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Abstract  Reuse is one of the most important waste-prevention strategies. Although the 
importance of preparation for reuse is clear, preparation centres for reuse are not com-
mon in the traditional waste management supply chain. An analysis of their contribution 
in waste-prevention strategies is therefore needed. Our research evaluates three prepara-
tions for reuse scenarios in municipal solid waste management with an analytic hierarchy 
process (AHP). These alternatives were assessed with three criteria: economic, social 
and environmental. Sensitivity analyses were performed to study the impact on the final 
ranking of changes in various parameters. Results highlight that the best alternative is to 
include the preparation for reuse in the waste management supply chain, with a moderate 
recourse to it. The study sheds light on how managers can better plan preparation for reuse 
activities and provides new trajectories for future research.

Keywords  Reuse · Circular economy · Waste prevention · Waste management · Reverse 
supply chain

1  Introduction

Waste prevention is the most desirable option as indicated in the “mandatory” five-level 
hierarchy introduced by Waste Framework Directive (EC 2008), followed by prepara-
tion for reuse, recycling, recovery, and disposal as the last option (Zorpas and Lasaridi 
2013; Gelbmann and Hammerl 2015). Despite the constantly growing attention on waste 
prevention, at both European Union (EU) and Organisation for Economic Co-operation 
and Development (OECD) level, the total amount of waste generated has only slightly 
decreased in the last 10 years while landfilling continues to be one of the most important 
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waste treatment option (EUROSTAT 2015; OECD 2016). Therefore, more efforts are nec-
essary to increase prevention and make it as a reliable option.

Reuse, in the framework of waste-prevention policies, means any operation by which 
products or components that are not waste are used again (with or without modifications) 
for the same purpose for which they were conceived (EC 2008), focusing, therefore, on the 
consumer waste sector (Gelbmann and Hammerl 2015). When a product is donated or sold 
in second-hand markets (e.g. shops, markets, the web), it generates an immediate reduction 
in waste, regardless of the operations needed for it to be effectively reused (Gelbmann and 
Hammerl 2015; Milovantseva and Fitzpatrick 2015; Hofmann 2013; Östlin et al. 2009).

When the same kind of product is delivered to a waste collection system, it is still pos-
sible to reuse it, by several operations but following a waste regulation system. This is the 
case of preparation for reuse, which is ranked in the second position of the European Waste 
Hierarchy (EC 2008) and is defined as “checking, cleaning or repairing recovery opera-
tions, by which products or components of products that have become waste are prepared 
so that they can be reused without any other pre-processing” (EC 2008).

Preparation for reuse typically involves different operations such as: inspection, clean-
ing, safety and function testing, repairing (Luger and Herrmann 2010; Gharfalkar et  al. 
2015). After those processes, reusable products are redistributed with different models. 
Those can be sold directly to end-users or distributors and retailers.

The number and typology of actors involved depends on the organization of the activi-
ties in the supply chain (Kissling et al. 2012). Generally, collection and sorting activities 
are managed by local authorities (i.e. waste management companies), while preparation for 
reuse activities are conducted by ad hoc profit (or non-profit) organizations (Kissling et al. 
2012).

Examples for preparation for reuse concern repairing bicycles, furniture, or electrical or 
electronic equipment (WEEE), which have been previously discarded by their owners (EC 
2012a).

Environmental benefits of reuse are very well described in literature. Several studies 
have confirmed that reused products generate lower environmental impacts comparing to 
those resulting from the manufacturing and distribution of news product from raw mate-
rials (Williams et al. 2008; González et al. 2017). Reuse is widely considered a way for 
reducing the environmental impacts of electrical and electronic equipment (EEE) (Wil-
liams et al. 2008; Devoldere et al. 2009; Truttmann and Rechberger 2006; Kissling et al. 
2012). Reuse design and manufacturing by reusing have been demonstrated heavily reduce 
the environmental impacts for different items (Tecchio et al. 2017; Castellani et al. 2015). 
Authors described how the choice to treat many products as waste—instead to repair or 
reuse them—lead to severe environmental impacts (Tecchio et  al. 2017; McCollough 
2009). González et al. (2017) have assessed the value of environmental costs saved thanks 
to the promotion of reuse. These kind of social benefits (e.g. better environmental condi-
tions, healthier environments, etc.) are mainly addressed to the preparation for reuse pro-
cess and distribution phases and are calculated having in mind the costs for manufactur-
ing new products from raw materials (González et al. 2017). Ready to reuse products are 
very often produced and reused locally, this does not happen very often with new products. 
Therefore, in the majority of cases, reuse systems have a local dimension, packaging is lim-
ited and costs for transport are lower (Tecchio et al. 2017; Stahel 2013).

Social and economic benefits of reuse (including the preparation process) are described 
in literature: from providing job and training opportunities for unemployed and for disad-
vantage people to providing good product for low-income people both in developing and 
developed countries, supporting the digital development (Kissling et al. 2012; O’Connell 
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et al. 2010; Anon 2012a, b). From the same perspective, second-hand products represent an 
important source of IT equipment for business and educational organizations in the devel-
oping countries (Kissling et  al. 2012; Streicher-Porte et  al. 2009; Kahhat and Williams 
2009).

Furthermore, it is possible to consider the avoided costs of collection and disposal as 
socio-economic benefits (Cole et al. 2014).

Nowadays, no research has been done in order to determine a decision-making model 
for the inclusion of preparation for reuse in waste management scenarios.

According to the European Commission preparation for reuse clearly contributes to pre-
vention objectives (EC 2012b). Indeed, waste-prevention programmes, which are manda-
tory for Member States, must include the promotion of preparation for reuse of appropriate 
discarded products or of their components (EC 2008).

The available data show a huge potential for preparation for reuse in terms of prevention 
objectives. At the same time, there is a wide agreement regarding the need of “robust and 
comprehensive quantitative data” on preparation for reuse (Cox et  al. 2010; Sharp et  al. 
2010).

Waste prevention and preparation for reuse are required by the transition to a circular 
economy, because both contribute to the reduction of waste (Tecchio et al. 2017; Geiss-
doerfer et al. 2017; Parajuly and Wenzel 2017; Sauve et al. 2016; Cole et al. 2014). The 
Roadmap to a Resource Efficient Europe (European Commission 2011) encourages to 
conceive reuse as an economically attractive option for public and private actors. The 
increase of reuse is considered also by the Circular Economy Package (European Com-
mission 2015, 2017). To prove this, Geissdoerfer et al. (2017) show that reuse is one of 
the most important subtopics of circular economy. The circular economy paradigm empha-
sizes the role of product–service systems as one of the most promising business model 
in this field (Michelini et  al. 2017) and the manufacturing-centred take-back systems as 
the most efficient way to reuse, disassemble, refurbish and recycle materials within the 
same value chain (Singh and Ordoñez 2016). However, these models and systems are far 
from being considered the reality we face: the material collection system in place is waste 
management. For this reason, it is necessary to maximize the potential of reuse in waste 
management system, for circularity and resource efficiency purposes, but also for making 
it a reliable step for enable future take-back systems (Singh and Ordoñez 2016). The waste 
management system can contribute to create value from discarded product, but if these 
products must be prepared for reuse, the collection phase should be significantly improved 
(Parajuly and Wenzel 2017).

While preparation for reuse contributes to waste-prevention goals, to date, its potential 
has not been fully developed. A full understanding of its role in the waste management 
system, as well of its potential contribution to waste prevention is still lacking. This paper 
addresses this gap by identifying the best scenario for preparation for reuse activities in 
municipal solid waste management. We developed a multi-criteria analysis, applying an 
analytic hierarchy process (AHP), which is a comprehensive methodology designed to 
facilitate decision-making with both empirical data and subjective judgments. AHP pro-
vides a systematic methodology to rank concrete alternatives (Behzadian et al. 2010) and 
has been widely used in the reverse supply chain field (Pochampally and Gupta 2003) and 
particularly in the waste management field (Nixon et  al. 2013; Kondili et  al. 2012; Pab-
ule et al. 2015; El Hanandeh and El-Zein 2007; Roussat et al. 2009). In particular, AHP 
method is the most used method in MSW management decision-making (Soltani et  al. 
2015). Notable applications of AHP to different MSW management issues concern the 
minimization of infection risks from health care waste in developing countries (Brent et al. 
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2007), the optimal siting of MSW facilities (Demesouka et al. 2013; Gorsevski et al. 2012; 
Tavares et  al. 2008), logistic aspects in waste management decision (San Martin et  al. 
2017), the strategy to expand the MSW in a sustainable way (Pires et  al. 2011) and the 
comparison of different technologies in obtaining energy from waste (Corsini et al. 2018). 
In several cases, AHP is used as support instrument in MSW management decision-making 
in combination with other techniques; for example, there are several researches (Mahjouri 
et al. 2017; Ouyang and Guo 2016; Ouyang et al. 2015) using such approach in exploring 
the wastewater sector.

2 � Materials and methods

2.1 � Data collection

The model for assessing the scenarios was grounded on raw data from the city of Vice-
nza, which is located in Veneto in north-eastern Italy, where the implementation of a reuse 
centre was assessed. The city has an estimated population of 113,599 (ISTAT 2015), and 
a production of municipal solid waste of 616.7 kg per inhabitants per year (ISPRA 2015).

The data on generated waste were taken from ISPRA (2015) while other data were 
grounded on the technical output of the Prisca (Pilot project for scale reuse starting from 
bulky waste) LIFE + project,1 financed by the European Commission through the Life Plus 
Environment 2011 programme (Prisca 2015). The project, financed by the European Com-
mission through the Life Plus Environment 2011 programme, tested the feasibility of reuse 
centres, where reusable goods from solid urban waste flows are sent for preparation for 
reuse operations to enter a second life, instead of being disposed to landfill.

2.2 � AHP methodology

The Analytic Hierarchy Process, developed by Saaty (1980), allows dividing the decision 
problems into understandable parts; each of these parts is analysed separately and inte-
grated in a logical manner. It is a comprehensive methodology designed to facilitate the 
decision-making process by using both empirical data and subjective judgments, allowing 
to derive a scale of priorities that are valid to make complex decisions. Such method has 
been used for solving complex decision-making problems in various disciplines and cur-
rently is widely used in the field of waste management (Soltani et al. 2015).

According to the axioms on which the AHP methodology is based (Vargas 1990), we 
structured the goal of the delineation of the best scenario for preparation for reuse activities 
in four levels. In detail, we structured the decision hierarchy according to the goal in the 
following order: the objectives from a broad perspective, through the intermediate levels 
(criteria on which subsequent elements depend) up to the lowest level (a set of the alterna-
tives). According to Fig.  1, the hierarchical structure of the decision-making consists of 
the following levels: the first level represents the ultimate goal of the decision hierarchy 
(assessing the best preparation for reuse scenario), the second level introduces the criteria, 
the third level shows the sub-criteria that are utilized in this work and finally the fourth 
level shows the alternatives.

1  EU-LIFE + Environment Policy and Governance LIFE/11/ENV/000277.
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2.3 � Scenarios

Our research assessed three alternatives with respect to the delineation of the best sce-
nario for preparation for reuse activities in municipal solid waste management. Those 
are presented in Fig. 2. The first alternative is represented by a business as usual sce-
nario (Scenario 0) where preparations for reuse activities are not included in the waste 
management supply chain. In this case, the municipal solid waste system includes, after 
the sorting stage: material recovery (plastic, glass, paper and the other recoverable 
materials); composting (for the organic flow); thermal recovery for the refuse-derived 
fuel. The landfilled flow includes direct flows of municipal waste and the secondary 
flows of the recovery phases.

The second alternative is represented by a scenario where preparation for reuse activ-
ities is included in the waste management supply chain allowing the diversion of 1% of 
waste still reusable. In Scenario 1, the preparation for reuse is included into the system 
and calls for the 1% of the total of municipal solid waste. The preparation for reuse 
entails a light processing stage (including cleaning and refurbishment) after which the 
goods can be reused.

Finally, the third alternative (Scenario 2) is represented by a scenario where prepara-
tion for reuse activities is included in the waste management supply chain allowing the 
diversion of 5% of waste still reusable. Scenario 2 considers a bigger recourse to prepa-
ration for reuse, allowing a greater diversion from landfill (5% of the total municipal 
solid waste). Scenarios are fully described by Fig. 2.

Fig. 1   Hierarchical structure for the selection and evaluation of a sustainable waste management scenario
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2.4 � Criteria

We selected most of the sub-criteria for assessing the scenarios after an in-depth analy-
sis of the literature regarding similar studies on waste management scenarios. More in 
detail, after having selected all the relevant literature a worksheet was designed in order 
to collect the most useful criteria used in similar evaluations. Then, each of the crite-
ria was read independently and iteratively discussed by the four researchers involved 
in the project, thereby ensuring reliability through consensus and minimization of bias. 
Through this process, useless criteria were rejected, reaching a final number of 7 cri-
teria. Those are: economic indicators (i.e. capital costs and operational costs), social 
indicators (i.e. job creation and the increased environmental awareness of citizens) and 
environmental indicators (GHG emissions in CO2 equivalents, amount of waste land-
filled, probability of a prepared for reuse good to return waste). The following para-
graphs give a short presentation of the chosen indicators.

2.4.1 � Economic criteria

We addressed economic aspects through capital and operational costs of running a prepa-
ration for reuse centre in a waste management supply chain. Those costs are frequently 
considered for evaluating alternatives in multi-criteria studies (Pabule et al. 2015; Yap and 
Nixon 2015).

Fig. 2   System boundaries and scenario presentation
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The capital cost is the amount required to construct the waste management plants, 
including: land costs, design and construction of landfills, waste treatment facilities, 
and transportation. Similar capital costs have been used in multi-criteria studies (Pabule 
et al. 2015; Milutinović et al. 2014). For the assessment of the Scenario 0 only the capi-
tal costs (and fix costs) of the waste management supply chain were taken into account 
with the exclusion of the costs related to the cleaning of the streets, as we assumed that 
preparations for reuse activities are not included in the waste management supply chain. 
On the contrary, for the assessment of Scenario 1 and Scenario 2 we added to the capi-
tal costs of the waste management supply chain the cost for running a preparation for 
reuse centre. Those in detail are: staff costs, services costs (e.g. insurance costs), cost of 
vehicles maintenance other direct management costs (e.g. energy, water, etc.). Details of 
capital costs are presented in Table 1.

Operational costs in details include: waste management supply chain operational 
costs and operational costs for the preparation for reuse centre. For the assessment of 
the Scenario 0 only the operational costs of the waste management supply chain were 
taken into account with the exclusion of the costs related to the cleaning of the streets, 
as we assumed that preparations for reuse activities are not included in the waste man-
agement supply chain. On the contrary, for the assessment of Scenario 1 and Scenario 
2 we added to the operational costs of the waste management supply chain the cost for 
running a preparation for reuse centre. Those in detail are: staff costs, services costs 
(e.g. insurance costs), cost of vehicles maintenance other direct management costs (e.g. 
energy, water, etc.). Pires et al. (2011) claim that revenues are also significant for assess-
ing waste management scenarios. Details of capital costs are presented in Table 2.

Table 1   Details of capital costs in €/ton per year

Scenario 1 Scenario 2

Supply chain capital costs (and fix costs) 40.93 Supply chain capital costs (and fix costs) 40.93
Land costs, design and construction of 

preparation for reuse centre
7.84 Land costs, design and construction of 

preparation for reuse centre
21.65

Equipment 2.09 Equipment 7.21
Vehicles 0.52 Vehicles 2.51
Total capital costs 51.40 Total capital costs 72.32

Table 2   Details of operational costs in €/ton per year

Scenario 1 Scenario 2

Supply chain costs 137.06 Supply chain costs 137.06
Preparation for reuse centre Preparation for reuse centre
 Staff costs 5.17  Staff costs 11.57
 Goods and services 0.51  Goods and services 1.85
 Cost of vehicles 0.43  Cost of vehicles 1.62
 Costs for disposal of materials 0.77  Costs for disposal of materials 3.47
 Other direct management costs 1.72  Other direct management costs 4.63

Revenues − 6.12 Revenues − 14.37
Total operational costs 139.57 Total operational costs 145.84
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Finally, the economic indicators measured in €/ton for each scenario are presented in 
Table 3.

2.4.2 � Social indicators

Social sustainability in waste management means the ethical behaviour of the waste manage-
ment system toward society (social acceptability, social equity and social function) (Den Boer 
et  al. 2007). The social function (i.e. the benefit of the waste management system) can be 
measured through the employment rate (Den Boer et al. 2005), which is the indicator used 
in this study. For the assessment of the Scenario 0 only jobs of the waste management sup-
ply chain were taken into account as we assumed that preparations for reuse activities are 
not included in the waste management supply chain. Also in this case, the number of people 
employed for the services related to the cleaning of the streets was not taken into account. We 
adjusted the employment rate on the basis of the literature in this field suggesting that 460 tons 
of materials in the waste management supply chain create 1 job in a scenario with no prepara-
tion for reuse (O’Connell et al. 2013). Then, grounding on the available literature (O’Connell 
et al. 2013) and evidences from Prisca project we estimated a workforce 14% greater is needed 
in a scenario with a moderate recourse of preparation for reuse (Scenario 1) and a workforce 
about 23% greater is needed in a scenario with an intensive recourse of preparation for reuse 
(Scenario 2). The number of jobs for each scenario is presented in Table 4.

Among the social criteria, we also included the environmental awareness of citizens con-
cerning waste prevention, which is crucial (OECD 2000; EC 2009; Polanec et al. 2013; Read 
et al. 2009). This sub-criterion refers to the positive impact of preparations for reuse centres 
in the waste management system on the education of citizens regarding waste prevention. In 
particular, we considered the generation of no environmental awareness in Scenario 0 where 
preparation for reuse activities are not included in the waste management supply chain; on 
the contrary, we considered the generation of an equal amount of environmental awareness in 
Scenario 1 and 2 as the introduction of reuse centres in general could foster a stronger environ-
mental awareness in citizens despite the amount of waste diverted form landfill. We assessed 
this criterion qualitatively using the 9-level scale established by Saaty (1980).

2.4.3 � Environmental indicators

Many studies (inter alia, Ardente and Mathieux 2014; Bakker et  al. 2014) have 
demonstrated that extending the lifetime of the products can determine life-cycle 

Table 3   Economic indicators for 
each scenario

Scenario 0 Scenario 1 Scenario 2

Capital costs (€/ton year) 40.94 51.40 72.32
Operational costs (€/ton year) 137.06 139.57 145.84

Table 4   Social indicators for 
each scenario

Scenario 0 Scenario 1 Scenario 2

Number of jobs (n.) 142 162 175
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environmental benefits (depending on different issues, as, for instance the category of 
impact, the impact of repair, etc.).

We assessed the environmental aspects through three criteria: GHG emissions in 
CO2 equivalents; amount of landfilled waste; the probability of prepared-for-reuse 
goods to return waste. GHG emissions are one of the criteria used by the European 
Environmental Agency to measure the performance of municipal waste management 
in 32 countries (EEA 2013). Similar criteria including GHG emissions, or pollutant 
emissions in general, are considered in many multi-criteria studies (El Hanandeh and 
El-Zein 2010; Roussat et al. 2009).

We calculated emissions—on the basis of literature (Ali El Hanandeh and Abbas 
El-Zein 2010; Roussat et  al. 2009) and Prisca project results. In our assessment of 
GHG emissions in CO2 equivalents, we considered as boundaries of the system the 
point at which a material is discarded into the waste stream up to the point at which 
it is either converted into a useful material or finally disposed. In detail, the measure-
ment of GHG emissions in CO2 equivalents took into account pre-treatment activities, 
recycling, composting, incineration and disposal of waste. In the calculation we sued 
the allocation cut-off by classification proposed by Ecoinvent (2016). In this case, the 
cut-off system model has, broadly speaking, the effect that recyclable materials are cut 
off at the beginning of the treatment processes, becoming available burden-free for fol-
lowing uses (Ecoinvent 2016).

More in detail, the material is recorded as a negative input, just as in the case of 
becoming a waste. Any non-waste by-products of a waste treatment (i.e. not other 
waste products) are cut off and do not give a credit to the system. For such reasons 
recycling and composting activities are cut off from the calculations. Details are pre-
sented in Table 5.

The amount of landfilled waste indicates the ability of the scenario to divert a cer-
tain amount of reusable product from the waste streams. The diversion rate is a typical 
goal in waste management strategies (Zeng and Trauth 2005). Since preparation for 
reuse diverts a certain amount of reusable product from the waste streams, Scenarios 
1 and 2 have lower amounts of landfilled waste (Table 3). Finally, we considered the 
probability of a prepared for reuse good to return waste. Several reasons can cause a 
premature comeback to the waste stream. As an example, existing studies suggest that 
on-site evaluation of re-use potential tends to overstate reusability (Harris 2012), so 
the items selected in the first stages can prove to be scarcely attractive for consumers. 
Technical features, social and market factors are likewise critical in determining the 
longevity of a re-used item. We called this sub-criterion: “probability of a prepared for 
reuse good to return waste” and in our study we assessed qualitatively; therefore, also 
in this case, the 9-level scale established in the AHP method (Saaty 1990) was used for 
the assessment of this criterion.

Table 5   Environmental indicators for each scenario

Scenario 0 Scenario 1 Scenario 2

GHG emissions (tons of CO2 equivalents for each 
ton of waste managed/year)

0.189 0.185 0.170

Waste not landfilled in the supply chain (%) 91 92 96
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2.5 � Pairwise comparison

AHP methodology has been used for weighting criteria, analysing the collected data, and 
expediting the decision-making process. In general, AHP is used to establish priorities 
among the elements within each stratum of the hierarchy. This is conducted by asking a 
board of decision-makers to evaluate a set of elements in a pairwise comparison. In our 
case, to make a pairwise comparison, 5 experts working in the waste Italian management 
sector were consulted. This includes scientists working at the University in environmental 
and economic science as well as experts in the local government dealing with the problem 
of waste management.

In the AHP methodology, the hierarchy is broken down into a series of pair compari-
son matrices, and the participants are asked to evaluate the relationship with respect to 
the goal. A 9-point scale, ranging from 1 (indifference or equal importance) to 9 (extreme 
preference or absolute importance) is generally used. This pairwise comparison enables the 
decision-maker to evaluate the contribution of each factor to the objective independently, 
simplifying the decision-making process (Saaty 2000). In our case, a judgmental matrix, 
denoted as A, has been formed using the comparisons. Each entry aij of the judgmental 
matrix is formed comparing the row element Ai with the column element Aj:

The 9-point scale has been used to transform the judgements into numerical quantities 
representing the values of aij. All the entries aij has been governed by the following rules:

Because of the above rules, the judgmental matrix A resulted in a positive reciprocal 
pairwise comparison matrix. The weight coefficients of the ranking criteria and the deci-
sion sub-criteria have been calculated by finding the principal eigenvector w of the matrix 
A.

Finally, the grading values of all the criteria ware normalized to 1.
In order to test the consistency of the judgment matrix, the calculation of the consist-

ency ratio coefficient (CR) has been performed according to the methodology proposed by 
Saaty (1990). In our case, CR resulted equal to 0.02. In general, a consistency ratio of 0.1 
or less is considered acceptable indicating the overall consistency of the pairwise compari-
son matrix (Ramanathan 2001).

In order to elaborate all the calculations, we used Expert Choice 2000, developed by 
Expert Choice Inc., a software package able to implement AHP methodology by enabling 
the decision-maker solve the problem with a visualized hierarchy approach and then con-
duct pairwise judgments in an interactive mode.

3 � Results

3.1 � Scenario ranking

Following the pairwise comparison, the criteria weight with respect to the goal is shown in 
Fig. 3.

A = (aij) (i, j = 1, 2,…).

aij > 0; aij = 1∕aji; aii = 1 for all i.

Aw = �maxw
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Among the environmental criteria, the “probability of a prepared for reuse good to 
return waste” was judged the most important one for evaluating the scenarios followed 
directly by the amount of waste not landfilled. On the contrary, GHG emission was con-
sidered the less important one among the environmental criteria and the second less 
important among the seven indicators. This might be because the volumes processed 
only allow minor reduction in GHG emission.

Among the economic criteria, the experts considered the operating costs to be more 
important than the capital costs. This might be because operating costs have a direct 
impact on taxation and, consequently, should be as low as possible. Conversely, capital 
costs were judged as less important. This might be because investments can be linked 
to the need of achieving a better arrangement of the municipal solid waste supply chain 
and, consequently, they may improve the environmental behaviour of citizens.

Among the social criteria, job creation was considered as less important than 
increased environmental awareness; indeed, the volumes processed only require few 
new jobs.

More details about the results achieved in assessing the priorities of the seven indicators 
with respect to the goal of the analysis are presented in the pairwise comparison matrix in 
Table 6. 

Having assessed the criteria weight with respect to the goal, we calculated the results 
obtained by the criteria weight against the scenarios. The normalized performances of the 
three scenarios are presented in Table 7.

Our results show that Scenario 1 (i.e. preparation for reuse activities are included in the 
waste management supply chain allowing the diversion of 1% of waste from landfill) rep-
resents the best alternative followed by Scenario 2. The graphical results, elaborated with 
Expert Choice 2000 are presented in Fig. 4.

More in detail, Fig. 4 shows how the best scenario performs compared to the second and 
the third scenarios by the overall priority from the intersection of the right y-axis and the 
overall priority for each scenarios. Moreover, on the left y-axis, the figure provides infor-
mation on each criteria’s priority (based on the decision-makers’ pairwise comparisons). 
Finally, the scenarios priorities with respect to each objective can be seen from the right 
y-axis.

3.2 � Sensitivity analysis

The last step is the sensitivity analysis, i.e. how the criteria weights influence the perfor-
mance of each scenario. We used a sensibility analysis to show how different preferences 
could influence the results of the analysis; moreover, this analysis is essential to ensure the 
consistency of final decision. We tested the sensitivity using two different approaches: (1) 
gradient sensitivity (2) testing “what-if” scenarios.

Fig. 3   Priorities of seven indicators with respect to the goal
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Table 7   Normalized performance of scenarios against eight criteria

Normalized performance of scenarios

Scenario 0 Scenario 1 Scenario 2

Capital costs 0.121 0.054 0.001
Operating costs 0.018 0.017 0.015
Job creation 0.003 0.033 0.052
Environmental awareness 0.015 0.055 0.055
GHG emissions 0.021 0.021 0.021
Amounts of waste not landfilled 0.074 0.075 0.083
Probability of a prepared for reuse good to 

return waste
0.036 0.148 0.072

Fig. 4   Scenario ranking for weight of evaluated indicators

Fig. 5   Gradient sensitivity for economic criteria
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3.2.1 � Gradient sensitivity

Gradient sensitivity analysis allows showing the scenario priorities with respect to one cri-
teria at a time. More in detail it allows to give additional information with regard to exactly 
at what point Scenario 1 takes over on the others for each criteria. Figures 5, 6 and 7—
elaborated with Expert Choice 2000—present the gradient sensitivity for each criterion.

The vertical line represents the current priority of the criterion being considered. The 
slanted lines represent the scenarios. The current priority of a scenario is where the alter-
native line intersects the vertical criterion line.

For example, in Fig. 5, the dashed vertical line shows that when the priority of capital 
costs increases to 37% or beyond, Scenario 0 becomes the top choice. If two lines denoting 
scenarios never cross, this means that no matter how the quality criteria are weighted, the 
ranking of the design alternative will never change.

Fig. 6   Gradient sensitivity for social criteria

Fig. 7   Gradient sensitivity for environmental criteria
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3.2.2 � Equal weighing factor of 14.2%

In this case, all seven criteria were equally weighted with a 14.2% weighting factor. 
Scenario 1 (i.e. preparation for reuse activities are included in the waste management 
supply chain allowing the diversion of 1% of waste from landfill) still represents the best 
alternative (Fig. 8).

3.2.3 � One criteria has a weighting factor of 100% and the other 0%

Three options were assessed:

•	 Economic indicators have a weighting factor of 100% in total (each indicator has a 
weight of 50%);

•	 Social indicators have a weighting factor of 100% in total (each indicator has a 
weight of 50%);

•	 Environmental indicators have a weighting factor of 100% in total (each indicator 
has a weight of 33.3%).

The results are presented in Fig. 9. In this case, no single scenario emerges as the best. 
In fact, when economic indicators have a weighting factor of 100% in total, Scenario 
0 was best. When social indicators have a weighting factor of 100% in total, Scenario 
2 was best. Finally, when environmental indicators have a weighting factor of 100% in 
total, Scenario 1 was best. However, an analysis that takes into account the performance 
of one scenario against more than one criterion, would give clearer results (Antonopou-
los et al. 2014).

Fig. 8   Scenario ranking when 
all criteria have an equal weight-
ing factor of 14.2%

Fig. 9   Scenario ranking when one criterion has a weighting factor of 100% each and the other 0%
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3.2.4 � Two criteria have a weighting factor of 100% each and the other 0%

In this case three options were assessed:

•	 Economic and social indicators have a weighting factor of 100% in total (each indicator 
has a weight of 25%);

•	 Environmental and social indicators have a weighting factor of 100% (each indicator 
has a weight of 20%);

•	 Economic and environmental indicators have a weighting factor of 100% in total (each 
indicator has a weight of 20%).

Figure 10 highlights that “Scenario 1” was the best alternative.
Our sensitivity analysis shows that the evaluation made by the seven experts has a sig-

nificant consistency.

4 � Conclusions

We investigated the role of preparation for reuse in waste management and its contribution 
to waste prevention. Our study confirms that it is important to integrate the waste manage-
ment system at local level with a preparation for reuse phase, due to the benefits that it can 
generate. Indeed, preparation for reuse contributes in achieving the CE purposes optimiz-
ing cycles of products, components and materials by keeping them at their highest utility 
and value (Parajuly and Wenzel 2017).

Our study suggests how a moderate recourse to preparation for reuse activities rep-
resents the best management option. This is mainly to avoid that the processed to reuse 
waste come prematurely back to the waste stream. Indeed, our results ranked the “prob-
ability of a prepared for reuse good to return waste” to be the most important criteria for 
assessing the best scenario for preparation for reuse activities in municipal solid waste 
management. A moderate recourse to preparation for reuse, as showed by Scenario 1, 

Fig. 10   Scenario ranking when two criteria have a weighting factor of 100% each and the other 0%
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can guarantee a longer lifecycle to adequate volumes of good quality equipment that can 
be safely reused. Indeed, it is worth noticing that quality and safety of reused items are 
perceived as the most important success factors by consumers (Kissling et al. 2013).

On the contrary, taking to extremes the preparation for reuse would lead to overes-
timate the reusability of items, putting on the market items scarcely attractive for con-
sumers and more likely ending in the waste stream again.

From a managerial perspective, our results support managers in shifting toward more 
circular models of waste management effectively including the preparation for reuse 
into their systems. Our results stress the importance of the role of waste managers and 
local authorities in identifying the best model tailored to fit to local needs and priorities 
determining also the best policy instruments that can be used to do so without the risk 
of creating expensive systems with the potential for inefficient outcomes. Policy makers 
should provide policies and regulations effectively aimed at:

•	 supporting the provision of quality reusable items;
•	 enhancing the market of second-hand products;
•	 facilitating the preparation phase by clearly identifying which operation can be 

included within this process.

Finally, since the preparation for reuse is an important segment of the waste manage-
ment supply chain, our findings could also be relevant in addressing choices of future 
market players of this sector.

From an academic perspective, the results could be used to better understand 
how future research should be directed. Firstly, more efforts should be done in order 
to position reuse of waste with respect to reuse of products and recovery operations, 
among waste prevention, waste minimization and waste management measures. Sec-
ondly, while reuse issues are widely investigated in current literature, preparation for 
reuse themes still remains mostly underexplored. For example, the “probability of a 
prepared for reuse good to return waste” resulted the most important criterion in the 
expert’s opinions. In our case we assessed this indicator in a qualitative manner, as it 
was not possible to assess it differently. For such reason, we believe that further efforts 
are needed to strengthen the performance measurement in the field of waste prevention 
through quantitative indicators. Nevertheless, our research provides data collected in a 
demonstrative project focused on preparation for reuse, endeavouring to overcome the 
chronic lack of data in this field. However, more information is needed. Furthermore, it 
should be deeply investigated both which operations may be performed in preparing for 
reuse activities and the optimal composition of the affected flow of waste. Close to this 
issue, it is also relevant the design of specific separate collection within integrated waste 
management system. Another significant issue is related to the assessment of extent to 
which industrial waste contributes to waste prevention objectives by the means of reuse 
and preparation for reuse-related activities.
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