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Supply chain design in today 's world requires a balance between conflicting economic goals and
sustainability requirements. The aim of this study is to present a mathematical model for
sustainable supply chain design which covers three dimensions of profitability, environmental and
social. The innovation of this paper lies in the simultaneous consideration of the Human
Development Index (HDI) and the value creation index within a closed-loop supply chain in the

Iranian tire industry. In the baseline paper from which this problem was modeled, only the forward
supply chain was taken into account. A bi-objective mixed integer linear programming (MILP)
model was developed which follows the first objective function to maximize the profitability and
the second objective function to minimize the co, emissions in the transportation facilities and
routes. The human development index was added to the model to account for the social dimension
of sustainability. The proposed model was validated with small dimensions and using exact
solution methods. Then, due to the complexity of the problem, two metaheuristic algorithms have
been developed to solve it in real dimensions and their performance is compared with the exact
solutions. The results indicate that metaheuristic algorithms have good performance in achieving
the optimal solutions with short computational time. The sensitivity analysis also shows that
considering sustainability considerations, it has a significant effect on the feasibility and final
configuration of the supply chain network. The proposed model can be used as an analytical tool
to managers to better understand complex relationships between profitability and sustainability
and make informed decisions in the design of supply chain network.

Extended Abstract

1. Introduction

than ever. the main objective of these chains is to create a profitable network consisting of suppliers, factories, distribution

centers and customers. in this regard, there are three levels of decision making: strategic (determining the number, size and
location of facilities), tactical (commodity flow and inventory level) and operational (short - term planning). according to the
definition of the world commission on environment and development (1987), sustainable development needs to meet today 's
needs without harming the future generations. in the past, the focus was on economic performance, but today social and legal
pressures led industries to improve environmental and social performance and propose a sustainable supply chain concept. this
approach combines traditional goals such as cost reduction and productivity increase with environmental and social objectives.

In today 's complex world, with the development of industries, the importance of supply chains has been identified more
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2. mathematical modeling and formulation

In this research, a multi - level sustainable supply chain network has been designed with constant demand for tire industry
with the help of a case study. the present study will design a multi-objective model in closed loop network for different products
and relationships between levels, costs, return levels, green and optimization.

3. the implementation of the model and the analysis of the data

Each research problem in mathematical operations and modeling are two methods of accurate and approximate solution.
usually, in exact method the input values for solving the problem are not very large and the problem model is solved in
acceptable time. but in the present world due to the large number of models, exact solution methods are not able to solve the
models at the desired time, so researchers have applied approximate methods. these methods solve the problem at low time and
obtain very close solution to the optimal solution, including approximate methods, meta - heuristic methods.

4. conclusion

In this research, a multilevel, multi-period and multiple products model is proposed for designing a closed loop supply
chain network in fixed demand conditions and considering secondary customers of the system.the present model, in the forward
direction, has the suppliers, producers (production and reproduction units as a facilitator), customers and in the backward
direction have the levels of product collection, destruction, secondary customers.the model is mixed linear programming and
has the objective function to maximize the profit and also reduce the house flower gases.
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    I N V  d p  t −       I N V  d p  t − 1 ≤   ∑  m    ∑  l    A T  m d p l  t                                                                                                                       ∀ d , p , t


    I N V  b p  t −       I N V  b p  t − 1 ≤   ∑  c    ∑  l    A T  c b p l  t                                                                                                                             ∀ b , p , t


    I N V  f p  t −       I N V  f p  t − 1 ≤   ∑  b    ∑  l    A T  b f p l  t                                                                                                                             ∀ f , p , t


    ∑  m    ∑  l    A T  s m r l  t ≤     C A P S  s r                                                                                                                                                                 ∀ s , r , t


    A M  m p n  t ≤   C A P M  m p n ∗   Y O  m  t                                                                                                                                             ∀ m , p , n , t


    ∑  p      R M O  p ∗ I N V  m p  t ≤   C A P H  m  t ∗   Y O  m  t                                                                                                                 ∀ m , t


    A D  d p  t ≤   C A P D  d p ∗   Y O  d  t                                                                                                                                                       ∀ d , p , n , t


    ∑  p      R M O  p ∗ I N V  d p  t ≤   C A P H  d  t ∗   Y O  d  t                                                                                                           ∀ d , t


    A F  f p  t ≤   C A P F  f p n ∗   Y O  f  t                                                                                                                                                       ∀ f , p , n , t


    ∑  p      R M O  p ∗ I N V  f p  t ≤   C A P H  f  t ∗   Y O  f  t                                                                                                             ∀ f , t


    A C  c p  t ≤   C A P C  c p ∗   Y O  c  t                                                                                                                                                           ∀ c , p , n , t


    ∑  p      R M O  p ∗ I N V  c p  t ≤   C A P H  c  t ∗   Y O  c  t                                                                                                             ∀ c , t


    ∑  m    ∑  p    ∑  l    A T  b m p l  t +   ∑  f    ∑  p    ∑  l    A T  b f p l  t +   ∑  k    ∑  p    ∑  l    A T  b k p l  t ≤         C A P B  m p ∗ Y O  b  t               ∀ b , t


    A T  b k p l  t ≤   C A P K  k p ∗   Y O  k  t                                                                                                                                             ∀ k , p , n , t


    ∑  p      R M O  p ∗ I N V  k p  t ≤   C A P H  k  t ∗   Y O  k  t                                                                                                     ∀ k , t


    ∑  n    T M  p n  t ∗   Y N  n  t +     ∑  m    ∑  l    Y T  m d l  t ∗   T T R  m d p l  t +     ∑  d    ∑  l    Y T  d c l  t ∗   T T R  d c p l  t   ≤     L M T  c p  t       ∀   c ,   p ,   t


    ∑  n    T M  p n  t ∗   Y N  n  t +     ∑  m    ∑  l    Y T  m d l  t ∗   T T R  m d p l  t +   ∑  d    ∑  l    Y T  d c l  t ∗   T T R  d c p l  t +   ∑  c    ∑  l    Y T  c b l  t ∗   T T R  c b p l  t +     ∑  b    ∑  l    Y T  b m l  t ∗   T T R  b m p l  t +


    ∑  b    ∑  l    Y T  b f l  t ∗   T T R  b f p l  t +   ∑  f    ∑  l    Y T  f d l  t ∗   T T R  f d p l  t +   T I  p ≤     L M T  e p  t  


    Y T  s m l  t ≤  1 3  (   Y S  S  t +   Y O  m  t   +     Y L  l  t )                                                         ∀ s , m , l , t


    Y T  m d l  t ≤  1 3  (   Y O  m  t   +   Y O  d  t +     Y L  l  t )                                                         ∀ m , d , l , t


    Y T  d c l  t ≤  1 3  (   Y O  d  t   +   Y O  c  t +     Y L  l  t )                                                               ∀ d , c , l , t


    Y T  c b l  t ≤  1 3  (   Y O  c  t   +   Y O  b  t +     Y L  l  t )                                                               ∀ c , b , l , t


    Y T  b m l  t ≤  1 3  (   Y O  b  t   +   Y O  m  t +     Y L  l  t )                                                           ∀ m , b , l , t


    Y T  b f l  t ≤  1 3  (   Y O  b  t   +   Y O  f  t +     Y L  l  t )                                                               ∀ f , b , l , t


    Y T  b k l  t ≤  1 3  (   Y O  b  t   +   Y O  k  t +     Y L  l  t )                                                               ∀ k , b , l , t


    Y T  f d l  t ≤  1 3  (   Y O  f  t   +   Y O  d  t +     Y L  l  t )                                                               ∀ f , d , l , t


    ∑  p    A T  s m p l  t ≤ M ∗   Y T  s m l  t                                                                                               ∀ s , m , l , t


    ∑  p    A T  m d p l  t ≤ M ∗   Y T  m d l  t                                                                                             ∀ d , m , , t


    ∑  p    A T  d c p l  t ≤ M ∗   Y T  d c l  t                                                                                                   ∀ d , c , l , t


    ∑  p    A T  c b p l  t ≤ M ∗   Y T  c b l  t                                                                                                   ∀ c , b , l , t


    ∑  p    A T  b m p l  t ≤ M ∗   Y T  b m l  t                                                                                               ∀ b , m , l , t


    ∑  p    A T  b f p l  t ≤ M ∗   Y T  b f l  t                                                                                                   ∀ b , f , l , t


    ∑  p    A T  b k p l  t ≤ M ∗   Y T  b k l  t                                                                                                   ∀ b , k , l , t


    ∑  p    A T  f d p l  t ≤ M ∗   Y T  f d l  t                                                                                                   ∀ f , d , l , t


    ∑  s    E m  s ∗   Y O  s  t +   ∑  m    E m  m ∗   Y O  m  t +   ∑  d    E m  d ∗   Y O  d  t +   ∑  c    E m  c ∗   Y O  c  t


  +   ∑  b    E m  b ∗   Y O  b  t +   ∑  f    E m  f ∗   Y O  f  t +   ∑  k    E m  k ∗   Y O  k  t ≤ T E M


    ∑  s    ∑  m    ∑  l    T P  s m ∗   Y T  s m l  t +   ∑  m    ∑  d    ∑  l    T P  m d ∗   Y T  m d l  t


  +   ∑  d    ∑  c    ∑  l    T P  d c ∗   Y T  d c l  t +   ∑  c    ∑  b    ∑  l    T P  c b ∗   Y T  c b l  t


  +   ∑  b    ∑  m    ∑  l    T P  b m ∗   Y T  b m l  t +   ∑  b    ∑  f    ∑  l    T P  b f ∗   Y T  b f l  t


  +   ∑  b    ∑  k    ∑  l    T P  b k ∗   Y T  b k l  t +   ∑  f    ∑  d    ∑  l    T P  f d ∗   Y T  f d l  t ≤ T E P


    Y O  s  t − 1 ≤   Y O  s  t                                                                                             ∀ m , t


    Y O  m  t − 1 ≤   Y O  m  t                                                                                             ∀ m , t


    Y O  d  t − 1 ≤   Y O  d  t                                                                                             ∀ d , t


    Y O  c  t − 1 ≤   Y O  c  t                                                                                             ∀ d , t


    Y O  b  t − 1 ≤   Y O  b  t                                                                                             ∀ b , t


    Y O  f  t − 1 ≤   Y O  f  t                                                                                             ∀ f , t


    Y O  k  t − 1 ≤   Y O  k  t                                                                                             ∀ k , t


    Y L  l  t − 1 ≤   Y L  l  t                                                                                                   ∀ l , t


    Y N  n  t − 1 ≤   Y N  n  t                                                                                             ∀ l , t


    ∑  i     HDI  i ∗ Y O  i  t ≤   A V H D I   ∑  i    Y O  i  t                                       ∀ t


    Y O  i  t ∈  ( 0 , 1 )


    Y N  n  t ∈  ( 0 , 1 )


    Y L  l  t ∈  ( 0 , 1 )


    Y S  S  t ∈  ( 0 , 1 )


    Y T  i j l  t ∈  ( 0 , 1 )
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