Industrial Management Studies = ATU
Vol(issue), PP. Drdl | PRESS
.atu.ac.ir

DOI:

Identification and Modeling of Artificial Intelligence
Enablers Influencing Supply Chain Logistics
Sustainability in the Petrochemical Industry

. Department of Operations Management and
Sayed Mojtaba Information Technology, Faculty of
Nabavifard* Management and Accounting, Allameh
Tabataba’i University, Tehran, Iran

. Department of Operations Management and
Mohammad Taghi Information Technology, Faculty of
Taghavi Fard Managementiand Accounting, Allameh
Tabataba’i University, Tehran, Iran

Department ofi\©perations Management and
. . Information Technelogy, Faculty of
Maghsoud Amiri Management and Accounting, Allameh
Tabataba’i University, Tehran, Iran

Department of Operations Management and
. Information Technology, Faculty of
Abolfazl Kazazi Management and Accounting, Allameh
Tabataba’i University, Tehran, Iran

Abstract \
With the growing application of artificial intelligence (Al) in supply chains,

identifying the enablers of its effective adoption has become essential for
sustainable logistics. However, a comprehensive framework explaining Al
adoption in the petrochemical industry remains lacking. This study aimed to
identify, model, and assess the current status of Al enablers influencing supply
chain logistics sustainability in the petrochemical industry. A mixed-methods
approach was employed, comprising a systematic literature review of studies
published from 2008 to 2025, the Fuzzy Delphi method, and partial least
squares-based confirmatory factor analysis. The review identified 57 enablers
across 11 components and three TOE-based dimensions: technology,
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organization, and environment. Fuzzy Delphi validation excluded five
enablers. The findings highlight infrastructure and data governance,
organizational capabilities, and institutional and technological ecosystem
conditions as key requirements for effective Al adoption. The proposed
framework provides a basis for developing digital transformation roadmaps
and enhancing sustainable logistics performance.

Keywords: Artificial Intelligence, Enablers, Sustainable Logistics,
Petrochemical Industry, TOE Framework

Introduction

Sustainable supply chain management and, logistics have become strategic
imperatives due to growing global environmental, economic,sand social
challenges. In the petrochemical sector-which agcounts,for\approximately
30% of the Middle Eastern market, 10%, of “global, primary energy
consumption, and 14% of greenhouse gas emissions- %gistics operations
encounter complex challenges regarding, hazardous material handling,
infrastructure constraints, operational “risks; and stringent regulatory
pressures. Artificial Intelligence offers transformative capabilities, including
demand forecasting, dntelligent, inventory management, transport route
optimization, predictive maintenance, and real-time operational monitoring.
When integrated with. complementary digital technologies like the Internet of
Things, Blockchain, and Big,Data Analytics, Al-enabled logistics systems can
reduce inventory levels bywup t0 35% and enhance service efficiency by up to
65%.

However, successful Nadoption relies not merely on isolated algorithms, but
on a holistic ecosystem of technological, organizational, and environmental
factors. Existing literature lacks a systematic, integrated framework
specifically addressing Al enablers for sustainable logistics in heavy process
industries. To bridge this knowledge gap, this study utilizes the Technology-
Organization-Environment (TOE) framework to identify, validate, and
hierarchically model Al enablers while evaluating the current industry
readiness level in the petrochemical sector.

Methodology
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This study adopted a rigorous multi-phase mixed-methods research design.
First, a Systematic Literature Review following the 7-step protocol of
Sandelowski and Barroso screened 345 studies from major international and
national databases spanning 2008 to 2025. Quality appraisal via the Critical
Appraisal Skills Program (threshold > 50%) yielded 95 eligible articles, from
which 281 initial indicators were extracted and synthesized into 57 unique
enablers under 11 TOE components.

Second, a two-round Fuzzy Delphi Method involving a panel of 10 industry
and academic experts evaluated the factors, applying a 0.70 defuzzified
threshold to validate 52 core enablers after removing 5 redundant items. Third,
Structural Equation Modeling via Partial Least Squares (PLS-SEM) was
executed on a 3-tier Hierarchical ComponentiModel configuredas reflective-
formative constructs. Data gathered from 128 valid surveyaresponses from
petrochemical managers were analyzed using SmartPLS totest reliability,
validity, and formative path weights. \

Results and Discussion

Formative structural weight analysis at the'third-order level revealed that the
Technology dimension exerts the strengest impact on overall Al enablement
(weight = 0.484, T = 3.923), followed by Organization (weight = 0.346, T =
3.171) and Envirenment (weight =/0.231, T = 3.641), with all path weights
statistically significant atyp < 0.0T. At the second-order level, Base and
Complementary Technologies‘(weight = 0.365) and Data Infrastructure
(weight = 0.315) emerged as primary technical drivers, Organizational
Strategy and Culture’ (weight = 0.406) dominated the organizational
dimension, and‘Technology Ecosystem (weight = 0.501) led environmental
drivers. Descriptive statistical evaluation of industry readiness indicated
higher operational maturity in Cyber Security (mean = 2.95) and Data
Infrastructure (mean = 2.85), whereas the Institutional Regulatory
Environment (mean = 2.50) and Financial Allocation (mean = 2.55) represent
critical industrial bottlenecks.

The discussion synthesizes three major strategic insights from these empirical
outcomes. First, baseline technological infrastructure and relational data
readiness serve as mandatory prerequisites, as advanced Al algorithms cannot
function effectively without unified cloud architecture and loT data
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integration. Second, a pronounced institutional lag exists where strong market
demand pushes enterprises toward digital adoption, yet macro-level policy
gaps and regulatory ambiguity hinder systemic implementation. Third, while
top management clearly recognizes the strategic necessity of Al, conservative
capital allocation creates a significant budgeting bottleneck for high-risk
digital transformation projects.

Conclusion

This research delivers an empirically validated, multi-dimensional framework
demonstrating that successful Al deployment for sustainable logistics in the
petrochemical industry requires a synchronized tri-axialistrategy spanning
technological, organizational, and enviropnmental domainsy, Rather than
treating artificial intelligence as a standalone IT, enhancement, petrochemical
enterprises must simultaneously cultivate robust, data‘,gevernance, adapt
organizational decision-making structures, and. actively navigate external
regulatory ecosystems. The findings provide industrial” leaders, logistics
decision-makers, and policymakers withan actionable roadmap to align
digital innovation initiatives with long-term econemic, environmental, and
social sustainability goals.
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