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Extended Abstract

Introduction and Objectives: The petrochemical industry faces numerous risks due to its technical,
economic, and environmental complexities, including financial challenges, sanctions, and social issues, which
can lead to significant losses in project cost, time, quality, and scope. Effective risk management in this sector
not only mitigates these losses but also plays a critical role in enhancing project efficiency and success.
However, inadequate or incorrect risk management can result in project delays or reduced productivity. Thus,
accurate risk identification and assessment are essential as the foundational steps in the risk management
process. This study aims to provide a comprehensive framework for analyzing and evaluating risks in
petrochemical projects. By focusing on mapping the hierarchical network of risk interactions and prioritizing
them, the research seeks to develop a practical tool for improving risk management and preventing potential
damages. The objective is to offer actionable insights for project managers to make informed decisions and
manage risks effectively across various stages of the project lifecycle.

Research Methodology: This study adopts a positivist paradigm, designed as an applied and descriptive-
survey research. Quantitative data were collected using structured questionnaires and credible documents from
a target population comprising risk management experts and senior petrochemical managers with practical and
theoretical experience in the field. A two-stage hybrid approach was employed for data analysis. In the first
stage, the DEMATEL-ISM model was used to identify causal relationships between risks and construct their
hierarchical structure, calculating metrics such as centrality (e.g., 4.39 for C1) and causality (e.g., 0.607 for
C1) to determine the importance and causal role of each risk. In the second stage, a combination of FMEA
(Failure Mode and Effects Analysis) and CM-TOPSIS was applied to quantitatively assess and rank risks based
on factors like severity, occurrence, and detectability. The process was validated through expert judgment in
two phases to ensure accuracy and reliability. This hybrid approach provided a deeper and more
multidimensional perspective compared to traditional methods like FMEA alone.
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Findings: The study yielded two key findings. First, DEMATEL-ISM analysis produced a hierarchical
network illustrating the causal relationships among risks. This network revealed that risks such as “lack of
attention to regional welfare and social issues” (C5) and “failure to document lessons learned” (C10) act as
root causes, influencing higher-level risks like “financial challenges” (C1) and “equipment supply issues”
(C9). Second, the FMEA-CM-TOPSIS assessment prioritized risks, identifying C1 (with a closeness
coefficient of 0.758511) and C9 (CC of 0.562901) as the most critical risks requiring active management. Path
analysis further showed that C5 and C10 exacerbate overall project risk by impacting intermediate factors (e.g.,
Cl and C9). Compared to traditional FMEA, this hybrid method offered greater precision and detail in
analyzing interdependencies, enabling the identification of key vulnerabilities in the project structure.

Conclusion: By integrating DEMATEL-ISM and FMEA-CM-TOPSIS, this research presents an innovative
framework for risk identification, analysis, and evaluation in petrochemical projects. The approach enhances
the prioritization of critical risks and, through path analysis, enables data-driven decision-making for
managers, ultimately reducing losses and boosting efficiency. Future research could explore the probability of
risk occurrence using historical data and impact networks. Additionally, leveraging data mining to automate
risk identification and prediction based on past industry patterns could further improve risk management
processes. This study marks a significant step toward advancing risk management in the petrochemical sector,
paving the way for more sophisticated future investigations.

Keywords: Petrochemical risk management, Interpretive Structural Modelling (ISM), Dematel, Failure Mode
And Effects Analysis (FMEA), Cloud Model (CM).
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1. Decision-Making Trial and Evaluation Laboratory
2. Fontela

3. Gebus

4. Interpretive Structural Modelling

5. Warfield



VEF Lo = (FNVD 0)gd - gtatio S oo 10l Ve

4 A8 oo (2l (L1895 4 ) s g 03900 pHOISel ) e (Shizey oy 8 Canl (chgy el )W il e S
Aiodgus CBlunl gliwly )3 18T § gy (gl Jde 4 1y Wrpimn 5| pae g Blais put D slay Jdo gy cpl AL S)d BB Solw 4
WS (o A5 (345
(0,5 o0 0yLisl Bl Julodi sy ;3 duwloes yg)) Cuwl 1D & 3 4 DEMATEL-ISM oS53 Joo (gjlwooley slapls
C 4y adtano 33 o Slo dpnlons ) 15
Silodloy ¥ a8
T gols il L plo Juis ¥ o8
aliwl do s F 55
el 5 613875 69 alona 0 p15
ielos O Jglae g e Lallg) (s 9 K (guopind (o plo JoSis # pl8
D55 29 0 gl T gl b L ple 31 48 ol (S 50) )l maplo S K. (ond 5o
Qb & S Ty Jade 31 o (T Slaalyd (:Sle Ygano) 39 oy () dilial s il o il (il
pac (line ) 0,8 0 Kij = 0 s @ = Ty 31 ()38t (sabaly 3959 (slino &) 3,5 0 3 Ky = 1
Sladegece olulid b g WS oo (gilwosks |y Jalge cpr etuno o g waditns Lalgy o ilo ol (aladly 292
WS oo Ko ol poalds L3l g (Jolao= e Laly) oy 0 Jole o sl (Ryj) (biwd 5 (Sj) o ien
ol oS JuSuii g Jole o o (0 V
2 (ol Al 4 Jo i A 5
TOPSIS S5 (853 Jo 3,509, 31 03Wiu] b ok £ Vol FMEA (g, (SuCuglg] ogum Al w0
Jbe 31 03l b s 5 005 (Solgo FMEA gy B 53 Sy y (6l 0 cyass (slyiSTé 53 s ks Lol by o) 5
g o oy Ol i gy 9 FMEA (iS5 1l 11 8590 (sdiuCuglyl IaSuuy TOPSIS SiSS (6
Jyao S5 55 CanSis 058l SN oty Cuglel g Slolids Caga ool Silatunen gy (FMEA) (il g las Lo g 49350
o2 (39 Vb 2 SUSS ol 42 g5 09 (o )10 ()3 058l Jolse (plolis (gl o Cnl S5 g g (o SiSS S .ot L g 08
3 S 5 s 3 SV ) Caa anld ol o sl b (s (1l Bk ) (ynte ol Jl38l Caled )3 5 el
1 D90 (dliol F Jodo illao «(Detect) i Jlois] g (Severity) jlas i ((Occurrence) g8 Jlain ;551 ¥ )5 o]
Cypalols ply S ) Coglgl das 054 0 00lain] b Sy (GAisCuglsl 5 2Lyl Cps (RPN') Sy Copglsl das I FMEA ot 3,S0,
Caz oS B ¥ 5| imah ol ) ol yiin Sany Cagen Coglgl 0l i 3ae cpl JJaio da o (ol Sy (sl ST 3 ljlsal
O o (S7) 3l g o 2 il G (0) g 539 ol 231 aylie 115 390 baygiST sl 005 030l FMEA SiS5 55 o3 il
ol 0 03l (D) JyiS 53 oamline § S il o () aigsa o b

1. Risk Priority Number
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1. Randomness
2. Fuzziness
3. Technique for Order of Preference by Similarity to Ideal Solution
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1. Positive Ideal Solution
2. Negative Ideal Solution
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