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Abstract. The common droop method is one of the most 

effective methods for controlling power-sharing in islanded 

microgrid. Due to the dependence of the active and reactive 

power on the voltage and frequency in resistor microgrid, the 

use of this method in controlling the power-sharing in these 

types of a microgrid to the undesirable performance of active 

and reactive power-sharing. In this paper, by applying virtual 

impedance in the local controller of distributed generation 

resources, this paper has modified the common droop method 

and improved power-sharing. The proposed virtual impedance 

has an adjustable resistor section and a fixed reactance 

section. Simulation of a typical islanded microgrid in PSCAD 

/ EMTDC software shows that the proposed method is capable 

of improving the active and reactive power sharing in resistive 

microgrid controlled by the droop method. 
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1. INTRODUCTION  
 

Islanded microgrids are very important for providing 
critical loads without the need for global network 
accessibility and hence the optimal control and operation 
of this structure are of great importance [1-2].  
 
One of the issues that have been a major concern for 
researchers in controlling microgrids is improving the 
accuracy of power-sharing. Therefore, for the control of 
power-sharing, a common drop method, which is one of 
the local control methods, is suggested to be an efficient 
control method due to the lack of strong communication 
and control based on local measurements such as voltage 
and frequency [3-5]. Proper power-sharing means that 
each of the distributed generation resources contributes to 
load supply proportional to their power capacity [3]. Since 
this method can be used to control the reactive power and 
the active power in voltage and frequency, respectively 
and since it is valid in resistor microgrids contrary to the 
above, it is, therefore, necessary to apply this method in 
controlling the power-sharing. Another complementary 
method can be used in resistor microgrids. One of the 
complementary methods is the use of appropriate virtual 
impedance in controlling distributed generation [6]. 
 
The type of impedance must be such that the feed line 
equivalent impedance including the actual line impedance 
(Zact) and the virtual impedance (Zvir) are often inductively 
independent of each other to control the active and reactive 
power, as well as to reduce or eliminate power-sharing 
error, Compensation for physical impedance matching 
lack of lines [7]. 

The virtual impedance proposed in this paper is a complex 
one, in other words, resistance and reactance. Virtual 
reactance is implemented to validate and increase the 
accuracy and efficiency of the common droop method, and 
virtual resistance is implemented to reduce the power-
sharing error by counteracting the effect of the actual 
impedance of the feed line. One of the main reasons for 
using the common droop method is the no need for 
resistance of the feed line and thus preventing the increase 
of active power feed line loss [8-9]. 

 

 
Figure 1. Sample power system 

 

2. MATHEMATICAL ANALYSIS OF THE 

POWER-SHARING CHALLENGE 
 

Generally for a power system such as Figure 1, which have 
a power source and feeds the load to the PCC through the 
complex line, the equations for the flow of active power 
(P) and reactive power (Q) are in Equation (1) and 
Equation (2) [9]: 
 

  P =
VPCC

Z
[(V cosδ-VPCC)cosθ + V sinθ sinδ]                                                                                       

(1)  

 Q =
VPCC

Z
[(E cosδ-VPCC)sinθ + E cosθ sinδ]    

                                                                                      (2) 
 
Hence the sharing of reactive power (Q) and active power 
(P) depends on the impedance of the lines (X, R) and 
subsequently, the voltage droop on the lines and the 
voltage droop (ΔV) on the line are obtained from the 
Equation (3): 

 

 ∆V ≈
XQ+RP

E0
   (3) 

 

In this case, the performance of the common droop method 

for the proper sharing of both powers is undesirable. 

 

In this paper, using the virtually large virtual reactance, the 

active power-sharing performance will be improved, in 

this case, only the reactive power-sharing performance 

will be dependent on the mismatch of the line voltage 

droop, which will resolve this problem and compensate for 

the voltage droop mismatch, Negative virtual resistance is 

applied. This has several advantages, firstly it reduces the 

feed line equivalent resistance and also reduces the loss of 
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active power, and secondly, by neutralizing the efficiency 

of the feed line resistance, it improves the performance of 

the common droop method is often resistant microgrids. 

 

In this assumed scheme, the power capacities of the two 

distributed generators are identical and their droop 

characteristic gain is the same and to compensate for the 

mismatch of the voltage droop to improve the power-

sharing, the following equations are maintained, that is, the 

voltage droop on the equivalent impedance of the lines 

(include sum the actual impedance (ΔVact) and virtual 

impedance (ΔVvir)) is the same. 

 

 V1
* = ∆Vact

1 + ∆Vvir
1 + VPCC   (4) 

 V2
* = ∆Vact

2 + ∆Vvir
2 + VPCC   (5) 

 
To improve reactive power-sharing you should: 

 

 ∆Vact
2 + ∆Vvir

2 = ∆Vact
1 + ∆Vvir

1    (6) 

 

Where 𝑉1
∗ and 𝑉2

∗ are the voltages generated by the 
common droop method respectively for each unit and VPCC 
is the voltage measured at the PCC point. 

 

The proposed virtual impedance is used in this paper to 

generate the virtual voltage droop required to compensate 

for the mismatch of the line's actual voltage droop. 

Modeling virtual impedance is provided in the next 

section.  

 

3. PROPOSED VIRTUAL IMPEDANCE 

MODELING  
 

To compensate for the mismatch of the voltage droop and 
reduce the power-sharing error, the virtual impedance 
modeling is performed using the voltage droop generated 
by it at the stationary reference: [10] 

 

 ∆Vvir(α) + j∆Vvir(β) = (Rvir + jXvir)(i0(α) +

ji0(β)) = j[Rviri0(β) + Xviri0(α)] +
[Rviri0(α)-Xviri0(β)]                                                                                    

(7) 

 

Where ∆𝑉𝑣𝑖𝑟(𝛼) and ∆𝑉𝑣𝑖𝑟(𝛽) are the voltage droop 

along the axis α, β, and i0 of the output current of the 

distributed generator source and Xvir is the virtual 

reactance and Rvir is the virtual resistance. Virtual Reactor 

(Xvir = ωLvir) is applied to validate the common droop 

method in resistor microgrid and reduce the power-

sharing sensitivity to the feed line impedance and has a 

constant and approximately large value and is 

implemented in the control loop of all distributed 

generation sources. 

 

Adjustable virtual resistor (Rvir = -kv) to reduce or 

eliminate the mismatch of the feed lines impedance and 

subsequently reducing or eliminating the mismatch of the 

voltage droop, is implemented in a source control loop 

with a larger feed line impedance, so variable the virtual 

resistance (-kv) has a negative coefficient. Determining 

which sources have larger feed line impedance is done by 

sampling the voltage and current of each source. As 

illustrated in Figure 2, how to implement virtual negative 

resistance. 

 

 
Figure 2. Implementation of adjustable virtual negative 

resistance. 

 

Due to the purpose of applying the virtual resistor in this 

paper and the voltage droop generated by it in the 

following relation, its design is based on the mismatch of 

the reactive power output (Qi) of the distributed 

generation sources and hence in obtaining a virtual 

resistor variable from a simple integrator with m gain is 

used to reduce the reactive power-sharing error, resulting 

in a virtual resistance variable and consequently a virtual 

voltage droop. 

 

 δV(α) = -kvi0(α)   (8) 

 δV(β) = -kvi0(β)   (9) 

 

In Equation 8 and Equation 9, δV(α) and δV(β) shows the 

voltage droop due to the difference in impedance of the 

source feeders on the α and β axes. The proposed 

controller mechanism is that the unit reactive power with 

the smaller feed line impedance is taken as the reference 

and the virtual resistance for the other feed source should 

be adjusted to reduce the reactive power difference of this 

source to the reactive power of the reference source (Qref). 

The result of this variable controller is the virtual resistor 

which is used for modeling the virtual negative resistor. 

 

Since the virtual resistor is variable, it is possible to follow 

the changes of the microgrid such as the load change and 

in these conditions to provide the correct power-sharing. 

 

The implementation steps of the proposed local controller 

for each of the distributed generation sources, including 

the common droop controller and the virtual impedance 

loop, are presented below, which illustrates the structure 

of this controller in Figure 3. 

• Measurement of inverters output voltage and 

current at three-phase reference; 
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• Conversion of three-phase abc current and voltage 

(Va,b,c, Ia,b,c) components to static reference α-β 

components (Vα,β, Iα,β); 

• Calculate the instantaneous active and reactive 

power of distributed generation sources; 

• Instantaneous power passing through a low-pass 

filter to calculate average power (PLPF, QLPF); 

• Apply a common droop method to calculate 

frequency (ω*) and amplitude (E*) of the 

reference voltage (V*). Here V0 and ω0 are the 

rated voltage and frequency of the network; 

• Consider the virtual impedance for the correction 

of the reference voltage (V*) obtained from the 

common droop method and to generate the final 

reference voltage (Vref) [11-14]. 

 

4. SIMULATION RESULTS 

 

A microgrid containing two inverter-based distributed 

generation sources is simulated in PSCAD/EMTDC 

software as shown in Figure 4. The system parameters are 

shown in Table 1. 

 

 
Figure 4. Simulated microgrid. 

It is expected that by improving the common droop 

method using the virtual impedance loop in the local 

controller, the mismatch of the voltage droop 

compensating and the reactive power-sharing will be 

corrected, which results in the simulation showing the 

good performance of the proposed method. 

 
Table 1. Microgrid parameters with 2 DG units along 

with their values 

Parameters 
Value 

Symbol Quantity 

Vdc DC link voltage 170 

V0 Network line nominal voltage (RMS) 104 V 

Vmin Minimum microgrid voltage 98 V 

ω0 Network nominal frequency 120π rad/s 

ωmin Minimum microgrid frequency 119π rad/s 

Pmax, 
Qmax 

Maximum DGs power 
500 W, 225 

Avr 

Cf Inverter output filter capacitor 40 μF 

Lf Inverter output filter inductor 5 mH 

Rv1 Virtual resistance of the first unit 0.19 Ω 

Lv1 Virtual inductance of the first unit 2 mH 

Rv2 Virtual resistance of the second unit 0.665 Ω 

Lv2 Virtual inductance of the second unit 7 mH 

Zline Line impedance 
1 Ω, 0.25 

mH 

kpv 
Proportional coefficient of voltage 

controller 
0.15 

kiv Integral coefficient of voltage controller 9.5 

kpI 
Proportional coefficient of current 

controller 
9.5 

kiI Integral coefficient of current controller 200.5 

ωf Cut-off frequency to calculate power 30 

ωc 
Cut-off frequency to resonant bandwidth 

control 
10 

 
Figure 3. The control structure of each distributed generation source. 
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Figure 5a. Active power-sharing function. 

 
Figure 5b. Reactive power-sharing function. 

 
Figure 6a. Active power-sharing function considering load change. 

 
Figure 6b. Reactive power-sharing function considering load change. 
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Figure 5a and Figure 5b show the performance of the 

active and reactive power-sharing, respectively, before 

and after adding the proposed virtual impedance. As can 

be seen by applying the proposed virtual impedance 

method, the common droop method has been improved 

and the correct power-sharing has been achieved. 

 

To evaluate the performance of the proposed method 

concerning load change, the constant impedance load of 

the microgrid has been changed from 8+ j0.01*2πf to 10+ 

j0.025*2πf. 

 

As shown in Figure 6a and Figure 6b, since the virtual 

resistor is configurable, the proposed method can track 

microgrid changes such as load changes, resulting in a 

proper sharing of the reactive and active power create. 

 

Therefore, it can be concluded that the proposed virtual 

impedance must necessarily have a variable and 

adjustable item, not a fixed parameter. Therefore, in this 

paper, in terms of mismatch of feed lines impedance, the 

virtual impedance for correct reactive power-sharing is 

adjusted to compensate for mismatch of feed lines voltage 

droop under normal microgrid operation conditions or 

changes in it. 

 

5. CONCLUSION  

 
In this paper, to improve the accuracy of the common 
droop method in an islanded microgrid with high 
resistivity feed line, a controller with the implementation 
of a virtual impedance method with constant virtual 
positive reactance and adjustable virtual negative 
resistance is proposed. This strategy is presented to 
accurately adjust the voltage of critical loads and divide 
the active and reactive loads between the resources based 
on their capacity, which has three stages. In step 1, the 
voltage droop across the feeder impedance is estimated 
and added to the reference voltage. Also, the V-Q droop 
control coefficient is considered as modified and the 
voltage droop on the virtual impedance is considered to 
adjust the critical load voltage in the nominal value. In step 
2, the virtual impedance control loop of the active and 
reactive is separately controlled and the rotational current 
between sources is reduced. In step 3, the active and 
reactive powers are divided between the sources by using 
voltage and current control loops. The proposed method 
was evaluated in the presence of microgrid load change 
and the results of simulation in PSCAD/EMTDC software 
showed that the proposed method had a good performance 
and was able to perform the active and reactive power-
sharing well. 
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