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Abstract

Today, HSE (health, safety, and environment) systems play a vital role in green and sustainable
aspects of the companies. However, performance evaluation of HSE systems is a crucial issue in
industry and academia. This paper tries to identify and prioritize the effective factors in HSE
performance in Iran Khodro (the largest automotive company in Iran) and Tabriz Petrochemical (one
of the biggest Iranian petrochemical company). The factors are achieved through the literature and
recent publications and then they are customized by the expert's opinions. Finally, a hybrid Fuzzy
DEMATEL ANP approach is developed for prioritization of the factors. Indeed, Fuzzy DEMATEL is
used in order to determine the relations among factors and sub factors and to help in providing ANP
super matrix. Afterward, the Fuzzy ANP is proposed to find the final weights of the factors and sub
factors. The weights are used in order to prioritize the factors for two selected companies.
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1. Introduction

Safety is an absolutely relative but normative for any organization. This phrase is generally
defined as "the condition of being safe from undergoing or causing hurt, injury, or loss".
Today, rarely we can find a work environment where the HSE system is not implemented
(Robson and Bigelow, 2010). The HSE system included various aspects related to health and
safety management (Bacchetta, 2009). Regarding current popular measures in order to
evaluate occupational health and safety management, AFR (Accident Frequency Rate) and
ASR (Accident Severity Rate) are the most important ones (OSHA, 2007). The mentioned
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measures are quantitative, specific, and cannot be biasedly judged. Similar to other measures,
they need a comprehensive recording system. Besides, the roots of the accidents are not
known and we just have some statistics about the happenings. We cannot understand if an
accident is happened based on the lack of training system and competencies or the
weaknesses of the risk management system.

The other proposed approach of evaluating HSE system is implementation an effective
auditing process. The audits would be performed based on the standards and regulations
(Manuele, 2007). The auditing processes compare the situation of the HSE system with the
acceptable point (the minimum level of the requirements). The system is checked with the
requirements and the nonconformities are reported in order to set corrective actions (Su et al.,
2005). Some auditing tools are for general work environments and some are completely
special (Bigelow and Robson, 2005). Occupational Health and Safety Management System
(OHSMS), and Occupational Health & Safety (OHSAS) Audit tool are two of the best
(Redinger and Levine, 1999).

Recently, the growing interest of performance evaluation of HSE (health, safety, and
environment) systems can be seen in industries. The reports of International Labor
Organization (ILO) emphasize that around 4% of countries GDP are spent in occupational
and health accidents (Sarmad nahri 2008). Therefore, one of the most important things of the
industries is continuous improvement of HSE systems. However, in any improvement,
identifying the measures and factors in order to evaluate the performance of HSE systems is
absolutely significant. Each day, thousands of occupational accidents are happened around the
world because of the labors' faults, defected machines, inappropriate warehousing, and other
potential risks. When the accidents happen, the fact-finding teams start to analyze the
accident, find the cause(s), and perform correcting actions in order to prevent other similar
happenings. Then the related statistics are created based on the data analyses. The mentioned
process is really expensive with irreparable results such as death and deep injuries.

On the other hand, preventive actions are identified as the best ways of decreasing the human
and financial costs of the occupational accidents. Consequently, improving the capabilities of
an HSE system would lead to dramatically falling down the side effects of the injuries
including economic, human, and social damages. Finally, the issue of evaluation of an HSE
system is the basic step of any improvement and preventive action. Indeed, the backbone of
the control and improvement in any system such as HSE system is planning an appropriate
performance evaluation structure (Beriha et al., 2011).

The next step in evaluating the performance of HSE system is to provide several adequate
qualitative and quantitative measures. This is an absolutely crucial step in planning an
effective evaluation system. American National Standards Institute (ANSI) suggests the
frequencies of death and Injury-related disability as strong measures (NOROZI et al., 2015).

Each year, various research institutes and governmental organizations study on the
occupational injuries. International Labor Organization (ILO) reports 120 millions of work
accidents in which 120 thousands of them are significant and tragedy (Sarmad nahri 2008). In
spite of these facts, still we can monitor thousands of the easy-to-prevent accidents in
industries their disastrous side effects. Besides, the development of industries and the vast
usage of machines and tolls preserve the issue of improvement of HSE system completely
vital.

This paper tries to identify the measures of evaluating HSE system through literature and then
customize them by industrial experts of two of the largest companies in Iran (one in

Journal of Industrial Engineering and Management Studies (JIEMS), Vol.4, No.1 Page 14



H. Soleimani, T. Fattahi Ferdos

automotive and the other in petrochemical industry). The reasons of selecting the mentioned
two manufacturers are twofold: the number of workers and the importance and statistics of the
accidents. More than 60 thousand employees are working in Iran Khodro Company (IKCO)
and from this aspect it is the largest company in Iran. On the other hand, petrochemical
companies have the highest reports of the work accidents in Iran with 12 accidents a day for
2016. Thus, Tabriz Petrochemical Company (TPC) is also selected as the representor of these
types of industries. Exploiting the experts of the mentioned selected companies, the
prioritization of the HSE evaluation system is undertaken in this research.

The rest of this paper is organized as follows: In Section 2, an appropriate literature review is
discussed to find the current gaps. The backbone techniques of the study are presented in
Section 3. Section 4 explains the methodology of the research. Results and discussions for
Fuzzy DEMATEL and Fuzzy ANP are presented in Sections 5 and 6 respectively. Finally,
conclusion, and suggestions for future research are presented in Section 7.

2. Literature review

Arabzadeh (2012) utilized a Job Safety Analysis (JSA) method in order to identified, evaluate
(qualitatively), and controlling the risks of a leather company in Iran (Arabzadeh 2012). The
same method is used in a tunnel construction of a water plant regarding OSHA 3071 by
Barkhordari (2012). Both of the mentioned researches utilized MIL-STD-882E in order to
assign the acceptable level of risk. Razavi 2015, tried to evaluate the HSE level in in Pars
petrochemical complex utilizing JSA through several site visits and interviews. Mure and
Demichela (2009) developed a Fuzzy-based procedure to quantify the risk of occupational
accidents in a steel industry.

There are recent publications which are employed Multi-Attribute Decision Making (MADM)
tools. Ng et al. (2010) investigated the epidemiology of patients of 196 severed-type of
accidents between January 2006 and December 2007 in a single institution in Singapore. They
could find that the most common cause of injury is fall from height with 66.3%. Chinese and
Indian workers are on the top list of the most injured. They proposed the lack of training and
mismanagement as the main factors which cause accidents. Arezes and Miguel (2003)
compared the traditional indicators of health and safety performance with the potential role of
safety culture in industries. Beriha et al. (2011) portrayed a benchmark occupational health
and safety performance in industries employed Data envelopment analysis (DEA) as a robust
mathematical evaluation tool regarding 30 Indian organizations. Similar to the mentioned
paper, Shirooyezadeh (2011) exploits AHP/DEA approach in evaluating the safety level of a
gas refinery in Assalouyeh oil and gas zone as the most important region of plants and
refineries in Iran (Shirooyezadeh, 2011).

Recently, Mohammadi and Iranban (2015) studied the role of integrated management system
on hospitals efficiency using the Balanced Scorecard (BSC) and DEA/AHP. They tried to
evaluate the HSE system through the developed approach. Wu et al. (2015) analyzed the
effectiveness of maritime safety control along the Yangtze River regarding navigational
environments utilizing a DEA-based model. Chang et al. (2015) concentrated on evaluation of
safety risk management, safety policy and objectives, safety promotion, and safety assurance
of Taiwan’s Taoyuan, Kaohsiung, and Taipei Songshan international airports using Analytic
Network Process (ANP) for weighting and Fuzzy Technique of Ordering Preference by
Similarity to Ideal Solution (TOPSIS) for ranking the mentioned airports.
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The summarization of the literature is illustrated in Table 1 in order to have a structured view
of the earlier studies and the role of this paper in the literature:

Table 1. The summarization of the earlier studies

Publication Problem Case study Method
Arabzadeh (2012) Risk management Leather company JSA
Barkhordari (2012) Risk management Tunnel construction JSA

of a water plant
Razavi (2015) HSE evaluation Pars petrochemical ISA
complex
Mure and Demichela . . Fuzzy-based
(2009) Risk management Steel industry procedure
. . An institution in
Ng et al. (2010) Accidents analysis Singapore Survey
Arezes and Miguel (2003) HSE evaluation Several industries Survey
Beriha et al. (2011) HSE evaluation 30 I_ndlf_;m DEA
organizations
Shirooyezadeh (2011) HSE evaluation Gas refinery AHP-DEA
MOhamméd(;é”)d Iranban HSE evaluation Hospitals BSC-DEA-AHP
Wau et al. (2015) Maritime safety control Maritime safety DEA
control
. Taiwan’s Taoyuan,
Chang et al. (2015) Risk and s_afety Kaohsiung, and ANP-TOPSIS
evaluation L
Taipei Songshan
. Fuzzy
This paper HSE evaluation Aﬁ?&%ﬂ;ﬁi;}d DEMATEL-
P Fuzzy ANP

According to the content of Table 1, it is clear that HSE evaluation problem is a matter of
concern in various industries but the necessity of new approaches such as Fuzzy DEMATEL
and Fuzzy ANP can be clearly seen. Therefore, two popular companies from two different
industries (one in automotive and one in petrochemical) are selected for evaluating a new
Fuzzy DEMATEL ANP approach for HSE evaluation.

Analyzing the abovementioned literature clarifies the following crucial points:

e The HSE evaluation system is really significant in various types of industries
and in this paper two of the most critical industries are selected to be investigated.

e Developing new and effective approaches in evaluating the HSE systems is
absolutely necessary specially the approaches which can regard expert opinions
such as MADM approaches. Therefore, in this paper, a new Fuzzy DEMATEL-
ANP approach is developed in order to find the relations and assign the weights.

3. The backbone techniques of the study

In order to provide a framework for HSE evaluation system a three-stage approach is
proposed in this study. First, through a deep literature survey, the appropriate criteria and sub
criteria are achieved and then in the second step, the relations of the criteria and sub criteria
are investigated through several experts and special questioners. The results of the first two
steps lead us to a network of criteria and sub criteria. Finally, the appropriate paired
comparison analysis is undertaken using ANP approach and the experts. In the following, the
detail structure of the analysis is explained.
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3.1. Fuzzy DEMATEL

DEMATEL is an effective paired comparison MADM method which was introduced in 1972
by Gabus and Fonetla (Gabus and Fontela, 1972). The technique is based on the experts'
opinions and graph theory. In a directed graph, we can distinguish cause and effect types of
nodes based on analyzing the bidirectional graph. At last, a structure of impacts between
factors would be achieved from the analyses of DEMATEL. This technique is used in this
paper based on the following reasons:

e The identified criteria and sub criteria of the study are not independent to each
other so that some methods such as AHP cannot be utilized. Consequently, an
effective method is needed to analyze the impact and based on the historical
performance; DEMATEL is selected as a preliminary step of ANP.

e Analyzing the cause and effects by the experts could spot more lights on the
subject of paired comparison. Furthermore, the precisions and quality of the
judgments in ANP would be significantly elevated. This claim can be proved
through investigating the inconsistencies of ANP.

e The classical DEMATEL do not consider the uncertainties of the real world in
judgments. In fact, the crisp types of paired comparisons are not advised in real-
world environments. Finally, a Fuzzy DEMATEL is developed in this paper.

3.2. Fuzzy ANP

The analytic network process is a general version of the analytic hierarchy process. While
AHP structures the alternatives, criteria, and sub criteria into a hierarchical form, ANP
structures the problem as a network. Both ANP and AHP obey the pairwise comparisons rules
in order to achieve the weights and ranks (Saati, 2001 and Saati, 2005). The networks of an
ANP consist of several interconnected clusters with outer and inner dependencies and each
cluster contains some criteria and sub criteria. The network is similar to a directed graph in
which the directions come from a preliminary step in ANP or other professional methods such
as DEMATEL (as is in this study). Since, regarding uncertainties in risk-type of issues such
as accidents is vital, again Fuzzy ANP is developed for this paper to cover the lack of crisp
judgments.

3.3. Statistical population

In this study, two companies from two different sectors (one in automotive and the other in
petrochemical) are selected. As the largest automotive producers in Middle-East, IKCO does
have much of a role to play in the areas associated with HSE. Besides, TPC is one of the
largest petrochemical companies in Iran where many special health, safety, and environmental
aspects should be critically implemented and monitored. On the other hand, in terms of
number of labors, IKCO is the most significant producer in Iran and from the potential
hazards; TPC is one of the most influential manufacturers in Iran.

The pairwise comparisons are performed through a group of 16 and 30 HSE experts for IKCO
and TPC respectively (totally 46 experts). The experts are the educated (at least BSc),
experienced (more than 5 years HSE-related experience) managers from top-chart of two
companies.
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4. The methodology of the research

The complete methodology of the research in illustrated graphically in Figure 1.

Extraction of HSE evaluation measures (criteria and sub criteria) from literature

Building the structure of the criteria and sub criteria and providing the pairwise questionnaires of

measures impacts

U

y4 AN

Utilizing Fuzzy DEMATEL in finding the impacts 1 Producing ANP questionnaire for weighting measures
hetween measures

Building the Fuzzy directed impacts matrix Building the ANP model

Defuzzification of fuzzy directed impacts matrix Finding the priority vectors through pairwise
v \!
Normalizing the defuzzy directed impacts matrix Finding the priority vectors through pairwise
Providing super matrix using Fuzzy
DEMATEL and Fuzzy ANP
Total relation matrix Calculating the final weights

Calculating T-Normal super matrix

L

Powering the super matrix up to an appropriate limit

Gaining the results for IKCO and TPC

Figure 1. The methodology of the Fuzzy-DEMATEL-ANP approach of this research
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Based on Figure 1, the proposed approach of evaluating HSE measures consists of two main
steps. Firstly, Fuzzy DEMATEL is analyzed for the criteria and sub criteria through
appropriate pairwise comparisons and the cause and effect relations are achieved. Secondly,
the results of DEMATEL are used in order to provide ANP super matrix and then Fuzzy ANP
Is progressed by the experts to find the weights of all measures. These weights are utilized in
the process of HSE evaluations in two case studies: Iran Khodro Company (the sight of
Tehran) and Tabriz Petrochemical Company.

On the other hand, the selected criteria and sub criteria of the research are illustrated in Table
2.

Table 2. The criteria and sub criteria of the study

Major criteria The Code Sub-criteria The Code
Physical environment of workplace such as
L C11
noise, light, etc.
Chemical factors such as steam, smoke, heat, c12
Harmful Factors in cold, vibration
Workplace C1 Ergonomic factors C13
Psychological factors such as job stress,
A Ci14
quarrel, strike of employees and so on
Biological factors such as bacteria, parasite,
C15
fungus, etc.
Electricity immunity c21
Fire immunity Cc22
Individual protection immunity (use of shoes,
. C23
Immunit hat, gloves, mask, uniforms, etc.
. y C2 Immunity of equipment and tools C24
Indicators e
Furnishing C25
Teaching immunity to employees such as first C26
aids
Risk management program in organization C27
Environmental evaluation C31
Energy consumption per capita C32
Energy auditing studies C33
. Prevention of energy wasting C34
Environmental - -
Indicators C3 Water consumption per capita C35
Process factors Management in organization C36
Waste and sewage management C37
Environmental polluting management C38
Noise pollution management C39

The presented criteria and sub criteria of Table 2 are derived from literature customizing by
the experts.

5. Results and discussions: fuzzy DEMATEL

Fuzzy DEMATEL of this study is similar to its deterministic format but the opinions of the
experts are received qualitatively and convert to Fuzzy numbers. Thus, the calculations are
undertaken using Fuzzy rules (Chen et al. 2008). The first step of the evaluation process is
Fuzzy DEMATEL which is undertaken as follows:

5.1. Preparing fuzzy directed impacts matrix

At first, we ask the experts to write their opinion in pairwise comparisons of impacts between
measures qualitatively. Actually, they are asked to say the effects of factor i (in row) on factor
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J (in column) in five levels of judgment: very high, high, low, very low, and no effect. Then,
the qualitative measures are fuzzified similar to illustrated in Table 3 (Chen-Yi et al. 2007).

Table 3. The linguistic variables and the corresponding Fuzzy numbers

The variables Triangular Fuzzy numbers
Very High impact (VH) (0.75,1.0,1.0)

High impact (H) (0.5,0.75,1)

Low impact (L) (0.25,0.5,0.75)
Very Low impact (VL) (0,0.25,0.5)

No impact (NO) (0,0,0.25)

The opinions of the experts about the cause and effect interactions between criteria and sub
criteria are received and integrated using arithmetic mean such as Chen et al. 2008. The
output of this step is finding the Fuzzy directed impacts (Z). A total of 30 experts in TPC are
filled out the DEMATEL questionnaires. Table 4 presents the Fuzzy directed impacts matrix
for TPC for the main factors (criteria versus criteria).

Table 4. The Fuzzy directed impacts matrix for TPC for the main factors (criteria versus criteria)

Workplace harmful

Environmental factors Safety factors
factors

041 | 065 | 087 | 044 | 068 | 093 | 000 | 000 | 025 Workplace harmful
factors

0.17 0.39 0.64 0.00 0.00 0.25 | 0.30 | 0.53 0.76 Safety factors

0.00 0.00 0.25 0.23 0.47 0.72 0.37 0.60 0.82 Environmental factors

5.2. Defuzzification of directed impacts matrix

Roughly, up to now, the opinions get qualitatively from the experts, then they are fuzzified
based on the earlier discussions. Afterward they are integrated to a matrix and finally in this
stage they are defuzzified. The method is based on the Opricovic and Tzeng (2003).
Therefore, in order to continue the calculations, the impact matrix is needed to be defuzzified
and convert to its deterministic counterpart. In this paper the defuzzification process of is
utilized in which the authors suggest a five-phase approach in order to deffuzify a triangular
fuzzy matrix to a crisp one.

At the first step the initial directed matrix ( Z) is provided. Assume zij = (i, my;, ry;) is a
triangular Fuzzy member in row i and the column j of Z which means the level of impacts of
criteria i on criteria j. Then, in the second step, the normalization process should be
undertaken. In fact, the Z matrix is normalized based on the following process and the X
matrix will be achieved. l;;, m;;, and rj; are the worst case, the most likely case, and the best
case respectively. Consequently, the normalization process is performed through the
following equations:

xm;; = (my; — minly;) /AREY (2)
Xrij = (rij — mlnlll)/Agfﬁ(, (3)

And we have: A= max rj; — minl;;.
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In Equations 1, 2, and 3 minlj; is the lowest value of I;; assigned through the experts and
max rj; is the highest one. Table 5 illustrates the normalized matrix of TPC.

Table 5. The normalized matrix

. Workplace harmful

Environmental factors Safety factors factors

044 070 094 | 047 073 100 | 000 000 027 Workplace harmiul
factors

0.18 0.42 0.69 0.00 0.00 0.27 0.32 057 0.82 Safety factors

0.00 0.00 0.27 0.25 0.51 0.77 0.40 0.65 0.88 Environmental factors

The Third step is to calculate the left normal values (Is) and the right ones (rs) through the
following equations:

XlSij = Xmll/(l + Xmij - Xlij) (4)
xrsjj = xrj; /(1 + xrj; — xmy;) (5

The results are presented in Table 6.

Table 6. The results of factors

. Workplace harmful
Environmental factors Safety factors F:‘actors
xls;; XIS xlsj; XIS xls;; XIS;j
0.56 076 | 0.58 0.79 | 0.00 0.21 Workplace harmful
factors
0.34 0.54 0.00 0.21 | 0.46 0.66 Safety factors
0.00 0.21 0.40 0.61 | 0.52 0.71 Environmental factors

At the fourth step, the final normalized deterministic values are calculated using Equation 6 as
follows:

Xjj = [xlsij(l - xlsi]-) + xrsi]-xrsi]-]/[l — Xlsjj + xrs;;]. (6)
The results are presented in Table 7.

Table 7. The result of factors

Workplace harmful Safety factors Environmental
factors factors
0.682 0.716 0.037 Workplace harmful factors
0.431 0.037 0.565 Safety factors
0.037 0.507 0.634 Environmental factors

Finally, the defuzzified values are calculated utilizing Equation 7 and the results can be seen
in Table 8.

_Amax

zij = min l + X3Anin - (7)
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Table 8. The final directed impacts matrix

Workplace harmful factors Safety factors Enwfronmental
actors
0.634 0.666 0.034 Workplace harmful factors
0.401 0.034 0.526 Safety factors
0.034 0.471 0.590 Environmental factors

Problem the values of Table 8 are the results of Fuzzy DEMATEL analysis which lead us to
impacts matrix. As it is expected, the workplace harmful factors and the safety factors have a
strong impact to each other.

Utilizing Equations 8, 9, and 10, the impacts values are used to provide the estimations of
relations between criteria in ANP network and super matrix. The normalized T-matrix which
is presented in the following tables which are calculated through dividing each member to
sum of its associated column. The values of Table 8 are the Z matrix in the calculations.

X=s2Z (8)
: n n .. 9)
s = min{1/max;<;<p, Z zi;,1/max;<jen z zi;},i,j =12,..,n
(10)
T =X(I - X)!

The total of the values in rows and columns of T-matrix are called D and R vectors
respectively which are calculated through Equations 11 to 13 as follows:

T = [tij]nxn' l!] = 1'2' vy M (11)

n (12)
D= [Z tij]nxl = [ti.]nxl

=1

n (13)
R = [Z tijlixn = [tjlnx1

L

1l
[y

Then, the horizontal axis (importance axis) and vertical axis (relation axis) are calculated by
the addition of the row and column (D + R) and the difference of row and column (D—R)
respectively. The results for IKCO and TPC are shown in Table 9 and 10 respectively.

Table 9. Total impact matrix comparison (IKCO)

D-R | D+R R D | c3 c2 c1

0.764 | 6.458 | 2.847 | 3.611 | 0.441 0.456 0.342 Harmful Factors in Workplace (C1)
-0.462 | 5.905 |3.184 | 2722|0330 0261 0.352 Immunity Indicators (C2)
-0.302 | 5.074 | 2.688 | 2.386 | 0.229 0.283 0.305 Environmental Indicators (C3)
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Table 10. Total impact matrix comparison (TPC)

D-R | D+R | R D C3 C2 c1

0.615 | 11.804 | 5594 | 6.209 | 2.094 2.235 1.881 Harmful Factors in Workplace (C1)
-0.757 | 10.621 | 5.689 | 4932 | 1.640 1525 1.766 Immunity Indicators (C2)
0.142 | 10.753 | 5.305 | 5.447 | 1571 1.929  1.947 Environmental Indicators (C3)

5.3. Finding the impacts matrix of sub criteria

Similar process of calculations in Section 5.2 are undertaken in order achieve the impacts
among sub criteria. In fact, in order to provide the appropriate network for the ANP, all the
relations between criteria and sub criteria should be analyzed. The results for IKCO are
illustrated in Tables 11 to 13.

Table 11. Total impact matrix comparison for sub criteria of workplace harmful factors (IKCO)

D-R | D+R R D C15 cl4 c13 c12 ci1

0471 | 3778 | 1653 | 2124 | 0261 0276 0290 0275  0.189 ci1
0269 | 3201 | 1466 | 1735 | 0261 0222 0215 0152  0.222 c12
0132 | 3467 | 1667 | 1.800 | 0.200 0249 0162 0219  0.245 c13
-1.044 | 4042 | 2543 | 1499 | 0174 0433 0211 0199  0.222 c14
0471 | 1876 | 0852 | 1.024 | 0104 0120 0121 0155  0.122 C15

Table 12. Total impact matrix comparison for sub criteria of safety factors (IKCO)
D-R D+R R D c27 C26 C25 C24 C23 Cc22 c21

-0.014 | 3513 | 1.763 | 1.749 | 0.149 0.144 0.131 0150 0.154 0.159 0.101 | cC21

0.026 3546 | 1760 | 1.786 | 0.151 0.149 0.157 0.151 0.142 0.103 0.158 | C22

-0.018 | 3.016 | 1517 | 1499 | 0.136 0.135 0.120 0.117 0.089 0.111 0.130 | C23

-0.030 | 3.210 | 1.620 | 1.590 | 0.141 0.133 0.124 0.093 0.131 0135 0134 | C24

-0.035 | 2.768 | 1.402 | 1367 | 0.129 0.110 0.083 0.106 0.101 0.122 0.107 | C25

0.071 3407 | 1668 | 1739 | 0.149 0.100 0.140 0.152 0.146 0.147 0.147 | C26

0.000 5254 | 2627 | 2.627 | 0.145 0.228 0.245 0231 0.237 0.224 0.224 | C27

Table 13. Total impact matrix comparison for sub criteria of Environmental factors (IKCO)

D-R D+R R D C39 C38 C37 C36 C35 C34 C33 C32 C31

0.662 | 11411 | 5374 | 6.037 | 0.145 0.135 0.134 0.133 0.135 0.132 0.131 0.131 0.113 C31

-0.094 | 10.259 | 5.177 | 5.083 | 0.107 0.109 0.109 0.112 0.114 0.120 0.118 0.097 0.109 C32

0.262 9.872 | 4.805 | 5.067 | 0.104 0.111 0.109 0.112 0.114 0.118 0.096 0.113 0.111 C33

-0.358 | 11.165 | 5.762 | 5403 | 0.114 0.119 0.117 0.120 0.122 0.102 0.121 0.125 0.120 C34

-0.132 | 10.093 | 5112 | 4981 | 0.105 0.109 0.116 0.112 0.095 0.108 0.111 0.111 0.109 C35

-0.185 | 11.736 | 5960 | 5.775 | 0.136 0.129 0.129 0.108 0.127 0.128 0.129 0.127 0.126 C36

0.168 | 10.446 | 5.139 | 5.307 | 0.105 0.120 0.101 0.117 0.123 0.115 0.116 0.118 0.120 C37

-0.146 | 10.872 | 5509 | 5.363 | 0.125 0.101 0.125 0.119 0.112 0.116 0.116 0.120 0.122 C38

-0.177 | 5.865 | 3.021 | 2.844 | 0.057 0.067 0.059 0.066 0.057 0.059 0.062 0.059 0.070 C39
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Furthermore, the results for TPC are illustrated in Tables 14 to 16 as follows:

Table 14. Total impact matrix comparison for sub criteria of workplace harmful factors (TPC)

D-R D+R R D C15 c14 C13 C12 c11
0259 | 8.147 3944 | 4203 | 0227 0235 0236 0235  0.189 c11
0415 | 7.625 3605 | 4.020 | 0233 0224 0213 0181  0.221 C12
-0.196 | 7.065 3630 | 3435 | 0182 0192 0156  0.185  0.196 C13
-0.588 | 8.626 4607 | 4019 | 0218 0180 0230 0227  0.227 cl4
0110 | 6.026 2958 | 3068 | 0140 0169 0165  0.172  0.167 C15
Table 15. Total impact matrix comparison for sub criteria of safety factors (TPC)
D-R D+R R D c27 C26 C25 c24 c23 C22 c21
0131 | 3.913 2022 | 1.891 | 0144 0435 0127 0143 0139 0149 0098 | c21
-0.052 | 3.923 1987 | 1935 | 0146 0145 0143 0140 0138 0100 0146 | C22
-0.092 | 3.677 1885 | 1793 | 0139 0137 0124 0127 0094 0129 0133 | C23
-0.039 | 3.684 1862 | 1.823 | 0140 0135 0130 0095 0134 0131 0134 | C24
0.087 3.270 1592 | 1679 | 0133 0121 0090 0121 0116 0121 0118 | C25
0.227 3.992 1882 | 2110 | 0454 0109 0154 0154 0160 0155 0157 | C26
0.000 | 5.754 2877 | 2877 | 0145 0219 0233 0220 0219 0215 0214 | C27
Table 16. Total impact matrix comparison for sub criteria of Environmental factors (TPC)
D-R | D+R R D C39 C38 C37 C36 C35 Cc34  C33 C32 C31
001 | 2420 | 1210 | 12.09 | 0125 0124 0123 0121 0120 0120 0120 0119 0112 | C31
049 | 2347 |11.83 | 11.34 | 0113 0111 0112 0114 0115 0116 0116 0105 0111 | C32
056 | 2312 | 1128 | 11.84 | 0118 0117 0.118 0118 0120 0121 0110 0120 0.117 | ©33
041 | 2331 |11.86 | 1145 | 0113 0113 0114 0114 0117 0106 0117 0.118 0113 | C34
054 | 2242 | 1094 | 1148 | 0113 0113 0.116 0115 0107 0116 0116 0116 0114 | C39
054 | 2370 | 1158 | 1212 | 0122 0422 0122 0112 0120 0121 0122 0121 0121 | €36
021 | 2310 | 1145 | 1165 | 0114 0119 0.108 0117 0117 0115 0116 0115 0119 | C37
-0.34 | 2293 | 1164 | 11.29 | 0114 0105 0115 0114 0112 0112 0112 0111 0117 | C38
061 | 1540 | 801 | 7.39 | 0069 0076 0073 0075 0072 0073 0073 0073 0076 | C39

The results of Table 11 to 16 can appropriately present the cause and effects relations between
sub criteria of the main factors with each other. It should be mentioned that the calculations of
DEMATEL are undertaken using MATLAB software and ANP is obtained through "super
decision" software.

6. Results and discussions: fuzzy ANP

The process of assigning weights to the criteria and sub criteria is performed using Fuzzy
ANP. In order to provide the ANP super matrix three types of information are needed:
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e The results of DEMATEL in finding total impacts comparisons for criteria

e The results of DEMATEL in finding total impacts comparisons for sub criteria
e The weights of each criteria and sub criteria achieved by pairwise comparison
questionnaires and analyses in ANP.

The first two abovementioned steps are the outputs of the Fuzzy DEMATEL and the third
step should be provided through ANP analysis.

6.1. Calculating the weights of criteria and sub criteria

In order to find the related weights for each of the criteria and sub criteria, the experts are
asked to compare the criteria and sub criteria using qualitative variables. Then the variables
are converted to Fuzzy numbers utilizing Table 17 from 25 Wei and Yu 2007.

Table 17. Converting the linguistic variables to Fuzzy numbers (Wei and Yu 2007)

Fuzzy number Linguistic variable (The priorities)
(1.1.1) Equal
(2,34) Weak
(4,5,6) Fairly strong
(6,7,8) Very strong
(8,9.9) Absolute
X+1.XX-1 The middle values

Integrating the opinions of the experts is undertaken though geometrical mean of fuzzy
numbers (see Equation 14).

Ziy = (VT X I X X L, 5y xmy X oxmy, Ky Xy X X1y (14)

The final results for IKCO and TPC are presented in Tables 18 and 19 respectively.

Table 18. The integrated Fuzzy pairwise comparisons of 30 experts for criteria (IKCO)

C1 C2 C3
C1 1 1 1 0.348 0.413 0.505 2.944 3.598 4.270
C2 1.979 2.419 2.870 1 1 1 3.695 4.440 5.008
C3 0.234 0.278 0.340 0.200 0.225 0.271 1 1 1

Table 19. The integrated Fuzzy pairwise comparisons of 30 experts for criteria (TPC)

C1 C2 C3
C1 1 1 1 0.525 0.572 0.634 1.428 1.733 2.032
C2 1.578 1.748 1.906 1 1 1 3.109 3.722 4.282
C3 0.492 0.577 0.700 0.234 0.269 0.322 1 1 1

The defuzzification process of Table 18 and 19 is the same as presented in Section 5.2. The
results can be seen in Tables 20 and 21. Furthermore, the consistency ratios (CR) of each
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comparison are reported at the end of the tables. The local weights are also calculated using
Equation 14 in the last columns of Tables 20 and 21.

Table 20. The defuzzified comparison matrix and the local weights for criteria (IKCO)

C1 C2 C3 Local weight
C1 1.000 0.416 3.575 0.306
Cc2 2.424 1.000 4.368 0.588
C3 0.279 0.226 1.000 0.107
CR=0.033<0.1

Table 21. The defuzzified comparison matrix and the local weights for criteria (TPC)

Cl C2 C3 Local weight
C1 1.000 0.574 1.736 0.294
C2 1.747 1.000 3.673 0.547
C3 0.583 0.269 1.000 0.159
CR=0.014<0.1

The consistency ratios of the pairwise analysis in Table 20 and 21 are in acceptable range of
being below 0.1. The results in IKCO and TPC are almost similar in terms of the final
weights. Safety factors get the highest local weights for IKCO and TPC and environmental
factors get the lowest.

6.2. Calculating the weights of sub criteria

The same analyses are performed in order to find the local weights of sub criteria for IKCO

and TPC. The IKCO results are shown in Tables 21 to 23.

Table 22. The defuzzified comparison matrix and the local weights for sub criteria (IKCO)

Ci12 C13 Ci14 C15 Local weight
C11 1.000 0.538 0.530 1.399 3.102 0.179
C12 1.877 1.000 0.966 2.257 4.483 0.307
C13 1.901 1.051 1.000 2.701 3.885 0.316
C14 0.730 0.447 0.372 1.000 2.096 0.131
Ci15 0.322 0.221 0.255 0.484 1.000 0.067
CR=0.076<0.1

Table 23. The defuzzified comparison matrix and the local weights for sub criteria (IKCQO)

C21 C22 C23 C24 C25 C26 Cc27 Local weight
C21 1000 0974 2875 0.739 3.887 1.793 0.660 0.173
C22 1.038 1.000 3.539 0.942 3.969 2.348 0.715 0.196
C23 0.349 0.281  1.000 0.300 1.657 0.925 0.434 0.072
C24 1355 1078  3.317 1.000 2.800 2.459 0.816 0.201
C25 0.254 0249 0.615 0.360 1.000 0.509 0.333 0.053
C26 0568 0.429  1.098 0.412 1.984 1.000 0.422 0.089
C27 1530 1410 2304 1.254 2.996 2.377 1.000 0.216
CR=0.064<0.1
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Table 24. The defuzzified comparison matrix and the local weights for sub criteria (IKCO)

C31 C32 C33 (C34 C3 C36 C37 C38 C39 Local weight
C31 1000 0.904 1.212 0.623 0.590 0.547 0.427 0.335 0.835 0.071
C32 1.120 1.000 1.667 0.270 1.021 0925 0.659 0.616 2.088 0.096
C33 0.840 0.606 1.000 0.281 0.605 0.806 0.456 0.401 0.977 0.065
C34 1638 3.661 3534 1.000 1.393 1417 0.666 1.035 0.892 0.153
C35 1717 0.991 1679 0.724 1.000 0.632 0.668 0.618 0.439 0.091
C36 1867 1.113 1.246 0.724 1595 1.000 0.918 1.681 1.004 0.126
C37 2355 1531 2204 1516 1507 1.099 1.000 0.467 0.525 0.127
C38 2970 1647 2501 0.989 1643 0.598 1.901 1.000 0.561 0.141
C39 1224 0487 1044 1146 2292 1.013 1.921 1.799 1.000 0.129
CR=0.081<0.1

Besides, the results of integrated defuzzified pairwise comparisons of 30 experts for TPC are
illustrated in Table 24 to 26.

Table 25. The defuzzified comparison matrix and the local weights for sub criteria (TPC)

C11 C12 C13 Cl4 C15 Local weight
Cil1 1.000 0.222 1.333 0.326 0.771 0.097
C12 4.445 1.000 4.648 1.392 2.761 0.393
C13 0.763 0.212 1.000 0.272 1.104 0.089
C14 3.069 0.725 3.665 1.000 2.824 0.307
C15 1.317 0.363 0.916 0.354 1.000 0.113
CR=0.095<0.1

Table 26. The defuzzified comparison matrix and the local weights for sub criteria (TPC)

C21 C22 C23 C24 C25 C26 C27 Local weight
C21 1000 0.582 1.279 1.449 5.402 1.904 0.612 0.169
C22 1724 1.000 2427 1.939 4.517 2.169 0.719 0.229
C23 0.794 0416  1.000 1.012 2.377 1.580 0.770 0.128
C24 0695 0520 1.004 1.000 3.128 1.067 0.754 0.127
C25 0.182 0219 0422 0.320 1.000 0.354 0.378 0.046
C26 0531 0465 0.637 0.948 2.846 1.000 0.566 0.105
C27 1649 1.411 1.314 1.335 2.647 1.786 1.000 0.196
CR=0.037<0.1
Table 27. The defuzzified comparison matrix and the local weights for sub criteria (TPC)
C31 C32 C33 (C34 C35 C36 C37 C38 C39 Local weight
C31 1.000 2453 2165 1.145 2216 0.688 0.709 0.555 1.319 0.121
C32 0408 1.000 0.834 0.379 0.801 0.485 0.386 0.255 0.901 0.056
C33 0464 1.217 1.000 0.782 1.104 0.712 0.488 0.301 0.868 0.072
C34 0.880 2.640 1.291 1.000 1.042 0.735 0.764 0.529 1.282 0.104
C35 0455 1.259 0.920 0.967 1.000 0.690 0.645 0.463 1.225 0.081
C36 1.473 2.087 1427 1381 1464 1.000 1.189 1.037 1.866 0.142
C37 1429 2593 2065 1336 1.571 0.851 1.000 0.274 2.495 0.131
C38 1.807 3.870 3.309 1908 2.186 0.971 3.691 1.000 2.950 0.220
C39 0.773 1.139 1179 0.791 0.828 0.546 0.402 0.340 1.000 0.073
CR=0.087<0.1
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The final point which should be mentioned is the acceptable CR for all of the calculations in
the abovementioned tables which can guarantee the validity of the experts' opinions. The final

step in order to achieve the ultimate weights is providing the super matrix.

6.3. Calculating the weights of sub criteria

The T-normal matrix, the impacts between all criteria and sub criteria, and the local weights
are used in order to provide the super matrix. The matrixes for IKCO and TPC are illustrated
in Tables 27 and 28 respectively. Matlab software is used to find the appropriate power of
2k+1 of the super matrixes. Here, the final weights are achieved in the power of 33. The
results of the final weights are illustrated in Table 29 and 30 for IKCO and TPC respectively.

Table 28. The final weights of the criteria and sub criteria (IKCO)

Weights of major

Major criteria Sub-criteria

Weights of Sub-

criteria (priority) criteria
Physical envwon_mem of workplace such as 0.0262
noise, light, etc.
Harmful Factors in Chemical factors such as steam, smoke, heat,
SO 0.0307
Workplace cold, vibration
(C1) 0.1196 (2) Ergonomic factors 0.0316
Psychological factors such as job stress,
A 0.0194
quarrel, strike of employees and so on
Biological factors such as bacteria, parasite, 00116
fungus, etc.
Electricity immunity 0.0235
Fire immunity 0.0253
. Individual protection immunity (use of shoes,
:%T:;?:é hat, gloves, mask, uniforms, etc. 0.0145
(€2) 0.1492 (1) Immunity of equipment and tools 0.0246
Furnishing 0.0122
Teaching immunity tgiggnployees such as first 0.0173
Risk management program in organization 0.0319
Environmental evaluation 0.0066
Energy consumption per capita 0.0067
Energy auditing studies 0.0057
Environmental Prevention of energy wasting 0.0087
Indicators 0.0644(3) Water consumption per capita 0.0064
(C3) Process factors Management in organization 0.0081
Waste and sewage management 0.0078
Environmental polluting management 0.0083
Noise pollution management 0.0062
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Table 29. The final weights of the criteria and sub criteria (TPC)

Major criteria Weights of major Sub-criteria Weights of Sub-
criteria (priority) criteria
Physical environment of workplace such as
L 0.018
noise, light, etc.
Harmful Factors in Chemical factors such as steam, smoke, heat,
Lo 0.034
Workplace cold, vibration
(C1) 0.111 (2) Ergonomic factors 0.015
Psychological factors such as job stress,
. 0.029
quarrel, strike of employees and so on
Biological factors such as bacteria, parasite,
0.015
fungus, etc.
Electricity immunity 0.021
Fire immunity 0.026
. Individual protection immunity (use of shoes,
Ilrr::jr:::l;rt]éz hat, gloves, mask, uniforms, etc. 0.018
(C2) 0.140 (1) Immunity of equipment and tools 0.018
Furnishing 0.012
Teaching immunity to employees such as first
aids 0.018
Risk management program in organization 0.028
Environmental evaluation 0.010
Energy consumption per capita 0.007
Energy auditing studies 0.008
Environmental Prevention of energy wasting 0.009
Indicators 0.082 (3) Water consumption per capita 0.008
(C3) Process factors Management in organization 0.011
Waste and sewage management 0.010
Environmental polluting management 0.014
Noise pollution management 0.006

The results of Tables 29 and 30 lead both companies to the priorities of the criteria and sub
criteria in HSE evaluation system. The schematic and comparative views of the results for
two companies are presented in Figure 2. The results prove that in IKCO risk management
program in organization, ergonomic factors, and chemical factors such as steam, smoke, heat,
cold, vibration are the three main sub criteria respectively. Besides, in TPC chemical factors
such as steam, smoke, heat, cold, vibration, psychological factors such as job stress, quarrel,
strike of employees and so on, and risk management program in organization are the on the
top. Interestingly, chemical factors and risk management are on the top three of both of the
companies which can imply to general importance of these sub criteria disregarding the
industry. The schematic representation of the results is presented in Figure 2.
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C1 Cc2 C3

0.180

0.150 -

0.120 -

0.090 -

0.060 -

0.030 —+

0.000 -

Figure 2. The final weights for three main factors

The analysis of the final results is completely interesting. In despite of the fact that the
pairwise comparisons are absolutely independent in terms of companies and experts, the both
ultimate weights and rankings are clearly similar. The safety factors are in the top priority list
of evaluating HSE system for IKCO and TPC with the weights of 0.149 and 0.140
respectively. At the second place, we can see workplace harmful factors for IKCO and TPC
with the weights of 0.120 and 0.111 respectively. Environmental factors get the lowest
priorities but it is the only factor that TPC presents the higher value (0.082) in comparison
with IKCO (0.064) which means that in petrochemical companies environmental factors are
more considerable compared to automotive counterparts.

7. Conclusion and future research

This paper develops a new Fuzzy-DEMATEL-ANP method in order to find the main criteria
and sub criteria of evaluating HSE systems and analyzing the relations between them.
Besides, through the pairwise comparisons, the criteria and sub criteria are prioritized for two
of the largest companies in Iran, one in automotive and the other in petrochemical industry.
Fuzzy approach is exploited in order to have near-to-reality experts' information.

The final results are somehow appealing when we find the ranking of the main factors exactly
the same. Safety factors are the most significant criteria for both companies. Workplace
harmful factors and environmental factors are the second and the third in the achieved
ranking. For IKCO, safety factors, workplace harmful factors and environmental factors get
the weights of 0.149, 0.120, and 0.064 respectively. Furthermore, for IKCO, safety factors,
workplace harmful factors and environmental factors get the weights of 0.140, 0.111, and
0.082 respectively.

The presented model can be extended in other automotive and petrochemical companies in
order to evaluate HSE systems. However, the similar results in two companies can lead us to
the conclusion that we would expect similar ranking in other industries in Iran based on the
similarities in administration approaches.

There are some similar researches based on this study. The evaluations of HSE systems can
be undertaken in IKCO and TPC in order to find the practical results of the model. However,
it needs a scoring system for the model. In order to complete the evaluation system, a data
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envelopment analysis can be added as an evaluator at the evaluation stage of the model.
Finally, a decision support system can be developed based on the achievements of this study.
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