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Multi-Layered Multi-Service-Leveled
Hybrid Hub-Spoke Network Design in
Low-Carbon Scenarios
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ZHOU Yizhuo

(School of Economics and Management, Tongji University,
Shanghai 200092, China)

Abstract:

based on the real data from the network designing

Aiming at express network designing and

practice of a domestic benchmarking express enterprise,
this paper discussed the research of the multi-layer multi-
service-leveled hybrid hub-spoke network design in the
Chinese situation and the influence mechanism of low-
carbon on the network design. It constructed hub-spoke
network design decision models in both the situations of
carbon tax and carbon trading. In combination with the
real data, it solved the models by adopting Lingo 14, and
analyzed the connection between the cost-minimizing
target and the low-carbon target, as well as the influence

mechanism between them. The comparison between the
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results illustrates that the pursuit of low-carbon, energy
conservation and emission reduction will not impose extra
influence on the traditional network structure that pursues

the minimal cost.
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network design; low-carbon; multi-layer; multi-service-
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Tab.1 Data of flow direction
P

i

. OB WM B2 EEsT mRE o 70 LI g M AN M BB M BUT Fhl
H 0 182399 32895 63280 235373 75711 159300 620486 19333 440297 66 067 24638 150562 56934 36373 331
B 12 4365 0 78 428 154 754 230 735 61 383 407 340 2 358 092203 725 165920 295713 25176 101556 48 708 41221 O
B 12 144 102 284 0 5159 22325 12677 7697 167620 3018 21557 2747 9571 13815 5688 3669 0
% 57123 182008 5157 0 43807 16087 15198 434615 3901 28417 9584 973 17311 4114 4967 0
ME 110154 126 039 19633 25673 0 120096 77 477 969567 22954 232056 47 314 63752 182879 81278 92480 3690
i 18 5675 268480 42250 90 366 307 461 0 248 593 790482 78897 322000 101 157 42879 224 026 112 625 82 749 43 420
T 27858 373371 6583 7206 53228 40894 0 556 047 10513 70591 15433 10023 46935 11801 10063 0O
FYRE64 18011 771 994188 091291 6121 570 207617 6941 182 865 0 234 8882 358 685437 345245 4881 053 944 270 282259 72491 576
24X 15757 1053170 1692 1003 28280 17998 3627 142344 0 19388 2171 5366 8004 3092 3292 0
JRM 37 4907 135108 28 812 48435 354 139 538 547 109 745 3 447 979 28 329 0 60096 32114 681544 50880 65322 1897
S 22907 131782 3283 12209 79926 22795 25527 135500 4286 96 723 0 6227 35532 7721 16250 O
Z#M 17715 87234 5162 18778 70006 16591 58727 137592 19211 33363 25301 0 24500 10910 7489 6197
Jo 57350 77203 14205 26791 154444 54291 67287 315500 12819 241498 50711 8666 0 23784 22429 542
M 66 652 297 882 31939 78236 255482 52397 207936 583956 71051 196087 98451 32117 116 781 0 62 446 14 068
FAYT 35932 101080 14 768 34 663 249649 91172 96260 465924 26732 79093 56625 17 197 55545 27230 0 13 199
S 211 0 0 0 0 241 0 897 0 373 0 120 241 100 0 0

x2 NHESHIES

Tab. 2 Highway transportation distance

A . km

Ry

FMOOBUM O WIN FE% mat M@ T R g% R BN M B M B SRl
N 0 208 136 172 128 153 310 181 283 96 482 97 55 111 78 384
oM 208 0 81 89 277 248 155 178 64 160 270 313 203 292 270 230
W 136 81 0 100 205 196 235 150 144 94 350 228 151 220 198 310
Xt 172 89 100 0 294 173 149 99 122 85 321 238 128 275 241 223
mMx 128 277 205 294 0 252 432 303 341 218 o547 151 177 96 87 507
153 248 196 173 252 0 207 129 284 105 479 128 125 170 168 380
T 310 155 235 149 432 207 0 221 118 230 175 383 273 420 387 85

181 178 150 99 303 129 221 0 210 98 386 233 133 276 246 288
4% 283 64 144 122 341 284 118 210 0 196 218 349 240 355 333 192
pixil 96 160 94 85 218 105 230 98 196 0 395 160 50 197 164 296
B 482 270 350 321 547 479 175 386 218 395 0 550 440 562 554 262
ZM 97 313 228 238 151 128 383 233 349 160 550 0 121 69 79 450
) 55 203 151 128 177 125 273 133 240 50 440 121 0 158 124 340
Ml 111 292 220 275 96 170 420 276 355 197 562 69 158 0 40 488
BRI 78 270 198 241 87 168 387 246 333 164 554 79 124 40 0 453
Frl 384 230 310 223 507 380 85 288 192 296 262 450 340 488 453 0

®3 RRHERBEWHIRMAMENL TR ®4 K=ARBHME/MB SR ML T =

Tab.3 Optimal network planning scheme without Tab.4 Optimal network planning scheme for mini-

low carbon requirements mizing carbon emission (K = 4)
K gk PR B B, R Bk
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Tab.5 Optimal network planning scheme at a car-
bon tax r of 1.90
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nu
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Tab. 6 Planning results of carbon trading scenario
ata K of 4
BRI (p=30 7+ ERIEIE (p=300 T+
AR e )
#i/kg . i e i
B o B I P A
i /kg i/kg
600 000 7 819 990 706 712 7 848 802 706 712
700 000 7 816 990 706 712 7 818 802 706 712
800 000 7 813 990 706 712 7788 802 706 712
900 000 7 810 990 706 712 7758 802 706 712

HECEC AR i 700 000kg ZJi , Al B AF B AR T
NG IEAHFSIE .

7860 1
7840 \
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7800
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TT60 1y R EmHIET

7740

6 7 8 9
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Fig. 1 Carbon quota versus cost
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