
 Advances in Production Engineering & Management ISSN 1854-6250 
Volume 13 | Number 2 | June 2018 | pp 216–228 Journal home: apem-journal.org 
https://doi.org/10.14743/apem2018.2.286 Original scientific paper 

Optimization of a sustainable closed loop supply chain 
network design under uncertainty using multi-objective 
evolutionary algorithms 
Pourjavad, E.a, Mayorga, R.V.a,*  
aIndustrial Systems Engineering, University of Regina, Regina, Canada 

A B S T R A C T A R T I C L E   I N F O 
Environmental, social and economic concerns have highlighted the im-
portance of closed loop supply chain (CLSC) network design problem accord-
ing to sustainable development. In addition, the uncertainty in decision ele-
ments adds to the complexity of this problem. Hence, this paper aims to pro-
pose a fuzzy multi-objective mixed integer linear programming (FMOMILP) 
model for a multi-echelon and multi-period CLSC network that minimize cost 
and environmental effects and maximize social impacts, simultaneously. At 
first, the model is converted into a multi-objective mixed-integer linear pro-
gramming (MOMILP) model by the weighted average method. Due to NP-
hardness of the problem, a non-dominated sorting genetic algorithm-II 
(NSGA-II) is developed to solve this multi-objective mathematical model. The 
obtained results are validated with the non-dominated ranking genetic algo-
rithm (NRGA), due to there is no benchmark for this problem. In addition, 
different numerical instances are presented and analyzed with different 
measures in order to indicate the efficiency of proposed algorithms. The pro-
vided results demonstrate that the proposed NSGA-II algorithm is an ade-
quate tool to solve the multi-objective problem of CLSC network design. 
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