
Power Sharing Control of Islanded AC Microgrid

Considering Droop Control and Virtual Impedance
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Abstract—Microgrids appear as the key part of the future
power systems that include distributed generators, renewable
energy, and energy storage. In this paper a decentralized power
sharing control scheme that includes droop control with virtual
impedances with PI controllers for the voltage and current is
proposed for an islanded AC microgrid with two voltage source
inverters in parallel that share a residential load. To avoid
circulating currents and unbalanced power sharing due to line
impedance differences in the microgrid, virtual impedances are
added. The proposed control scheme is established in MAT-
LAB/Simulink to prove the proper operation under inductive
behavior and mismatches in the line impedances of the microgrid
system.
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I. INTRODUCTION

POwer systems are currently facing remarkable changes

on the way they have been treated for over 100 years

with inclusion of renewable energy sources (RES) [1], [2].

This new concept of power systems considers more distributed

generation, mainly based on RES, as they are available closer

to where the electrical loads are. Nevertheless, there are still

technical constraints related to voltage stability and power flow

limitations that may lead to large deviations in frequency due

to the lack of rotating inertia [3], implying some questions

about reliability of such a generation scheme as penetration of

RES-based distributed generation grows. These problems are

mainly due to the lack of controllability of these distributed

generators (DG) to make them more reliable with the possi-

bility of some sections to work isolated as microgrids when

faults and contingencies occur in the main grid [4].

Microgrids are mainly small-scale power systems which

are formed by DG, EES, and interconnected loads. At the

present time, DG systems, which are one of the main actors

in microgrids, have a very high controllability and operability

degree, thus being able to play a major and decisive role in

maintaining the stability of the microgrid [4].
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In grid-connected mode, microgrids can both import energy

from and export energy to the main grid. When seen from

the point of view of the microgrid, the main grid is consid-

ered as stiff; then the microgrid has voltage and frequency

levels given by the main grid [5]. In islanded mode, the

microgrids operation is not affected by the main grid. Voltage

and frequency levels are solely controlled by the DG units,

using the voltage source inverters (VSIs) as interface. Thus,

power sharing among the DG units that may be embedded

in an isolated microgrid has to deal with several aspects,

for instance, differences in line impedances, different voltage

levels and local loads, among others [6]. One important aspect

to deal with, is the presence of circulating currents that may be

large and potentially damaging, causing overloaded inverters,

reductions in power quality, increasing losses and affecting

the efficiency of the system when there are several DG units

working in parallel in a microgrid [7]. These circulating

currents are caused by mismatches in output voltages, output

impedance or among phases in microgrid systems. The latter

is not a major issue in a traditional power grid as the line

impedances normally reduce these currents, while smaller

impedances in microgrids make circulating currents a major

issue to take into account [8]. Most of the control techniques

are focused on eliminating these circulating currents by power

sharing among inverters and considering differences in the line

impedances [1], [7]. Differences among the output voltages

of the VSCs may cause both active and reactive circulating

currents and their effect is dependent on the microgrid’s R/X

ratio, in addition to the used control methods. To minimize

circulating currents, virtual impedance method additionally to

droop control can be used [7]. This combination gives good

power sharing results and is very applicable for decentralized

control of microgrids [9], [10].

The microgrid investigated in this work is depicted in Fig. 1.

It includes a residential load as resistive-inductive component,

two DG units modeled as ideal DC voltage sources and each

connected to an LCL filter for reducing harmonic oscillations.

It corresponds to an islanded AC microgrid.

The goal of this paper is to develop a study of the power

sharing among the inverters that are connected to the DG

units embedded in an islanded AC microgrid and the role

of virtual impedance for improving the droop control for

power sharing among these paralleled inverters. Then, the main

contribution of this work lays in the proposal of a complex
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Fig. 1. Topology of the microgrid system

TABLE I
TYPICAL LINE IMPEDANCE VALUES

Type of line R (Ω/km) X (Ω/km) R/X (p.u.)
Low Voltage Line 0.642 0.083 7.7

Medium Voltage Line 0.161 0.190 0.85
High Voltage Line 0.06 0.191 0.31

virtual impedance that contributes to reducing the voltage

drop at the same time that virtual impedance control helps to

improve the power sharing among the voltage source inverters

in the microgrid system.

II. MODELING OF THE SYSTEM

A. System description

This paper is focused on the islanded microgrid scheme

presented in Fig. 1. The system is composed by two DG units

interfaced to the islanded AC microgrid with VSIs with LCL

output filters with inductors and capacitors. The DG units are

modeled as ideal DC voltage sources, not considering their

size neither in terms of power or storage capacity.

The microgrid system is composed by distribution lines that

follow the impedance values shown in Table I having inductive

behavior.

The microgrid system contains one linear load which is

shared by two VSIs. The load is resistive-inductive for study-

ing the active and reactive power sharing and is modeled as a

constant impedance. The size of the load is chosen to represent

a residential load.

III. CONTROL STRATEGY

The proposed control scheme for each VSI consists of

primary control, an inner-loop control, and virtual-impedance

loop. The control scheme is shown in Fig. 2. The details of

the control strategy are given in the following subsections.

A. Current control

Each of the VSIs of the islanded AC microgrid system is

controlled to deliver a certain output current through the LCL
filter. The current control is the innermost control loop and is

the one with the fastest dynamics. It is designed to control the

current flowing in the inductor L1 of the LCL filter, as shown

in Fig. 3.

By applying Kirchoff’s voltage law (KVL) on the system

in Fig. 3, the following expression is obtained:
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Eabc = R · iabc + L1

diabc
dt

+ vabc (1)

Where Eabc is the voltage level before the LCL filter and

vabc is the voltage after the filter. The current through the

inverter-side inductor, L1, is iabc, and R is the resistor of the

grid-side inductor, L2.

Considering a balanced system, in the dq reference frame,

the equation (1) is as follows:
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B. Voltage control

The voltage control loop is for controlling the voltage across

the capacitor in the LCL filter. This controller is much slower

than the current control loop. Then, any delay related to the

current control is neglected. By applying Kirchoff’s current

law (KCL) on the system in Fig. 3, dynamics of the voltage

is given as follows:

i− iL = C
dvc
dt

(3)

Equation (3) transformed to dq reference frame is as fol-

lows:
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In equation (4), id and iq are the dq components of the

current through the inverter-side inductor, L1. vd and vq are

the dq components of the voltage across the capacitor in the

LCL filter.

1) Natural frequency: to secure sufficient difference in

the current and bandwidths of the voltage controllers, the

natural frequency of the closed voltage control loop follows

the expression:

ω0,v =
ω0,i

10
=

2πfsw
100

(5)

The value of the natural frequency for the voltage controller,

ω0,v , is used to choose the parameters of the PI controllers in

the voltage control loop [7].

C. Droop control

The primary control of microgrids is the power sharing

control which keeps the microgrid voltage frequency and

amplitude under control. Each inverter in the microgrid must

have an external power loop based on droop control, also

called decentralized control. One of the advantages of using

this control is that it does not require communication among

the inverters of the microgrid, eliminating the limits imposed

by physical location of DGs in the microgrid and improving

its performance [2].

The impedance values of the distribution lines of the mi-

crogrid have influence on droop control.

Considering PA and QA as the active and reactive powers,

respectively, flowing from the source A (VSI) to B, the

grid, VA and VB are the voltage values of these sources, δ
corresponds to the phase-angle difference between the two

voltages, Z = R + jX is the interconnection line impedance

and θ is the impedance angle [11].

In the analyzed microgrid system, though it corresponds to

a microgrid, the distribution lines are considered as inductive

due to the effect of the LCL filter at the output of the

VSIs. Thus, in this case, the inductive component of the line

impedances is typically much higher, as shown in Table I.

Here, the resistive part can be neglected and the power angle

δ in such lines is small, so it can be assumed that sin δ ≈ δ
and cos δ ≈ 1. The general equations for power flow in the

microgrid system can be considered as [11], [12]:

PA ≈
VA

X
(VB sin δ) ⇒ δ ≈

XPA

VAVB

(6)

QA ≈
VA

X
(VA − VB cos δ) ⇒ VA − VB ≈

XQA

VA

(7)

It is very clear from equations (6) and (7) that there is direct

relationship between the power angle δ and the active power

P as well as between the voltage difference VA −VB and the

reactive power Q. With these relationships, the regulation of

the microgrid frequency and voltage at the point of connection

of the VSI, by controlling the value of the active and reactive

powers delivered to the grid is possible. Bearing in mind the

Pref P

ω

ωref

Qref Q

V

Vref

Fig. 4. Frequency and voltage droop characteristics in microgrids with
dominant inductive behavior

latter, the equations for droop control for inductive lines are

the following [11], [12]:

ω − ωref = −kp (P − Pref ) (8)

V − Vref = −kq (Q−Qref ) (9)

Where ω−ωref and V −Vref are the microgrid frequency

and the voltage deviations, respectively, from their rated val-

ues, and P−Pref and Q−Qref are the variations in the active

and reactive powers delivered by the VSI to compensate such

deviations [11], [12].

The equations (8) and (9) are represented in the graphs from

the Fig. 4.

The kp and kq from equations (8) and (9) represent the

gains of the droop control in each case, i.e., the slope of the

frequency and voltage droop characteristic or the so called

droop coefficients, respectively [12].

Droop coefficients affect the power sharing among the

inverters, where larger droop coefficients lead to better power

sharing, though increasing them might lead to instability in

the system [13]. These droop coefficients are chosen equally in

order to equal power sharing among the VSIs in the microgrid

system [7].

D. Virtual impedance control

Conventional P/f and Q/V droop controls are effective

tools for regulating the voltage magnitude and frequency in

MV networks, where the lines have a predominant inductive

behavior. Then, this method cannot be applied to LV micro-

grids, where a small mismatching in the microgrid impedance

estimation gives as result an inefficient power sharing among

the droop controlled DGs. To solve this, the solution consists

on introducing virtually the effect of a large inductor which

could be used to link the VSI to the AC bus and thereby the

line impedance would be predominantly inductive. Thus, the

control loop of the VSI is adapted for including this effect

[12]. The virtual impedance modifies the VSI output voltage

reference as indicated in equation (10), where the modified

voltage reference Vref is obtained by subtracting the virtual

voltage drop across the virtual impedance Zv ·Ioutput from the

reference value that comes straight from the droop equations

V ∗ [14], [15].



Vref = V ∗

− vv = V ∗

− Zv · Ioutput (10)

The observed drop in the Vref using this technique is one

of its main drawbacks [7]. The use of virtual impedance loops

is intended to improve the current sharing among the inverters

by normalizing the output impedance of them. Nevertheless,

as the improvement in the current sharing occurs through

redistribution of the current harmonics, virtual impedance loop

may result in an increased voltage distortion at the point of

common coupling of a microgrid system [16].

Virtual impedances are to keep the voltage within certain

limits, to have sufficient reactive power sharing, to provide

system damping, to decouple the active and reactive power

[17] and they are commonly used in combination with droop

control algorithms to improve active and reactive power

sharing [7]. In this paper a solution to implement a virtual

impedance avoiding the voltage drop is presented, as these

virtual impedances normally are considered to be relatively

large to obtain predominantly inductive or resistive equivalent

output impedance. The solution applied includes a complex

virtual impedance. The virtual impedances are designed as

resistive-inductive virtual impedances, considering the virtual

voltage drop, ∆vvirtual,abc as follows:

∆vvirtual,abc = R · iabc + L
diabc
dt

(11)

For implementing the virtual impedance from equation (11)

is transformed to dq reference frame, giving the following

expressions and assuming a balanced system:

∆vvirtual,dq0 = R · idq0 + L
didq0
dt

+ jωLidq0 (12)

[
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[
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]

+ L · s

[

id

iq

]

+

[

0 −ωL
ωL 0

]

·

[

id

iq

]

(13)

Considering the implementation of the virtual impedance

from equation (13), low-pass filters are implemented for

achieving a voltage less affected by high-frequency oscilla-

tions, contributing to keep the voltage drops caused by the

virtual impedance within reasonable limits, since the derivative

terms and high-frequency components may cause large voltage

deviations [7], [15], [17].

E. PI controllers

The current and voltage controls are implemented using PI
controllers in series with the electrical system. The propor-

tional and integrator gains are chosen using the pole placement

method [7].

IV. RESULTS

To prove the proposed control scheme from Fig. 2, the

islanded AC microgrid is implemented in MATLAB/Simulink

to carry out simulation tests. As it was mentioned, the ob-

jective is to investigate the role of virtual impedances on the

improvement of the power sharing and on the mitigation of

circulating currents.

The parameters used for the simulation are shown in Table

II.

As it was explained, the droop control with predominant

inductive physical output impedances is used. The simulation

is carried out divided into four time slots to show clearly the

convenience of implementing the control scheme. For the first

three time slots, several virtual impedances are considered as

follows:

• 0 - 2 seconds: the droop control is implemented using no

virtual impedances.

• 2 - 4 seconds: virtual impedance 1, Zv,1, is added to com-

pensate for the difference in physical output impedance

among the lines of the microgrid.

• 4 - 6 seconds: three virtual impedances, Zv,2, Zv,3, and

Zv,4, are included to the microgrid system.

• 6 - 10 seconds: a load step-change is made adding 25%

more of the load detailed in II.

Virtual impedance 1, Zv,1, is added to the output of V SI1
as well as virtual impedance 4, Zv,4.

Virtual impedances 2 and 3, Zv,2 and Zv,3, are added to the

output of V SI2.

As it can be seen in Fig. 5 (a), the current controller applied

to the VSIs that are working in parallel in the microgrid

system, works properly showing that there is a tracking of

the reference current for the inverter, in this case, V SI1, even

when a load step-change of 25% is applied at t = 6 s.

In Fig. 5 (b), the output voltage of the V SI1 can be seen,

showing that the output voltage is proper. No changes in the

output voltage is seen with a load step-change of 25% at t = 6
s.

As it was mentioned, for proving that the power sharing

control scheme for the islanded AC microgrid system works

properly, several virtual impedances were added to the outer

control loop of each of the VSIs. These results can be seen in

the following pictures:

• One of the main objectives of a proper power sharing

control is to avoid the circulating currents in parallel VSIs

that share the load of the microgrid system. In Fig. 5

TABLE II
SIMULATION PARAMETERS

Parameter Value Measurement

Load power rating 5.7 [kVA]
Nominal voltage (line-to-line) 400 [V]

Nominal frequency 50 [Hz]
Inverter side inductor 500 [µH]

Inverter side resistance 0.28 [Ω]
Capacitor 50 [µF ]

Grid side inductor 200 [µH]
Impedance line 1 0.1488 + j0.4969 [Ω]
Impedance line 2 0.0930 + j0.3100 [Ω]

Virtual Impedance 1, Zv,1 0.0558 + j0.1869 [Ω]
Virtual Impedance 2, Zv,2 −0.0279− j0.0935 [Ω]
Virtual Impedance 3, Zv,3 0.0279 + j0.0935 [Ω]
Virtual Impedance 4, Zv,4 0.0279 + j0.0935 [Ω]
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Fig. 5. Simulation results: (a) output current inverter 1 with load step-change at t = 6 seconds, (b) output voltage inverter 1 with load step-change at t = 6

seconds, (c) circulating currents in the microgrid system, id and iq , inverter 1, (d) active power in the microgrid system , (e) reactive power in the microgrid
system, (f) load voltage of the microgrid system.

(c) it can be seen very clearly that between t = 0 − 2
seconds, the droop control is applied without any virtual

impedance added. It remains circulating currents as there

are differences in the impedance of the lines. Then,

between t = 2 − 4 seconds droop control is applied

with one virtual impedance added to the outer control

loop for the V SI1. There still remains some circulating

currents in the microgrid system. Afterwards, during

t = 4 − 6 s, three virtual impedances are added to

the outer control loop, one for the V SI1 and two for

the V SI2. With these all virtual impedances, it can be

seen that no circulating current remains in the system.

Additionally, and for proving that the established control

scheme works properly, a load step-change is added at

t = 6 s. The microgrid system is kept operating with the

virtual impedances already mentioned.

• In Fig. 5 (d) the active power sharing is shown. Man-

ifestly, P can be shared accurately using P/f droop

control since it is just based on the frequency of the

microgrid [18]. Just the transients appear when the virtual

impedances are added as mentioned earlier. At t = 6 s,

the active power increases as a load step-change of 25%

is added.

• In Fig. 5 (e) the reactive power sharing among V SI1
and V SI2 is shown. It is clearly seen that at the moment

when all the virtual impedances are added (t = 4 s),

the reactive power is shared equally by the two inverters

in spite of the different physical impedances of the

lines of the microgrid. This result shows clearly that

the reactive power sharing using Q/V droop control is



usually substantially affected by the equivalent impedance

of the DG and the line impedance [18]–[20]. The virtual

impedances are there to equal the impedance among the

inverters in order to balance the reactive power sharing

in the microgrid system. At t = 6 s, the reactive power

increases as a load step-change of 25% is added.

• Fig. 5 (f) shows that the proposed virtual impedance

method from the equation (13) leads to reducing the

voltage drop. It can be seen that at t = 6 s, there is

a bigger voltage drop as a load step-change of 25% is

added. There is a bigger load to be shared among the

two VSIs, so it is reasonable to have this bigger drop in

the voltage.

V. CONCLUSIONS

In this paper, a droop control method including virtual

impedances is proposed to be applied on islanded AC micro-

grids. Based on the results obtained the following conclusions

can be drawn:

• The microgrid system has lines with inductive behavior.

As well known, droop control is not able to work properly

under this condition, where the reactive power sharing is

affected by the physical impedances in the microgrid.

• Virtual impedance control is adequate for enabling the

proper reactive power sharing when there are line

impedance differences in the microgrid.

• The proposed method for virtual impedance control al-

lows diminishing the voltage drop.

• Adding load step-changes does not change the proper

operation of the proposed control scheme.

In order to implement an experimental islanded AC microgrid

with paralleled VSIs that share a load, some considerations

should be taken into account: DC sources with galvanic

isolation; total power of the load determines the sizing of the

several components and of the VSIs. Additionally, from the

point of view of the microcontroller, for each of the VSI of

the microgrid system, the additional control loops that have to

be added may represent a challenge considering the necessary

tuning of the controls in order to avoid interferences and thus,

to make the power converters work properly.
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