DOI: 10.17323/2587-814X.2021.3.78.96

Efficiency of Green Supply Chain

in the presence of non-discretionary
and undesirable factors,

using Data Envelopment Analysis

Mehdi Shoja*

E-mail: mmsh.bim@gmail.com

Farhad Hosseinzadeh Lotfi®
E-mail: farhad@hosseinzadeh.ir

Amir Gholam Abri¢’

E-mail: amirgholamabri@gmail.com

Alireza Rashidi Komijan°®
E-mail: rashidi@azad.ac.ir

* Roodehen Branch, Islamic Azad University
Address: No 4, Shahid Ahmadi Alley, Valiasr Town, Firoozkooh, Tehran 3981838183, Iran

® Science and Research Branch, Islamic Azad University
Address: Shohada Hesarak Blv, University Square, End of Shahid Sattari Highway, Tehran 1477893855, Iran

¢ Firoozkooh Branch, Islamic Azad University
Address: First of Valiasr Town, 45 Meters Street, Firoozkooh, Tehran 3981838381, Iran

Abstract

A new approach that has dominated the production operations management field in recent years is supply
chain management. A supply chain includes all the facilities, tasks and activities involved in manufacturing
a product from suppliers to customers. Its various elements are planning, supply and demand management,
procurement of raw materials, production scheduling, distribution and delivery of products to the customer.
Special structures in the supply chain have been less studied in previous research. In this paper, the supply chain
and its performance evaluation are examined in the presence of non-discretionary, undesirable and negative
data. For this purpose, another model of the network DEA is presented which evaluates performance of the
chain in the presence of non-discretionary inputs and outputs, undesirable outputs and negative outputs even
in its internal structure. The efficiency of the chain stages is also calculated using a dual model. Subsequently,
42 cement companies listed on the Tehran stock exchange were evaluated, each of which has a chain of four
stages including suppliers, manufacturers, distributors and customers. Based on the implementation of the
model, six companies were found to be efficient and the rest were introduced as inefficient. Moreover, 25
cement companies in the Supplier sector, 18 companies in the manufacturing sector, seven companies in the

distribution sector and finally 17 companies in the customer service sector were found to be efficient.
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Introduction

n recent years, a relatively suitable approach has

been presented in the intellectual, cultural and social

fields on performance and productivity evaluation.
In fact, today productivity is not strange for the thinking
and beliefs of the community. Different applications
of the supply chain in various sciences have attracted
many researchers. The network supply chain consists
of four parts: supplier, manufacturer, distributor and
customer. The supply chain structure varies in terms of
size and complexity, from a simple chain that represents
independent decision-making, to the behaviors and
interactions of complex companies. Therefore, proper
supply chain performance evaluation is necessary to
consider the network characteristics of the chain and its
interactions. Generally, the larger and more complex the
supply chain is, the more difficult it will be to evaluate.

Among the evaluation methods, data envelopment
analysis (DEA) is widely used to evaluate the relative
performance of a set of production processes called
decision-making units (DMUSs). This non-parametric
method evaluates DM Us by presenting different mod-
els that produce multiple outputs using multiple inputs.
DEA is a very important method in supply chain man-
agement literature.

Classical DEA models do not have any theory regard-
ing the intermediate activities of DMUs and consider
them as a black box, so that just the inputs consumed
and the final outputs produced are considered in calcu-
lating efficiency. This view, which does not consider in-
termediate activities and products of the supply chain,
is suitable for a simple production process, however it
doesn’t have proper application in a complex network
system.

To identify inefficiencies and their causes in the inter-
mediate parts, many researchers have tried to reject the
black box model and consider its internal structure in
DEA models. These models are called ‘network DEA’ in
the literature. The supply chain is one of the most impor-
tant and most practical states of network DEA. Planned
production of raw materials, designing and producing
appropriate products, optimal distribution and delivery,

and ultimately serving customers and their satisfaction
in the form of supply chain management, are of great in-
terest. In supply chain management, all efficiency meas-
urements seek to achieve two ultimate goals of reducing
costs and increasing profits.

The important thing to consider in these situations is
that, sometimes changing some inputs and outputs of
the supply chain are not entirely available to the manag-
er. These are called non-discretionary or partly-discre-
tionary factors. In addition to non-discretionary factors,
in some cases, there may be undesirable indicators with-
in middle activities of the supply chain. Dealing with
these indicators in classical DEA models has been dis-
cussed, however non-discretionary inputs and outputs,
undesirable outputs and negative outputs are less dis-
cussed in previous studies performed on supply chains.
Therefore, in this study, we have tried to examine these
conditions in the full supply chain. In other words, the
aim of this paper, is to present a model based on DEA,
with a network structure to evaluate the total efficiency
and performance of supply chain steps in the presence of
non-discretionary inputs and outputs, undesirable and
negative outputs.

As we know, recently the application of data envelop-
ment analysis has attracted a lot of attention in various
sciences, and many studies have been carried out in the
field of data envelopment analysis with a network struc-
ture, all of which attempts to analyze different states of a
network. In this regard, one of the first studies was pre-
sented about twenty years ago by Fiare and Grosskopf
[1, 2]. They considered the production possibility set
with original standard principles in the variable returns-
to-scale scheme for the general structure of a network,
and then created the production possibility set of the
supply chain by combining the sets of production possi-
bilities for its internal parts. Tone and Tsutsui [3] showed
that these assumptions need more discussion. For
example, if we consider labor, raw materials and capi-
tal as inputs, the same decrease in all of them may not
be possible. Therefore, they suggested a network DEA
model that used a slack-based measurement method to
evaluate the efficiency of different parts.



Xu et al. [4] evaluated the supply chain performance
of furniture manufacturing industries in southwestern
China by presenting a rough DEA model. They identi-
fied the main uncertainty factors that affect the evalua-
tion process, and then, these cases formed a model and
were analyzed using rough DEA (RDEA) models.

As we know, a proper measurement of the supply chain
efficiency must take into account both the network prop-
erties of the chain and the relationship among supplier,
manufacturer, distributor, and customer. Taking into ac-
count these considerations, Saranja and Moser [5], and
Chen and Yan [6] presented various models with differ-
ent supply chain structures.

Azadeh and Alem [7] presented three models of sup-
plier selection in the supply chain in certainty, uncer-
tainty and probabilistic circumstances. These models
include data envelopment analysis (DEA), fuzzy data
envelopment analysis (FDEA), and chance constrained
data envelopment analysis (CCDEA). Babazadeh et al.
[8] designed a network supply chain for organizing a bio-
diesel fuel type in Iran using a combined model of data
envelopment analysis and mathematical programming
model. Badiezadeh et al. [9] discussed the supply chain
in the presence of big data and undesirable outputs.
Boudaghi and Saen [10] provided a combined model
of data envelopment analysis and discriminant analysis
(DEA-DA) to predict group membership of suppliers in
the sustainable supply chain. The proposed model could
predict this, considering the nature of factors, such as
inputs, outputs and performance of each supplier. Fathi
and Saen [11] presented a model of bidirectional net-
work DEA in assessing the sustainability of distribution
supply chains, to rank Iran’s transportation companies
and propose improvement solutions. Goodarzi and Saen
[12] also considered undesirable outputs by developing
the SBM model in network DEA. Grigoroudis et al.
[13] presented a recursive DEA algorithm (RDEA) that
introduces a different method to design a supply chain
network. Huang [14] examined the tourism industry in
the framework of supply chain and calculated the effi-
ciency of each sector as well as overall efficiency. One of
the characteristics that distinguishes this research from
other research is the division of model inputs into vari-
able and semi-variables and using it in mathematical
programming. Izadikhah and Saen [15] evaluated the
stability of supply chains with a two-stage model in the
presence of negative data. Izadikhah et al. [16] devel-
oped conventional DEA models to a method to assess
the sustainability of suppliers in the presence of internal
and fuzzy data. Kalantari and Saen [17] examined the
sustainability of supply chains with a model of reverse

dynamic network DEA. Khodakarami et al. [18] ana-
lyzed the evaluation of 27 Iranian companies in the con-
text of supply chain management sustainability based on
the development of a two-stage model. Mirhedayatian et
al. [19] assessed green supply chain management in the
presence of undesirable outputs and fuzzy data. Sarah
and Khalili-Damghani [20] evaluated the natural gas
supply chain with the fuzzy type-II De-Novo program
for allocating resources and setting the target in network
DEA. Shafiee et al. [21] used a combination of network
DEA and balanced scorecard approach to evaluate sup-
ply chain performance. In this method, the combination
of Balanced Scorecard (BSC) and DEMATEL method
was used for network structure. Then the structure of
this network was expressed in the form of DEA, and
was evaluated in this structure. Tajbakhsh and Hassini
[22] provided a method for evaluating the sustainabil-
ity of supply chain networks. Their focus was on three
issues: to maximize economic return, to minimize en-
vironmental impact and to achieve social expectations.
They applied the proposed model to evaluate two case
studies, one in the manufacturing sector and the other
in the banking sector.

Tavana et al. [23] presented a two-stage methodology
for assessing the performance of the three-part supply
chain, including supplier, manufacturer and distributor.

Tavana et al. [24] evaluated the supply chain perfor-
mance by providing a network epsilon — based measure
(NEBM) and emphasized the radial and non-radial (hy-
brid) simultaneous changes in inputs and outputs in the
network. Tavassoli and Saen [25] evaluated the predic-
tion of membership in a sustainable supplier group using
the DEA and Discriminant Analysis. Yousefi et al. [26]
presented improvement ways and optimal solutions, us-
ing a combination model of goal programming and data
envelopment analysis with network structure. Zhai et
al. [27] measured the efficiency of energy supply chains
with business plan, by presenting a two-stage frontier-
shift DEA model.

In this research, the application of data envelopment
analysis is examined for evaluating supply chain man-
agement in the presence of non-discretionary, undesir-
able and negative data. A model is presented with the in-
clusion of the above particular circumstances, according
to which the performance of listed cement companies in
the stock exchange is calculated. Therefore, the innova-
tions of this research are as follows:

4 development of network models in the data envelop-
ment analysis with undesirable intermediate and final
outputs, and negative outputs;



4 development of network models in data envelopment
analysis with non-discretionary and partly-discretion-
ary factors;

4 application of the models so developed in the cement
industry, taking into account the specific conditions of
the indicators.

The rest of this paper includes the following sections:
reviewing basic concepts, presenting a suitable model in
the presence of non-discretionary, undesirable and neg-
ative indicators, presenting a case study in the field of
the cement industry with the structure of the proposed
model. Finally, the results are investigated.

1. Basic concepts

Suppose that there are n decision-making units so
that Y, =(y,;, ... ), X; =(x,, ..., x,,)  are DMU input
and output vectors respectively, and Xj >0, Xj;& 0, );.2 0,
Yj #0.

By accepting the principles of Inclusion of observa-
tions, fixed-scale returns, convexity, feasibility, and the
minimum of interpolation, the Production Possibility
Set is as follows:

(1)

J

Y<) A4Y;2,20;j=12, .., n}
J-

By eliminating the assumption of constant returns-to-
scale from the above assumptions, the Production Possi-
bility Set turns into below for which its returns-to-scale
is variable:

X n n
T, :{[Y] ‘Xzz,ng; Y<Y A4V
j=1 j=1

) (2)
M =12,205=1,2, .., n}-

J=1

The following input-oriented model, should be solved
in order to evaluate DMU

n
D Ax, <O0x,,i=1,2, .., m;
=

Z;/ljyrjiym, r=12, .., s: (3)
=

DA, =1;4,20,j=1,2, .., n
Jj=1

Model (3) that is called an input- oriented BCC mod-
el, is introduced by Banker, Charnes and Cooper [28].

It’s clear that DMU  is Pareto efficient if and only if
6™ =1 and the value of all auxiliary variables is zero, in
each optimal solution of the model (3).

Definition 1: Let (X, Y) be input and output vector
corresponding any DMU. (X, Y') is the transformed
form of this unit with respect to constant values of «,,
i=1,2,...,mand g, r=1,2,..,s,if

xp=x+a, i=1,2,.,m, j=1,2, ., 1

, , 4)
ylf =y'7'+ ro r=1, 27 e 8, j=17 2, ey 1L

Definition 2: A DEA model is called stable to trans-
mission if the efficiency of the DM U, (the value of model
objective function) when transforming inputs and out-
puts of them is not changed.

Theorem 1: The input-oriented BCC model is stable
with respect to the output transmission [29].

The above theorem indicates that if the outputs are
transmitted in the input-oriented BCC model, its objec-
tive function or efficiency score will not change.

A centralized control model was developed by Chen
and Yan [6] to evaluate the performance of the two-stage
supply chain. For simplicity, they assumed a supplier-
manufacturer chain, as in Figure 1.

MANUFACTURER | £

» M
SUPPLIER !
S \

y2

MANUFACTURER | Z
M

2

Fig. 1. Two-stage supply chain

Where, S is supplier, M, and M, represent first and
second manufacturers, respectively. X = (x, ..., x,)
is input vector of supplier S and Y'=(y/, .., »)
Y?= (yf, - y,f,)are output vectors of it which are also in-
put vectors of manufacturers M, and M,. Z' = (z,, ..., z.)
and Z* =(z/, ..., z.) are output vectors corresponding

to M, and M, respectively.

Suppose that DMU,, DMU,, ..., DMU , are decision-
making units corresponding to the 1-st chain, 2-nd
chain, ..., n-th chain, respectively. The model presented
by Chen and Yan for measuring overall efficiency of cor-
responding chain of DM U with constant returns to scale
assumption is as follows:
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The main discussion of model (5) is how to evaluate
the supply chain with regard to intermediate products in
DEA models. Using the above model, the supply chain
being evaluated is efficient if and only if 6" =1.

2. Methodology

Examining supply chain performance in industries
is considered a sample of multi-stage and network de-
cision-making units that should include intermediate
products and the relationship between activities with-
in the various parts of its system. In these systems, the
outputs of a stage (process) are considered as inputs of
the next stage, which is called intermediate data [30,
31]. Moreover, in each stage there may be independent
inputs for that stage which should be considered. Man-
agers must try to identify the factors affecting supply
chain performance by developing appropriate meth-
ods, use them to measure the overall efficiency and
performance of various sectors. Some of these effec-
tive factors are non-discretionary inputs and outputs,
undesirable outputs and negative outputs that need to
be identified and considered in developing the model
for evaluation. In this research, the supply chain of the
cement industry is evaluated in the presence of non-
discretionary, undesirable and negative factors. It will
have the following structure:

[\

In the above chain:

+ S, S, S, and S, represent supplier, manufacturer,
distributer and costumer, respectively;

o S
xi,ieD
s+ X/ ="
x], ie ND’
vector of DM U/ including discretionary and non-discre-

tionary inputs to stage S,;

for f=1, 2, 3, 4, is input

Z/(,./(,H , [e ND"“k‘H

li

zll;l,kﬁl’ leDkl,le
+ 7= for k, =1, 2, 3 are

intermediate data from stage S, to stage S}, .1 of j-th unit
which includes discretionary and non-discretionary
data, or in other words represents the output vector of
stage S, of j-th unit, including discretionary and non-
discretionary outputs which also are the input of stage
S}, . for that unit;

+Yh= (y,,."Z; re R"?) for k, = 1, 2, 3 are the undesir-
able output of stage S, 13

+ Y=(,, ), ..., ) is the output vector of stage .S,;

4 D’and ND/for f=1, 2, 3, 4 are set of discretionary
and non-discretionary input indices, respectively;

4+ D*"*and ND"*“"for k, =1, 2, 3 are a set of dis-
cretionary and non-discretionary indicators indices, re-
spectively;

+ R"for k, =1, 2, 3 show a set of undesirable output
indices for level S, .

Consider n identical supply chains similar to chains in
Figure 2 that are called n decision-making units in the
data envelopment analysis literature which are denot-
ed as DMU,, DMU,, ..., DMU . A network DEA model
with series structure is required to calculate their perfor-
mance. The BCC model can’t specifically identify the
function of the corresponding black box of the supply
chain in Figure 2, because it only takes into account the
inputs and outputs of the supply chain and ignores the
intermediate products resulting from supply chain pro-

Y

4

X X X
{ { 1
X' — S NG S N S, > 77— S, > 7 > S, —7
' y? Y’

Fig. 2. Four-stage supply chain



cesses and factors affecting its performance. Therefore,
a suitable model is required to be developed for evaluat-
ing the above supply chain.

By accepting the principles of Inclusion of observa-
tions, convexity, feasibility (except for non-discretionary
intermediate products) and the minimum of interpola-
tion, PPS for stages and total PPS for the supply chain of
Figure 2 are as follows:

XID 2/11X1D <X1D zﬂl 1ND< XIND
xvp Jj=1
Z12D ZAIZIZD > ZIZD
T = 12ND ;
v Z Z/ll 1ND _ 712ND,
Y! ’
1.1 1, N 1_1. 9!
Z;t,.y,. <Y Y A=14'20
=] I=]
X2 2/12)621) < sz le 2ND<X2ND
X2ND J
D 2%z 120<Z120 /12 23D >ZZ3D
z ; Z
Z1ND |
TVZZ Ji ZﬂfZ}ZND _ ZlZND; :
j=1
75D 2,3ND _ 723ND, 2 2
Az =7 Ay <Y ;
| 2AE S
DA =1 4720
=
" . (6)
33D 3D, 3 _3ND IND,
X3P Zﬂjxj <X Z/I/.x/. < X,
YD J=1 J=l
Z23D 213 23D < ZZ}D 213 34D >Z34D
zZ2" s 3, 23D 23ND
TV3 =q| 710 2/1 =Z7 ;
Z34ND N J3ND _ Z34ND. 13 S <y
[zt
YA=1,220
j=1
XN AP <X Y A < X
X4ND J=1 Jj=1
|, Z":ﬂ;‘zj-wg 2341);
TV4: 734VD /! s

Y 214 34ND ZS4ND; 2/114)// 2 Y,
j=1

Z/l;‘zl; A'=0

Jj=1

n n
kD k kD kD, k .kND kND ,
X Zﬂjxj <X Zﬂij <X
kND J=1 J=1
X n
kD zﬂfzf(kﬂw > Zk(k+1)D;
=1
ZKk+DND /
" ; zlk K+ DND _ Zk(k+1)ND;
X Kok k
<y
ND le y; <Y
X J=1
n
k+1 _k(k+1)D k(k+1)D ,
Y Z/q“j "<z 8

j=1

n

zlkﬂ k(k+D)ND _

Zj
=
: C ND ND
44 4

S <X SA <X
j=1 ' j=1

S, =¥ YA =t YAk
Jj=1 Jj=1 Jj=1

AK>0; A*>0; k=1,2,3

Zk(kH)ND

To evaluate the performance of DMU , the following
input-oriented radial network model is suggested that is
written according to total PPS:

min 6 ;
n
11 1 1,
Z/ljxﬁ < Ox,,ieD;
j=1
ie ND';

n

11 1
DA, <X,
=
n n

112 2 12
Z%sz Z’Ij Ly
= =)

| 12 2.
Z/l 3’ = 2z,, le ND?;

212
Zfl g =

1 1
Z%yrj <
=
n

2.2

<

2 Ax; <
=
n

2 .2 2 2
D Ax, < x,, ieND;
=
n

2,23
Zﬂj 2y =
=
n

2,23
Z/l.izli
=
n

323 _23
24 =1,
=1

I\

le D?;

12 12,
Z,, le ND7;

1 1.
V., FreR;
x>, ie D*;

m’

A

Vv

> Xz}, le D¥;
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=z, le ND¥,

,le ND*;
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< 0x, ieD’;

io

g

&
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H‘M=
e
=
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S e ¥

2/1/ 3 2

Jjl=
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Jj=1
dAZ)S = Z)F, e ND*;
Jj=1

214 ZB4 _ Z[24, IE N 34; (7)
j=1

n

3.3 3 3.
DAV < Vs re R
j=1
n

4 4 4 4
D Alxy < Ox;, ieD';
J=1
n

4 4 4 4,
D Ax, < xi, ie ND*;

2y, r=1,2,..,s;

IV YN oF NS T oF PP
= = = =

X, 2, A, AL 20, j=1, .., n, 0 free.

where:
1. For f=1, 2, 3, 4, constraints

Y Alxl<6x), ieD’

Jj=1
are written corresponding to discretionary inputs and
constraints

z/lf x/ < x! ie ND’

Jj=1
are written corresponding to non-discretionary inputs of
stage S}

2. For k, =1, 2, 3, constraints
/rlklzkl Sy +1 > ﬂ/klﬂ Zfl.kl+]’ [E Dkl,kI +1
Sapzp =3,

are written correspondmg to Discretionary outputs stage
Sk1 which shows that convex composition of these outputs

as inputs of stage S, 1,1 must be equal to or less than pro-
duct of stage .S,..

3. For k, =1, 2, 3, constraints

Z/Iklzkl k|+l Zlklﬂzkl o+l Zkl k|+l le NDkl ky+1

Jj=1 J=1

are written corresponding to non-discretionary outputs
of stage Sk, and shows that the product of stage Sk1 as
non-discretionary output, must be equal to input of stage
S}, .. and non-discretionary output of DMU, in stage Sy

4. Fora=1,2, 3and re R, constraints

n

[24 [24 [24
24V <V,
=l

are written corresponding to undesirable outputs of
stage S, and shows that for re R”, convex composition of
undesirable output of DMU. in stage S, must be equal to
or less than r-th output of DMU, in this stage S,.

5.Forr=1,2, ..., s, constraints

2452 Y

j=1

are written corresponding to final outputs.
Theorem 2: Model (7) is always feasible.

Argument: Since the solution below is a feasible solu-
tion to the model (7), so this model will be feasible:

0=1;

Ay = (A s s Ay oo 2y) = (0, .., 0,1, 0, .., 0);
A=A s Ay 2) =(0, .., 0,1,0, .., 0);  (8)
A=A, s A5 20)=(0, .., 0,1, 0, ..., 0);
A=A s Ay 4,)=(0, .., 0,1, 0, ..., 0);

Definition 3: The corresponding supply chain DMU,
is efficient in evaluating with model (7), if6* = 1.

In the following, measuring efficiency of the stages and
the relationship between the efficiency of each stage with
the overall efficiency are discussed. In order to evalu-
ate the efficiency of each stage in the supply chain, we
consider the dual form of model (7) as follows:

_ — 12 12
maxZ, = — Zvnx/o + Z oz, + Z 02, —
ie ND' [eND" [eND"?
1 = 2 23 23
- Z UiV — Z Via X + Z W2, + Z Ml —
re R' ie ND? le ND® le ND*
2 — .3 34 34
- Z”;-zym - Z VisX, + Z Pz, + ZPBZ/«) -
re R? ie ND? le ND* le ND*
S
3 — 4 .
- Z ur}-yro - Z vi4xl'0 + ZW)‘ ym+ u]()+ u20+ u30+ u4u’
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12 12
= VX X +Z‘/’HZ +2 Pl —
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23 2 3 — 3
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leD® leND? reR?
J=12,

2Lz = Dy,
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Xp = VX +

ieND*

Wy, tu, <0, j=1,2,

r=1

Zvilxilo +zvi2'xzi + Zvi3xi3o + va xzi =1

ieD' ieD? ieD? ieD*

(9)

!
IfZO ieD’,

v, 20, ie ND’,
@, 20, leD"”,
4, >0, e D*;
p, 20, leD*;
u,>0, reR", h=1,2,3;
w20, r=1,2, .., 5;
@0 : free, e ND" ;
Ly, 1y - free, | € ND* ;
PP I e ND*;
Dy Dy - free, 1€ ND*

o free, 1=1,2,3, 4.

f=1234;
f=1234;

free,

Suppose that Z is the value of objective function in
model (9) for each optimal solution. In this case, over-
all efficiency of supply chain corresponding to DMU  is
equal to:

== 2 VXt 2 P2+ D oz -

ie ND! leND"™ leND"
23 23
Zurlyro zv x +Z#IZZ + ZIuISZ
reR! ieND? leND? leND*®
4 10
Zurzyro Zvﬁxm—i_ Zplz + Zp Z ( )
reR? ieND? leND* leND*
*
_Zur3yro Zvﬂt'x +Zw yro
reR? ieND*

+u10 + u20 + uSa + U40 :

Definition 4: If Z, =1 then DMU, or the chain corre-
sponding to it, is efficient, otherwise it will be inefficient.

It is concluded from the series of first, second, third
and fourth constraints in model (9) and the last con-
straint that for the optimal solution and for j = 0:

- Zvi*lxi z Vll'xm + Z 4"/1212

ieD! ie ND' leD"? ( 11)
12 L * .
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- Zq)“Z + 2(0,32 zviZXIO_ZVizxio+
leD" leND"? ieD? ieND? (1 2)
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+Z/l/]Z +Zﬂ12Z ZurZym+u2r)SO’
leD® leND? reR?
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34
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leD* leND* reR?
34
- ZPHZ + z P13 ln Z
le D* leND* ieD* (14)
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- Zvi4xio + Zwr yro + u4a < 0’
ieND* r=l1
1 2 * 3 4
DX+ D Vi X + X VX YV, (15)
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From inequalities (11), (12), (13) and (14), it resulted
that:
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The deduction of the first side of the inequality (16),
(17), (18) and (19), will respectively determine the effi-
ciency of stages S, §,, S, and S, of chain corresponding
to DMU, which are represented by symbols ARV Z,

lo>
and Z,,.
Definition 5: If Z,, then the chain corresponding to

DMU., is efficient in stage S,



Theorem 3: DMU, or the chain corresponding to it,
is efficient if and only if Z, =1, Z, = 1, Z, = 1 and
Z,=1.

Argument:

Suppose that Z, =1.

Assume for proof by contradiction that le <1, or
Z, <1,0rZ, <1,orZ, < 1.

Without loss of the generality of the argument, assume
that Z, < 1,0rZ, <1,0rZ, <1,0r Z, < 1.

20 — 30—

Hence, with respect to equations (16), (17), (18) and
(19) we have:
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Now by summing the sides of the four inequalities and
the equation

Z 'x + ZVIZ 10+ Zvl3xlﬂ + Zvl4'x

ie D' ic D* ie D} ie D*

we have:

=X VX D P2+ D 0z = Y Y, —
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So we have Z, < Iwhich is against the original assump-
tion, therefore Z, =7, =7, =Z, =

Now inversely suppose that Z,, = Z,, = Z,, = Z,, =1.

From equations (16), (17), (18) and (19) we have:

- Zvjlx:o - sz*lleo + Z@/*l Zlilz +

ieD' ieND' leD" (25)
12 * * .
+ Z@DZ Zurlyrn+u10 = 0’
leND" reRr!
12 12 * 2
- Z (0112 + Z (0132 Zvi2xio -
leD" leND"? ieD?
23 * 23 26
- Zvl2xlo+ Zlullz + Z:u/zZ/o - (26)
ieND? le D* leND?
* 2 o .
- z urzym + uZu - O’
reR?
23 23 * 3
Z ,UMZ + Z ﬂ/sZ zvi3xio -
leD® leND* ieD?
—* 3 * 34 34
- Z VisXi, + zpn Z, + zplz Z, (27)
ieND? le D* leND*
* 3 * .
- Z Uy, + U, = 0’
reRr?
12 12 * 2
- Z ¢’nz + Z 50/3 Z, zvizxio -
leD"? leND" ieD?
23 23
- Zv12x10+ ZIUIIZ + Z/uDZ - (28)
ieND? le D¥ leND?
£ 9 £ o
- zurzym +u20_ 0’
reR?

By summing sides of the four above equations and

Z x + Zvﬂ io + ZVIS io + Zv14x
ie D' ie D? ie D’ ie D*

we conclude that Z, =1, so DM U or the corresponding
chain, is efficient.

In order to provide an expert opinion for some of the
indicators preference over each other and the influence
of this approach on the efficiency of the supply chain, we
attempted to determine the weights for the indicators
using the fuzzy decision-making technique and expert
opinion survey. We add the considered weight constraints
(equations 29) to the model (9) to help more accurately
estimate the supply chain efficiency:

u, > (0.165 / 0.132) - @, ;
@, 2 (0.132 / 0.116) - o, ;
@y > (0.116 / 0.103) - ¥, ;
Py = (0.147 / 0.146) - p,, ; (29)
py = (0.146 / 0.140) - p,, ;
P, = (0.140 / 0.122) - v,, ;

\2

v, > (0.185 / 0.132) - v
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3. Case study

Green supply chain management is one of the criti-
cal issues in organizations that managers need to de-
sign appropriate models for performance evaluation. In
this regard, in some cases, we may encounter undesir-
able outputs such as environmental pollutants. In addi-
tion to special indicators, undesirable and environmental
factors must be considered for correct evaluation of
Cement companies in the framework of the supply chain.

The evaluation of cement factories in the country in
the form of complete supply chains and attention to

these undesirable and negative factors, as well as Non-
Discretionary factors that are partly or fully out of mana-
gement control, was one incentive to perform this
research. For this purpose, according to the opinion of
experts and based on theoretical studies conducted in
previous research and methods for selecting the indica-
tors, suitable indicators for the Iranian cement industry
were determined in accordance with the following tables
(Tables 1—4). Also, among these performance indica-
tors, special indicators such as non-discretionary inputs
and outputs, undesirable outputs and negative outputs
have been specified.

Table 1.

Introducing indicators and their definition
for j-th decision-making unit in inputs and intermediate data

Discretionary Indicator

Symbols or nu?&gii::trg:isonary classification Indicator title

X 11‘,» Total current or operational costs
lej Total initial investment in mine exploitation and plant process
X; y D o Total debt of the factory

X"fl' X41 ¥ O”gf”éﬂ;i%pm Total financial expenses
X, 51, Total amount of salary
X, ND e e i
le_,-z Total mineral resources available
712 Total tonnage of raw materials harvested from mines,

2J which should be consumed in the production process

712 D Intermediate data The tonnage of other chemical and mineral substances consumed

Z ,}2 3 (output of stage 1
and input of stage 2)

in the process of production

Z41,2 Total mineral raw materials stored for use in cold season
Z; Total R&D expenses
Z; ND Real industry capacity
77 i i i i
’s ¥ Intermediate data Total clinker production capacity
Z 1,- ; D (output of stage 2
2 and input of stage 3) Total cement production capacity
213,4 Total value of assets and inventories ready for sale
Z;‘.‘ Intermed; Total tonnage of packaged and bulk cement sales
¥ jate data
Z;“ ND (outpu of stage 3 in the domestic market and exports
Z and input of stage 4) Total clinker sales tonnage
74 The cost of the product




Introducing indicators and their definition
for j-th decision-making unit in final output

Table 2.

Symbols Status of indicator Indicator classification Indicator title
Yij Total current assets
Yo Non-negative Brand competitiveness and globalization
Y3 Customer satisfaction
Y. Final output
Y Vi Total profit
) Negative
Vs or non-negative Annual growth rate based on performance
Vi Equity return
Table 3.
Introducing indicators and their definition
for j-th decision-making unit in independent inputs of each stage
Discretionary or
Symbols non-discretionary Indicator classification Indicator title
indicators
X,jz X f ; ND Independent inputs of Stage 2 Total cost of energy payment
X; Xﬁi D Independent inputs of Stage 3 Total cost for increasing reliability in the supply chain
. X‘l‘/. Cost of environmentally friendly design
X i . D Independent inputs of Stage 4
X3, Total marketing fee
Table 4.
Introducing indicators and their definition
for j-th decision-making unit in undesirable outputs
Symbols Status of indicators Indicator classification Indicator title
Y,,l y Ilj UD Undesirable outputs of Stage1 Causing destructive environmental effects in harvesting of mines
ylzj Total produced dust particles (mg / m?)
J’zzj Average annual emissions of NOx
y32/. _ Average annual emissions of GO,
Y? B UD Undesirable outputs
v Yy : of Stage2 Average annual emissions of SO,
yszj Effect of total water and sewage intake in groundwater
y2. Impact of factory performance on the creation
o of negative conditions in the ecosystem

To illustrate the application of the proposed method,
we consider the actual data of the 42 cement companies
listed on the Tehran stock exchange during one year with
the inputs, outputs, and intermediate data in accordance
with the above tables. We ran the model (9) by defining
weight constraints for some of the indicators based on the

expert opinion and by considering theorem 1 for the neg-
ative outputs of the fourth stage. By applying this model,
the efficiency of each company was determined as well as
the efficiency of each stage of their corresponding chains
based on the explanations given in the previous sections.
The results are shown in Table 5.



BUSINESS INFORMATICS Vol. 15 No 3 — 2021

Table 5.
Efficiency of all companies and efficiency
of each chain stages corresponding to them
Number Company thal Supp!igr stage Manufaf:t.urer Distrih_u!or stage Custo.m_er stage
efficiency efficiency stage efficiency efficiency efficiency
1 Abadeh 0.8679 1.00 0.98 0.95 0.55
2 Abbey 0.8955 1.00 1.00 0.85 1.00
3 Darab 0.7090 0.80 0.96 0.89 0.57
4 Ardebil 0.8308 1.00 0.93 0.87 0.68
5 Oroumiyeh 0.6781 1.00 0.95 0.83 0.46
6 Saveh 0.7078 1.00 1.00 0.95 0.29
7 Bagheran 0.6810 0.77 0.97 0.80 0.50
8 Bojnourd 0.8716 0.91 0.97 0.87 1.00
9 Sabzevar Lar 0.9452 1.00 1.00 0.97 1.00
10 Behbahan 0.9494 1.00 0.93 1.00 1.00
11 Sepahan 0.5352 1.00 0.93 0.87 0.38
12 Tehran 1 1.00 1.00 1.00 1.00
13 West Asia Complex 0.6978 1.00 1.00 0.76 0.33
14 Khash 08124 0.95 0.95 0.91 0.75
15 Khorramabad 0.6981 0.89 0.97 0.88 0.27
16 Khazar 0.8304 0.94 1.00 0.84 0.60
17 Majd Khaf 1 1.00 1.00 1.00 1.00
18 Khoozestan 1 1.00 1.00 1.00 1.00
19 Dashtestan Ce 0.9697 1.00 1.00 0.99 1.00
20 Doroud 0.7840 1.00 1.00 0.80 0.36
21 Shahroud 0.7381 0.85 1.00 0.84 0.54
22 Shargh 0.8456 1.00 1.00 0.89 0.67
23 Shomal 0.8522 0.92 0.96 0.88 1.00
24 Isfahan 0.6949 0.84 0.95 0.89 0.53
25 Soufian 0.7976 0.92 0.99 0.82 0.76
26 Gharb 0.7947 0.91 0.98 0.85 0.69
27 Fars Cement 0.8577 1.00 0.98 0.88 0.64
28 Faraz Firozkouh 0.8291 0.93 0.97 0.88 0.70
29 Urmia White 0.9405 1.00 0.96 0.97 0.86
30 Siman Fars Noe 0.8854 0.92 0.98 0.94 1.00
31 Firozkouh 0.8395 1.00 0.97 0.87 0.79
32 Qayen 1 1.00 1.00 1.00 1.00
33 Karoon 0.9064 1.00 1.00 0.88 0.72
34 Kordestan Ce. Co 0.5810 0.81 0.98 0.84 0.15
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Number Company 1_'u_tal Supp!igr stage ManufaFtyrer Distrih_u!or stage Custo_m_er stage
efficiency efficiency stage efficiency efficiency efficiency
35 Kerman 0.9603 1.00 0.98 0.95 1.00
36 Larestan 1 1.00 1.00 1.00 1.00
37 Mazandaran 0.9383 1.00 1.00 0.85 1.00
38 Momtazan kerman 0.9011 0.89 0.94 0.94 1.00
39 Neiriz 1 1.00 1.00 1.00 1.00
40 Hormozgan 0.9314 1.00 1.00 0.89 1.00
4 Hegmatan 0.7213 0.93 0.98 0.83 0.45
42 llam 0.6458 0.85 0.97 0.80 0.27

As can be seen, six companies have a total efficiency
score of 1 and are considered to be efficient factories
and the rest of the factories have an efficiency score
below 1 and are considered inefficient. Also, nine ce-
ment companies have a total efficiency score above
0.9, indicating that they have a relatively good ef-
ficiency. The results show that a company has a total
performance of 1 that is efficient at all stages or has an
efficiency score of 1 in all stages. Among the companies
studied, Sepahan Cement has the poorest efficiency,
with a score of 0.5352.

In the supplier sector, 25 companies, i.e. more than half
of the companies, achieved an efficiency score of 1. In this
case, the performance of the suppliers of most companies
is evaluated as desirable. At the manufacturer stage, 18
companies are identified as efficient and the rest of the
companies achieved a performance score above 0.93.
This indicates that almost all companies perform rela-
tively well in planning for cement production, however
companies with a performance score between 0.93 and 1
(0.93 < 6" <1), at this stage need to have more precise
planning for producing cement to achieve their desired
performance. At the Distributor stage, the performance
of most DMU s is not desirable and only seven cement
factories have achieved an efficiency score of 1. At this
point, the factors that reduce the efficiency of factories
should be considered and appropriate measures must be
taken to overcome them. Finally at the customer stage,
there are 17 efficient companies and the rest of the com-
panies have a low performance score, with Kordestan
Cement having the weakest performance score of 0.15.

Data related to the distance of each company to the
center of the province in which it is located and their dis-
tance to the soil mine related to them, are collected and
listed in Table 6.

We calculate the efficiency correlation coefficient of
each company with its distance to the center of the soil
mine (silica) and its distance to the center of the prov-
ince. Tables 7and & show this correlation coefficient.

Also, the variance of the total efficiency and the effi-
ciency of each stage are calculated for companies and are
presented in Table 9.

The efficiency correlation coefficient of the supplier
stage with the distance from the company to the soil mine
is equal to 0.261, which is greater than the correlation co-
efficient of the efficiency of other stages and the total ef-
ficiency with the distance to the mine. This shows that
this stage has the highest relationship with the distance
between companies and the mine compared to other
stages. The low correlation coefficient of customer stage
efficiency (—0.011) with the distance to the mine shows
that there is no significant relationship between this stage
and the distance of companies to the mine.

The high correlation coefficient of the efficiency of the
distributor stage with the distance of companies to the
center of the province (0.385) indicates that for the dis-
tribution of the product, the distance from the factory to
the center of the province is very important and there is a
significant relationship between the distributor stage and
this distance. There is no significant relationship between
the supplier stage and the distance between the factories
and the center of the province because the correlation co-
efficient of this stage is the lowest value, 0.063.

The variance of the manufacturer stage is 0.0005. The
difference between the maximum and minimum values
of the efficiencies at this stage is a small number of 0.07
(1 — 0.93 = 0.07). Therefore, all companies in cement
production have similar performance and there is no sig-
nificant difference between their efficiency at this stage.



BUSINESS INFORMATICS Vol. 15 No 3 — 2021

Table 6.
Distance of factory to center of province and soil mine (silica)
Num- Distance Distance Num- Distance Distance
T Company to soil mine | to center of o Company to soil mine | to center of
(silica) (Km) | province (Km) (silica) (Km) | province (Km)
1 Abadeh Cement 10 228 22 Shargh Cement 6 259
2 Abik Cement 4 68 23 Shomal Cement 5 119
3 Darab Cement 5 350 24 Esfahan Cement 10 135
4 Ardebil Cement 14 169 25 Soufian Gement 9 150
5 Urumia Cement 10 201 26 Gharb Cement 8 126
6 Saveh Cement 9 145 27 Fars Cement 10 155
7 Bagheran Cement 8 494 28 Faraz Firouzkouh Cement 5 120
8 Bojnourd Cement 6 208 29 Urumia Cement 6 178
9 Lar Sabzavar Cement 8 355 30 Farsno Cement 4 202
10 Behbahan Cement 9 239 31 Firouzkouh Gement 5 120
11 Sepahan Cement 10 132 32 Qaen Cement 9 356
12 Tehran Cement 15 81 33 Karoun Cement 7 296
13 | West Asia Cement Complex 10 316 34 Kordestan Cement 6 152
14 Khash Cement 8 515 35 Kerman Cement 8 281
15 Khoramabad Cement 6 203 36 Larestan Cement 9 406
16 Khazar Cement 10 121 37 Mazandaran Cement 5 153
17 Majd Khaf Cement 7 264 38 | Momtazan Kerman Cement 8 283
18 Khouzestan Cement 15 272 39 Sefid Neyriz Gement 6 3
19 Dashdestan Cement 16 178 40 Hormozgan Cement 9 416
20 Doroud Cement 8 17 4 Hegmatan Cement 10 178
21 Shahroud Cement 7 254 42 llam Cement 9 132
. . . iy e 1 oo . Table 7.
Efficiency correlation coefficient with its distance to the center of the soil mine (silica)
Efficiency Total Supplier stage Manufacturer stage Distributor stage Customer stage
Correlation coefficient 0.099 0.261 0.023 0.212 —0.011
0 . . . . . . Table 8‘
Efficiency correlation coefficient with its distance to the center of the province
Efficiency Total Supplier stage Manufacturer stage Distributor stage Customer stage
Correlation coefficient 0.197 0.063 0.236 0.385 0.096
. . Table 9.
Efficiency variance
Efficiency Total Supplier stage Manufacturer stage Distributor stage Customer stage
Variance 0.0153 0.0045 0.0005 0.0046 0.0733
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The efficiency variance of cement companies in the
customer stage (0.0733) is greater than the efficiency
variance of other stages and the total efficiency variance.
This indicates that the efficiency dispersion of the units
is high at this stage. The value of variance for the supplier
and distributor stages shows that the performance of the
chains in these two stages is close to each other and the
value of variance of total efficiency (0.0153) indicates that
the dispersion of total efficiency of 42 supply chains is rel-
atively high.

Conclusion

In this study, the status of the green supply chain in-
cluding four stages of supplier, manufacturer, distribu-
tor and customer is investigated. In addition, the authors
have attempted to evaluate the efficiency of this chain
with inputs and outputs that have a specific structure,
including non-discretionary inputs and outputs, unde-
sirable outputs, and negative outputs which are inve-
stigated. The results show that among 42 green supply
chains with this structure, there are six efficient and 36
inefficient chains. In addition, chains that have been
fully efficient and have achieved an efficiency score of 1
are efficient in all four stages. Inefficient chains are inef-
ficient at least in one stage, which also confirms the stat-
ed proposition. The most inefficient supply chain relates
to the Sepahan factory (Unit 11) whose efficiency score
is @ = 0.5362. As can be seen, this unit is only efficient

in the supplier stage and it is inefficient in the other three
stages, as it has very poor performance in the fourth stage.
The efficiency score of all companies in the manufactur-
er stage is between 1 and 0.93. Therefore, at this stage, all
companies have similar performance and there is no
significant difference between their efficiencies.

The efficiency correlation coefficient of the supplier
stage with the distance to the center of the mine shows
that the highest relationship is between the supplier and
the distance to the mine, which means that the perfor-
mance of suppliers will be higher due to closer proximity
to the mine. Since most suppliers were at a short distance
from the mine, the efficiency of all cement companies
was high at the supplier stage. The efficiency correlation
coefficient of the distributor stage with the distance of
the company to the center of the province where it is
located indicates that the highest relationship is between
the distributor and the distance to the center of the pro-
vince. Therefore, the distance of companies to the geo-
graphical location of cement sales will have a significant
impact on the performance of the distributor stage.

The authors focus in this study was to provide a ra-
dial model to evaluate the performance of green supply
chain with inputs and outputs having a specific struc-
ture. Therefore, the authors suggest research to investi-
gate the following: (1) provide non-radial models with
this structure and (2) provide a model to determine the
cause of supply chain inefficiency and provide solutions
to improve their efficiency. m
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AHHOTaMA

VpaieHue LENsIMU MOCTaBOK TPEICTABIISIET COO0 HOBBIN MOAXOM, JOMUHUPYIOIINMI B 00JIaCTH YIIpaBICHUS
MPOU3BOACTBEHHBIMM OIEpallUsIMUA B MOCeTHME Tonbl. Llemb mocTaBoK BKITIOYAeT B ceOsl BCe 0OBEKTHI, pabOTHI
U omnepanuu (OT TMOCTAaBIIMKOB IO KJIWEHTOB), CBA3aHHBIC C MPOM3BOACTBOM MpoAyKTa. OTIEIbHBIC 3JEMEHTHI
LIEMX TTOCTAaBOK IMPEIyCMAaTPUBAIOT IIJIAHUPOBAaHWE, YIIpaBJIeHUE CIIPOCOM U TIPEIIOXKEHUEM, 3aKYIKy CHIPbS,
IUTAaHUPOBaHKE IIPOU3BOACTBA, pacIipeieieHe U JOCTaBKY IPOAYKIINHY 3aKa3uuKy. OTIeabHbBIC CTPYKTYPHI B LIETIOUKE
IMOCTAaBOK OBIIM pacCMOTPEHBI B TIPEIBITYIINX UCCISIOBaHUSIX. B MaHHOI cTaThe lLieroYKa MOCTaBOK U OIIEHKA ee
3¢ (HEKTUBHOCTU pACCMATPUBAIOTCS B YCJIOBHUSIX HAJIMYMST HENMCKPELIMOHHBIX U HEXeJIaTeIbHBIX (DAKTOPOB, a TAKXKE
HEraTUBHBIX JAHHBIX. [[JIsI 9TOM 1LeJIu IpeacTaBIeHa MOIE/Ib CETEBOr0O aHAIM3a cpeabl GYHKIIMOHUPOBAHMSI, KOTOPAsI
OLICHMBAET IIPOU3BOAUTEILHOCTD LEMOYKY IIPY HATMYKUK HETUCKPELIMOHHBIX BXOIOB M BBIXOIOB, HEXEIATEIbHbIX 1
OTpULIATEbHBIX ITOCASACTBUI, MIMEIOLIMXCS JaXe B €€ BHYTPEHHEN CTpYKType. DD GHEKTUBHOCTD ITAIIOB LIETH TAKXKE
OIIpeAesIsieTCs C UCIIOIb30BaHMEM ABOHOI Monenn. B Xxome ucciaenoBaHus ObUIH OLeHEHBI 42 [IEeMEHTHBIE KOMIIAHUU,
Kotupyooinuecs Ha TerepaHckoil (hOHIOBOM OMpXKe, Kaxaast U3 KOTOPhIX MMEET LIeMb [IOCTABOK U3 YEThIPEX ITAIIOB,
BKJIIOYAIOIIIYIO MIOCTABIIMKOB, IPOU3BOIUTENIEH, IMCTPUOBIOTOPOB U KJIMEHTOB. B pesyinbrate mpuMeHeH!sT MOIEIN
1LIeCTh KOMITaHW 1 ObLIA MPU3HAaHbI 3 (QEKTUBHBIMMU, a OCTaJIbHbIE — Hed(dekTuBHBIMU. KpoMe Toro, 25 1ieMeHTHBIX
KOMITAHMI B CEKTOpE IOCTaBIIMKOB, 18 KOMIIaHMiII B MPOM3BOACTBEHHOM CEKTOpPE, CEMb KOMIIAHUII B CEKTOpE
pacnpeneneHus u 17 KOMIIaHUI B CEKTOpe 00CTY>KMBAHUS KJIMEHTOB ObLIM MPU3HAHBI 3(P(PEKTUBHBIMU.
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