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ABSTRACT: The deep coupling between energy system and
logistics system is one of the key characteristics of the future
port integrated energy system (PIES). Planning of PIES
considering energy flow-logistics coupling is of great
significance for green and low-carbon transformation of ports.
First, this paper presents the evolution of the PIES from three
typical stages: traditional port, green port and near-zero-carbon
port, and expounds its development status and trend. Then, the
spatiotemporal load regulation of energy consumption in the
port logistics system is analyzed, and the coupling mechanism
of energy flow and logistics in the PIES is explored. On this
basis, the general model of planning for PIES considering
energy flow-logistics coupling is analyzed and constructed, and
the characteristics and modeling elements are refined and
compared from three levels of cross-port-level, port area-level
and terminal-level, respectively. The research progresses of key
technologies of the PIES planning at different levels are
reviewed. Finally, focusing on the outstanding problems in the
current PIES planning with energy flow-logistics coupling, the

development directions and challenges are prospected.

KEY WORDS: port integrated energy system; spatiotemporal
load regulation of energy consumption; energy flow-logistics

coupling; planning
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Fig. 2 Technical application of energy system and logistics system in different stages of port
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The intricate interplay between energy system and
logistics system is one of the key characteristics of the
future port integrated energy system (PIES). As the
traditional  method separately s
incompatible, planning of PIES considering energy
flow-logistics coupling is paramount for the green and

of modeling

low-carbon transformation of ports.
This paper and prospects the key
technologies and challenges on planning of PIES

reviews

Large PV
power station

Large energy station

Port Road transport

area

Railway transport

considering energy flow-logistics coupling. The
hierarchical schematic of PIES is shown in Fig. 1.
Initially, the evolution, development status and trend of
PIES are presented across three typical stages: traditional
port, green port and near-zero-carbon port. Subsequently,
it delves into the analysis of spatial and temporal load
regulation of energy consumption in port logistics
systems, exploring the coupling mechanism between
energy flow and logistics in the PIES.
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Fig.1 Hierarchical schematic of PIES

On this basis, this paper presents a comprehensive
model for planning of PIES with energy-logistics coupling
and compares various solution methods including
mathematical optimization and heuristic algorithm. The
characteristics and differences in planning of three levels:
cross port-level, port area-level and terminal-level are
refined and compared from five perspectives: energy flow
characteristics, traits,

logistics energy flow-logistics

S11

coupling attributes, energy flow-logistics coupling links,
and planning modeling elements. Furthermore, the research
advancements on key technologies of the PIES planning
from varying levels are reviewed.

Finally, this paper highlights outstanding issues in
the current PIES planning with intricate energy flow-
logistics coupling, and anticipates possible development
direction and challenges in the future.



