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Abstract

Purpose: In the current complicated supply chains, sustainability and two social and environmental perspectives have
significantly caught researchers’ attention due to their significant role in cost reduction. The present study aims to propose
a sustainable multi-tier supply chain model for power plant products for industrial and manufacturing factories.

Methodology: To this end, a mathematical model was proposed with three objectives: maximizing the social
responsibility, minimizing the emission of environmental pollutants, and reducing the costs of the supply chain. The
whale and genetic metaheuristic algorithms were employed to propose and solve the model since sustainable supply chain
planning was considered an NH-hard problem.

Findings: In order to solve the proposed model, the experimental sample was designed in three groups including small,
medium, and large in terms of the data of Atmosphere Company. The results of whale optimization and genetic
algorithms were compared according to the comparative indices of quality, dispersion, uniformity, and solving time.

Originality/Value: According to the results, the whale algorithm was able to provide higher quality and neatr-optimal
solutions than genetic algorithm; in addition, by comparison, it could efficiently explore and extract possible areas of the
solution in terms of quality and dispersion indices. However, a shorter amount of time was required for genetic algorithm
to uniformly find solutions.
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Table 3- Results of solving problems with small vehicle size.
Prob. Whales Optimization Algorithm (WOA) GA
Quality Spacing  Diversity Quality Spacing  Diversity
Metric Metric Metric Metric Metric Metric

1717212121212 100 11 698.2 0 0.70 4458
1711212121312 95.05 1.13 605.2 4.95 0.70 356.2
2111212121212 87.9 0.84 717.2 12.1 0.46 287.4
2111212121312 73.1 0.71 732.8 26.9 0.31 557.3

awgio 003l b blawo Jo zulis -F Jgus
Table 4- Results of solving medium-sized problem.

Prob. Whales Optimization Algorithm (WOA) GA

Quality Spacing  Diversity Quality Spacing  Diversity

Metric Metric Metric Metric Metric Metric

1/4/3/3/717/10 85.2 0.92 985.2 14.8 0.78 740.7
2/813/3/7/7/10 83.5 0.51 1365.9 16.5 0.47 840.9
3/12//3/3/717/10 88.1 0.64 1439.9 11.9 0.56 850.2
1/4/6/6/8/10/10 100 1.06 1468.9 0 0.71 1130.6
2/8/6/6/8/10/10 87.7 0.68 1582.2 12.3 0.44 12204
3/12/6/6/8/10/10 87.6 0.91 1702.3 124 0.78 1261.3
1/4/7/7/9/15/10 83.4 0.71 1708.9 16.6 0.47 1349.1
2/8/7/7/9/15/10 85.8 0.73 1763.2 144 0.62 1360.6
3/12/7/7/9/15/10 88.1 1.01 1930.2 11.9 0.49 1218.4
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Table 5- Results for solving large size problems.

GA Whales Optimization Algorithm (WOA) GA
Spacing  Diversity Spacing  Diversity Spacing  Diversity
Metric Metric Metric Metric Metric Metric
1/4/10/10/20/30/20 90 0.75 2871.6 10 0.74 1901.6
2/8/10/10/20/30/20 85.9 1.72 2685.3 141 0.64 1954.2
3/12/10/10/20/30/20 87.6 1.67 3063.5 124 0.76 21125
1/4/15/15/40/70/20 70.9 0.73 2636.5 29.1 0.65 1901.5
2/8/15/15/40/70/20 89.9 0.71 2816.5 10.1 0.70 2265.1
3/12/15/15/40/70/20 66.8 1.70 3486.5 33.2 0.54 2793.6
1/4/15/15/45/90/20 87.2 1.17 4121.9 12.8 0.65 3278.6
2/8/15/15/45/90/20 100 1.13 4565.9 0 0.64 3397.7
3/12/15/15/45/90/20 88.4 1.04 5054.1 11.6 0.73 4758.7
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Figure 2- Comparison of runtime (unit of time is seconds).
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Figure 3- Changes in the cost target function versus demand changes.
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