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Objective: The objective of this study is to investigate and model the relationships
between sustainable supply chain management and sustainable economic
development in Iranian manufacturing industries using a system dynamics
approach.

Methodology: This research applied system dynamics modeling to analyze the
structure and behavior of key variables in sustainable supply chains. Key indicators
were identified through literature review and expert consultation. The dynamic
model was constructed and simulated using Vensim software. Its validity was
assessed through structural tests, sensitivity analysis, behavior reproduction, and
boundary condition testing. Four policy scenarios were then developed to assess
the impact of various strategies on critical system variables.

Findings: The simulation results indicated that reducing production costs,
increasing warehouse capacity, and improving transport technologies significantly
enhance production output, lower travel costs, and balance inventory levels.
Particularly, Scenario 3, focused on reducing the production cost rate,
demonstrated the highest positive impact. In contrast, Scenario 4, which
simultaneously applied all strategies, led to system inefficiencies due to surplus
inventory and diminished output.

Conclusion: The findings highlight that targeted and incremental policies
outperform simultaneous comprehensive approaches in optimizing supply chain
performance. The proposed model serves as a powerful decision-making tool for
industrial managers aiming to align operational efficiency with sustainable
development goals.

Keywords: System dynamics, sustainable supply chain management, sustainable
development, manufacturing companies
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EXTENDED ABSTRACT
Introduction

Sustainable Supply Chain Management (SSCM) has emerged as a critical paradigm in the global
effort to align industrial productivity with environmental preservation, social responsibility, and economic
resilience. As manufacturing industries face growing scrutiny over their ecological footprints and social
accountability, the integration of sustainability principles into supply chain operations is no longer
optional but essential for long-term viability and competitive advantage (Stefan & Schleper, 2024; Zuleikha
& Shafig, 2023). SSCM transcends conventional cost-efficiency frameworks by simultaneously addressing
economic, environmental, and social dimensions, thereby fostering organizational performance while
preserving planetary and societal well-being (Shuhui & Chen, 2024).

Global scholarly attention has increasingly been directed at understanding the multifaceted impacts
of SSCM. Research by Wang et al. confirms that the adoption of SSCM enhances not only operational
performance but also innovation and financial metrics in firms across sectors (Wang et al., 2023). Moreover,
Abualigah et al. emphasize the role of artificial intelligence and metaheuristics in optimizing sustainable
logistics processes, highlighting the potential of data-driven strategies in mitigating uncertainty and
enhancing responsiveness in supply chains (Abualigah et al., 2023). Similarly, Samper et al. and Ansary
Asha et al. underscore that Industry 4.0 and organizational technology orientation substantially contribute
to the realization of SSCM objectives (Ansary Asha et al., 2023; Samper et al., 2022).

However, despite this expanding literature, many existing studies remain industry-specific or
constrained by geographic and methodological limitations. In Iran, few comprehensive models have been
developed that simultaneously capture the causal interdependencies among SSCM components and the
broader goals of sustainable economic development. Aslani Laei et al. attempted to evaluate SSCM
capabilities using Al, while Soltan Mohammadi et al. proposed a hybrid data-mining model for sustainable
resource provisioning in selected industries (Aslani Laei et al., 2021; Soltan Mohammadi et al., 2023). Rezaei
and Rajabzadeh identified institutional and infrastructural barriers to SSCM implementation in Iran’s
economic zones, advocating for a more nuanced, systemic approach (Rezaei & Rajabzadeh, 2022).

Moreover, studies such as Fritz (2022) and Fontoura & Coelho (2022) have highlighted the
importance of stakeholder engagement and inter-organizational collaboration in achieving green
innovation and improving supply chain sustainability (Fontoura & Coelho, 2022; Fritz, 2022). Wren (2022)
critiques the superficial application of SSCM policies in the fast fashion industry, emphasizing the
disconnect between environmental commitments and actual stakeholder interaction (Wren, 2022). On the
other hand, Martina et al. assert that overcoming organizational barriers to sustainable creativity is
essential for the knowledge-based transformation of supply chains (Martina et al., 2023).

Given this backdrop, this study seeks to fill theoretical and practical gaps by constructing a
dynamic and systemic model to analyze the relationship between SSCM and sustainable development in
Iranian manufacturing companies. Drawing on the systems dynamics methodology, which is well-suited
for examining nonlinear and feedback-rich systems (Tetiana et al., 2023), the research aims to simulate and
evaluate the long-term effects of different SSCM policies on key performance indicators. Through such
modeling, this study aligns with global calls for the adoption of holistic frameworks in SSCM research



and responds to local imperatives for practical, data-informed industrial sustainability strategies (Allen et
al., 2021; Rodriguez-Gonzalez et al., 2022).

Methods and Materials

The study employed a system dynamics modeling approach to analyze the causal relationships
between SSCM components and indicators of sustainable economic development in the Iranian
manufacturing context. Initially, key variables were identified through an extensive literature review and
expert consultation. The conceptual model was developed to map feedback loops, causal interactions, and
stocks and flows of the supply chain system.

Vensim software was used to simulate the model, allowing for scenario analysis under varying
policy conditions. The model was validated using behavior reproduction tests, boundary condition
analysis, sensitivity testing, and structural verification. Data inputs were gathered from company reports,
industry databases, and expert interviews to calibrate the model's parameters. Four policy scenarios were
designed to evaluate the effects of altering production costs, warehouse capacities, and transportation
technologies. The simulations were conducted over a five-year time horizon to assess the dynamic impacts
of these variables on production volume, total inventory, and total travel cost.

Findings

Simulation results revealed that the policy scenario focused on reducing production costs (Scenario
3) achieved the most favorable outcomes, including the highest production levels and lowest travel costs.
Specifically, by year five, Scenario 3 yielded a production volume of 6,262,770 units, surpassing all other
scenarios. It also resulted in the lowest chain-wide inventory level at 990.70 units, indicating improved
throughput and minimized excess storage. This scenario demonstrated that cost reductions can enhance
operational efficiency and responsiveness without overburdening inventory systems.

In contrast, Scenario 4, which involved the simultaneous implementation of all strategies—
production cost reduction, warehouse capacity increase, and transport innovation—produced suboptimal
outcomes. While travel costs decreased marginally, inventory accumulation increased disproportionately,
and production levels declined to 4,347,530 units by year five. This indicated that excessive policy
integration could destabilize supply-demand alignment and strain system efficiency.

Scenario 1, which emphasized transportation innovation, showed moderate improvements in travel
costs and production output but did not outperform the focused approach of Scenario 3. Scenario 2,
concentrating on increasing warehouse capacity, resulted in elevated inventory levels without
commensurate production gains, suggesting inefficiencies in stock utilization.

Overall, the findings confirmed that targeted policy interventions—particularly those aimed at cost
optimization—can yield higher system performance than generalized, simultaneous strategy deployment.
The behavior reproduction and sensitivity analyses further validated the robustness of the model by
aligning simulated outputs with historical industry data and revealing critical leverage points in the system,
such as production rate and warehouse capacity.

Discussion and Conclusion

The results of this study offer several important insights into the dynamics of sustainable supply
chain management in the context of industrial manufacturing. First, the superior performance of Scenario
3 confirms that reducing production costs through targeted interventions can significantly boost output
and minimize systemic inefficiencies. This supports prior research indicating the centrality of cost
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structures in driving SSCM performance. Moreover, the simulation highlighted the reinforcing loop
between cost reduction, increased consumer demand, and improved product flow, suggesting that such
strategies not only enhance internal efficiency but also strengthen market responsiveness.

Second, the findings emphasize that simultaneous implementation of multiple sustainability
strategies, while theoretically comprehensive, may produce diminishing returns or even counterproductive
outcomes if not sequenced or aligned with organizational capacities. The decline in efficiency observed
in Scenario 4 illustrates the risks of overextension and resource misallocation in supply chain systems.
This underscores the importance of prioritizing and phasing sustainability measures rather than pursuing
blanket implementation.

Third, the results validate the strategic value of technological innovation in transportation systems.
While not the most decisive factor alone, enhanced transport technologies contributed to reduced delivery
times and logistics costs, aligning with broader environmental and operational goals. Combined with
appropriate inventory management, these innovations can significantly elevate the sustainability profile
of supply chains.

Fourth, the model demonstrated the pivotal role of warehouse capacity as a balancing mechanism
between production and distribution. However, the analysis also revealed that expanding capacity without
corresponding improvements in inventory turnover can lead to overstocking and inflated holding costs.
This finding cautions against treating infrastructure expansion as a standalone solution and points to the
need for integrated strategies that balance capacity with flow efficiency.

Ultimately, this study reinforces the value of system dynamics modeling as a decision-support tool
for SSCM policy development. By simulating long-term outcomes and inter-variable feedbacks,
organizations can anticipate unintended consequences and design more resilient, context-appropriate
strategies. The model provides a replicable framework for assessing sustainability interventions, adaptable
to different industrial settings and policy environments.

In conclusion, achieving sustainable development in manufacturing supply chains requires not
only commitment to environmental and social goals but also a nuanced understanding of systemic
interactions. Targeted, data-driven, and staged policy approaches—especially those focused on cost
efficiency and technological enhancement—are more likely to produce sustainable, scalable results. For
industrial policymakers and corporate managers in Iran and similar economies, such models offer valuable
insights for balancing growth, equity, and ecological responsibility in an increasingly complex operational
landscape.
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