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ABSTRACT:

Goals: This research seeks to identify the basic indices of sustainability in three dimensions
(economic, social and environmental) in the Iranian automotive industry suppliers by re-
viewing previous research and ranking the suppliers using a cross efficiency approach. In
this paper, the performance and ranking of sustainable supply chain suppliers are evaluat-
ed by presenting a secondary objective model in terms of cross efficiency.

Design / Methodology / Approach: In the first step of this research, a preliminary screen-
ing of the identified criteria is carried out. the data on the final criteria is collected using a
questionnaire. Finally, the evaluation and ranking of suppliers in sustainable supply chain
of the automotive industry in Iran is done by the cross-efficiency model presented in this
paper.

Results: The results showed that, according to the criteria of the triple profit model (in-
cluding 3 dimensions, 7 criteria), supplier No. 8 was identified as the most efficient deci-
sion maker unit (DMU) among 12 suppliers of Iran Khodro Company.

Limitations of the investigation: The main constraints include the timeliness of informa-
tion gathering and the lack of cooperation of suppliers in providing information.
Originality / Value: Using the cross efficiency model in data envelopment analysis tech-
nique in the field of evaluating supplier performance is a very practical and unrestricted
approach.

Keywords: Sustainable Supply Chain; Supplier Ranking; Cross- efficiency; Automotive In-
dustry.




44

Volume 16, Nimero 1, 2019, pp. 43-52

[-: r Brazilian Journal of Operations & Production Management
DOI: 10.14488/BJOPM.2019.v16.n1.a4

1. INTRODUCTION

The term sustainable development is defined by the
World Commission on Environment and Development as de-
velopment that seeks to meet the needs of the present with-
out compromising the ability of future generations to meet
their own needs (Camioto et al., 2017). In a general view,
addressing supply chain management can be an important
step towards improving sustainability in business because
supply chain management involves all stages of production
from the beginning to product lifetime management. There-
fore, combining sustainability issues and supply chain man-
agement can have a huge impact on business sustainabili-
ty. Therefore, issues such as green chain management and
supply chain management are addressed in the literature.
The main objective in sustainable supply chain management
is to focus on environmental, economic and social issues at
all stages of the production of a product, including the pur-
chase of raw materials, production, distribution and sale of
products. In the last decades, green and sustainable supply
chain management practices have been developed, trying
to integrate environmental concerns into organizations by
reducing unintended negative consequences on the envi-
ronment of production and consumption processes (Geno-
vese et al., 2017). Therefore, supplier selection is also one of
the most important steps in achieving a sustainable supply
chain. In supply chain studies, supplier selection has been
mostly considered in a traditional environment, regardless
of sustainability factors (Kuo et al., 2010). Sustainable Supply
Chain Management (SSCM) provides economic, social, and
environmental requirements in the flow of materials and
services between suppliers and customers. SSCM structure
is considered as a prerequisite for sustainable success. De-
signing a sustainable supply chain management structure
provides a competitive advantage for companies. In the
meantime, supplier selection based on sustainability prin-
ciples and factors plays an important role in advancing the
goals of the sustainable supply chain (Buyukdzkan, 2011).
Sustainable development is a concept that has been intro-
duced since 1987 by the global environment and develop-
ment community. Today, sustainable development is a very
important issue in the face of increased environmental deg-
radation (global warming, ozone depletion, etc.) and human
rights violations.

Brindley and Borrow (2014) in “Conforming Supply Chain
Management with Green Marketing Needs: A Case Study”
address the challenges that organizations face when con-
forming with sustainable procurement requirements and
market needs, and changes in terms of supply chain man-
agement practices. Azadi et al. (2015) in “A New Fuzzy Data
Envelopment Analysis Model to Assess the Efficiency and
Effectiveness of Suppliers in the Field of Sustainable Supply
Chain Management” provide a new fuzzy integrated model

for choosing sustainable suppliers. Su et al. (2015) in “Im-
proving Sustainable Supply Chain Management Using the
Novel Hierarchical Grey-DEMATEL Approach” are focused
on developing the SSCM hierarchy at the initial stage and
a novel hierarchical grey-DEMATEL approach to solve the
incomplete information and hierarchical structure to obtain
the relationship between the main criteria and the specific
supplier. Mota et al. (2015) carried out a study on the eco-
nomic, environmental and social design and planning of the
sustainable supply chain of the company for the production
and distribution of batteries in Portugal. Further studies are
still ongoing in this field (Al-Odeh and Smallwood, 2012; Cet-
inkaya et al., 2011, Erol et al., 2011).

Data Envelopment Analysis (DEA) is a method for mea-
suring the relative efficiency of similar decision-making units
(DMUs) with input and output indicators and it is one of the
most effective methods for identifying the best efficiency
frontiers (Charnes et al., 1987). Its flexibility in the selection
of input and output weights and its self-evaluation nature
has been criticized. The cross-efficiency evaluation method
is an extension of the data envelopment analysis that can
be used to identify the best performance of decision-making
units and to rank them using the size of cross efficiency as-
sociated with all decision-making units (Sexton et al., 1986).
The main objective of cross-evaluation is to use data envel-
opment analysis in the peer evaluation instead of self-evalu-
ation. Cross-evaluation has two main advantages:

1. It offers a unique rating for decision-making units

2. It eliminates the unrealistic weight designs without
the need for the weight limits derived from the ap-
plication of the field of specialty (Anderson et al.,
2002)

3. In any case, as Doyle and Green (1994) point out,
the lack of uniqueness of the probable weight of
the optimal data envelopment analysis may reduce
the usefulness of cross-efficiency. Particularly, the
cross efficiency measure derived from the underly-
ing models of data envelopment analysis is general-
ly not unique and the performance (cross-efficien-
cy) of a decision-making unit may be improved by
worsening the performance of the rest of the units,
depending on the optimal linear programming solu-
tions being used. Sexton et al. (1986) and Doyle and
Green (1994) proposed the use of secondary goals
to resolve non-unique results. They provided formu-
las for aggressive and benevolent models. For exam-
ple, in the case of benevolent model, the idea of ob-
taining optimal weights maximizes the efficiency of a
given decision-making unit under evaluation and the
mean efficiency of other decision-making units. In
the case of an aggressive model, it searches for the



weights that minimize the efficiency of other units.
In addition, further studies are still ongoing in this
field (Rodder and Reucher, 2011; Rodder and Reuch-
er, 2012; Moeini et al., 2015).

2. SUSTAINABLE SUPPLY CHAIN

The emergence of a concept called “Sustainable Devel-
opment” in the report of the United Nations Environment
and Development Committee in 1987 opened a new chap-
ter in the debate on development. Along with the expansion
of globalization over the past two decades, sustainability is
converted from a technical concept into a political and then
commercial mainstream (Liu et al., 2012). Traditional supply
chain management focuses on cost, time and quality; how-
ever, nowadays, it has been extended to integrate environ-
mental and social dimensions (Bentahar and Benzidia, 2018).
Sustainable Supply Chain Management and achievement to
sustainability in the supply chain are one of the most import-
ant supplier selection decisions and supplier-related policies
that address the issue of globalization and transcontinental
outsourcing. Besides, attention to the sustainability issue in
these decisions has increased the importance of this issue in
the formulation of organizational strategies and survival in
a competitive environment (Seuring and Muller, 2008). Sus-
tainable supply chain management is rooted in sustainability
and it involves an extensive approach to supply chain man-
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agement. Sustainability in the supply chain means pushing
the supply chain towards the social, economic, and environ-
mental aspects and addressing the existing problems in the
traditional supply chain.

e Definition of sustainable supply chain: for years,
the concept of the supply chain has existed and the
supply chain can be defined as a system of organiza-
tion, people, technology, activities, information and
other resources in transferring a product or service
from the supplier to the customer. However, the sus-
tainable supply chain can be defined as a system of
lifelong integrated business activities that creates
the value-added for the stakeholders and improve
people’s well-being. In addition, the most accepted
definition for sustainable supply chain management
is as follows: supply chain management is the pro-
cess of attention to environmental, economic, and
social issues to increase the long-term economic
goals of companies and their supply chain (Al-Odeh
and Smallwood, 2012). The overall target framework
for SSCM is shown in Figure 1 below. This Figure is a
stable supply chain that is very similar to the regular
supply chain with the difference that the reverse lo-
gistical activities, recycling, re-use and re-production
are included in the regular supply chain (Hussain,
2011).
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Figure 1. Sustainable Supply Chain Framework (Adapted from Hussain, 2011)
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Based on what has been discussed so far, it is clear that
the supply chain and sustainability are two different but very
close and combined concepts. Table 1 shows the key differ-
ences between the sustainable and the traditional supply
chains.
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Table 1. The key differences between the sustainable chain and
traditional supply chains

Traditional supply chain Sustainable supply chain

The economic, social, and
environmental concepts are
considered throughout the
supply chain

The focus is on the supply of
goods from supplier to final
customer

To combine the three
above-mentioned indica-
tors, the flow of materials is
complex.

Flow of materials and informa-
tion are linear.

There is a high level of coop-

. There is limited cooperation
eration

Reverse logistics is an import-
ant part of the supply chain
process

Reverse logistics is not a com-
plement to the process

Cross efficiency in DEA

Data Envelopment Analysis (DEA) is a method for mea-
suring the relative efficiency of decision-making units with
several input and output indicators (Charnes et al., 1978).
These decision-making units can be branches of the bank,
non-profit institutions, factories, etc. (Liang et al., 2008).
Usually, the flexibility of data envelopment analysis has been
criticized in the selection of input and output weights and its
self-evaluation nature (Bazrkar et al., 2017). Cross-efficiency
evaluation is a useful approach to ranking decision making
units (DMUs) in data envelopment analysis (DEA) (Liu, 2018).
The cross efficiency evaluation method is the extension of
the data envelopment analysis method, which can be used
to identify the best performance of decision-making units
and their ranking using cross-efficiency measures that are
relevant to all decision-making units (Sexton et al., 1986).

Suppose that there are n DMUs that generate s output
by consuming m input. Also, the input i and the output r in
are presented as and . Charnes et al. (1978) presented the
following CCR model for assessing the efficiency of .

s
Zury rd

E, =max='—— (1)

Zvi'xid
i1

St

=1 _
= <1 j=1...n
zvixz/
i=1
u, >o, v, 2o, Vr,i

The optimum value of the model (1) is smaller or equal
to 1. is efficient if the optimal value of the above model is
1, otherwise, the unit is inefficient. Suppose that are the
optimal weights for using the CRR model. In this case, the
cross efficiency of will be calculated according to the opti-
mal weights.

And the cross efficiency index of each unit is obtained us-
ing the following equation:
Secondary Objectives in Data Envelopment Analysis

Like the CCR model in DEA, the model (1) also has multi-
ple optimal results. The optimal multiple solution of model
(1) results in different cross efficiency matrices. To solve this
problem and obtain a unique cross efficiency matrix, here is

a secondary objective model.

Consider the following model.

S m

maxzzuryrd -E, Zvixid (2)
r=1 i=1

St

j=1.,n

N m
Z}ury,]. —Z}vixij <Q
r= i=

m

s
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e Here, E;d is the efficiency achieved using Model 1.
Model 2 is a linear model and it can be shown that
the optimal value of the model 2 is equal to zero.
In fact, the calculated E;d in the two models is the
same (Moeini et al. 2015). Now, considering this
model, a secondary objective model is proposed for
the cross efficiency.

The secondary objective model presented here is based
on maintaining the value of the decision-making unit’s ef-
ficiency, i.e. DMU ,and the maximization of the perfor-
mance of other units simultaneously. In fact, the goal is to
maximize the efficiency of n-1 decision-making units at the
same time. To do this, a multi-objective model with n-1 ob-
jective function is used; objective function corresponds to
the efficiency of a decision unit. Therefore, the secondary
objective model will be expressed as follows:

max ZS:”JM _E1*1ivi‘xi1 (3)
=

r=1

s L
maxzuryVZ_Ezzvixiz
r=1 i=1

s m
*

maX: :urym _Enn : :vixin

S.t r=1 i=1

S m
Zury,]. —Zvixi/. <Q j=1..,n
r=1 i=1

s m
*
Zuryrd -E, zvixid =0
r=1 i=1
S m
S0, S
r=1 i=1
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The above model is a multi-objective problem (Ehrgott,
2000). The purpose of this model is to maintain efficiency
and maximize the performance of other DMUs simulta-
neously. In fact, the model above is a secondary objective
model with a benevolent approach. The second constraint
in model (2) has been added to the model to maintain the
efficiency value of DMU , . In the above model, it is pos-
sible to use maximization instead of the minimization. This
type of model will be an aggressive target, because in this
case, the model seeks to minimize the efficiency of other
decision-making units. In multi-objective problems, there
are many methods for solving model (3). In all methods,
the purpose of converting a multi-objective problem into a
single-objective model is to solve it using mathematical pro-
gramming methods (Ehrgott, 2000). Here, the goal program-
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ming method is used for solving a multi-objective model. In
fact, multi-objective model 3 is converted as follows:

1n
min ZSZJ (4)
St 1

Zsluryfj _iv[‘xij <Q J =1..,n
P i

S m
Zuryn‘ _Eji Zvixii T8y =Sy =Q j=1..n; j#d
r=1 i=1

S m

*
Zuryrd —E zvi'xid =0
r=1 i=1

m

SZur —Zvl;l

uz1Zo, iyl o, Yr,i

Here, the =zero goal, which is the efficien-
cy of the decision-making units, is considered that
(j=L...n; j#d)s,,,s,are the positive and negative
deviant variables.

Now, if gﬁv*,u*) is the optimal answer of model 3, then
the cross efficiency of DMU, with respect to the optimal

weights DMU , is:

s .
zury rk
=1

—_
Edk -

m ’

.
Zvi'xik
i1

k=1..,nk #d (5)

Given the obtained values, the cross-efficiency matrix is
calculated and the cross efficiency index of all DMUs can be
calculated as follows:

2j=1 Eya

E7 =
d n (6)

3. METHOD

The present research is applied in terms of purpose and
description based on a method. In this research, in the first
step, a preliminary screening of the identified criteria is car-
ried out. In this step, the criteria are identified according to
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the experts’ opinion according to the statistical population
of the study (Iranian automotive industry) and the statistical
sample (Iran Khodro Co.). Localization at this stage is merely
screening and, determining the degree of relevance of the
factors in the framework is based on the environment, the
conditions of the country, of the automotive industry, and
Iran Khodro Co. Sampling at this stage is selective and based
on the degree of expertise index. The localization of the cri-
teria is done using structured interviews with 15 experts.
Then, according to the identified criteria and statistical pop-
ulation of the study, the data on the final criteria is collected
using a questionnaire. Finally, the evaluation and ranking of
suppliers in sustainable supply chain of the automotive in-
dustry in Iran is done by cross-efficiency model presented
in this paper. It should be noted that, due to the large num-
ber of active suppliers in the Iranian automotive industry, 12
major suppliers of Iran Khodro Company were selected as
surveyed companies (Suppliers) according to the experts in
the Supply Chain Management sector.
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4. RESULTS

The evolution of supply chain management (SCM) over
the last half century can be described through an increase in
integration and information sharing (Mufiuzuri et al., 2016).

First, according to the literature review, most of the ex-
isting sustainability models have considered three environ-
mental, economic and social dimensions as the main dimen-

sions of sustainability. As a result, these three dimensions
are considered as the main dimensions in this research. Ta-
ble 2 summarizes the measures and sources.

Then, after interviewing experts in the field of sustainable
supply chain in the automotive industry of Iran and the ex-
perts of Iran Khodro Co., the following criteria in the present
study are used as the final criteria for evaluating the sus-
tainable supply chain performance of the Iran Khodro Co.,
according to the experts:

e Income from green resources (output 1)

e Proposed price (input 1)

e Pollution rate (input 2)

e Waste disposal (input 3)

e Employee work hours (input 4)

e Recycling rate (output 2)

e Number of trained staff (input 5)

¢ Information about inputs and outputs is given in Table 3.
In this section, the model presented in this paper is used

to rank the suppliers of the sustainable supply chain of the
automotive industry. First, the model (1) will be solved and

Table 2. Identified criteria and their sources

Dimension Index

References

Financial position and market share

Govindan et al. (2013); Hsu et al. (2011)

Income from Green Resources

Hsu et al. (2011)
Hervani et al. (2005)

Economic (E) Product quality and safety

Lozano & Huisingh (2011)

Proposed price

Govindan et al. (2013)

Timely delivery of goods

Govindan et al. (2013)

Renewable and nonrenewable energy use

Carter and Easton (2011); Gri (2013)

Recycling rate

Lozano and Huisingh (2011); Hervani et al (2005);
Gri (2013)

Environmental (2) Waste disposal

Bai and Sarkis (2010); Gauthier (2005)

Clean technology usage

Bai and Sarkis (2010); Gauthier (2005)

Pollution rate

Bai and Sarkis (2010); Gauthier (2005); Carter and Easton (2011)

Number of trained staff

Hsu et al (2011); Hervani et al(2005); Lozano and Huisingh (2011);
Gri (2013)

Employee work hours

Marques (2010); Gri (2013)

Social (S . A .
) Interaction with local communities

Marques (2010); Gri (2013)

Observance of gender diversity

Marques (2010); Gri (2013)

Order, discipline and security

Bai and Sarkis (2010); Gauthier (2005)
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Table 3. Normal data related to input and output indices of Iran Khodro Suppliers

supplier Input 1 Input 2 Input 3 Input 4 Input 5 Output 1 Output 2

1 0.1000 0.1000 0.0212 0.0051 0.1323 0.0095 0.0048

2 0.0736 0.0696 0.0254 0.0072 0.3164 0.0149 0.0091

3 0.0686 0.0826 0.0312 0.0056 0.1621 0.0107 0.0208

4 0.0384 0.1130 0.0183 0.0049 0.2282 0.0090 0.0234

5 0.0584 0.0543 0.0196 0.0060 0.3826 0.0118 0.0049

6 0.0268 0.0511 0.0231 0.0057 0.0849 0.0112 0.0137

7 0.0498 0.0430 0.0237 0.0076 0.0684 0.0159 0.0081

8 0.0495 0.0848 0.0261 0.0065 0.0276 0.0131 0.0120

9 0.0309 0.0370 0.0233 0.0032 0.2393 0.0050 0.0114

10 0.0864 0.0500 0.0184 0.0078 0.1025 0.0161 0.0047

11 0.0155 0.0924 0.0271 0.0033 0.0628 0.0049 0.0126

12 0.1084 0.0500 0.0197 0.0058 0.2778 0.0112 0.0174

Table 4. Cross- efficiency matrix for assessing supply chain suppliers of Iran Khodro Co.

1 2 3 4 5 6 7 8 9 10 11 12
1 0.89 0.98 0.91 0.87 0.93 0.93 0.99 0.96 0.72 0.98 0.70 0.92
2 0.89 0.99 0.92 0.89 0.93 0.94 0.99 0.96 0.73 0.98 0.72 0.93
3 0.88 0.99 1 1 0.92 0.98 0.99 0.98 0.80 0.96 0.80 0.98
4 0.88 0.99 0.99 1 0.92 0.98 0.99 0.98 0.80 0.96 0.80 0.98
5 0.89 0.98 0.91 0.87 0.94 0.93 1 0.96 0.72 0.98 0.70 0.92
6 0.24 0.28 1 0.88 0.14 1 0.59 0.96 0.53 0.28 1 0.64
7 0.34 0.67 0.42 0.30 0.68 0.66 1 0.51 0.38 0.96 0.18 0.69
8 0.15 0.09 0.13 0.08 0.06 0.27 0.48 1 0.04 0.33 0.16 0.08

9 0.43 0.71 1 0.97 0.61 1 0.81 0.75 1 0.64 0.71 1
10 0.51 0.67 0.39 0.56 0.68 0.55 0.76 0.57 0.24 1 0.20 0.64
11 0.22 0.26 0.88 1 0.15 0.65 0.30 0.55 0.60 0.16 1 0.61

12 0.84 0.98 1 0.98 0.92 0.98 1 0.97 0.82 0.96 0.78 1
0.59 0.71 0.80 0.78 0.65 0.82 0.83 0.84 0.61 0.76 0.64 0.79

E;d (d =1...,n values are calculated. In the next step, us-
ing these values, the model (4) is solved and, according to
(5), the cross-efficiency matrix will be formed as follows.

In addition, in the last row of the above cross-efficiency
matrix, the cross-efficiency index for suppliers is calculat-
ed according to equation (6). These values are the basis for
ranking suppliers. It is important to note that the values on
the main matrix diameter are the values of CCR efficiency for
suppliers. Nine out of 12 values are equal to 1, which means
that 12 out of 9 suppliers are efficient suppliers. Therefore,
the CCR model cannot provide a unique ranking of suppliers.
However, if the suppliers are ranked using cross efficiency

index , a non-nodal ranking of suppliers is provided accord-
ing to the last row of table 4 that these results are given in
Table 5.

According to the results of Table 5, supplier No. 8 will be
introduced as the most efficient supplier in the stable sup-
ply chain of Iran Khodro Co. This provider is recognized as
an effective model and reference model, according to the
Data Envelopment Analysis model. In addition, other suppli-
ers can serve as a model for achieving more efficiency and
moving towards sustainable development and contributing
to the Green supply chain formation and to achieve sustain-
able development.
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Table 5. Ranking of Iran Khodro Co. suppliers according to the results of cross-efficiency model

Supplier No. Supplier Rank Supplier No. Supplier Rank
1 12 7 2
2 8 8 1
3 6 9 11
4 6 10 7
5 9 11 10
6 3 12 5

The results of this study showed that the cross efficiency
model in data envelopment analysis is a very practical mod-
el for measuring the performance of supply chain perfor-
mance. The results of this study are based on the results of
the following studies: Yu et al. (2010), Dotoli et al.(2015) and
Simsek and Tuysiiz (2018), It matches.

5. CONCLUSION

Based on the discussions and results of this research, the
study made an effort to find a suitable model for evaluating
the performance and ranking of sustainable supply chain
suppliers in the automotive industry of Iran for the popula-
tion and 12 major suppliers of Iran Khodro Co. Accordingly,
a cross efficiency model in data envelopment analysis was
provided and used to rank the sustainable supply chain in
the automotive industry in Iran. The results showed that,
according to the criteria of the triple profit model (including
3 dimensions and 7 criteria), supplier No. 8 was identified
as the most efficient decision maker unit (DMU) among 12
suppliers of Iran Khodro Company. Consequently, the cross
efficiency model’s feature was providing a non-nodal rank-
ing for suppliers, which cannot be done by the traditional
data envelopment models. In this paper, the content pre-
sented for DEA models was assumed as a constant return to
scale. However, it can be easily extended to variable return
to scale. On the other hand, the model presented in this pa-
per can be used for other applications in different domains,
each of which can be considered in future works.
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