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ABSTRACT

Introduction: Process industries are considered to be vital pillars of economic development, but the
complexity of their performance and processes poses serious challenges to effective risk management.
This study presents an integrated model based on Fuzzy DEMATEL and Fuzzy ANP methods to identify and
prioritize key factors affecting risk management in these industries.

Material and Methods: First, in a systematic literature review, 54 eligible articles were selected from
reliable sources between 1995 and 2024, and 23 initial factors affecting risk management were extracted.
Then, in three rounds of Delphi technique with the participation of 13 experts with an average work
experience of 12.6 years, 20 final factors were confirmed. Subsequently, the Fuzzy DEMATEL method was
used to analyze the cause-and-effect relationships between the factors, and the Fuzzy ANP method was
used to determine their weight and priority.

Results: The results indicated that 6 factors play a causal role, while 14 factors play an effect role.
“Training” and “management commitment” were identified as the most effective causal factors, playing a
pivotal role in strengthening other risk management measures. In contrast, “maintenance and repair” and
“contractor and stakeholder participation” were the most influenced by other factors. Additionally, “safety
culture and climate” obtained the highest weight in the fuzzy network analysis.

Conclusion: By providing a comprehensive picture of the influencing factors and their interactions, the
proposed framework provides a practical and strategic tool for managers to improve process safety and
manage risks more effectively by focusing on priority factors.
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1. INTRODUCTION

Process industries are high-risk environments
due to the complexity of operations, the use
of hazardous chemicals, and human-machine
interactions, and any failure in safety management
can have irreparable consequences at the human,
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financial, and environmental levels. Therefore,
identifying hazards and assessing risks using
qualitative and quantitative tools is essential to
reduce these threats.

Risk management, as a structured process,
includes identifying, analyzing, evaluating, and
controlling risks, and in addition to reducing
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Fig. 1: Study Method

consequences, facilitates the achievement of
organizational goals. In recent years, the approach
to risk management has shifted towards a holistic
and integrated approach, aligning strategies,
technology and human capital to reduce
uncertainty (5). Despite the importance of the
topic, research on ranking the key factors affecting
risk management in process industries is limited.
Studies such as Abu Kwaik et al. have emphasized
factors such as economic flexibility, organizational
characteristics and organizational culture, while
Zwetsloot et al. have emphasized the role of
management commitment and safety culture.

In the meantime, multi-criteria decision-
making (MCDM) methods have been widely used
to analyze such complex factors. The DEMATEL-
ANP (DANP) method, combining the advantages
of DEMATEL and ANP, reveals both causal
relationships and the priority of factors. Adding
fuzzy logic also provides a more accurate analysis of
uncertainties by converting qualitative judgments
into numerical data. Previous findings have also
confirmed the importance of this approach in
improving safety perception, with Modiri et al.
finding the role of managerial, equipment, and
human factors to be crucial .

Therefore, the present study, relying on the
Delphi method and the fuzzy DANP model,
identifies and prioritizes key risk management
factors in process industries to provide a scientific
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framework for safety promotion and evidence-
based decision-making.

2. MATERIAL AND METHODS

This study was descriptive-analytical and aimed
to identify and prioritize factors affecting safety risk
management in process industries. In the first step,
a systematic review was conducted in reputable
databases including Google Scholar, Elsevier, Web
of Science, and Springer between 1995 and 2024.

In the second step, the Delphi method was
used to validate the identified factors. 13 experts
in the field of process safety and HSE who had at
least 5 years of work experience participated in
this step. The Delphi process was implemented in
three rounds, and opinions were collected using
a semi-structured questionnaire and a five-level
Likert scale, the final factors were selected and
consensus was reached. In the third step, the
Fuzzy DEMATEL method was used to analyze
the relationships between factors and determine
the causal-disability structure. In the final step,
the Fuzzy ANP method was used to weight and
prioritize the factors. The study method is shown
in figurel.

3. RESULTS AND DISCUSSION
Final factors affecting safety risk management

After conducting literature review and content
analysis, 54 final articles were finally approved.
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Table 1: degree of the central role of D + R and D-R

‘ RESULT ‘

Management commitment Cl 0.616 0941 1384 0396 0.666 1.003 0.980 0.688 1.669 0.292 casual

Participation and communication c2 0.412  0.661 1.635  0.485  0.763 1.170 0.703  0.806 @ 1.508 -0.103 effect

safety Culture and climate C3 0.614 0936 1372 0487 0776 1.185 0974 0814 1788 0.160 casual

perception and awareness, skills _ _
C4 0356 0580 0920 @ 0.435 | 0.673  1.037 0619 0715 | 1334 -0.096 effect
and competency

Contractors and stakeholders' _ L
C5 0.322 0526 0.836 0.458 0.725 1.127 0561 0.770 1331 -0.209 effect

participation
Procedures and regulations (6] 0.554  0.856 @ 1.290 0.453 | 0.701 1.071 | 0.900  0.742 1.642 0.158 casual
Reporting and accident analysis Cc7 0430  0.694 1.092 0470  0.730 1.106 0.739 0768 1.507 -0.030 effect

Implementation and follow-up of
dit C8 0.344 0556  0.874 | 0.464 | 0.722  1.104 0591 0763 | 1355 -0.172 effect
audits

Incentive and punishment _ _ _ -
(6°] 0.434  0.728 1.184 0.488 0.785 1225 0782 0.832 1.615 -0.050 eftect
programs
Project cost availability of

. . C10 0.439  0.707 | 1.123  0.451 | 0.724 | 1.131 0756  0.769 | 1525 -0.012 effect
financial resources

Maintenance and repair Cl11 0478 0767 1.219 0598  0.956 1503 0.821 10619 18406 -0.198 effect

Technical and technology issues Cl2 0603 0943 1470 0613 0962 1494 10605 1.023  2.028 -0.017 effect

Training and education C13 0770  1.192  1.806 0.504 0.835 1332 1.256 0.890 2.146 0.366 casual
Responsibilities organization Cl4 | 0.507  0.838 | 1.363  0.512 | 0.835 1378 0903 0909  1.811 -0.006 effect
Complexity/flexibility Cl5 0461 0735 1.163 0461 0.756 1213 0.787 0810 1597 -0.023 effect
Safety vs productivity Clé 0.502 0807  1.278 | 0.587 | 0.945 1490 0.862 1.0607 | 1870 -0.145 effect
Supervision/inspection C17  0.617 0975 1.528 0.533  0.870 1383 1.040 0929 1969 0.111 casual

Process safety vs occupational _
fet C18 0.521  0.889  1.360 | 0.556 | 0.892 1402 0923 0950 | 1873 -0.027 effect
safety

Risk and hazard assessment Cl9  0.667  1.057 1.649 0.591 0940 1448 1.125 0993 2.117 0.132 casual

Combating the Normalization of _ _ _ _ _
Devi C20 0.472  0.784 1276 0.578 | 0920 1421 0.844 0973 1817 -0.129 effect
eviance

Delphi method Results In particular, factors with the highest number
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Finally, 20 factors were included in the study.

Fuzzy DEMATEL Results

According to Table 1, among the main factors,
education and training (C13) with a value of (D
- R = 0.366) and management commitment (C1)
with a value of (D - R = 0.292) were identified as
the most important causal factors. These factors
have a guiding role in the safety risk management
system and have the greatest influence with the
least dependence on other factors. In contrast,
contractor and stakeholder participation (C5) with
a value of (D - R = -0.209) and maintenance (C11)
with a value of (D - R = -0.198) were identified as
the most influential factors. These factors are more
influenced by other variables and have less guiding
power in the system.

According to the relationship network diagram
(Figure 2), the high density of connections between
factors showed that changing or modifying each
factor can have a significant impact on other factors.

Journal of Health and Safety at Work 2026; 16(1)

of input and output arrows, such as employee
training and education, should be prioritized for
management interventions.

Fuzzy Network Analysis Results

As illustrated in table 2, the factor “safety
culture and climate” was ranked first with a weight
of 0.058. After that, the factors “participation and
communication”, “Contractors and stakeholders’
participation” are in the second to third priorities,
respectively.

4. DISCUSSION

This study, with the aim of promoting safety
and improving the risk management system
in process industries, presented a fuzzy multi-
criteria decision-making model based on the
combination of Fuzzy DEMATEL and Fuzzy
ANP. The findings showed that employee training
and education and management commitment
are the most important causal factors that have
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Fig. 2: Schematic of relationships between factors affecting risk management

Table 2: Ranking of factors affecting risk management based on the FDNAP method

Safety culture and climate
Participation and communication
Contractors and stakeholders' participation
Risk and hazard assessment
Maintenance and repair

the greatest direct impact on other criteria. In
contrast, contractor and stakeholder participation
and preventive maintenance as influential factors
showed the greatest impact from other factors.
These results emphasize the importance of
investing in continuous training, strengthening the
safety attitude of senior managers, and developing
detailed instructions for contractors and key
employees in reducing risks.

According to Henrich’s theory, about 88 percent
of accidents are caused by unsafe behaviors that
can be controlled by training, increasing awareness,
and promoting a safety culture. Research by Zahiri
et al. (2020) also showed that inadequate safety
management, inadequate training, and poor

[ DOW!

C3 0.058151 1
C2 0.055095 2
C5 0.053523 3
C19 0.053324 4
Cl1 0.05284 5

employee attitudes are among the main reasons
for unsafe behaviors in petrochemical industries.
These findings are consistent with the present
results and indicate that employee training and
active participation play a key role in reducing risks
and improving safety performance.

Based on the results of the fuzzy network
analysis method, safety culture and climate gained
the highest importance with a weight 0o£ 0.058151.
This factor is closely related to management
commitment and its improvement can lead to a
reduction in accidents and risks. Also, employee
participation and communication (0.055095)
and contractor and stakeholder participation
(0.053523) have a high position in strengthening

Journal of Health and Safety at Work 2026; 16(1)
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safety processes. Risk assessment and hazard
identification (0.05324) were also recognized
as the foundation of risk management, as they
enable organizations to focus their resources to
control critical risks. The literature review shows
that the results of the present study are consistent
with the findings of Ajslev (2017) and Berhan
(2020) that showed management commitment
has a direct impact on risk reduction and safety
improvement.

In addition, preventive maintenance was
introduced as one of the important factors in risk
reduction. Studies such as Wang (2020) showed that
using equipment data and implementing preventive
programs can minimize the likelihood of sudden
failures and the resulting safety consequences.
However, the present study had limitations,
including reliance on expert judgment, complexity
of the fuzzy model, and focus solely on process
industries, which limits the generalizability of the
results to other industries. For future research, it is
suggested that the presented model be applied to

Journal of Health and Safety at Work 2026; 16(1)

other high-risk industries. In addition, a deeper
examination of the human and organizational
dimensions and their role in strengthening risk
management strategies can lead to the creation of
a more comprehensive and sustainable framework
for promoting organizational safety.

5. CONCLUSIONS

By providing a comprehensive picture of the
influencing factors and their interactions, the
proposed framework provides a practical and
strategic tool for managers to improve process
safety and manage risks more effectively by
focusing on priority factors
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