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a b s t r a c t

Current economic crisis brought to light the structural deficiencies of European economy. This paper aims
to improve the performances of a policy on sustainable municipal solid waste management strategies.
Specifically, the attention is focused on Italian country that reports a high rate of landfilling. Waste to
Energy plant is an attractive technological option in municipal solid waste, but it is a subject of intense
debate. Incinerators require effective and efficient controls to avoid emissions of harmful pollutants into
the air, land and water, which may influence human health and environment.

To address waste management situation, this study uses a multi-objective mathematical programming.
A new plan is presented to evaluate and quantify the effects of initiatives for diversion of current waste
from landfill. In an attempt to better simulate realistic waste management scenarios, the amount of
waste generated is not annually constant and changes are accounted in waste diversion rates. Moreover,
due to the geographical characteristics of Italy, the realization of new facilities is replicated with a regio-
nal detail. In this paper economic and financial indicators are used to define the profitability of waste
facilities. Moreover, a sensitivity analysis is used to test some of the initial assumptions. Once identified
the efficient Waste to Energy plant, regional strategies of waste management are proposed to optimize
financial and environmental benefits of the sector. The proposed waste management framework provides
a concrete scheme for future research in assessing quantitatively the effectiveness of waste management.

� 2013 Elsevier Ltd. All rights reserved.

1. Introduction

Due to climate changes, economic crisis, public health manage-
ment, reduction of emission pollutants and the selection of new
renewable sources, European Union (EU) emphasises the impor-
tance of improving resource efficiency and sustainable material
management through the green economy concepts. The final aim
is to make Europe more competitive, create new jobs opportuni-
ties, increase the investment opportunities [1–3].

This paper focuses on waste management with the aim to de-
velop a management system that satisfy the EU regulations that,
according the 2008 directives, require to Member States to intro-
duce legislation on waste recycling. The landfill use has to be the
last resort for waste management. Really a correct waste manage-
ment is based on the amount minimization of waste generated, in
this way, new waste prevention initiatives are required for waste
minimization and new waste reuse initiatives are required [4–6].

In 1975, with the Directive 75/442/EEC, European Union intro-
duces the waste hierarchy concept into European waste policy.
The relevance of waste minimization is emphasized and political

actions have to be regulated to ensure a high level of protection
for the environment and human health.

A responsibility common framework is established by EU for
preventing and remedying damage to animals, plants, natural hab-
itats and water resources, and damage affecting the land. Directive
2004/35/EC on environmental liability is based on the ‘‘polluter
pays’’ principle for preventing and remediate to environmental
damages. Legislation, with the aim of waste prevention and correct
waste management, has also defined a ‘‘guiding principle’’ as pro-
posed by Council: a priority order (waste hierarchy) is defined to
prevent and reduce waste production.

‘‘The waste hierarchy generally lays down a priority order of
what constitutes the best overall environmental option in waste
legislation and policy, while departing from such hierarchy may
be necessary for specific waste streams when justified for reasons
of, inter alia, technical feasibility, economic viability and environ-
mental protection’’ (Directive 2008/98/EC).

The Waste Hierarchy approach is finalized to avoid, eliminate
and prevent the causes of environmental problems. It represents
a fundamental change with echoes widespread in human health
and medicine: prevention is better than cure. The benefits deriving
by a proper waste hierarchy application can be identified on:
greenhouse gases emission prevention, pollutants reduction,
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energy saves, resources conservation, new jobs creation, develop-
ment of green technologies.

The directive defines a hierarchy of waste management options
based on five steps which must be applied by Member States: the
preferred option is waste prevention, the following ones are the re-
use, recycling, recovery including energy recovery and, only as last
resort safe disposal. Waste incineration is contemplates as an en-
ergy efficient recovery (Fig. 1).

In the present paper, the attention is focused on the waste en-
ergy recovery given by the incineration: this form of waste man-
agement has more benefits than the landfill disposal. Incineration
can be classified as a recovery treatment rather than disposal, addi-
tionally the incineration meets certain energy efficiency standard
[7,8]. Landfills can create pollution of air, land and water. One envi-
ronmental problem deriving from landfills is groundwater pollu-
tion from leachates. Moreover, there are over 10 toxic gases
released from landfills, of the most serious of which is methane.
The use of incinerator for waste management presents environ-
mental risks; indeed, this facility can create toxic air pollution
and toxic ash. It is necessary the use of technology new facility
and the application of advanced regulation scheme to prevent
and minimize any risks that can derive to the environment or
health [9–11]. Incinerator facilities also contribute to externalities
but they represent a positive aspect since not only the direct exter-
nalities are to be considered (due to waste incineration) but also
the indirect one (due to avoided emissions from conventional en-
ergy production) [12,13]. Even if some authors identify in landfill
the best solution for waste management [14] and others sustain
that is necessary but not sufficient to improve the economic effi-
ciency [15,16], the present paper is focused on incinerators. The
scope is individualize a framework to optimize the national perfor-
mances deriving from these facilities and increase the heat and
electric energy recovery [17,18].

A correct waste management system requires that several as-
pects have to be integrated: local governments have to follow sus-
tainable development approach in solving the waste problems,
additionally environmental, economic and social impacts of invest-
ments in waste sector have to be well integrated. All steps of waste
management (for example: waste minimization, segregation and
containerization, intermediate storage, internal transport, central-
ized storage) are relevant decisional points and it is necessary to
adopt proper analysis for the definition of an optimal and correct
waste management framework [19,20]. To proceeding in this way,
this research has required analysis, previously achieved, related to:

� localization of incinerators facilities, evaluation of centralized or
decentralized solutions, economic, financial and environmental
analysis of incinerator investment [21]
� sensitivity and risk analysis [22]
� definition of optimal waste management strategy for the Italian

regions [23]

In the follow of paper, the current management systems in Eur-
ope and Italy are presented (Section 2). Since the final scope is to
define a national optimal waste management strategy, is required
to analyse the possible waste management disposal and the con-
nected financial benefits (Section 3). The estimated results show
that, to achieve a financial benefit, the facilities realized have to
be not smaller than 350 kt incinerator capacity. The estimation of
incinerator minimum sizing is based on several variables: lower
heating value, selling price of electricity, heat selling price, invest-
ment cost, and interest rate. Before to proceed, a sensitivity analy-
sis is performed with the object to analyse if the definition of the
minimum plant is affected by changes in the assumptions.

To improve environmental outcome from the management of
waste sector each State promotes the adoption of a waste manage-
ment system (WMS). In Section 4 is firstly described the current
waste Italian outcomes (cWS) achieved with the adoption of cur-
rent WMS (cWMS). Given that the major aim of government in
promoting WMS is to improve the waste management, it has to
estimate the waste situation to be managed in the future WMS
(fWMS). The definition of future waste systems (fWS) is based on
the amount of wastes produced in the nation, and the waste share
geared at energy recovery. After the description of cWS and fWS,
the second aim of the paper is to define the fWMSs to achieve ade-
quate outcomes. More specifically, the proper fWMSs processes
based on the optimal mix of incinerators size are defined. A quan-
titative approach is adopted for defining the fWMS based on the
optimization of financial net present value (FNPV), Waste Valorisa-
tion (WV) and wealth public benefit (WPB). The fWMSs are defined
with a regional detail. The regional results are analysed in Section
5. In Section 6, a national perspective of results is presented. In
addition, frequently occurs that there is a delay in investment pro-
ject realization, also when it is defined a waste management sys-
tem that can determine positive outcomes. In Section 7the losses
deriving by an implementation delay are quantified. Concluding
remarks close the paper (Section 8).

2. European and Italian current waste situation

Based on Eurostat data, CEWEP (Confederation of European
Waste-to-Energy Plants) analyses the municipal waste treatment
in 2010. For each EU-27 member, are defined the waste share land-
filled, incinerated, recycled and composted (Fig. 2). Germany,
Netherlands, Austria, Belgium, Sweden and Denmark have a share
of waste landfilled below 3%. Reported share of landfill for Italy is
51%, a share 13% highest with respect to European average. The
implementation of EU legislation has determined share reduction
of landfilled in EU-27 members. In Denmark, Austria, Sweden,
and Germany it is not allowed to open new landfill. Greece is the
only old Member State where the landfill has a share upon 80%;
all the other Members with a so high landfill use are new Member
States.

In EU-27 the waste generation have been reduced from 2009 to
2010. The drop has been of 1.1% (from 255.2 Mt to 252.5 Mt) sim-
ilarly from 2008 to 2009 a 1.5% decrease has been observed. For the
Countries with high population level, municipal waste generation
decreases in Spain (1.8%) and Germany (1.6%). Whereas in United
Kingdom it is achieved a slow waste reduction (0.2%), this indicator
increases in Italy and France respectively for 1.1% and 0.1%. This is
due to the growth of socio-economic indicators, like GDP and
household consumption, which are strongly correlated to waste
generation.

Based on ISPRA data, Italian waste generation has been of
32,479 kt in 2010 and 32,110 kt in 2009. In Friuli, Emilia and Lazio
the increase has been more than 3%, Veneto, Toscana, Umbria and
Campania have increased the waste generation of 2%. On theFig. 1. Waste management hierarchy.
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