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Fig.1 Model of urban waste recycling and treatment
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Tab. 2 The test results of Model

R LB UB G T O \%4 C
* 200-40-3 806 267. 27 806 267. 27 0 0. 06 806 267. 27 16 281 24 884
* 200-40-4 728 754. 71 728 754. 71 0 0. 06 728 754.71 16 361 25005
* 200-80-3 655 235.03 655 235.03 0 0.13 655 235.03 32 561 49 364
* 200-80-4 682 830. 12 682 830. 12 0 0. 48 682 830.12 32 721 49 605
* 200-120-3 677 509. 15 677 509. 15 0 0.19 677 509. 15 48 841 73 844
* 200-120-4 618 480. 50 618 480. 50 0 0.17 618 480. 50 49 081 74 205
* 400-40-3 1502 567.18 1502 567.18 0 0. 14 1502 567.18 32 281 49 284
* 400-40-4 1215 306. 33 1215 306. 33 0 0.13 1215 306. 33 32 361 49 405
* 400-80-3 1261 648.70 1261 648.70 0 0. 25 1 261 648.70 64 561 97 764
* 400-80-4 1244 799. 10 1244 799. 10 0 1.22 1 244 799. 10 64 721 98 005
% 400-120-3 1 302 638. 64 1 302 638. 64 0 2.95 1 302 638. 64 96 841 146 244
* 400-120-4 1228 992.75 1228 992.75 0 2.06 1228 992.75 97 081 146 605
* 600-40-3 2 347 331.10 2 347 331.10 0 0. 83 2 347 331.10 48 281 73 684
* 600-40-4 2 087 089. 00 2 087 089. 00 0 0.2 2 087 089. 00 48 361 73 805
* 600-80-3 2 005 452. 96 2 005 452. 96 0 2.72 2 005 452. 96 96 561 146 164
* 600-80-4 1964 531.52 1964 531.52 0 2.91 1964 531.52 96 721 146 405
* 600-120-3 1 888 319.11 1 888 319.11 0 4.41 1 888 319.11 144 841 218 644
* 600-120-4 1878 272. 41 1878 272. 41 0 4.08 1878 272. 41 145 081 219 005
* 800-40-3 3 044 168. 23 3 044 168. 23 0 0. 30 3 044 168. 23 64 281 98 084
* 800-40-4 3 240 380. 51 3 240 380.51 0 0. 31 3 240 380. 51 64 361 98 205
* 800-80-3 2 930 008. 52 2 930 008. 52 0 0. 70 2930 008. 52 128 561 194 564
* 800-80-4 2 556 936.98 2 556 936.98 0 1. 05 2 556 936.98 128 721 194 805
* 800-120-3 2 682 863. 46 2 682 863. 46 0 10. 45 2 682 863. 46 192 841 291 044
* 800-120-4 2 518 142.63 2518 142.63 0 3.31 2518 142.63 193 081 291 405
*1 000-40-3 3 514 134. 89 3514 134. 89 0 0. 38 3514 134. 89 80 281 122 484
* 1 000-40-4 3 551 496. 12 3 551 496. 12 0 0. 45 3 551 496. 12 80 361 122 605
* 1 000-80-3 3306 536.97 3306 536.97 0 4.50 3 306 536.97 160 561 242 964
*1 000-80-4 3350 617.11 3350 617.11 0 3.56 3350 617.11 160 721 243 205
* 1 000-120-3 3169 103. 60 3169 103. 60 0 8. 30 3169 103. 60 240 841 363 444
* 1 000-120-4 2 811 936. 88 2 811 936. 88 0 9.38 2 811 936. 88 241 081 363 805
* 1 200-40-3 5620 975.63 5620 975.63 0 0.61 5620 975.63 96 281 146 684
* 1 200-40-4 4 016 073.68 4 016 073. 68 0 0.56 4 016 073. 68 96 361 147 005
* 1 200-80-3 4 345 874.55 4 345 874.55 0 4. 87 4 345 874.55 192 561 291 364
* 1 200-80-4 4 339 905.72 4 339 905.72 0 4.72 4339 905.72 192 721 291 605
* 1 200-120-3 4 286 962.59 4 286 962.59 0 15.70 4 286 962.59 288 841 435 844
* 1 200-120-4 3739 185. 37 3739 185. 37 0 7. 86 3 739 185. 37 289 081 436 205
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Fig. 2 The location-allocation decisions for instance 200-40-4
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Tab. 3 The relationship between collection point and transfer station for instance 200-40-4

Hh % o LI

1 3,19,40,52,93,188

2 21,23,73,189,194

3 78,86 ,120,125,128,183,185,193

4 17,34,48,50,61,71,72,83,87,166,172

5 5,30,41,43,68,116,117,123,84,127,129,135,153,170,176,181,182

9 1.6,42,47,49,57,66,69,74,81,89,105,108,111,122,126,130,140" ,157,171,173,174
10 4,27,88,114,143,161,192,195

12 22,37,46,70,98,100,102,150,177"

15 15,24,29,35,39,53,65,80,133,136,138,142,145,147,149,198

16 28,36,58,103,106,107,148,156,164,184

18 9,11,12,56,60,104,109,110,144,151,165,177"

21 13,16,32,51,76,91,94,97,101,113,146" ,160,187,190

24 10,18, 59,77,79,82,90,112,119,146" ,155,168,196

30 2,20,26,38,44,63,86" ,96,99,115,131,137,159,162,167,178

36 14,31,33,67,85,121,132,134,180,191,197

37 7,25,45,54,55,62,75,92,95,118,124,140" ,141,152,158,169,179,186,199,200
40 8,64,139,163,175
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Tab.4 The comparison of models for split and non-split modes

M, M,
=17 A A,
0, T, G 0, T, C,

* 200-40-3 806 267. 27 0. 06 24 884 884 913. 41 0. 05 25 044 10% —17%
* 200-40-4 728 754. 71 0.06 25 005 816 608. 79 0.05 25 205 12% —17%
* 200-80-3 655 235. 03 0.13 49 364 936 090. 60 0.16 49 684 43% 23%
* 200-80-4 682 830. 12 0. 48 49 605 894 019. 28 0.14 50 005 31% —71%
* 200-120-3 677 509. 15 0.19 73 844 1137 741.77 0.13 74 324 68% —32%
* 200-120-4 618 480. 50 0.17 74 205 1 033 627. 48 0.13 74 805 67 % —24%
* 400-40-3 1502 567. 18 0. 14 49 284 1 589 433. 39 0. 14 49 444 6% 0
% 400-40-4 1 215 306. 33 0.13 49 405 1272 774. 67 0.08 49 605 5% —38%
% 400-80-3 1 261 648. 70 0.25 97 764 1 457 850. 48 0.50 98 084 16% 100%
% 400-80-4 1 244 799. 10 1.22 98 005 1 437 817. 54 0.41 98 405 16% —66%
* 400-120-3 1 302 638. 64 2.95 146 244 1 708 607. 09 0.97 146 724 31% —67%
* 400-120-4 1 228 992.75 2.06 146 605 1563 025.71 0.78 147 205 27% —62%
% 600-40-3 2 347 331.10 0. 83 73 684 2 435 376. 91 0. 34 73 844 4% —59%
¥ 600-40-4 2 087 089. 00 0. 20 73 805 2 309 388. 63 0.31 74 005 1% 65%
% 600-80-3 2 005 452. 96 2.72 146 164 2 185 198. 66 2.63 219 605 9% —3%
% 600-80-4 1964 531.52 2.91 146 725 2 114 211. 97 2.31 146 805 8% —21%
* 600-120-3 1 888 319.11 4.41 218 644 2 217 592. 83 3.95 219 124 17% —10%
* 600-120-4 1 878 272.41 4.08 219 005 2 185 198. 66 2.53 219 605 16% —38%

1 860 868. 8 0.17 49 449.5 1070 651 0.11 49 764.5  22% —19%
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Operations Research and Cybernetics

The Research on the Joint Optimal of the Urban Underground Waste Transfer

Station Location and Two-Echelon Transshipment

XU Dongyang'?, LI Hang*, WANG Lijuan’
(1. Institute of Modern Logistics, Henan University; 2. School of Business. Henan University;
3. School of Education Science, Henan University, Kaifeng Henan 475004, China)

Abstract: [ Purposes | The urban waste collection and transportation system is an integral part of waste collection and treatment, and
its proper planning is of great significance to the effective treatment of urban waste. [ Methods | The urban waste collection and
transportation pattern is combined, underground logistics system and location-allocation theory to establish a location-allocation
mathematical programming model with the objective of minimizing the total costs including the construction costs of transfer
station, transshipment costs and management costs. Then, a series of simulation experiments and empirical analysis are executed
based on the randomly generated 36 large-sized instances and the optimization software CPLEX. [Findings]The experimental results
show that: 1) our proposed model can solve all instances quickly; 2) the complexity of problem increases sharply with its size; 3)
the operation costs can be saved by 22% when considering split delivery for demand, compared to non-split case. [ Conclusions | This
research results can not only expand the existing theory of location-allocation problem of waste transshipment, but also provide
scientific guidance for the rational planning of urban waste collection and transshipment system, so as to ease the pressure on the
collection and transportation of urban waste and improve the urban living environment.

Keywords: underground logistics; urban waste; location planning; two-echelon transshipment; mathematical programming;

experiment simulation
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