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Abstract: To address the problems of large fluctuations in order demand, low distribution efficiency,
and high carbon emissions in urban last-mile distribution, a low-carbon path optimization model
responsive to dynamic demand changes was constructed to achieve the dual optimization of
distribution costs and carbon emissions. The dynamic demand of urban last-mile distribution was
analyzed, and orders were classified into initial orders and real-time new orders. A dynamic path
optimization model was established with the objective of minimizing the total distribution cost. A
rolling horizon optimization framework was designed to decompose the dynamic problem, which was
solved by an improved large neighborhood search genetic algorithm. Furthermore, a simulation
verification was conducted combined with the practical business parameters of last-mile
distribution enterprises in Xiamen. The results indicate that the improved genetic algorithm

reduces the distribution cost by 8.59%, decreases carbon emissions by 13.25%, and significantly
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improves the solution efficiency; the rolling horizon framework increases the response rate of new

orders from 68.5% to 98.2%; carbon emission monetization reduces carbon emissions by 9.45%

while only increasing the cost by 3.31%. This research can provide a reference for urban last-

mile distribution enterprises to respond to dynamic order demands and promote low-carbon

transformation.

Keywords: Dynamic Demand Response; Urban Last-Mile Distribution; Low-Carbon Logistics; Path

Optimization; Rolling Horizon Optimization; Improved Genetic Algorithm
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Tab.2  Information on distribution points of a last-mile distribution enterprise in Xiamen
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Tab.3  Algorithm parameters
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Tab.4 Comparative experimental schemes
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RS, Mw,, NOIEINZE 0.02 1, #HE
B T R 4.04%, ALY 0.69%; w,,, 1 %2 0.04
Bf, BRFECE R M 9.45%, WA IR N 3.31%,
I BRIEHE AR A s 2w, DELEIE 2 0.06, BRHEL
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BRaiAS B, 2675 RIS HERUR S 45l KAz
P, B w,,,=0.04, w,,=0.96 1E K hA ALk A2 T
AR IR S HEAL TR

®5 NERHRHESNER

Tab.5 Sensitivity analysis results of weight coefficients

j L BEE BB WK BRI
o o RARDE kxR A%
0.00 1.00 5150.20 102.34 0 0
0.02 0.98 5185.63 98.21 +0.69 -4.04
0.04 0.96 5320.56 92.67 +3.31 -9.45
0.06 0.94 5480.32 88.45 +6.41 -13.57
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Tab.6  Experimental results of algorithm performance comparison
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Tab.7  Experimental results of dynamic response effect comparison
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Fig.3 Dynamic response path optimization
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Tabh.8  Carbon emission comparison results

N A ) A i e I T Bt
T %€ et H/k K = . R . - ShAlset

BRI woAkne  PdREEAe e WA WA WAE  ERIRAST MR
TEE 5150.20 102.34 1 200.00 820.50 2 150.30 156.40 822.00 6.65
HEF 5320.56 92.67 1 200.00 798.20 2 098.45 148.80 760.50 6.02
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