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This study diagnoses the systemic sustainability challenges in Iran's national automotive supply
chain using Soft Systems Methodology to analyze the interrelated economic, environmental, social,
technological, and managerial dimensions. The goal is to develop a conceptual model that reflects
these complexities, validate it with real-world case data, and propose practical and desirable
changes to improve sustainable supply chain management practices. The research addresses a
critical gap in sustainability strategies for emerging markets with structurally constrained and
politically sensitive industrial ecosystems. The study adopts an integrated approach combining
systemic methodology and thematic analysis, utilizing semi-structured interviews with senior
automotive industry experts and a targeted literature review. Rich pictures, conceptual modeling,
and iterative validation ensured alignment between systemic challenges and practical realities, with
data coded to identify barriers and enablers across the supply chain. Comparing conceptual and
real-world models revealed key areas for intervention, including blockchain-enabled traceability,

water recycling, supplier diversification, and digital integration to enhance sustainability. Findings
highlight issues such as reliance on foreign suppliers, currency volatility, limited domestic
manufacturing capacity, inefficient logistics, weak governance, and slow adoption of green
technologies. Environmental concerns include water scarcity, inadequate vehicle scrappage
systems, and high emissions from diesel transport. The study provides actionable recommendations
for policymakers and industry managers, such as diversifying suppliers, implementing digital
platforms, and introducing transparent governance. These measures can improve efficiency, reduce
environmental impact, and increase resilience against political and economic disruptions. The
research also offers future research needed to test the proposed interventions and explore policy
frameworks for large-scale adoption.

© 2026 by the authors; licensee Growing Science, Canada.

1. Introduction

The automotive industry, as one of the largest and most influential industries globally and nationally, plays a pivotal role in
economic and social development. By creating job opportunities and stimulating economic growth, this industry forms the
backbone of many economies. However, despite its critical importance, this sector faces significant sustainability challenges
throughout its supply chain, primarily due to weaknesses in sustainable supply chain management (Shekarian et al., 2022).
These challenges manifest in various dimensions, including the procurement of raw materials (which may involve the sourcing
of irresponsibly managed resources), production processes (often relying heavily on non-renewable energy sources and high
levels of pollution), logistics and distribution (with efficiency challenges and environmental impacts from transportation), and
recycling and waste management processes (which, if not well-planned, can lead to waste accumulation and pollution).
Ignoring these issues not only leads to increased production costs, decreased product quality, and negative environmental
impacts, but it can also undermine brand reputation and reduce competitiveness (Szész et al., 2021; Chervenkova & Ivanov,
2023). Ultimately, these consequences can result in the loss of market share and the imposition of heavy legal and
environmental fines (Abbas & Tong, 2023; Issa et al., 2024;).
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A precise pathology of these problems from the perspective of sustainable supply chain management not only helps identify
the root causes but also paves the way for the design of innovative and more sustainable strategies (Masoumi et al., 2019).
Sustainable supply chain management, aiming to balance the three dimensions of economic, environmental, and social factors,
can significantly contribute to improving environmental performance, reducing costs, and increasing customer satisfaction
(Kumar et al., 2023). In contrast, failure to address this pathology can have serious consequences, including the inability to
procure parts and raw materials, production line stoppages, reduced product quality, and, ultimately, the loss of customer trust
and the imposition of additional costs. Furthermore, it may lead to financial instability and, eventually, the closure of
companies (Moshood et al., 2021; Zhang & Yu, 2023). Companies that actively engage in pathology can differentiate
themselves from their competitors in the face of increased competition.

The automotive industry in Iran, particularly the national automotive manufacturers, also faces complex challenges whose
depth and scope differ from global conditions. These challenges include reduced production due to illegal international
sanctions, heavy dependence on imports of parts from multiple sources, poor product assemble quality, non-compliance with
global standards, as well as price control policies and lack of transparency in internal processes (Institute of Standards and
Industrial Research of Iran [ISIRI], 2023). These challenges are unique to the context of Iran, where geopolitical conditions
and economic sanctions heavily influence supply chain operations and management, creating an environment that differs from
global automotive manufacturing standards. Empirical data indicate that Iran’s automotive sector retains a significant
economic footprint notwithstanding persistent adversities. Credible sources estimate its contribution at ~4% of national GDP,
albeit constrained by systemic quality deficiencies (Mehr News Agency, 2020). In such circumstances, the approach of
sustainable supply chain management and systematic pathology can greatly assist these companies in improving coordination
with suppliers, increasing efficiency and productivity, reducing costs, enhancing reliability in sourcing parts and raw materials,
and improving responsiveness to changing customer needs (Sebbe et al., 2024). This approach can also aid in mitigating the
effects of illegal sanctions and external geopolitical factors, which are particularly significant in the context of the Iranian
automotive industry and necessitates rectifying internal inefficiencies and institutional opacity. This approach helps companies
increase the sustainability of their supply chains and minimize their vulnerability to market fluctuations and external factors.
A review of the existing literature shows that previous research in the automotive industry has often focused on technical
issues, manufacturing engineering, or economic aspects, and has lacked a comprehensive and holistic view of managing
complex systems and sustainability challenges in the supply chain (Purcell et al., 2021; Pacheco and Librelato, 2023). While
many studies address specific technical challenges, there is a noticeable gap in the literature concerning the integration of
sustainability in supply chain management with a systemic approach in complex industries like automotive manufacturing
(Azevedo et al., 2012; Kannegiesser and Giinther, 2014). This gap in the studies highlights the urgent need for research that
takes a comprehensive and systems approach to the sustainable pathology of this vital industry and provides practical solutions
for improvement (Sterman, 2002; Bell and Morse, 2012). Therefore, this research is one of the first studies conducted on the
pathology of the automotive industry from the perspective of sustainable supply chain management with a systems approach
(Masoumi et al., 2019). This research aims to address this gap by using Soft Systems Methodology (SSM) (Checkland, 1989)
to analyze the supply chain and propose actionable strategies for improvement.

Thus, the present study aims to conduct the pathology of the automotive industry from the perspective of sustainable supply
chain management and using Soft Systems Methodology (SSM), focusing on a case study of the parts manufacturing
companies of national automotive manufacturers. This study seeks to answer the main question: "What are the issues in the
automotive industry from the perspective of sustainable supply chain management with a Soft Systems Methodology
approach?" By describing the state of supply chain management as a challenging situation, illustrating the challenging
situation in a rich picture, presenting root definitions, conceptual modeling, comparing models with reality, and suggesting
possible and desirable changes, we aim to provide a deeper understanding and practical solutions for the challenges faced in
this vital industry. This research does not include predefined hypotheses; however, through the iterative steps of Soft Systems
Methodology, the findings are expected to lead to the development of preliminary propositions. These propositions, while
emerging from the present exploratory analysis, could serve as a foundation for formulating and empirically testing hypotheses
in future studies.

2. Research Background

The automotive industry, recognized as one of the largest and most complex sectors globally, has consistently attracted the
attention of researchers and managers (Fraga-Lamas and Fernandez-Caramés, 2019; Cheng et al., 2023). Rapid technological
advancements, market globalization, and, notably, growing concerns regarding environmental and social issues have made it
increasingly imperative to reassess traditional management approaches and transition toward more sustainable models within
this industry (World Economic Forum, 2024). This section reviews the theoretical literature and prior research related to
supply chain management and sustainable supply chain management to establish the necessary theoretical foundations for the
pathological analysis of the automotive industry.

2.1. Supply Chain Management

The concept of the supply chain emerged in the 1980s and quickly became one of the most utilized concepts in operations and
strategic management (Mentzer et al., 2001; Benatiya Andaloussi, 2024). Initially, it focused primarily on coordinating
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logistical and operational processes between companies. However, over time, it has expanded to encompass broader
dimensions. In its simplest definition, a supply chain includes all activities, processes, and interactions among various
members, from raw material suppliers to end customers (Mukhamedjanova, 2020). This complex and extensive system
comprises organizations, individuals, technologies, activities, and resources involved in transforming raw materials into final
products and delivering them to customers (Ivanov and Dolgui, 2020). The primary goal of efficient supply chain management
is to enhance operational efficiency, reduce costs, increase delivery speed, and improve the quality of final products and
services (Gunasekaran et al., 2004; Zekhnini et al., 2022).

Various definitions of the supply chain emphasize different aspects of this concept: some view the supply chain as a network
of organizations directly or indirectly involved in upstream and downstream processes of services and products (Christopher,
2016; Ivanov & Dolgui, 2020). In this perspective, the main objective is to ensure the efficient flow of goods, information,
and finances throughout the network (Mentzer et al., 2001; Tavana et al., 2022). Researchers define the supply chain as a
network of facilities and distribution options whose operations include sourcing raw materials, converting them into
intermediate and final products, and distributing these final products to customers. They also describe the supply chain as a
system consisting of suppliers, manufacturers, distributors, retailers, and customers, all collaborating to produce and deliver
goods and services (Benatiya Andaloussi, 2024).

Today, the supply chain and its management constitute a multidisciplinary domain that encompasses a wide range of research
and practical areas, including production and operations, warehousing and distribution, customer relationship management,
supplier and stakeholder engagement, information systems, strategic planning, as well as green (environmental protection)
and sustainable requirements. Figure 1 illustrates this thematic hub within the framework of a conceptual model.
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Fig. 1. Supply Chain Management and Its Interrelated Thematic Areas

Supply Chain Management (SCM) refers to the process of planning, executing, and controlling supply chain activities to
achieve effective coordination and integration across the network (Mentzer et al., 2001). This approach involves strategically
managing and synchronizing business activities across the supply chain, from raw material procurement to the delivery of the
final product to the customer (Christopher, 2016). The ultimate aim of SCM is to maximize value for the end customer and
create sustainable competitive advantages for all members of the chain (Lambert, 2008). This process includes managing the
flow of materials, information, and finances from origin to consumption points (Chopra, 2017).

2.2. Sustainable Supply Chain Management

With the increasing global concerns about climate change, environmental degradation, and social issues such as human rights
and labor conditions, the concept of sustainability has rapidly integrated into supply chain management literature (Seuring
and Miiller, 2008; Sarkis, 2020). This integration has led to the formation of Sustainable Supply Chain Management (SSCM).
SSCM is defined as the management of information, materials, and capital flows that simultaneously considers economic,
environmental, and social dimensions, aiming to maximize profit for both the organization and society (Carter and Rogers,
2008; Ahi and Searcy, 2013). SSCM goes beyond merely optimizing logistical operations; it involves integrating sustainability
considerations into all decision-making and operational processes within the supply chain, from product design and supplier
selection to production, distribution, and post-consumption product management (Pagell and Wu, 2009; Brandenburg et al.,
2014).
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2.2.1. Dimensions of Sustainability in the Supply Chain

Sustainability in the supply chain is defined based on three main pillars, often referred to as the "Triple Bottom Line" (TBL)
(Elkington & Rowlands, 1999; Carter & Rogers, 2008):

e A) Economic Dimension: This dimension pertains to profitability and economic efficiency throughout the supply
chain. Objectives include reducing operational costs, optimizing processes, increasing resource productivity,
improving return on investment (ROI), and expanding market share (Pagell and Wu, 2009). Economic sustainability
means maintaining long-term financial viability while creating value for all stakeholders. This dimension involves
prudent financial decision-making, managing economic risks, and investing in sustainable technologies that lead to
cost savings (Brandenburg et al., 2014).

¢ B) Environmental Dimension: This dimension focuses on minimizing the negative environmental impacts of supply
chain activities. The primary goal is to reduce the consumption of natural resources (water, energy, raw materials),
decrease pollutants (air, water, soil), manage waste effectively, promote recycling and reuse, and lower the carbon
footprint (Srivastava, 2007). Actions in this area include utilizing renewable energy, designing products with high
recyclability, optimizing transportation routes to reduce greenhouse gas emissions, and adhering to international
environmental standards (Purcell et al., 2021).

e () Social Dimension: This dimension addresses the organization's social responsibilities toward employees, local
communities, and other stakeholders. Goals include respecting human rights and fair labor standards (such as
avoiding child labor and ensuring fair wages), improving workplace safety and health conditions, developing local
communities, ensuring transparency and accountability, and promoting diversity and equity (Seuring and Miiller,
2008). This dimension also considers customer welfare, product safety, and access to information about products and
services (Moshood et al., 2021).

The Triple Bottom Line framework emphasizes that organizations should measure their success not only by financial
performance but also by their social and environmental impact, aiming for a balance that leads to sustainable development
(Elkington & Rowlands, 1999). Carter and Rogers (2008) illustrate the consideration of the three dimensions of sustainable
supply chain management using a diagram similar to a Venn diagram in mathematics, which also reflects the possible dual
intersections between the dimensions. They further identify four major indicators, along with their sub-indicators, as essential
for achieving sustainability in the supply chain: strategy, organizational culture, risk management, and transparency. This
comprehensive model of sustainable supply chain management is presented in Fig. 2.
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Fig. 2. Comprehensive sustainability model in supply chain management (Carter and Rogers, 2008)

2.2.2. Challenges and Benefits of Implementing SSCM
Implementing Sustainable Supply Chain Management (SSCM) presents significant strategic and operational benefits;

however, it also encounters various challenges that increase its complexity (Seuring and Miiller, 2008; Brandenburg et al.,
2014).
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e Challenges:

o A) Coordination Complexity: Achieving sustainability requires collaboration and alignment among all partners,
from primary suppliers to end customers, each with potentially different objectives, cultures, and capabilities. This
coordination is challenging and necessitates clear communication and strong incentive mechanisms (Walker et al.,
2008; Shekarian et al., 2022).

o B) Resistance to Change: Many companies and individuals resist altering practices and investing in necessary
changes toward sustainability, as these modifications are often costly and require revisiting traditional business
models (Ageron et al., 2012).

o ) Lack of Standardization: The absence of unified standards and clear criteria for measuring sustainability across
industries, especially internationally, can lead to ambiguity and difficulties in assessing and comparing sustainability
performance. This lack of transparency and consistency in standards hinders comprehensive SSCM implementation
(Winter and Knemeyer, 2013).

o D) High Initial Investment: The need for substantial upfront investments in green technologies, sustainable
infrastructure, and employee training can pose financial barriers for many companies, particularly small and medium-
sized enterprises. Although these investments may lead to long-term savings and increased profitability, they carry
short-term financial risks (Gonzéalez-Benito and Gonzalez-Benito, 2006).

o E) Risk Management: Managing risks associated with market uncertainties, fluctuating government regulations,
and natural disasters is another significant challenge in the path toward SSCM (Carter and Rogers, 2008; Sarkis et
al., 2020).

e  Benefits:

o A) Enhanced Brand Reputation: One of the most significant advantages is the improvement in brand image and
public perception, leading to the attraction of more informed and loyal customers. Companies committed to
sustainability are often viewed as more responsible and trustworthy by consumers and investors (Carter and Rogers,
2008; Sarkis et al., 2020).

o B) Improved Stakeholder Relationships: SSCM fosters better relationships with stakeholders, including suppliers,
customers, regulatory bodies, and local communities, which can result in more sustainable collaborations and broader
support (Seuring & Miiller, 2008).

o C)Reduced Operational and Legal Risks: By complying with environmental and social regulations and decreasing
dependence on unsustainable resources, companies are less exposed to fines, sanctions, and supply chain disruptions
(Brandenburg et al., 2014).

o D) Access to New Markets: This approach opens up new market opportunities and increases market share, as the
demand for sustainable products and services is on the rise (Purcell et al., 2021).

o E) Long-Term Competitive Advantage: The most crucial benefit is the enhancement of long-term competitive
advantage and profitability. By optimizing resource consumption, reducing waste, and improving process efficiency,
companies can lower costs while creating more value for customers, ultimately leading to sustainable business
growth (Pagell & Wu, 2009; Brandenburg et al., 2014).

2.3. Research Background

In this section, we review previous research in the field of sustainable supply chain management, particularly within the
automotive industry. This review helps identify gaps in the literature and justifies the need for the present study.

2.3.1. Recent Relevant International Studies

Recent applications of Soft Systems Methodology (SSM) in supply-chain contexts converge on using rich pictures, CATWOE
and conceptual models to surface multi-stakeholder perspectives and reframe “messy” problems before prescribing solutions.
In seaport ecosystems, SSM has been used to design and govern Port Community Systems (PCS), revealing how fragmented
stakeholder goals, legacy processes and politics impede information integration and performance; SSM-guided modelling
helped articulate root definitions and staged transition paths for PCS adoption in South Africa (Mthembu and Chasomeris,
2022) and to de-politicize digital trade systems by mapping relationships and worldviews among port actors in Ghana (Aryee
and Hansen, 2022). Beyond ports, SSM has structured digital-transformation efforts where supply/value chains intersect
operations: in manufacturing, CATWOE and related systems-thinking tools clarified stakeholder roles and boundaries when
implementing digital twins, improving alignment between technical design and organizational realities (Loaiza et al., 2022).

SSM is also being adapted to resilience-and-sustainability agendas across apparel and rail value chains. In apparel, an SSM-
based inquiry after COVID-19 identified context-specific issues (e.g., supplier coordination, data visibility) and produced a
stakeholder-validated framework that integrates sustainability and resilience objectives for Industry 4.0 supply chains (Parihar
and Shankar, 2024). In rail, applying SSM at enterprise level along the rolling-stock value chain supported stakeholder
identification, boundary setting and question framing for lifecycle operation and maintenance, demonstrating SSM’s
usefulness for governing extended technical-organizational networks akin to supply chains (Morey et al., 2024). Taken
together, these studies show SSM’s strengths in (i) making plural stakeholder logics explicit, (ii) co-creating feasible change
pathways (rather than single “optimal” solutions), and (iii) de-risking digital and sustainability transitions by iterating between
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conceptual models and real-world comparisons before action (Aryee & Hansen, 2022; Loaiza et al., 2022; Mthembu &
Chasomeris, 2022; Morey et al., 2024; Parihar & Shankar, 2024).

2.3.2 .Recent Domestic Studies on Automative Industry

Across recent Iranian automotive studies, three methodological streams dominate: (i) network design and optimization of
green/closed-loop supply chains under disruption, (ii) pricing and coordination policies in reverse flows, and (iii) multi-criteria
and survey/SEM approaches to resilience and performance. A large-scale case in Iran’s automotive industry shows that
integrating carbon and cost objectives in a green closed-loop network during COVID-19 can materially change facility—
transportation configurations and trade-offs, highlighting how pandemic hygiene constraints and emissions caps reshape cost—
emission frontiers (Abbasi et al., 2023). Complementing this, a game-theoretic analysis with an Iranian automotive case finds
that a product-exchange program with a full-refund policy can increase profits and environmental returns by stimulating
collection of used products, with the wholesale-discount sharing rule outperforming retail price offsets (Rajabzadeh et al.,
2023). Together, these studies portray Iranian OEMs and parts networks navigating closed-loop economics where price
mechanisms and environmental regulation co-determine feasible operating regions. (Abbasi et al., 2023; Rajabzadeh et al.,
2023).

A second cluster examines resilience, flexibility, and supplier decisions within Iran’s automotive context. Using grounded
theory and SEM on Iran’s automotive leasing chain, Mohaghar et al. (2024) model financial supply chain flexibility
(antecedents, contextual and intervening factors, strategies, consequences), underscoring regulation, financing frictions, and
IT/communication as key levers for flow continuity. At the operational frontier, a 2024 Iranian case at “Ezam” ranks resilient
supplier criteria via fuzzy Delphi-BWM-MABAC, elevating agility, redundancy, and observability as top drivers for supplier
choice in parts chains (Boroumand et al., 2024). At the firm-network level, a 2025 survey of affiliated automotive companies
in Iran shows that sustainability significantly improves supply-chain performance and that resilience positively moderates this
effect, with the economic pillar having the strongest marginal impact, followed by environmental and social (Ehsani and
Zahedi, 2025). Collectively, these findings suggest that Iranian automotive supply chains benefit most when economic-
sustainability goals are integrated with resilience investments and supplier-selection routines that privilege agility and
redundancy, while financial-flow flexibility and governance clarity reduce disruption exposure. (Boroumand et al., 2024;
Mohaghar et al., 2024; Ehsani & Zahedi, 2025).

2.4. Summary and Research Gap

A comprehensive review of the literature indicates that supply chain management and sustainability have been widely studied
at both global and national levels, with substantial contributions focusing on green and closed-loop supply chains, pricing
mechanisms, supplier resilience, and the integration of sustainability dimensions into performance frameworks (Abbasi et al.,
2023; Rajabzadeh et al., 2023; Ehsani and Zahedi, 2025). In the Iranian automotive sector, recent studies have addressed
specific challenges such as optimizing green closed-loop networks under pandemic-related constraints, implementing pricing
and return policies for reverse logistics, and evaluating the moderating role of resilience in sustainability—performance
relationships (Boroumand et al., 2024; Mohaghar et al., 2024). However, these works typically adopt fragmented
perspectives—either technical, economic, or environmental—and rely heavily on quantitative optimization, game theory, or
survey-based statistical analysis without employing an integrated analytical framework capable of addressing the socio-
technical complexity of supply chains (Seuring & Miiller, 2008; Brandenburg et al., 2014).

This gap becomes particularly evident when considering the multi-tiered, stakeholder-intensive structure of Iran’s automotive
industry, which faces persistent systemic issues such as raw material supply imbalances, quality deficiencies in produced
parts, delivery delays, and the need to align diverse stakeholder objectives (Carter and Rogers, 2008; Pagell and Wu, 2009).
Globally, Soft Systems Methodology (SSM) has demonstrated strong potential for unpacking complex, “messy” problems in
supply chains by integrating human, organizational, and environmental perspectives into a shared conceptual framework
(Mthembu and Chasomeris, 2022; Aryee and Hansen, 2022; Parihar and Shankar, 2024). Yet, no prior research has applied
SSM to systematically diagnose and address sustainability challenges in the Iranian automotive supply chain. Given the
industry’s strategic importance and its central role in domestic manufacturing, applying SSM offers the opportunity to identify
root causes of systemic inefficiencies, co-develop stakeholder-driven solutions, and enhance the balance among economic,
environmental, and social performance indicators (Elkington and Rowlands, 1999; Purcell et al., 2021). This study aims to
fill this gap by employing SSM to map systemic issues, prioritize improvement areas, and design actionable strategies that
can improve product quality, reduce costs, optimize resource utilization, and strengthen customer satisfaction, thereby
contributing to the long-term sustainable development of Iran’s automotive sector.

3. Research Methodology
This study aims to conduct a diagnostic analysis of Iran's automotive industry from the perspective of sustainable supply chain

management. It adopts a qualitative and interpretive approach to explore the underlying complexities and challenges within
this sector.
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3.1. Philosophical Foundation

The inherent complexities of organizational issues, particularly within extensive supply chains like the automotive industry,
necessitate a research approach that transcends mere observation of objective realities (Creswell & Poth, 2024). These
challenges often involve multiple stakeholders with divergent perspectives and ambiguous objectives. Consequently, this
research is grounded in the interpretivist paradigm, which posits that reality is not objective but subjective, socially
constructed, and shaped by individuals' perceptions (Saunders et al., 2024). The primary goal within this framework is to
understand the meanings and interpretations that individuals assign to phenomena and social situations (Clark et al., 2021).
This paradigm is especially effective when addressing issues with predominant human and social dimensions, such as
sustainability challenges in supply chains (Seuring & Miiller, 2008). In the case of this study, the cultural and human factors
specific to Iran’s automotive industry and the systematic perspective make SSM a highly appropriate and innovative
methodology (Checkland & Scholes, 1999).

3.2. Research Approach and Design

The study employs an inductive approach, utilizing detailed data and field observations to develop broader, context-specific
theories. It is categorized as applied-developmental research, aiming to resolve real-world problems in Iran's automotive
industry and provide actionable solutions for improvement. Methodologically, the research is descriptive-survey in nature,
gathering information on the views, beliefs, and opinions of experts (Neuman, 2021). The data is primarily qualitative,
focusing on in-depth and interpretive analysis of phenomena and organizational behaviors. The study is cross-sectional, with
data collected over a defined and intensive period (Saunders et al., 2024).

3.3. Methodological Framework: Soft Systems Methodology (SSM)

Given the multifaceted, social, political, and human elements of diagnosing sustainable supply chain issues, Soft Systems
Methodology (SSM) is adopted as the primary framework for understanding and improving complex situations involving
human activities (Checkland, 1981; Checkland & Scholes, 1999). SSM is a systemic and action-oriented methodology that
organizes thinking about problematic situations to identify and implement effective improvements (Winter et al., 1995). It is
particularly suited for addressing ill-structured problems characterized by multiple stakeholders, diverse dimensions, vague
and sometimes conflicting interests, intangible factors, and uncertainty (Mingers & White, 2010).

In addition to the systemic nature of SSM, it is particularly suitable for addressing cultural and human factors inherent in the
Iranian automotive industry. The methodology also allows for feedback loops between experts, making it possible to adapt
the research process iteratively (Checkland, 1981).

The seven-stage SSM process, based on the model by Checkland and Scholes (1999), is followed in this research:

1. Problem Situation Unstructured: Initial understanding of the current state and challenges through preliminary
investigations and interactions with involved individuals.

2. Rich Picture Construction: Development of a comprehensive visual representation of key stakeholders, structures,
processes, problems, and conflicts within the supply chain.

3. Root Definitions: Formulation of concise and comprehensive definitions of human activity systems related to
improving sustainability in the supply chain using the CATWOE framework.

4. Conceptual Models: Design of models representing essential activities that the system must undertake to realize
each root definition, depicting an ideal system.

5. Comparison of Models with Reality: Evaluation of the conceptual models against the current state of the supply
chain to identify discrepancies and areas for improvement.

6. Feasible and Desirable Changes: Identification of practical and agreeable changes in structural, procedural, and
behavioral dimensions.

7. Action to Improve: Implementation of changes; however, due to the diagnostic nature of this study, this stage is not
practically executed but is discussed in terms of proposed solutions (Ahmadi, 2025).

3.4. Participants and Sampling

The study's participants include experts from the automotive industry and professionals experienced in sustainable supply
chain management, primarily comprising managers, deputies, and senior experts working in the national automotive parts
manufacturers. These entities play a central role in the national automotive supply chain, possess operational complexities,
and provide access to in-depth, experiential knowledge. Purposive sampling is employed to select individuals with specific
characteristics and profound knowledge and experience in the field (Palinkas et al., 2015). The selected individuals have
higher academic qualifications than operational levels and possess acceptable managerial experience. Participants have a
minimum of five years of relevant experience and at least a master's degree in supply chain management or related disciplines.
Sample size is determined based on theoretical saturation, meaning data collection continues until no new information emerges
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and themes become repetitive (Guest et al., 2006). After conducting ten in-depth interviews, theoretical saturation is achieved,
and no new codes are generated.

3.5. Data Collection Methods

The primary data collection method is semi-structured, in-depth interviews. This approach allows the researcher to explore
responses deeply while maintaining a framework of key questions. The interview protocol is developed collaboratively with
the thesis advisor and two managers from the parts manufacturing companies, ensuring its relevance and comprehensiveness.
Each interview lasts approximately 60 minutes and is audio-recorded with participants' informed consent, then transcribed
verbatim (Opdenakker, 2006). To enhance data validity, two additional methods are employed: direct observation of key
activities in the supply chain and production processes in selected parts companies, based on a predefined checklist (Yin,
2018); and analysis of internal company documents, including organizational charts and performance reports, to provide
contextual and supplementary information.

3.6. Data Analysis

Qualitative data, primarily consisting of interview transcripts and observation notes, are analyzed using the SSM framework
and thematic analysis techniques (Braun & Clarke, 2006). Thematic analysis involves six key stages:

Familiarization with Data: Repeated and active reading of texts.

Initial Coding: Segmenting text and assigning codes to meaningful units.

Searching for Themes: Grouping related codes into potential themes.

Reviewing Themes: Refining themes at two levels: within the data and across the entire dataset.
Defining and Naming Themes: Clearly defining each theme's essence and scope.

Reporting: Compiling a final report.

AR

MAXQDA software is utilized to facilitate and ensure accuracy in the coding and analysis process, and Xmind software to
visualize and represent findings. Within the SSM framework, after analyzing raw data and creating a "rich picture" of the
current state of the national automotive manufacturers supply chain, root definitions of human activity systems related to
diagnosing and improving sustainability are formulated. Subsequently, conceptual models for each root definition are
designed. These models are then compared with the actual situation to identify gaps, weaknesses, and improvement
opportunities. The SCOR model's criteria (including planning, sourcing, production, delivery, and return) are also used as a
framework for systematically identifying issues and key performance indicators in the supply chain (Supply Chain Council,
2012).

3.7. Validity and Reliability

Ensuring the validity and reliability of findings is crucial, especially in qualitative studies. The credibility of the conceptual
models derived from SSM, which are abstract and refer to unrealized phenomena, is assessed using criteria such as "fitness
for purpose" and "appropriateness of development" (Checkland & Poulter, 2007). "Fitness for purpose” is ensured through
validation and revalidation by industry experts and stakeholders, while "appropriateness of development" is achieved by
systematically and logically deriving root definitions and conceptual models from the rich picture and ensuring direct
alignment between models and definitions.

Reliability and credibility in qualitative research are also ensured by maintaining rigor and integrity throughout data collection
and analysis, including detailed documentation of interview conditions and strict adherence to a standardized case study
protocol (Yin, 2018). This protocol encompasses systematic steps for developing themes for interviews, scheduling sessions,
selecting interviewees, providing preliminary methodology orientation to participants, preparing semi-structured questions,
ensuring confidentiality of responses, and systematically deriving conclusions from the data.

It is worth noting that, for improved editing of the manuscript, the large language model of ChatGPT has been utilized
specifically for grammatical and syntactical revisions.

4. Research Findings

This section presents the results from the analysis of the data collected using Soft Systems Methodology (SSM) and thematic
analysis techniques to diagnose Iran's automotive industry from the perspective of sustainable supply chain management. The
findings are organized within the framework of the SSM steps to provide a clear understanding of the challenging situation,
the reasons behind it, and the proposed solutions.

4.1. Perception of the Situation as a Problem and Identification of Challenges

In the first step of the research, through document analysis, industry news review, and preliminary interviews, the general
situation of the supply chain in Iran's automotive industry, particularly in the national automotive parts manufacturing
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companies, was identified as a problematic and structurally impaired situation. Despite its key role in the country's economy,
Iran's automotive industry faces significant challenges that directly affect the efficiency and sustainability of its supply chain.
These challenges necessitate thorough analysis and the development of practical solutions.

The main issues identified within the sustainable supply chain of the national automotive parts manufacturing companies are

summarized as follows in Table 1.

Table 1

Major Challenges of the Problem Situation

Supporting Sources in the

No. Problem Condition Background

1 Fragmented collaboration among automakers, tier-1 suppliers, and numerous small-scale local part ~ Abbasi et al., 2023; Financial Tribune,
manufacturers, leading to inconsistent production schedules. 2023

2 !nefﬁcient information manggem;gt_ and outdated planning systems, with most firms lacking Rokneddini & Ardakani, 2024
integrated ERP or supply chain visibility platforms.

3 Chronic delays in raw material and component delivery due to customs clearance bottlenecks, Financial Tribune, 2023; Tehran Times,
logistics inefficiencies, and supplier cash flow issues, resulting in higher production costs. 2020

4 Predominant fgcus on meeting short-term sales targets .to address.li.q.uidity pressures, often at the Ehsani & Zahedi, 2025: ICCIMA, 2024
expense of environmental compliance and long-term social responsibility.
Overdependence on imported critical components and advanced manufacturing technologies from . . .

> China, Turkey, and select European countries, with insufficient localization efforts. ABlbtl s ol TP M0 i e, 20020

6 Volatility in foreign exchange rates combined with illegal economic sanctions and restrictive trade  Financial Tribune, 2023; Financial
policies, causing supply chain instability and price surges. Tribune, 2022

7 Weak horizontal and vertical coordination among supply chain stakeholders, particularly between  Abbasi et al., 2023; Boroumand et al.,
OEMs and lower-tier suppliers, hindering integrated decision-making. 2024

3 Limited transparency in procurement processes and information exchange, fostering mistrust between  Financial Tribune, 2023; Abbasi et al.,
manufacturers and suppliers. 2023

9 Mipimal adoption of d.igitalization and Ipdustry 4.0 tools for supply chain monitoring, predictive Rokneddini & Ardakani, 2024
maintenance, and real-time demand tracking.

10 Inaccurate demand forecasting due to unstable market conditions, inconsistent government policies, Ehsani & Zahedi, 2025; Financial
and poor access to reliable sales and market data. Tribune, 2022

1 Continued reliance on non-recyclable or environmentally harmful raw materials in part production. ICCIMA, 2024; Financial Tribune,

2023

12 Excess'ive energy con.sumption per unit of production, largely due to outdated machinery and ICCIMA, 2024: Purcell et al., 2021
inefficient manufacturing processes.

13 Inadequate wast_e management practices in production plants, including low recycling rates for scrap ICCIMA, 2024; Tehran Times, 2021
metals and plastics.

14 Insufficient protection of the rights and interests of employees and small suppliers, especially in  Financial Tribune, 2023; Ehsani &
contract enforcement and payment security. Zahedi, 2025

15 Substandard working conditions in some subsidiary and outsourced manufacturing facilities, Ehsani & Zahedi, 2025; Financial
including inadequate workplace safety measures. Tribune, 2023

16 Chronic delays in payments to small and medium-sized suppliers, undermining their financial Financial Tribune, 2023; Abbasi et al.,
stability. 2023

17 Lack of structured employee upskilling and technical training programs to address skill gaps in  Boroumand et al., 2024; Ehsani &
advanced manufacturing and digital tools. Zahedi, 2025
Limited adoption of innovative operational and managerial practices across the supply chain. Mozafari Mehr & Taghavifard, 2024;

18 . .

Ehsani & Zahedi, 2025

Underinvestment in R&D for product quality improvement, alternative materials, and process Ehsani & Zahedi, 2025; Abbasi et al.,

19 L . . .
optimization, partly due to budget constraints and risk aversion. 2023

20 Low organizational agility and flexibility, with slow adaptation to market fluctuations, regulatory =~ Mozafari Mehr & Taghavifard, 2024;

changes, and technological advancements.

Ehsani & Zahedi, 2025

The identified problem conditions highlight a complex interplay of operational inefficiencies, structural weaknesses, and
external constraints shaping the current state of Iran’s automotive supply chain. These challenges are not isolated; rather, they
are interconnected, with deficiencies in coordination, technology adoption, and resource management exacerbating the
impacts of sanctions, market volatility, and environmental neglect. Addressing them requires a systemic approach that
integrates stakeholder perspectives, prioritizes sustainable practices, and fosters innovation—making Soft Systems
Methodology (SSM) an appropriate framework for diagnosing and designing targeted improvement strategies.

4.2. Rich Picture of the Problem Situation

Interview insights and document analysis indicate that sustainable supply chain management in Iran’s automotive sector—
especially among national parts manufacturers—faces three tightly coupled challenge areas (economic, social, environmental)
that intersect with core supply-chain actors (suppliers, OEMs, logistics/distributors, customers) and the flows of materials,
information, and value. The integrated rich picture of these elements and tensions is presented in Figure 3, capturing how
exchange-rate shocks and sanctions propagate into parts shortages and cost overruns, how payment/contract frictions strain
SME suppliers, and how legacy production assets drive energy use and emissions (Financial Tribune, 2023; Tehran Times,
2020, 2021).
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Key challenge themes with localized examples:

A) Economic:

e Import dependence & customs bottlenecks: Recurrent delays in clearing imported components and raw
materials push up costs and disrupt schedules (Financial Tribune, 2025).

e FX volatility, sanctions & policy frictions: Exchange-rate swings and trade restrictions destabilize sourcing;
price controls (“command pricing”) constrain OEM cashflow and planning (IKCO statement via Financial
Tribune, 2022).

e Liquidity & supplier payments: Persistent delays in paying parts makers’ dues reduce SMEs’ financial
resilience and capacity to deliver (Financial Tribune, 2023).

e Localization drives: OEMs (e.g., SAIPA) have run multi-project programs to localize high-tech parts—
mitigating import risk but facing capability and quality hurdles (Financial Tribune, 2025).

B) Social (labor & stakeholders):
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e Supplier equity & contract fairness: Payment delays and short-term contracts weaken small/local suppliers’
bargaining power and regional development (Financial Tribune, 2023).

e Public trust & service quality: Quality gaps, recall/after-sales issues, and policy instability (e.g., online
ordering/scrappage program disruptions) erode consumer confidence (Financial Tribune, 2023).

C) Environmental:

e Energy intensity & outdated assets: Legacy machinery increases energy per unit and emissions; the transport
sector is a major national GHG emitter (ICCIMA, 2024).

e Emissions & vehicle stock renewal: Large shares of vehicles failing emission/safety tests and stop-start
scrappage execution limit air-quality gains (Financial Tribune, 2022; Tehran Times, 2021).

e  Waste & recycling: Fragmented end-of-life and recycling initiatives slow circularity for metals/plastics (Tehran
Times, 2021).

D) Digitalization & capability gaps (cutting across):

e Low adoption of ERP/Industry 4.0: Studies around IKCO and national firms show digital transformation
remains partial; organizational readiness and governance are binding constraints (Mozafari Mehr and
Taghavifard, 2024; Rokneddini and Ardakani, 2024). These gaps reduce visibility, forecasting accuracy, and
coordination, reinforcing the above economic and environmental pressures.

Taken together, these locally grounded issues justify using Soft Systems Methodology (SSM) to make stakeholder worldviews
explicit, formulate root definitions (via CATWOE), and co-design feasible change paths under Iran-specific constraints (e.g.,
FX/sanctions, policy shifts, legacy assets), before moving to conceptual models and structured comparisons with reality. This
provides the basis for subsequent SSM stages. (Checkland & Scholes, 1999.)

4.3. Step 3: Root Definitions of the Relevant Systems

In this stage, Soft Systems Methodology (SSM) transitions from the real-world domain to the systems domain, clarifying the
perspectives from which the problem should be viewed and identifying the subsystems relevant to the issue (Checkland &
Scholes, 1999). The process of formulating root definitions requires considering six essential elements, commonly
summarized in the CATWOE framework—Customers, Actors, Transformation process, Worldview, Owner, and
Environmental constraints—which ensures a comprehensive understanding of the system from multiple stakeholder
perspectives (Checkland & Poulter, 2007). In this research, after identifying the problem situation, semi-structured interviews
were conducted with key stakeholders in the Iranian automotive supply chain. The interview transcripts were analyzed using
thematic analysis (Braun & Clarke, 2006) to extract CATWOE components and associated thematic categories, focusing
specifically on the sustainability challenges in Iran's automotive industry. The results of this analysis, summarizing the
CATWOE descriptions derived from participants’ inputs, are presented in Table 2.

These CATWOE descriptions form the analytical foundation for drafting root definitions that capture the essence of the
systems under study. The root definitions thus developed reflect the cultural, operational, and environmental realities of Iran’s
automotive industry, while maintaining alignment with the principles of sustainable supply chain management.

Table 2
CATWOE components descriptions
Component Description Defined for Iran’s Automotive Manufacturing Companies
Stakeholders who derive End Vehlcle buyers (domvestlvc consumers highly sensitive to price, quality, _and
perception), dealers and distributors, export markets (e.g., neighboring countries),
C — Customers benefit or are affected by the . . . . .
stom and society at large—where preserving the survival of the national automotive
4 ’ industry is vital both symbolically and economically.
Factory workers, engineers, production and logistics managers, parts suppliers
Individuals or erouns carryin (domestic SMEs and large ones), technology providers, governmental R&D centers,
A —Actors sroup Y& banks/financiers (including invisible hands controlling financial flows), and

out system activities. intermediaries (e.g., profiteering middlemen exploiting factory—market price

differentials).

Transformation of imported or locally sourced raw materials and components (under
Conversion process: Input — constraints of capacity and sanctioned access) into assembled vehicles delivered via
Output. nationwide dealer networks—while intermediaries distort flows by price arbitrage

between official and black-market channels.

A commitment to sustaining national automotive sovereignty under illegal sanctions,
Underlying worldview that balancing public demand for affordable quality models with aspirations for global
makes the system meaningful. ~ competitiveness, while overcoming entrenched consumer mindsets that perceive

Western vehicles as superior to locally assembled or Eastern-made ones.

o CEOs, shareholders, board members of automotive firms, and crucially the state (as

Those who can initiate or . . . . -
O — Owners . the protector of national industry), including regulatory authorities that safeguard the

terminate the system. s . X X

right to survive” of domestic manufacturing.

Illegal sanctions, volatile foreign exchange rates, raw material price fluctuations,
global competition (notably from fully imported or Chinese-assembled vehicles),
policy shifts, technological embargoes, cultural biases elevating Western-made
products, and the coercive presence of “hidden hands” in financial control, which
undermine supply chain resilience.

T — Transformation

W — Worldview

E — Environmental External factors limiting or
Constraints shaping the system.
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Based on the contextualized CATWOE analysis presented above, the following root definitions are formulated to encapsulate

the essential purpose, scope, and perspective of the relevant systems in the Iranian automotive industry. These definitions

integrate the identified stakeholders, transformation processes, worldviews, ownership structures, and environmental

constraints, providing a clear foundation for subsequent stages of the SSM process.
“ Root Definition 1 — National Automotive Sustainability System:
A system owned by national automotive companies and the government, operated by manufacturers, suppliers, and
regulatory bodies, that transforms raw materials and imported parts into sustainable, high-quality vehicles through
an integrated supply chain, in order to meet domestic and regional market demands, enhance public trust, and ensure
the long-term survival of Iran’s automotive industry under unlawful sanctions and global competition.

« Root Definition 2 — Supplier Integration and Localization System
A system owned by automotive manufacturers and overseen by the government, operated by supply chain managers,
R&D teams, and local suppliers, that transforms fragmented and dependency-prone sourcing practices into a resilient,
transparent, and localized supply network, in order to reduce reliance on foreign suppliers (particularly from
dominant markets such as China), improve technological independence, and increase adaptability to currency
fluctuations and trade restrictions.

< Root Definition 3 — Social Responsibility and Workforce Development System
A system owned by automotive companies and supported by policymakers, operated by HR managers, training
institutions, and production supervisors, that transforms inadequate working conditions and weak supplier support
into fair labor practices, skill development programs, and equitable supplier relations, in order to raise workforce
motivation, strengthen local economies, and build societal trust in the domestic automotive industry.

< Root Definition 4 — Environmental Sustainability and Resource Efficiency System
A system owned by automotive companies and regulated by environmental authorities, operated by production
engineers, waste management teams, and technology providers, that transforms resource-intensive and polluting
production processes into energy-efficient, low-emission, and recyclable manufacturing practices, in order to align
with environmental regulations, reduce greenhouse gas emissions, and preserve natural resources for future
generations.

4.4. Step 4: Conceptual Model of the Existing Systems in Root Definitions

Following the formulation of root definitions in Step 3, the Soft Systems Methodology (SSM) progresses to the development
of Conceptual Models for each defined system. These models are analytical representations, not operational blueprints,
designed to illustrate the essential human activities required to achieve the purposes outlined in the root definitions (Checkland
& Scholes, 1999). In this research, conceptual models serve to identify, structure, and visualize the interrelated activities
necessary for addressing the challenges in Iran’s automotive supply chain sustainability.

Each model is derived from the CATWOE analysis, integrating insights from semi-structured interviews, documentary
evidence, and contextual factors unique to the Iranian automotive industry. The conceptual models focus on economic, social,
and environmental sustainability dimensions, while considering systemic constraints such as illegal sanctions, exchange rate
volatility, dependency on foreign suppliers (particularly from China), socio-cultural perceptions, and the presence of
intermediaries exploiting price gaps between factory and market.

« Conceptual Model 1 — Strengthening Supply Chain Integration and Transparency
e Objective: To improve collaboration, information exchange, and trust among supply chain actors to enhance
efficiency and resilience.
e Key Activities:
1. Establish digital platforms for real-time information sharing across suppliers, manufacturers, distributors,
and dealers.
2. Implement blockchain-based transaction tracking to improve transparency and reduce hidden financial
manipulation.
3. Create integrated planning committees including suppliers, OEMs, and government regulators.
4. Develop standardized performance metrics for all supply chain partners.
5. Conduct periodic joint reviews to address bottlenecks and misalignments.
++ Conceptual Model 2 — Enhancing Local Production Capability and Reducing External Dependence
e Objective: To strengthen domestic manufacturing capacity and reduce vulnerability to illegal sanctions and
foreign supply shocks.
e Key Activities:
Increase R&D investment in local technology development and reverse engineering of critical components.
Establish joint ventures with domestic firms for advanced parts manufacturing.
Develop incentive programs for suppliers to localize production of strategic components.
Implement long-term raw material contracts with domestic providers.
Provide targeted government subsidies and tax relief for firms adopting sustainable production technologies.

VAW =
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« Conceptual Model 3 — Promoting Social Responsibility and Workforce Development

Objective: To improve working conditions, supplier relations, and public trust in the automotive sector.
Key Activities:

1. Introduce fair contract policies and timely payment systems for small suppliers.

2. Implement health, safety, and ergonomic improvements across all production sites.

3. Launch upskilling programs for employees in advanced manufacturing and sustainability practices.
4. Establish transparent customer complaint handling and recall systems.

5. Promote CSR initiatives addressing community development and local economic growth.

« Conceptual Model 4 — Environmental Sustainability in Automotive Production

e Objective: To minimize the environmental footprint of the automotive supply chain through eco-efficient
practices.
o Key Activities:

1. Introduce circular economy principles in part design and material selection.
Implement waste segregation and recycling systems for production by-products.
Transition to renewable energy sources for manufacturing facilities.

Develop lightweight and fuel-efficient vehicle designs to reduce lifecycle emissions.
Monitor and publicly report environmental performance indicators.

bl

Although presented individually, these models are inherently interconnected, reflecting the systemic nature of the automotive
supply chain. The rich picture (Figure 4) integrates these models, demonstrating how improvements in one domain (e.g., local
production capability) reinforce progress in others (e.g., environmental sustainability and social trust). This systemic
integration will be crucial in Step 5 of SSM, where these conceptual models will be compared with real-world practices to
identify feasible and desirable changes.
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Fig. 4. Conceptual models of the systems concerning root definitions

In Step 5 of Soft Systems Methodology (SSM), the conceptual model derived from CATWOE analysis and root definitions is
compared with the observed realities of the problem situation. This comparison reveals the extent to which the idealized
system elements are implemented in practice and highlights key gaps that hinder sustainable supply chain management in
Iran’s automotive sector. The findings draw upon data from semi-structured interviews, document analysis, and prior SSM
steps, ensuring alignment between the conceptual framework and real-world conditions (Checkland & Poulter, 2007). Table
3 presents a detailed, contextualized comparison, incorporating specific and concrete examples from Iran’s automotive

industry that emerged throughout the earlier stages of analysis.
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Table 3

Comparison of the Conceptual Model with the Real World

Conceptual Model

Real World (National Automative Industry in Iran)

Reduction of Carbon
Emissions in Production

Reduction in the Use of
Non-Renewable Energy

Increase in Raw Material
Recycling

Improvement in Industrial
Waste Management

Reduction of Water
Consumption in Production

Reduction of Logistics and
Transportation Costs
Managing Raw Material
Price Fluctuations
Reducing Costs by
Eliminating Supply Chain
Delays

Reducing Dependence on
Foreign Suppliers

Stabilizing Profitability
Across the Supply Chain
Upholding Workers’ Rights
in the Supply Chain
Improving Health and
Safety in Factories
Managing Supplier
Relationships

Reducing Negative Impacts
on Local Communities

Creating Sustainable Job
Opportunities

Use of Smart Logistics
Systems

Managing Cybersecurity
Risks in the Supply Chain
Accelerating Innovation in
the Production Chain
Optimal Use of Data and
Analytics

Adapting to New
Technologies

Increasing Transparency in
the Supply Chain
Coordination Between
Supply Chain Segments

Efficient Risk Management

Sustainable Policies in Raw
Material Sourcing

Customer Satisfaction and
Service Quality

High levels of pollutants in production processes, especially at older manufacturing sites and large industrial areas (such
as Karaj and Tabriz), which worsen air pollution during colder seasons; industrial emission-reduction technologies or
filters have not been fully implemented.

Heavy reliance on fossil fuels (natural gas and diesel) in production and transportation; minimal use of renewable
energy; high diesel consumption by truck fleets carrying parts, subsidized by the government, causing significant
pollution.

The raw material recycling system is inefficient; automotive parts are often sold to informal dismantling centers, and
scientific/industrial-scale recycling is not widely practiced; the process of scrapping old vehicles is extremely slow,
limiting recycling capacity.

A large portion of industrial waste is buried or burned without proper segregation or processing; limited use of modern
waste management technologies and insufficient regulatory oversight.

Very high water consumption (especially in body washing and painting processes); most production lines lack water
recirculation or recycled industrial water systems; in some water-scarce areas such as Saveh and Kashan, automotive
manufacturing puts significant pressure on water resources.

High transportation costs due to the aging fleet, high consumption of subsidized fuel, and inefficient routing; limited
use of smart logistics management and poor coordination between suppliers and manufacturers.

Heavy dependence on imported parts and raw materials (especially from China); currency fluctuations and unlawful
sanctions cause severe price instability and cost increases.

Frequent delays in parts delivery due to reliance on imports, customs bureaucracy, and poor coordination between
different segments of the supply chain.

High dependence on imported critical parts from China, South Korea, and some European countries; the domestic share
in producing key components such as engines and gearboxes is very low; assembling imported CKD vehicles instead
of developing local production is prevalent.

Severe profitability fluctuations due to instability in raw material prices and production costs; chronic unprofitability of
major automakers, which continue operating through repeated government support.

Financial benefits are concentrated among semi-governmental groups and shareholders; workers are dissatisfied with
job conditions and benefits; little investment in improving the work environment.

Health and safety standards in some production sites are below desired levels; outdated safety equipment and
insufficient worker training.

Weak and non-transparent relationships with suppliers; payment delays and lack of win—win contract structures; supply
chain control dominated by intermediaries.

Air, water, and soil pollution in areas surrounding production sites; few compensatory measures for local development
and corporate social responsibility.

Limited sustainable job opportunities; many contracts are temporary or outsourced; shortage of skilled mechanical,
metallurgical, and industrial engineers due to salary and benefits regulations that reduce the attractiveness of
employment.

Smart logistics technologies are adopted only in a limited capacity; most transportation relies on traditional methods
and aging truck fleets.

Weak cybersecurity measures; high vulnerability to infiltration and disruption of management systems.

Innovation is very slow; new technologies such as electric and hybrid vehicle production are introduced at a sluggish
pace; continued dependence on foreign technology.
Weakness in data collection and analysis across the supply chain; limited use of ERP and BI systems.

Slow adaptation to digitalization, automation, and Industry 4.0; many production lines remain manual or semi-
automated.

Low transparency and the presence of hidden hands controlling financial flows; information is not fully shared across
the chain.

Severe lack of coordination between procurement, production, and distribution, leading to rework and resource waste.

Insufficient preventive measures and outdated risk management methods; lack of preparedness for crises such as
unlawful sanctions or currency fluctuations.

Absence of sustainable sourcing policies; focus on short-term purchasing without regard to environmental or social
consequences.

Public dissatisfaction with vehicle quality, after-sales services, and pricing; lotteries and mandatory prioritization distort
real demand and cause customer distrust; persistence of negative public perceptions toward domestic products and
preference for foreign-made cars.

Accordingly, Step 5 of the Soft Systems Methodology (SSM) has been presented, while Step 6—identifying and defining the
desirable and feasible changes—will be addressed in the conclusion and recommendations section. It should be noted that
Step 7 of SSM, namely the implementation of changes, is beyond the scope of this research report. Nevertheless, the
researchers have aimed to ensure that the findings of this study reach the managers of Iran’s national automotive industry so
that they may utilize them as a basis for planning and implementing the necessary transformations.

5. Discussion, Conclusion, and Recommendations

This section presents an integrated discussion of the study’s findings within the framework of the Soft Systems Methodology
(SSM), explicitly linking Step 6 (identifying feasible and desirable changes) to the preceding steps. It interprets the results in
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light of previous literature, highlights practical implications for sustainable supply chain management (SSCM) in Iran’s
automotive industry, and proposes hypotheses for future empirical testing.

5.1. Discussion and Link to SSM Steps

Through the preceding steps of SSM, a holistic diagnosis of the Iranian automotive industry’s supply chain was developed,
covering economic, social, environmental, technological, and managerial dimensions. The comparison in Step 5 between the
conceptual models and real-world data revealed a set of systemic gaps, which Step 6 addresses by proposing actionable,
desirable, and feasible changes.

These proposed changes are not isolated recommendations; rather, they are targeted interventions designed to bridge the
specific gaps identified in Table 3, thereby transforming problem statements into structured action points. They cover both
immediate operational improvements and long-term strategic transformations, ensuring alignment with SSCM principles.

5.2. Comparison with Previous Research

The findings of this study align with and extend the body of literature on sustainable supply chain management (SSCM) in
the automotive sector, particularly within the Iranian context. In the economic dimension, the results confirm the observations
of Ehsani and Zahedi (2025) and Abbasi et al. (2023), who reported that heavy dependence on foreign suppliers and exposure
to currency volatility have long constrained the competitiveness of Iran’s automotive sector. This research builds on their work
by identifying specific component categories—such as engines and gearboxes—where domestic production capacity remains
critically limited.

In the social dimension, our findings reinforce the conclusions of Purcell et al. (2021) and Boroumand et al. (2024), which
highlighted weak supplier support and inadequate labor-related incentives. This study adds the nuance that shortages of skilled
engineers in mechanical, metallurgy, and industrial disciplines—driven partly by uncompetitive compensation policies—pose
long-term risks to the sector’s sustainability.

From an environmental perspective, the study corroborates the concerns of the Iran Chamber of Commerce (2024) and Tehran
Times (2021) regarding high energy consumption, outdated vehicle scrappage practices, and the sector’s heavy environmental
footprint. Unlike previous work, our results emphasize the regional water scarcity challenges faced by manufacturing plants
in provinces such as Yazd and Saveh, underscoring the urgency of adopting closed-loop water recycling systems.

In the technological dimension, the findings are consistent with Mozafari Mehr and Taghavifard (2024) and Moshood et al.
(2021), which reported slow adoption of smart logistics and digitalization in Iran’s automotive industry. However, our research
uniquely connects these delays to broader managerial shortcomings, including a lack of transparency and insufficient
integration between operational units.

Finally, in the managerial dimension, our results echo the arguments of Shekarian et al. (2022) and Carter and Rogers (2008)
that achieving sustainability requires cross-functional coordination and strategic integration across the supply chain. We
extend these insights by proposing blockchain-based traceability and supplier relationship reform as feasible and desirable
changes that directly address transparency deficits identified in Step 5 of the SSM process.

5.3. Practical Recommendations — Step 6 of SSM

The practical recommendations derived in Step 6 directly correspond to the gaps identified in Step 5 and are designed to be
both feasible under current constraints and desirable for long-term competitiveness. These recommendations cover 24
intervention areas:
1. Replace high-emission machinery; mandate annual emission monitoring.
Integrate renewable energy systems (solar/wind) into plants.
Decentralize vehicle scrappage; invest in automated dismantling facilities.
Enforce certified waste segregation and management systems.
Install closed-loop water recycling in water-stressed plants.
Modernize logistics fleets; implement eco-driving training.
Localize production of high-value components through joint ventures.
Integrate suppliers into real-time tracking platforms.
Launch SME investment funds for critical part manufacturing.
10. Apply lean manufacturing and long-term pricing contracts.
11. Implement transparent profit-sharing for workers.
12. Upgrade safety protocols and link contracts to compliance scores.
13. Establish supplier councils and long-term partnership contracts.
14. Introduce community impact mitigation programs.
15. Offer competitive salaries to attract skilled engineers.
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16. Eliminate lottery-based sales; improve after-sales KPIs.

17. Adopt Al-driven logistics optimization tools.

18. Implement ISO 27001-certified cybersecurity frameworks.

19. Tie subsidies to innovation milestones and R&D investment.

20. Develop centralized data warehouses and predictive analytics.

21. Require ownership disclosure and blockchain-based traceability.

22. Form cross-functional coordination teams for integrated planning.

23. Introduce dynamic risk management using scenario modeling.

24. Establish sustainable procurement policies prioritizing certified sources.

These measures collectively aim to close the systemic gaps identified and form a coherent roadmap for SSCM transformation
in Iran’s automotive sector.

5.4. Hypotheses for Future Research

Based on the findings, the following hypotheses are proposed for future empirical studies:

e HI1: Adoption of renewable energy in automotive manufacturing plants in Iran significantly reduces operational costs
over a five-year horizon.

e  H2: Implementing blockchain-based transparency systems in the supply chain increases public trust and customer
satisfaction.

e H3: Localizing the production of critical automotive components significantly reduces the negative impact of
currency fluctuations on production costs.

e H4: Offering competitive compensation packages for skilled engineers has a positive effect on innovation output and
technological adoption rates.

e HS5: Al-based logistics optimization systems significantly reduce transportation costs and lead times compared to
traditional routing methods.

5.5. Limitations

This study faced several limitations:
e Scope limitation: The research focused primarily on national-level automotive supply chains, particularly major
manufacturers and their tier-1 suppliers; results may not generalize to smaller, niche manufacturers.
e Implementation exclusion: SSM Step 7 (implementation) was beyond the scope of this study, though
recommendations have been designed with practical feasibility in mind.
e Data constraints: Some operational and financial data were not publicly available, requiring reliance on expert
interviews for certain indicators.

5.6. Conclusion

The Iranian automotive industry’s supply chain sustainability challenges are multi-dimensional, interconnected, and deeply
embedded in systemic structures. By applying SSM, this study was able to map these challenges, compare them to an idealized
conceptual model, and propose targeted interventions that bridge identified gaps. The integrated recommendations, if
implemented, could enhance resilience, reduce environmental impact, improve social outcomes, and strengthen the industry’s
competitiveness in both domestic and global markets.

Although the present study does not include the implementation phase, it is intended as a practical roadmap for policymakers,
managers, and industry stakeholders, offering them both a systemic diagnosis and a portfolio of feasible solutions. Future
research should focus on empirical validation, comparative industry studies, and the development of measurable performance
frameworks to monitor the long-term impacts of these interventions.
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