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Abstract—Renewable energy sources exhibit significant
volatility and uncertainty, and their large-scale integration into
the grid exacerbates the flexibility issues of the power system. This
is primarily due to the insufficient supply of flexible resources and
the limitations on line power transmission. Furthermore, there is
currently limited research on the flexibility of line transmission.
To address this, a multi-stage planning method for coordinating
energy storage and transmission network considering the
flexibility of line transmission is proposed. Initially, the line
flexibility load rate is defined to evaluate the flexibility of line
transmission. This flexibility is then incorporated into the
constraints, and the Conditional Value at Risk (CVaR) theory is
applied to measure the operational risk of excessive line flexibility
load rates. Consequently, a comprehensive bi-level, multi-stage
planning model is established, taking into account both investment
costs and operational costs. Validation through an actual system
in a province in Northwest China demonstrates that the proposed
method can effectively enhance the economic and flexible
operation of the power system.

Keywords—Transmission network planning, Energy storage,
Multi-stage planning, Flexibility of line transmission, Conditional
value at risk.

[. INTRODUCTION

With the intensification of energy shortages and
environmental pollution, it has become urgent to construct a new
power system centered around new energy sources| 1]. However,
the significant volatility and uncertainty of these energy sources
present prominent challenges in power system planning and
operation, especially regarding flexibility[2]. These challenges
manifest in two primary ways. First, there is an insufficient
supply of flexible resources within the system. When significant
fluctuations in net load occur, the lack of adequate flexible
resources to meet these demands results in wind curtailment,
solar curtailment, and load shedding, all of which are necessary

National Key R&D Program of China (N0.2021YFB2400700).

line 1: 4 Sile Hu
line 2: College of Electrical
Engineering
line 3: Zhejiang University
line 4: Hangzhou, China
line 5: 12110087@zju.edu.cn

line 1: 3 Yue Bi
line 2: College of Electrical
Engineering
line 3: Zhejiang University
line 4: Hangzhou, China
line 5: 22360166@zju.edu.cn

line 1: 6" Jiagiang Yang
line 2: College of Electrical
Engineering
line 3: Zhejiang University
line 4: Hangzhou, China
line 5: yjq1998@163.com

to maintain power balance. Second, limited transmission
capacity restricts the system’s power transmission capabilities,
leading to uncoordinated power distribution. To address these
issues, this paper explores a planning method for storage and
transmission coordination.

Extensive research has been conducted by the academic
community on coordinated planning for energy storage and
transmission network. Literature [3] examines voltage
fluctuations, reactive power flow, and the flexibility of voltage
source converter-based high voltage direct current systems. It
develops a coordinated planning model for hybrid AC/DC
transmission networks and energy storage to promote the
integration of renewable energy and prevent redundant
investments. Literature [4] addresses the intermittency of
renewable energy, line congestion, and the installation
requirements of power plants. It introduces a comprehensive
multi-stage model for the integrated expansion planning of
generation, transmission lines, and energy storage devices.
Experimental results demonstrate that this model effectively
reduces overall operational and emission costs. However, the
aforementioned studies either overlook flexibility or primarily
focus on node flexibility in response to power changes, with
insufficient attention given to the flexibility of line transmission.

Several scholars have also conducted in-depth research on
the flexibility of line transmission. Literature [5] indicates that
the line lacks the ability for energy conversion and power
regulation. Its flexibility primarily depends on transmission
capacity, which is related to branch capacity and topology.
Literature [6] explains that flexibility can only be described in
specific contexts and defines the flexibility of line transmission
as the ability of the transmission system to maintain sufficient
power margins to adapt to changing generation scenarios.
However, the aforementioned studies have not defined relevant
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