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ABSTRACT 
The location of manufacturing facilities is one of the most important strategic decisions 

in supply chain design. Moreover, as the concern for sustainability grows, sustainability issues 

have been included in decision-making. In this context, the following article deals with the 

problem of selecting a manufacturing facility location from a set of candidates, with the 

consideration of sustainability-related criteria. Twelve main criteria and twenty-three sub-criteria 

extracted from the literature and framed under three bottom line dimensions of sustainability 

were selected. Due to the lack of information about the preferences, scenarios formed with 

different weights preferences were proposed. SMAA was used in scenarios where complete 

preference ranking of groups weights was elicited and ranking and selection of the alternatives 

for each scenario were performed using PROMETHEE-II. Results were analyzed comparing the 

results of each of the scenarios and further research directions on sustainable manufacturing 

facility location with multi-criteria decision-making were finally proposed. 

 

KEYWORDS. Multi-criteria decision making, Location selection, sustainability, SMAA, 

PROMETHEE. 
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1. Introduction 

The decision of where to locate facilities, such as plants, hospitals, distribution centers 

among others, is one of the most relevant in the strategic planning of supply chains.  In addition, 

the development or acquisition of new facilities is a project that generally requires the use of 

large resources and involves the consideration of different criteria that tend to be of conflicting 

nature, which makes facility location a complex task. 

 

Traditionally,  as  the  economic  performance  has  implicitly  been  the  central  

dimension when addressing location problems, related economic criteria have been taken as 

drivers of location success [Chen et al., 2014].  However, in recent years, the world has directed 

its efforts towards sustainability, and environmental and social problems have gained relevance 

in business research and practice [Govindan et al., 2013].  This has led decision makers (DMs) to 

consider the inclusion of criteria in the different dimensions of sustainability (economic, 

environmental, and social) into their decision-making as they become important to develop 

competitive advantages [Dou & Sarkis, 2010].  In particular, manufacturing companies look 

forward to expand their network, as technology and geopolitics advance making markets become 

global, which leads to the need of the inclusion of sustainability aspects in facility location 

decisions [Chen et al., 2014]. 

 

Multi-criteria decision aiding (MCDA) methods have shown its applicability in real-life 

problems in a variety of fields [Greco et al., 2016].  As sustainability is a multidimensional 

concept MCDA methods become a suitable approach to deal with sustainability where multiple 

criteria are framed into the famously known three bottom line. In the present work, we use multi- 

criteria decision methods known as SMAA and PROMETHEE-II to deal with a sustainable 

manufacturing location selection problem.  Criteria obtained from the literature review framed 

within the three dimensions of sustainability are taken into account for the selection. An 

exploratory case is proposed and finally results analyzed. In general, this paper is divided as 

follows:  section 2 presents a literature review focused on sustainable facility location and articles 

that addressed this problem with MCDA methods. Then, section 3 will present the methodology 

focusing on detailing the PROMETHEE and SMAA methods, how the scenarios and simulation 

were configured and criteria selected. Afterwards, section 4 will show and comment on the 

results, and finally, conclusions on the work will be shown in section 5. 

 

 

2. Literature Review 
Due to its practical importance the problem of locating facilities has been widely 

studied over the years.   In general, as noted by [Chen et al., 2014] the literature on the problem 

can be classified in two areas, namely factor assessment and mathematical approaches. In this 

brief review, we  will  focus  on  articles  dealing  with  sustainable  facility  location  addressed  

with  multi-criteria decision aid (MCDA) methods.  To have more information about the 

definitions, solution methods and more aspects about the facility location problem the reader 

might refer to [Zeinab and Ensiyeh, 2009] and [Melo et al., 2009]. Terouhid et al. [2012] defined 

sustainable facility location models as those that include requirements for sustainable 

development.  In their review, they propose a framework for the classification of sustainability 

characteristics and show insights on the integration of sustainability and facility location.  In a 

most recent review, Chen et al. [2014] identified environmental, social and economic factors that 

have an influence in location decisions.  To synthetize, they proposed a framework for 

sustainable facility location.  In the present work, we will use their work as a base to extract the 

main sustainability related criteria in manufacturing facility location. 
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Regarding applications of sustainable facility locations with MCDA, Sumathi et al. 

[2008] dealt with the siting of a landfill using MCDA and geographic information systems (GIS). 

In their study, economic and environmental sustainability are the focus and the Analytic 

Hierarchy Process (AHP) was used to obtain weights of criteria and later rank alternatives.  

Fernandez and Ruiz [2009] proposed a conceptual descriptive model to locate industrial areas 

considering sustainability factors.  AHP is used in this study to establish the location model 

through three distinctive phases.  In addition, fuzzy logic is applied to obtain the evaluations 

given the complexity and uncertainty of their criteria. Dou e Sarkis [2010] developed a study to 

make offshoring decisions integrating facility location, supplier, and sustainability factors. They 

use the Analytical Network Process (ANP), a generalized form of the AHP, to propose their 

decision making framework. Banias et al. [2010] proposed a methodological framework to locate 

units of alternative construction and demolition waste. ELECTRE III was selected as solution 

method in their paper to rank seven alternative locations considering 19 criteria.  

 

In most recent years, Chauhan and Singh [2016] proposed a hybrid MCDM method to 

select a sustainable location of a healthcare waste disposal facility.  A combination of interpretive 

structural modelling (ISM), fuzzy AHP and fuzzy technique for order preference similar to 

TOPSIS was applied in their study. Anvari and Turkay [2017] present a decision support 

framework to facility location incorporating the three bottom line of sustainability.  They show a 

case study to illustrate how their framework works by combining Process Analysis Method 

(PAM) through AHP for criteria validation and weight assignment, optimization modelling and 

final selection using weighted sum method and AHP. Finally, Sennaroglu and Varlik Celebi 

[2018] works with a selection location problem for a military airport considering nine main 

criteria, thirty-three sub-criteria, and taking into account location requirements, environmental 

and social effects. Weights were found using AHP, and ranking and selection were performed 

using PROMETHEE and VIKOR methods, which are later compared with other selection 

methods. 

 

3. Methodology and application 

 

This article will consider a global location problem where the alternative locations are 

represented by seven candidate countries. The final objective is to select the best location of a 

new manufacturing facility considering sustainability criteria. The following subsections explain 

the used multi-criteria methods and give details on the experiments. 

 

3.1 SMAA and PROMETHEE 

 

The Stochastic multi-criteria acceptability analysis (SMAA) is a method developed by 

Lahdelma et al. [1998] to assist DMs when there is little information on the weights and/or the 

criteria values are not totally accurate. SMAA allows DMs to explore the weight space through 

an inverse analysis; this is, describing the preference that would make each alternative to be the 

first in the ordering. This is done using three main description measures for each alternative 

Ehrgott et al.[2010]; Pelissari [2019]: 

 

 Acceptability index ( ): Describes the probability of an alternative 𝑥𝑖 of 

being accepted to occupy the position 𝑠 in the ranking. 

 Central weight vector ( ): Describes the preferences (criteria weight 

vector) of a typical decision maker that supports alternative 𝑥𝑖. 

 Confidence factor ( ): The probability of an alternative to be preferred 

with the weights given in its central weight vector. 
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Algorithm 1 shows the generic simulation of SMAA from Ehrgott et al., (2010) that will be used 

in this study. 

Algorithm 1. Generic SMAA simulation 

Assume a decision model M(x,w) for ranking or classifying the alternatives using precise 

information (criteria matrix x and preference parameter vector w) 

{Use Monte-Carlo simulation to treat stochastic weights:} 

repeat 

      Draw <x,w> from their distributions 

      Rank, sort or classify the alternatives using M(x,w) 

       Update 

Until Repeated K times 

Compute results based on the collected statistics 

 

The  PROMETHEE  I  (partial  ranking)  and  PROMETHEE  II,  that  will  be  used  in  this 

article, were methods originally proposed by Mareschal et al. [1984] .  These methods are based 

on pairwise comparisons and the deviation between the evaluations of two alternatives within 

criteria is considered.  Small deviations will translate in small preference, and larger deviations in 

larger preferences.   To  do  so,  for  each  one  of  the  criteria  the  DM  will  have  to  consider  a  

preference function [Brans and De Smet, 2016]: 

 

𝑃𝑗(𝑎, 𝑏) = 𝐹𝑗[𝑑𝑗(𝑎,𝑏)] ∀(𝑎, 𝑏) ∈ A 
  

where:  

𝑑𝑗(𝑎, 𝑏) = 𝑔𝑗(𝑎) − 𝑔𝑗(𝑏) 

and 

0 ≤ 𝑃𝑗(𝑎, 𝑏) ≤ 1 

 
In this study, we have chosen to use PROMETHEE II that provides a complete ranking through 

the calculus of net flows. The usual function will be used for each one of the pairwise 

comparisons: 

 
 

For criteria to be minimized the preference function will be reversed. For detailed explanations 

on the PROMETHEE methods the reader may refer to [Brans and De Smet, 2016]. 

 

3.2 Scenarios 

 

Due to the lack of information about the preferences, nine scenarios representing different 

preferences were created. In scenario 1, the weights are considered equal for each sub-criteria, 

this is 𝑤i = 1/𝑛, where 𝑛 is the number of sub-criteria. Scenario 2 will consider equal weights by 

group of criteria, this is, 𝑤𝐺𝑘 = 1/𝑘 where 𝐺𝑘 corresponds to the sustainability groups (1 - 

Environmental, 2 - Social, 3 - Economic) the weight for each sub-criteria within a group will be 

the weight of the group divided by the number of sub-criteria. Scenario 3 will let the weights to 

be random without a particular order. Scenarios from four to nine will represent complete 

preference ranking weights among groups. Table 3 shows the order of scenarios. 

 

In general, for all scenarios considering non-negative and normalized weights, the feasible weight 

space will be given by: 
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Table 3. Scenarios and corresponding weights 

 

 
 

Scenario 3 will correspond to the particular case where there is total lack of information on the 

preferences and it is possible to represent W with the uniform weight distribution: 

 
Scenarios 4 to 9 will represent the elicit of some preference information from de Decision 

Makers (DMs). These scenarios will correspond to the case where a complete ranking of the 

weights for groups is given. Results on the first two scenarios will yield a complete ranking. 

However, the rest of the scenarios will be analyzed according to two descriptive indices, namely 

rank acceptability indices and central weight vectors. The confidence factor will not be analyzed 

as the reader can deduce that given the deterministic nature of the data in the decision matrix the 

confidence factor will be one for all alternatives. Finally, the experiments will be programmed 

and executed in MATLAB R2014a according to algorithm 1. Simulations of 10000 iterations will 

run for each scenario. 

 

 3.3 Selection of criteria  

 

A total of 12 criteria and 23 sub-criteria for sustainable manufacturing facility location were 

extracted from the work of Chen et al., [2014]. In general, the 12 main criteria and sub-criteria 

were classified in the environmental, social and economic dimensions of sustainability. As no 

standard measures for each of the criteria were detailed in the literature, in order to obtain the 

units and values of each criteria different sources were revised. Appendix 1 table (a) provides a 

brief description of the each sub-criteria as well as the objective and source. Table (b) shows the 

final decision matrix. 

 

4. Results 
For scenario one the final ranking was CHI>COL>MEX>BRA>PAM>URU>ARG and for 

scenario two CHI>PAM>COL>URU>MEX>BRA>ARG. It can be noted that the extreme 

alternatives remained unchanged in both scenarios. As it can be seen in figure 1, in the first two 

scenarios Chile is remarkably the best location (almost 0.1 points of net flow above the second) 

as it occupies the first place in the rankings. Figure 1 shows how the net flow for each alternative 

behaves for both scenarios, and how changing the weights from scenario one to two causes an 

slight improvement in the net flow of Chile, and also positive changes in Argentina, Panamá and 

Uruguay. 
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The acceptability indices for scenario 3 are shown in figure 2. It can be perceived that Chile has 

the higher probability to remain in the first place of the ranking. In particular, if a ranking is made 

considering the probability of each alternative to stay in the first place the final order would be 

the same as scenario one CHI>COL>MEX>BRA>PAM>URU>ARG. 

 

Figure 1. Net flow for scenarios 1 and 2. 

 

The acceptability indices for scenarios 4 to 9 are shown in figure 3. As expected, different 

preferences resulted in changes along the acceptability indices. Overall, Chile had probability to 

stay in the first place of the ranking in every scenario. This is not true for the other candidate 

locations, which showed to have zero probability to occupy the first place in at least one of the 

scenarios. In scenarios 4 and 5, where environmental criteria were preferred over the other two 

groups of criteria, Panamá clearly outranked the remaining locations with almost 60% probability 

to be in first place. 

 

 
 

Figure 2. Acceptability indices for scenario 3 

 

Scenarios 6 and 7, where the social criteria has the greater weight, show Uruguay and Chile as 

the locations with probability to be first in the ranking. In scenario 6, Uruguay has more 

probability to be first in the ranking while in seven, where the weights for economic criteria are 

greater than social, Chile is by far the most probable option to be first. Finally, in the last two 

scenarios with the economic criteria leading over the other dimensions, Chile is still the location 

with more probability to be in ranking one. However, scenario 8 is the scenario where more 
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locations have probability to be ranked first. Chile, Brazil, Colombia and Panamá can occupy the 

first position in the ordering in this scenario if certain combination of weights is selected. 

 
Figure 3. Rank acceptability indices for scenarios 4 to 9 

 

Together with the acceptability indices, the weight vectors were obtained for scenarios 3 to 9. 

Table 3 shows the distribution of weights for scenario 3 and Figure 4 for scenarios 4 to 9. In table 

3 we see that for Argentina to be selected a higher importance would have to be given to C1 and 

C17. Similarly, if Panamá and Uruguay were to be selected more weight should be assigned to 

certain environmental criteria, this fact is also supported by the acceptability indices under 

scenarios 4,5 and 6 where Chile is no longer the choice with more probability to be first in the 

rank. 

 

Regarding the central weight vectors for scenarios 4 to 9, we can deduce which locations perform 

better in each sustainability group. For example, Panamá generally performs well when high 

weights were assigned to environmental criteria and lower values to economic and social sub- 

criteria. Brazil only comes into picture when the economic performance is more important, like in 

the last two scenarios, and Uruguay performs well when social criteria become more relevant. 

 

In table 4, a summary on the results for each scenario is presented. Overall, Chile seems to be the 

best choice in the majority of scenarios (1, 2,3,7,8 and 9) positioning itself as the alternative with 

the higher chance to be in the first place of the rank most of the times. In scenarios where it does 

not have the greatest probability (4, 5 and 6), Chile still remains in the top 3. Nevertheless, the 

final selection will depend on the weights for each criteria, because as seen in scenario 3, each 

one of the locations can occupy the first place in the ranking with a particular weight vector.  

 

5. Conclusions 

This article proposed a facility location problem with 7 different alternatives and 23 sub-criteria 

embedded into the sustainability dimensions. Through the combination of multi-criteria decision- 

making methods, nine different scenarios each corresponding to possible weights elicitation from 

DMs, were analyzed considering the acceptability indices and central weight vectors. The results 

showed Chile as the alternative with more probability to be selected as the best in most of the 

scenarios, and with an overall good probability to be in first places in the remaining scenarios. 

However, under different preference information from the DMs, Chile might not always be the 
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best choice. The selection when strict preference is given for each dimension can change, turning 

for example Panamá in the best choice under scenario 5. 

 

The present study was limited to a global scale as alternatives were represented by countries. 

However, only Latin-American region countries were picked as alternatives. Future studies could 

consider alternatives from other regions with other market qualities. In addition, no specific 

criteria or weights were studied for specific industries and it could be expected to have additional 

criteria or not to have the same weights for a company that manufactures technology and other 

that manufacture food products, bio-fuel among others. Additionally, it could be interesting to 

explore more multi-criteria decision-making methods for the ranking and then compare the 

results with the PROMETHEE-II. Finally, the influence of the stochastic nature of some of the 

selected criteria like the demand could also be studied with the help of SMAA. 

 

Figure 4. Central weight vector for scenarios 4 to 9 

 

Table 3. Central weight vectors for scenario 3 
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Table 4. Results Summary by scenario 
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