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Abstract

Purpose: To optimize the management of expired pharmaceuticals and mitigate the associated environmental and economic
impacts through the design of a reverse pharmaceutical supply chain network.

Methodology: A mixed-integer linear programming model was developed, incorporating three reverse logistics pathways:
disposal, remanufacturing, and recycling. Demand uncertainty was addressed using a scenatio-based approach, and the model
was implemented and solved in GAMS software.

Findings: The proposed model effectively maximizes the total supply chain profit by balancing revenues from sales and
recycling against various costs, including disposal, remanufacturing, and transportation. Sensitivity analysis revealed that
increases in expiration and shortage costs lead to a decrease in overall profit.

Originality/Value: This study conttibutes by presenting an integrated quantitative model that simultaneously addresses
three distinct reverse logistics pathways for expired pharmaceuticals under demand uncertainty. Moving beyond conceptual
frameworks, it provides a practical decision-making tool for implementing circular economy principles in the pharmaceutical
industry.
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Figure 1- Overview of the proposed reverse supply chain network.
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Table 1- Indices.
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Table 3- Decision variables.
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Figure 2- Changes in the objective function for changes in the expiration cost.
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Figure 3 - Changes in the objective function for changes in the shortage cost.
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