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supply chain; Effective management of the food supply chain with a waste plan in mind will play a vital role in
the company's success and bring numerous competitive advantages to the stakeholders.
Perishability of food products affects economic, environmental and social aspects of food supply
chains. Perishable goods impose additional costs on the inventory system due to the spoilage of the
goods, so it becomes necessary to use a closed-loop supply chain. According to the literature, the
consideration of inspection in food supply chain networks has not been investigated. The use of
inspection in the production and distribution center can contribute significantly to the three
dimensions of sustainability. Examining this issue as a forward and reverse food supply chain is a
challenging issue. In this research, a sustainable forward and reverse supply chain network for food
is presented, taking into account inspection in the production and distribution center to prevent the
transfer of spoiled products to the next layer. To solve the model, the enhanced epsilon constraint
method was used, which is able to provide Pareto solutions suitable for all the objectives of the
decision makers, and it was investigated to show the efficiency of the model in the real world of
TABAROK food products factory.

Inspection;

Sustainability.

Extended Abstract

1. Introduction

the SC of perishable foods is to maintain product quality while improving logistics.ltems are stored in some industries

where the perishability rate is significant so that it cannot be ignored. In addition to economic losses to the manufacturing
and agricultural industries, product spoilage will also cause environmental.Food waste can be converted into organic fertilizer
using a biotechnology approach. In this method, food waste is completely prevented and a significant part of it is converted
into organic fertilizer to save costs, reduce environmental pollution and use fewer natural resources (Figure 1). In fact,
useless and wasteful materials might be valuable and re-enter the SC with some changes. To this end, CLSCNs are designed,
depicted in Figure 2. By clarifying the importance of these networks, most manufacturing companies consider reverse flows
in their SCNs along with forward flows so that they can gain more profit and improve their relationships with their customers
in FSCN where the perishability rate is high, the producer can return spoiled items through establishing a proper coordination
with the retailer and sharing the required information about inventory and demand.

I nventory of perishable items has been known as one of the important issues for organizations. In general, the main goal in
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Figure 1 The process of converting food waste into organic fertilizer

Previous studies on the design of SCNs have paid less attention to inspection. However, if the spoiled product is detected
at the distribution center before it reaches the customer and returns to the reverse loop to be converted into organic fertilizer,
it will be very economical and environmentally friendly. Further, there are 35 million tons of food waste annually in Iran, and
the food waste in the big cities of Iran is more than twice the world average. On the other hand, fertilizer can be produced
from this huge amount of food waste. This challenging problem clearly indicates the necessity of conducting the present
work.

Considering the significance of reverse logistics and issues raised in the field of sustainability, a sustainable CLSCN is
designed for a gradually perishable product such as food by applying the concepts of multi-period to mitigate the harmful
environmental effects of landfilling under conditions of uncertainty in this paper. In this work, an inspection is considered in
the production and distribution centers, which prevents the spoiled foods from being sent to the customers. In other words,
the number of spoiled products shipped to the clients and from the clients to the collection centers will be zero; thus, the
financial loss and environmental pollution will be reduced. The FSC studied in the current research includes the following
levels: food producers, distribution centers, customers, fertilizer production centers (from food product waste), and fertilizer
sales centers to gardeners to use organic fertilizer (organic fertilizer customers). In addition, in this paper, three aspects of
sustainability comprising economic (reducing costs), environmental (minimizing the greenhouse gas emissions of
transportation and recycling), and social responsibility (increasing employment rate, developing community, and responding
to customers' needs) are simultaneously considered in a CLSCN of gradually perishable foods under the conditions of
uncertainty (the perishability rate). The present research’s aim is to put forward a new robust multi-objective optimization
framework for sustainable CLSCN for preventing the transfer of spoiled food products, choosing the best facility location
(distribution center and fertilizer production center), finding the optimal materials flow and food products as well as
specifying the inventory level in distribution centers.

2. Modeling and formulation

In this section, we introduce a mathematical mode.
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3. Implementation of the model and analysis

Various methods, such as AEC, have been proposed to solve multi-objective decision-making/optimization problems. In
this work, the AEC method is utilized for solving this problem in hand. Equation (29) is exploited for solving the suggested
model, achieve the Pareto frontier, and show the conflict between the objective functions.

n
Minf, (y) —Z”'iﬁi
i=2
fi(y)+5i=£ii=2,3,..,n (29)

yeEY
5[20

The obtained Pareto frontier by the AEC method is displayed in Figure 1-3. In addition, one of the Pareto solutions is
presented in Table 1. of1, of2, and of3 are the economic, environment, and social objective functions, respectively.
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Figure 2 Relationship between economic and
social responsibility objective functions

AEC method

cost

Figure 1 The Pareto frontier obtained using the

Table 1 The objective function values

Cost

environmental objective functions

Economical 5222368.985
Environmental impact 16576.187
Social responsibility 20.305
Fixed cost 47948
Transportation cost 12485.551
Inventory cost 14955.177
Production cost 5146980.257

x108

Figure 3 Relationship between economic and

4. Conclusion

In this research, a forward and reverse FSCN was investigated taking the concepts of sustainable SC into account to
reduce the cost, harmful ecological effects caused by food waste disposal, and increase social responsibility under conditions
of uncertainty. In other words, three economic (reducing costs), environmental (minimizing GHG emissions), and social
responsibility (creating employment, community development and customer satisfaction) aspects of sustainability were
simultaneously considered in this paper to optimize the FSC in conditions of uncertainty. The conflict between the first
objective function (cost) and the second objective function (carbon emission) showed that the reduction of pollution leads to
cost increase.
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Fl, Uniform[114290,185715] dry; Uniform[5,20]
Fdy Uniform[14285,22855] a; Uniform[0.01,0.5]
Fspy Uniform[50,80] B: Uniform[0.01,0.5]
Fxeq Uniform([30,90] 0; Uniform[0.01,0.5]
Fugy Uniform[20,80] ) 1.1
Fey, Uniform[20,45] p 0.6
Fog Uniform[20,45] 1-p 0.4
Fqg Uniform[20,45] ] 0.72
Ffi, Uniform[50,80] Fr, Uniform[80,120]
Fh; Uniform[50,70] Fp; Uniform[50,100]
Environmental parameters Uniform[18,30] dye Uniform[3,10]
Social parameters Uniform[0.2,0.7] Create job Uniformint [60,80]
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Economical 36959097.32
Environmental impact 48109.227
Social responsibility 6.301
fixcost 128169
transportationcost 409172.651
inventorycost 0
produtioncost 45661530.00
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mashad .mad?2 80 103 112 54 100 58
tehran .ted1l 86 117 90 60 120 64
tabriz .tad?2 109 120 81 74 102 88
kermanshah. ked3 95 120 83 79 116 108
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maco.mao2 9 19 12 11 17 17
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taco.taol 16 15 20 9 17 10
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[3-10] [5-20] [0.01-0.5] [0.01--0.5] [0.01--0.5] 0.5
1 0.2 0.2 0.1 0.1 0.1 0.5
2 0.2 0.2 0.1 0.1 0.1 0.5
3 0.2 0.2 0.1 0.1 0.1 0.5
4 0.2 0.2 0.1 0.1 0.1 0.6
5 0.2 0.2 0.1 0.1 0.1 0.6
6 0.2 0.2 0.2 0.2 0.2 0.6
7 0.2 0.2 0.2 0.2 0.2 0.7
8 0.2 0.2 0.2 0.2 0.2 0.7
9 0.2 0.2 0.2 0.2 0.2 0.7
10 0.2 0.2 0.2 0.2 0.2 0.8
11 0.2 0.2 0.2 0.2 0.2 0.9
12 0.3 0.3 0.1 0.1 0.1 0.5
13 0.3 0.3 0.1 0.1 0.1 0.5
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22 0.3 0.3 0.2 0.2 0.2 0.9
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