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Green crowdsourcing logistics problem with social idle resource
utilization

Student: Yi-Fei Wang Adivisor: Dr. Chin-Sum Shui

Department of Transportation and Logistics Management
National Yang Ming Chiao Tung University

Abstract

This research proposes a Three-echelon location routing problem (3E-LRP)
method that integrates multi-type transfer point rentals and social idle resources to
solve the green logistics problem in the last-mile delivery. The main objective is to
replace the traditional delivery approach, thereby reducing carbon emissions and fuel
consumption costs in logistics operations, while promoting environmental
sustainability and optimizing social resources. To achieve this goal, the study develops
a Mixed-Integer Nonlinear Programming (MINLP) model. Currently, there is a
research gap in the literature regarding the integration of carbon emissions and fuel
consumption minimization into the three-echelon model with multi-type transfer point
rentals and crowdsourcing. This gap provides a valuable research opportunity.
Furthermore, the study addresses the issue of infeasible solutions caused by constraints
related to protecting crowdsourcing flow proposed by Huang & Ardiansyah(2019),
ensuring that multiple nodes within overlapping transfer point service areas are not

interfered with.

Finally, the data analysis of ten example sets explores managerial implications,
investigates the impact of cost categories and transfer points combination on carbon
emissions, overall costs, and nodes requiring crowdsourcing and truck transport. The
objective is to closely simulate real-world urban logistics systems evaluate delivery
strategies that strike a balance between economic and environmental concerns to

achieve an optimal equilibrium.

Keywords: Three-echelon location routing problem; Multi-type transfer point rental;
Mixed integer nonlinear programming; Social idle resource revitalization; Green

logistics problem
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M5Z0 | 1la_model 17 0 0 3 0 0 0
2a_model 12 5 0 3 2 3 0
3a_model 10 7 0 3 2 4 0
M5Z1 | 1la_model 17 0 0 3 0 0 0
2a_model 12 5 0 3 2 3 0
3a_model 7 7 3 2 2 4 3
M5Z2 | 1la_model 17 0 0 3 0 0 0
2a_model 12 5 0 3 2 3 0
3a_model 7 7 3 2 2 4 2
M5Z3 | 1la_model 17 0 0 3 0 0 0
2a_model 12 5 0 3 2 3 0
3a_model 7 7 3 2 2 4 1
M5Z4 | 1la_model 17 0 0 3 0 0 0
2a_model 12 5 0 3 2 3 0
3a_model 5 7 5 2 2 5 2

A A-10 7 @ B EES AR e ag n] e At i
BB WA A PR M A A foa = A
Ry la cost | 2a_cost | 3a_cost | la cost | 2a cost | 3a_cost | la cost | 2a_cost | 3a_cost
1 16815.7 | 14349.6 | 9508.9 1303.5 1106.3 724.2 0.0 46.4 108.9
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10 16815.7 | 14560.2 | 9953.5 1303.5 1106.3 724.2 0.0 46.4 108.9
20 16815.7 | 14794.2 | 104475 | 13035 1106.3 724.2 0.0 46.4 108.9
30 16815.7 | 15028.2 | 109415 | 1303.5 1106.3 724.2 0.0 46.4 108.9
40 16815.7 | 15234.4 | 11392.1 | 13035 1129.8 769.0 0.0 29.2 113.3
50 16815.7 | 15390.4 | 11730.1 | 1303.5 1129.8 769.0 0.0 29.2 113.3
60 16815.7 | 15546.4 | 12068.1 | 1303.5 1129.8 769.0 0.0 29.2 113.3
70 16815.7 | 15702.4 | 12406.1 | 1303.5 1129.8 769.0 0.0 29.2 113.3
80 16815.7 | 15858.4 | 12744.1 | 1303.5 1129.8 769.0 0.0 29.2 113.3
90 16815.7 | 16014.4 | 13082.1 | 1303.5 1129.8 769.0 0.0 29.2 113.3
100 16815.7 | 16170.4 | 13420.1 | 1303.5 1129.8 769.0 0.0 29.2 113.3
110 16815.7 | 16326.4 | 13758.1 | 1303.5 1129.8 769.0 0.0 29.2 113.3
120 16815.7 | 16482.4 | 14096.1 | 1303.5 1129.8 769.0 0.0 29.2 113.3
130 16815.7 | 16638.4 | 14434.1 | 13035 1129.8 769.0 0.0 29.2 1133
140 16815.7 | 16783.5 | 14772.1 | 13035 1214.6 769.0 0.0 18.5 113.3
150 16815.7 | 16815.7 | 15064.3 | 1303.5 1303.5 858.0 0.0 0.0 948

A AL R R P R A ARkt Bk wet B ork M2 S B I F N fombfrd AL E 8 Lo Bozb 2 RIBE R
GBLEcE U E Ru

B8 B + B 2R e PRPT RGBT + & et R g g
k mb zb Kk rk mb zb
Cm1170Cz780 | l1la_model 17
2a_model 17 0 0 3 0
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3a_model 9 2 6 2 1 2 2
Cm312Cz208 | la_model 17 0 0 3 0 0 0
2a_model 14 3 0 3 2 2 0
3a_model 7 4 6 2 2 3 2
Cm7.8Cz5.2 la_model 17 0 0 3 0 0 0
2a_model 12 5 0 3 2 3 0
3a_model 5 7 5 2 2 5 2
A A-12 3 Rd 2 AR A n e A
H85 BAE S A BB S S A Foe 4 A
3 la cost | 2a_cost | 3a_cost | la cost | 2a cost | 3a_cost | la cost | 2a_cost | 3a_cost
16815.7 | 14349.6 | 9508.9 1303.5 1106.3 724.2 0.0 46.4 108.9
16815.7 | 14535.2 | 9944.3 1303.5 1106.3 724.2 0.0 232.0 536.4
10 16815.7 | 14733.1 | 10446.6 | 1303.5 1108.9 726.8 0.0 395.7 1004.4
15 16815.7 | 14931.0 | 10948.8 | 1303.5 1108.9 726.8 0.0 593.5 1506.7
20 16815.7 | 15128.8 | 11451.0 | 1303.5 1108.9 726.8 0.0 791.4 2008.9

A A3 2R R R AE LRt Ak wyrF Aok KA e I F RS Fomb o A% g Rod Biozb 2 PRAFE R
GBLEcE U E Ru

5 iy + BN PRIFT RSB + & swgFd Rk E
k mb zb k rk mb zb
CR3.9C01.95 1la_model 17 0 0 3 0 0 0
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2a_model 12 5 0 3 2 3 0
3a_model 5 7 5 2 2 5 2
CR39C019.5 la_model 17 0 0 3 0 0 0
2a_model 13 4 0 3 2 3 0
3a_model 6 6 5 2 2 6 2
CR78C039 1a_model 17 0 0 3 0 0 0
2a_model 13 4 0 3 2 3 0
3a_model 6 6 5 3 2 6 2
Mk A-14 3+ B PRAAPE RS 2 IR g S A ik
i LminOLmax540 Lmin30Lmax510 Lmin60Lmax510
A la cost | 2a cost | 3a_cost | 1a cost | 2a cost | 3a_cost | 1a cost | 2a cost | 3a_cost
RBEES A 16815.7 | 14349.6 | 9508.9 | 16815.7 | 14349.6 | 9508.9 | 18461.8 | 16670.0 | 10070.0
+ B B ITR N A 15512.1 | 12924.0 | 8377.0 | 15512.1 | 12924.0 | 8377.0 | 17030.7 | 15040.4 | 8760.3
woet B R R TR S A 0.0 2495 | 2495 0.0 2495 | 2495 0.0 284.5 340.6
BARY HEhg S A 0.0 23.4 49.4 0.0 23.4 49.4 0.0 23.4 78.0
B - A NN N 0.0 23.4 39.0 0.0 23.4 39.0 0.0 23.4 62.4
B WAL T ALY A 0.0 0.0 10.4 0.0 0.0 10.4 0.0 0.0 15.6
BA R G A 0.0 46.4 108.9 0.0 46.4 108.9 0.0 34.7 127.4
EA - R N NN 0.0 46.4 80.8 0.0 46.4 80.8 0.0 34.7 92.6
BEALTR BoF B A 0.0 0.0 28.1 0.0 0.0 28.1 0.0 0.0 34.8
LR s >R E FHE s A 0.0 11.7 19.5 0.0 11.7 19.5 0.0 11.7 31.2
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B#ALTE Foe FE A A 0.0 0.0 7.8 0.0 0.0 7.8 0.0 0.0 11.7
L3 md il VLA 0.0 34.7 61.3 0.0 34.7 61.3 0.0 23.0 61.4
B#EALTE Foe ¥ F 2 A 0.0 0.0 20.3 0.0 0.0 20.3 0.0 0.0 23.1

+ B &wict B AR A A | 13035 | 1106.3 | 724.2 | 13035 | 1106.3 | 724.2 | 1431.2 | 1287.0 | 763.8
+ B B MRE S A 1303.5 | 1086.1 | 703.9 | 1303.5 | 1086.1 | 703.9 | 1431.2 | 12639 | 736.2
woTF B R R S A 0.0 20.2 20.2 0.0 20.2 20.2 0.0 23.1 217.6

A AIS AR F R RGEF S LB LG T ek vl F B liork s EE B A g R Fomb frB AL E I8 Roe B zb 2 PRI
TR R R B B

B8 A + 2B R PR E RagaE + & et g g

Kk mb zb Kk rk mb zb

LminOLmax540 | l1a model 17 0 0 3 0 0 0
2a_model 12 5 0 3 2 3 0

3a_model 5 7 5 2 2 5 2

Lmin30Lmax510 | 1a_model 17 0 0 3 0 0 0
2a_model 12 5 0 3 2 3 0

3a_model 5 7 5 2 2 5 2

Lmin60Lmax510 | 1a_model 17 0 0 3 0 0 0
2a_model 13 4 0 3 2 3 0

3a_model 4 8 5 3 2 8 3
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