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To solve the reactive power sharing problem by droop
control, many solutions based on wireless mode have been
proposed. In the existing methods, the reactive power
sharing error during load changes or other system
parameters is not effectively resolved. In this paper, a
wireless reactive power sharing method based on
impedance estimation and adaptive virtual impedance for
islanded microgrid is presented. In this method, the line
impedance of each inverter is estimated based on the
adaptive virtual impedance and used in the reactive power
sharing process. In general, it can be said that the proposed
method, in addition to having high speed, accuracy and
resistance to system changes in reactive power sharing,
has a faster response speed during load changes in
transient mode compared to previous methods.
MATLAB/Simulink simulation has been used to prove the
practicality of this method.
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EXTENDED ABSTRACT

Introduction

Due to increasing environmental concerns, there is an increasing interest in using
renewable energy sources such as photovoltaic cells and small wind turbines. These
energy sources, especially in island microgrids, play an important role in providing
sustainable energy. One of the main challenges in these systems is to effectively share
reactive power without the need for complex communications.

In recent years, various methods have been proposed for sharing reactive power in
island microgrids. For example, the use of common droop and virtual impedance features
has been investigated to improve the accuracy of reactive power sharing in distributed
resources. Other research has examined the progress and challenges of reactive power
control in microgrids. Some research has also addressed the use of distributed
optimization techniques for controlling and managing reactive power in microgrids.

As a key tool in droop control, the virtual impedance method can simultaneously
improve the stability control and accurate power sharing. In this paper, a wireless reactive
power sharing method is proposed, which proposes an adaptive virtual impedance
control for the islanded state of the microgrid. The proposed method is not only accurate
but also has a fast performance in reactive power sharing. Compared with the
communication-based methods, the proposed method has the same high accuracy, while
its response to load changes is much faster than other accurate methods.

Methodology
In this paper, virtual impedance is used to adapt the line impedance difference, which can be

expressed as follows:

est ()
Where Zvir and Zest are the virtual impedance and the estimated impedance, respectively. Zref is
the reference value of the compensation impedance that we have applied to each inverter by
default.
According to the circuit rules, if no current is drawn from the inverter line impedance, the voltage
at both ends of the line is equal, i.e. the voltage amplitude and phase of the PCC point are known
for each inverter (we have the voltage and phase of the PCC point). When each inverter is at rated
load, the rated current is drawn from the PCC point. Initially, the PCC point will have a rated
voltage with a zero phase angle. We consider this value to be equal to the rated voltage of the grid
with a zero phase angle for each inverter.
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From equation (2) and the current measurement of each inverter, the line impedance values Rest

and Xest of each inverter are obtained, which are the estimated physical resistance and reactance
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of the line, respectively. Considering that the microgrid is not always at rated load and the voltage
that we assumed to be constant for each inverter may be wrong, we initially start the microgrid

with rated load to reach the rated voltage with zero phase angles at the PCC point.
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Figure 1. (a) Circuit power diagram, (b) Power vector diagram

Results and discussion

A microgrid model is simulated to demonstrate the proposed method. As mentioned
earlier; the simulated microgrid consists of two inverters with the same rated power and a
linear load. The two inverters share the load equally. The control parameters are given in
Table (1).

Table 1. Droop Control Parameters

Li=15mH; Ci= LC Filter _ Nominal
55 uF s =311V Voltage
2 kW; 1.5 kvar Nominal 2 KW: 1.5 Nominal
Power kvar Load
Ly =1mH; R, = Line 1 Frequency : ;
0.1Q |mpedance Inverter kp =1le-5 DrOOp microg rid
- Rad/(Sec W)

L, =15mH; R, = Line 2 Slope
0.15Q Impedance
Xuir=0.314 2, Ry Virtual kg = 1e-3 Voltage
020 Droop

reference V/Var S|

impedance ope

The sysgm performance using the proposed droop control technique is shown in
Figure (2). Initially, inverter 1 feeds the load

alone. At time t = 0.2 s, inverter 2 enters the circuit and both inverters supply the load
power. At this moment, both inverters are at the nominal load, which is the conventional
droop control. As can be seen in Figure (2), the active power is always well divided. Also, this
controller has a small transient effect on the active power division among the inverters, but
the reactive power has a significant error due to the line impedance mismatch. At time t = 1
s, the adaptive virtual impedance block is activated and after the transient passes, the
reactive power is well divided and the reactive power division error has decreased to zero
after the block activation.
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Figure 2. Inverter output power, (a): active power, (b): reactive power.

Conclusion

In this study, a novel strategy for wireless reactive power sharing in islanded microgrids
was presented, which is based on line impedance estimation and adaptive virtual
impedance. In the first step, the line impedance estimation method was used to facilitate the
virtual impedance control process and improve the accuracy of network modeling. Then,
the droop control structure based on adaptive virtual impedance was introduced to ensure
accurate and proportional reactive power sharing between distributed generation sources.
The results of the analysis and performance evaluation showed that the simultaneous use
of impedance estimation and adaptive virtual impedance leads to reactive power sharing
with high response speed and appropriate accuracy. In addition, due to the adaptive feature
of the controller, the proposed method is resistant to frequency changes caused by load
changes and exhibits a performance similar to the steady state even in transient conditions.
Accordingly, it can be concluded that the proposed strategy has a high capability to increase
dynamic stability, improve reactive power coordination, and enhance reliability in islanded
microgrids.
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