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Multi-agent-based control
strategy for centerless energy
management in microgrid
clusters

Shuang Shi, Yanping Wang* and Jiyu Jin

School of Information Science and Engineering, Dalian Polytechnic University, Dalian, China

Interconnecting microgrids with similar geographical environment and related
characteristics electrically and communicatively, this constitutes a microgrid
cluster, which is a higher-level distributed power structure and an effective way
to improve the utilization rate of distributed energy and local absorption level.
However, the stable operation of microgrid clusters is determined by the cluster
structure and its control strategy, which is also the focus and difficulty of current
research. To address this challenge, this paper proposes a ring-based multi-agent
microgrid cluster energy management strategy, which realizes the centerless
coordinated autonomous operation of microgrid clusters with high stability. In
addition, based on the multi-agent control strategy, this paper designs a variety
of control strategies that can be switched autonomously for different control
objectives of the microgrid cluster to realize smooth grid connection and off-
grid of the microgrid cluster. Finally, based on Matlab platform simulation, the
experimental results show that the control structure and energy management
strategy proposed in this paper can realize the centerless coordination and
autonomy of the microgrid cluster on the basis of stable operation, minimize the
energy interaction between the cluster and the distribution network, and greatly
improve the utilization rate and local absorption level of distributed energy.

KEYWORDS

microgrid clustering, energy management, multi-agent, coordinated autonomy,
centerless

1 Introduction

Microgrid (MG) is the basic component unit of microgrid cluster, so the stability,
efficiency and control flexibility of microgrid operation are the basis for realizing microgrid
cluster operation. At present, the development of microgrids has been relatively mature,
and people have done a lot of work on microgrid operation, control, and protection
Joos et al., 2000; Chiradeja and Ramakumar, 2004; Quezada et al., 2006; Hegazy et al., 2003;
Hoff and Shugar., 1995; Greatbanks et al., 2003. Which has accelerated the development
of microgrid technology. However, the large-scale access of microgrids leads to a large
number of bidirectional currents in the distribution network with scattered access points,
which brings new problems to voltage regulation, protection coordination and energy
optimization Patel et al., 2008. Exploring and developing active distribution technologies
for distribution networks is an effective way to solve this problem. On the other hand, how
to effectively integrate a large number of microgrids to make them operate autonomously
and reduce the impact on the distribution network is the hope and requirement of the
distribution network for microgrids and one of the goals of microgrid clustering operation
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Yao etal., 2021. Microgrid cluster (MGC) is a new structure of
distributed power supply in recent years, and relatively little
research has been done on MGC at home and abroad, but as a
further development trend of coordinated operation of multiple
microgrids, its superiority in distributed power integration,
flexible control mode, energy utilization efficiency, and support
to the distribution microgrid has led to the research on MGC
at home and abroad Yao etal, 2023. More and more attention
has been paid to the research of MGC both at home and
abroad. For example, Qingzhu Wan etal. from the School of
Electrical and Control Engineering of Northern Polytechnic
University wrote a paper to explain the concept, structure and
composition of microgrid clusters Qingzhu and Xue, 2017.
The general design of microgrid cluster operation was studied
by Jiangmen Power Supply Bureau of Guangdong Power Grid
Company and the School of Electronic Information and Electrical
Engineering of Shanghai Jiaotong University, which compared
the characteristics of microgrid cluster operation with related
methods such as coordinated operation of multiple microgrids and
single microgrid operation, and discussed the control methods
of microgrid cluster operation Cai Dehuaetal, 2015. Zhou
Xiaogian etal. from the School of Electronic Information and
Electrical Engineering, Shanghai Jiaotong University, proposed
local centralized optimization and global optimization methods. A
framework of local centralized optimization and global distributed
iterative distributed optimization based on consistency and model
predictive control theory was proposed, which well solves the large-
scale MGC distributed optimization solution problem Zhou et al.,
2018a. In addition, the Microgrid Laboratory of Aalborg University,
Denmark, has conducted research on integrated modeling
of microgrid clusters, multi-timescale energy management of
multilayer microgrid clusters, distributed coordinated control
and optimization based on coordinated operation of multiple
microgrids, and virtual and semi-physical simulations to verify
the correctness and effectiveness of the proposed scheme. The
stable operation of microgrid clusters depends on the correct design
and selection of control strategies, and currently, the main control
methods are centralized, decentralized and distributed. Centralized
control cannot meet the robustness and flexibility requirements of
microgrid clusters due to its own characteristics Karimi et al., 2017;
Wei and Xianwei., 2011; Minchala-Avila et al., 2016. Decentralized
control achieves stable control of the unit itself through local
control methods, and power balancing within and between
microgrids can be achieved through reasonably designed control
algorithms Nutkani et al., 2016; Divshali et al., 2012. Subsequently,
the shortcomings of traditional sag control have been optimized
and corresponding control methods for autonomous operation of
microgrids have been proposed, providing directions and ideas for
the control of microgrid clusters Jin et al., 2010; M. D. Cook et al.,
2017; Dou et al., 2015; Gu et al.,, 2014. However, the decentralized
control systems of microgrids are “fragmented”, which makes it
difficult for microgrid clusters to support large microgrids. In recent
years, the application of distributed control theory in power systems
has gradually gained attention, and the resulting distributed control
of microgrids has been gradually developed. The distributed control
approach not only has high flexibility, immunity and ability to resist
cyber security threats, but also can provide strong technical support
to the microgrid, so distributed control is particularly suitable for
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microgrid clusters Han et al., 2019. Under the distributed control
architecture, various optimal control methods have been proposed
for different control objects and optimization objectives, such as
autonomous coordinated control strategies for clusters with multiple
AC-multiple DC microgrids Zhou et al. (2018b), hierarchical cluster
control schemes for islanded DC microgrid clusters Luo etal.,
2018, and distributed hierarchical cooperative control strategies
for islanded microgrid clusters with intermittent communication
Lietal, 2019, and simulation verified the effectiveness of the
control strategy. During the research of microgrid cluster control
strategies, the time scale of cluster energy management, dynamic
characteristics of cluster operation, communication delays, the
impact of microgrid plugging and unplugging on communication
links, line loss and economy, and topology optimization have also
been discussed and solutions have been proposed Xing et al., 2017;
Z. Zhao et al., 2017; Han et al., 2018; Han et al., 2017; Zhou et al.,
2017. However, the existing cluster topologies and their distributed
algorithms are still largely based on the instructions issued by the
high-level controller or the dominant node, and do not operate
autonomously without a control center in the real sense.

The shortage of energy resources and ecological degradation
have led to the development of photovoltaic and wind power
generation, but a single microgrid is no longer able to meet the needs
of users. Therefore, an effective solution to directly dispatch and
manage a large number of distributed generators in the distribution
network is to centralize distributed power sources into a microgrid
cluster. A microgrid cluster is formed by interconnecting microgrids
with similar geography and related characteristics electrically and
communicatively and interacting with the distribution microgrid
through a unique access point, which is a higher-level distributed
power architecture. In this paper, a ring-shaped distributed
microgrid cluster structure is proposed. In this structure, distributed
control systems with integrated communication modules are
distributed in each microgrid unit in a ring link, and the microgrid
only interacts with neighboring microgrids to obtain current status
information and user information of other microgrids in the cluster.
When the cluster is operating, each distributed control system
(agent) can simultaneously solve the next operation plan of the
cluster, in addition to maintaining the stable operation within the
microgrid. Therefore, each distributed control system is both the
control center of each microgrid unit and the control center at
the cluster level, completely eliminating the need for a centralized
dispatch center and dominant node. This fully distributed control
strategy can greatly improve the stability and robustness of
cluster operation and finally realize autonomous operation without
central coordination, which has important theoretical research
significance and application promotion value. Through simulations
and experiments, we demonstrate that our approach can improve
the reliability, stability, and efficiency of microgrid operation while
reducing the dependence on the main power grid. Our approach
utilizes real-time dynamic compensation control, which can adapt
to changing conditions in the microgrid more quickly. We also
show that our approach can effectively balance the power generation
and demand of the microgrid by integrating a smart agent-based
control system and using energy storage devices such as batteries
and supercapacitors. Our results suggest that our approach could
be a promising solution for the large-scale deployment of renewable
energy microgrids in the future.
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2 Materials and methods

As a more complex form of distributed power structure,
microgrid clusters will present the following new features: each
micro power source within the cluster can independently meet the
power demand of each microgrid load in the islanded state; when
there is a microgrid that cannot meet the load power demand, the
cluster networking state can be carried out to share the surplus
power of the respective microgrid and the power in energy storage
through energy interaction. When the overall power of the cluster
is insufficient or the energy storage equipment is surplus, flexible
automaticload shedding can be carried out at the level of meeting the
self-sufficiency rate of the cluster, or feedback or request for power
supply to the distribution network through the public coupling point
(PCC). The above features greatly enhance the flexibility of cluster
operation. The increased degree of autonomy of microgrid clusters
will allow more active control, since the topology of the cluster
will be determined to some extent by the interactions between the
microgrids. We present the cluster operation of microgrids and
its superiority. The cluster structure and its operational control
strategy determine the stability of the system and the utilization
of distributed energy, while the realization of the autonomous
operation goal determines the magnitude of the support role for the
distribution microgrid. In the existing microgrid secondary control,
the main control objectives are voltage and frequency recovery, SOC
equalization, etc., Ma et al., 2022; Deng et al., 2022. In the control
proposed in this paper, the control objective of the multi-agent
system is to adjust the control mode and static switching state of
the energy storage unit according to the operating status of each
microgrid to ensure that all microgrids can operate stably. For
example, when a microgrid cannot operate autonomously because
the battery SOC reaches the constraint condition, another microgrid
is selected to interconnect with this microgrid through the
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two-layer multi-agent system and the energy storage units of other
microgrids are used to maintain the power balance and ensure
stable operation.

2.1 Microgrid cluster overview

In this paper, a ring distributed autonomous system structure
and its control strategy are proposed, i.e., a ring structure is used
to connect microgrid clusters to the microgrid, a solution for
smooth microgrid connection of microgrid clusters and coordinated
autonomy of each microgrid is proposed, and a multi-agent system
(MAS) based energy management method for microgrid clusters is
proposed. The schematic diagram of the microgrid cluster model is
shown in Figure 1.

The multi-agent system used in this paper is a distributed control
system composed of agents in which the agents communicate with
each other to coordinate and control the microgrid cluster and
the state of each microgrid according to certain rules, using a
distributed approach to problem solving. Each agent integrates
a communication module and forms a ring link in which it
is connected to the microgrid and in which distributed control
algorithms are embedded. Typically, each agent is interconnected
with its neighboring agents and interacts with information through a
control policy developed within the agent. The proposed cyclic agent
architecture allows neighboring agents to communicate with each
other, and the agent is used for energy management of the microgrid
cluster, and the cyclic structure of the agent is used to reasonably
allocate energy storage and achieve dynamic energy compensation
among sub-microgrids. Second, starting from the actual microgrid
connection, the control strategy of the sub-microgrids is converted
to include pre-synchronization control to enable smooth microgrid
connection of the microgrid clusters at the PCC.
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FIGURE 1
Schematic diagram of microgrid cluster model.
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FIGURE 2
The control structure diagram of microgrid master control unit.

2.2 Control strategy of agent system in a
single microgrid

Before studying the control of microgrid clusters, the control of
single microgrid should be considered first, then study the control
of single microgrid using agent system, which is important to study
the stability of microgrid clusters.

In this paper, the master-slave control strategy is used for a
single microgrid. As power terminals, the PV and wind generation
units are mainly controlled with maximum power tracking to
maximize the utilization of wind and solar energy. Similarly, in
grid-connected operation mode, energy storage also acts as a power
terminal, receiving power commands from the upper-level dispatch
system for constant power control (PQ) charging and discharging.
However, as a balancing terminal, the energy storage device uses
constant voltage and constant frequency (V/f) control to maintain
stable AC bus voltage and frequency under island operation
mode conditions. The operation mode and static switching of
each microgrid is controlled by a multi-agent system. The control

FIGURE 3
The topology structure of voltage source grid connected inverter.
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structure diagram of the microgrid master-slave inverter is shown in
Figure 2.

As shown in Figure 2, ug, and u,, are reference values of
the d-axis and g-axis PCC voltage, respectively; iz.s and iy, are
reference values of the d-axis and q-axis grid-connected current,
respectively; u

is three-phase PCC voltage; u,, is three-phase

abc abc

grid-connected current; @, is rated reference value of fundamental
angular frequency; 6 is phase information of PCC voltage; 6, is
phase information of grid-connected voltage; Aw is variation of
fundamental angular frequency.

As shown in Figure 2, in grid-connected operation mode, the
control objective of the energy storage system is to track the
power command, so PQ control is used. d-axis and q-axis current
references are generated from the power command and d-axis
voltage, and phase information is obtained from the phase-locked
loop (PLL). In islanded operation, the microgrid loses the support
of grid voltage and frequency, and if constant power control is still
used, when the inverter output power does not match the load
power. It will cause fluctuation of system voltage and frequency,
resulting in system instability. Therefore, in the islanding mode,
the main inverter of the microgrid needs to assume the role
of voltage and frequency regulation and adjust its own output
power according to the load demand. In the islanding mode of
operation, the current reference values for the d and q axes are
generated by the PI regulator of the outer voltage loop. In the
inner current loop, decoupling and voltage feedforward control
are also considered. In addition, pre-synchronization control needs
to be considered when the microgrid is switched from islanding
mode to grid-connected mode. The purpose is to achieve phase
alignment on both sides of the static switch before switching, thus
reducing the voltage/current impact caused during the switching
process.

The topology structure of voltage source grid connected inverter
is shown in Figure3. In dq two-phase synchronous rotating
reference frame, the mathematical model of grid connected inverter
can be expressed as follows

i

Ld—;l +Rig - wLig = vy —uq (1)
iq

LE +Rig+ wLig = vy —uy 2)

Where L is filter inductance; R is the parasitic resistance of the
filter inductance; w is fundamental angular frequency; i; and z'q

VT VT; VTs ]
L R Z,
Va NW\_:_a_/ Ca
DG | — 2 2000w R =
U, e
Ve ¢V} _L
VT, | VT4 VT(;J CcC== ::T
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FIGURE 4
Single microgrid simulation results.
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are the d-axis and g-axis components of grid connected current;
ug and u, are the d-axis and g-axis components of point of
common coupling (PCC) voltage; v, and v, are the d-axis and q-
axis components of converter terminal voltage. The active power and
reactive power can be expressed as follows

A3)
(4)

P= %ldud
3.
Q:—Ezqud

In grid-connected operation mode, PCC voltage is considered
constant, so the current reference value can be expressed as follows

. 2P
Ldref = 312 (5)
2
i f=— Qref (6)
qre 3”(1

Where Pref and Qref are reference values of active and reactive
power, respectively. In island operation mode, voltage closed-loop
control is used to maintain constant voltage and frequency of AC
bus, so the current reference value can be expressed as follows

. kvi
Ldref = (udref_ ud) (kvp + T (7)
. k i
qref = (uqref_ uq) <kvp + TV>

where ug,c and ug,, are reference values of the d-axis and q-

(8)

axis voltage, respectively; k,, and k,; are proportional and integral
coeflicients of PI regulator, respectively.

The single microgrid control strategy is verified by Matlab
platform and the simulation results are shown in Figure 4.

The results show that: the microgrid operates grid-connected
at 0~0.3s, when the wind turbine power, PV power and energy
storage power are 20 KW, 10 KW and 30 KW respectively; When
a microgrid fault is detected at 0.3s, the microgrid switches
from grid-connected operation to islanded operation. The agent
system switches the control strategy from PQ control to V/f
control, at which time the energy storage alone bears the power
difference between the scenic generation and the load. Therefore,
the energy storage discharges 10 KW.When the microgrid switches
from islanded operation to grid operation at 0.6s. The agent system
switches the control strategy from V/f control to PQ control and
starts pre-synchronous control. The simulation results in Figure 4
show that the PCC has a smooth voltage transition, which proves
that the single network can operate stably and the agent system can
complete the switchover from grid to grid independently and can
be connected to the grid smoothly without the need for a cluster
coordination control strategy.

2.3 Microgrid cluster ring control structure

Several microgrids are electrically interconnected according to
geography or type to form microgrid clusters. The transmission
of microgrid status information and control signals depends on
an efficient and reliable communication network, while effective
prediction of uncertainty in distributed power sources and loads is
a prerequisite for inter-microgrid energy dispatch. First, individual
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microgrids are established, and then all microgrids of the same
type are electrically and communicatively interconnected according
to the microgrid type to form a microgrid cluster. When the
cluster is operating, each distributed control system synchronizes
to solve the next operation plan of the cluster, in addition to
maintaining the stable operation within the microgrid. Therefore,
each distributed control system (agent) is both the control center
of each microgrid unit and the control center at the cluster
level, completely eliminating the need for a centralized dispatch
center and a dominant node. Based on the idea of multi-
agent controller, an agent-based control strategy for microgrid
cluster ring network is proposed. This control strategy mainly
consists of the communication network of agents and multiple
microgrids, in which agents communicate with each other to form
a communication network. The microgrid consists of distributed
photovoltaic power generation, wind power generation, energy
storage modules and loads. The overall structure is shown in
Figure 5. The line between two agents in the Figure indicates
the communication interconnection, and the direction of arrow
indicates the direction of information transfer; The dotted line
between agent and MG indicates their connection, mainly the
information upload of MG and the command sending of agent
system; The solid line between MG and MG indicates the electrical
interconnection, which can carry out energy transfer, and the arrow
indicates its direction.Each microgrid is equipped with an intelligent
body (agent). It is responsible for collecting the current state of

FIGURE 5
Microgrid cluster control model for ring networks.
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charge (SoC) and calculating the difference between the airflow and
the power required by the user. It is also responsible for exchanging
the current power error values with the connected agents and
comparing the upper and lower limits of the SoC in order to issue the
best control commands according to the control rules. Each agent
interacts only with connected agents, and this ring network structure
minimizes communication delays.

Remark 1, This ring distributed architecture proposed in this
paper achieves the goal of centerless energy coordination and
autonomy by eliminating the influence of the central controller
and the dominant agent at the cluster level, and reduces the
impact of communication failures on the system. This distributed
ring structure greatly improves the robustness of microgrid
clusters.

2.4 Distributed energy management
control strategy for microgrid clusters

a) Reasonable design of control strategy. The stability of
operation is built on the basis of intra-cluster power balance, so the
power shortage and excess of each microgrid needs to be reasonably
matched and scheduled. Under the fully distributed control
architecture, we propose a real-time dynamic compensation control
strategy: The control system calculates the power difference of the
microgrid in the next operation step based on the power generation

Information
Collection

10.3389/fenrg.2023.1119461

measurement and customer power consumption information, and
performs inter-grid power scheduling on the basis of ensuring
its own stable operation. In addition, the control objective of the
autonomous operation of this project requires that when the total
power difference of the cluster is less than zero, the decision to
connect to the grid is made according to the self-sufficiency rate set
by the cluster.

b) For the control strategy adopted in this project, autonomous
operation without central coordination requires that when the
distributed control system is given global information, it is able
to synchronize the real-time dynamic compensation schemes of
the clusters and then, after the schemes are completed, verify their
consistency. Therefore, in addition to synchronizing the clocks, the
start and end times of the solving process should be set in the
system. If the solution results are inconsistent, the above solution
and verification process should be repeated until convergence, and
the number of repetitions should be adjusted according to the
cluster operation parameters. Under the fully distributed control
architecture, the above control strategy and synchronous solving
algorithm will eliminate the need for dominant nodes and central
controllers to realize the centerless autonomous operation of the
microgrid cluster.

In order to maintain the energy balance of microgrid clusters
for coordination and autonomy, it is necessary to eliminate the
prediction errors. In this paper, a real-time dynamic compensation

Calculate
: PErri

Time Delay

SoC<Soc'?
Power

\ 4 shortage

A 4 A 4

Residual
power

ESS=Microgrid
load

Information interaction
with other microgrids

v

matching

Power switching path

v

Compensation orders
are issued and executed

FIGURE 6
Real-time dynamic compensation control strategy flow chart.
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control strategy is proposed for the error between the actual data of
each microgrid unit and the customer demand data. The power error
is represented as follows

P Pwt_reali + Pp

P )

error; — v_real;

where, i represents the i microgrid, Py, ., and P, ., are the
measured power of Photovoltaic and wind, respectively, and P, is the

demand power of the user, and P,

error, i the error power. The specific

algorithm flow chart is shown in Figure 6.

The detailed steps of the real-time dynamic compensation
control strategy are as follows.

Step 1: Calculate all the P (P ), and get 6
output states (P ~ Pyares) according to the hysteresis loop

error; error; ~ p errorg

comparator judgment, at this time, when P,,,,.

make Py, =1, which proves that the actual power of scenery

is greater than 0,

power generation is greater than the user demand power, then
the remaining power is stored in energy storage system (ESS) or
interact with other microgrid energy, at this time, it represents that

the energy storage is charging. When P, . is less than 0, that is,

error;
the actual power of scenic power generation is less than the user’s
demand power, so P,,; = 0, which means that the storage energy
is being discharged or the cluster is interacting with the electric
energy.

Step 2: Based on the collected SoC value, determine whether
the energy storage has reached the constrained state (SoC’ is
the lower limit, SoC, is the upper limit), and output the state
(SWiEs ~ SWipss» MGl ~ MGlg,,,.) as 1 if the constraint is

reached, and 0 if the constraint is not reached.

state

10.3389/fenrg.2023.1119461

Step 3: The agent system calculates the states of P,,,; ~ P

state6 11
step 1 and SWypq; ~ SWpgs in step 2 to obtain the state ordering of
the microgrid sequence numbers and SoC values that require energy
mutualization.

Step 4: Energy exchange path matching is performed based on
the sequence number and the ranking of SoC states of the microgrids
that need energy interaction obtained in step 3. Microgrids that do
not participate in energy interaction continue to operate in isolation.
If the cluster cannot operate autonomously, they enter the grid
smoothly through PCC.

Remark 2, in order to enable the cluster to meet the load demand
value through energy management, to achieve avoid the ESS not to
meet the user demand when the actual output power of Photovoltaic
and wind is small. The real-time dynamic compensation control
strategy is proposed in this paper. It is worth stating that the
dynamic compensation scheme includes two aspects. 1) Energy
scheduling between distributed power sources, energy storage
devices and loads within the microgrid. 2) Energy scheduling
between microgrids. In the energy scheduling of microgrid clusters,
the power deficit and surplus of each microgrid should be correctly
matched.

3 Simulation results at each working
condition

The following is an example of six microgrids, MG1, MG2,
MG3, MG4, MG5, and MG6, whose microgrid structures all

MG2‘< oo ‘MG4‘< [11] O‘MGGLI [11] 0‘

SW_g>*com a

A=A a A ﬁ
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C——C ¢ o c
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FIGURE 7
Microgrid cluster overall simulation diagram.
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choose PV power generation, wind turbines, load and energy
storage systems, and the busbar chooses AC busbar. When
the ring-type microgrid cluster control strategy is adopted, the
power coordination autonomy of the cluster can be realized,
and the overall simulation diagram is shown in Figure 7. The
following is the simulation model built with Matlab, and the
results show the power generation, SoC value, energy storage
output power, and grid connection current of each microgrid.
It proves the effectiveness of the control strategy in this

paper.

3.1 Cluster operation simulation results
(condition 1: Excess power)

The simulation time is set to 2.3s, and the initial SoC

values of all six microgrids are close to the upper limit,
which is specified to be 80%, and the SoC value of MG5

TABLE 1 Margin specifications.

10.3389/fenrg.2023.1119461

is the smallest, and the P, of MG5 is less than 0. The
cluster operation is observed. Table 1 shows the parameters of
each microgrid. Figures 8-10 shows the results of the cluster
simulation.

From the above simulation results, under the initial conditions,
the energy storage SoC values of MG1-MG6 are close to the upper
limit, when the power excess comes to verify whether the cluster can
share by itself. From the data in the table, we can see that only the
Pyyror, of MGS5 is less than 0, and the energy storage SoC value of
MGS is at a high level, so the P,,,,, of MG5 is borne by the energy
storage of MG5 alone; The P, of the other five microgrids is
greater than 0, showing a state of excess power, and their own energy
storage is at a high level. This condition is used to verify whether the
cluster can share the excess power by itself. First, the energy storage
of MGI reaches the upper limit first. At this time, by detecting
the microgrid that meets the transmission condition as MG5, the

grid connection switch of MG1 and MG5 is closed, and the excess

Unit/power MG1 MG2 MG3 MG4 MG5 MG6
Photovoltaic units 10 KW 20 KW 20 KW 15 KW 10 KW 20 KW
Wind power unit 20 KW 20 KW 20 KW 20 KW 20 KW 20 KW
Energy storage unit 40 KWh 40 KWh 40 KWh 40 KWh 40 KWh 40 KWh
Load unit 20 KW 20 KW 20 KW 20 KW 40 KW 20 KW
Error power 10 KW 20 KW 20 KW 15 KW -10 KW 20 KW
Busbar voltage 380V 380V 380V 380V 380V 380V
MG1 MG2 MG3
80.005 80.01 80.02
80.01
_ 80 80 -~
S S S
g g SR )
& & &
79.995 79.99
79.99
79.99 79.98 79.98
0 05 1 15 2 25 0 0.5 1 15 2 25 0 05 1 15 2 25
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FIGURE 8
Soc value of each microgrid.
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power of MG is borne by MGS5; Then, the energy storage of MG2,
MG3, MG4 and MG6 reach the upper limit in turn, and their grid
connection switch is closed in turn, and the excess power is borne by
MGS. The excess power is borne by MG5; Finally, the energy storage
SoC value of MG5 also reaches the upper limit, the grid-connected
main switch (PCC) is closed, the excess power is balanced by the
distribution network, and the energy storage is all on standby. The
simulation results in Figures 8-10 prove the autonomy and high
robustness of the energy management control strategy proposed
in this paper under the condition of cluster overpower. This also
proves that the control strategy proposed in this paper can maintain
the stability of the system under the condition of excess power
generation or relatively low user load, which has good practical

10.3389/fenrg.2023.1119461

3.2 Cluster operation simulation results
(case 2: Power shortage)

The initial SoC values for all six microgrids were close to the
lower limit, specified as 80%, and the maximum SoC value was
observed for MG2, with an P,
operation. Table 2 shows the parameters of each microgrid. The

greater than 0 for clustered

energy storage SoC values for MG1-MG6 are all close to the lower
limit under initial conditions to verify that the clusters can operate
autonomously and connect to the grid stably without autonomy
in case of power shortage. Table 2 shows the parameters of each
microgrid. Figures 11-13 show the cluster operation results.

From the above simulation results, only the P of MG2 is

error;

significance. greater than 0, and the energy storage SoC value of MG2 is at a
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FIGURE 9
Energy storage output power of each microgrid.
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Cluster grid-connected current.
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TABLE 2 Power of each unit.

10.3389/fenrg.2023.1119461

Unit/power MG1 MG2 MG3 MG4 MG5 MG6
Photovoltaic units 10 KW 10 KW 10 KW 10 KW 10 KW 10 KW
Wind power unit 20 KW 20 KW 10 KW 20 KW 20 KW 10 KW
Energy storage unit 40 KWh 40 KWh 40 KWh 40 KWh 40 KWh 40 KWh
Load unit 40 KW 10 KW 35 KW 40 KW 40 KW 40 KW
Error power -10 KW 20 KW -15 KW -10 KW -10 KW -20 KW
Busbar voltage 380V 380V 380V 380V 380V 380V
MG1 MG2 MG3
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SoC value of each microgrid.
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Energy storage output power of each microgrid.
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high level; The P
showing a power shortage state, and their own energy storage is at

error, Of the other five microgrids is less than 0,
a low level, so as to verify whether the power shortage cluster can
carry out mutual energy assistance. First, each microgrid meets the
autonomous state within 0~0.5s, and its own P,,,,, is borne by itself;
When it reaches close to 0.5s, the energy storage of MG3 and MG4
reaches the lower limit first. At this time, by detecting the microgrid
that meets the power transfer condition as MG2, the microgrid
connection switch of MG2, MG3, and MG4 is closed. MG2 transfers
the remaining power to MG3 and MG4 to make up for its power
shortage; Then, the energy storage of MG1, MG5, and MG6 reach the
lower limit in turn and close the grid connection switch in turn, and
the shortage of power is borne by MG2. Finally, the energy storage
SoC value of MG2 also reaches the lower limit, the grid connection
switch (PCC) is closed, the power shortage is compensated by the
distribution network, and the energy storage is all in the standby
state. The simulation results in Figures 11-13 demonstrate the
operation under the above conditions, and the simulation results
prove that the energy management strategy proposed in this paper is
autonomous and highly robust in the case of cluster power shortage.
It also proves that the control strategy proposed in this paper can still
maintain the stability of the system in the case of insufficient power
generation or relatively high user load, which has good practical
significance.

4 Conclusion

This paper presents a centerless energy management control
strategy for microgrid clusters. Centerless control is not the
absence of a control center, but a control center for each
microgrid distributed control system, which can simultaneously
obtain information about the current status of all microgrids in the
cluster and simultaneously resolve the next operation plan of the
cluster. This greatly reduces the possibility of system collapse due
to control center, dominant node or individual communication line
failure, thus improving the robustness and autonomous operation
of the system. Selection of PQ control and V/f control strategies
in individual microgrids. In this paper, different operation modes
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are used for different operating conditions, based on the values
of P, and SoC, to achieve the coordination and autonomy of
cluster energy. In addition, simulations are performed in this paper
under 2 different operating conditions, and the obtained simulation
results verify the effectiveness and high robustness of the proposed
control strategy. And the effectiveness and feasibility of the proposed
multi-agent based microgrid cluster energy management strategy
is demonstrated to achieve microgrid cluster autonomy without
center. It also proves that the control strategy can greatly reduce the
interference to the distribution network while satisfying its own self-
sufficiency rate, which has high application value both for microgrid
and distribution network. Based on this, the subsequent work will
simulate the control strategy under various cases, and optimize and
improve the control strategy through the simulation results so that
the control strategy still has high robustness in various cases.
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