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Abstract

Nowadays, competition affects all stages involved in producing and supplying
products so greatly that most material manufacturers and suppliers can hardly hold their
market shares unless they attempt to promote product quality and reduce prices. Hence,
the current study scrutinized the effect competition among raw material suppliers can
exert on the supply and procurement costs in a multi-product Green closed loop supply
chain. Initially, competitive modeling among raw material suppliers in different groups
in the supply process is undertaken; Then, the equilibrium point of competition among
each group of chain suppliers is established by estimating the demand for each of the
chain products, setting the demand rate parameters of each product and the rate of return
flow in the competitive model based on the principles of game theory. Finally, decisions
can be made by comparing the fluctuation patterns in supply and procurement costs for
manufacturers and raw material supply chains under competitive and noncompetitive
conditions.
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Figure 1: Schematic of the closed green supply chain concept model of the research
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Table 1: Introduction of the parameters of the competitive model of material
suppliers in the green closed loop supply chain
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Figure 2:Drawing the step and methods taken in research to reach a competitive
equilibrium point
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Table 2: Parameter values in case study of SAHAND machine-made carpet factory
(weights in tons per period)

P UL 3l P 3l
Parameter values Parameter values
0.8 i 1,2,3
1]
¢ 1,2 i 1,2,3,4
B 0881 =fFr=83 = £t 0.2a; = o; =a; =
[
Sine: t{m| i=1] 2 3 n 1,2...Mym =
1 (100 | 150 | 70 4 M, =4:M, =4M, =
1| 2 | 120 140 | 200 ) =1 2
3 | 150 | 200 | 90 J
4| 90 | 260 | 80 1250 176
1 | 150 | 200 | 160 2 | 273 | 294
2| 2 | 200 | 170 | 140 — 3 | 256 376
3 | 150 | 180 | 140 He: 4 | 195 | 158
4 | 100 | 220 | 130
At t| m |ii=| 2| 3 Hime: t|m|ii=| 2| 3
1 [37]27]32 1[1417]13
1 2 33|30 | 20 112 |16 15| 13
3 30| 31| 20 3118 | 18| 10
4 | 27|29 25 4116|2020
1 | 28|15/ 35 11412115
2| 2 |25 28] 30 2|1 2|12 10| 14
3 |30]29] 29 3 |13[15]| 12
4 | 322727 4 |16 | 12|17
AT t|m|ii=] 2| 3 Ay: i i=] 2| 3
1(01(102]0.1 1 111] 2
1({2(02]03]0.2 2 2111
3102]01]0.2 3 111] 2
4102]02]0.2 _ 4 21 2|1
1]03]03]01 it i =1] 2
212102]01]0.3 1 320 | 350
3/103]02]0.1 2 330 | 390
4102|0103 3 320 | 360
b JTAE Y1, = 160 3y, =120
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Figure 3: Identification of the main variables affecting product demand
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Table 3: Level values for each of the demand variables in the Taguchi L9 scheme

o 0 ylowd 38 56 juiio o ol b | (0) She aw | (D) YU mhaw
Variable (-1 Intermediate High level
number Influential variable name Low level level
1 Sla Sl sl oo ) (59,8 5L b yaS 20 40 60
(0993 3 &Y gae S99
Expansion of sales market
(according to the number of product
sales agents in the period)
2 (095 y> 483D o ) (Sgr 3195 lagls 80 100 120
TV commercials (in minutes per
course)
3 (0593 33 JUoy o980 s ) ol ] Jguazmo sy Cagd
Unit price of the product (in million Rials in the period)
3-1 1 Jypaxe 25 50 75
Product 1
3-2 2 Jyae 40 70 85
Product 2
3-3 3 Jgaeo 30 60 90
Product 3
3-4 4 Jpaxe 45 65 85
Product 4
4 (7 o> s ) 08> 3> CudSS (50 5 10 15

Discount rate in the period (%)
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Table 4: Average values of samples taken to estimate product demand in the
period (in tons)
1722 4114 3236 1938 214 3532 305 2744

X
[y
X
N
x
w
x
S

1 1 -1 -1 -1

2 1 0 0 0 1914 4454 3584 219 2388 3894 343 307.4
3 1 1 1 1 1894 4488 3544 2156 2346  406.6 337 302.2
4 0 -1 0 1 1954 457 360.8  219.2 240 392 3432 3074
5 0 0 1 -1 176.2 4194 327 1994 2172 3668 3112  279.8
6 0 1 -1 0 196.2 4646 3664 2228 2426 429 349.2 3126
7 1 -1 1 0 1832 4132 3412 211 2258 3898 3234  290.2
8 1 0 -1 1 204.8 485 3824 2324 2534 4534 3648 3264
9 1 1 0 -1 1972 4664 3678 2236 2434 450 350.8  314.2
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Table 5 - Demand forecast equations of each of the 4 chain products in the two
periods under review

@ | ® S Adlee e
Prediction equation
1 1 Vi1 = 258 +7.80x, +9.80%, — 6.87x + 11.30%, 250
2 1 286 + 9.0X; + 10.9%; - 7.9%; + 13.0¥,¥3; = 273
3 1 o, =302 +24.0x, + 25.1x, — 12.1x, +13.7x, 265
4 1 i = 202 + 5.87x, + 6.80x, —5.40x, +5.90x, 195
1 2 o =181 + 643x, + 6.33x, — 3.83x, + S.40x, 176
2 2 {1 =304 + 917x, + 10.5x, — S.30%, + 13.2x, 294
3 2 {1: =385 + 12.8x, + 13.4x; 10.3x, + 15.6x, 376
4 2 i =162 + 5.37x, + 5.33x%, —4.07x, + 7.33x, 158

5 SEAUSIS 5 LS el 4 I YL olass 5 oo b ol e S sl 153 4 p5Y
Jos 2y wled Y (s e jgos ) (5115 9 Slisloe (loj adgl dlge dass g (g 035
3 Al M 008 ol ol al Toyed o pl 1 adsl slge 4o (sl otolcwmsay is Jobs bl &
g g5 ¥ L 1y (bay Jlassl cdlo )3 atgy Jloys (28 ik Joe Kol adg) Slse ] 095
Am3 e s 1) S8 e Slogyao L oy 0 Jpamo ¥ 5 4yl

) 0593 3 390 HEAS il 51 @IS ,d (gl Jie o 5l el ay (= fﬂtfj,l.:bﬁ bl Jgue
(o5 o
Table 6: Equilibrium points{x~;_ .} obtained from solving the model for each of the
material suppliers in the period (in tons)

m .
1 2 g 4 (@ = Tme 1 Xime)

£ |

1 1 100 120 65.48 | 0.00 285.48
1 2 150 108 50.74 | 24.07 332.81
1 3 70 100 90 44.09 304.09
2 1 150 118.83 | 56.81 | 33.88 359.52
2 2 200 112.03 | 52.08 | 27.05 391.16
2 3 160 117.30 | 57.53 | 26.05 360.88
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Table 7: Supply of raw materials suppliers and recycled used in each period (in tons)

adsl o3l W ye lade i 2z 51 el e
ssd F:aw 395 35 IS8 2059 Ll Jlika a8
; / * amount of period M
PETEE material Supply amount demand amount of supply from
(i) in the period the return process
1 285.48 1541 1165.52
t=1 2 322.81 1178 845.19
3 304.09 1498 1193.98
1 359.52 1454 1094.48
t=2 2 391.16 1160 768.84
3 360.88 1555 1194.12
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Figure 4: Chart of changes in raw material prices in a case study of SAHAND
machine-made carpet factory in the first and second period
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Figure 5: Graph of the percentage decrease in equilibrium price relative to the
reference price of raw materials
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