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Abstract—In this paper, a two-stage expansion model for the
distribution network is established for the purpose of minimizing
the planning cost of the distribution, considering networked
microgrids (MGs) as flexible regulation resources. In the first
stage, the planning decision is made according to the measure of
constructing lines, while in the second stage, the operating cost of
the distribution network is evaluated by considering MG’s
flexible regulation capability. Based on the DistFlow model, the
expansion model can be transformed into a second-order cone
programming (SOCP) problem which can be easily solved by the
YALMIP toolbox and GUROBI solver used in the study. Finally,
a 20-bus distribution network test system is used to test the
effectiveness of the proposed method.

Keywords—two-stage expansion model, networked microgrids,
distribution network

I. INTRODUCTION

MG, as an effective unit for accommodating distributed
generations, energy storage, and flexible loads, have become
an important manner to organize large-scale distributed
renewable power integrated into the distribution network [1].
However, the integration of MGs can certainly affect the local
power system structure and power flow distribution [2] and
thus how to expand the existing network while considering the
corresponding MG regulation capability and fully leverage
MG's flexible regulation advantage will become the focus in
future power grid planning.

Currently, existing works on distribution network planning
mainly focuses on how to consider diverse emerging
components in the evolving low-carbon power grid. For
example, in [3], a multi-stage coordinated planning model for
distribution networks and distributed energy resource (DERs)
is developed to consider DERs’ capacity, integration period
and location. In [4], upgrade and retrofitting of distribution
network lines can be delayed by deploying distributed energy
storage systems, reducing the overall planning cost. In [5], a
coordinated expansion planning model for distribution
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networks and DERs is further established for the purpose of net
social benefits maximization, taking into account the impact of
distributed energy storage systems and demand response. A
two-stage stochastic mixed-integer programming model for
distribution network construction/upgrade is proposed to
reduce the load loss in active distribution network (AND)
under extreme disasters in [6], in which the distributed energy
storage is particularly considered as an emergency power
source. In [7], a multi-objective joint planning model for
distribution networks and fast charging stations of electric
vehicles is developed for the purpose of reducing planning cost
and relieving traffic congestion, integrating the interests of
traffic network. In [8], a bi-level planning model considering
the active management of DER owners and load aggregators
by the distribution system operator through market clearing is
proposed, in which some KKT conditions are deduced and the
strong duality theory is applied to solve the model.

In addition, there are also some relevant works that
considers the impact of MG integration on grid planning. For
example, in [9], the integration of MGs in distribution systems
can accommodate local resources to meet local loads
requirements, for the purpose of minimizing the total system
planning cost and reducing the load loss. A distribution
network planning model considering MG integration is
proposed in [10], in which placing MGs on the extremity of
distribution network is considered as an effective approach to
reduce the power interruption and power loss. In [11], a bi-
level planning model for distribution network and networked
MGs is established for the purpose of reducing planning costs
and increasing reliability of both the distribution network and
MGs during planning horizon.

In China, an urging challenge for MGs’ integration in
future power system lies that all MGs over specified capacity
size have to strictly follow the operational mode and scheduled
generation curve formulated by the power dispatching agency
or market clearing, execute dispatching instructions promptly
and accurately, which could be a must as required by the
National Energy Administration (NEA) China in the future
[12]. Thus, how to consider the role of MG integration for
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