
Appendix 1: Parameter Values

Table 1: Fixed establishing cost of facilities

1 2 3 4 5 6 7 8

fi 35222 35359 34190 35370 - - - -
fj 1690 1529 1584 1664 1787 1790 1547 1791
fl 27393 26213 27001 25355 26054 27289 - -
fm 1738 1788 1697 1511 - - - -
fp 1285 1293 1268 - - - - -

Table 2: Maximum capacity of facilities

1 2 3 4 5 6 7 8

pi 6606 6595 6314 6524 - - - -
pj 2313 2666 2221 2383 2231 2264 2744 2659
pl 2977 3369 2801 3052 3017 3255 - -
pm 1459 1337 1398 1389 - - - -
pp 1059 1084 1102 - - - - -

Table 3: Unit transportation cost from plant to distribution center tcij

(i, j) 1 2 3 4 5 6 7 8

1 7.1041 6.4760 8.3411 8.0238 8.1889 9.3629 9.7171 8.4642
2 8.7188 7.9935 6.8952 8.7963 6.5545 7.0171 7.3999 7.8932
3 8.6204 9.8390 9.0051 9.5636 6.5972 9.2571 6.7864 7.4066
4 6.6504 7.3615 7.0204 9.8372 7.0300 6.9741 7.0043 9.3233

The related proportional parameters ω = 0.6639, θ1 = 0.0765, θ2 = 0.2327; the related
parameters of income s1 = 458.2791, s2 = 290.7699, s3 = 29.3951.
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Table 5: Unit transportation cost from disassembly center to plant tcli

(l, i) 1 2 3 4

1 7.2955 7.3736 7.8588 7.0170
2 6.9018 6.3670 7.5514 7.0215
3 7.0940 6.7370 6.9736 7.6353
4 6.5926 7.2512 6.8717 7.5897
5 7.4894 7.5605 6.8936 7.2886
6 6.3779 6.1623 6.6127 6.7572

Table 6: Unit transportation cost from disassembly center to redistribution center tclm

(l,m) 1 2 3 4

1 9.2463 8.4899 9.3772 7.2444
2 8.1313 8.3482 6.7791 9.6935
3 7.4029 6.8310 6.9037 7.7208
4 9.7560 7.2050 6.6828 6.7393
5 9.5038 7.8837 6.9107 9.6195
6 8.2006 6.9220 7.7428 9.9190

Table 7: Unit transportation cost from disassembly center to disposal center tclp

(l, p) 1 2 3

1 4.8777 5.2057 4.8483
2 4.2222 5.4224 5.0157
3 4.5161 4.4435 4.1710
4 4.8174 4.2348 4.5250
5 5.1898 4.5934 5.6020
6 4.5244 4.6376 4.0584

Table 8: Unit transportation cost from plant to redistribution center tcim

(i,m) 1 2 3 4

1 9.7154 6.9491 8.0845 8.7165
2 8.9213 7.8354 6.9264 7.5821
3 7.9544 9.8524 7.9556 7.4697
4 8.3141 8.1872 8.4962 9.9519
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Table 9: Unit transportation cost from redistribution center to secondary market tcmn

(m,n) 1 2 3 4 5 6

1 8.0755 8.1974 8.2731 8.9883 9.7818 8.0611
2 9.7703 8.5237 9.4425 9.5581 8.6683 9.4881
3 9.8266 8.6707 8.2135 9.4301 9.3975 9.0000
4 9.5924 9.3595 9.3075 9.8074 8.3956 8.9598

Table 10: Unit manufacturing, remanufacturing and repairing cost mci, vci and rcl

1 2 3 4 5 6

mci 128.0944 122.1973 122.3533 127.1888 - -
vci 76.1098 71.5344 63.6584 64.7986 - -
rcl 62.7302 45.5735 54.7980 48.3585 64.5736 59.2539

Table 11: Unit treatment cost in the related facilities hcj,l,m & Unit disposal cost dcp

1 2 3 4 5 6 7 8

hcj 8.7279 6.1697 6.2858 8.0866 6.3869 9.2726 9.2702 8.8898
hcl 10.7493 13.2980 12.5930 14.8649 13.2450 14.0017 - -
hcm 7.8152 7.7296 9.3013 6.3339 - - - -

dcp 7.5024 7.3554 5.2981 - - - - -

Table 12: Unit recovery cost of used product from customer to disassembly center cckl

(k, l) 1 2 3 4 5 6

1 15.6659 17.1583 18.6893 18.3326 19.9082 17.9149
2 15.8669 15.0774 16.3456 15.8907 15.7820 16.2590
3 16.9547 19.9203 17.1142 15.6401 19.2776 16.4522
4 19.1569 15.8358 17.7394 19.9954 18.2238 18.0855
5 19.0168 15.5311 19.7137 15.8556 16.8814 16.3264
6 15.3024 16.8620 17.0887 15.1630 15.9546 19.1219
7 16.9963 15.9906 19.9153 17.8060 17.1413 19.9133
8 17.6344 17.4484 16.5073 19.4093 17.4101 18.6512
9 17.0840 16.6975 18.5055 18.3459 15.6031 16.7194
10 18.2843 19.7582 18.3317 15.9522 17.9475 17.9203
11 18.1399 19.6017 17.6956 16.8446 16.1309 15.5388
12 16.4599 15.2634 18.4905 17.3036 16.9231 19.5315
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Appendix 2: Partial Experiment Results

In the paper, we conducted multi-group experiments, which corresponds to multiple sets of
location and flow distribution solutions. However, due to space constraints, only some results of
the single objective optimization for maximizing the enterprise profit are presented here. The
flow distribution Xl = (0, 2327, 0, 533, 0, 0).

Table 1: Flow distribution from plant to distribution center Xij

(i, j) 1 2 3 4 5 6 7 8

1 0 0 0 0 0 0 0 0
2 0 2666 2221 0 0 1708 0 0
3 0 0 0 0 2231 0 2636 0
4 0 0 0 0 0 0 0 0

Table 2: Distribution schemes for primary markets Xjk

(j, k) 1 2 3 4 5 6 7 8 9 10 11 12

1 0 0 0 0 0 0 0 0 0 0 0 0
2 0 1006 0 0 0 0 0 927 734 0 0 0
3 0 0 455 0 0 0 652 0 195 0 918 0
4 0 0 0 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 959 293 0 0 0 0 979
6 0 0 0 749 0 0 0 0 0 958 0 0
7 1013 0 483 230 910 0 0 0 0 0 0 0
8 0 0 0 0 0 0 0 0 0 0 0 0

Table 3: The number of used products collected from primary markets Xkl

(l, k) 1 2 3 4 5 6 7 8 9 10 11 12

2 0 668 0 650 604 0 627 0 170 0 0 650
4 0 0 623 0 0 636 0 0 0 636 610 0
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Table 4: Flow distributions of used products in three directions: remanufacturing, repairing and
disposal

1 2 3 4

(l, i) Xli

2 0 0 0 0
4 0 0 1198 0

(l,m) Xlm

2 784 0 0 0
4 0 0 0 583

(l, p) Xlp

2 0 0 258 -
4 0 0 192 -

Table 5: Flow distributions from plant to redistribution center Xim

(i,m) 1 2 3 4

1 0 0 0 0
2 0 0 0 0
3 391 0 0 806
4 0 0 0 0

Table 6: Distribution schemes for secondary markets Xmn

(m,n) 1 2 3 4 5 6

1 431 452 293 0 0 0
4 0 0 159 446 390 393
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