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Abstract

There are a number of factors that effect decisions concerning the so-called undesirable facilities such as waste treatment technologies or landfills. These include social opposition and the need for a huge number of social, economic and environmental data to be taken into account. In Italy (as in many other developed nations) any decision to draft a plan, to define the choice on location for an undesirable service requires an immense amount of discussion, negotiation and organization. This usually occurs in open public debates organized by the local Administration. Another main obstacle to the government of the territory are transaction costs which are growing out of proportion. In a situation of high institutional and social fragmentation, the power of veto is in fact multiplied.
This paper reflects on the potential of the MCDA to help Decision Makers with particular reference to the involvement of the stakeholders, which face and disclose all the elements stopping or affecting the choice. The case study presented concerns the current debate in the Aosta Valley region, a small independent region in the north-west Italy, about the best choice for the treatment of municipal solid waste. The Analytic Network Process is applied in order to rank three alternative technologies of waste treatment (namely mechanical biological treatment, incineration (direct combustion), gasification) and to identify the priority ranking between the elements under examination (namely environmental, social, economic and technological aspects).  
Keywords: Undesirable facilities; Territorial conflicts; Analytic Network Process; Multiple Criteria Decision Making.  


1. Introduction

In contemporary society, the problem of waste management has grown to dramatic proportions, particularly from the ecological, health and social perspectives. For this reason, industrial plants which deal with the problem of Municipal Solid Waste Management (MSWM) now fall into the category of the so-called “undesirable facilities” (Aragonés – Beltràn et al., 2010/a, 2010/b). 
The territorial conflicts concerning the location of the undesirable facilities have spread throughout Italy in the last few decades with tremendous virulence. However, similar episodes are also observable in the rest of Europe. Moreover, these phenomena are more and more frequent and disruptive than social conflicts. In particular, they are characterized by the protests of local communities who wish to defend their land from external aggressions (Bobbio, 2011; Ferreira and Gallagher, 2010; Van der Horst, 2007). There are different interpretations of these territorial conflicts, which are essential to appraise in order to understand the trends and to acquire the necessary expertise to provide appropriate decision support tools for the Decision Makers (DMs). 
Dente (2014) identifies specific features in the field of territorial transformation. Firstly, Dente identify the explosion of complexity, with an expansion of network decision-making on the vertical axis (different geographical areas) and on the horizontal one (relationship between public and private actors). New types of actors have entered the decision-making arena alongside traditional ones. The result is a pluralization of the points of view inside the processes, with a progressive separation between the actual ways in which public decisions are taken and what is foreseen by the constitutional rules. Secondly, there are concerns about the increase of uncertainty and in particular of the uncertainty about the outcomes of the decisions. Today what is being questioned is whether the preferred alternative is likely to result in negative effects (negative externalities). Third, there is a rise in the number of incidences of conflicts among social groups, among political actors and between citizens and public authorities.
Expanding on the above, Bobbio (2011) identifies a typology for three fundamental questions. Why over the last few decades  are territorial conflicts increasing? What are the real issues at stake? How can they be dealt with? The territorial conflicts are seen, from time to time, as: (a) the expression of particularistic and egoistic points of view that prevent the fulfilment of the general interest, (b) the pressure of vested interests that exploit the fear of the population for other purposes; (c) the consequence of the imbalance between concentrated costs and distributed benefits; (d) a reaction to risks that are deemed unacceptable; (e) the resistance of the territories against the flows that invade or cross them; (f) a demand for a different model of development.
For the location of an undesirable facility such as an urban waste landfill, points d) and e) studied by Bobbio (2011) and illustrated here, are of particular relevance. 
The territorial conflicts are the direct consequences of the new fears that technological development tends to feed. The object of the dispute concerns the nature of the risks associated with a new project, while the solution of the conflict would be the elimination of these risks or, at least, the definition of which risks are acceptable by considering their magnitude and probability. However, this contention is not easily resolved. The perception of risk by ordinary citizens differs from that of the experts. They understand the risks that are imposed on them, which causes over anxiety and tend to contemplate the highly unlikely but catastrophic hazards. They also focus on the risks that specialists tend not to recognize (i.e. the depreciation of real estate properties, the consequences on local economy and quality of life). The promoters of the interventions try to show (with standard arguments based on stochastic methods) that the actual risk is different from the perceived risk and accuse opponents of cultivating unscientific and irrational fears. However, they are unlikely to breach the concerns of the counterparties, because reassuring previsions in the past have often proved to be unfounded. These fears, even if unfounded, can generate very concrete consequences with waves of panic on the stock market or, as in our case study, the fall in real estate values in areas that are perceived as risky. Even if an incinerator is potentially harmless, the widespread fear of contamination makes the purchase of a home nearby most undesirable.
Territorial conflicts can be analyzed also as a reaction to the flows that invade or cross local territories. Globalization has made borders permeable, multiplying the flows of people and goods from one end of the globe and increased the susceptibility of those who are exposed to the currents of these crossings. The conflict between flows (in constant motion) and places (by definition static) is one of the dominant traits of our time. Not all flows are unwelcome. The regions/cities are competing to attract beneficial flows such as investment, universities, prestigious institutions and tourists. At the same time they try to drive away unpleasant flows such as poor foreigners, waste treatment plants, power plants, wind power plants. Territorial conflicts are the manifestation of this competition. Beyond the actual dangers that the flows are likely to generate, the fact of receiving an unpleasant flow is an index of de-rating for local territories (Davies, 2008). Any city that hosts an undesirable facility thereby receives an indelible stigma: it becomes the ‘dustbin’ of the region. It defines itself, or it confirms its role as an outskirts service for more important and influential areas. Its ranking as a city slips down a step or two on the scale and the reputation of its inhabitants suffers. The object of the dispute, according to this interpretation, is the sovereignty of the individual places against global sovereignty (or European, national, regional, metropolitan area). The communities are built through horizontal ties among residents who find themselves sharing a common destiny, and through vertical links with the history of places, traditions, episodes of resistance. The territorial protests, when they manage to hold up over time, become identity movements. Not all the protests are able to get to this stage. However, when territorial identity takes root, there are no easy roads to deal with the conflict. The identities appear on the scene as non-negotiable values.
The impacts of the MSWM are both short-term (i.e. construction) and long-term (i.e. pollution, landscape degradation, etc.); at a local (i.e. landscape), regional (i.e. air pollution, pollution of surrounding areas) and global level (i.e. increase of the greenhouse effect). It should be noted that local and short-term risks are perceived by the average citizen as being more serious than the overall, long-term risks. When the representation of risks changes, since the citizen does not want to live in close contact with an imminent danger, they ask to reduce the feeling of insecurity. If this feeling persists, fear as well as a loss of confidence in the State, which is not accomplishing out its mission, become evident. 
The problem of reducing waste arose during the ‘60s and since then many studies have been developed about the issue of the location of undesirable facilities. With specific reference to decision problems concerning MSWM processes, the first applications referred to land use models with the aim of optimizing collection routes and facilities for the selection of a site (Truitt et al., 1969). In the late ‘80s, more sophisticated models were set up; these models focused on the economic aspects of the problem and had the objective of minimizing the overall costs connected to MSWM (Gottinger, 1988). During the ‘90s, MSWM models started to consider the complexity that is intrinsic in decision problems and some Multiple Criteria Decision Analysis (MCDA, Figueira et al., 2005) applications were proposed (Caruso et al., 1993). Many MCDA models are available to address MSWM problems, including Analytic Hierarchy Process (AHP) (Dey and Ramcharan, 2008), PROMETHEE (Khalil et al., 2004; Queiruga et al., 2008); ELECTRE (Hokkanen and Salminen, 1997; Norese, 2006); Analytic Network Process (ANP) (Khan and Faisal, 2008; Tuzkaya and Onut, 2008; Aragonés-Beltràn et al., 2010; Tseng, 2010: Bottero and Ferretti, 2011); GIS and Fuzzy MCDA (Chang et al., 2008); MCSDSS (Bottero et al., 2012); DRSA (Abastante et al., 2012). Recently, MWSM problems have been studied taking into account the sustainable development approach. In this perspective, for a waste management system to be sustainable, it has to be environmentally effective, economically affordable and socially acceptable (Abastante et al., 2013). 
As far as administration goes, the local government institutions began dealing with ecological problems and environmental considerations during the ’70s; this made it difficult to locate the plots of lands for traditional dumps where all kinds of unsorted waste, whether hazardous or harmless, were deposited (batteries, plastics, medicines, wood, solvents, glass). Based on these issues, waste sorting was then introduced in 1975 by the EEC Directive 75/442. It required the reduction, recovery and reuse of waste, as well as a "rationalization" of the collection, sorting and treatment. The transposition of this Directive was implemented in Italy with the DPR 915/1982, which established standards for the recovery and recycling of waste products. Although the 475/1988 law made it compulsory for municipalities to ensure that waste was assorted, this procedure was not brought into effect in most parts of Italy until a later date. It was only in 2009 that the municipalities were forced to comply with new methods of refuse collection for 35% of  the waste produced  (a percentage which originally should have been reached by 2003). The current policies of waste management in Italy can be summarized in two main ways of treatment: the recycling chain and the collection of non –recyclable waste. 
The study presented here is based on the aforementioned scenario. The case study is relevant to territorial conflict and the management of waste. It directly concerns the current debate on waste and waste management in the Aosta Valley region, a small independent region in north-west Italy. The debate is focused on what is the best choice to implement the treatment of municipal solid waste. The present landfill is not far from the entrance to the region capital and it is close to its saturation. For these reasons an alternative solution is needed as soon as possible. The solution identified by the regional institution is addressed to the realization of a plant that exploits a new technology of heat treatment of waste. This implements a molecular dissociation that will produce a compound in gaseous form (syngas) at the end of the cycle, in addition to the solid or liquid waste that could be reused. Since this new technology is currently not widespread it generates wide and opposing opinions: while the technology is promoted by the public institutions, this is hindered by the citizens. In this case, Analytic Network Process (Saaty 2005; Saaty and Vargas 2006) is applied in order to rank three alternative technologies of waste treatment (namely mechanical biological treatment, incineration- direct combustion- and gasification) and to identify the priority ranking between the elements under examination. We show via the case that it is a credible approach for waste management or the location of “undesirable facility technology”, more specifically, in the context of territorial conflict. We therefore make a contribution to current debates on appropriate approaches to land-use planning in the context of real conflict. 
After the introduction, the paper is organized as follows: section 2 is dedicated to the methodological approach; section 3 illustrates the case study and finally section 4 contains the conclusions and the principal reflections.  


2. Analytic Network Process: Methodological background and State of the art

The Analytic Network Process, or ANP (Saaty 2005; Saaty and Vargas 2006) is currently widely used in territorial decision problem also with stakeholders really having an active role in decision-making.
The ANP is a multi-criteria methodology able to consider a wide range of quantitative and qualitative criteria according to a complex model (Saaty, 2005). It structures the decision problem into a network using a system of pairwise comparisons to measure the weights of the structure components and to rank the alternatives. It is important to notice that many decision problems cannot be structured hierarchically, because they imply interactions and dependence between the highest elements and the lowest. In fact, not only does the importance of the criteria cause the importance of the alternatives, as in a hierarchy, but also the importance of the alternatives causes the importance of the criteria. In this sense, the ANP extends the applications of the AHP to cases of interdependent relationships between the assessment elements and generalizes the approach of the super-matrices introduced by the AHP (Saaty, 1980).
The ANP model consists of control hierarchies, clusters and elements, as well as interrelations between elements being able to connect clusters and elements in any manner in order to obtain priority scales from the distribution of the influence between the elements and clusters. The structuring of the model is characterized by continuous feedback between the elements and the cluster that is able to capture the complexity of reality (Saaty and Vargas, 2006). 
The application process of the ANP can be summarized in four main phases:
Step 1 - Structuring the decision problem and model construction. 
There are three types of models that can be developed within the ANP methodology: the simple structured model with no control criteria, the complex network model usually structured as a Benefits, Opportunities, Costs and Risks network (i.e. BOCR) (Saaty and Ozdemir, 2003), the strategic network model which is structured as a BOCR model but a further level of analysis is added in order to better catch the strategic elements of the problem in exam (Saaty, 2005; Saaty and Ozdemir, 2005).
Step 2 - Compilation of pairwise comparison matrices. Having constructed the decision model and having established relations between the elements, it is possible to proceed with the pairwise comparisons between the elements. The evaluation also takes place in two levels: that of the clusters and that of the nodes using the absolute scale of Saaty, which translates verbal reviews in numerical ratings (Saaty, 2005; Saaty and Ozdemir, 2005). The assigned ratings are placed in a matrix of pairwise comparison (Saaty, 2005).
Step 3 – Construction of super-matrices.
A super-matrix represents, in the case of the ANP, the relationships that exist within the network model and the relative assigned weights. It is an array containing all the priority vectors that are extracted from individual pairwise comparison matrices compiled during the previous steps of analysis.
The super-matrix plays a fundamental role in the analysis because it allows us to understand certain relationships of influence determined during the development of the network. It also is crucial because, being composed by different eigenvectors, it provides numerical data about the priorities of elements forming part of the decision system (Bottero et al., 2008). The general form of the super-matrix Wk is described in Figure 1 where CN denotes the Nth cluster, eNn denotes the nth element in the Nth cluster, and Wij is a block matrix that consists of priority weight vectors (w) of the influence of the elements in the Ith cluster with respect to the Jth cluster. If the Ith cluster has no influence on the Ith cluster itself (i.e. a case of inner dependence) Wij becomes zero. 
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Figure 1. General structure of a super-matrix

During the development of the ANP methodology, three different super-matrices are extracted:
- the un-weighted super-matrix (or initial super-matrix): it contains all the eigenvectors that are derived from the pairwise comparison matrixes of the model;
- the weighted super-matrix: it is a stochastic super-matrix obtained by multiplying the values in un-weighted super-matrix by the weight of each cluster. In this way it is possible to consider the priority level assigned to each cluster;
- the limit super-matrix: it is the final matrix of the analysis obtained by raising to a limiting power  the weighted super-matrix in order to converge and to obtain a long-term stable set of weights that represents the final priority vector.
Step 4 - Final priorities.
In the final step, the weighted super-matrix is made to converge to obtain a long-term stable set of weights. The super-matrix is raised to a limit lower, such as in equation (1), to obtain a matrix where all the columns are identical and each gives the global priority vector:

	[image: ]
	(1)




Moreover, in a case of the complex network, it is necessary to synthesize the outcome of the alternative priorities for each of the BOCR structures in order to obtain their overall synthesis (Saaty 2005, 2006). Saaty suggests three different formulas in order to synthesize the results: the additive negative formula (B + C – O – R), the additive probabilistic formula (B + O + 1/C + 1/R) and the additive multiplicative formula (B * O * 1/C * 1/R).
As far as ANP applications are considered, the literature is quite recent and some publications can be found in strategic policy planning (Ulutas, 2005; Lee and Kozar, 2006), market and logistics (Agarwal et al., 2006), economics and finance (Niemura and Saaty, 2004), in civil engineering (Neaupane and Piantanakulchai, 2006; Piantanakulchai, 2005), manufacturing systems (Das and Chakraborty 2011; Milani et al. 2013), territorial and environmental assessment (Abastante and Lami, 2013; Aragonés-Beltrán et al., 2010a, 2010b; Bottero et al., 2011; Promentilla et al., 2006; Tuzkaya and Onut 2008); transport issues (Abastante et al., 2012; Abastante and Lami, 2012; Bottero and Lami, 2010; Lami et al., 2011; Pensa et al., 2014, 2013).

3. The case study: the choice of technology for urban waste treatment

The case study presented refers to the Aosta Valley region, a small independent region in north-west Italy, and concerns the choice of the best technology of waste disposal for the Valley territory. 
Over the past 20 years, the waste production in the Aosta Valley has constantly increased from 44.800 tons/year in 1990 to 75.272 tons/year in 2011, despite a strong separate collection policy since 1998. 
The current waste management provides a single point of transfer for the entire region consisting of a landfill in the municipality of Brissogne, which is no longer suitable due to the aforementioned increases. 
Therefore, the increase in waste production and the rapid normative changes regarding the treatment of municipal solid waste created a crisis in the disposal system, making it necessary to identify of an alternative technology. 
In 2005, the Aosta Valley region started comparative studies about different treatment systems and waste disposal with the aim of acquiring the necessary information in order to identify an alternative to the current landfill system.
In 2008, after an initial study of the problem, which ended with the presentation of a comparative study dated 2007, the Regional Council approved the feasibility of a waste incineration plant. This resulted in reclaiming and restoring the surrounding environment of the landfill site. At the same time the first form of pressure group called “Zero Waste Committee” opposed to this solution.
[image: ]During the following year, the Regional Council started new research within the existing waste technologies with the aim of finding an innovative solution. This study showed that the gasification and pyrolysis system appeared to be more respectful technologies because they minimized the environmental impact, a fundamental element of the study. 
In 2010, the III Commission Board, the Regional Council and the Regional Observatory of Waste, met to discuss with the stakeholders involved. All those expressed favorable opinions on the new technology, which avoided dismantling the landfill and the bureaucratic process for a call for tender was able to begin.
This concluded in the second half of 2011 with the choice of the only group, which possessed the appropriate technical requirements. 
At the same time the eligibility of the proposed popular law that prohibits the construction of heat treatment of waste intervention was approved. The result of the referendum constitutes a national precedent: for the first time in Italy, voters were able to express their views on a controversial topic like the treatment of waste.Figure 2. Facilities waste treatment in Italy (Data source: ISPRA 2012).

Therefore, the year 2012 passed against a backdrop of campaigns for and against the gasification project, while waiting for the referendum planned for the month of November.
Those opposed to the project continued in their protest with determination, focusing on issues such as the excessive size and costs of the system, trying to bring attention to the fact that it was an immature technology (i.e. there are no other similar plants in Italy) and environmentally dangerous due to the emissions resulting from the combustion of the gases produced.
By contrast, the favorable ones continued to support the validity of the technical studies, identifying this technology as the only viable solution to close the cycle of waste within the region.
The regional majority movement pre-referendum campaign invited its members or supporters to abstain from voting, with the intent of invalidating the referendum. This probably created a feeling of distrust in the population and delivered more voters in to the hands of the opponents.
The epilogue of the story, as a result of the referendum held in mid-November 2012, saw the overturn of the scenario that was originally anticipated, outlining cold management as the only solution to the treatment of waste. 
This alternative was the preferred one between the majority parties in the region that had already issued a call for the construction of a gasification plant. 
In the light of the referendum result, the future of waste in the Aosta Valley region is now in the hands of a Special Committee composed by seven regional councilors. The Committee aims to re-determine the policy orientations of the waste management system by verifying the actual feasibility of the proposed alternatives.
In this sense, the present work is parallel to an extremely delicate decision-making process and it intends to illustrate how the application of a multicriteria analysis tool enable the support of a complex decision problem involving a plurality of conflicting values and characterized by a high level of uncertainty. 

3.1 Application to the case study

The Analytic Network Process is applied in order to rank three alternative technologies of waste treatment (namely mechanical biological treatment, incineration (direct combustion), gasification) and to identify the priority ranking between the elements in exam. In this sense, it is a rather rare application of ANP technique because the waxed results are not an order of alternatives but a sorting of criteria (Bottero and Lami, 2010; Abastante and Lami 2012, 2013).  The description of the three alternative technologies proposed is reported in Table 1.
Table 1.  Description of the alternative technologies

	Alternative Technologies
	Description

	Mechanical biological treatment
	Cold treatment that uses the combination of mechanical and biological process separating the organic portions of waste from the recyclable materials. In this way a reduction of the pollutant emissions is granted due to the recycling of the materials but plants management problems could subsist. 

	Incineration (direct combustion)
	Heat treatment very used in Europe which aims to produce energy through the recovery of the heat produced by the combustion of waste. Possible problems could refer to a low energy yield a to high environmental impact due to the production of soot. 

	Gasification
	Heat treatment in which the waste is decomposed through the reactions with nitrogen and oxygen. The final result is a gas that, purified, can be used as a fuel in boilers or internal combustion engines. This technology could produce large amount of nitrogen that need to be removed causing an increase in the operating costs.  



A complex ANP model has been developed in order to take into account the complexity of the decision problem. According to the literature (Saaty, 2005), the decision problem has been divided into clusters and nodes (or elements) that have been organized according to a BOCR model (i.e. Benefits, Opportunities, Costs and Risks). The Benefits and Opportunities subnetworks are advantageous and hence are positive aspects at the present time and in future scenarios respectively, while the Costs and Risks subnetworks are disadvantageous and therefore negative aspects at the present and in future scenarios respectively (Saaty and Ozdemir, 2003). Figure 3 shows the network of the model focusing on the Benefits subnetwork.  It is important to notice that in the Costs subnetwork, the clusters Environmental Aspects and Technological Aspects are not considered. This is because the environmental and technological negative effects of an undesirable facility (i.e. incinerator or waste plant) are not instantaneous or short term usually. While the benefits of such transformation are immediately visible, the negative environmental and technological aspects are measurable after a quite long period of monitoring. This is necessary to identify the pollutant emission, if any are, and the correct functioning of the technological parameters (Middleton, 2013).  In the ANP model presented, all these aspects are considered in the risk subnetwork (i.e. negative aspects in future scenarios). 
[image: ]

Figure 3. BOCR network of the model

The choice of applying a complex BOCR network is related to the complex nature of the decision problem in exam allowing to take into account a high number of aspects occurring in different time periods. Table 2 describes the decision network of the problem. 

Table 2. Decision network of the problem

	Benefits

	Clusters
	Nodes
	Description

	Environmental Aspects
	Dispose of the landfill
	Benefit coming from the disposal of the waste treatment system

	
	Good integration with the landscape
	Benefit coming from a good integration between technology and territory

	Socio-economic Aspects
	Closed cycle waste 
	Achievement of the objectives of the law

	Technological Aspects
	Yield of the solid waste plant
	Possible production of heat and electricity coming from the new treatment modalities

	
	Reliability of the solid waste plant
	Benefits arising from a proven, established technology

	Opportunities

	Clusters
	Nodes
	Description

	Environmental Aspects
	Reduction of the waste in the landfill
	Opportunity to reduce the presence of special waste in landfill

	Socio-economic Aspects
	Development of the area
	Development of the adjacent areas thanks to new activities

	Technological Aspects
	Flexibility of use
	Opportunity to use the system not at full capacity if necessary

	
	Development of a new treatment technology
	Opportunity to become a forefront pole of waste management

	Costs

	Clusters
	Nodes
	Description

	Socio-economic Aspects
	Intervention costs
	Costs related to the construction of the intervention

	
	Operation costs
	Costs related to the management of the work necessary to ensure a proper functioning of the system

	Risks

	Clusters
	Nodes
	Description

	Environmental Aspects
	Interaction with the air quality
	Increase in air pollution

	
	Interaction with the underground water network
	Increase in water pollution

	Socio-economic Aspects
	New transfers flows
	Risk arising from new quantities of waste from outside or from a bad collection

	
	Incoherent estimation of costs
	Risk arising from a wrong estimation of the costs

	Technological Aspects
	Incoherent estimation of functioning
	Risk arising from a bad estimation of the functioning parameters



After setting up the model a questionnaire was submitted to four strategic stakeholder (i.e. environmental engineers, urban planners, representatives of the Regional Administrations of the Aosta Valley and citizens of the affected areas) directly involved in the real decision problem. They were asked to answer to the pairwise comparisons arising from the ANP model at the clusters and nodes levels. 
Typically, when focusing on depth and convergence of views on relatively small samples, the sample is selected purposefully. The logic and power of purposeful sampling lies in subjects where one can learn a great deal about issues of central importance to the purpose of the research, thus the term purposeful sampling (Patton, 1990). It is an important approach, particularly when looking for individuals who have a particular expertise who is most likely to be able to advance the researcher’s interests. 
According to the ANP methodology, in pairwise comparisons, the Saaty’s absolute scale is used to compare any two elements (Saaty and Ozdemir, 2005). The main eigenvector of each pairwise comparison matrix represents the synthesis of the numerical judgments established at each level of the network (Saaty, 2005). 
In the application presented all the calculations have been implemented using the Superdecision software (superdecisions.com). 
The questions at the clusters lever were of the type:
· With reference to the choice of the best alternative technology of waste treatment, which one of these two aspects will lead to the greatest benefits? To what extent?
	Environmental Aspects
	9
	8
	7
	6
	5
	4
	3
	2
	1
	2
	3
	4
	5
	6
	7
	8
	9
	Technological Aspects



The questions at the node level were of the type:
· With reference to the alternative technology “Incineration (direct combustion)”, which one of these two beneficial aspects will be more satisfied? To what extent?
	Dispose of the landfill
	9
	8
	7
	6
	5
	4
	3
	2
	1
	2
	3
	4
	5
	6
	7
	8
	9
	Good integration with the landscape



· With reference to the choice of the best alternative technology of waste treatment, which alternative is more costly referring to the “intervention costs”? To what extent?
	Incineration (direct combustion)
	9
	8
	7
	6
	5
	4
	3
	2
	1
	2
	3
	4
	5
	6
	7
	8
	9
	Gasification


After collecting all the surveys, the weights were aggregated. In the literature many methods have been proposed to approach the aggregation. The most spread methods are the Geometric Average (GA) and the Arithmetic Average (AA). The literature (Aczèl and Saaty 1983; Aczèl and Roberts 1988) indicates the GA as the “evolution” of the AA but this does not mean that one is better than the other. It depends on the context of application. For example, if you were asked to find the class average of students’ test scores, you would use an AA because each test score is an independent event. On the contrary, if you were asked to calculate the annual investment return of your savings you would use the GA because the numbers are not independent of each other (i.e. if you lose a ton of money one year, you have that much less capital to generate returns during the following years, and vice versa) (Mitchel 2004). Moreover, since the GA gives a null global score even if only one criterion is null, the risk is to flat too much the values to be able to capture the differences between the elements of the decision in the final stage (see Table 4 and Figure 3). 
After applying both methods, since the answer given in the surveys are independent events, we decided to apply the AA on the basis of majority. This means that we gave the preference to the node that had the highest number of votes, and then among these weights we determined the AA. We can call this last approach a “majority” method, because it is in somehow similar to the political election, where the winner is the party that obtains the highest number of votes. 
In Table 3 the priority ranking coming from the Benefits and Costs Network is presented.
Table 3. Benefits and Costs ranking

	
	Benefits
	Costs

	Limiting
	Node
	Priority
	Node
	Priority

	
	Dispose of the landfill
	0,150
	Intervention costs
	0,392

	
	Good integration with the landscape
	0,186
	Operation costs
	0,107

	
	Closed cycle waste 
	0,112
	
	

	
	Yield of the solid waste plant
	0,022
	
	

	
	Reliability of the solid waste plant
	0,028
	
	

	Normal
	Mechanical biological treatment
	0,280
	Mechanical biological treatment
	0,076

	
	Incinerator (Direct combustion) 
	0,174
	Incinerator (Direct combustion) 
	0,439

	
	Gasification
	0,132
	Gasification
	0,484




The results of the BC subnetworks highlight that in a short term period the most beneficial element in the decisional problem is the good integration with the landscape (0,186) while the most worrying element is related to the intervention costs (0,392). The results are in line with the widespread social fear of living in a territory disfigured by a big intervention. Moreover a not integrated waste treatment plant can cause a reduction in property values which would be a disadvantage for the affected population and Administrations. 
It is important to underline that the preferred technology turns out to be the Mechanical biological treatment (0,280), which is considered also the less costly one. From the economic point of view there are no big differences between the two other alternatives proposed, actually. 
Again the results are in line with the inhabitant’s opinion regarding the heat treatments (i.e. incinerator and gasification). The gasification technologies, in fact, were eliminated by the referendum held in Aosta Valley in November 2012.
In Table 4 the priority ranking coming from the Opportunities and Risks Network is presented. 
Table 4. Opportunities and Risks ranking

	
	Opportunities
	Risks

	Limiting
	Node
	Priority
	Node
	Priority

	
	Reduction of the waste in the landfill
	0,166
	Interaction with the air quality
	0,262

	
	Development of the area
	0,166
	Interaction with the underground water network
	0,074

	
	Flexibility of use
	0,111
	New transfers flows
	0,083

	
	Development of a new treatment technology
	0,055
	Incoherent estimation of costs
	0,029

	
	
	
	Incoherent estimation of functioning
	0,050

	Normal
	Mechanical biological treatment
	0,360
	Mechanical biological treatment
	0,161

	
	Incinerator (Direct combustion) 
	0,039
	Incinerator (Direct combustion) 
	0,500

	
	Gasification
	0,099
	Gasification
	0,338



From the results obtained from the OR network it is possible to notice that the elements which present the highest percentage of future opportunities are the reduction of the waste in the landfill (0,166) and the future development of the area (0,166) while the most risky element turns out to be the interaction with the air quality (0,262). In these two networks the obtained priority between the elements at stake is in line with the common worry about the risks arising from such a plant. Usually, in fact, the fear of not having correctly estimated the functioning parameters of the treatment technology is very diffused because a mistake in the waste management plant design can cause a high level of air pollution. 
In this perspective, the Mechanical biological treatment seems to be the technology that can bring the highest opportunities (0,360) while the Incinerator (direct combustion) is considered the most risky alternative (0,500). These results are in line with the results obtained during the referendum in the Aosta Valley. The last step involved the determination of the global importance values for the waste treatment technology in exam. To verify the accuracy of the results, they were synthesize using the three formulas suggested by Saaty (2005, 2006). In Figure 4 the final results of the analysis are reported. 

Fig. 4. Final results.


As it is showed, the result is independent from the choice of the formulas. In fact, although different percentage, the preferred strategy always turns out to be the Mechanical biological treatment. 



4. Discussion of the results and conclusions

The paper illustrates a decision process related specifically to a highly emotive topic in Italy and, more in general, in Europe: the choice of an “undesirable facility technology” and, to be precise, the choice of an urban solid waste treatment technology for the Aosta Valley.
Three technologies were considered (i.e. mechanical biological treatment, the incinerator or direct combustion and the gasification) following the outcome of a referendum in mid-November 2012. These alternative solutions were assessed by the use of a multicriteria technique, the Analytic Network Process (ANP) according to a complex network of interconnected variables. The results obtained from the development of the model show that the mechanical biological treatment technology is the most suitable solution in this case, followed by the gasification technology and the incinerator technology. In this respect the results produced by the ANP assessment are in line with the results obtained by the referendum, which eliminated the possibility of making plants for heat treatment technology. This may be attributed to the common social fear of all manufacturing plants and facilities, mismanagement and of the increase in pollution and contaminants. 
The study grants some reflections on the contribution of the MCDA in this type of decision process. In the territorial conflicts the subject of dispute is far from unique. A dispute often involves several aspects of the question simultaneously: the nature of general or individual aspects, the existence of vested interests, the redefinition of costs and benefits, the assessment of risk factors, the decisional power of the communities involved and their identity, the possibility of opting for alternative modes of development. This is why the outcome of these conflicts appears problematic and uncertain. One negotiating solution concerning the actions for mitigating and compensating the estimated impacts of the project can be easily undermined by a new discussion about territorial identity, local decisional power or the opportunities to develop the proposed project (Bobbio, 2011).
The literature on this topic investigates mostly which techniques are adept at supporting the decision process at a “mathematical level” based on the available data and on the expected results (Roy and Slowinski, 2013). 
This paper, however, aims to reflect on how the MCDA can constructively help the DMs and the stakeholders involved in a territorial decision process, to deal with and disclose all the elements that may hinder or affect the process. Considered from this perspective, the present study constitutes one of the first attempts in this direction. 
In this sense, MCDA theory allows the theme of participation to be integrated in to the decision-making process; the theory permits not only numerical data, statistics, etc. to be considered, but also the preferences and feelings of the DM; it may contribute to the construction and review of the alternatives and it takes into account the views of different actors, even with heterogeneous languages. In particular with the ANP, the methodology adopted here, the evaluation is organized in a learning perspective and the decision making process is able to increase the knowledge of the DM about the decision problem under examination. In this sense, the DM gains more awareness of the elements at stake while structuring the model and thus learns about the problems throughout the decision process. Moreover the ANP, like other methods, offers as a final result the ranking of alternatives and, for this reason, provides a readable and immediately comprehensible result. The way in which the ANP is applied truly coincides with the iterative and interactive role increasingly required by an evaluation process.
This aspect is of particular relevance because in Italy (as in many European Countries) any decision to draft a plan, to define the choice on location for an undesirable service requires an immense amount of discussion, negotiation and organization. As soon as a problem arises, the first reaction from the Administration is to open a debate: public decisions are the result of a continuous process of negotiation and conclusion of agreements. Transaction costs grow out of proportion and they represent the main obstacle to the government of the territory. In a situation of institutional and social high fragmentation, the powers of veto are in fact multiplied. They do not refer only to the interests traditionally strong, but also to the interests traditionally weak. Moreover, the groups that are not involved in the decision process have the possibility to affect the choices made by others, or at least to delay them. If the processes of governance are not sufficiently open and transparent, they run the serious risk of failing. For these reasons, the current coordination system of policies also requires "architects of process" (Bobbio, 2011).
There are a number of opportunities for expanding the present study and for validating the results obtained herein.  Firstly, given the spatial nature of the decision problem under analysis, future improvements on the work will refer to the integration of the MCDA tool with visualization. Secondly, it would be of scientific interest to verify (with specific evidence) the real contribution of  MCDA in the different phases of the decision process, in order to put in evidence the positive aspects and the main drawbacks of these methodologies in supporting real world problems.
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Multiplicative	
Gasification	Incinerator	Mechanical biological treatment 	0.04	1.7000000000000001E-2	0.94099999999999995	Additive probabilistic	
Gasification	Incinerator	Mechanical biological treatment 	0.23300000000000001	0.248	0.51800000000000002	Additive negative	
Gasification	Incinerator	Mechanical biological treatment 	0.51800000000000002	0.16500000000000001	0.69699999999999995	
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