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Figure 1 Closed-loop Supply Chain System with Customer Returns
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Figure 3 Dynamic Changes of Production Quantity and Actual Inventory ( Short Lifecycle-Short Maturity )
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Table 2 System’s Parameters
o/%/ H L/ K A p T/ Xk (] T/ X
5%
B4 1% ,5% ,10% 50,40,30,20,10 20% , 40% , 60% 10
30%
5%
24 1% ,5% ,10% 50,40,30,20,10 20% , 40% , 60% 15 12
30%
5%
E34 1% ,5% ,10% 50,40,30,20,10 20% , 40% , 60% 30
30%
300
5%
a4 1% ,5% ,10% 50,40,30,20,10 20% , 40% , 60% 10
30%
5%
H5H 1% ,5% ,10% 50,40,30,20,10 20% , 40% , 60% 15 4
30%
5%
Fo 1% ,5% ,10% 50,40,30,20,10 20% , 40% , 60% 30
30%
5%
7 H 1% ,5% ,10% 50,40,30,20,10 20% , 40% , 60% 10
30%
5%
8 1% ,5% ,10% 50,40,30,20,10 20% , 40% , 60% 15 12
30%
5%
o 1% ,5% ,10% 50,40,30,20,10 20% , 40% , 60% 30
30%
900
5%
10 4 1% ,5% ,10% 50,40,30,20,10 20% , 40% , 60% 10
30%
5%
H11H 1% ,5% ,10% 50,40,30,20,10 20% , 40% , 60% 15 4
30%
5%
BmI124H 1% ,5% ,10% 50,40,30,20,10 20% , 40% , 60% 30
30%
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k()
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0.045.
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ELHIEW K2 x2x3 x2x3 x5 %x3=1080 fit
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Table 3 Data Collection in Different Scenarios
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30% Bt , e = 19% i 9 1] 38 25 {4 4y 38. 858 ;0= 5% i ) il
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WA, K 2 S O K A A BB R 8 e
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T, Bha= 1% Bf i | 8 Y B EHEAT LB, T RLA L, o
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[ i oh 44, 783% F144.993% ; B = 10% R, 4 4 7
HAF= i Y A W S 3 P R 43 ) Ol 44. 9249 F144. 888%

x4 BEENRENR
Table 4 Influence of Return Rate
AR - AR - KA mAH - KA -
KRB SRR T K AL R T
FUHESE SFHREEE  FESE FHEE O RNERE FHEE RIEEE PR
p=5% 81.673 63.271 289, 204 239. 503
a= 1% -52.422% —53. 445% -36.339% —35.453%
p=30% 38. 858 29. 456 184. 110 154, 591
p=5% 62. 587 48. 521 159. 689 131. 743
a=5% —58. 888% -60.372% -42. 590% -42, 010%
p=30% 25.731 19, 228 91. 678 76. 398
p=5% 44, 982 34, 870 84. 825 68. 173
a = 10% - 69. 388% -71.308% -54,238% -53.791%
p=30% 13.770 10. 005 38. 818 31. 502
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Table 5 Influence of Price Decay Parameter
A A - A A R - RAMmEY - RAMRY -
TR i SRS T KRR S AT
FWESE PR FESE CFMERE O FNESE CFSERE AESE PR
a=1% 81.673 63.271 289. 204 239. 503
p=3% a=5% 62.587 -23.369% 48.521 -23.312%  159.689 -44.783%  131.743 -44.993%
a=10% 44,982 -44.924% 34.870 -44.888% 84,825 -70.670% 68.173 -71.536%
a=1% 38. 858 29. 456 184. 110 154. 591
p=30% a=35% 25.731 -33.782%  19.228 -34.723% 91.678 -50.205%  76.398 -50.581%
a=10% 13.770 -64.563%  10.005 -66.034% 38.818 -78.916% 31.502 -79.622%

ERAPRERAEALEpFa T, NARAHAL T RAENGHBELTFARE; Ra= 1% HHBHEA LA, Ko
=5% fra=10% 6 693 FHH A, o KRG F BEEMB,

|6 TGRS HNRW
Table 6 Influence of Non-defect Returns’ Proportion

AR A - H A i R ) - KA A - KA -
KA LRI b KA ™ S I

AEEE PR AUESE PR FIEME e FIESE PR
A=20% 81.545 63. 150 288.975 239. 309

a=1% 0.311% 0.382% 0. 158% 0.163%
A=60% 81.799 63.391 289. 433 239. 699
A=20% 62.469 48. 407 159. 507 131. 582

p=5% a=5% 0.378% 0.471% 0.228% 0. 245%
A=60% 62.705 48.635 159. 871 131. 904
A=20% 44.875 34.766 84. 683 68. 051

a=10% 0.477% 0. 595% 0.334% 0.357%
A=60% 45.089 34.973 84. 966 68. 294
A=20% 38.229 29.017 183. 009 153. 526

a=1% 3.191% 2.895% 1.152% 1.365%
A =60% 39.449 29. 857 185.118 155. 622
A=20% 25.115 18.767 90. 673 75. 464

p=30% a=5% 4.802% 4.503% 2.186% 2.461%
A=60% 26.321 19.612 92.655 77.321
A=20% 13.189 9.522 37.991 30.778

a=10% 8.689% 9. 641% 4.335% 4.692%
A=60% 14.335 10. 440 39.638 32.222
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Table 7 Influence of Time for Processing Returns

fatE R -
KA

sa AR -
S R T

KA R -
KR

KA -
5 AT

AlEEE PR FIESE P8R

FREIE SFEnE  FRESE PR

L =50 81.190 62. 836 288. 756 239,294
a=1% 1. 208% 1.311% 0.297% 0.168%
L=10 8171 63. 660 289. 614 239. 697
L =5 62152 48.126 159. 267 131. 456
p=5% a=5% 1. 435% 1.590% 0. 528% 0. 437%
L =10 63,044 48. 891 160. 108 132. 031
L =50 44.599 34.521 84. 453 67. 908
«=10% 1. 787% 1. 999% 0. 895% 0. 7929%
L =10 45.396 35.211 85.209 68. 446
L =50 35971 26.272 181. 166 153. 221
a=1% 16. 333% 22.141% 3.107% 1.707%
L =10 41.846 32.089 186.794 155. 836
L =50 23122 16. 646 89. 058 74. 636
p=30% a=5% 23.121% 29.935% 5. 846% 4.706%
L =10 28.468 21. 629 94. 264 78. 148
L=50 11.460 7.786 36. 564 29,904
a=10% 41.675% 56. 139% 12. 493% 10. 835%
L=10 16.236 12.157 41.132 33. 144

EAVYRERES Epaf LT, ARFAM AFT, FALE ¢ A 3 R-FHF 2 0L =50 R e o) Al TG E 4 A0, b
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Table 8 Influence of Average Residence Time
2 PR st AR - KA - KA AR -
T LA 7= SR T AR 7= S AT
I SFHREE  FIESE FHREE ANESE FHREE FIESE ERREE
T =10 81.848 63.411 289. 245 239, 584
a= 1% -0. 503 % -0.618% -0.030% -0.082%
T =30 81.436 63. 019 289. 159 239. 388
T =10 62.745 48. 655 159. 875 131. 860
p=5% a=5% —-0. 588% -0.740% —-0. 198% -0.213%
T, =30 62.376 48. 295 159, 559 131. 579
T, =10 45.119 34,993 85. 088 68. 281
a=10% -0. 703% —-0.906% -0.530% —-0.379%
T =30 44.802 34. 676 84. 637 68. 022
T =10 39.909 30. 548 184, 447 155. 115
a=1% - 6. 189% -8.541% -0.403% -0.821%
T =30 37.439 27.939 183. 704 153. 841
T =10 26.672 20. 201 92. 754 77. 109
p=30% a=>5% - 8.252% -11.593% -1.973% -2.210%
T =30 24.471 17. 859 90. 924 75. 405
T =10 14,591 10. 850 40. 387 32. 156
a=10% -13.097% —18. 645% -6.663% — 4. 848%
T =30 12.680 8. 827 37. 696 30. 597

EAPREREL Rpa®m T, T ARG AL FAS A HLLHE 0T, =10 X6 A EBED LR,
T, =30 Redeh Al EF L, At A L FHE G A8 L6 ¥,
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R, RO 7E AR R T 45 508 5T AL H e (A R 3R
F A ok A8 A AR AE A

BeAE B 67 Ab 2 I (A) X A A Ay B R R
mmAKFREMBABTR. UEBER(=30%)
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8 H3.107% F11.707% ;D Y a = 5% B, B 4 4b 3 5
8] f150 K 45 48 0 10 K i}, 55 Ak i & 380 7= & 09 1] 3
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7= e B 8 S H 08 0 43 A 41, 675% F156. 139% , K
Az iy JEL I 77 o B ) S 25 5 8 R 12 493% F110. 835% .,
B EEBRAHENEMEEM ARG AEEE
BEMEFE L.
7.4.5 Y4435 & A (a] B 5 0

S #3888 i 1] % 43t R B 2R g A B B e L3S,
- 349 19 88 i (8] X 3% I 7 AR 1R A S 2 i (8], O 21809

2B, Aol B FI B PR L BEOF 238 8 B E) A9 3% I i
Yok 20>, {HLJR S 2 58 B A (E] /Y B me R R O R LB BT B
e, MET. =30 KMT, = 10 K & Fl 58 & & &
W, O EMBIRET (p=5%), FHE B &6 H 10 K
3800 k30 K, 48 A A A A R L A R I T 24 R I 2
0.503% ~ 0.906% = [a] , 1 4= iy J& 3 ™= & 9 F) i 7 3
B 05 7E0. 030% ~ 0. 530% Z 8] , T, i 5% mi 3807 Ho v . B
HAEMRR R T, 4ol AT LA 8 3 o4 9 40 5B R
PR W 551 JB5 2, T A o6 8 0 X R 0 A R i ) e AR AR
T (p=30%),T, 09 % me 188 , LASE A dr B0 - KA
BRI, Yo = 1% B, 238 B B[R] g110 K314
I A30 K B, A3 T [E6. 189% ; Xa = 5% B, F| i
T 8. 252% ; Yo = 10% B, F) 3 2 F 13, 097% .
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Table 9 Co-effect of i, and L, on the Profits of Supply Chain

FREEME (p=5%) FIIEIE(p = 30% )
a= 1% a=5% a= 10% a= 1% a=5% a= 10%
MAEMRAY - KRB &
L, =10, h, = 0.100 81.503 62. 376 44,726 37.834 24. 459 12,225
L, =20, h, =0.050 81. 907 62. 798 45. 169 40. 261 26.998 14. 889
L, =30, h, =0.033 81. 889 62. 801 45. 194 40. 157 27.015 15. 040
L =40, h, =0.025 81.763 62. 697 45.115 39.397 26. 395 14. 569
L =50, h, =0.020 81.592 62. 553 44, 998 38.376 25.528 13. 867
RS - SR &
L =10, h, = 0.100 63. 104 48.334 34.653 28. 754 18. 294 8. 820
L =20, h, =0.050 63. 492 48.720 35. 045 30.979 20. 543 11.128
L =30, h, =0.033 63. 481 48.719 35.059 30. 754 20.432 11. 150
L, =40, h, =0.025 63. 351 48.611 34.976 29. 809 19. 671 10. 581
L, =50, h, =0.020 63. 168 48. 458 34, 855 28.552 18. 647 9. 788
KA - KRS
L =10, h, = 0.100 287. 558 158. 053 83. 152 174, 460 81.929 28.795
L =20, h, =0.050 289. 431 159.903 85.012 185. 611 92. 999 39. 947
L =30, h, =0.033 289. 909 160. 377 85. 505 188. 354 95. 810 42,901
L =40, h, =0.025 290. 024 160. 507 85. 661 188. 907 96. 544 43. 827
L =50, h, =0.020 289. 989 160. 499 85. 686 188. 567 96. 459 43. 966
KAMAY - R &
L, =10, h, = 0.100 238.011 130. 345 66. 760 145,722 68. 035 23. 031
L, =20, h, =0.050 239, 608 131. 886 68. 305 155.274 77.277 32. 300
L, =30, h, =0.033 240. 073 132. 305 68. 731 158. 025 79.773 34. 850
L =40, h, =0.025 240. 250 132. 442 68. 879 159. 027 80. 579 35.737
L =50, h, =0.020 240. 306 132. 467 68.919 159. 289 80. 704 35.972
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Research on Operational Performance
of a Closed-loop Supply Chain with Customer Returns

Zhao Xiaomin,Gao Fangfang,Lin Yinghui
School of Management, Shanghai University, Shanghai 200444, China

Abstract: In order to explore the operational performance of a supply chain with customer returns, we use dynamic modeling
method to study the closed-loop supply chain system integrating the forward logistics and customer returns. We especially address
the system's performance from the perspective of product lifecycle. At first, we develop the dynamic models based on the transfer
mechanism of goods flow and information flow in the production, distribution, returning and reselling. Then, we simulate system’
s behavior under different product lifecycles and different patterns of customer returns, so as to investigate how different factors
affect system's operational performance. At last, we take further research on the profitability of supply chain system throughout
the whole lifecycle period, and we particularly highlight the effects of return rate, time for processing returns, product price de-
cay, non-defect returns’ proportion and average residence time. Our study provides the following findings. Firstly, return rate
and price decay are the key factors to the system’s performance. Whether it is long lifecycle products or short lifecycle products,
high return rate and high price decay will dramatically erode the profitability of the whole supply chain system. Secondly, the in-
fluences of non-defect returns’ proportion, time for processing returns and average residence time, to a great extent, depend on
the return rate and price decay. When return rate is low, these three factors are minor and negligible. However, when return rate
is high, the effects of non-defect returns’' proportion, time for processing returns and average residence time are enhanced and
will be further amplified by high price decay. In practice, the non-defect returns’ proportion is usually influenced by the intensity
of market competition and customer preference, whose control may be difficult. Hence, we suggest more consideration taken into
for processing time of returns and average residence time, as controlling these two factors is possible for companies to get potential
benefits. Finally, our study also implicates serious consideration should be taken into for deciding the return deadline in the di-
lemma of high return rate and considerable price decay. A short return deadline conduces to reducing the average residence time
that products stay in the customers, which in turn will benefit companies to improve their profitability. Furthermore, without the
extra investments on speeding up the processing returns, fast processing will lead to more profits. Especially for the short lifecycle
products, saving time in processing returns will produce significant value to the whole supply chain system.

Keywords ; closed-loop supply chain; customer returns ; product lifecycle ; dynamic modeling ; system simulation
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