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Abstract

In this research, a pattern for modeling the sustainable supply chain of the
automotive products group b%/ using the hybrid model of discrete event-based
simulation is presented. To this end, first, the simulation model of the current
state of the supply chain has been developed using AnyLogic simulation
software, and the necessary processes were carried out to confirm the validation
of the model. After validitating the model, in the first step, the economic aspects
of the supply chain were evaluated. In this regard, the suppI?/ chain was
examined from two perspectives: the number of transportation fleets and the
levels of ordering and maintenance of spare parts. In order to optimize the
results of the objective function, the meta-heuristic method opt Quest was used
to minimize the cost of waiting for customers to receive products, the waiting
cost of agents to receive spare parts, and costs related to maintenance, repair
and depreciation of vehicles. The output of the optimization process showed
that with a 19-digit increase in the number of fleets compared to the current
situation, the waiting time of Samand Group customers will decrease by 4%,
Dena Group by 1.1%, and Peugeot Group by 8.9%. Also, the annual production
of Peugeot products has increased to 33,000 units, and there has been no
significant change in the production of other groups. The establishment of the
optimal situation, in addition to the economic benefits of the chain, has led to
improvements in social and environmental dimensions as well.
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1. Introduction

Today, the issue of supply chain and its role in creating and
developing competitive advantage, reducing costs, increasing
productivity and motivating employees is considered one of the
important strategic issues of any business. In this regard, various supply
chain paradigms such as green, lean, agile, large, resilient, etc. have been
proposed over time, one or a combination of which is used by different
organizations based on their strategic conditions and priorities. In recent
years, the sustainable supply chain, which is the result of combining and
balancing economic, environmental and social aspects, has received a lot
of attention. Sustainable supply chain management indeed provides a
significant competitive advantage for companies by enhancing efficiency
and reducing costs. Vasei et al. (2023) noted that sustainable
development in supply chain management is not only a limiting factor
but an approach to improve performance and has an effect on the
company's competitive power and its supply chain organization.
Therefore, identifying and introducing new paradigms in the supply
chain is among the needs of companies to stay in today's competitive and
uncertain market conditions. All the mentioned cases make it inevitable
to design a comprehensive and effective model for the supply chain.

2. Literature Review

Abir et al. (2020) designed a sustainable closed-loop supply chain
network with the objectives of minimizing total costs, reducing carbon
dioxide emissions, and maximizing sustainability by fulfilling as much
customer demand as possible under uncertainty. Ahranjani et al. (2020),
by presenting a mixed integer linear programming model, designed and
planned bioethanol supply chain networks with several raw materials. In
order to create flexibility against existing uncertainties and the risks of
disruption in the supply chain, they used a stochastic combination
planning approach. Fazli Khalaf et al. (2020) incorporated sustainability
principles in the design of a hydrogen supply chain network across three
levels: producers, warehouses and customers. In order to deal with the
combined uncertainties included in the model, they developed a mixed
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flexible possibility planning method and conducted a case study to
implement and analyze the results of the proposed model.

3. Methodology
In this research, a framework for assessing sustainability within the

supply chain of Iran Khodro Company is presented by leveraging a
hybrid simulation approach that focuses on discrete event- based factors.
To this end, the factors identified within the supply chain along with their
behaviors have been thoroughly considered to design a sustainable
supply chain that effectively balances economic, social and
environmental components. In order to simulate the model, AnyLogic
software is used and in order to optimize, opt Quest meta-heuristic
method is used in each execution of the simulation model. In this
algorithm, values for the decision variable are iteratively selected to
ultimately lead to the optimization of the objective function.
Accordingly, the objective functions and constraints are defined by the
following equations within opt Quest software to facilitate the
optimization process.

4.Result

The output of the optimization process show that increasing the fleet
size by19 units compared to the current level reduces the waiting time for
customers as follows: a 4% decrease for the Samand Group, 1.1% for
Dana Group, and 8.9% for Peugeot Group. Additionally, the annual
production of Peugeot vehicles increased by 33,000 units; however, there
has been no significant change in the products of other groups. The 19-
digit increase in the fleet size led to an increase in the mileage of about
860,000 kilometers. Furthermore, vehicle traffic related to parts requiring
rework due to quality problems also increased by 5,750 kilometers. The
increase in the fleet navigation shows that, within the current simulation
model, the parts produced by the suppliers as well as the parts requiring
rework experience delays due to insufficient fleet capacity. In terms of
extracting the optimal/near-optimal point of ordering and inventory
levels, the objective function was defined to minimize both the cost of
maintaining parts and the cost of waiting for representatives to receive
parts. It was found that the optimal close points extracted with the
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connection of the simulation model and meta-heuristic methods reduce
the amount of inventory in Isacco’s warehouse by 50%, representing a
significant number to reduce the costs of the supply chain. Furthermore,
even if the number of the fleet increases to 223, this inventory reduction
will still provide same-day dispatch of parts from the warehouse.

5. Discussion
In previous researches, the combined approach of simulation and

optimization has not been used in the design of supply chain models. For
this purpose, by using the mixed simulation approach of the discrete-
based event, in the present study, the supply chain was modeled and the
aspects of sustainability were optimized. Another important point is that,
unlike previous studies which have focused on the economic aspect of
the issue, it simultaneously examines the environmental, economic and
social factors influencing supply chain performance.
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Table 5- Rework percentage of the parts

Mgl S e gl lilad Ol
Defective parts in the production process Title
3 Peugeot > Dena xiew SAMand
-6 RY:YA YA battery ¢ s
8% 1.1% 9% chair Juo
97 YA YA Cylinder ,ul.
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Figure 3- Hourly production distribution function of Samand products group
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Figure 4- hourly production distribution function of Dena products group
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Figure 5- - hourly production distribution function of Peugeot product group
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Table 6- The average output of the simulation model- the perspective of the factory

M3 il 2o (1Sile Caably (o8lglase Olgis
difference The average output of amount of Title
the simulation model reality
Lows 09,5 4Y L g5
72 208287 212600 Annual production of
Samand
U3 09,5 a¥lo 0 Jg
%2.7 233726 240250 Annual production of
Dena
93 095 4Vl Mg
/2.2 344463 352478 Annual production of
Peuaeot

b Jlo o 52 Y gae 095 (Bly Mg gult (m SUB] 2980 sdabie &5 jsbplen
Cuol 2oyd B 3l S wglite Bolad dlael b (glwans Jao b ¥r sl i (Ske
olite & 33,5 o ol Y s 0,8 VL s 3lass faie 1 (gjlucind Jan ] (ol ol
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Jio b Yo ol oSl gl b cusdly 51 glite SV game 03,8 53 ol jlasl oloj
Gl 0045 daslie V' Jodo )0 (gilwand
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Table 7- The average output of the simulation model- customer agency (hours)

s Silodnd Jao (295 (s*8ly ylade oy
difference output of the amount of Title
simulation model reality
. 005 - 250 s
72 1623.06 1580 o 095 ooyt Sl cloj
Waiting time Samand customers
33 00,5 b oo 25 e
/48 1876.6 1790 3oy cleide IS5 ol
Waiting time Dena customers
/3.8 702.1 730 35: 22,7 glside S ol

Waiting time Peugeot customers
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Table 8- Calculation of waiting cost

elo ause Jgis
Cost °

hout Title
115740 Samand Group customer Waiting CoStuies o8 (s e Hlasl 4 3a
208333 Dena group customer waiting CoStus og,3 (¢ o ,lail aiy s
92592 Peugeot group customer waiting CoSt3, 09,5 (s yiio Hlasil aiy3»

694 Sow 09)5 (63 (sly B anled il 4 se

cost of waiting for representatives to receive Samand batteries

b3 09,5 (6 5L bl cas Basles jlanl ay e

4 " . . .
69 cost of waiting for representatives to receive Dana group batteries
694 93 0955 5 rk cdl)d can Banle sl ayse
cost of waiting for representatives to receive Peugeot group batteries
6944 Sow 09,5 (Jdio il yd cax Banle sl 4
cost of waiting for the representatives to get a seat in the Samand group
8680 U3 09,5 (Juio cdlyd cas Bunles jlanl 4y
cost of waiting for the representatives to receive the Dena Group seat
6250 932 09)5 (Je 8l e pBanled sl aje
cost of waiting for the representatives the seats of the Peugeot group
6944 Siows 09,5 jhibew 8l > cga B A les ezl a5
cost of waiting for representatives to receive Samand Group cylinders
10416 U3 09,5 jaikew cdl o cua Banles el 4y 5o
cost of waiting for representatives to receive Dana group cylinders
6944 932 09,5 Hhilw Bl s Basles Hlanl 4y 5a

cost of waiting for representatives to receive Peugeot group cylinders
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Table 9- Comparison of customer waiting time

il Jde ylade

aigge Bl ol b giloannd Joo guls

ol Aoy - : JRELECNER ;
The results of the simulation Olge
Pr(;[jcuecnttii?]e model with the optimal The value of the Title
number of fleets _ current state
simulation model
4 1613 1681 Samand sie.
1.1 1778 1798 Denaus
8.9/ 652 716 Peugeot,;
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Table 10- The current status of the order points and the maximum inventory-

Isaku agent
S0 ySla> S0 Jolao ol

Maximum inventory Minimum inventory Title

3700 1480 Samand battery e st

4900 1960 Dana batteryus st

7300 2920 Peugeot battery,;, b

1100 440 Chair Samand se. Jio

1460 584 Dana chairts Jao

2200 880 Peugeot chairg; Jao

1000 400 Samand cylinder e

1220 488 Dana cylinderus .

1850 740 Peugeot cylinder s, ,ulw
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Table 11- Parts maintenance cost

(Jby) lyg, ar5e Olgis
Daily cost (Rials) Title
103000 s (5 (50085 iy, i
Samand daily battery maintenance cost
b (653 5 0S5 ailjg) 4y
103000 . .
Daily cost of battery maintenance of Dana
The daily cost of Peugeot attery maintenance
Naws o ()l aliy) a3
1030000 . o :
The daily cost of maintaining the chair of the Samand
b Juio (55l aljy) 4 ja
1287500 . e .
The daily cost of maintaining the chair of the Dana

The daily cost of maintaining Peugeot chairs
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050009 The daily cost of maintaining the cylinder of Samand
B> jaikow ()55 wiljgy a3
154 > .
245000 Daily maintenance cost of Dena cylinders
1030000 o5 il ()l wljg, aize

Daily maintenance cost of Peugeot cylinder
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Table 12- Optimization of agents waiting cost

- =S
Sl o2 o $ogrge Sl (dgrge Jlao
SR PPIOR b Cundy e s
Percentage Maximum L L Olgis
reduction in inventory- %ggmﬁig oi%tilr:mﬁd Title
Wasrf:é)kuse s(i:tligteirc])tn inventory inventory
51/ 3700 1800 800 Samand battery .o ¢ 5L
517 4900 2400 1100 Dena batteryts .
507 7300 3600 1600 Peugeot battery,s;, ¢,
547 1100 500 300 SamandChair sew Jaio
52J. 1460 700 550 Dena chairts .o
507 2200 1100 750 Peugeot chair; Jaio
557 1000 450 350 Samand cylinder e jalew
507 1220 600 500 Dana cylinderus ,ad.
497, 1850 930 700 Peugeot cylinder s, il

N am Pl (oles 4 bgyo (939290 ()RS S Ia> aw 90 odalie o jghailen
Sbre ySTas bads b (639350 LialS pl il diily ials aoys B0 dgas 43 (gilwdige plx]
CH I CR VO P =V

(¥-¥)



Ol )02 5 (5908 iy eyt ool B2} Jao (150

Comsj Lo (595 2 Jo (65l diae 55U

9955 0lpl €838 el 85 ol aprecin) Sbdin ey & o oyl
byos) awmeun) dix (npeke I S oSSl Ll .l el asl,
lalad g ledad bl cas 4 ali blog Vb 335 ade gl 55 suios ol ) Canl pel
DyS (o0 )8 )0 Dy90 (S 3STied JB Uil e calisee (slagy L )3 aogare

sl daome (2l (18,5 )0a350 b Glebad oo (]3] 86l 45 535 0 128 g0l ] o
Joo (I3 L g calizee (92)l 93 )3 polaie (pmed 40yl 3929 labaB (6515 095 5 by
e ol &t 5 4l g 305 (lieec 5303 Ve g 500y O elag e 4 Slabad 505
Sl g Joo Cud)bo (b Cundg 4 by pe (slbodls 9 o o (S aSTied I L]
ol 04 BV Jgdo 13 ool 6yu505 55 calisee labad

el B0 53 OB (65l 9 Joo CudyB o Cumady VY Jgan
Table 13- The current status of the capacity of carrying and loading parts in the

supply chain
Gl Candy 5k 9 e cud)b s
Carrying and loading capacity- _‘Fi;;
current situation

150 ilizee Q\f_ww Ls,w“le_Jv wﬁ)lo
Battery carrying capacity of different

e ¥ gaze Jrio Jos cud)ls
48 Carrying capacity of different product

100 cilizes Y guazen juiliw Joo cob b

Cylinder carrying capacity of different
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Table 14- Triangular 3-point phase spectrum

e 536 e g
Triangular fuzzy number Title
(0, 0,0.02) very little.s s
(0,0.02,0.1) Low,s
(0.02,0.1,0.12) mediumlawgie
(0.1,0.12, 0.15) Muchs;
(0.12,0.15,0.2) very muchsb; s

3 W g gy pogad 3 oab plelid (elaial sloailhe ;3T i b5 Ca &
sBolel I (S adlhe 51 K a4 a5 Wb Cwlgd 0 (ilwg s Caio p Jlaicelo 2510

colos p0 g ol las Ol (558 A o, 51 oolazwl b e DY yanass Iy ol u>|).lo
ol 0 LIV Jodn 5o gl b plodl dlasl 0,87 (¢35 g0

Ol 58 63 9 558 (ke -10 Jg>
Table 15- Fuzzy and difuzzy average comments
&b das A g5 (ke
number selei!
Diphasis  Fuzzy average

ECNPHIW
Social dimension

(OHSAS) as coslig g ool Copto pium
.037 (0.005, 0.033, 0.073) Occupational Health and Safety Management
System

IS 5 5555 et b sl g9y Can S
.092 (0.049, 0.094, 0.131) Reducing the absence of manpower with incentive
and control systems

s el ol
.067 .018, 0.073,0.11
06 (0.018,0073,0.11) Creating job stability

1.Triangular Fuzzy numbers for five-point scale
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070 (0.026, 0.066, 0.116) Jon il Sax Sl Saesgd 5
Holding training courses to empower personnel

Sl 0550 Jalsdl pslatedy alsy ISl slog

072 (0.024, 0.072, 0.119) Creating comfort facilities in order to increase job
motivation

Mg ¢ pogas 3 osd ol cla! claadhe WU Glie b)) Cas 4 Cpimen
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Table 16- Allocation of fuzzy numbers to each component of the social dimension

&l e el an (g5l 5 S0ke eleizl adhe
number Fuzzy average of Social dimension
Diphasis Social dimension

0.053 (0.019, 0.049, 0.091) S (sl slb 0)9d (5155 0

Holding specialized training courses

0.121 (0.088, 0.122, 0.154) iz slezel ool g csessly (68" Lailg) sl

Establishing long-term working relationships
and establishing mutual trust

0.084 (0.041, 0.085, 0.125) Sl (695 e il cagn oylos Jlaz!
Transferring experiences to reduce the absence
of manpower

0.047 (0.007, 0.043, 0.091) (OHSAS )5k o3l ol
Implementation requirement (OHSAS)
0.081 (0.036, 0.084, 0.123) ol e 2l Slass ) oslizal

Use of welfare services for supply
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