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Abstract
The Iranian Environment Protection Agency (IEPA) in collabo-

ration with Iranian Industries Organization (IIO) need to design a
relevant database for the industries information based on the initial
screening of Iranian Evaluator Team (IET) in certain clusters. How-
ever, we aware of this fact that all industrial projects should go
through the Environmental Impact Assessment (EIA) after and
along with screening levels. Therefore, current research concise the
three clusters of Iranian industries data to further assessment to-
wards Data Envelopment Analysis (DEA) empirically. To calculate
the efficiency score were employed the Additive Ratio ASsessment
(ARAS) model in combination with the DEA model along with
using Friedman and Kendall tests as weighing systems. Using SPSS
software led to estimate the values of weight regarding the inputs
and outputs of materials flow. The combination of both mentioned
models has expanded the path for determination of DEA score for
the Iranian Wood and Cellulose Industries (IWCI), Iranian Mining
and Aggregate Industries (IMAI) and Iranian Textile and Leather
Industries (ITLI).
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INTRODUCTION
It has been more than a century that the study

of optimal allocation of limited physical re-
sources has been the focus of applied sciences
scientists. Such studies led to the emergence of
one of the branches of the applied sciences of
mathematics is called "Research in Operations".
It was first introduced in 1947 and applied to mil-
itary matters. Investigating the performance of
decision-making units or production units can be
a useful tool for evaluating the optimal use of
available resources. One way to evaluate industry
performance is to estimate the production func-
tion. The output function is a function with one
or more inputs that produce the maximum output
for each combination of inputs. DEA is a method
based on mathematical linear programming and
its first application refers to 1978. This method
is used to evaluate the relative efficiency of de-
cision-making units that are similar. DEA method
is widely used in benchmarking; continuous im-
provement and strategic analysis. When due to
the nature of different activities and factors, the
usual elements of efficiency (outputs and inputs)
are not of the same gender. It is not possible to
use a simple set of output to calculate efficiency
(Li et al., 2016).

A number of difficulties have experienced in
calculating efficiency, such as the fact that mul-
tiple outputs or non-identical inputs cannot be
combined in a single formula. In other words,
multiple outputs cannot be used for multiple in-
puts, other than the weights of each factor. It may
not be known in advance. In addition to mono-
lingual indicators such as labor productivity,
there is a need for other types of productivity that
can include even the factors that contribute to the
optimal use of labor. Many believed that the so-
lution was to provide a production function with
respect to outputs and inputs to maximize out-
puts. This production function can be a column
that a fully efficient unit can produce. DEA is a
technique that can be applied with the help of lin-
ear programming to evaluate relative perform-
ance such as production efficiency. DEA creates
a performance boundary that offers a good rep-
resentation of the production function. The fol-
lowing steps are required to perform DEA
(Rezaee & Ghanbarpour, 2016).

• Define a set of goals for comparison
• Determine evaluation characteristics and dif-

ferentiate outputs and inputs variables
• Collect data, showing attribute values for each

target
• Analyze and interpret the results

Generally, performance in one or more units is
determined by both parametric and nonparamet-
ric methods. In parametric techniques, a specific
production function is determined using different
statistical methods. This function is then used to
determine efficiency. Regression techniques can
be mentioned in this regard. Nonparametric
methods do not require estimating the production
function. One of the nonparametric methods is
DEA, which evaluates the relative performance
of units in comparison with each other. In this
method, no need to know the shape of the pro-
duction function and there is no limit to the num-
ber of inputs and outputs variables. The
regression method determines the mean of unit
observations and performance of each unit
against an optimized regression equation. DEA
uses all observations collected to measure per-
formance and optimizes each observation against
an efficient boundary. The DEA analysis method
combines all the units under investigation to
make a high-performance virtual unit and com-
pares the inefficient units with it (Bulgurcu,
2013). 

In fact, the reason behind the application of
DEA was that optimal use of resources has al-
ways been of human interest, and one has always
tried to make the most of the available resources
using the right approach. The constraints factors
such as capital, manpower, and energy made
managers think of ways to make the most of
these factors. In fact, knowing the performance
of units under the supervision of the manager is
the most important task of management in mak-
ing appropriate decisions to guide them. In any
system where a goal is pursued (such as the edu-
cation system, office, etc.) two points are impor-
tant. (1) Performance (2) Effectiveness.
Performance means working well as a function
of intra-organizational performance indicators
and effectiveness means working well as a func-
tion of external organizational performance. In
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DEA, the goal is to compute performance to
compare within-organization indicators. Inputs
are the factors that increase it, the efficiency de-
creases, that is, the inputs and the efficiency are
inversely related, and the efficiency increases
with decreasing inputs. The output is directly re-
lated to efficiency as opposed to input, the more
output we increase, the efficiency rises in the de-
cision-making unit. It needs to explain that a de-
cision-making unit is a unit that generates an
output vector by receiving an input vector (Sang-
wan & Digalwar 2008; Salehi & Hamatfar 2012).

The present study used the DEA based on a
newly developed additive model (ARAS) to clas-
sify three groups of Iranian industries such as
IWCI (around 16 various types), ITLI (around 38
various types) and IMAI (around 26 various
types). The reason for choosing this kind of DEA
model can be mentioned to the presence of vari-
ous criteria with different dimensions. Data of in-
dustries are associated with the activities of IET.
IET is in charge of IEPA and IIO to assess the
projects once before implementation and in prac-
tical scale. At first, the projects go through the
initial screening levels for the materials and fa-
cilities inventory along with 5 major criteria such
as staff number, land area required, fuel, water,
and power demands. In the next steps, the EIA
keep moving towards discovering the variety of
directions of the project such as public applica-
tions, decisions in maturation and evolution of
projects depend on available data, approval or
disapproval of project and all requirements after
implementation. Therefore, our research com-
pleted the collected data in the direction of the
final expansion of the project in connection with
IET. By this research, we only tried to classify
the above-named industries depend on output
and input criteria as the main objective of the
study.

THEORETICAL BACKGROUND AND
LITERATURE

According to our knowledge about using DEA
based on additive ratio models to classify the data
of the industries before the construction step,
there is no research in this regard. However, lots
of papers published for other kinds of DEA mod-
els. But we notice some recent studies that have

approached the objectives followed by current re-
search. The research employed the traditional
DEA model to classify seven Indian chemical in-
dustries based on efficiency score released from
both input and output criteria in currency. The
study firstly arranged the criteria in two separate
classes of input and output variables and the
Friedman test conducted to figure out weight val-
ues. The results reported by the author indicated
very close relation towards full efficiency border
in sorting 7 industries ranged from 0 to 1 (An-
thony et al., 2019). Krmac and Djordjevic (2019)
assigned non radial DEA model to choose and
evaluate the environmental performance of sup-
pliers considering undesirable inputs and outputs
such as number of staff, energy exploited
(kWh/year), sales (1000 Korean won), return on
assets, environmental & investment (100,000
Korean won), CO2 emission (kg). Finally, the
proposed model succeeded to offer a sort of sup-
plier allocation in the border of 0 to ≥ 1. An ad-
ditive DEA model used to assess the performance
of industrial productivity and sought a path to-
wards making political decisions to escalate eco-
nomic growth rate of the country during a period
of 1980 to 2000. During mentioned time interval
emerged 38% efficient years and 68% inefficient
period (Rahmani, 2017). The author also used the
current procedure (same with present study) for
classifying 6 groups of Iranian industries in cer-
tain clusters such as Iranian food manufacturing
and processing industries, Iranian chemical in-
dustries, Iranian electronic products industries,
Iranian automotive industries, Iranian plastic in-
dustries, and Iranian household appliance indus-
tries. 

Also, the author applied the ARAS model in the
sensitivity analysis of mentioned researches as
well as the classification of industries. By the
current study, our effort spent on the classifica-
tion of three remained groups of Iranian indus-
tries (IMAI, IWCI, and ITLI). ARAS model has
been employed in lots of papers containing rank-
ing systems for the prioritizing criteria and alter-
natives such as management of real estate stuffs
that comprised both materials quantity and cul-
tural property with regard to rebuilt in terms of
archaeological, historical, architectural, eco-
nomic, social and etc. in Vilnius (Kutut et al.,
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2014); software testing method to select and use
in human demands (Karabasevic et al., 2018); as-
sessing performance of 9 transportation agencies
running in 3 various nations including twenty al-
ternatives (Radovic et al., 2018), corporate social
responsibility of companies towards sustainabil-
ity attitudes (Karabasevic et al., 2015) etc. A
study combined both procedures of ARAS and
Gray systems to select the potential suppliers per-
taining on a list of criteria such as delivery price,
financial position, production specifications,
standards, and proper certificates, commercial
strength, and the performance of the supplier, etc.
The findings brought a relevant connection of
both models to discover supplier's prioritization
(Turskis & Zavadskas, 2010). Kersuliene and
Turskis (2011) integrated a fuzzy multi-criteria
decision-making model with ARAS model to
manage the data in both linguistic and numerical
dimensions along with a wide range of informa-
tion sources. So, adaptability was proved via ex-
amination of the developed model through an

architect’s selection difficulty. Our study is the
first research to classify the Iranian industries
pertaining to 5 main criteria, input and output
materials stream. Industrial project identification
in the framework of EIA is a promising assess-
ment plan for future expansion and development
of one valuable database in this regard. 

RESEARCH METHODOLOGY
The author tried to classify ITLI, IMAI, and

IWCI via weighing and ranking systems at pre-
vious studies according to references (Hassan-
pour, 2019a, 2019b, 2018). The initial source of
employed data gets back to the screening step of
project identification in EIA plan by both of IEPA
and IIO which has been published at 3 addressed
papers. Then the published data were extracted
and used in this research. The procedure com-
pleted the next steps of project identification in
EIA plan. Therefore, the mentioned procedure
joined to the project assessment by IET accord-
ing to Fig.1.
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Fig.1. The flow-diagram of followed work [This study]
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Weighting systems of Kendall's W and Fried-
man tests 

The present study used the Eqs. 1 to 9 (1 to 5
for the Friedman test and 6 to 9 for the Kendall
test) for calculating the values of weights of the
criteria via SPSS software. After obtaining the
weights our consideration spent on uniting
ARAS model with DEA model. The results of the
integration provided a way to normalization (nor-
malization of data is done by the division of val-
ues in the columns to sum of the values in the
columns) of data via Eqs. 10 to 12, inducing the
weights of criteria into the rows of alternatives
(industries) or weighing step (according to
Eq.13). Finally, the summation of output and
input rows and columns (Si calculation via
Eq.14) made the framework of the DEA model.
The division of Si (output) / Si (input) were il-
lustrated by Eqs. 15 to 19 to issue the DEA score
and rank (Hassanpour, 2019; Anthony et al.,
2019).

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

Xoj=max Xij if max Xij    is preferable
(10)

Xoj=min Xij if min Xij       is preferable
(11)

(12)

(13)

(14)

(15)

(16)

(17)

(18)

(19)

RESEARCH FINDING
IWCI based on nominal capacity (NC)

IWCI included 16 types of industries based on
confirmation information in IIO such as (1)
Cooler bangs (NC=1400t), (2) Carton
(NC=1500t), (3) Industrial drying wood (NC=
7500t), (4) Hydrophilic cotton (NC=400t), (5)
Sheet rolls and packing (NC= 1000t), (6) Wax
paper (NC= 1000t), (7) Booklet (NC=2600000t),
(8) Hasp (NC=120000t), (9) Decal (NC=6250),
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(10) Multilayer paper bags (NC= 12000t), (11)
Row board (NC=12000t), (12) Wooden and
paper disposable products (NC=7565000t), (13)
Wooden pencil (NC=324000t), (14) Carbon
paper (NC= 450000t), (15) Parquet (NC=150000

m+150000 m2 ), (16) Sandpaper (NC= 2000000
m2). To calculate the DEA score and rank was
tabulated the annual requirements of IWCI ac-
cording to Table 1.

Industry NC (t) NC (pockets) NC (m2) NC (m) Employees Power (kw) Water (m3) Fuel (Gj) Land (m2)

(1) 1400 0 0 0 8700 37500 3000 900 9500
(2) 1500 0 0 0 6000 30000 1500 900 3500
(3) 7500 0 0 0 7200 52200 3600 8700 5400
(4) 400 0 0 0 8700 56100 5100 10500 4000
(5) 1000 0 0 0 9000 68400 1800 3000 5800
(6) 1000 0 0 0 4800 17400 1200 900 2400
(7) 2600000 0 0 0 9000 52200 3600 8700 2100
(8) 120000 0 0 0 3000 63600 3000 6900 4600
(9) 6250 0 0 0 6900 34800 2100 2100 4000
(10) 12000 0 0 0 10500 46500 2400 2100 5100
(11) 12000 0 0 0 21600 172500 6000 7500 15700
(12) 7565000 0 0 0 9000 45600 3900 1500 3300
(13) 324000 0 0 0 3900 29700 2400 900 2100
(14) 0 450000 0 0 4500 9000 900 900 2100
(15) 0 0 150000 150000 12600 107700 18000 22200 20600
(16) 0 0 2000000 0 6000 62700 3600 9300 7300

Industry IF (t) IF (bundle) IF (m3) IF (No) IF (m) IF (Rolls) IF (m2) IF (L) IF (piece)
(1) 1942.96 29120 0 0 0 0 0 0 0
(2) 2446.38 0 0 0 0 0 0 0 0
(3) 0 0 9500 0 0 0 0 0 0
(4) 574.6 0 0 0 0 0 0 0 0
(5) 1064.2 0 0 139000 0 0 0 0 0
(6) 1028.3 0 0 0 0 0 0 0 0
(7) 734.7 0 0 17333 0 0 0 0 0
(8) 40.66 0 400 510000 0 0 0 8800 0
(9) 328.925 0 0 6250000 0 0 0 0 0
(10) 2610 0 0 0 400000 0 0 0 0
(11) 14.52 0 0 0 0 0 1260 0 126000
(12) 267 0 0 210580 10000 0 20457 0 0
(13) 39.046 0 0 386830 0 704158 0 0 0
(14) 62 0 0 454500 0 1285 0 0 0
(15) 1.5 0 4934 25050 5300 0 157000 0 0
(16) 969.4 0 0 0 0 0 0 0 0

Table 1: Annual requirements of IWCI [This study]

IF= Initial feed, No= number, t= ton
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Conducting a statistical analysis among 18 cri-
teria via one-sample t-test had shown significant
differences among water, fuel and IF (t) (p-value
≤ 0.001, 0.002 and 0.004) respectively. The
paired sample test had also presented significant
differences (p-value ≤ 0.047 and 0.001) between
criteria of water-fuel and land-IF (t). Moreover,
the paired sample test revealed the correlation
among criteria as NC (t) & NC (pocket), NC
(m2) & NC (m), employees & power, water &
fuel, land & IF (t), IF (Bundle) & IF (m3), IF
(No) & IF (m), IF (Rolls) & IF (m2) and IF (L)
& IF (pieces) about -0.091, 0.976, 0.863, 0.886,
-0.163, -0.095, -0.89, -0.076 and  -0.067 respec-
tively. The distribution of NC (t), NC (pocket),
NC (m), employees, power, land, IF (t), IF (bun-
dle), IF (No), IF (Rolls), IF (m), water, IF
(pieces), fuel, IF (m2) and NC (m2) were ob-
tained the same via related samples Friedman's
two-way analysis of variance by ranks (p-value
= 0.00). Therefore, the null hypothesis was re-
jected. 

In Table 1 and also below similar Tables the NC

has defined output criteria and all remaining cri-
teria are called output criteria (such as IF (re-
quired materials to produce industries products)
with various kinds of dimensions along with em-
ployees, power, water, fuel, and land criteria) for
calculating the DEA score. Therefore, our exist-
ing data were divided into two classes of criteria
are called outputs and inputs criteria. The criteria
of outputs are associated with industries prod-
ucts. Our purpose is dividing normalized and
weighted values of outputs criteria to normalized
and weighted values of inputs criteria to release
the DEA score. To reach the DEA score special
vector obtained by both Friedman and Kendall
tests was conducted into normalized rows of
Table to sum the inputs and outputs values sepa-
rately for each industry (Si according to Eq. 14),
then division of outputs to inputs to emerge the
score. The mentioned procedure was observed
for all industries in present research (below Ta-
bles). As explained above, the values of the
weights were estimated via both Friedman and
Kendall tests according to Table 2.

Hassanpour / Efficiency Score Assessment of Iranian Mining...

Criteria weights Friedman test Kendall test
NC (t) 12.81 12.81
NC (pocket) 6.06 6.06
NC (m2) 6.88 6.88
NC (m) 6.13 6.13
Power (kw) 16.94 16.94
Employees 14.66 14.66
Fuel (Gj) 13 13
Water (m3) 12.75 12.75
Land (m2) 13.88 13.88
IF (t) 10.94 10.94
IF (m3) 6.63 6.63
IF (Bundle) 6.03 6.03
IF (No) 11.38 11.38
IF (m) 7.03 7.03
IF (Rolls) 6.63 6.63
IF (m2) 7.25 7.25
IF (L) 5.97 5.97
IF (pieces) 6.06 6.06

Kendall’s W=0.577

Table 2: The weights values for the criteria [This study]
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ITLI based on NC
ITLI comprised 38 various kinds of industries

such as (1) Bag (NC=120000 No), (2) Carpet
thread (NC=600t), (3) Cotton spinning
(NC=1400t), (4) Jeans (NC=81000 No), (5)
Leather artifacts (NC=90000 No), (6) Leather
shoes (NC=135000 pairs), (7) Quilts, mattresses
and pillows (NC=85000 No), (8) Raw leather
(NC=618300 Ft2), (9) Sewing and embroidery
thread (NC=150t), (10) Spinning (NC=2500t),
(11) Tannery (NC= 45500 skin
covers+214.988t), (12) Underwear (embroidered
series) (NC=350000 No), (13) Wicker oil burner
(NC=620000 No), (14) Spinning the woolen yarn
(NC= 306t), (15) Knitting cotton, synthetic fibers
(NC=1000 m2), (16) Band and medical wound
texture gas (NC= 1407659 No), (17) Rachel Cur-
tain Fabrics (NC=330000 m), (18) Mink blankets
(NC=500000 m2), (19) Woolen blanket

(NC=131500 No), (20) Spinning wool
(NC=263.5t), (21) Blanket (NC=2250000 m2),
(22) Winter clothing (NC=137500 No), (23)
Clothing (shirt) (NC=135000 No), (24) Knitted
Tricot (NC=130t), (25) Fishing net (NC=270t),
(26) Stinger mosquito net (NC=300000 m2), (27)
Socks (NC=243000 jeans), (28) Crust leather
(NC=2398000  Ft2), (29) Cotton gloves (NC=
62400 pair), (30) Leather gloves (NC=70000
pair), (31) Wipes (Cleansing) (NC=4000 yard),
(32) Ribbon Weaving (NC=3000 m), (33) Carpet
coverage (NC=54000 No), (34) Spinning silk
(NC=102.8t), (35) Zipper (NC=3000 m), (36)
Animal skin pickle (NC= 200000 No), (37) Raw
silk fabrics (NC= 330000 m), (38) Layer on dia-
pers and sanitary pads (NC=8750 m2). The an-
nual requirements of ITLI were added in Table 3
with a variety of criteria to figure out the DEA
rank among 38 industries.
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Industry NC (t) NC (No) NC (m2) NC (m) NC (ft2) NC (skin) NC (pair) NC (jeans) NC (yard)
(1) 0 120000 0 0 0 0 0 0 0
(2) 600 0 0 0 0 0 0 0 0
(3) 1400 0 0 0 0 0 0 0 0
(4) 0 81000 0 0 0 0 0 0 0
(5) 0 90000 0 0 0 0 0 0 0
(6) 0 0 0 0 0 0 135000 0 0
(7) 0 85000 0 0 0 0 0 0 0
(8) 0 0 0 0 618300 0 0 0 0
(9) 150 0 0 0 0 0 0 0 0
(10) 2500 0 0 0 0 0 0 0 0
(11) 214.988 0 0 0 0 45500 0 0 0
(12) 0 350000 0 0 0 0 0 0 0
(13) 0 620000 0 0 0 0 0 0 0
(14) 306 0 0 0 0 0 0 0 0
(15) 0 0 1000 0 0 0 0 0 0
(16) 0 1407659 0 0 0 0 0 0 0
(17) 0 0 0 330000 0 0 0 0 0
(18) 0 0 500000 0 0 0 0 0 0
(19) 0 131500 0 0 0 0 0 0 0
(20) 263.5 0 0 0 0 0 0 0 0
(21) 0 0 2250000 0 0 0 0 0 0
(22) 0 137500 0 0 0 0 0 0 0
(23) 0 135000 0 0 0 0 0 0 0
(24) 130 0 0 0 0 0 0 0 0
(25) 270 0 0 0 0 0 0 0 0
(26) 0 0 300000 0 0 0 0 0 0
(27) 0 0 0 0 0 0 0 243000 0
(28) 0 0 0 0 2398000  0 0 0 0

Table 3: Annual requirements of ITLI [This study]
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Industry NC (t) NC (No) NC (m2) NC (m) NC (ft2) NC (skin) NC (pair) NC (jeans) NC (yard)
(29) 0 0 0 0 0 0 62400 0 0
(30) 0 0 0 0 0 0 70000 0 0
(31) 0 0 0 0 0 0 0 0 4000
(32) 0 0 0 3000 0 0 0 0 0
(33) 0 54000 0 0 0 0 0 0 0
(34) 102.8 0 0 0 0 0 0 0 0
(35) 0 0 0 3000 0 0 0 0 0
(36) 0 200000 0 0 0 0 0 0 0
(37) 0 0 0 330000 0 0 0 0 0
(38) 0 0 8750 0 0 0 0 0 0

Industry Employees Power (kw) Water (m3) Fuel (Gj) Land (m2) IF (t) IF (m2) IF (No) F (m)
(1) 15900 35100 3000 2700 3500 134.8 31005.5 1032000 0
(2) 11100 32700 2700 2100 4900 660 0 0 0
(3) 23100 216600 6300 32700 14100 1557.23 0 52875 0
(4) 47100 95100 7800 2100 3900 1.2 0 0 81000
(5) 11700 13200 2100 1200 2300 0.429 164727 3385 0
(6) 28200 29100 5700 3600 9000 79.961 284 680000 0
(7) 21600 14700 4200 1800 4600 73.5 510910 265350 0
(8) 6900 46200 11400 1500 3600 69.3443 0 274163 0
(9) 10500 47400 12600 13500 7600 168.3 0 182000 0
(10) 36000 214500 9600 6900 23600 2903 0 0 0
(11) 13200 45600 24000 20400 7100 1688.605 0 0 0
(12) 8400 7200 2100 3300 1500 36.755 0 0 0
(13) 6000 16200 3000 1500 3200 232.442 0 244000 0
(14) 16800 57000 8100 2400 6800 335 0 0 0
(15) 18600 72000 7800 42000 8400 185.3 0 0 0
(16) 8700 23100 2400 1200 2700 83.94 0 3000 0
(17) 21300 42300 6000 6600 14500 113.565 0 2400 5500
(18) 18900 73200 3900 3000 7400 413.1 0 255700 0
(19) 20100 61500 4800 3600 9300 446.415 0 144700 0
(20) 8400 16200 1800 900 2100 268.8 0 0 0
(21) 21600 152400 13500 63300 14200 1536.9 0 580000 0
(22) 8400 14400 1500 900 1900 59 0 144500 0
(23) 15900 12900 3600 6300 3000 4.05 0 945000 216000
(24) 16500 21300 4200 15600 2700 1435.64 0 720330 0
(25) 8700 18300 2100 900 2900 281.1 0 18000 0
(26) 8400 15600 1800 1500 3700 117.6 0 0 0
(27) 7200 45600 6000 16500 3800 45.428 0 2388 0
(28) 8100 73500 2100 1200 4300 31.75 0 0 0
(29) 3000 24300 1200 1800 3700 1.45 0 1200 0
(30) 9000 9000 2100 1200 2400 0.65 0 1662 0
(31) 4500 68400 1800 3000 6500 2 0 0 0
(32) 9000 12300 2100 1500 3200 8.8 0 137375 0
(33) 5700 14700 1500 1200 3000 114.372 0 55000 0
(34) 24600 126600 23400 39300 15800 131.4 0 4500 0
(35) 14700 58200 2700 1200 2500 27.42 0 10500000 5000
(36) 9000 41100 2700 2882100 6300 210481.16 0 0 0
(37) 7500 30000 2400 3000 6100 2023.7 0 0 0
(38) 5100 71100 1500 1500 3600 481.875 0 7433000 0

Table 3: Countinue
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Industry IF (L) IF (duke) IF (threads) IF (pair) IF (yard) IF (ft2) IIF (Sheets)
(1) 0 0 0 0 0 0 0
(2) 0 0 100 0 0 0 0
(3) 0 0 0 0 0 0 0
(4) 0 0 0 0 0 0 0
(5) 1230 380 0 10000 54350 0 0
(6) 0 0 0 6750 0 405000 0
(7) 0 0 0 0 0 0 0
(8) 0 0 0 0 0 0 0
(9) 2000 0 0 0 0 0 0
(10) 0 0 0 0 0 0 0
(11) 0 0 0 0 0 0 0
(12) 0 0 0 0 0 0 0
(13) 0 0 0 0 0 0 0
(14) 0 0 0 0 0 0 0
(15) 1200 0 0 0 0 0 0
(16) 5400 0 0 0 0 0 5800
(17) 0 0 0 0 0 0 0
(18) 0 0 0 0 0 0 0
(19) 0 0 0 0 0 0 0
(20) 0 0 0 0 0 0 0
(21) 0 0 0 0 0 0 0
(22) 0 0 0 0 0 0 0
(23) 0 0 0 0 20250 0 0
(24) 0 0 0 0 0 0 0
(25) 0 0 0 0 0 0 0
(26) 0 0 0 0 0 0 0
(27) 0 0 0 0 0 0 0
(28) 0 0 0 0 00 2530000 0
(29) 0 0 0 0 0 0 0
(30) 0 0 0 0 0 182600 0
(31) 0 0 0 0 0 0 0
(32) 0 0 0 0 0 0 0
(33) 0 0 0 0 0 0 0
(34) 0 0 0 0 0 0 0
(35) 0 0 0 0 0 0 0
(36) 0 0 0 0 0 0 0
(37) 0 0 0 0 0 0 0
(38) 0 0 0 0 0 0 0

Table 3: Countinue
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The t-test had proved significant differences
among NC (t), NC (No) and IF (No) (P-value ≤
0.045, 0.033 and 0.068) by running the SPSS
software for 25 existing criteria in Table 3 respec-
tively. While the paired sample test had revealed
significant differences between NC (t) & NC
(No) and IF (m2) & IF (No) about (p-value ≤
0.034 and 0.077) respectively. It was found
paired samples correlation between criteria of
NC (t) & NC (No), NC (m2) & NC (m), NC (ft2)
& NC (skin), NC (pair) & NC (Jean), NC (yard)
& employees, power & fuel, land & IF (t), IF
(m2) & IF (No), IF (m) & IF (L), IF (duke) & IF
(Thread), IF (pair) & IF (yard), IF (ft2) & IF

(sheets) about -0.124, -0.052, -0.033, -0.045, -
0.176, -0.018, 0.021, -0.042, -0.061, -0.027,
0.766 and -0.033 respectively. The distributions
of NC (t), NC (No), NC (m2), NC (m), NC (ft2),
NC (skin), NC (Jean), NC (pair), water, power,
fuel, IF (t), IF (m) & IF (yard), IF (ft2(, IF (No),
IF (m2), land and employees were obtained the
same via related samples Friedman's two-way
analysis of variance by ranks (p-value = 0.00).
Therefore, it resulted to reject the null hypothe-
sis. In the following step, the values of weights
were calculated using both Friedman and
Kendall tests according to Table 4.
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Criteria weights Friedman test Kendall test
NC (t) 11.29 11.29
NC (No) 13.71 13.71
NC (m2) 10.75 10.75
NC (m) 10.36 10.36
NC (Skin) 9.26 9.26
NC (ft2) 9.68 9.68
NC (Pair) 10.11 10.11
NC (jean) 9.29 9.29
Employees 22.33 22.33
NC (Yard) 9.20 9.20
Power 23.64 23.64
Water (m3) 20.29 20.29
Land (m2) 20.87 20.87
IF (m2) 10.37 10.37
IF (m) 10.30 10.30
IF (No) 18.38 18.38
IF (duke) 9.07 9.07
IF (L) 10.03 10.03
IF (pair) 9.53 9.53
IF (yard) 9.67 9.67
IF (thread) 9.11 9.11
IF (ft2) 10.16 10.16
IF (t) 18.16 18.16
Fuel 20.22 20.22
IF (Sheet) 9.24 9.24

Kendall’s W=0.662

Table 4: The weight values for tabulated criteria [This study]
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IMAI based on NC
IMAI encompassed 26 various types of indus-

tries as (1) Bitumen blown (NC= 27000t), (2)
Building plaster (NC=150000t), (3) Ceramic
dishes (NC=250t), (4) Ceramic tiles (NC=
600000t), (5) Floor Tiles (NC=600000t), (6)
Glazed tile and ceramic (NC=150000t), (7) Gyp-
sum (NC= 500t), (8) Industrial ceramic parts
(NC=300t), (9) Ceramic brick (NC=30000000t),
(10) Firebrick (NC=10000t), (11) Façade brick
(NC=30000t), (12) Semi-automatic brick
(NC=30000000t), (13) Hot asphalt
(NC=135000t), (14) Building lime (NC=75000t),

(15) Orthopedic bandage (NC=1300000t), (16)
Rock wool (NC=1500t), (17) Glass wool (NC=
7000t), (18) Stone powder and mosaic (NC=
18000t), (19) Precast pressed beam and concrete
pile (NC=15000t), (20) Gypsum prefabricated
walls (NC=356400 m2), (21) Prefabricated
wooden wall by wood powder (NC=15000t),
(22) Cutting granite stone (NC=30000 m2), (23)
Grindstone (NC= 500t), (24) Broken stone and
debris washed (NC=200000t) (25) Mineral pow-
ders (NC=200000t), (26) Cement asbestos tube
(NC=500t). To find the DEA rank has appeared
the inventory of availability in Table 5.
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Industry NC (t) NC (m2) Employees Power (kw) Water (m3) Fuel (Gj) Land (m2)
(1) 27000 0 19 405 12 12 2800
(2) 150000 0 46 363 8 924 2200
(3) 250 0 50 242 25 11 6800
(4) 600000 0 62 685 21 26 19800
(5) 600000 0 30 345 26 14 19800
(6) 150000 0 50 125 21 98 3600
(7) 500 0 13 67 8 20 1700
(8) 300 0 66 200 16 8 5300
(9) 30000000 0 74 1388 21 351 17300
(10) 10000 0 67 663 23 104 13100
(11) 30000 0 62 406 77 9 13350
(12) 30000000 0 62 406 77 9 13350
(13) 135000 0 12 184 14 91 800
(14) 75000 0 21 466 5 1 3000
(15) 1300000 0 22 139 9 2 1800
(16) 1500 0 54 274 27 94 5900
(17) 7000 0 106 1128 131 394 25800
(18) 18000 0 12 214 6 4 3300
(19) 15000 0 67 204 25 37 25200
(20) 0 356400 42 263 81 168 11800
(21) 15000 0 44 582 52 163 16900
(22) 0 30000 17 513 20 7 3900
(23) 500 0 20 86 7 10 2700
(24) 200000 0 16 307 123 2 1300
(25) 200000 0 58 290 12 6 4200
(26) 500 0 117 1067 76 67 47100

Table 5: Annual requirements of IMAI [This study]
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Industry IF (t) IF (No) IF (L) IF (m) IF (m2) IF (m3)
(1) 67000 94300 0 0 0 0
(2) 180000 0 0 0 0 0

337075 15700 0 0 0 0
(4) 13660 0 0 0 0 0
(5) 156676.5 0 0 0 0 0
(6) 1416 28350 0 0 0 0
(7) 446 0 0 0 0 0
(8) 6364.8 0 0 0 0 0
(9) 38350 0 0 0 0 0
(10) 11000 380000 0 0 0 0
(11) 56700 0 0 0 0 0
(12) 56700 0 0 0 0 0
(13) 147750 0 0 0 0 0
(14) 147000 240000 0 0 0 0
(15) 19892 119200 1700 1134000 0 0
(16) 7502100 0 1400 0 784480.5 0
(17) 7217.1 556000 0 0 5781 0
(18) 19800 360000 0 0 0 0
(19) 43350 0 0 0 0 0
(20) 22.5 0 0 445500 0 0
(21) 18016.3 0 0 0 0 0
(22) 1886 0 0 0 0 120
(23) 556 0 0 0 0 0
(24) 250000 0 0 0 0 0
(25) 104200 0 0 0 0 0

(26) 34218.8 0 0 0 0 0

It was found significant differences about (p-
value ≤ 0.015 and 0.025) among 13 criteria of
Table 5 via t-test analysis. The distribution of NC
(t), NC (m2), power, IF (t), IF (m), IF (m2), land,
IF (No), employees and fuel were manifested the
same via related samples Friedman's two-way
analysis of variance by ranks (p-value = 0.00).
Therefore, the null hypothesis was rejected.
Using both Friedman and Kendall tests were re-
sulted to find the values of the weights for the ex-
isting criteria in Table 5 according to Table 6. 

DEA score and rank
To figure out the DEA score and rank, the raw

data classified into two groups of inputs and out-
puts criteria after tabulating as mentioned above.
Then, using the equations in the methodology
section were ended up to the results in Table 7.
Table 7 presents the DEA score and rank devel-

oped for ITLI, IMAI, and IWCI.
According to Table 7, the values of the weights

were obtained after passing through the normal-
ization process, special vector induction on the
normalized values and summation of weighted
values for each row in two parts of inputs and
outputs criteria. Finally, the division of outputs
weights to input weights values led to come out
scores and ranks outcomes. It needs to explain
that the eigenvector was made up via SPSS soft-
ware and using both Friedman and Kendall tests.

Table 5: Continue 
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Criteria weights Friedman test Kendall test
NC (t) 10.92 10.92
NC (m2) 3.94 3.94
Employees 7.77 7.77
Power 9.50 9.50
Water 7.25 7.25
Fuel 7.40 7.40
Land 11.31 11.31
IF (t) 11.77 11.77
IF (No) 6.19 6.19
IF (L) 3.69 3.69
IF (m) 3.98 3.98
IF (m2) 3.83 3.83
IF (m3) 3.44 3.44

Kendall’s W=0.692

Table 6: The weight values for tabulated criteria [This study]

ITLI DEA Score DEA Score IMAI DEA score DEA rank IWCI DEA score DEA rank
(1) 25 25 (1) 0.004119248 14 (1) 0.000145469 16
(2) 26 26 (2) 0.007180373 13 (2) 0.000410793 14
(3) 20 20 (3) 2.81989E-05 25 (3) 0.00101853 10
(4) 29 29 (4) 0.049919779 6 (4) 8.36966E-05 1
(5) 35 35 (5) 0.058763551 5 (5) 0.000235169 15
(6) 15 15 (6) 0.023048188 10 (6) 0.000477476 13
(7) 32 32 (7) 0.000259259 19 (7) 0.62186581 5
(8) 12 12 (8) 5.3007E-05 26 (8) 0.013406465 8
(9) 28 28 (9) 1.435859327 2 (9) 0.000629255 12
(10) 14 14 (10) 0.000513933 22 (10) 0.001134578 9
(11) 5 5 (11) 0.002572055 15 (11) 0.000878858 11
(12) 8 8 (12) 2.572054565 1 (12) 1.852641917 3
(13) 6 6 (13) 0.028178239 9 (13) 0.042662128 7
(14) 23 23 (14) 0.007497175 12 (14) 3.018739877 2
(15) 38 38 (15) 0.03899364 7 (15) 0.29893767 6
(16) 21 21 (16) 1.57697E-05 23 (16) 1.082714995 4
(17) 9 9 (17) 0.00017649 21 - - -
(18) 16 16 (18) 0.001793811 17 - - -
(19) 24 24 (19) 0.001284495 16 - - -
(20) 18 18 (20) 1.129583234 3 - - -
(21) 10 10 (21) 0.001085394 18 - - -
(22) 17 17 (22) 0.07060289 4 - - -
(23) 30 30 (23) 0.000215662 20 - - -
(24) 27 27 (24) 0.020073452 11 - - -
(25) 19 19 (25) 0.033014605 8 - - -

Table 6: The weight values for tabulated criteria [This study]
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CONCLUSIONS AND PROPOSAL FOR
FUTURE RESEARCH

Actually, industries stakeholders pay a huge
budget to energy consumption, staff salary and
input materials conducted into industries as well
as other outlays. Therefore, awareness of col-
lected data by this research encourages them to
move towards green materials, products and
technologies, use the renewable resource to com-
pensate the energy consumption outlay. More-
over, efficiency score awareness leads to pave the
path for more competition among them. Classi-
fication of industries considering the initial
screening information and based on DEA score
with regard to select one certain way can be no-
ticed as a relevant database deployment in this
regard as a benchmarking. Then, industrial proj-
ects can pass through the annual growth rates re-
ports after complete establishment with regard to
any progress and rise in the values of inputs and
outputs materials stream and other variables.
Also, the designed database will provide lots of
information to compare Iranian industries with
other nations and creates a way towards industry
4 aims and executes the materials stream, energy
cycles, and industrial ecology promotions. With
regard to the presence of various criteria with
miscellaneous scales, both Friedman and Kendall
tests can be employed to estimate the values of
weights effectively. According to our experience,

we got a point for the effective weight value es-
timation using both tests, worth to declare here.
The point is allocating the values of weights
based on the highest to lowest amounts by them.
As a result, the highest values in the columns
offer high weight amount in comparison with the
lowest values of criteria. The database developed
in this regard can expand rely on the change in
NC of industries that is proposed for the future
researches. With regard to this fact that Iranian
industries followed the same technologies in
products manufacturing operation and the differ-
ence is attributed to NC. Additionally, the present
study facilitated the path for DEA calculation
based on currency. By the way, IET attempted to
opening gates towards underpinning the eco-
nomic estimation of industries in the EIA and fol-
lowing in industries sustainable development
assessments. 
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