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Abstract

Purpose: The purpose of this paper is to address one of the most critical challenges faced by organizations today:
controlling carbon dioxide emissions. This study aims to provide a model for designing a green supply chain
network that minimizes total network costs while incorporating environmental considerations. The research seeks
to achieve a balanced optimization of costs, carbon emissions, and service levels in supply chain management.
Methodology: This study proposes a novel integrated optimization model that considers economic, environmental,
and customer satisfaction aspects within the supply chain network. The mathematical model is formulated as a
Mixed-Integer Nonlinear Programming (MINLP) problem. An exact method is employed to solve the model, which
is coded and implemented using GAMS optimization software. The efficiency and effectiveness of the model are
validated through numerical examples and data analysis.

Findings: The results demonstrate the model's ability to optimize both economic and environmental dimensions
while maintaining high service levels and customer satisfaction. The numerical examples, solved for problems of
varying dimensions, confirm the practicality and effectiveness of the proposed approach. The findings highlight the
trade-offs between cost minimization, carbon emission reduction, and service quality in supply chain networks.
Originality/Value: This reseatch contributes to the field by presenting a new integrated optimization model that
simultaneously addresses cost efficiency, environmental sustainability, and customer satisfaction in green supply
chain design. The use of a mixed-integer nonlinear programming approach and its implementation in GAMS
provides a robust framework for solving complex supply chain problems. The study offers valuable insights for
organizations aiming to achieve sustainability goals while maintaining economic viability and customer-centtic
operations.
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Table 1- Comparison of characteristics of articles reviewed in the research literature.
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Figure 1- Overview of the three main perspectives (Focal areas) considered in this article.
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Figure 2- Schematic view of the proposed supply chain network.
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Table 3- Problem dimensions in three numerical examples.
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5 11 8 7 13 8 9 11 6
6 11 9 7 13 9 10 12 7
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Table 4- Values obtained from solving the model in GAMS software.
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0.237 13562371 27891350 1
0.283 46932250 137843560 2
1.301 165438320 637453780 3
2.260 173425130 678758620 4
3.071 176287970 692541050 5
3.902 185325840 722105480 6
4.053 193258420 754871230 7
4.341 203145870 854587100 8
4.872 209747520 887415230 9
5.304 212548630 903251480 10
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Table 5- Service level achieved for each retailer.
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Table 6- Comparison of the efficiency of different solvers.
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