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Abstract

In this research, a pattern for modeling the sustainable supply chain of the
automotive products group by using the hybrid model of discrete event-based
simulation is presented .For this purpose, 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 validitation of the hybrid simulation model,in the first step, the
economic aspects of the supply chain were evaluated. In this regard, the supply
chain was examined from two perspectives: the number of transportation fleets and
the levels of ordering and maintenance of spare parts inventory.In order to optimize
the result 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 and repairs and
depreciation of Vehicles were calculated.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 number of
production of Peugeot products has increased to 33 thousand units per year, and
there has been no significant change in the production of products of other
groups.The establishment of the optimal situation, in addition to the economic
benefits for the chain, has led to improvements in social and environmental
dimensions as well.
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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 and organizations use one or a combination of these
paradigms based on strategic conditions and priorities.

The sustainable supply chain, which is the result of combining and balancing
economic, environmental and social aspects, has received a lot of attention in
recent years. Sustainable supply chain management is a competitive advantage for
companies and increases efficiency and reduces costs. Vasei et al. (2023), noted
that sustainable development in supply chain management is not only a limiting
factor but also 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 market, which are very related to
human factors. All the mentioned cases make it inevitable to design a
comprehensive and effective model for the supply chain.

2- Literature Review

Abiretal. (Y+Y+), in a problem of designing a sustainable closed-loop supply chain

network, sought to minimize total costs, reduce carbon dioxide emissions, and
maximize sustainability by providing as much customer demand as possible. They
considered the stability only at the level of the warehouse and for the demand

uncertainty. Ahranjani et al. (Y:Y+), 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. (Y«Y+) considered sustainability in the

design of a hydrogen supply chain network with three levels of producer,
warehouse and customer. In order to deal with the combined uncertainty included
in the model, they presented a mixed 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 investigating the sustainability in the supply chain
of Iran Khodro Company using the hybrid simulation approach of discrete event
based factors is presented. For this purpose, the factors identified in the supply
chain and the behavior of each of them have been considered with the aim of
designing a sustainable supply chain and creating a balance in economic, social and
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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, it is tried to take values for
the decision variable in each iteration to ultimately lead to the optimization of the
objective function. Therefore, the objective functions and constraints are defined
according to the following equations in opt Quest software to perform the

optimization.

4- Result

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%, Dana Group by 1.1%, and Peugeot Group
by 8.9%. Also, the number of production of Peugeot products has increased by 33
thousand units per year, and there has been no significant change in the production
of products of other groups. The 19-digit increase in the number of fleets led to an
increase in the mileage of about 860,000 kilometers, and the traffic of vehicles for
parts that need to be reworked due to quality problems also showed an increase of
5,750 kilometers. The increase in the fleet navigation shows that the parts produced
by the suppliers and also the parts that need to be reworked in the simulation model
of the current situation are waiting due to the lack of fleet. In terms of extracting
the optimal/near-optimal point of ordering levels and the level of inventory
maintenance, the objective function of minimizing the cost of maintaining parts
and the cost of waiting for representatives to receive parts was considered. It was
found that the optimal close points extracted with the connection of the simulation
model and meta-heuristic methods reduce the amount of inventory in Isacco's
warehouse by 50%, which will be a significant number to reduce the costs of the
supply chain. This inventory reduction, if the number of the fleet increases to 223,
will still provide the situation of sending parts from the warehouse on the same
working day.

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, the supply chain was
modeled and the aspects of sustainability were optimized. Another important point
is that in previous researches, the economic aspect of the issue has been given more
attention and less attention has been paid to the environmental dimensions and
social effects of the issue. In this research, the simultaneous effect of economic,
environmental and social factors on supply chain performance was measured.
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Table 4- The Results of distribution function of representatives (parts & cars)
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Table 5- Rework percentage of the parts

5l s AS (ke bl Sl Oy
Defective parts in the production process Title
5% Peugeot U Dena L Samand
67 4. 5. battery ¢ ;L
8. 1.17. ~97. chair Juo
97 57 4. Cylinder ol

Gtz Jale b ajls odge o1y cpal oy 5o s Jam (g5 a0l p aiks s Sl Lol
Cole s la bele 5l buls sl i 5s ol el sldad 4 &y Je= 085

S8 @ andss fes g oS el Jule 51



OLKer g gy L )-\a_\iw‘b’aﬁ;’y’jd.\.ﬂu}-‘}b

2l sl saiSu) 5 Jale 4 andad Jam (gl bt Sladal o kiS sl Jule 51 @

Slol Jols @ ankad Jox Cogzr oS 0l ble 51 @

SoBeoLss 5 (ol Al alil 5 Cseme Dlakd o g A Jule 51 @
L b8 5 oS el gla Jale 51 Lo olin Jole cpl canl Lasiie & 5 sb0les
W dews Dog dpmse Cose 50 s Solie Sdlos CS w5 Ll e 8L
538 o sl Jom Al 3 (adstasoslel
Jole vy ale cpl sl s sls edge 1) Olabd plrals aibs ol dws Jole
Slal 5 0BuS el Wl gla bole ol S Jole cpl 5 54 dalys S
Lol S5 Slalad 5l ellS o plrals lp paseie S b sbls bele onl il 553
Jole 5lissse Sledbl 5 55 dalst GIS Wik (g5, 5 Jole ool &S > oo el 1l
Al o 23l ,3 OSM (gla s e 5l 1 Cdlons 5 s
s > b,
Slr s G3ledde (sl daliy S Ol oo (oS 5 (S3loind 2,500, 51 G o0l 2
Jlwe J> sl a5 Opt Quest .ol su eslailopt Quest o, Kol 3 Sy 5l sile ag
Sy oS il 5 L SSleang Slbee 58 e eslinal sy ($ludng:
s Sh 5 (SUS|y (gt e san G i ki) S dw LS 5l S sl
ANy 150 e 5 dde $3ke and (T Y ObKen 5 Obanldll ) das o ploil AL
Cogr sk 4 3 phes ealial el oy il la Coele 3 8 b 55 L logic
dal s s e eslinal opt Quest 5l elal 5 Jaoes sy ¢ ool sl (g5l
&b Sl ealaial b s S o STl adsl el Olge 4 1) dolal abed SS0PE Quest
s S o dslies | 0l O] abais (gl Gda e calios (glacas sl 5 Coa
L Gde polis (blis ol 51 elaS oa gl 505 s 15 Kos dslas bLE 51 glas pers
LYY ODes 5 (6 :S0r) LS e amlie adsl oLl ol L5 A8 s alons
5 Sl S bl abl LT oS 5,8 o aronas OPL QUEST ca pi3lis amglio ) oslizad

u"‘““f‘)j’*‘*"”)“"‘"‘m‘m@ﬂ“”%’}*@d‘j&“\)di@)ﬂui\ﬁ



..... 0202 VE L sb—VE ol Yoyl Y 0y 839 0382 ) yh0

AL s Bisyge s Sl a4 U ssd o )L ST Al bl g das e s 4l g abe&
Sl Jo 55 52580 ald S5e 5 Olaebl LB (g5luane lapn )5S0 51 SS Olsea
YA Oes 5 Ol ) 3 55 o o3l Slwlons 5 ook
s assly
(o 005 51wl F (S5l e

02 ekl S5 Vg o5 S 4 by 5505000 CS 8 5 bl Slasile
035 M5 Sl (S 4 by w55 1l gl sk ol el Sl 5 sla S
Jhe ol gl bl Sl o3k w0 dbg e w53 352 50 Glaesls 51 DY juanms

el 0 o3laxwl Any logic s (g3lwans

74

Keaow CJY}M o_gﬁ Q;?.C«Lw J.:.US @)}? CU—V J&.&

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
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The average output of amount Title
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Annual production of Samand
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Annual production of Dena
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Annual production of Peugeot
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Table 7- The average output of the simulation model- customer agency (hours)

difference output of the amount of Title
simulation model  reality
2 1623.06 1580 S 05,5 0L e Ul Olej

Waiting time Samand customers
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Waiting time Dena customers
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Waiting time Peugeot customers
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Table 8- Calculation of waiting cost
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Cost per hour Title
115740 Samand Group customer waiting CoStaaw o5 S (s ziwe jUas a 5a
208333 Dena group customer waiting Costts o5 S (5 ziwe Uasl 4 ja
92592 Peugeot group customer waiting cost 53, o5 5 ¢ xie HUas! 4 5a
694 Lo 09,5 (5 5L sl OB Led slasl s
cost of waiting for representatives to receive Samand batteries
694 Us 058 65 ol g OB ules sl a 5o
cost of waiting for representatives to receive Dana group batteries
33055 AL Sl G OB sl 4y pa
694 cost of waiting for representatives to receive Peugeot group
batteries
Ko 03 S Jds Sl s S 08Ul ezl 4 pa
6944 .. . .
cost of waiting for the representatives to get a seat in the Samand
8630 Us o)ﬁ L;M &:Jli)}&:ﬁpug,\.ibu )thl o
cos% of waiting for the representatives to receive the Dena Group
sea
)}3 aj; JM ;JL:).) [V QK.L.LLM )Ua.?.v] Lo
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cost of waiting for the representatives the seats of the Peugeot
group
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6944 cost of waiting for representatives to receive Samand Group
cvlinders
10416 L3 05,8 s b5 g OB AL sl s 5o
cost of waiting for representatives to receive Dana group cylinders
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6944 cost of waiting for representatives to receive Peugeot group

cvlinders

IV el ey o hila el ah J3e 08 Sl pde G 4 i Zolda ) slata,
0Pt QUESEL (5 3lutings Ll b pll 31 g sl 0t a8 S a5 5 iy 3 Ol e OF 35
Sas 3 g o Ol A SU35 e sl Ol geas 4 dewy YA W Ll sl
Oles e s gl 53 358 g0 0303 13 Jad Cond s (gSlwand Jdo 53 B0 L
357 51 Gl ad Cand s e 4 s SV e Cilise gla 05 S 5 0L rie i
el ol 114 Jgd s glanolis CL:., Aas e OLiS

(S yin HUBTI Ole s Doke aslde =4 J 5l

Table 9- Comparison of customer waiting time
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optimal number of fleets _current state Title
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Table 10- The current status of the order points and the maximum inventory-Isaku agent

G2 sn Sl S5 5n JEl Ol
Maximum inventory Minimum inventory Title
3700 1480 Samand battery ... s b
4900 1960 Dana batteryts s su
7300 2920 Peugeot battery ;5 s s5u
1100 440 Chair Samand ... Juxo
1460 584 Dana chairts J..o
2200 880 Peugeot chair;, Ju.
1000 400 Samand cylinder ca.. ;..
1220 488 Dana cylinderus .l
1850 740 Peugeot cylinder s, ...
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Table 11- Parts maintenance cost
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Daily cost (Rials) Title

Lo 5L SIS il 4 se

103000 Samand daily battery maintenance cost
L 5L el a5
103000 Daily cost of battery maintenance of Dana
35 6L G Wl e
103000 : ;
The daily cost of Peugeot attery maintenance
Lo Jloo (10650 w135 4y 3
1030000 ; N ;
The daily cost of maintaining the chair of the Samand
L Jo (5 1SS wl3s, ause
1287500 The daily cost of maintaining the chair of the Dana
53 Phes SIS Wlis, au
927000 : oL ;
The daily cost of maintaining Peugeot chairs
Lo ik (MG Wl g5 4y 50
1030000 The daily cost of maintaining the cylinder of Samand
Us Sk (eSS @il ausn
1545000 Daily maintenance cost of Dena cylinders
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1030000

Daily maintenance cost of Peugeot cylinder
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Table 12- Optimization of agents waiting cost
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reduction ) Optimized Optimize Title
in Maximum  maximum  d inimum
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Table 13- The current status of the capacity of carrying and loading parts in the

supply chain
e xS 0L 5 Je b b Ol ge
Carrying and loading Title
capacity- current situation
150 Cilee Y e (5 5L o 2 b
Battery carrying capacity of different product
48 il Y oz Jdio o b b
Carrying capacity of different product seats
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Table 14- Triangular 3-point phase spectrum

ke (556 sue Olge
Triangular fuzzy number Title
(0,0,0.02) very little s L=
(0,0.02,0.1) Low,s
(0.02,0.1,0.12) medium Le.. sz
(0.1,0.12,0.15) MuchsL ;

! Triangular Fuzzy numbers for five-point scale



OLKer g gy L )-\a_\iw‘b’aﬂ;’y’jd.\.ﬂu}-‘}b

J?Ijs CJJ Jﬁj& L ol LS:LWL.J L;GLQ;:?" 6[.@41.&3.&1 J.:JL? Q‘ﬁ.ﬁ L}"li))\ &:»-@-7' 4
(38 s By sl ekl b e s s | sl b (650 slael 5SS s
i G110 sk 3 b b ol slel 035 s3bss ule 53 5 Sk Sl

RGN

Sl 656 63 5 3L SKke =10 U
Table 15- Fuzzy and difuzzy average comments
33 sae Flerl (536 SSL WL
) AL g0
number Fuzzy average of dp . .
Diphasis Social dimension Social dimension
037 (0.005, 0.033, (OHSAS) Jas cillg 5 ol &g e pt
0.073) Occupational Health and Safety Management System
- ;../~| LA" L L.M.a\ . . ls
002 (0.049, 0.094, S 3 N St b S S0 S
: 0.131) Reducing the absence of manpower with incentive and
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Table 16- Allocation of fuzzy numbers to each component of the social dimension
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number Fuzzy average of Social dimension
Diphasis Social dimension
0.053 (0.019, 0.049, 0.091) s sl e oy 6,155
Holding specialized training courses
0.121 (0.088, 0.122, 0.154) blize slezel slol 5 Sdadily (5)IS Lol sl
Establishing long-term working relationships
and establishing mutual trust
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Transferring experiences to reduce the
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Implementation requirement (OHSAS)
0.081 (0.036, 0.084, 0.123)
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