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Abstract

:

Stakeholders are increasingly aware of the aspect of sustainability, and the fact that the circular economy facilitates the achievement of sustainable development goals. They place pressure on supply chains to become sustainable, and for this reason, third-party logistics (3PL) service providers, as specialized professionals, play a vital role in sustainable supply chain management. Although developments in technology in the era of Industry 4.0 have been effective at directing 3PLs along the path towards sustainability, integrated management of forward and reverse logistics systems in order to achieve a circular economy and to become sustainable remains a problem, even in developed countries. However, benchmarking and using the experiences of others can help to speed up this path at a minimal cost. An interval type-2 fuzzy super-slack-based measure network DEA was developed to make such benchmarking possible. Governance style, staff behavior, environmental management systems, and social elements are considered, alongside the principles of the circular economy, in order to compare the sustainability performance of 17 3PLs with respect to different aspects through the application of the developed DEA model. Proper benchmarking with respect to strategies and operations of the 3PLs that are recognized as efficient makes it possible for these 3PLs to overcome obstacles and progress at a lower cost. The results show that 3PLs do not have a comprehensive sustainability strategy that is coordinated with an overall vision of the total supply chain. An investigation into the development of a framework with multiple steps for the guidance of 3PLs, as well as the whole supply chain, towards sustainability in the Industry 4.0 era would be a fruitful next study.






Keywords:


circular economy; data envelopment analysis; Industry 4.0; reverse logistics; sustainability; third-party logistics providers












1. Introduction


In light of climate change and the COVID pandemic, the time to redesign the global economy in order to take robust steps towards sustainability has arrived. In the recent past, brands could introduce their products as being sustainable purely on the basis that their packaging was recyclable. However, a single green feature cannot guarantee sustainability anymore [1]. Nowadays, brands have to put consistent efforts into developing integrated strategies to make the whole supply chain sustainable [2,3]; only under such conditions will their stakeholders be convinced that the brand is committed to principles of sustainability, taking into account goals from all of the three dimensions of economic, environmental, and social matters, in addition to considering customer and stakeholder requirements [4,5].



The circular economy, as an alternative to the traditional linear economy, seeks to keep resources in the supply chain for as long as possible, extracting the maximum value throughout their life cycle, and then recovering and regenerating products and materials through the use of reverse logistics systems, in this way helping the supply chain to become more sustainable. The circular economy is gaining increasing attention in the fast-moving consumer goods (FMCG) industry as a way of achieving a more sustainable use of natural resources, and environment management systems could certainly not have been developed without the assistance of reverse logistics systems. Reverse logistics is a crucial creator of strategic value in supply chains with the aim of achieving a sustainable environment and promoting a circular economy [2,6,7]. For this reason, the integration of forward and reverse logistics systems is important for assessing the sustainability performance of 3PLs.



Reverse logistics, as the process of moving materials from their final destination in order to recapture a degree of value or to ensure proper disposal was not traditionally regarded as being important, as it contains only a small portion of the functions of the overall services provided by logistics system providers [8]. Nowadays, consumers’ expectations with respect to high performance, high volume, and lower price have been increased, all without the willingness to compromise on quality. It is also notable that separate logistics flows mean putting financial and non-financial aspects into separate physical facilities and systems. The recent combination of these flows adds complexities to supply chain management, considering their differences in nature, and making the right decisions with respect to the configuration of forward and reverse logistics systems can create substantial value [9,10]. The reverse flow faces uncertainties with respect to flow size fluctuations, transportation planning, warehousing, marketing support, discard capacity, information systems, and any other conditions that could reduce the possibility of standardization and lead to an increase in manual labor efforts. However, forward logistics can be standardized with more certainty [11,12]. These factors have encouraged business organizations to outsource their logistics services to third-party logistics (3PL) service providers. Outsourcing logistics functions can lead to a competitive advantage when the 3PLs are capable and experienced; otherwise, the public image and reputation of the business organization could be degraded to a large extent. Therefore, the selection process of 3PLs and the assessment of their performance must be undertaken with a great deal of care, especially when the sustainability of the supply chain is of great importance [13]. The functions of 3PLs can determine the levels of environmental, economic, social, and operational performance of the whole supply chain [14]. In addition, it is indisputable that designing an integrated forward and reverse logistics system is of great complexity and requires the necessary expertise, infrastructure, technology, and time management, which is, even in developed countries, difficult to achieve, requiring scientific diagnosis [12]. Considering these mentioned issues, this question will shape how assessment of the sustainability performance of 3PLs is possible. Based on the answer to this question and the strengths and weaknesses that are determined by such assessment, the improvement roadmap will be developed.



To fill this gap, the current study aims to help 3PLs in Iran, as a developing country that is struggling with various challenges, such as the lack of an efficient governance system, to take steps towards sustainability more easily. These 3PLs are providing services in FMCG industry which has its own especial logistics challenges, such as corruption of products and lack of customer loyalty. In addition, FMCG companies account for the notable share of waste and greenhouse emissions and circular economy transition is crucial to them. Since the first step to take the path towards sustainability is to investigate current potentials and challenges of 3PLs; an integrated set of sustainability criteria that have the utmost impact on the level of 3PL service provider’s performance of 3PLs will be determined by the literature review in Section 2 and will be finalized by gaining experts’ opinions after that. Consideration of the technological enhancement of Industry 4 and circular supply chains together along with other criteria to assess the sustainability performance of 3PLs does not have much history. However, this is not the only highlight of current paper.



DEA is considered one of the common methods for measuring performance and has been used to evaluate a part of the supply chain performance or the total performance of it. Kalantary and Farzipoor Saen (2019) [15] study about supply chain assessment; Zhou et al. (2019) [16] study about developing the sustainable supply chain; Rodrigues et al. (2018) [17] study that considers efficiency of specialized 3PL providers in an emerging economy are among the different studies that used DEA method to assess the performance of the supply chain or an especial part of it by the use of fuzzy theory [18]. That is why especial data envelopment analysis (DEA) model will be developed to assess sustainability performance of 17 Iranian 3PLs in the most appropriate way. Development of type-2 fuzzy slack-based management network data envelopment analysis (SBM-NDEA) is another highlight of current paper and worthful by itself. Such assessment helps to rank the current level of sustainability performance of 3PLs and benchmarking will be possible for the 3PLs in this way. Such features can easily discriminate this study from the previous similar ones.



The following sections of the paper is as follows: literature will be reviewed in Section 2 and the initial set of criteria to assess the sustainability performance of the 3PLs will be determined. Then, the material and methods will be explained in Section 3. After that, results are presented in Section 3, and the discussion will be done in Section 4. At last, the conclusion is provided in Section 5 to summarize the results and suggest future research domains.




2. Literature Review


2.1. Supply Chain Management in Industry 4 Era


Since the sustainability of the supply chain is essential, it is important to understand the market vulnerabilities and the importance of making full use of limited resources. Many organizations evaluate their activities throughout the supply chain in order to integrate sustainability effectively into various practices, and integrate reverse logistics activities in each part of the supply chain. Technology would certainly be of great benefit. Industry 4 is the last industrial revolution, originating in 2011 from a project in the high-tech strategy of the German government. It is aimed to make a linkage between real objects and virtual objects by use of information networks to synchronize digital, physical, and biological systems and promoting the computerization of manufacturing. In this way, decentralized and real time decisions are made through the whole system [19,20,21].



The application of the concepts mentioned in the Industry 4 to supply chain operations is named Supply Chain 4. Supply Chain 4 is going to be smarter, more efficient and productive, safer, and more sustainable by the use of new business models and innovative technologies in order to bring customer satisfaction. The consideration of physical and cybernetic systems at the same time causes new opportunities to enhance the level of sustainability in the supply chains [20,22]. Industry 4 advancements in technology not only fosters sustainable supply chain implements that can maximize economic values but also reduce environmental impacts and plays a role in social development [23,24,25]. Industry 4 can foster the impact of the circular economy in supply chain management by increasing waste disposal; promoting remanufacturing; enhancing the efficiency of critical resources such as water, energy, gas, and CO2; and improving business models and the mission of companies [26].



However, each coin has the other side too. Organizations are finding difficulties in prioritizing sustainability in the global markets due to many barriers in the era of Industry 4 and the circular economy. Some obstacles include lack of a skilled workforce that understands Industry 4 principles, ineffective legislation and control systems, poor performance framework, and short-term corporate visions and goals. Ineffective strategies for the integration of Industry 4 with sustainability measures, and lack of financial budgets for Industry 4 initiatives are among the most important ones. Sustainable operations will be fostered through the utilization of improved knowledge of Industry 4 and the circular economy [27].




2.2. 3PLs Role in Sustainable Supply Chain Management


Industry 4 also has its effect on logistics systems and created a Logistic 4 concept which operates under the same principles. It makes use of smart vehicles and other transport systems with the aim of creating a fully networked integrated supply stream [7]. However, transport planning is still complicated and addresses specific problems. Improving accessibility is still noticeable. Other goals, such as safety, health considerations, reducing adverse environmental impacts, even equity enhancement are all valuable too. This complexity makes a tendency to transfer side activities of the supply chain to the specialized companies known as third-party logistics (3PL) providers. 3PLs take responsibility of various transportation operations such as delivery of goods, storage, revenue, assembly, loading, labelling, repacking, and distribution. In addition, such companies must be integrated with other components of the supply chain through data collection and transmission. Their end goal is to optimize the logistics processes, minimizing operating costs, enhancement of environmental and social performance while improving the service quality [28,29]. However, the especial characteristics of some products such as food, vegetables, and medicine need the cold chain and the correct temperature must be kept to preserve the quality of products from the moment of production to the time at which they reach the end consumer. These characteristics even increase the specialized need to deal with the transport network [17].



Prioritization of such goals shapes the transportation governance system [30]. Sustainability approach helps management to consider economic, social, and environmental issues simultaneously, and prioritize each goal considering especial situations. Management commitment is an essential item to integrate the whole supply chain and this commitment is shown through setting a clear sustainability vision; obeying the related standards and legislations and enhancement of supply chain transparency [18,31].



Logistics 4 also makes it possible to implement new strategies such as omni-channel strategy to satisfy customer demands by synchronize inventory, logistics, and distribution processes across all sales channels. Omni-channel retailing creates an integrated process providing a cohesive outlook of a product or service to the consumer containing the issues of purchase, return, and exchange in each sale channel. Wide ranges of technologies should be used to trace and track each consumer behavior to provide a personalized shopping experience. This enhances customer satisfaction and improves the sustainability of the supply chain through sustainable consumption and production. Since fewer brick and mortal stores are used and fewer inventories are distributed through the supply chain, use of energy, and use of material, product, packaging, and even the waste cost will become less [32].



Set of criteria to evaluate 3PLs, sustainability performance containing features of Industry 4 is specified in Table 1 based on literature review.





3. Materials and Methods


Due to the aim mentioned before, criteria in Table 1 are presented to 9 experts that have at least 3 years’ experience of management in FMCG organizations that characteristics of their products, deterioration for instance, require especial expertise of 3PLs and increase the need of planning. Two other experts that have cooperated are university professors, from academic disciplines familiar with the knowledge of recent developments in this area.



First of all, the network of DEA technique (Figure 1) that is going to be developed after this, should be finalized. Nodes and inputs and outputs of each node of the DEA network (Figure 1) are determined by asking experts’ opinions about the criteria in Table 1. Since literature review and experts’ opinions conspicuously show that optimization, cost-effective, and time-effective management are seriously important in the circular economy and Industry 4 logic, shaping an effective framework for sustainable supply chain management adoption would not be possible, unless coordination and cooperation among supply chain members happen in a way that innovative technologies, which are basics of Industry 4, could be implemented. This also brings about suitable principles of data management to cope with big data and enhances supply chain’s resilience. So, management commitment to shape the supply chain, based upon Industry 4 principles, is considered as an input of “Governance” node in the network of DEA in this study by consulting experts. Management commitment and goal seeking makes the whole supply chain to unanimously consume needed time and effort in the path towards sustainability in Industry 4 era [21]. Besides, financial achievement is always an important measure for the success of for-profit supply chains. That is why capital consumed and revenue per year is considered as another input and, respectively, output of “Governance” node, respectively, in Figure 1. Another pillar of sustainability is environment and that is why this is the second node of the DEA network in current study. It is obvious that if 3PL service provider as a key member of supply chain wants to have a successful environmental performance, it should have a determined environmental vision, tracking the goals systematically [14,64]. These goals are set considering the criteria mentioned in the environment sector of the Table 1. So, based on the characteristics and comprehensiveness of 3PL service provider’ environmental management system (EMS), it is expected that 3PL have more favorable environmental performance considering criteria in Table 1, which is about waste disposal, reduction in emissions, taking back recyclable goods to the manufacturers or other parts of the supply chain, etc. These characteristics are the ones that are under attention in circular economy principles.



Since interaction of human resources and machines has gained more attention in Industry 4, setting a plan to enhance employees’ skill and determination of compensation system is essential. For this reason, the “Staff” node is considered separately from the “Social” node that deals with other stakeholders of the supply chain. In this way, it becomes possible to determine the level of the employees’ trust to the management capability to create decent work conditions in the path of change towards supply chain management 4.0 principles. The last node is “Brand Capability” which aimed to see the behavior of the 3PL compared with other stakeholders and the quality of actions to create shared value. Social criteria mentioned in Table 1 are used to design related questionnaires as mentioned in Table 2.



In the current study, weight of each node is determined based on the expert’s opinions. Weights are close to together. However, it is clear that everything begins with a managers’ vision and their priorities sets the basis of the governance system. That is why the weight of “Governance” node in this study is 0.3 while the 3 other nodes of “social”, “environment” and “staff” receive the same weights of 0.2 and, at last, the node called “brand capability” gains weight of 0.1 not because it is less important, but because if the procedures related to other nodes are taken smartly, brand will be subconsciously credited.



Table 2 depicts the nature of each component of the DEA network and shows how related data will be gathered. The decent work questionnaire developed by Ferraro et al. (2018) [65] is used to measure decent work. While trust of the employees to the leadership which constitutes the governance system of the organization is measured by referring to Nazmul Islam et al. (2020) [66] study, and Kähkönen et al. (2021) [67] study to see a transformational leadership concept while adjusting questionnaire. Since, social systems pay more attention to preserving the environment and also creation of shared values more than before, governance styles are going through transformational leadership. To gain information about the environment management system, framework proposed in Evangelista et al. (2018) [47] study constitutes the basis of questions asked from related managers of 3PLs in current study.



A total of 17 3PLs are chosen to be investigated in this study. These 3PLs are the ones that cares about their brands images and sets visions for the better governance. All of them are capable of providing reverse logistics services and care about becoming environment friend while developing career path for their employees. “Isatis Rah Pars International Transportation Company” is among these 17 3PLs that are chosen to be studied. However, the names of these 3PLs service providers are abbreviated based on their management discretions.



Scholars adopted fuzzy approach to explicit uncertainty in information in different studies. As a result, fuzzy DEA models were developed [60,62,68,69]. However, criticisms have always been announced that the membership function of Type-1 fuzzy sets does not contain any uncertainty. This is despite the fact that the fuzzy concept has the connotation of lots of uncertainty. The concept of Type-2 fuzzy sets is initially introduced by Zadeh [70] and is an extension of the concept of Type-1 fuzzy set. Type-2 fuzzy sets consider more uncertainty in comparison with general Type-1 fuzzy sets through application of general Type-1 fuzzy numbers in defining its membership function. Albeit, dealing with type-2 fuzzy sets calculations is complicated and interval type-2 fuzzy sets could be more fruitful in this regard. Interval type-2 fuzzy numbers demonstrate the uncertainty of membership function by using interval value as Equation (1) [71]. The application of interval type-2 fuzzy number is not complicated and can keep uncertainty through the steps of analysis. The laws of calculations in interval type-2 fuzzy sets are not far from of laws of general type-1 fuzzy sets. A crisp number (like C) will simply turn into interval type-2 fuzzy number (c,c,c,c;1,1) (c,c,c,c;0.9,0.9) [72]. Saying so, the value of each fuzzy variable of this study is determined by application of interval type-2 fuzzy numbers considering Equations (3) and (4) and the scale shown in Table 3.


  A =  (   A U  ,  A L   )  =  (   a 1 U  ,  a 2 U  ,  a 3 U  ,  a 4 U  ;  H 1   (   A U   )  ,  H 2   (   A U   )   )  ,  (   a 1 L  ,  a 2 L  ,  a 3 L  ,  a 4 L  ;  H 1   (   A L   )  ,  H 2   (   A L   )   )   



(1)






   1 k   ( A )  =  (   1 k   a 1 U  ,  1 k   a 2 U  ,  1 k   a 3 U  ,  1 k   a 4 U  ;  H 1   (   A U   )  ,  H 2   (   A U   )   )  ,  (   1 k   a 1 L  ,  1 k   a 2 L  ,  1 k   a 3 L  ,  1 k   a 4 L  ;  H 1   (   A L   )  ,  H 2   (   A L   )   )   



(2)






   M *   (  A ˜  )  =  1 6   (   a 5 U  + 2  a 6 U   )   h 1 U  +  1 6   (   a 1 L  + 2  a 2 L   )   h 1 L   



(3)






   M *   (  A ˜  )  =  1 6   (   a 8 U  + 2  a 7 U   )   h 2 U  +  1 6   (   a 4 L  + 2  a 3 L   )   h 2 L   



(4)







The Extension of Interval Type-2 Fuzzy Network SBM DEA to Measure Efficiency and Super-efficiency


Charnes et al. [73] developed the initial DEA approached introduced by Farrell’s model [74] considering multiple inputs and multiple outputs. After that, Banker et al. (1984) [75] introduced BCC model that deals with variable returns to scale (VRS) since Charnes et al. model deals with constant returns to scale [76]. However, such DEA models do not consider the interactions among the intermediate activities and that shaped the need to develop network DEA. Slacks-based measure network DEA model is one of the network DEA approaches that shows distance of each DMU from the best measure [77,78]. For determination of the efficiency of DMU, the conventional SBM-DEA model is done with Equations (5)–(8).


  m i n  ρ o  =   1 −  1 k    ∑   j = 1  k     s j −     x o      1 +  1 m    ∑   n = 1  m     s n +     y o       



(5)






  s . t .           ∑   i = 1  r    λ i   x  i j       +  s j −  =  x o         j = 1 , … , k      



(6)






                       ∑   i = 1  r    λ i   y  i n       −  s n +  =  y o         n = 1 , … , m      



(7)






                 λ i          ,  s j −  ,  s n +  ≥ 0  



(8)







The performance should be described through a network of different aspects, and network DEA must be undertaken. The slack-based management network DEA (SBM-NDEA) model determines the values of slack variables and assumes non-proportional change in the value of components [57]. To investigate the efficiency of each node in the network, intermediate activities are considered once as an output of a previous node, and once again as the input of the next node. Besides, equation     ∑   j = 1    n  D M U s      λ q    j  = 1   helps the model to consider the variable return to scale (VRS) see model with Equations (9)–(16), wq is the weight of qth node.


   ρ o  = m i n   [    ∑   k = 1  q   w q   [  1 −  1   n  o u t p u t s   +  n  l i n k s − a s − o u t p u t      (    ∑   i = 1    n  o u t p u t s        s i  k −      y o k    +   ∑   i = 1    n  o u t p u t . l i n k s        s i   (  k , h  )  o u t p u t      z o   (  k , h  )       )   ]   ]   [    ∑   k = 1  q   w q   [  1 +  1   n  o u t p u t s   +  n  l i n k s − a s − o u t p u t      (    ∑   i = 1    n  o u t p u t s        s i  k +      y o k    +   ∑   i = 1    n  o u t p u t . l i n k s        s i   (  k , h  )  o u t p u t      z o   (  k , h  )       )   ]   ]    



(9)







St:


    ∑     j = 1            n  D M U       x j    k   λ  q j      +  s  q k   t − i n p u t   =  x O          q = 1 , … ,  n  n o d e s          k = 1 , …  n  i n p u t s             Input  



(10)






    ∑     j = 1            n  D M U       y j    k   λ  q j      −  s  q m   t − o u t p u t   =  y O              q = 1 , … ,  n  n o d e   s         m = 1 , …  n  o u t p u t s                    Outputs  



(11)






    ∑     j = 1            n  D M U       z  l i n k j      ( k , h )    λ  q j      +  s  q r   ( k , h ) i n p u t   =  z O  ( k , h )          q = 1 , … ,  n  n o d e s          r = 1 , …  n  l i n k s             link   as   input   to   node   h  



(12)






    ∑     j = 1            n  D M U       z  l i n k      ( k , h )    λ  q j      −  s  q r   ( k , h ) o u t p u t   =  z O  ( k , h )          q = 1 , … ,  n  n o d e s          r = 1 , …  n  l i n k s           link   as   output   of   node   k  



(13)






    ∑  j = 1    n  D M U       z  L i n k       j    ( k , h ) ( o u t p u t )    λ  q j         =   ∑  j = 1    n  D M U       z  L i n k       j    ( k , h ) ( i n p u t )    λ  q j                   ∀ D M U           preserving   continuity   condition   of   links  



(14)






    ∑   j = 1    n  D M U s      λ q    j  = 1        ∀ q      



(15)






      ∀ s , λ ≥ 0         



(16)







This point is appropriate in that some of the input values are in a fuzzy nature and the determination of the exact value is not possible. Efficiency of the of the 3PLs’ performances could become close, so it is better to distinguish efficient DMUs from each other by developing model in a way to measure super-efficiency scores too. One-stage model to simultaneously measure the efficiency of the inefficient DMUs and super-efficiency scores of the efficient DMUs is developed as Model 3 based on the study of [79] and can be seen in model with Equations (17)–(38).


   ρ O  = m i n  [      (  1 − α  )     ∑   k = 1  q    w q   [   t 1  −  1   n  i n p u t s   +  n  l i n k s − a s − i n p u t      (     ∑   i = 1    n  i n p u t s         s i  k −      x O k    +    ∑   i = 1    n  i n p u t . l i n k s         s i   (  k , h  )  i n p u t      z O   (  k , h  )       )   ]        α    ∑   k = 1  q    w q  [  1   n  i n p u t s   +  n  l i n k s − a s − i n p u t      (     ∑   i = 1    n  i n p u t s          x ˜  i     x  i o     +    ∑   i = 1    n  i n p u t . l i n k s          z ˜  i     z O   (  k , h  )       )  ]     ]   



(17)







St:


   1   n  i n p u t s   +  n  l i n k s − a s − i n p u t      (    ∑   i = 1    n  i n p u t s         x ˜  i     x  i o     +   ∑   i = 1    n  i n p u t . l i n k s         z ˜  i     z O   (  k , h  )       )  − 1 ≤ α  M ¯   



(18)






  α ∈  {  0 ; 1  }   



(19)






    ∑   k = 1  q   w q   [  1 +  1   n  o u t p u t s   +  n  l i n k s − a s − o u t p u t      (    ∑   i = 1    n  o u t p u t s        s i  k +      y o k    +   ∑   i = 1    n  o u t p u t . l i n k s        s i   (  k , h  )  o u t p u t      z o   (  k , h  )       )   ]  +  t 1  = 1  



(20)






           ∑   j = 1    n  D M U      λ  1 q j        x j k  +  s  q k   t − i n p u t   =  x o       t 1      q = 1 , … ,  n  n o d e s       k = 1 , … ,  n  i n p u t s   Inputs  



(21)






           ∑   j = 1   n   D M U    λ  1 q j    y j k          −  s  q m   t − o u t p u t   =  y o   t 1    q = 1 , … ,  n  n o d e s     m = 1 , … ,  n  o u t p u t s     Outputs  



(22)






           ∑   j = 1    n  D M U      λ  1 q j        z  l i n k j    (  k , h  )    +  s  q r    (  k , h  )  i n p u t   =  z o   (  k , h  )         t 1      q = 1 , … ,  n  n o d e s         r = 1 , … ,  n  l i n k s     link   as   input   to   node   h  



(23)






           ∑   j = 1    n  D M U      λ  1 q j        z  l i n k j    (  k , h  )    −  s  q r    (  k , h  )  o u t p u t   =  z o   (  k , h  )         t 1      q = 1 , … ,  n  n o d e s         r = 1 , … ,  n  l i n k s     link   as   output   of   node   k  



(24)






           ∑   j = 1    n  D M U      λ  1 q j        z  l i n k j    (  k , h  )  o u t p u t   =          ∑   j = 1    n  D M U      λ  1 q j        z  l i n k j    (  k , h  )  i n p u t   ∀ D M U   preserving   continuity   condition   of   links  



(25)






    ∑   j = 1    n  D M U s      λ  1 q     j  = 1        ∀ q      



(26)






  1 =   ∑   k = 1  q   w q   [   1   n  i n p u t s   +  n  l i n k s − a s − o u t p u t      (    ∑   i = 1    n  o u t p u t s         y ˜  i     y  i o     +   ∑   i = 1    n  o u t p u t . l i n k s         z ˜  i     z O   (  k , h  )       )   ]   



(27)






           ∑   j = 1 ; j ≠ o    n  D M U      λ  2 q j        x j k  ≤       x ˜  k      q = 1 , … ,  n  n o d e s         k = 1 , … ,  n  i n p u t s     Inputs  



(28)






           ∑   j = 1 ; j ≠ o   n   D M U    λ  2 q j    y j k      ≥       y ˜  m  q = 1 , … ,  n  n o d e s     m = 1 , … ,  n  o u t p u t s     Outputs  



(29)






           ∑   j = 1 ; j ≠ o    n  D M U      λ  2 q j        z  l i n k j    (  k , h  )    ≤   z ˜  r   (  k , h  )           q = 1 , … ,  n  n o d e s         r = 1 , … ,  n  l i n k s     link   as   input   to   node   h  



(30)






           ∑   j = 1 ; j ≠ o    n  D M U      λ  2 q j        z  l i n k j    (  k , h  )    ≥   z ˜  r   (  k , h  )         t 1      q = 1 , … ,  n  n o d e s         r = 1 , … ,  n  l i n k s     link   as   output   of   node   k  



(31)






    x ˜  k  ≥  t 2   x  k o     k = 1 , … ,  n  i n p u t s    
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  M ¯   is a big positive number such as 10,000; λ1j and λ2j, respectively, represent the non-negative vectors of the SBM model and the super SBM model; and t1 and t2 are two auxiliary variables for linearization. The objective function measures the efficiency score of an inefficient DMU (    ∑   k = 1  q   w q   [   t 1  −  1   n  i n p u t s   +  n  l i n k s − a s − i n p u t      (    ∑   i = 1    n  i n p u t s        s i  k −      x O k    +   ∑   i = 1    n  i n p u t . l i n k s        s i   (  k , h  )  i n p u t      z O   (  k , h  )       )   ]   ) or super-efficiency score of an efficient DMU (    ∑   k = 1  q   w q   [   1   n  i n p u t s   +  n  l i n k s − a s − i n p u t      (    ∑   i = 1    n  i n p u t s         x ˜  i     x  i o     +   ∑   i = 1    n  i n p u t . l i n k s         z ˜  i     z O   (  k , h  )       )   ]   ).



Binary variable α ∈ {0, 1} switches between the measure of efficiency based on the SBM model or the super SBM model. If α = 1, then the super SBM model is applied to compute the super-efficiency score of DMUO. If α = 0, then the SBM model is used to determine the efficiency score of DMUO. Equations (18) and (19) control switching between the SBM model and the super SBM model. Equations (21)–(26) are related to the linearized SBM model, while the constraints of the linearized super SBM model are Equations (27)–(36).



The developed model produces interval values of efficiency for each DMU of 3PLs. To finalize the rankings, the upper (  E ¯  ) and lower (E) limits of the efficiencies could be undertaken to compare efficiency level of the 2 DMUs (Equation (39)). The matrix of possibility degrees of preferences about DMUs as Equation (40) shows possibility degrees of preferences of a DMU against other ones in each row. This matrix surely contains a row with degrees of equal or more than 0.5 value. The related DMU gets the first rank in this way. Other DMUs are ranked after elimination of row and column of the mentioned DMU one by one after that [79].


  P  (   E 2  ≻  E 1   )  =   max ( 0 ,  (   (     E 2   ¯  −    E 2   _   )  +  (     E 1   ¯  −    E 1   _   )  − max ( 0 ,  (     E 1   ¯  −    E 2   _   )   )     (     E 2   ¯  −    E 2   _   )  +  (     E 1   ¯  −    E 1   _   )     
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4. Results


Based on the characteristics of components of DEA network mentioned in Table 2, values are gathered by the use of a questionnaire tool or official documents related to 17 most famous 3PLs service providers in food and health industry in Iran. The need of the FMCG industry to follow world’s taste in food and health industry put some requirements on the management of the supply chain which logistics play an important role in it. Management of these 3PLs service providers are familiar with sustainable supply chain concept and circular principles. This enhances competition among 3PLs making them pay more attention to global trends.



Considering the extension of Interval type-2 fuzzy network one step SBM DEA in Section 3, performance efficiencies of these 3PLs are depicted in Table 4.



“ISA”, “THE”, and “ZANJ” are the 3 most efficient DMUs. Other 3PLs could benchmark the points and the path taken by these efficient ones.




5. Discussion


As is obvious by talking to managers, economic turmoil is overwhelming when managing organizations in many countries, and they could not pay attention to other matters more than an obligatory amount. This is the most impressive reason not to see a systematic approach in social, environment, or even behaving with staff. However, stakeholders are gaining knowledge about sustainability importance and preserving the environment, and this oblige businesses to pay more attention to such principles. Moving towards the implementation of circular principles with environment management systems as a facilitator towards sustainability needs expertise. Inviting customers to bring back products at their end-of-life while gaining capabilities in lean production to reduce waste; the implementation of reverse logistics systems with suitable strategy in each part of the supply chain (retailer, whole seller, manufacturer, etc.) would not be fruitful, unless done homogeneously. That is why to become a true leader in this era with such complexities in each domain of social, the environment, and economics, an organization needs to shake up its business model and making it innovative. The product service system (PPS) is one of the innovative business models. This model is based on the idea that users just need the function the product provides. So, there is no necessity for them to buy the product. Businesses can just provide a service contract rather than selling the physical product [61].



Supply chains could reach the maximum level of performance in this regard, albeit, figuring out how to manage this integration through the supply chain, taking into account a suitable strategy and roadmap, requires delicate work. It should be determined who is responsible to gather managers of the supply chain to set goals and related strategies, and also measure the environment performance of the whole supply chain in specified time period. All of these need deep change that will not be realized unless all the employees through the supply chain become ready to be involved. This requires transformational leadership which means a new style of governance for many supply chains. Transformational leader proactively acts as a change agent, raises employees’ awareness by enhancing their collective interests and qualifications, and helps them to achieve exceptional goals [66].



When leaders become justified about the importance of paying attention to social, the environment, and economics at the same time, and also get the capabilities of a transformational leader; and when all the supply chain members get aligned, now it is the time to set the new business model and a strategic measurement framework to monitor and evaluate the performance [59].



Another point that is worth taking into consideration is that to see which of the 5 nodes of “Governance”, “Staff”, “Environment”, “Social”, and “Brand capability” considered in the network are more important than the others. Analysis shows that in 4 3PL systems, “Governance” node is more efficient than other ones; in 3 3PL system, “Staff” node is more efficient than other ones; in 2 3PL system, “Environment” node is more efficient than other ones; in 5 3PL system, “Social” node is more efficient than the 4 other ones; and at last, in 4 3PL system, “Brand Capability” node is more efficient than the 4 other ones. A clear point is that investing in each first 4 nodes do not necessarily cause the 3PL’s brand capablilities. Society should see the efforts of the PLs system providers. So, it is important that 3PLs find a good way to convey its message and show its efforts. In this way, people become aware of the supply chain’s concerns and brand will gain more credits as such.



On a more proactive note, it should also be noted that the role of business in the society has gained an evolving approach and the shared value is the one that is mentioned after sustainability. While sustainability is the equilibrium between economy, society, and environment, the shared value is to seek integration between societal improvements into economic value creation. In this approach, social improvement should be considered in the business model and all of these are not independent of the circular supply chain strategies [6,7]. All the businesses should show that their supply chain is intended to become more sustainable day by day and create shared value in this way. Leading businesses in FMCG industry, such as Nestlé, regularly publish reports on their social and environmental functions and make them available to the public [80]. In this way, they let people around the world know that they care about people’s quality of life, and also preserving the environment, along with their economic status and financial profitability. Responsible behavior of brands is more important than ever, especially in the FMCG industry, since their interaction with consumers is more frequent in comparison with other brands. Many consumers are willing to pay more for “sustainable brands” and they want brands to be responsible against society and environment. Sustainability is an emotive subject that can build or break a consumer’s relationship with a brand.



It is notable that in 4 3PL systems, the “Governance” node is more efficient than other ones. However, it is clear that being efficient in the “Governance” node does not always lead to being efficient with all other nodes. The governance system is a driver to the performance of other nodes. Maybe managers are convinced that a sufficient budget should be consumed in order to improve work conditions or participate in social and environmental events, but if the action plans are not defined properly and the results of projects are not assessed, the effectiveness of the functions is not specified and the changes made will not be maintained in the long run. Everything will be forgotten after a while and brands will again get busy with economic challenges. In fact, projects should be defined and prioritized; achievements should be assessed; knowledge management should be considered to learn from experiences and use them in future opportunities; arrangements must be made to maintain the new behavioral system formed as a result of the implementation of projects and at last, brands’ public relations managers should not be afraid of sharing the achievements with the society.



Whatever the strategies are, it should always be under attention that economic, society and environment issues should be considered simultaneously. There should be always a holistic approach. Selling goods online has its advantages for environment and society for instance, but if goods are sold through ecommerce system, there will be new issues to consider in various domain of business such as marketing. Even the packaging has to fulfil many roles, ranging from protection of the product to transferring a suitable brand image. Such packaging needs to be lightweight enough to minimize shipping costs, and also robust enough to survive the returns process if needed. It is good to be recyclable and also still needs to be attractive to the consumer’s eye.



Since in just 2 3PL system, the “Environment” node is more efficient than other ones, it shows that Iranian 3PLs have a long way to go to transition into the circular economy models. A number of FMCG brands, such as Nestlé, Pepsi, Unilever, have embraced a circular economy model trying to dominate the obstacles against them to become truly sustainable. It is important since FMCG brands are driving the plastic pollution crisis. Even in most developed countries people are reliant on the plastic infused products and it is nearly impossible not to create plastic waste. Reverse logistic systems as a crucial tool to reduce waste amount need to be more efficient and integrated with supply chain management strategy. Leveraging reverse logistics in FMCG industry needs managing quality of circular goods along with responsibility and initiation by top management [81].



Supply chain resilience is another essential item to the success of firms. Transportation system of the supply chain should be also resilience and it is when it has the ability to absorb disruptive events and goes back to a level of performance equal to or even better than the pre-disruption level of service within a reasonable time period [33,34,35]. Robustness, redundancy, resourcefulness, and rapidity are four mentioned characteristics that could interpret the resilience capability of the transportation network. Robustness reflects the ability to resist a disruption effect without significant system degradation; Redundancy is the capability to which alternative routes and transportation modes can be used if first ones are damaged; Resources is related to the availability of what is needed to restore functionality; and Rapidity is the ability to get to the first level of performance in a timely manner. So, redundancy and resources can improve resilience, while robustness and rapidity are helpful achieving a resilient system [36].




6. Conclusions


The knowledge of sustainability has got attention more than before and new technologies, tools and principles, such as the ones that are created during the Industry 4 era or by the circular economy concept, try to pave the path towards sustainability. Although transportation has undeniable importance through the supply chain especially the supply chain of FMCG because of its unique characteristics, it is not fully adjusted with circular economy principles. Even in developed countries, reverse logistics contain challenges, let alone developing countries [55].



This study considers Industry 4 achievements and challenges, the principles of a circular economy in the environment management system, and their effects on the performance of 3PLs service providers that are aimed to professionally provide transportation services to the supply chains. Consideration of all of these important elements all together to evaluate the performance of 3PLs in developing counties is unprecedented and highlight the importance of current study. Besides, since 3PLs are in their beginning of the path and need to gain experience to improve their business model and make it compatible with other parts of the supply chain, it is essential to let them use the experience of the ones that has done their job better. Such benchmarking helps them to improve their brand capabilities while structuring to costs. An interval type-2 fuzzy DEA model is developed in this study to evaluate efficiency and also super-efficiency of 3PLs to provide the basis for benchmarking. Now, each 3PLs knows its position among others and could take the experience of others to eliminate its weakness. Results show that considering sustainability principles in the governance system does not essentially help the brand to become valid among stakeholders. There must be a way for them to feel the changes taken by the system. The other point goes to the matter that although economic situation is vulnerable nowadays, management cannot postpone paying attention to other elements of sustainability more than this and should set a business model to implement principles of sustainability simultaneously and homogeneously with other parts of the supply chain.



For the next study, it is suggested to investigate setting a strategic measurement framework to monitor and evaluate the sustainability performance of 3PLs and their alignment with other parts of the supply chain as a whole. Besides, it is good to develop a fuzzy type-2 network DEA model which is dynamic to become able to evaluate the performance of the 3PLs in different time scales. Such studies are fruitful to be done about the whole supply chains too.
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Figure 1. Current study DEA network. 
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Table 1. Criteria for performance evaluation of 3PL providers.
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Criteria

	
Sub-Criteria

	
Description

	
Some of the References






	
Governance

	
Management commitment to shape effective SCM 4.0 framework

	
Determination of sustainability vision and its publication while promoting shared values in the field of sustainability in the workplace and encourage employees to advance the principles of sustainability considering green governance principles

	
[6,33,34,35,36,37,38,39,40]




	
Coordination and cooperation among supply chain members

	
Effective cooperation is helpful to set sustainability principles through the whole supply chain and gain of integration. Network of machines, workers, and systems should be implemented in the whole supply chain to shape Industry 4 logic

	
[21,41,42,43,44,45,46]




	
Technology innovation

	
The capability to adopt innovative and internet-based approaches to face the objectives of business partners and increase market penetration and clearance (E-commerce; Enterprise resource planning, Online status tracking systems, IOT, IOS, IOP and big data, or application of machine learning algorithms are some of the key technologies of Industry 4

	
[45,46,47,48]




	
Data Management

	
In Industry 4 all the processes related to data, information and knowledge are changed considering the inharmonious nature of raw data. So, importance of data integration and management is out of question

	
[44,46]




	
Legislations and standards

	
Stakeholder management considering and external accountability, transparency and information sharing, and cooperation with other supply chain parts to enhance sustainability of the whole chain via shared strategies

	
[48,49,50,51]




	
Commitment to the transparency of the supply chain

	
Stakeholder management considering internal and external accountability, transparency and information sharing, and cooperation with other supply chain parts to enhance sustainability of the whole chain via shared strategies

	
[48,50,51]




	
Omni-channel strategy commitment

	
Seeking to synchronize inventory, logistics and distribution functions across all sales channels to meet consumer demand

	
[21,52,53]




	
Resilience

	
A risk management approach concerned with how system prevent or deals with service disturbance; this is done paying attention to flexibility

	
[13,35,48,54]




	
Economic

	
Quality

	
Seeking to define and update the values of the customer

	
[13,48,55,56,57]




	
Financial capability

	
Realized revenue less total cost per period of the organization and its reputation to obtain external financial resources

	
[12,13,48]




	
Lead time

	
All the processing time, transit time, etc. needed to handle the inventory to the customer

	
[12,48]




	
Delivery and Service

	
Value-added services that could be pre- and post-sale Pre- and post-sale services to customer considering problem resolution ability while commitment to continuous improvement

	
[12,48,55]




	
Environment

	
Circular Economy elements are shown in this section






	
Recycle

	
Gentle logistics service by looking toward a material-recycling society in compliance with all regulations

	
[13,48,55]




	
Disposal

	
Dealing with scrap, waste and refuse to prevent environmental pollution and waste of resources

	
[13,48,55,56]




	
Green Remanufacturing

	
Manufacturing practices that do not harm the environment during any phases. It involves green redesign of products, use of environmentally friendly raw materials, eco-friendly packing, distribution, and reuse after end of life of product. It is totally related to green reverse logistics

	
[13,48,55,56]




	
Green Technology

	
Technology that is invented to mitigate or reverse the effects of human activities on the environment. For water transportation for instance, it can be about hybrid-electrical propulsion systems in order to replace diesel engines and for road transportation it is about liquefied natural gas

	
[13,48,57]




	
Environment protection certifications

	
The Eco-Management and Audit Scheme (EMAS) and ISO 14001 are two of such certifications

	
[13,48,57]




	
Eco-design production

	
Manufacturing sustainable products to satisfy consumers considering logistics role

	
[13,48]




	
Greenhouse gas emissions

	
Handling logistics operations such as transportation, warehousing and inventories to reduce greenhouse gas emissions

	
[12,48,55]




	
Green HRM and Green transformational leadership

	
Policies, practices, and systems that stimulate a green behavior of a company’s employees in order to create an environmentally sensitive, resource efficient and socially responsible workplace and overall organization

	
[56,57,58]




	
Environmental management system

	
To systematically ensure that commitment to environmental protection improvement exists in the business organizations towards environmental sustainability

	
[47,58,59,60,61]




	
Social

	
Health and safety

	
Paying attention to the health and safety of the internal people and also accident rates and noises being created

	
[13,48,62]




	
Customization true voice of stakeholders

	
A systematic approach to understand the stakeholders’ needs and values to customize the services and products should be tracked. Industry 4.0 enables supply chains to better define customers’ behaviors and needs.

	
[13,46,48]




	
Support for charity activities, arts and cultural expression

	
Culture protection ideas in product design and related services to support art and culture expressions in addition to participating in charity activities

	
[3,61,62]




	
Human machine Interaction optimization

	
Setting framework to mutual human and machine communication, connections, collaboration and interfaces. This is a prerequisite of Industry 4 functions

	
[44,46,59]




	
Decent work

	
Employment that respects the fundamental rights of the human person as well as the rights of workers in terms of conditions of work safety and remuneration. Respect for the physical and mental integrity of the worker in the exercise of his/her employment

	
[55,57,63,64]
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Table 2. Characterization of components.
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Type

	
Nature

	
Value Estimation






	
Management commitment

	
Input

	
Fuzzy

	
Senior managers opinions by the aid of questionnaire




	
Capital employed

	
Input

	
Crisp

	
Official documents




	
Revenue per year

	
Output

	
Crisp




	
Decent work

	
Link

	
Fuzzy

	
Getting employees’ opinions by the aid of questionnaire




	
Employee trust in leadership

	
Link

	
Fuzzy




	
EMS (Environmental Management System)

	
Link

	
Fuzzy

	
Consulting responsible managers




	
Environmental performance

	
Link

	
Fuzzy

	
Getting stakeholders opinions by the aid of questionnaire (Random sampling)




	
Social performance quality

	
Link

	
Fuzzy




	
Satisfaction

	
Link

	
Fuzzy




	
Trust in brand

	
Output

	
Fuzzy
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Table 3. Scale to gather opinions.
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	Linguistic Variables
	The Related Interval Type-2 Fuzzy Number





	Strongly agree
	(0.8,0.9,0.9,1:1,1) (0.85,0.9,0.9,0.95:0.9,0.9)



	Agree
	(0.6,0.7,0.7,0.8:1,1) (0.65,0.7,0.7,0.75:0.9,0.9)



	Undecided
	(0.4,0.5,0.5,0.6:1,1) (0.45, 0.5,0.5, 0.55:0.9,0.9)



	Disagree
	(0.2,0.3,0.3,0.4:1,1) (0.25,0.3,0.3,0.35:0.9,0.9)



	Strongly Disagree
	(0,0.1,0.1,0.1:1,1) (0,0.1,0.1,0.05:0.9,0.9)
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Table 4. Efficiencies of 17 3PLs service providers and their ranks considering components in Figure 1.
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Efficiency Value




	
3PLs

	
Total

	
Governance Node

	
Staff Node

	
Environment Node

	
Social Node

	
Brand Capability Node






	
1

	
TOR

	
[0.43,0.45]

	
15

	
[0.4,0.59]

	
8

	
[0.81,1]

	
4

	
[0.37,0.45]

	
15

	
[0.3,0.46]

	
15

	
[0.28,0.31]

	
16




	
2

	
KHA

	
[0.43,0.57]

	
8

	
[0.83,1]

	
3

	
[0.16,0.61]

	
13

	
[0.7,1]

	
5

	
[0.5,0.72]

	
9

	
[0.66,0.79]

	
4




	
3

	
ZANJ

	
[0.51,0.66]

	
3

	
[0.45,0.47]

	
9

	
[0.44,1]

	
6

	
[0.68,1]

	
7

	
[0.98,1.3]

	
1

	
[0.65,0.79]

	
5




	
4

	
KHF

	
[0.46,0.48]

	
13

	
[0.24,0.26]

	
15

	
[0.3,0.32]

	
15

	
[0.33,0.4]

	
16

	
[0.51,0.6]

	
11

	
[0.51,0.62]

	
12




	
5

	
KAL

	
[0.46,0.53]

	
9

	
[0.61,0.72]

	
6

	
[0.45,0.48]

	
8

	
[0.94,1]

	
2

	
[0.25,0.3]

	
17

	
[0.33,0.39]

	
15




	
6

	
PRES

	
[0.42,0.49]

	
14

	
[0.26,0.37]

	
14

	
[0.38,0.42]

	
12

	
[0.58,0.67]

	
9

	
[0.66,0.79]

	
5

	
[0.36,0.51]

	
14




	
7

	
TEH

	
[0.54,0.66]

	
2

	
[0.98, 1.2]

	
2

	
[1,1.1]

	
1

	
[0.84,1]

	
4

	
[0.75,1]

	
2

	
[0.89,1.22]

	
1




	
8

	
SHAR

	
[0.46,0.48]

	
13

	
[0.31,0.38]

	
12

	
[0.41,0.51]

	
9

	
[0.47,0.59]

	
12

	
[0.64,0.71]

	
6

	
[0.26,0.31]

	
16




	
9

	
DAR

	
[0.49,0.59]

	
5

	
[0.27,0.64]

	
10

	
[0.35,1]

	
7

	
[0.45,1]

	
8

	
[0.61,1]

	
4

	
[0.57,0.59]

	
11




	
10

	
PARS

	
[0.47,0.48]

	
12

	
[0.3,0.33]

	
14

	
[0.27,0.33]

	
16

	
[0.48,0.57]

	
13

	
[0.61,0.63]

	
7

	
[0.53,0.64]

	
10




	
11

	
SADI

	
[0.48,0.54]

	
6

	
[0.43,0.46]

	
11

	
[0.33,0.51]

	
11

	
[0.84,0.85]

	
6

	
[0.42,0.77]

	
10

	
[0.81,0.85]

	
3




	
12

	
ISF

	
[0.47,0.49]

	
11

	
[0.45,0.64]

	
7

	
[0.3,0.36]

	
14

	
[0.46,0.52]

	
14

	
[0.3,0.41]

	
16

	
[0.51,0.6]

	
13




	
13

	
ISA

	
[0.54,0.68]

	
1

	
[0.93,1.3]

	
1

	
[0.51,1]

	
5

	
[0.85,1.16]

	
1

	
[0.7,1]

	
3

	
[0.66,0.76]

	
6




	
14

	
IRAN

	
[0.48,0.49]

	
10

	
[0.22,0.45]

	
13

	
[0.2,0.21]

	
17

	
[0.32,0.37]

	
17

	
[0.43,0.51]

	
13

	
[0.62,0.64]

	
8




	
15

	
ABAD

	
[0.48,0.53]

	
7

	
[0.24,0.26]

	
15

	
[0.33,0.52]

	
10

	
[0.38,0.72]

	
10

	
[0.61,0.63]

	
7

	
[0.63,0.64]

	
7




	
16

	
BALO

	
[0.46,0.5]

	
11

	
[0.74,1]

	
5

	
[0.94,1]

	
3

	
[0.46,0.64]

	
10

	
[0.36,0.54]

	
14

	
[0.58,0.66]

	
9




	
17

	
BARES

	
[0.52,0.58]

	
4

	
[0.77,1]

	
4

	
[0.94,1.05]

	
2

	
[0.94,1]

	
2

	
[0.44,0.61]

	
12

	
[0.7,1]

	
2
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