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Abstract

This research introduces transportation and delivery services within Low Emission
Zones(LEZ)—areas with spatial and temporal restrictions—by utilizing a mixed fleet of plug-
in electric taxis and gasoline taxis. Incorporating the concept of ride-sharing, the model allows
taxis to simultaneously serve both passengers and parcel deliveries. From the perspective of a
taxi fleet operator, the study addresses the matching of supply and demand, vehicle scheduling,
and electric taxi charging planning within operational hours. The objective is to minimize the
operator’s total cost under constraints of a fixed fleet size and vehicle capacity, serving only
pre-scheduled passenger and parcel demands submitted before the start of operations.

The research develops a multi-layer time-space network (TSN) to effectively describe the
movements of passengers, parcels and taxis in the spatial and temporal dimensions. This
network is divided into a demand side, which includes passenger and freight flows, and a supply
side, which includes electric and gasoline vehicle flows. The supply-side network is layered by
individual vehicles to enable effective vehicle scheduling and battery tracking for electric taxis.
Based on this TSN, the research formulates a Mixed Integer Programming model and further
develops a Simulated Annealing(SA) algorithm to enhance solution efficiency for large-scale
instances.

To examine the performance of the proposed optimization model and heuristic algorithm,
real-world operational data provided by a domestic logistics company is adapted to create test
instances of varying scales. The optimization model is implemented and solved using Gurobi,
while the SA is developed and executed using Python. Test results indicate that both the
mathematical model and the heuristic algorithm are effective in solving the problem.

Beyond its theoretical contributions in model formulation and algorithm development, the
findings of this study also offer practical implications for taxi operators, particularly in adopting

mixed vehicle fleets, Share-a-Ride Problem, and operating in LEZ.

Keywords: Low emission zones, Taxi scheduling problem, Share-a-Ride Problem , Time-space
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