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Given the requirements of the 4.0 industry and the increasing
competitiveness in the fast-moving consumer goods (FMCG) industry,
this study aims to provide a pioneering theoretical framework to
identify the requirements and paths for implementing a smart supply
chain in this industry. The main goal is to provide insights and
practical strategies for FMCG companies to systematically transition to
a smart supply chain. The present study was conducted with a
qualitative approach and using semi-structured interviews. The data
were analyzed using the content analysis method and ultimately led to
the development of a model. The statistical population included
academic experts familiar with the field of supply chain and the
FMCG industry, 11 of whom were selected through purposive
sampling. The sample size was determined based on the theoretical
saturation rule. The results of data analysis led to the identification of
concepts in the form of 5 main themes including acceptance process,
participation, culture building, process synchronization and supply
chain smartization, and were examined at four levels: physical,
organizational, data and technology. The main innovation of the
research is to provide a comprehensive and multi-level framework as
an operational roadmap for supply chain intelligence in the FMCG
industry. The findings show that systematic implementation of this
framework can lead to improved transparency, enhanced service
quality, increased operational agility, and ultimately enhanced
competitive advantage and business growth in the digital space. This
framework can be used as a practical basis for decision-making by
managers and policymakers in the FMCG industry.
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Introduction

As a resource-intensive, technology-driven, and infrastructural sector, the shipbuilding industry
plays a pivotal role in fostering economic development and facilitating maritime transportation.
Nevertheless, its inherently project-based nature, prolonged design-to-delivery lifecycles,
substantial technical complexity, and stringent regulatory standards render it one of the highest-
risk industrial sectors.

In recent decades, the Design for Supply Chain (DFSC) approach has emerged as an
innovative paradigm aimed at integrating strategic supply chain decisions into the earliest stages
of conceptual and detailed engineering design. Despite extensive research on aligning
engineering design with supply chain capabilities, a conspicuous research gap persists regarding
the systematic operationalization of this approach within the maritime and shipbuilding
industries, particularly in the context of developing economies.

To bridge this gap, the present study seeks to comprehensively identify, categorize, and
prioritize the critical success factors influencing the effective adoption of DFSC in the Iranian
shipbuilding industry. Ultimately, this research proposes a robust decision-support framework to
enhance design—supply chain integration and foster the strategic implementation of DFSC
practices.

Research Objectives and Questions

This study addresses the fundamental research question: What are the critical factors and criteria
influencing the implementation of Design for Supply Chain (DFSC) in the Iranian shipbuilding industry,
and how are these factors prioritized based on their relative importance?

Specifically, the primary objectives are as follows:

e To comprehensively identify the key dimensions, determinants, and operational challenges
affecting DFSC implementation in the shipbuilding industry.

e To contextualize and refine the identified criteria based on expert consensus from maritime
industry leaders and supply chain specialists.

e To determine the relative weights and prioritize criteria and sub-criteria systematically using the
Analytic Hierarchy Process (AHP).

e To provide actionable managerial insights and policy guidelines aimed at mitigating risks,
containing costs, and enhancing operational efficiency across vessel design and procurement
stages.

Methodology

This research is applied in terms of its objective and employs a quantitative, descriptive-survey
methodology for data collection and analysis. The implementation process was executed across four
consecutive stages:
e Initial Identification and Screening: A systematic review of relevant literature on Design for
Excellence (DFX), DFSC, and marine engineering challenges was conducted to formulate an
initial pool of candidate dimensions and metrics.
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o Structural Model Refinement: A panel of 10 domain experts—comprising senior engineering
directors, naval architects, and supply chain management scholars (with an average professional
experience exceeding 10 years in the maritime sector)—was engaged to screen and finalize the
criteria.

e Questionnaire Design and Data Collection: Pairwise comparison matrices based on Saaty’s 1-9
fundamental scale were developed to elicit expert preferences and judgments.

Hierarchical Analysis and Consistency Verification: The relative weights and overall priorities were
computed using computational software (Expert Choice and Excel). The Consistency Ratio (CR) for all
pairwise comparison matrices remained strictly below 0.10, confirming the robustness and logical
consistency of expert evaluations.

The finalized hierarchical model comprises 9 main dimensions—Design Technology, Supply Chain,
Economic Factors, Organizational & Managerial Factors, Environmental & Regulatory Aspects,
Information Technology & Data Integration, Risk Management, Sustainability & Environmental
Considerations, and Supplier Collaboration—encompassing a total of 28 specialized sub-criteria.

Findings

The empirical findings derived from the pairwise comparisons revealed an uneven distribution of
importance across dimensions and sub-criteria, converging predominantly around three core hubs:
Design Technology and Engineering, Economic Feasibility, and Supplier Relationship Management:
e At the sub-criteria level, “Ship Design Complexity” (A1) obtained the highest global priority
with a weight of 0.1662, ranking first overall.
e “Initial Design and Production Setup Costs under DFSC” (C1) ranked second with a global
weight of 0.1238.
e “Standardization Barriers of Marine Parts and Equipment” (A2) secured the third position with a
weight of 0.0674.
Discussion

The empirical findings substantiate that the shipbuilding industry, governed by an Engineer-to-Order
(ETO) paradigm and exceptionally complex product architectures, is fundamentally constrained by
engineering complexity. The dominance of “Ship Design Complexity” (A1) aligns with core tenets in
concurrent engineering literature, asserting that the inability to decouple product architectures into
clearly delineated, modular building blocks constitutes the primary barrier to alignment between
engineering teams and procurement networks.

Furthermore, the prominence of “Initial Setup Costs” (C1) underscores the prevailing apprehension
among maritime executives regarding upfront engineering expenditure. However, theoretical DFSC
principles demonstrate that front-loading investments during conceptual design yield exponential
downstream cost savings by eradicating costly rework, engineering change orders (ECOs), and logistics
bottlenecks during fabrication and outfitting. Moreover, the elevated rankings of component
standardization (A2) and Early Supplier Involvement (I11) demonstrate that traditional procurement
mechanisms—characterized by post-design competitive tendering—are structurally obsolete in modern
shipbuilding, emphasizing the necessity of embedding manufacturing and supply chain constraints into
early-stage engineering decisions.
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Conclusions and Managerial Implications

The prioritization framework developed in this study provides actionable guidance for decision-makers

and senior executives across shipbuilding and marine industrial complexes. To operationalize DFSC
effectively, industrial strategies should prioritize the following initiatives:

Adopting Modular and Platform-Based Design Architectures: Mitigating ship structural
complexity through standardized, functionally independent blocks and machinery modules that
facilitate concurrent manufacturing and parallel procurement.

Developing Standard Equipment Catalogs and Libraries: Enhancing engineering—supply chain
cohesion by eliminating unnecessary component proliferation in high-volume categories (such as
piping systems, valves, auxiliary engines, and electrical fittings).

Institutionalizing Early Supplier Involvement (ESI): Establishing strategic partnerships with key
structural and navigational equipment suppliers during conceptual design to optimize lead times,
component availability, and Design for Manufacturing and Assembly (DFMA).

Deploying Product Lifecycle Management (PLM) Infrastructure: Bridging CAD/CAM
environments with Enterprise Resource Planning (ERP) and supply chain systems to provide
design engineers with real-time visibility into supplier inventories, component lead times, and
unit costs.

Limitations and Future Research Directions:

As with most expert-based studies, this research was subject to certain limitations, notably the restricted

access to proprietary and classified maritime data, alongside a reliance on purposive sampling of
domain experts. Future research could empirically validate the proposed model through real-world case

studies focusing on specific vessel classes, such as Offshore Support Vessels (OSVs) or specialized
cargo ships. Furthermore, to effectively capture the interdependencies and dynamic feedback loops

among the various dimensions, future studies are encouraged to employ interactive Multi-Criteria
Decision-Making (MCDM) frameworks, such as the Analytic Network Process (ANP) or hybrid fuzzy
decision-making systems.
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