual production and per capita 
annual production of MSW, from MSW 
production data for different waste categories, 
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regulatory constraints of minimum recycling. In 
each section the analysis enabled the calculation 
of: 

 total production of MSW; 

 sorted and unsorted MSW production; 

 MSW production for each stuff 
category; 

 MSW production for each waste 
category. 

4. Sizing the system 

The third deliverable of the project is the sizing of the 
MSW management system and consists of the work 
package described as below: 

c.1) Sizing the waste collection service. Once the hourly 
productivity and of the daily service time of the 
WS worker were fixed, the analysis allowed, for 
each section, the calculation of: 

 time and number of workers required 
for carrying out the WS service in the 
daily round; 

 weekly planning for each WS category; 

 collected mass for each WS category 
and for each day of the week; 

 collected volume for each WS category 
and for each weekday; 

 number and capacity of required 
shuttles; 

 requested number of WS workers; 

 mean number of requested WS shuttle 
for each weekday; 

 number of transportations of the WS 
shuttle to the MCC for each weekday. 

c.2) Sizing street cleaning service. According to the hourly 
productivity and of the daily service time of the 
SC worker, the analysis allowed, for each section, 
the calculation of: 

 time and number of workers required 
for carrying out the SC service in the 
daily round; 

 total requirement of SC workers; 

 requirement of SC workers for 
weekday; 

 SC workers weekly planning. 

c.3) Sizing the MCC. It was designed considering the 
technical needs related to the home collection 
system and to specific regulation. Starting from 
the volumes of WS for each WS category and for 
each weekday, given the capacity of the roll-off 
bins belonging to the MCC, it was calculated: 

 number of roll-off bins needed for each 
WS category and for each weekday; 

 total rounded up number of roll-off 
bins due to technical-legal needs related 
to the system and to the specific 
regulations. 

 number of transportations to the MCC 
for each WS category and for each 
weekday; 

 average weekly number of 
transportations to the MCC. 

5. System verification 

The fourth deliverable of the project is the verification of 
MSW management system and it is consists in the work 
packages as described below. 

d.1) Economic analysis. Through a detailed analysis of 
all costs of installation and operation ones, it 
could be defined: 

 total annual cost of the MSW system; 

 total annual cost of the MSW system 
per capita. 

d.2) Comparison Case - Italy - Best Practices. The 
comparison of the the system under design, with 
the highlighted arrangement in Italy and in the 
best practices of Lombardy and Veneto, has 
been achieved in terms of: 

 average daily production of MSW per 
capita; 

 fraction of WS;  

 annual cost per capita. 

6. Conclusions 

The use of demographic and territorial data integrated by 
GIS tools and the specific contextualization of the model 
are both original and innovative factors which enable the 
design of MSW management systems. 

The present study has allowed the identification of further 
areas of research: in the logistic framework studies are 
envisaged to investigate the use of Global Positioning 
System (GPS) instrumentation to verify the actual 
coverage of WS and SC services and to optimize the 
location of the delivery platforms. 

The achieved MSW system realizes the EU principles in 
waste management; in particular, the standardization of 
the presented model allows the store of quantities of 
recyclable materials that ensure the interest even of private 
traders in the field of recycling and of the production of 
secondary raw materials; the system developed also 
determines the possibility of analysis of urban waste 
residue (UWR), coming out from all the collected 
fractions, and the consequential institutional feedback 
necessary for the drafting of new regulations aimed at 
further reducing the UWR. 



Bibliography 

Associazione “Ecologia - Scienza e Società” (2008). 
Gestione del ciclo integrato dei rifiuti urbani in Lombardia e 
Veneto. Ecoistituto, Faenza. 

Istituto Superiore per la Protezione e la Ricerca 
Ambientale (2010). Rapporto rifiuti urbani, edizione 2009. 
ISPRA, Roma. 

Osservatorio Nazionale sui Rifiuti (2009). Programma e 
rapporto 2008. ONR, Roma. 

Istituto Nazionale di Statistica. XIV censimento nazionale 
della popolazione e delle abitazioni (2001), http://www.istat.it. 

Regione siciliana. Gazzetta Ufficiale della Regione siciliana 
(2011), http://www.gurs.regione.sicilia.it. 

Repubblica italiana. Gazzetta Ufficiale della Repubblica Italiana 
(2011), http://www.gazzettaufficiale.it. 

Unione europea. Gazzetta Ufficiale dell’Unione Europea 
(2011), http://eur-lex.europa.eu. 

Appendix A. Case study 

The designed model has been applied to the MSW 
management system in an Italian town of about 7,500 
inhabitants situated in the hinterland of the Sicilian region. 

In accordance with the model, the implemented system is 
based on the home collection with separate dry - wet 
fraction in heavy multi-material mode combined 
activation of a MCC. 

The following graphs and tables show an extract of the 
results of the implementation of the model. 

 

 

Figure 4. Analysis of demographic data. 

 

 

Figure 5. Analysis of territorial data. 

 

Figure 6. Analysis of production data. 

 

 

Figure 7. Sizing of the WS service for the DNR category. 

 

 

 

Figure 8. Sizing of SC service. 

 

 

Figure 9. GIS support for the sizing of WS service. 
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Figure 10. GIS support for the sizing of SC service. 

 

WEEKDAY WS category roll-off bins (30 m3) 

monday organic 0,57 

tuesday GMP 2,20 

wednesday DNR 1,45 

thursday paper 1,13 

friday organic 1,27 

satuday DNR 0,89 

mon. to sat. WWTS 1,13 

Table 1. Sizing of MCC. 

 

CLASS OF COST COST [€/a] COST [%] 

amortization of MCC 42.408,91  5% 

amortization of vehicles and equipment 31.663,87  3% 

operation of vehicles and equipment 39.328,58  4% 

workers 470.649,00  52% 

employees  31.376,60  3% 

manager 40.926,00  4% 

consumables 77.600,00  9% 

delivery at MSW landfill 86.879,82  10% 

delivery at MSW platform 80.674,12  9% 

overheads 10.000,00  1% 

TOTAL 911.506,89  100% 

Table 2. Economic analysis. 

 

 

 

 

 

 

 

 

 

Figure 11. Comparison of average daily production per 
capita. 

 

Figure 12. Comparison of WS fraction. 

 

 

Figure 13. Comparison of the average annual cost per 
capita. 
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