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Abstract
The conditions of global competition and environmental sensitivities have made organizations and factories to collect returned products. In
such a way that these organizations have tried rehabilitate, recycle or destroy these products in order to protect the environment. This paper
propose a mathematical model for the green closed-loop supply chain network of heavy tire by considering the economic pricing of its
products under conditions of uncertainty, which economically determines the price and leads to more profitability. In addition, the relevant
model is a two-objective fuzzy model, the first objective of which is to minimize costs and maximize profits and the second objective is to
minimize environmental issues. The proposed model can also determine the optimal location of each center based on potential locations,
the optimal amount of production, distribution, collection, recycling, as well as the reproduction of products. The ε-constraint method is
used to solve the model with two objective functions; this method ensures strong Pareto optimal answers and prevents weak Pareto
answers. Independent two-sample t-test is used to verify the results of certain and uncertain models in the studied model. In order to
evaluate the effectiveness and profitability of the proposed method, a case study in the field of heavy tires is finally used, through which
very useful results are obtained.

1. Introduction
The emissions of greenhouse gas causes more concern in the world due to the Paris Climate Agreement with the announcement of carbon
emission targets by various countries for reducing global climate change. Industry and supply chain are the main sources of carbon
emissions and pollution. Therefore, manufacturing companies have realized the importance of adopting environmentally friendly supply
chain management practices and implement such programs in their business operations (Kumar et al. 2020). In this regard, discarded tires
lead to increased water pollution, air pollution, CO2 emissions, risk to human health and economic losses. Tire retreading can reduce the
demand for natural and energy resources to produce new tires by increasing the service life of the tire. Tire companies did not retread the
tire due to lack of government commitment and sufficient profits (Saxena et al. 2018). In addition, the removal of huge amounts of tire
waste around the world is now an economic and environmental issue. The annual production of 4.5 million tons of tires in Europe, 5.2
million tons in the United States, 1.2 million tons in Japan, 5.2 million tons in China and 0.9 million tons in India represent 88% of total tire
production worldwide. Also, tire disposal has become a serious problem in the environment over the past decades. Environmental
awareness has significantly increased exploration for the recycling of discarded tires to be environmentally friendly and economically
viable (Jeguirim and Limousy 2017; Labaki and Jeguirim 2017). For this purpose, one of the things that can be done to reproduce these
products, which is both economically and environmentally beneficial for the environment, is to consider a closed-loop supply chain in the
field of tire reproduction so that these tires can be collected. In this regard, the following articles have addressed this issue.

Kumar et al. (2020) used a model for designing a sustainable Greenfield tire retreading supply network and group decision-making to
combine economic, maximum profit, coverage, and capacity flexibility, carbon cost as an environmental dimension, and social benefit index
as a social dimension. To solve the proposed model, a fuzzy multi–objective uncertainty method was used. Finally, numerical experiments
provided important information for industry and government professionals. Tehrani and Gupta (2021), presented their study with the aim of
designing and developing a stable multi-purpose network, multi-product, multi-step, multi-cycle, multi-capacity, green closed-loop under
combined uncertainty. Demand uncertainty as well as fuzzy-based uncertainty regarding rate of return, rate of retread, rate of recycling,
supply, and production costs were considered in the problem. They proposed a stable fuzzy random programming approach using
probabilistic distributions. Kumar et al. (2020) proposed a strategic planning model for tire reconstruction under conditions of uncertainty
and group decision-making for an adjustable supply chain to integrate the trade economy with carbon tax policy. To solve the proposed
model, they used a fuzzy multi-objective method with a combination of different techniques.

It should be noted that, there are different methods for collecting products such as dumping, retread these products, etc., so a suitable
method must be adopted in this chain to reduce collection costs, as well as being able to increase the revenue of this chain. The closed-
loop supply chain also includes decisions that involve both forward and backward. Decisions that start with the supply of raw materials
and continue to the end customer include the forward supply chain. The backward supply chain also includes collection, reproduction,
recycling, and access activities (Wei and Zhao 2013; Zhang 2006). Most manufacturers, such as Xerox, Hewlett-Packard, and IBM, use
production and backward supply chain network (Chen and Chang 2012; Atasu et al. 2010; Choi et al 2013; Ferguson and Toktay 2004;
Karakayali et al. 2007). For example, Ford saved $ 180,000 in 1996 by using cartridge disposal (Wei et al. 2015). In addition, the company
earned $ 1.2 million in costs from 1991 to 1997 by reproducing and collecting 332,000 cartridges (Wei et al. 2015; Gutowski et al. 2011;
Qiang et al. 2013). It should be noted that the purpose of most of the literature in the field of closed-loop supply chain has been on certain
terms. It should be noted that the products to be collected in these chains make decisions in the model. These variables include the amount
of recycled materials, the number of production centers, and the price of returned products (Üster et al. 2007 ; Listeş 2007). Thus, the
dynamic and complex nature of the supply chain creates many uncertainties in the supply chain that cause the entire supply chain to
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change (Klibi et al. 2010; Dekker et al. 2013). In their paper, Leung et al. (2007) found that it is more difficult to estimate and control the
quality and quantity of returned products in the supply chain, so uncertainty in the backward supply chain is much more important. For this
reason, this type of uncertainty causes articles to consider this type of uncertainty in the backward supply chain.

Given the above discussion, the motivation for this paper is to consider a mathematical model for the green closed-loop supply chain
network of heavy tire by considering the economic pricing of these products under uncertainty conditions. Finally, the innovations that
distinguish this research from other researches and can enrich the literature in this field are as follows:

Design of a multi-objective model in the green closed-loop supply chain of heavy tire, taking into account the economic pricing of re-
produced products using proper collection of tires, considering an uncertainty fuzzy to de fuzzy the uncertainty parameters.

Considering the environmental issue as a new target function because the reproduction of tires causes environmental pollution.

None of the tire articles considered competition in their supply chain network. While we have included price factor in the relevant
modeling.

Simultaneous consideration of forward and backward decisions in the heavy tire supply chain network

To solve the model of two objective-functions, the ε-constraint method is used; this method ensures strong Pareto optimal answers
and prevents weak Pareto answers. In addition, an independent two-sample t-test is used to verify and validate the results of the
certain and uncertain model in the model.

Finally, to evaluate the effectiveness and usefulness of the proposed method, a case study in the field of heavy tires is conducted and
useful management results are obtained for decision makers in this field.

Finally, the present article is planned as follows. In the next section, we will state the problem and model the assumptions. In section 3, a
fuzzy model for controlling the uncertainty of problem data will be presented. Section 4 explains and implements the solution method. In
Section 5, a case study will be used to validate the proposed model. In Section 6, the numerical and managerial results will be presented
and explained. Finally, general conclusions and suggestions for future research are provided.

2. Problem Statement
This paper presents a green closed-loop tire supply chain model. The relevant model is two-objective fuzzy model, the first objective is to
minimize costs and maximize profits and the second objective is to minimize environmental issues in the chain. The components of this
model include suppliers, manufacturers, distributors, product collectors, reproduction centers and recycling centers. In the considered green
supply chain network, recycling and product collection centers are responsible for product collection referring them to recycling or
reproduction centers or to destroy them if not repairable. In addition, it is possible to develop production and distribution centers under the
name of new distribution centers and new production centers. One of the most important decisions obtained from the current model is to
determine the optimal location of each component based on the potential locations and also to determine the optimal amount of
production, distribution, collection, recycling and reproduction of the product. The following schematic figure is provided for further
specification of the model.

In the above figure, the manufacturer receives the raw material from the supplier and sells it to distribution centers. There is a connection
between distribution centers, collection centers, reproduction and recycling centers, while recycling centers have the possibility to yield
revenue.

2.1. Assumptions

1. Potential locations for production, distribution, reproduction and recycling centers are determined in advance.

2. The capacity of supply, distribution, reproduction, recycling and disposal is limited.

3. The rates of return, recycling, and reproduction are uncertain. 

4. The costs of raw material supply and production are uncertain.

5. Market demand (customers) is uncertain. 

6. Only one transportation model takes place in this network (for example, only road transportation).

7. There is a fee considered for collecting used tires from each market. This cost encourages the end consumer to deliver the used tire to
the retailer, and also encourages the retailer to receive and deliver used tires to collection centers.
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8. The market demand for the new tire must be satisfied, otherwise the shortage fee will be applied, but the satisfaction of the product
demand in Retread is optional.

9. Transport companies buy the tires they need directly from distribution centers and transport them to reproduction centers for
reproduction.

Subscripts

 

i Set of potential locations

j Set of supplier centers

k Production centers

l New manufacturing centers

m Distribution Centers

n New distribution centers

o Product collection centers

p Reproduction centers

q Recycling centers

r Set of various products

Parameters 
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~
RSCj

j Cost of raw materials from the supplier

FROCr p Fixed cost of ordering for the product

VROCr r Variable cost of product purchase

~
PSCkr

r Production cost product, k production center

FCMk k Cost of construction of production center

FCMMm m Cost of construction of distribution centers

DCMl l Cost of developing a new production center

DCMNn n Cost of developing a new distribution center

FCOO o Cost of construction of collection centers

CCOO O Collection fee of collection center

FCLl l Cost of construction of reproduction centers

FCQq Cost of construction of recycling centers

TC Total network flow costs

RIr r Revenue from resale of the product

RCIr r Revenue from product recycling

RUIr r Income from sales to the market for reuse of the product

MIr r Revenue from the sale of product to the market for energy recovery

POPKk K The amount of pollution produced by the factory

POPQq Q The amount of pollution produced by the recycling center

POPPp P The amount of pollution produced by the reproduction center

CONPmp m The amount of fuel consumption transported from the distribution center to the reproduction centers p

POPOo o The amount of pollution caused by the destruction or burning of tires used by the product collection center

CAPJj J Supplier capacity

CAPKk K Manufacturer capacity

CAPMm m Distributor capacity

CAPOo O Capacity of the product collection center

CAPPp P Capacity of the reproduction center

CAPQq Q Recycling center capacity

CAPLl L Capacity of new production center

CAPNn n Capacity of the new distribution center

~
DEMkr

r The amount of customer demand for a new product from the manufacturer K
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~
RSCj

j Cost of raw materials from the supplier

~
DEMPpr

Customer demand for the re-produced product r from the manufacturer p

DefCkr r Shortage cost for new product from manufacturer k

TCMPMP Cost of transporting materials from M distribution centers to P reproduction centers

Decision variables

XJj If supplier j is selected to supply the raw materials required for the tire 1 and otherwise zero

XKki If the production center k is constructed in place i 1 and otherwise zero

YKkir Production rate r by production center k in place i

XMmi If the distribution center m is located at location i 1 and otherwise zero

YMmir The distribution rate of the distribution center m at location i for product r

XOOi If the product collection center o is located in place i 1 and otherwise zero

~
YOoir

Collection rate of product r in product collection center O in place I

XPpi If the product reproduction center p is located in place i 1 and otherwise zero

~
YPpir

Product r reproduction rate in reproduction center p in place I

XQqi If the recycling center q is constructed in place i 1 and otherwise zero

~
YQqir

Product r recycling rate in recycling center q in place I

X The amount of total network flow between different levels of the supply chain

XLli If a new production center L is constructed at location i 1 and otherwise zero

XNni If a new distribution center n is constructed at location I 1 and otherwise zero

YLlir r Production rate in new production center l in place i

YNnir Product r distribution rate in distribution center n in place i

XDEFkr The shortage of commodity K for the product r

XTCMPMPr The flow of r product from distribution centers M to reproduction centers P

XRIr Product r resale price

XRCIr Product r recycling value

XRUIr Market selling price for product r reuse

XMIr The selling price of the product r to the market for energy recovery

Furthermore, we address the objective functions of the problem, which include economic and environmental objective functions. The
economic objective is to minimize the costs of the entire network, which are as follows:
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1) The cost of supplying raw materials, including the fixed cost of ordering and the variable cost of purchase. 2) The cost of construction
and development of production centers. 3) The cost of construction and development of the distribution center. 4) The cost of constructing
collection centers. 5) The cost of constructing new production centers. 6) The cost of constructing recycling centers. 7) Total network flow
costs including the transportation of materials and products between two different levels of the supply chain.

The economic objective can also be presented as maximizing revenue:

1) Revenue from resale 2) Revenue from recycling 3) Revenue from resale to market for reuse 4) Revenue from resale to market for energy
recovery

The objective functions and problem constraints are modeled in the following.

maxz1 = RIr. XRIr + RCLr. XRCLr + RUIrXRUIr + MIrXMIr − [∑
j

~
RSCj. XJj + ∑

k

~
PSCk. YKki 

+ ∑
k
FCMkXKki. + ∑

m
FCMMm. XMmi + ∑

l
DCML. XLli + ∑

n
DCMNn. XNni + ∑

o
FCOo. XOoi + ∑

o
CCOo

~
YOoi 

+ ∑
l
FCLlXLlI + ∑

Q
FCQq. XQqi + ∑

k
DefCk. XDEFk + ∑

m
∑

p
TCMPmp] + TC + FROC + VCOC     (1)

minz2 = ∑
k
POPKk. XKki + ∑

q
POPQq. XQqi + ∑

p
POPPp. XPpi + ∑

m
∑

p
CONPmp. XMmi + ∑

o
POPoo. XOOi    (2)

XJj ≤ 1∀j   (3)

XKki ≤ 1∀k, i    (4)

∑
i
XKki = 1∀k    (5)

YKkir ≥
~

DEMkr∀k, i, r    (6)

YKkir ≤ CAPKk∀k, i, r    (7)

XMmi ≤ 1∀m, i    (8)

∑
i
XMmi = 1∀m    (9)

YMmi ≤ CAPMm∀m, i    (10)

XOOi ≤ 1∀o, i   (11)

∑
i
XOOi = 1∀o    (12)

~
YOoi ≤ CAPMm∀o, i, m     (13)

XPpi ≤ 1∀p, i    (14)

∑
i
XPpi = 1∀p   (15)

~
YPpi ≤ CAPPp∀p, i   (16)

XQqi ≤ 1∀q, i   (17)

∑
i
XQqi = 1∀q   (18)

~
YQqir ≤ CAPQq∀q, i, r   (19)

X = ∑
r
∑

m
∑

p
XTCMPmpr   (20)



Page 8/19

XLli ≤ 1∀l, i   (21)

∑
i
XLli = 1∀l   (22)

YLlir ≤ CAPLl∀l, i, r   (23)

XNni ≤ 1∀n, i   (24)

∑
i
XNni = 1∀n  (25)

YNnir ≤ CAPNn∀n, i, r   (26)

XDEFk =
~

DEMkr +
~

DEMPpr − YKkir∀k, i, r, p    (27)

∑
k
∑

i
YKkir = ∑

m
∑

i
YMmir∀r   (28)

∑
m

∑
i
YMmir = ∑

o
∑

i

~
YOoir + ∑

p
∑

i

~
YPpir + ∑

q
∑

i

~
YQqir + ∑

l
∑

i
YLli + ∑

n
∑

i
YNni∀r   (29)

Equation 1 seeks to maximize profits or minimize costs. Revenues as well as expenses are separately presented in the previous section.
Equation 2 seeks to minimize environmental issues. Equation 3 states that it is possible to supply from each supplier up to one time.
Equation 4 indicates that each plant is established at most once. Equation 5 shows that the total location of a factory equals one. Equation
6 shows that the amount of production for each factory should be more than the amount of demand for that factory. Equation 7 shows
that the output of each plant should not exceed the capacity of that plant. Equation 8 shows that each distribution center is established at
most once. Equation 9 states that a distribution center can only be established in one potential location. Equation 10 shows that the total
amount of distribution for each distribution center cannot exceed the capacity of that distribution center. Equation 11 shows that each
product collection center can only be constructed once.

Equation 12 shows that there is only one place for each product collection center. Equation 13 states that the total amount of product
collected by each collection center cannot exceed its capacity. Equation 14 shows that each reproduction center can only be constructed
once. Equation 15 shows that each reproduction center is constructed in only one place. Equation 16 shows that the total amount produced
by each reproduction center could not exceed its capacity. Equation 17 shows that each recycling center can be established only once.
Equation 18 shows that only one site is allocated for the construction of each recycling center. Equation 19 shows that the capacity of each
recycling center is limited. Equation 20 states that the total network flow is equal to the total amount of transport from distribution centers
to reproduction centers. Equation 21 shows that each new production center can be constructed only once. Equation 22 shows that there is
only one location for each production center. Equation 23 indicates that the total amount of production for the reproduction centers should
be less than its capacity. Equation 24 shows that each new distribution center can only be constructed in one location. Equation 25 shows
that the total potential locations for each new distribution center are just one location. Equation 26 indicates the capacity limit of each new
distribution center. Equation 27 indicates the degree of shortage. Equation 28 shows that the total amount of production should be the
same as the amount of collection. Equation 29 indicates the constraint of closed-loop supply chain.

3. Fuzzy Modeling Of Problem
In the proposed problem, some parameters have a fuzzy value. The method of Khamiz et al. (2007) was used to convert the uncertain fuzzy
model to certain model This method uses the concept of mathematical expectation and the expected range of fuzzy numbers to defuzzify
a possibility model. This method while maintaining the lineability of the model, does not increase the number of objective functions and
unequal constraints.

Assuming thatc̃ = (cp, cm, co) is a triangular fuzzy number, then the expected range and mathematical expectation of the fuzzy number c̃
are equal to

EI c̃ = Ec
1, Ec

2 = [
1
2 cp + cm ,

1
2 cm + co ]   (30)

EV c̃ =
Ec

1+Ec
2

2 =
cp +2cm , co

4    (31)

( ) [ ] ( ) ( )
( )
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Based on the above relation, the relations that have fuzzy parameters can be rewritten as follows, and thus the model is defuzzified.

maxz1 = RIr. XRIr + RCLr. XRCLr + RUIrXRUIr + MIrXMIr − [∑
j

RSC1j+2RSC2j+RSC3j
4 . XJj + ∑

k

PCS1k+2PSC2k+PSC3k
4 k

. YKki

+ ∑
k
FCMkXKki. + ∑

m
FCMMm. XMmi + ∑

l
DCML. XLli + ∑

n
DCMNn. XNni + ∑

o
FCOo. XOoi + ∑

o
CCOo

~
YOoi 

+ ∑
l
FCLlXLlI + ∑

Q
FCQq. XQqi + ∑

k
DefCk. XDEFk + ∑

m
∑

p
TCMPmp] + TC + FROC + VCOC   (32)

XDEFk =
DEM1kr +2DEM2kr +DEM3kr

4 +
DEMP1kr +2DEMP2kr +DEMP3kr

4 − YKkir     (33)

YKkir ≥
DEM1kr +2DEM2kr +DEM3kr

4    (34)

The above relations represent the defuzzified form of relations 1 as a function of the objective of the problem as well as relations (6) and
(27). Figures are considered as triangular fuzzy.

4. Solution Method
The solution method in the present study includes the exact method. This method includes the Epsilon constraint algorithm. This section
describes this algorithm.

4.1. Epsilon constraint algorithm
The present problem is solved using the Epsilon constraint method. The problem is solved in such a way that the first objective is
considered as the main objective and the other objectives are limited to the upper limit of Epsilon and are applied in the problem
constraints. In this case, based on the Epsilon method, the following single-objective model constraint is obtained.

minf1(x)

fi(x) ≤ ei

x ∈ X   (35)
Where the first objective is considered as the main objective and the objectives second to nth are limited to maximum value of ei. In the
Epsilon constraint method, by changing the values of ei, different answers are obtained that may not be effective. By modifying and
completing the above model, the mentioned problem can be solved, which is known as the developed epsilon constraint method. In this
method, the previous relation is rewritten in this way.

Where si is negative auxiliary variable and Φi is a parameter for normalizing objectives. By obtaining the outcome matrix of the problem
objectives, several different values are selected by the lexicographic method, and the Pareto front is obtained in this way.

5. Case Study
Rubber is defined as a material that has elastic properties. So that its most important property is stretching, so that sometimes it stretches
up to 60 times its original length. Natural rubber loses heat when stretched and absorbs heat when it returns. It should be noted that the
properties of the raw polymer do not represent the composition and properties of the rubber in the final state because to achieve some of
the desired properties for a tire we need a long process and this time for the process increases the price of rubber. Rubber generally has a
low modulus of elasticity and is, therefore, able to withstand deformation up to more than one thousand percent. The rubber industry, after
the discovery of how to vulcanize it (in 1839), has now emerged as a very important economic industry, and many rubber parts and
products can be seen in the market, including truck tires and other equipment. Transportation, hoses, conveyor belts, rubber mats and
plates, V-shaped straps, heel and shoe beds, rubber sponges and many other parts. In 1881, the inflatable bicycle tire was invented by the
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English inventor (Dunlop). In 1912, Diamond Company discovered that adding soot to a rubber compound improved its abrasion resistance
and other physical properties.

6. The Results Of The Model And The Collection And Estimation Of Data

6.1. Results of model solving
In this section, the proposed model is solved using Gomez software and Epsilon constraint method and in different dimensions and its
results are presented. The results are presented in the form of calculating continuous price variables of product prices, while Pareto
diagram, which is suitable for two-objective problems, is also presented below.

Table 1
Product selling price in different modes

Product 1 2 3 4

Product resale price 900 970 950 870

Product recycling value 300 320 330 290

Market selling price for product reuse 440 560 480 510

The selling price of the product to the market for energy recovery 320 280 270 250

In the Pareto chart obtained from the problem-solving data, the intersections of the two objective functions are shown and shown as
follows.

As it can be seen, the optimal points obtained from the intersection of the two objective functions in this problem are obtained, which
indicates an almost inverse relationship between the two objective functions of profit and environmental issues. Although in some parts of
the chart we see the density of points, but in general we can see that increasing profits leads to reducing environmental benefits and vice
versa.

6.2. Comparison of results in definite and fuzzy situations
Then, considering that some parameters of the model are fuzzy, so the definite and fuzzy states are considered as two separate states and
we want to know what effect the uncertainty has on the model and its results.

As it can be seen, the results of problem solving in the definite and fuzzy states are somewhat different in the discussion of costs. In other
words, the cost in the fuzzy state is higher than the definite state, which indicates that uncertainty can lead to increased costs in the supply
chain.

In the above diagram, the issue of environmental issues is examined and it is shown that in the fuzzy situation, we see a worse situation in
terms of environmental issues compared to the definite situation. Therefore, it can be said that uncertainty has led to an increase in
environmental issues in the present issue. On the other hand, the results in the fuzzy state have more fluctuations than the definite state.

6.3. Statistical analysis of uncertainty
Next, an independent two-sample t-test is used to confirm the difference between the situation of uncertainty and uncertainty. The results
for both objective functions are as follows.

Table 2
T-test to evaluate the significance of cost values.

The significance
level

Freedom
degree

T
value

Lower
limit

Upper
limit

Standard error
Mean

Standard
Deviation

Mean

0.002 11 -4.321 -3.657 -0.86656 0.47110 1.2261 -1.6778

T-test is run to check the significance of the differences. Of course, in some cases, by performing t-test or analysis of variance, we seek to
see which group is superior to the other group. We do not have such a goal here and we just want to know if there is a significant difference
between the state of certainty and uncertainty. Therefore, other than the level of significance, other statistics and coefficients are not
important, and considering that the level of significance is close to zero, it can be said that there is a significant difference between the
state of certainty and uncertainty in the present problem and uncertainty leads to worsening. Has been answered.



Page 11/19

Table 3
T-test to evaluate the significance of the values of environmental issues.

The significance
level

Freedom
degree

T
value

Lower
limit

Upper
limit

Standard error
Mean

Standard
deviation

Mean

0.002 11 -4.321 -3.657 -0.86656 0.47110 1.2261 -1.6778

Conversely, the cost situation with respect to the significance level of 0.002 regarding the comparison of uncertainty and uncertainty can be
said that there is a significant difference in 95% confidence level between certainty and uncertainty and therefore the uncertainty situation
leads to change in the problem or improvement or deterioration of the answer. Therefore, the effect of uncertainty on the discussion of
costs and environmental issues and the worsening of the answer is confirmed.

6.4. Sensitivity analysis
With the help of sensitivity analysis, it can be found that what changes in some important parameters that can be changed lead to a
reaction by the model and in which direction the results are directed. Here 4 parameters of product demand from the distributor, demand for
reproduction of goods, capacity of collection centers and capacity of recycling centers are analyzed. The last two parameters are related to
environmental issues and the reason for examining them in this section is to pay attention to environmental issues.

As it can be seen in this section, increasing demand leads to increased environmental issues as well as increased profits. Naturally, with
increasing demand, one can expect an increase in profits, but at the same time, one can expect an increase in environmental issues
following an increase in production. In the following, we analyze the sensitivity of profit and environmental purpose according to changes
in demand for the reproduced product.

With the increase in demand for the recycled product, we see an increase in profits and an increase in environmental issues, although in the
end this increase seems to have stabilized and in fact we can say that the increase is done only in the early periods. In the following, the
analysis of profit sensitivity and environmental objective function according to increasing the capacity of collection centers is presented.

Based on the above two diagrams, it can be seen that increasing the capacity of collection centers leads to a decrease in profits because
the cost of construction of collection centers increases and naturally reduces profits. This shows that even an increase in collection revenue
can not prevent a decrease in profits. But on environmental issues, there is no tangible change following the increase in the capacity of
collection centers. In the following diagrams, we examine the changes in the profit objective function and environmental emissions
according to increasing the capacity of recycling centers.

The above two diagrams show that increasing the capacity of recycling centers due to increasing revenue from the sale of recycled
products can lead to increased profits. This income is enough to cover the construction costs of recycling centers. But at the same time,
environmental issues will increase as the capacity of recycling centers increases.

7. Conclusion
In this research, a mathematical model for the green closed supply chain of heavy rubber has been used considering the economic pricing
of these products under conditions of uncertainty. In addition, the model is fuzzy and has two objectives, the first goal is to maximize
profits and the second goal is to minimize environmental emissions of the chain. After solving the model, Pareto analysis of the problem
was run, which shows the inverse relationship between the two goals of profit and environmental issues. In addition, sensitivity analysis
was performed for four parameters that indicated the sensitivity of the model to increasing the total demand and demand for recycled
products, as well as the capacity of collection centers and recycling centers. The optimal points obtained from the intersection of the two
objective functions in this issue indicate an almost inverse relationship between the two functions of the profit target and environmental
issues, which increase the profit leading to a decrease in environmental benefits and vice versa. As it was observed, the results of solving
the problem in the definite and fuzzy states are somewhat different in the discussion of costs. In other words, the cost in the fuzzy state is
higher than the definite state, which indicates that uncertainty can lead to increased costs in the supply chain. Furthermore, the issue of
environmental issues is examined and it is shown that in the fuzzy situation has a worse situation in terms of environmental issues
compared to the definite situation. Thus, it can be said that uncertainty has led to an increase in environmental issues in the present issue.
On the other hand, the results obtained in the fuzzy state have more fluctuations than the definite state. T-test was performed to evaluate
the differences. Of course, in some cases, after performing t-test or analysis of variance, we seek to see which group is superior to the other
group. It can be said that there is a significant difference between the situation of certainty and uncertainty in the present problem and
uncertainty has led to a worse answer. This study is one of the new works in the field of reverse logistics optimization. Hence, it can be
expanded in various ways that the literature can enrich it. For example, using resilience strategies for relevant modeling using a scenario-
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based mathematical model, providing an accurate algorithm to solve the heavy tire supply chain problem, using a combination of robust
optimization methods, and planning to control data uncertainty.
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Figure 1

Schematic of the current research supply chain.

Figure 2

Pareto chart of the present problem
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Figure 3

Comparison of definite and fuzzy situation in terms of costs.

Figure 4

Comparison of definite and fuzzy situations regarding environmental issues.
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Figure 5

Analysis of profit sensitivity following increased demand.

Figure 6

Sensitivity analysis of environmental issues following increasing demand.
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Figure 7

Profit sensitivity analysis following increased demand for the remanufactured product.

Figure 8

Environmental target analysis following the increase in demand for the reproduced product.
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Figure 9

Profit analysis following the increase in the capacity of collection centers.

Figure 10

Analysis of environmental issues following the increase in the capacity of collection centers.
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Figure 11

Profit analysis following the increase in the capacity of recycling centers.

Figure 12

Analysis of environmental issues following the increase in the capacity of recycling centers.


