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Abstract: In order to improve the stability and flexibility of microgrid operation, a droop control
strategy for parallel microgrid power distribution based on adaptive virtual capacitor algorithm is
proposed. The adaptive virtual capacitor is connected in parallel at the output of microgrid
inverter to achieve accurate reactive power sharing of microgrid. The experimental results show
that the average power sharing error of distributed generation under the control of adaptive
virtual capacitor algorithm is 1.05%, which can effectively realise the accurate power distribution
of microgrid and effectively avoid the problem of voltage drop. Add additional load to the
system, and the distributed generation tends to be stable within 0.1s after a short transient
process. The adaptive virtual capacitor algorithm has good adaptability to load changes, can
effectively realise the accurate power distribution of parallel micro grid, and provides a new
research idea for the operation optimisation of smart grid.
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Introduction

(Sun et al., 2019; Hashemi et al., 2020). In order to avoid the
impact caused by the direct integration of distributed power

With the large consumption of traditional fossil energy,
energy crisis and environmental problems have attracted
extensive attention. The efficient utilisation of clean energy
has become the key direction of energy technology
development. Among them, the distributed power generation
technology of clean power generation has begun to rise and
gradually become a key component of intelligent power
network (Yang et al., 2019; Liu et al., 2019). Distributed
power generation makes centralised use of dispersed clean
energy such as wind energy and solar energy in a modular
way, so as to enhance the utilisation rate of clean energy,
realise energy efficient utilisation, and alleviate the current
problems of energy shortage and environmental pollution
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generation into the power grid and ensure the stability and
safety of power grid operation, the way of networking before
access is usually adopted for distributed power generation and
the way of microgrid system is used to realise the safety and
controllability of grid connection (Micallef, 2019; Raza and
Jiang, 2019). Microgrid is independent and controllable,
which can effectively balance the operation pressure of the
power system, enhance the allocation of local energy of the
power grid, disconnect from the power grid and enter the
island operation state for independent power generation, with
high flexibility (Negi et al., 2019). The power distribution of
microgrid is directly related to the stable operation of the
system and the energy supply of load. If the load difference of
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distributed generation is too large, some distributed
generation will be overloaded and threaten the stability of the
whole microgrid system (Wu et al., 2006; Ni et al., 2019).

For the power distribution control of microgrid, many
researchers have proposed a variety of control strategies from
different perspectives. In order to solve the problem of
voltage deviation caused by line impedance difference in
microgrid power distribution, Zhang et al. (2021) proposed an
island microgrid power distribution integrated control
algorithm based on improved virtual synchronous generator.
The microgrid power distribution is controlled through
adaptive droop coefficient, the resistance component in line
impedance is eliminated and the grid power is adjusted in
real-time to improve the distribution accuracy (Zhang et al.,
2019). Raza and Jiang (2019) proposed a power control
algorithm suitable for the isolated three-phase residential
microgrid. The improved vector control and multi-stage (p/f)
droop control are used to realise the microgrid power control.
The interphase power is transmitted through the converter to
realise the interphase and in-phase power control and
management. The research results show that the algorithm
can effectively realise the power balance of the microgrid and
ensure the stable operation of the three-phase residential
microgrid (Raza and Jiang, 2019). Yan et al. (2019) proposed
a virtual synchronous generator control strategy based on
local data to solve the problems of uncontrollable end
coefficient and end power coupling of microgrid, and can
realise the active power and reactive power distribution
control of parallel microgrid in combination with virtual rotor
characteristic matching. The research results show that the
control strategy has high adaptability and robustness (Yan et
al., 2019). Ramezani et al. (2019) proposed the active power
and reactive power control of parallel converter based on
virtual impedance by analysing the self-impedance and output
impedance characteristics of voltage source converter.
Starting from the impact of unbalanced impedance on the
performance and power of parallel converter, effective power
distribution is realised through virtual impedance (Ramezani
et al., 2019). From the research results of many researchers, it
can be seen that virtual access is a common means to solve
the power distribution control of microgrid, but its control
accuracy needs to be improved, and it will lead to other
negative chain effects. Therefore, the research hopes to solve
the limitations of traditional droop control strategy and
improve the power distribution accuracy of microgrid by
introducing the adaptive virtual capacitor algorithm.

This paper studies the way to increase the adaptive virtual
capacitance at the output of the microgrid inverter. Through
the adaptive adjustment of the virtual capacitance, the mutual
offset singularity of the virtual capacitance and resistance
inductance is avoided, the adaptive performance of the
microgrid system under different load conditions is enhanced
and the power sharing of the microgrid is realised. The droop
control of the virtual capacitor is studied to improve the
accuracy of reactive power sharing, which effectively solves
the problem of voltage amplitude drop caused by the
traditional virtual impedance algorithm. While improving the

accuracy of reactive power sharing, the output voltage is
raised.

The research is mainly carried out from three parts. The
first part analyses the reactive power allocation and virtual
capacitor characteristics of microgrid, and describes the droop
control strategy of parallel microgrid power allocation based
on the adaptive virtual capacitor algorithm in detail. The
second part is the simulation experiment and analysis of the
application effect of the control strategy based on the adaptive
virtual capacitor to verify the feasibility and effectiveness of
the adaptive virtual capacitor algorithm. The last part is a
summary of the whole article.

2 Reactive power distribution control of parallel
microgrid based on adaptive virtual capacitor

2.1 Analysis of virtual capacitor and reactive power
distribution of microgrid

The reactive power distribution of microgrid is affected by
distributed generation, users, load and other factors. Its output
impedance and line impedance may not meet the conditions
of accurate reactive power sharing, and it is prone to reactive
power sharing error (Hoang and Lee, 2020; Shen et al., 2020).
Moreover, the average error of reactive power is also affected
by the droop coefficient of distributed generation and the
voltage at the common connection point, and the reactive load
has an important impact on the voltage at the common
connection point. Therefore, the average error of reactive
power in microgrid is also related to the change of load
reactive power (Jia et al., 2019; Liu et al., 2019). Therefore,
in order to realise the reactive power sharing of microgrid, it
is necessary to comprehensively consider three factors: line
impedance, output impedance and sag coefficient. The output
reactive power difference of parallel microgrid has a positive
correlation with the line impedance ratio and reactive load,
and a negative correlation with the sag coefficient. Therefore,
reducing the line impedance difference and increasing the
reactive sag coefficient are the two main means to realise the
equal distribution of reactive power in microgrid
(Phurailatpam et al., 2019; Shahid et al., 2019). Virtual
impedance is a common way to realise microgrid power
decoupling control. The inductive reactance component is
changed by virtual impedance control algorithm to improve
the accuracy of microgrid power sharing (Firdaus, 2020).
However, there are some limitations in the way of virtual
impedance. While the averaging accuracy is improved, the
voltage amplitude of microgrid drops (Vergara et al., 2019).
Therefore, based on the principle of virtual impedance
algorithm, the research adjusts the reactive power and voltage
amplitude of microgrid by adding adaptive virtual capacitor at
the output of inverter, improves the accuracy of reactive
power sharing of microgrid and raises the output voltage to
avoid the problem of voltage amplitude drop.
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Figure 1 Equivalent circuit of parallel inverter
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To facilitate the analysis, take the parallel system of two
inverters as an example to analyse the reactive power output
of microgrid after adding capacitors. The equivalent circuit of
parallel inverter is shown in Figure 1. The equivalent circuit
of parallel inverter is composed of two distributed power
interface inverters, including voltage source, output
impedance, line impedance, common load and capacitance.
An ideal voltage source and output impedance are used to
replace the inverter structure, in which the line impedance
and output impedance of the inverter are inductive.
Where E,Z6, is the voltage of the voltage source, jX, is the

output impedance, jX, is the line impedance, the voltage
value and impedance value of the common load are U,26,
and Z, ,206,, respectively, @ represents the voltage

phase angle, E represents the inverter output voltage
amplitude, U represents the common load voltage
amplitude, Z represents the common load impedance, and
o represents the phase voltage phase angle. The output
voltage function of inverter 1 before and after adding
capacitance is shown as follows:
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In equation (1), U, Z86, represents the output voltage of

ol
inverter 1 before the shunt capacitor, U, £6, represents
the output voltage of inverter 1 after the shunt capacitor, X,

represents the line impedance inductive component of
inverter 1, E /6, represents the voltage value of inverter 1,

X, represents the output impedance inductive component of
inverter 1, @, represents the rated angular frequency of
voltage and C, represents the capacitance of inverter 1 in

parallel. The output voltage function of inverter 2 before and
after adding capacitance is expressed as follows:

U g - XeEal0,+X,U,20,
02 02 X12 +X2 (2)
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In equation (2), U,,Z6,, represents the output voltage of

o

inverter 2 before the parallel capacitor, U, .26

02¢

represents

the output voltage of inverter 2 after the parallel capacitor,
X,, represents the line impedance inductive component of

inverter 2, E,/6, represents the voltage value of inverter 2,
X, represents the output impedance inductive component of
inverter 2 and C, represents the capacitance of inverter 2 in

parallel. After the virtual capacitor is added, the output
voltage of inverter 1 and inverter 2 subtracts the virtual
capacitor value from the line impedance and the inductive
component of output impedance, so that the output voltage of
inverter increases. The values of phase angles 6, , 6, and 6,

are small, and the value relationship is shown as follows:
{cosﬁ1 =cost, =cosd, =1

sing =sinf, =sind, =0
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Substitute equation (3) into equations (1) and (2), the output
voltage function of inverter 1 and inverter 2 before and after
adding capacitance can be expressed as follows:
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The output voltages U, and U,, of the two inverters before

ol

adding capacitors are compared with the output voltages U ,.
and U, after adding capacitors. After adding capacitors at

the inverter output end, the virtual capacitance value is
subtracted from the inverter line impedance and output
impedance. Using virtual capacitors to adjust the inverter line
impedance and output impedance can effectively increase the
inverter output voltage value. The output voltage value is
positively correlated with the capacitance value. The reactive
power of inverter 1 and inverter 2 before adding capacitor is
shown as follows:
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In equation (5), O, represents the reactive power of the
output end of inverter 1 before the shunt capacitor, Q,,

represents the reactive power of the output end of inverter 2
before the shunt capacitor, E represents the rated voltage
value of the output end of inverter and », and n, represent

the reactive droop coefficients of inverter 1 and inverter 2,
respectively. After the virtual capacitor is connected in
parallel on the inverter, the virtual capacitor value is added to
the rated voltage value at the output end of the inverter, and
the virtual capacitor value is subtracted from the output
impedance, line impedance and common load to increase the
output reactive power of the inverter. The reactive power of
inverter 1 and inverter 2 after adding capacitors is shown as
follows:
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In equation (6), O, represents the reactive power of the
output end of inverter 1 after the shunt capacitor, and Q,,,

represents the reactive power of the output end of
inverter 2 after the shunt capacitor. Among them,
0,CX, X, <X, +X, and o,C,X, X, can be ignored. The
simplified function of reactive power of inverter 1 and
inverter 2 after adding capacitance is expressed as follows:
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The output reactive power can be effectively increased by
paralleling the capacitor at the output of the inverter, and the
reactive power is positively correlated with the value of the
shunt capacitor. After adding a capacitor at the output end of
the inverter, the function of reactive power distribution
difference AQ is expressed as follows:

nU, + X, + X, mU, + X, +X,

AQ= le)l _%Q;z +a)0U§ [

By comparing the reactive power of inverter 1 and inverter 2
before and after adding capacitors, it can be seen that adding
capacitors at the output end of the inverter can effectively
adjust the reactive power of the inverter by adjusting
capacitors C; and C,. The relationship between the inverter

reactive power and the capacitor meets the droop. By
establishing the droop control formula to control the size of
capacitors C, and C,, the inverter reactive power distribution

can be effectively and accurately controlled. When
n (X, +X)>n(X,+X,), nQ,>n0,, the reactive

power sharing error of the inverter can be reduced by
adjusting the size of capacitors C, and C, to

mX,C,>nX,C;. When n,(X,+X,)<n(X,+X,),
n,0, <nQ, , the reactive power sharing error of the
inverter can be reduced by adjusting the size of capacitors C,
and C, to n,X,C, <nX,C,.

2.2 Droop control strategy based on adaptive
virtual capacitor

Based on the virtual capacitor, the virtual capacitor algorithm
is used to adjust the voltage amplitude and reactive power of
the microgrid, so as to enhance the accuracy of reactive
power sharing in the microgrid. The adaptive virtual capacitor
operator is introduced into the algorithm for adaptive
improvement and optimisation. Through the adaptive
adjustment of the virtual capacitor, the offset singularity of
the virtual capacitor and resistance is avoided, and the power
sharing is realised. Firstly, the virtual capacitor algorithm is
used to control the reactive power distribution of the
microgrid. The virtual capacitor algorithm simulates the
capacitor characteristics in the form of the control algorithm.
The virtual capacitor is connected in parallel at the output of
the inverter to achieve accurate adjustment of reactive power
and amplitude. Adding a physical capacitor directly to the
inverter output will increase the equipment volume, increase
the economic cost of the microgrid system, and it is difficult
to realise the continuous real-time adjustment of the
capacitance value of the physical capacitor. The virtual
capacitor method can effectively avoid the problems caused
by the physical capacitor (Sepehrzad et al., 2020; Razi et al.,
2020). The relationship among output voltage U  ,Z6

ol ol >

voltage value E,Z6, and output current i, of inverter 1
before shunt capacitor meets the equation:

UUIZHUI = E14‘91 + XICOOCIUOIZHM - JjX\i, ©

The voltage closed-loop reference voltage E, £, function

after the inverter is connected in parallel with the virtual
capacitor is expressed as follows:

E 20, =EZ6 +0,X,CU,20, (10)

Since phase angles 6, and 6, are small, their values meet the
following conditions:
cos® =cosd, =1
. . (11)
sing, =sinf, =0
The Virtual Capacitance algorithm function can be expressed
as follows:

E, =E +0,X,CU, (12)
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The algorithm block diagram of the Virtual Capacitance
algorithm is shown in Figure 2. The Virtual Capacitance
algorithm uses the control algorithm to simulate the
capacitance data. On the basis of keeping the original volume
of the equipment unchanged, the virtual capacitance is added
at the output end of the inverter and the Virtual Capacitance
w,X,C.U,; is introduced into the output reference voltage E,

of the original power outer ring to realise the effective
adjustment of reactive power sharing.

Figure 2 Block diagram of virtual capacitance algorithm
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The reactive power sharing condition function of inverter 1
and inverter 2 after adding virtual capacitor is expressed as
follows:

n2
Uolc = Qload
nl + }’12 ( 1 3)
nl
Uch = Qload
n + n,

In equation (13), O, ., represents load power. Combined with

the reactive power function of the inverter, the Virtual
Capacitance function of the inverter in parallel can be
expressed as follows:

n
Cl =(—2Q10ad _Qal]/tl
nl +n2 (14)

n
CZ = [ : Qload - Q()Z j / t2
n + n,

In equation (14), ¢, and ¢, represent the transmission time.

The function ¢, is expressed as follows:

0, XU’
= (15)
nU,+X, +X,
It can be seen from equation (15) that the accurate sharing of
reactive power is related to the line impedance, output
impedance, sag coefficient, total load power and other
parameter values. The cost of microgrid system will be
increased by using communication transmission, and the
control of communication transmission is difficult. In case of
communication failure, data reception may be delayed. It

affects the control algorithm and the normal and stable
operation of microgrid system. Combined with the droop
relationship between microgrid reactive power and virtual
capacitance, the Virtual Capacitance function is expressed as
follows:

{Cl = Cl* _kaQol

. (16)
G =G, _kcz 02

In equation (16), C, and C,, respectively represent the

maximum Virtual Capacitance of inverter 1 and inverter 2
when Q. =0, and k, and k,, are the Virtual Capacitance

=0, the Virtual Capacitance
algorithm function is expressed as follows:

droop coefficients. When QO
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E
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In equation (17), E,, represents the maximum voltage

amplitude of the system. The maximum virtual capacitance
value function is expressed as follows:

o _E -E  n,

max i

: L= imtt’* (1 8)
w,X,E, W, X E,
In equation (18), O,

avoid the voltage drop problem of inductive component load,
the constraint conditions of virtual capacitance value are
shown as follows:

represents the power ratio. In order to

rate

C

imin | 0y =Oiure
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The constraint conditions of Virtual Capacitance sag
coefficient are expressed as follows:

*

n C
k,=— <
! a)O Xi Ei Qiratz (20)
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Combined with the virtual capacitance value and various
constraints, the Virtual Capacitance algorithm function is
expressed as follows:

U .
Eic = Ei + wOXiCiUm' = Ei +%(Qimle _Q[) (21)

The Virtual Capacitance algorithm realises the accurate
sharing of reactive power of microgrid by adjusting the
reactive power and voltage amplitude without the action of
communication transmission and other parameters. The
algorithm has simple operation and strong applicability
(Akhtar et al., 2019; Jayachandran and Ravi, 2019). However,
when the system load is resistive, there is a problem that the
phase angle of the load resistive and the Virtual Capacitance
offset, resulting in the load showing resistance characteristics
(Sabir and Javaid, 2019; Wenjuan et al., 2019). The Virtual
Capacitance algorithm has specific load specific points in the
control process, resulting in the microgrid system cannot
achieve power sharing under arbitrary load changes.
Therefore, it is necessary to adaptively improve and optimise
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the Virtual Capacitance algorithm (Wu et al., 2019; Liu et al.,
2020). The adaptive virtual capacitor is used to avoid the offset
singularity, improve the accuracy of reactive power sharing of
microgrid, so as to realise the ‘plug and play’ of distributed
power generation, enhance the adaptability of microgrid system
to different load conditions and ensure the control effect of
microgrid system in the face of sudden load changes. The
virtual capacitance of microgrid inverter in parallel is used to
change the load impedance angle, and the virtual capacitance is
regarded as a component of the load, so as to eliminate the
influence of load state change on the power sharing accuracy of
microgrid. The constraints of the adaptive virtual capacitance
operator are expressed as follows:

C <=(n,-2)0,/[(n,-1)e,U} | (22)

When the Virtual Capacitance operator satisfies equation (22),
the existence of a specific load can be avoided. The Virtual
Capacitance algorithm adjusts the virtual capacitance to
achieve accurate power sharing of the microgrid. The virtual
capacitance has a positive correlation with the reactive power
of the microgrid. Therefore, the coefficient of the virtual
capacitance is a small value, which can effectively realise the
adaptation of the virtual capacitance and the system load. The
adaptive virtual capacitance function is expressed as follows:

C =mlQ|=1/(aU})|0] (23)

In equation (23), m is the Virtual Capacitance coefficient. If
the added virtual capacitance is too large, it may affect the
operation stability of the microgrid system. Therefore, the
reactive power of the microgrid needs to be kept within a
certain range. When Q. <0, <0, ., Q.. represents the

minimum reactive power of the microgrid, and the initial
value of the added virtual capacitance, while Q. is

generally about 0.01 times the load reactive power. At this
time, the parallel virtual capacitance is small, it will not have
a negative impact on the stability of microgrid system.

2 Simulation experiment and result analysis

In order to verify the effectiveness and feasibility of the
virtual capacitor algorithm in the power distribution of
parallel microgrid, a microgrid simulation model is built by
using the MATLAB simulation platform. Two distributed
generators are connected in parallel to form a parallel inverter
line. The data parameters of the microgrid simulation model
under the parallel connection of two distributed generators are
shown in Table 1.

The two distributed generators adopt the traditional P-F /
g-u droop control mode in the stage of 0-0.5 s, and take 0.5
s as the switching time point to convert the control strategy
into the droop control mode based on the virtual capacitor
algorithm. The total simulation time is set to 1 s. The output
reactive power and output voltage of the two distributed
generators are shown in Figure 3.

Table 1 Simulation parameters of parallel microgrid

Parameter Numerical value

Rated output voltage E*=311V

Load 0=3000 Var
Qlrate=Qlrate=2000 Var
X11=X12=1.5%x10-3H

Distributed power capacity

Line impedance

Sag coefficient n=7.775x10-3
Voltage loop parameters Kp=10, Ki=100
Current loop parameters K=2

Filter parameters L=0.6 mH, C=150 pF

As can be seen from Figure 3, in the first 0.5 s, the
traditional P-F / g-u droop control strategy is used for
microgrid reactive power distribution. The output reactive
power of distributed power supply 1 and distributed power
supply 2 is 1850 var and 1000 var, respectively, and the
output voltage of distributed power supply 1 and distributed
power supply 2 is 295 V, Under the traditional P-F / q-u
droop control, the difference of output reactive power
between distributed generation 1 and distributed generation
2 is 850 var. After 0.5 s, the virtual capacitor algorithm is
used for power distribution. The output reactive power of
distributed generation 1 and distributed generation 2 is 1600
var and 1350 var, respectively, and the output voltage of
distributed generation 1 and distributed generation 2 is
300 V. Under the control of virtual capacitor algorithm, the
difference of output reactive power between distributed
generation 1 and distributed generation 2 is 250 var, which
is reduced by 600 var compared with traditional P-F / q-u
droop control, and the difference of output reactive power of
microgrid is reduced by 70.59%. It is proved that virtual
capacitor algorithm can effectively improve the accuracy of
reactive power sharing of parallel microgrid. After the
virtual capacitor is added, the output voltage of distributed
generation 1 and distributed generation 2 is increased by 5
V, which proves that the virtual capacitor algorithm can
effectively raise the output voltage of microgrid and avoid
the problem of voltage drop.

In order to verify the optimisation of the adaptive virtual
capacitor algorithm, compare the control effect of the virtual
capacitor algorithm and the adaptive virtual capacitor
algorithm when facing the increase of load impedance.
Take 1 s as the load switching time point, and after 1 s, add a
constant power load with active power of 4000 W and
reactive power of 5000 var into the microgrid system. The
simulation experiment time is 2 s in total, and repeat the
experiment for 10 times, The average changes of the output
reactive power and output voltage of the distributed power
supply are shown in Figure 4. Figures 4(a) and 4(b) show the
output power and output voltage of the distributed power
supply under the control of the Virtual Capacitance
algorithm, and Figures 4(c) and 4(d) show the output power
and output voltage of the distributed power supply under the
control of the adaptive virtual capacitance algorithm.
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Figure 3 Comparison of output reactive power and output voltage of two distributed generators
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Table 2 Model power sharing error under five control modes

Experiment serial Do not introduce

Virtual impedance

Adaptive virtual

Virtual inductance Virtual capacitance

number virtual access capacitor
1 3.88% 3.06% 2.77% 1.84% 1.04%
2 3.94% 3.11% 2.65% 1.75% 1.12%
3 3.95% 3.08% 2.71% 1.63% 1.06%
4 3.81% 3.06% 2.69% 1.72% 1.07%
5 3.79% 3.14% 2.79% 1.81% 1.06%
6 3.86% 3.12% 2.78% 1.72% 1.01%
7 3.72% 3.03% 2.74% 1.84% 0.99%
Average error 3.85% 3.09% 2.73% 1.76% 1.05%

As can be seen from Figure 4(a), the average output reactive
power of distributed power 1 and distributed power 2 before
the increase of additional load is 1967 var and 2000 var,
respectively, with a difference of 33 var. After adding
additional load, the average output reactive power of
distributed power 1 and distributed power 2 is 3400 var and
3700 var, respectively, with a difference of 300 war.
Compared with the original load difference, the increase of
267 var will lead to the decrease of reactive power sharing
accuracy of microgrid. As can be seen from Figure 4(b),
before and after the load increase, the average output voltage
difference between distributed power supply 1 and distributed
power supply 2 is 5 V and 10 V, respectively. The increase of
load increases the voltage drop amplitude of the microgrid
and affects the operation stability of the microgrid. It can be
seen from Figures 4(c) and 4(d) that the adaptive virtual
capacitor algorithm is used for power distribution control.
The average output reactive power of distributed power 1 and
distributed power 2 is 1681 var and 1700 var, respectively,
and the average output voltage of distributed power 1 and
distributed power 2 is 300 V. It is proved that the adaptive
virtual capacitor algorithm can effectively realise the reactive
power sharing of microgrid. After adding additional load,
distributed power 1 and distributed power 2 have a short
transient process, but they tend to be stable within 0.1s, the
output reactive power is stable at 2800var, and the output
voltage is maintained at 291 v. It is proved that the adaptive
virtual capacitor algorithm can better adapt to sudden load
impedance changes, and the operation stability is good. The
adaptive virtual capacitor algorithm can effectively solve the
negative impact caused by the increase of load impedance,
and effectively avoid the reduction of reactive power sharing
accuracy caused by the increase of load impedance. Through
the adaptive adjustment of virtual capacitor, the precise
reactive power sharing of microgrid under the change of load
impedance can be realised.

In order to verify the effectiveness and optimisation of the
adaptive virtual capacitance algorithm, the application effects
without introducing virtual access, virtual impedance
algorithm, virtual inductance algorithm, Virtual Capacitance
algorithm and adaptive virtual capacitance algorithm are
compared and analysed. Seven groups of simulation
experiments are carried out for five control modes, and each
group of experiments is repeated for 10 times. The power

sharing error of the model under the five control modes is
shown in Table 2.

As can be seen from Table 2, the average power sharing
error of the adaptive virtual capacitance algorithm is 1.05%,
which is reduced by 2.04%, 1.68% and 0.71%, respectively
compared with the virtual impedance algorithm, the virtual
inductance algorithm and the Virtual Capacitance algorithm.
It is proved that the adaptive virtual capacitance algorithm
can effectively improve the power sharing accuracy of the
microgrid system, which is better than the virtual impedance
and virtual inductance access mode. The adaptive regulation
of the virtual capacitor can effectively improve the load
adaptability of the microgrid system, avoid the problem of
decreasing the average accuracy due to the increase of load
impedance and improve the adaptive control performance of
the microgrid system for load fluctuations.

3 Conclusion

In order to ensure the safe and stable operation of microgrid,
a droop control strategy for parallel microgrid power
distribution based on adaptive virtual capacitor algorithm is
proposed. Combined with the structural characteristics of
parallel microgrid, the reactive power sharing accuracy of
microgrid is improved by paralleling virtual capacitors at the
output of microgrid inverter, and the virtual capacitor
operator is adaptively improved. In order to improve the
response ability of the microgrid to changes in load
characteristics and enhance the operation stability of the
microgrid system. The experimental results show that
compared with the traditional p-f/q-u droop control, the
difference of reactive power output of micro grid under the
control of virtual capacitor algorithm is reduced by 70.59%.
The virtual capacitor algorithm can effectively improve the
reactive power sharing accuracy of parallel microgrid, and the
addition of virtual capacitor increases the output voltage of
microgrid by 5 V, effectively avoiding the problem of voltage
drop. The average power sharing error rate of the adaptive
virtual capacitor algorithm is 1.05%, which is significantly
lower than 3.09% of the virtual impedance algorithm and
2.73% of the virtual inductance algorithm. After the
additional load is added, the distributed generation tends to be
stable within 0.1 s after a short transient process. The
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adaptive virtual capacitor algorithm has good adaptability to
load changes and can effectively solve the problem of power
sharing accuracy reduction caused by load changes. The
research mainly focuses on the research and analysis of the
isolated microgrid. In the future, the power distribution of the
grid connected microgrid can be taken as the next research
direction to improve the comprehensive distribution capacity
of the microgrid.
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