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Abstract: In the last years sustainable supply chain management has gained an increasingly important role for firms 
competing in the Textile, Clothing and Leather (TCL) sectors, by working with their suppliers to systematically 
monitor, measure and communicate the benefits of cleaner and more socially responsible business, leading companies 
are starting to turn supply chain sustainability into a driver of competitive advantage. In literature, several studies have 
been reported by researchers to evaluate environmental and social performance of suppliers. However, a 
comprehensive dashboard that TCL companies could use for measuring and controlling suppliers’ sustainability 
performance is still missing. In this paper, a coherent set of KPIs for the systematic inclusion of sustainability factors 
in suppliers’ selection and performance evaluation by TCL companies is proposed. 
The set of KPIs proposed in this paper is based on a two-step approach. In step 1, the criteria and KPIs for evaluating 
environmental performance are identified through a systematic literature review. In step 2, a panel of academic experts 
have been involved in order to provide KPIs ratings. Redundancy Model (RM) and Analytical Hierarchy Process (AHP) 
methodologies have been adopted to eliminate redundancies and calculate weights, allowing the selection of the most 
suitable KPIs, in order to evaluate alternative suppliers. The latter represents alternatives' relative ability to achieve the 
decision goal, allowing a straightforward consideration of sustainability into suppliers’ evaluation, selection and 
monitoring. 
Most TCL companies now recognize that a sustainable supply chain is no longer just an optional nice-to-have: it is a 
business imperative, critical to the success of the organization as a whole in a perilous world. In this paper, a novel 
dashboard that can be practically used by TCL companies for valuating suppliers’ sustainability performance is 
introduced.  

Keywords: Sustainable Supply Chain Management (SSCM), Textile Clothing and Leather (TCL) sectors, 
Supplier selection, Redundancy model, Analytical Hierarchy Process (AHP) 

 

1. Introduction 

Nowadays competition between companies is growing fast 
and the efficiency and sustainability of their supply chain 
represent a significant competitive edge in order to improve 
their performances, profits and brand reputation. In this 
context, company’s suppliers are one of the most important 
components of a supply chain. The establishment of good 
relationships among the company and its suppliers can 
produce competitive advantages through processes' 
efficiency and sustainability. The importance of this aspects 
increase especially in sectors where the success and the 
image of the main company are influenced by the manage, 
the quality and the image of its own suppliers. The aim of 
this paper is to add a contribution for researchers and 
practitioners in the area of suppliers’ performances 

measurement, with a particular focus on sustainability 
within TCL sectors. In particular, TCL industry is one of 
the sectors most challenged by the sustainability concerns 
that have recently emerged in the media (Resta et al., 2014). 
Consequently, the demand for clothes produced and 
distributed in a manner that minimise the negative impacts 
on both the environment and the society has vigorously 
arisen, as demonstrated by the strong commitment to 
sustainability of many renowned firms, such as Levi's, Gap, 
H&M, and Wal-Mart, that wish to boost or to maintain a 
positive brand. In such a context, supplier selection, 
maintenance and development clearly represents a critical 
activity in Sustainable Supply Chain Management (SSCM) 
(Dekker et al., 2012; Marufuzzaman et al., 2009) because a 
firm’s sustainability performance can be demonstrated by 
its suppliers (Kuo et al., 2010). 
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There are many methods used in supplier selection and 
vendor rating activities, such as cluster analysis (De Boer et 
al., 2001), case based reasoning systems (Choy et al., 2003), 
statistical methods (De Boer et al., 2001), decision support 
systems (Choy et al., 2003; De Boer et al., 2001), data 
development analysis (Talluri, 2002; Weber et al., 1998), 
total cost of ownership models (De Boer et al., 2001; 
Degraeve et al., 2000), activity based costing (Roodhooft 
and Konings, 1996), artificial intelligence (Choy et al., 2003; 
De Boer et al., 2001), mathematical programming (Zhu, 
2004; Talluri, 2002; Ghodspour and O’Brien, 1998) etc. 
According to the authors, inferring a result from the 
methods described above requires extensive computation 
as well as time. Also, the above methods do not seem to be 
efficient to handle complex and unstructured situations. 
Consequently, there is the need to develop and suggest a 
more efficient method based on Analytical Hierarchy 
Process (AHP) and Redundancy Model: Redundancy 
Model used before of AHP allows to streamline and 
facilitate the whole AHP process eliminating redundant 
indicators during the first step. The combination between 
the Redundancy Model and AHP and its application to 
sustainability performance evaluation of supplier for TCL 
companies is the main contribution of this paper. 

The paper is structured as follow: in Section 2 the criteria 
and KPIs for evaluating sustainability performance that 
influence a company’s purchasing decision are identified 
through a systematic literature review. Section 3 gives an 
overview of the theoretical methods used (Redundancy 
model and AHP). Section 4 explains the steps proposed in 
the methodology and its application to the initial KPIs set. 
Finally, in Section 5, conclusions are presented and the 
ongoing work is described. 

2. Sustainable Supply Chain Management and 
supplier selection criteria and KPIs 

SSCM is defined as the management of material and 
information flows as well as cooperation among 
organisations along the supply chain, integrating at the 
same time all the “triple-bottom-line” (TBL) dimensions of 
sustainable development (Economic, Environmental, and 
Social) (Seuring and Müller, 2008). The TBL approach 
suggests that besides economic performance, firm’s 
activities should positively affect the environment and the 
society. Within SSCM, suppliers’ performance evaluation 
and selection is one of the critical issues faced by 
purchasing managers to help organisations maintain a 
strategically competitive position (Chen et al., 2006; Seuring 
and Müller, 2008). 

In literature, several studies have been reported by 
researchers to evaluate sustainability performance of 
suppliers. Although scarce, the environmental 
consideration in supplier selection decisions is emerging. 
On the contrary, the incorporation of other social 
sustainability dimensions are quite scarce and the previous 
dual concerns of economic and environmental aspects need 
to be extended into a triad that involves social factors (Bai 
and Sarkis, 2010). 

In this section a review of supplier selection criteria and 
KPIs is reported, and a set of the most important KPIs is 

proposed. The review is structured in accordance with the 
three areas of sustainability (Economic, Environmental, 
and Social). 

2.1 Economic criteria.  

The analysis of the traditional economic criteria considered 
for the selection and performance evaluation of potential 
suppliers has been the focus of many researchers and 
purchasing practitioners since the 1960s. As discussed by 
Kannan et al. (2013), during the last 50 years a number of 
literature surveys have been published to rationalise and 
identify the most important criteria and decision methods 
involved in papers. The most recent contribution (Chang 
et al., 2011; Liao and Kao, 2011) have summarized 
economic criteria that have appeared in previous articles 
and have concluded the most important criteria are quality, 
price (cost), delivery performance and technological 
capabilities. As elaborated by Godivan et al. (2013), each 
criterion is further divided into KPIs, as shown in Table 1. 

Table 1. Supplier selection and evaluation - Economic 
criteria 

Criteria KPIs 

Cost 
Purchasing cost; Ordering cost; 

Logistics cost 

Delivery reliability Lead time; On time delivery 

Quality Quality assurance; Rejection ratio 

Technological 
capability 

Technology level; Capability of R&D; 
Capability of design 

 

2.2 Environmental criteria 

Evaluation of environmental performance of suppliers has 
received the highest attention in supplier selection for 
SSCM. Analysing and summarising the work from Min and 
Galle (1997), Noci (1997), Handfield et al. (2002), 
Humphreys et al. (2003), Walton et al. (2006), Lee et al. 
(2009), Tuzkaya et al. (2009), and Govindan et al. (2013), it 
can be argued that the most commonly referred criteria in 
supplier evaluation, broken down into sub-criteria in Table 

2, are pollution production and control, resource 
consumption, product and materials, environmental and 
legislative management, and green image. 

Pollution production and control criterion is related to the 
pollution factors constituted from the supplier production 
and service processes and product components: air 
emissions, wastewater, solid wastes, and hazardous wastes. 
Resource consumption criterion refers to the use of gas, 
energy, water and materials compared to the production 
volume of the final products (i.e., litres of water per square 
meter of fabric). Product criterion considers the 
contribution of the suppliers’ to the green features of the 
product arise from components and materials supplied. 
Environmental and legislative management main criterion 
is related with the legislative and managerial activities of the 
suppliers. These activities may include environment-related 
certificates (ISO 14000, WEEE etc.) and reverse logistics 
management programs, as well as process planning, control 
and monitoring. Finally, green image refers to the 
environmental image of the suppliers and contains issues 
such as training and programs for employees for green 
consciousness, voluntarily involvement to the legislative 
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regulations of government by firm, public disclosure of 
environmental record and partnership with stakeholders. 

 

Table 2. Supplier selection and evaluation – Environmental 
criteria 

Criteria KPIs 

Pollution 
production & 
control 

Air emissions (CO, Pb, NOx, VOCs, PM, SO2); 
Waste water; Solid wastes; Hazardous wastes 

Resource 
consumption 

Gas consumption; Energy consumption; Water 
consumption; Material consumption 

Product 

Green raw materials; Green packaging; 
Recyclability of the product; Product for reducing 
consumption of resources; Use of 
harmful/hazardous materials 

Environment
al and 
legislative 
management 

Environmental-related certificates (i.e., ISO 
14000); Internal planning, control and monitoring 
processes for reducing the impact of natural 
resources; Environmental policies; Reverse 
logistics; Green distribution; 2nd tier supplier 
environmental evaluation 

Green image 

Training and programs for employees for green 
consciousness; Voluntary involvement to 
legislative regulations of government; Public 
disclosure of environmental record; 
Environmental partnership with stakeholders 

 
 
2.3 Social criteria 

In the recent past, attempts have been made to include 
social sustainability criteria into the supplier evaluation 
process. As described by Gauthier (2005), the social 
dimension may be viewed from internal and external 
perspectives. Internal attributes refer to employment 
practices, while external criteria are related to the 
relationship with contractual (i.e., suppliers and customers), 
and other (i.e., local communities and non-governmental 
organisations) stakeholders. Based on this distinction, Bai 
and Sarkis (2010), reviewing previous research 
contributions, introduce a comprehensive list of social 
criteria and KPIs, reported in Table 3. 

 

Table 3. Supplier selection and evaluation – Social criteria 

Criteria KPIs 

Employment 
practices 

Disciplinary and security practices; Employee 
contracts; Equity labour sources; Flexible 
working arrangements; Job opportunities; 
Research and development; Career 
development 

Health and safety 
Health and safety incidents; Health and safety 
practices 

Local 
communities 
influence 

Health; Education; Service infrastructure; 
Mobility infrastructure; Regulatory and public 
services; Supporting educational institutions; 
Security; Cultural properties; Economic 
welfare and growth; Social cohesion; Grants 
and donations; Supporting community 
projects 

Contractual 
stakeholders 
influence 

Procurement standard; Partnership screens 
and standards; Consumers education; 
Stakeholder empowerment; Collective 
audience; Selected audience; Stakeholder 
engagement 

 
 

2.4 The initial set 

The initial set of sustainability criteria, retrieved from a 
systematic literature review, that should be considered 
during a supplier evaluation and selection process is 
graphically depicted in the following figure.  

 

 

Figure 1: Sustainability criteria in the supplier selection 
process – initial set 

 

So the proposed decision model for supplier selection 
included 61 KPIs classified according to 13 criteria, divided 
into 3 key area, as shown in Figure 1. The selection of the 
most suitable KPIs from the initial available criteria will be 
discussed in the following sections. 

 

3. Decision analysis models for supplier rating and 
selection 

The methodology proposed in this paper is a combination 
of two well-known methodologies: “qualitative method for 
redundancy analysis (Franceschini, 2007) and AHP. A brief 
overview of the first method and the explanation of the 
Matrix B, N and Q (that will be used in the next section of 
the paper) are reported in (Coppola et al., 2013). These 
methodologies can be sequentially combined in order to 
develop in a short time a set of indicators useful in the 
selection process of suppliers. This set has the property to 
be strong and able to describe the context of analysis. In 
the following section the two methods will be used in order 
to develop a set of KPIs suitable to evaluate the 
sustainability performance of suppliers operating in the 
TCL sectors. The theoretical procedure used to reach the 
construction of the final KPI set can be considered 
standard and then replicated. Figure 2 illustrates the 
implementation of the two methods as described in the 
following section of the paper. 
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Figure 2: Graphical representation of the  procedure for the 
set of KPIs definition 

 

4. Implementation of the models 

In accordance with the graphic presented in Figure 2 (Step 
3), the redundancy method (RM) has been applied to the 
set of KPIs described in Section 2 in order to assess the 
existence of potential correlations.  

The B Matrix, filled by a group of selected practitioners and 
academics, expert in the TCL sector. shows the degree of 
relation among criteria and each KPI (Step 3.1), using a 
geometric scale from 0 to 9. 

 

 

Figure 3 – Part of B Matrix 

In step 3.1 the N matrix is calculated normalizing, by 
Euclidean norm, each columns of B matrix (N matrix is not 
included in this paper because of size limitation), and in 
step 3.3 Q matrix is then obtained by using the formula 

Q = NTN       (1) 

as required by the RM methodology. 

 

Figure 4: Part of Q Matrix 

In order to determine if two indicators are potentially 
correlated, a threshold has to be defined. After a discussion 
within the panel of TCL experts, the threshold value was 
fixed at 0.8. Q matrix identifies the pairs of indicators 
potentially related. Using the indications derived from the 
Q matrix and after a further internal assessment, the 
number of KPIs has been reduced from 61 to 21 (Step 4) 
as shown in Table 4. 

Table 4. Final set of KPI 

E
c
o

n
o

m
ic

 

Cost Logistic Cost 

Delivery reliability On time delivery 

Quality Quality assurance 

Technology capability 
Capability of design 
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Environmental and 
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Environmental-related certificates 
(i.e., ISO 14000) 

Internal planning, control and 
monitoring processes for reducing 

the impact of natural resources 

Green image 

Training and programs for 
employees for green consciousness 

Environmental partnership with 
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Purchasing cost 1,00 1,00 0,97 0,11 0,11 0,09 0,10

Ordering cost 1,00 1,00 0,97 0,11 0,11 0,09 0,10

Logistic cost 0,97 0,97 1,00 0,12 0,14 0,04 0,02

Lead time 0,11 0,11 0,12 1,00 0,99 0,01 0,01

On time delivery 0,11 0,11 0,14 0,99 1,00 0,01 0,01

Quality assurance 0,09 0,09 0,04 0,01 0,01 1,00 0,93

Rejection ratio 0,10 0,10 0,02 0,01 0,01 0,93 1,00
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The final set of indicators has been processed with the 
AHP method in order to determine the relative weight of 
each indicator (Step 5).  

Hierarchical Network composed by goal, clusters and 
nodes is the first step in AHP implementation (Step 5.1). 
This way, the supplier selection problem has been designed 
as hierarchical network where the goal is represented by the 
topmost cluster, and subnets are linked to the three 
clusters, one for each key area, Economic, Environmental 
and Social. Within each cluster, a node has been defined for 
each criteria described in Section 2. 

According to the AHP method, a pairwise comparison 
among the different elements (key areas, criteria and KPIs) 
has to be carried out. Data used to perform this comparison 
have been collected using a survey within a group of TCL 
experts. The software Super Decision Software® has been 
adopted and used, according to the steps described 
hereafter, in order to streamline the calculation procedure. 

The following steps (Step 5.2) include the key areas and 
criteria comparisons. In this step the Super Decision 
Software® was used to obtain a relative weight for each key 
area. Results are shown in Table 5. 

Table 5. Key areas comparison results 

KEY AREAS KEY AREA WEIGHT 

Economic  19.6% 

Environmental  49.3% 

Social 31.1% 

 
In the Step 5.3 the same procedure has been adopted in 
order to compare criteria inside every key area and to obtain 
the relative weight of each criteria. 

Table 6. Criteria comparison results 

ECONOMIC AREA WEIGHT 

Cost 10.9% 

Delivery reliability 10.9% 

Quality 
Tecnology capability 

29.7% 
48.5% 

ENVIRONMENTAL AREA WEIGHT 

Environmental and legislative 
management 

12.4% 

Green image 5.4% 

Product 
Pollution production & control 

Resource consuption 

37.6% 
33.1% 
11.5% 

SOCIAL AREA WEIGHT 

Employment practice 11.6% 

Healt and saefty 26.2% 

Local communities influence 
Contractual stakeholders influence 

52.3% 
9.9% 

 
Finally the same procedure has been adopted to compare 
KPIs inside each criteria and to obtain the relative weight 
that each KPI has inside its criteria. 

Table 7. KPIs comparison results 

TECHNOLOGY CAPABILITY 
CRITERION 

WEIGHT 

Capability of design 50.0% 

Capability of R&D 50.0% 

PRODUCT CRITERION WEIGHT 

Green raw materials 25.0% 

Green packaging 25.0% 

Use of harmful/hazardous materials 50.% 

ENVIRONMENTAL AND 
LEGISLATIVE MANAGEMENT 

CRITERION 
WEIGHT 

Environmental-related certificates (i.e., 
ISO 14000) 

66.7% 

Internal planning, control and 
monitoring processes for reducing the 

impact of natural resources 
33.3% 

GREEN IMAGE CRITERION WEIGHT 

Training and programs for employees for 
green consciousness 

33.3% 

Environmental partnership with 
stakeholders 

67.7% 

EMPLOYMENT PRACTICE 
CRITERION 

WEIGHT 

Disciplinary and security practices 66.7% 

Career development 33.3% 

LOCAL COMMUITIES 
INFLUENCE CRITERION 

WEIGHT 

Security 33.4% 

Economic welfare and growth 33.3% 

Grants and donations 33.3% 

 
In the last step (Step 5.4), the absolute KPI weight has been 
obtained multiplying the relative weight of each KPI by the 
relative weight of the Key Areas and of each criteria to 
which it belongs. As example, for KPI “Grants and 
donations” the absolute weight is: 

 33.3% * 52.3% * 31.1% = 5.41%   (2) 

Final results of AHP analysis are shown in Table 8. 

Table 8. Final KPIs’ set and weights 

KPI WEIGHT 

Hazardous wastes 16,32% 

Use of harmful/hazardous materials 9,27% 

Health and safety incidents 8,15% 

Quality assurance 5,82% 

Material consumption 5,67% 

Security 5,43% 

Economic welfare and growth 5,42% 

Grants and donations 5,42% 

Capability of design 4,75% 

Capability of R&D 4,75% 

Green raw materials 4,63% 

Green packaging 4,63% 

Environmental-related certificates (i.e., ISO 14000) 4,08% 

Consumers education 3,08% 

Disciplinary and security practices 2,41% 

Logistics Cost 2,14% 

On time delivery 2,14% 

Internal planning, control and monitoring processes for 
reducing the impact of natural resources 

2,04% 

Environmental partnership with stakeholders 1,78% 

Career development 1,20% 

Training and programs for employees for green 
consciousness 

0,89% 
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5. Conclusion 

In this paper, authors present a supplier selection model 

based on a multi criteria decision-making method which 

includes key areas, criteria and KPIs. RM and AHP method 

have been used in order to perform the supplier selection. 

The sequential combination of this two methodologies is 

the major contribution of this paper. RM used before AHP 

allows to streamline and facilitate the whole AHP process, 

eliminating redundant indicators during the first step of 

KPI individuation process, enabling to define a robust and 

descriptive KPI set in a simple and efficient way.  

This rating process could support practitioners to select 

suppliers from a dynamic and high brand reputation 

environment, where there is the necessity to easily 

individuate high sustainability performances, matching at 

the same time quality and efficiency standards.  

The main limitation of the work relies on the 

participation of few academics and practitioners in the 

validation phase. Future improvements of the research will 

be related to the involvement of a panel of industrial 

experts and managers, as well as the development and 

characterisation of the identified KPIs (unit of measures, 

measurement frequency, data accessibility, etc.). 
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