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Abstract. This paper introduces a novel Distributed Robust Volt-VAr Control Strategy (DRVVCS) aimed at
achieving accurate proportional reactive power sharing in islanded microgrids, emphasizing adaptability,
simplicity, and reduced reliance on communication. This scheme also enhances the flexibility and scalability
of the system, which are generally challenging in distributed control schemes. The system’s seamless transition
between different network topologies and accurate reactive power sharing under varying loads with suggested
DRVVCS are evaluated through comprehensive simulations. The proposed scheme is also tested on a standard
IEEE 33-bus system with three sources and a standard IEEE 69-bus system with three and five sources to
observe its effectiveness in different operating scenarios. The proposed DRVVCS is compared with conventional
droop control and other existing methods to showcase its effectiveness and versatility.

Keywords: Islanded microgrid, Distributed Robust Volt – VAr control strategy, Droop control, Reactive
power sharing, Reactive power error.

1 Introduction

Islanded microgrids have garnered substantial attention in
recent years for their remarkable ability to provide reliable
and resilient power supply, particularly in isolated areas or
during grid outages. Effective scheduling of distributed
energy resources plays a crucial role in improving the eco-
nomic and environmental sustainability [1]. The Reactive
power management is necessary for maintaining voltage
stability and ensuring efficient operation of islanded micro-
grids. The effective sharing of power among Distributed
Energy Resources (DERs) within the microgrid for different
loading conditions such highly reactive load or evolving
load like electric vehicle [2] is essential for maintaining
stability, minimizing power losses, avoiding the overloading
of smaller sources and helps in minimizing the circulating
currents.

Various control techniques have been proposed in the
literature to achieve proportional power sharing among
the Distributed Generators (DGs) in islanded microgrids.
These techniques include conventional droop control, mod-
ified droop control, virtual impedance control, centralized
control, and distributed control, among others [3–6]. The
conventional droop control methods have been widely
explored by researchers [7, 8], to achieve proportional power

sharing in islanded microgrids. These methods shares pro-
portional active power accurately but often fall short when
it comes to sharing reactive power proportionally. In order
to address this limitation, adaptive droop coefficient-based
methods have been presented in [9–14], aiming to improve
reactive power sharing in islanded microgrids.

A self-adjusting droop control strategy is proposed in [9]
and further modified in [10] and [11] to reduce error in reac-
tive power sharing in islanded microgrids. Despite signifi-
cant improvements, achieving accurate proportional
reactive power sharing remains a challenge. In [12] the
authors proposed a dispatchable droop control method that
improves reactive power sharing among Distributed
Generators (DGs), but it introduces additional complexity
by incorporating a Proportional-Integral (PI) controller.
In contrast, a simplified control scheme is suggested in
[13] however, it fails to detect load changes below a certain
threshold employed in the research. Although adaptive
droop coefficient-based methods have shown significant
improvements in reactive power sharing, they still fall short
of meeting the permissible limits, leaving room for further
enhancement. In [15], a small signal injection-based tech-
nique with virtual impedance adjustment is used to enhance
performance, while authors in [16] introduces an advanced
droop control strategy that requires measurements of Point
of Common Coupling (PCC) voltage but lacks accuracy.
Authors in [17] proposed Energy Management System* Corresponding author: dkdheer@nitp.ac.in
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(EMS) and a Sliding Mode Control (SMC) to improve accu-
racy in power sharing and improve the quality of the volt-
age, but high frequency oscillations that occurs around the
sliding surface can lead to excessive switching of power elec-
tronics devices causing increased wear and tear. Authors in
[18] proposed artificial gorilla troops algorithm for enhanc-
ing decentralized frequency regulation approach in mixed
source of generation diversified with wind and PV integra-
tion while authors in [19] presented various frequency sta-
bility control strategies for microgrid based on hybrid
renewable energy. Authors in [20] suggested the use of both
voltage and current control modes of inverters simultane-
ously which is relatively complicated and potentially incur-
ring a heavy computational burden for the controller.

Virtual impedance (Zv) based method presented in
[21, 22] addresses mismatch in feeder impedances by incor-
porating a sufficiently high fixed virtual impedance in the
outer voltage control loop, considering stability, transient
response, and power flow constraints. However, changes
in network topology, such as DER additions or removals,
can significantly impact the effectiveness, requiring contin-
uous adjustment and reconfiguration, leading to complexity
and time-consumption. To tackle the limitations associated
with the fixed (Zv) authors in [23–30] proposed adaptive
(Zv) methods to improve the reactive power sharing among
the DGs. A Disturbance Observer (DOB) based novel
power sharing scheme is proposed by the authors in [23]
for reactive power sharing but the proposed scheme is appli-
cable to small-scale microgrids only. Authors in [24] pre-
sented an adaptive decentralized technique for adjusting
the virtual impedance. Virtual impedance is adjusted based
on its output current in this case, without the need of com-
munication, extra sensors or network parameter/load esti-
mations but proportional reactive power sharing is not
achieved accurately. Authors in [25] suggested an iterative
virtual impedance regulation (IVIR) strategy in which fixed
virtual impedance and adaptive virtual impedance regula-
tion are combined, but the proposed method is complex
and has large settling time. Authors in [26] examines the
power sharing performance among droop controlled invert-
ers and virtual synchronous generators in a system with
mixed tie-line configurations. Virtual impedance optimiza-
tion technique is used in [27], while authors in [28, 29] used
online estimation technique to find out the value of virtual
inductance and authors in [30] proposed a control scheme
which uses three nested loops. All these techniques require
extensive computation and complex to implement.

While the adaptive virtual impedance method offers the
potential for improved reactive power sharing in islanded
microgrids, it faces the challenges such as complexity, com-
putational burden, stability issues and limited effectiveness
under dynamic and transient conditions. Microgrid Central
Controller (MGCC) based control schemes are presented by
the authors in [31–33] to improve reactive power sharing
among the sources. AlthoughMGCC based control schemes
significantly improves the reactive power sharing among
the DGs, it has to deal with challenges such as communica-
tion dependency, scalability, complexity and computational
burden. To reduce the dependency on the communication
authors in [34–47] proposed distributed control strategies

based on consensus and secondary control for accurate reac-
tive power sharing in islanded microgrid. The consensus-
based control scheme was proposed by the authors in
[34, 35] but the former is applicable for radial network only.
The control scheme proposed by the authors in [36] is
complex and applicable to balanced microgrid only, while
the control method proposed by the authors in [37] do
not consider meshed network configurations, affecting their
plug-and-play capability. Control method proposed by the
authors in [38] rely on strong communication, which can
pose challenges in practical microgrid implementations.
Distributed event-triggered control scheme is proposed by
the authors in [39] which shares almost accurate reactive
power and reduces the communication burden but it
requires addition PI controller. A consensus-based Multia-
gent System (MAS) is suggested by the authors in [40] to
restore voltage/frequency deviations and enable true power
sharing. The proposed method uses PI and ANN in
secondary control along with PR controller in primary con-
trol making it complex and computationally extensive.
Authors in [41] proposed containment and consensus-based
method while authors in [42] adaptively regulate the virtual
impedance using a first-order consensus algorithm to
achieve bounded voltage and precise reactive power sharing
in islanded ac microgrids. Strategy suggested by [43] uses
three control layer making it complex and increases depen-
dency on communication. A distributed virtual negative
sequence impedance control based on consensus is proposed
in [44], while authors in [45] proposed two layer control
scheme for proportional reactive power sharing among the
sources. The control scheme proposed by the authors in
[46] uses secondary control along with online optimization
to reduce computational burden. Distributed Self-triggered
control method is proposed by the authors in [47] to further
reduce the communication bandwidth and computational
burden associated with distributed control schemes.

Based on the literature it was observed that decentral-
ized control schemes, while appealing due to their simplicity
and practical implementation, fall short when it comes to
accurately sharing proportional reactive power. On the
other hand, centralized control methods exhibit the desired
accuracy in reactive power sharing, but their heavy reliance
on robust communication poses significant challenges in
practical implementation. Bridging this gap, researchers
have proposed distributed control schemes, aimed at reduc-
ing communication dependency while maintaining effective
reactive power sharing. However, these approaches face
challenges related to communication and synchronization,
requirement of secondary control, scalability and complex-
ity, sensitivity to network conditions, and lack of adaptabil-
ity. In order to ensure the seamless and efficient operation
of an islanded microgrid, the control scheme should adhere
to the following imperative conditions:

� Accurate proportional real and reactive power sharing.
� The control scheme should be simple and easy to
implement practically.

� It should work effectively under all loading condition
including light and heavy load cases.

� Minimal dependency on communication.
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� Independent to network information such as feeder
impedance, location of load and size of DGs to allow
plug and play.

� Fast response and ability to detect small and continu-
ous load changes.

� It should be least dependent on optimization and
approximation so that computational burden can be
reduced.

� Independent to network configuration including radial
network, reconfigured network and meshed network
etc.

Despite extensive research on reactive power sharing, it is
evident that existing control schemes do not fully meet all
the aforementioned requirements. Therefore, there is a need
for improved control strategy to effectively address these
issues. This paper introduces a controller that fine-tunes
the nominal voltage to achieve precise proportional reactive
power sharing, all while keeping the output voltage within
desired limits. The proposed method is simple to implement
and work effectively irrespective to the load type, load loca-
tion and network configuration. The proposed method uses
low bandwidth, one way communication, hence communi-
cation dependency is minimal.

The rest of the paper is organised as follows: The
proposed DRVVC and system used in this study is pre-
sented in Section 2. Section 3 contains MATLAB simulink
study to validate the claims of the proposed control scheme.
Generation of multiplication factor Mfc and tuning of
control parameter b is discussed in Section 4 and overall
conclusion of this study is presented in Section 5.

2 Proposed control scheme and system under
study

The Conventional Droop Control Strategy (CDCS) for pro-
portional real and reactive power sharing among the DGs is
as follows [7]:

x� ¼ xn �mpPc; ð1Þ

V �
odr ¼ Vn � nqQc

V �
oqr ¼ 0

; ð2Þ

where, x* is the reference frequency in rad/s, xn is the
nominal frequency in rad/s, mp is real power droop coeffi-
cient in rad/W-s and Pc is instantaneous filtered active
power. V �

odr is d-axis reference voltage, V
�
oqr is q-axis refer-

ence voltage, Vn is the nominal voltage, nq is the reactive
power droop coefficient in V/VAr and Qc is instantaneous
filtered reactive power.

Pc andQc is clean power obtained by passing the instan-
taneous active power (p) and instantaneous reactive power
(q) through a low pass filter given as:

Pc ¼ xc

s þ xc
p; ð3Þ

Qc ¼
xc

s þ xc
q; ð4Þ

where, xc is cut of frequency of low pass filter in rad/s.
With the help of locally measured vodq and iodq, p and q
can be calculated as:

p ¼ 1:5 vodiod þ voqioqð Þ; ð5Þ

q ¼ 1:5 voqiod � vodioqð Þ: ð6Þ
It is well known that the conventional droop control is able
to share active power proportionally but it fails to share the
proportional reactive power among the DGs because of its
association with difference in feeder impedance, asymmetry
in load magnitude, and load location.

To overcome the limitations of conventional droop con-
trol an adaptive nominal voltage based control scheme is
proposed in this work, which is given as:

V �
odr ¼ cMfcVn � nqQ; ð7Þ

where, c is an unit-less factor which is defined as follows:

c ¼ bþV odr�pu

1þ bI odr�pu
: ð8Þ

Here, b is tuning parameter, Vodr–pu is d-axis component of
reference voltage in pu, Iodr-pu is d-axis component of refer-
ence current in pu, and Mfc is common multiplying factor
through a very low bandwidth, one way communication
channel. The Vodr-pu and Iodr-pu can be calculated as follows:

V odr�pu ¼ V �
odr

Vn
; ð9Þ

I odr�pu ¼ I �odr
I o

: ð10Þ

It is to be noted that V �
odr and I �odr used in equations (9) and

(10) are the values from previous sampling cycle and Io is
output current.

2.1 System under study: (Low voltage microgrid)

To study the performance of the proposed control method,
it is tested on three equally rated DGs with two types of test
systems named as Test configuration-1 (Fig. 1), containing
common load and local load and Test configuration-2
(Fig. 2), comprising loads of different magnitudes at differ-
ent locations along with switches that allow it to work in
various network configurations, including radial network,
reconfigured network, and mesh network. The line and load
data corresponding to the test systems are given in Tables 1
and 2, along with switch positions for various network con-
figurations as shown in Table 3.

2.2 System under study: (Practical system)

The proposed method’s performance was rigorously evalu-
ated on IEEE standard test systems, demonstrating its
effectiveness and robustness.
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2.2.1 IEEE 33 bus system

An islanded IEEE 33 bus system is shown in Figure 3 and
its load and line data is taken from [48]. In Figure 3, bus
numbers are marked to the left side and line numbers are
marked to the right side. There are total five tie lines
(shown by dotted lines) are present in the system and three
DGs i.e. DG-1, DG-2 and DG-3 are connected at bus 6, 30
and 14 respectively.

2.2.2 IEEE 69 bus system

The line and load data of the IEEE 69 bus system shown in
Figure 4 is adopted from [49]. The node numbers are
marked below the nodes and line numbers are marked
above lines in Figure 4. Dotted lines indicate the tie lines,
and DG-4 and DG-5 are linked to switches S-1 and S-2.
DG-1 is connected to bus 61, DG-2 to bus 17, and DG-3
to bus 11. When operating with all five DGs, closing
switches S-1 and S-2 will connect DG-4 to bus 45 and
DG-5 to bus 49.

3 Simulation studies

To validate the effectiveness and achieved accuracy in Qsh
among the DGs, real time simulation is performed using
MATLAB/Simulink. To gain deeper insights into the effi-
cacy of DRVVCS, it undergoes a comprehensive compar-
ison with the conventional droop control strategy [7]
across both test configurations illustrated in Figures 1 and
2. In the context of a microgrid with p-equally rated
sources, one can derive the anticipated reactive power

Figure 2. Low voltage microgrid: Test Configuration-2.

Figure 1. Low voltage microgrid: Test Configuration-1.

Table 1. Line and load data of test configuration-1.

Line no. Impedance (X) R/X ratio Connected load (kVA)

Line-1 0.20 + j 0.06 3.33 Common load = 10 + j 5.0
Line-2 0.30 + j 0.09 3.33 Local load-1 = 2.0 + j 1.0
Line-3 0.40 + j 0.12 3.33 Local load-2 = 0.0 + j 5.0

Table 2. Line and load data of test configuration-2.

Line no. Impedance (X) R/X ratio Node no. Connected load (kVA)

L1 0.10 + j 0.08 1.25 1 3.0 + j 1.0
L2 0.20 + j 0.35 0.57 2 1.0 + j 0.3
L3 0.15 + j 0.19 0.79 3 5.0 + j 4.0
L4 0.20 + j 0.10 2.00 4 1.0 + j 2.0
L5 0.18 + j 0.25 0.72 5 1.0 + j 0.1
L6 0.15 + j 0.16 0.94 6 3.0 + j 2.0

Table 3. Switch positions among various network
configurations for test configuration-2.

Topology Switch position

Radial network S1: Close, S2: Open
Reconfigured network S1: Open, S2: Close
Meshed network S1: Close, S2: Close

The Author(s): Science and Technology for Energy Transition 80, 10 (2025)4



sharing (Qexp) and the percentage error in the reactive
power sharing (Qerr-k of kth source) as follows [11]:

Qexp ¼
Q1 þQ2 þ :::þQn

p
¼ Qtotal

p
; ð11Þ

%Qerr�k ¼
Qk �Qexp

Qexp
� 100: ð12Þ

In the case of unequal source ratings, Qexp can be deter-
mined proportionally to the ratings of the sources. Consid-
ering a microgrid with three sources having ratings in the
ratio of 1:m:n, the expression for Qexp is as follows:

Q1;exp ¼
Q2;exp

m
¼ Q2;exp

n
¼ Qtotal

1þm þ n
; ð13Þ

where Qtotal denotes the sum of reactive power of all three
DGs. The error in Qsh can be obtained with he help of
equation (12) once we get the anticipated reactive power
of each DG.

3.1 Low voltage microgrid: test configuration-1

To witness the impact of the proposed DRVVCS,
simulation study is performed on test configuration-1, first
with common load connected on common ac bus and
later on common plus local load-1 connected to DG-1
with switch T1 closed and common plus local load-2 con-
nected to DG-3 with switch T2 closed as shown in Figure 1.
The control parameters are set to mp = 5e�5 rad/(W-s),
nq = 0.5e�3 V/VAr and b = 0:03 for both common load
as well as common plus local load.

Simulation result for test configuration-1 with common
load is presented in Figure 5 and Table 4. It is to be noted

Figure 3. IEEE 33 bus system.

Figure 4. IEEE 69 bus system.
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that initially the system is operating in CDCS upto t = 5 s,
and at t = 5 s it dynamically switched to proposed
DRVVCS. It can be observed from Figure 5 and Table 4,
Qerr is very high (54.55%, �2.42%, �51.52%) when sources
are operating in CDCS, which reduces to zero after t = 5 s
when the sources are operating in proposed DRVVCS.

A comprehensive simulation study is also conducted for
test configuration-1, involving both common and local
loads. The intriguing results, showcased in Figure 6 and
Table 4, reveal a remarkable improvement in Qsh. While
operating in the conventional CDCS Qerr were substantial,
reaching as high as (92.42%, �24.24%, �67.68%), when the
common load plus local load-1 is connected (t = 0 s to
t = 2.5 s). However, once the sources are transitioned to
the proposed DRVVCS, the Qerr diminishes to zero
(t = 2.5 to t = 7.5 s). To observe the effect of large reactive
power load change on the proposed controller, local load-1
is removed and local load-2 which is purely reactive in nat-
ure is connected along with common load (t = 7.5 to
t = 10 s). The Qerr in this case is 18.18%, �16.06%,
�1.82% while operating in CDCS. Also transients are
observed in CDCS which persist for a longer period of time.
These transients are mainly due to the large amount of
reactive power redistribution among the sources. When
the proposed DRVVCS is applied (t = 10 to t = 15 s), it
not only reduces the transients in the response but also
shares the reactive power accurately.

To observe the effect of unequal ratings of sources, a
simulation study is performed for test system-1 common
load case, which is given in Table 4 and Figure 7. In this
case, the size of DG-1 is considered to be double the size
of DG-2 and DG-3. The control parameters for DG-1 are
set to mp = 2.5e�5 rad/(W-s), nq = 2.5e�4 V/VAr, while
the control parameters for other DGs remain unchanged.
It is found from Table 4 and Figure 7 that active power
sharing is proportional to the size of DGs, but the Qerr is
�28.22%, 54.84%, 1.61% when sources are operating in
CDCS (t = 0 to t = 5 s). Proportional active power sharing
is achieved in RVVCS also t = 5 to t = 10 s with reduced

Qerr (�5.33%, 9.02%, 0.82%). When the sources are operat-
ing in proposed DRVVCS (t = 10 to t = 15 s), the active
power sharing as well as reactive power sharing are propor-
tional to the rating of sources, and Qerr is zero.

3.2 Low voltage microgrid: Test Configuration-2

To assess the effectiveness of the proposed DRVVCS, a
study is carried out on three distinct network topologies,
comprising radial, reconfigured, and meshed networks.
The simulation studies are then conducted for three distinct
cases within the test configuration-2, as illustrated in
Figure 2.

� Case-1: Initially, the network is assumed to have a
radial nature (S1: closed, S2: open). At t = 5 s, the
network topology undergoes a dynamic transforma-
tion from a radial topology to a reconfigured topology
(S1: open, S2: closed). Subsequently, at t = 10 s,
another dynamic change takes place, transitioning the
network topology from the reconfigured topology to a
meshed topology (S1: closed, S2: closed). The control
parameters are set as follows: mp = 1e�4 rad/(W-s),
nq = 5e�4 V/VAr, b = 0.03, Vn = 380 V, and
xn = 314.16 rad/s.

� Case-2: To compare the impact of the proposed
DRVVCS, the simulation study is conducted sepa-
rately for three network configurations: radial net-
work, reconfigured network, and meshed network.
At t = 5 s, the control strategy dynamically switched
from CDCS to the proposed DRVVCS in each net-
work configuration. The controller parameters remain
same as with those used in case-1.

� Case-3: The simulation study initially utilizes the
RVVCS proposed in [11] . At t = 2.5 s, the system
dynamically switches to the proposed DRVVCS. At
t = 5 s, a load of 5 + j 4 kVA is disconnected and then
reconnected at t = 7.5 s to assess the impact of load
changes. Subsequently, at t = 10 s, the system reverts
to the RVVCS when communication fails and dynam-
ically switched to proposed DRVVCS when the
communication is restored at t = 12.5 s. The con-
troller parameters remain same as with those used in
case-1.

3.2.1 Low voltage microgrid: Test Configuration-2
(Case-1)

The proposed (DRVVCS) has been thoroughly validated
for robustness using a time-domain simulation platform,
with dynamic changes in network topology. The simula-
tions were conducted on three distinct network configura-
tions: a radial topology (T-1), a reconfigured topology
(T-2), and a meshed topology (T-3). During the simula-
tions, the active power output (P), reactive power output
(Q), and Vodr of the sources were closely monitored and
shown in Figure 8 and also presented in Table 5. It can
be observed that there is a small transient when the net-
work changes from radial topology to reconfigured topol-
ogy, and from reconfigured topology to meshed topology.

Figure 5. Test Configuration-1 with common load: A = CDCS,
B = DRVVCS.
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The proposed DRVVCS work efficiently andQsh is accurate
in each topology.

3.2.2 Low voltage microgrid: Test Configuration-2
(Case-2)

In order to assess the effectiveness of the proposed
DRVVCS in comparison to existing CDCS, an extensive

simulation is conducted on test configuration-2. This simu-
lation incorporates three distinct network topologies,
namely the radial topology, reconfigured topology, and
meshed topology. The active power output, reactive power
output, and Vodr for the radial topology of CDCS and
DRVVCS are showcased with utmost clarity in Figure 9
and meticulously detailed in Table 6. It is observed that
the error in reactive power sharing (Qerr) is high
(�28.96%, 36.66%, �7.30%) while operating in CDCS,
which is reduced to zero keeping voltage profile close to
1.0 pu, when the control is switched to the proposed
DRVVCS. The active power output, reactive power output,
and Vodr of the reconfigured topology for CDCS and

Table 4. CDCS, RVVCS and DRVVCS performance for Low voltage microgrid: Test Configuration-1.

Network
configuration

Droop type P1:3

(kW)
Q1:3(kVAr) Qexp (kVAr) Qerr(1:3) (%) vodr(1:3) (pu)

Common load CDCS 3.30 2.55, 1.61, 0.80 1.65 54.55, �2.42, �51.52 0.996, 0.997, 0.998
RVVCS 3.16 1.73, 1.6, 1.47 1.6 8.13, 0.00, �8.13 0.980, 0.981, 0.985
DRVVCS 3.31 1.66, 1.66, 1.66 1.66 0.00, 0.00, 0.00 0.997, 0.999, 1.00

Common +
Local Load-1

CDCS 3.95 3.81, 1.50, 0.64 1.98 92.42, �24.24, �67.68 0.994, 0.997, 0.999
RVVCS 3.80 2.12, 1.84, 1.70 1.89 12.17, �2.65, �10.05 0.971, 0.977, 0.980
DRVVCS 3.99 2.0, 2.0, 2.0 2.0 0.00, 0.00, 0.00 0.996, 1.003, 1.005

Common + Local
Load-2

CDCS 3.30 3.90, 2.77, 3.24 3.30 18.18, �16.06, �1.82 0.994, 0.995, 0.995
RVVCS 3.12 3.12, 2.97, 3.06 3.05 2.30, �2.62, 0.33 0.954, 0.957, 0.955
DRVVCS 3.30 3.30, 3.30, 3.30 3.30 0.00, 0.00, 0.00 0.995, 0.998, 0.996

Unequal source
rating

CDCS 4.96, 2.48,
2.48

1.78, 1.92,
1.26

2.48, 1.24,
1.24

�28.22, 54.84, 1.61 0.999, 0.996, 0.998

RVVCS 4.86, 2.43,
2.43

2.31, 1.33,
1.23

2.22, 1.22,
1.22

�5.33, 9.02, 0.82 0.989, 0.986, 0.988

DRVVCS 4.94, 2.47,
2.47

2.47, 1.24,
1.24

2.47, 1.24,
1.24

0.00, 0.00, 0.00 0.998, 0.995, 0.997

Figure 6. Test Configuration-1 with common plus local load:
A = CDCS with local load-1 along with common load, B =
DRVVCS with local load-1 along with common load, C = CDCS
with local load-2 along with common load, D = DRVVCS with
local load-2 along with common load.

Figure 7. Test Configuration-1 with common load-Unequal
source rating: A = CDCS, B = RVVCS, C = DRVVCS.
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DRVVCS is shown in Figure 10 and also presented in
Table 6. Qerr in this case is �24.43%, 46.30%, �21.87%
when the sources are operating in CDCS, but when the pro-
posed DRVVCS is employed the Qerr is reduced to zero
while maintaining the voltage profile within the limit. Sim-
ilarly, active power output, reactive power output, and Vodr
of the meshed topology for CDCS and DRVVCS is shown
in Figure 11 and also presented in Table 6. The voltage pro-
file is within the limit and Qerr is zero in this case when the
sources are operating in the proposed DRVVCS, compared
to the Qerr of �28.62%, 37.30%, �8.36% in CDCS.

3.2.3 Low voltage microgrid: Test Configuration-2
(Case-3)

In this case test configuration-2 is simulated in meshed
topology to evaluate the impact of load variations and com-
munication failures on the on proposed DRVVCS. Further-
more, the compatibility of the suggested controller with
other controllers presented in [7, 9–11] is also examined.
It can be observed from Figure 12 that initially the system
is operating in RVVCS proposed in [11] and dynamically
switched to proposed DRVVCS at t = 2.5 s. To show the

Figure 8. Test Configuration-2 with different network topol-
ogy operating in DRVVCS: T-1: Radial topology, T-2: Recon-
figured topology, T-3: Meshed topology.

Figure 9. Test Configuration-2 with radial topology: A =
CDCS, B = DRVVCS.

Table 5. Test Configuration- 2: Radial topology, reconfigured topology and meshed topology.

Network configuration P1:3 (kW) Q1:3 (kVAr) Qexp (kVAr) Qerr(1:3) (%) vodr(1:3) (pu)

Radial (T-1) 4.66 3.14, 3.14, 3.14 3.14 0.00, 0.00, 0.00 1.002, 0.995, 0.999
Reconfigured (T-2) 4.66 3.14, 3.14, 3.14 3.14 0.00, 0.00, 0.00 1.002, 0.995, 1.001
Meshed (T-3) 4.66 3.14, 3.14, 3.14 3.14 0.00, 0.00, 0.00 1.002, 0.995, 0.999

Table 6. CDCS, RVVCS and DRVVCS performance of Test Configuration-2 for radial topology, reconfigured topology
and meshed topology.

Network
configuration

Droop type P1:3 (kW) Q1:3 (kVAr) Qexp (kVAr) Qerr(1:3) (%) vodr(1:3) (pu)

Radial CDCS 4.62 2.21, 4.25, 2.88 3.11 �28.96, 36.66, �7.30 0.996, 0.993, 0.995
Topology RVVCS 4.66 2.91, 3.40, 3.12 3.14 �7.32, 8.28, �0.63 1.00, 0.996, 1.00

DRVVCS 4.66 3.14, 3.14, 3.14 3.14 0.00, 0.00, 0.00 1.002, 0.995, 0.999
Reconfigured CDCS 4.62 2.35, 4.55, 2.43 3.11 �24.43, 46.30, �21.87 0.996, 0.993, 0.996
Topology RVVCS 4.66 2.97, 3.47, 3.0 3.14 �5.41, 10.50, �4.46 1.00, 0.995, 1.00

DRVVCS 4.66 3.14, 3.14, 3.14 3.14 0.00, 0.00, 0.00 1.002, 0.995, 1.002
Meshed CDCS 4.62 2.22, 4.27, 2.85 3.11 �28.62, 37.30, �8.36 0.996, 0.993, 0.995
Topology RVVCS 4.66 2.91, 3.40, 3.11 3.14 �7.32, 8.28, �0.95 1.00, 0.996, 1.00

DRVVCS 4.66 3.14, 3.14, 3.14 3.14 0.00, 0.00, 0.00 1.002, 0.995, 0.999

The Author(s): Science and Technology for Energy Transition 80, 10 (2025)8



effectiveness and compatibility of the proposed DRVVCS,
the RVVCS is chosen in this case, because among all the
techniques presented in [7, 9–11], Qerr is minimum in
RVVCS and the controller is complex. The transition from
RVVCS to proposed DRVVCS is seamless and accurate
reactive power sharing is achieved by proposed DRVVCS.
A similar results are achieved when the proposed DRVVCS
operates alongside the controllers from [7, 9 and 10], which
shows its compatibility with other controllers. Upon remov-
ing a load of 5 + j 4 kVA at t = 5 s and subsequently recon-
necting it at t = 7.5 s, a transient response is observed due
to the substantial alteration in reactive power output.
However, the proposed DRVVCS accurately shares reactive
power during these load changes. In the event of a commu-
nication failure at t = 12.5 s, the system dynamically shifts
to the RVVCS mode, functioning in a decentralized manner
until communication is re-established at t = 12.5 s.

3.3 Standard IEEE system

This study is also performed for standard IEEE 33-bus sys-
tem and standard IEEE 69-bus system. The control param-
eters for IEEE 33-bus system are mp = 2e�7 rad/(W-s),
nq = 1e�4 V/VAr, b = 0.015, Vn = 12.66 kV, and xn =
314.16 rad/s and for IEEE 69-bus system are mp =
0.25e�6 rad/(W-s), nq = 1e�4 V/VAr, b = 0.015,
Vn = 12.66 kV, and xn = 314.16 rad/s.

3.3.1 Standard IEEE 33-bus system

The proposed DRVVCS is tested on standard IEEE 33-bus
system to observed the performance on practical system.
The result obtained is shown in Figure 13 and Table 7.
Three DGs of equal rating are connected at bus no. 14,
24 and 31. Initially all DGs are operating in CDCS from
t = 0 s to t = 2 s, the Qerr is 88.29%, 3.63%, �91.92%. From

t = 2 s to t = 3 s, there is transition from CDCS to RVVCS
and at t = 3 s sources are operating in RVVCS, which
reduces Qerr to 11.79%, 6.00%, �17.80% but reactive power
sharing is still not accurate. When DGs are dynamically
switched to the proposed DRVVCS at t = 4 s the (Qerr)
reduces to almost zero giving accurate reactive power shar-
ing among the sources while keeping the voltage profile
within the permissible limit. It was observed that large
transients occurs in case of sudden change from CDCS to
DRVVCS because of large redistribution of reactive power.
In this study, a gradual transition from CDCS to RVVCS is
employed to minimize transients (t = 2 s to t = 3 s). How-
ever, Figure 14 portray that the operation with proposed
DRVVCS is smooth. This study is also conducted for ran-
domly chosen different location where the Distributed Gen-
erators (DGs) are connected to buses 6, 30, and 14,
demonstrating the independence of the proposed method
from DG placement. DGs locations are further changed to
buses 3, 6, and 29. A similar result is achieved in each
scenario.

3.3.2 Standard IEEE 69-bus system

The simulation study also includes the analysis of the stan-
dard IEEE 69-bus system. In this scenario, two cases has
been considered. In first case, three DGs with equal ratings
are connected to buses 61, 17, and 11, and in second case,
five DGs with equal ratings are connected to buses 61, 17,
11, 45, and 49. The corresponding results are presented in
Tables 8 and 9 respectively . Figure 15 illustrates the out-
comes when five DGs are connected.

It is observed that in the case of three sources operating
in CDCS, the Qerr is notably high “136.62%, �157.47%,
20.86%”, and reduced to “20.48%, �20.75%, 0.267%” when
dynamically swiched to RVVCS. The (Qerr) significantly
reduces to almost zero when the proposed technique is

Figure 10. Test Configuration-2 with reconfigured topology:
A = CDCS, B = DRVVCS.

Figure 11. Test Configuration-2 with meshed topology: A =
CDCS, B = DRVVCS.

The Author(s): Science and Technology for Energy Transition 80, 10 (2025) 9



applied. In case of five DGs in operation, during CDCS
(t = 0 s to t = 2 s), the Qerr is very high “281.94%,
�144.81%, �41.95%, �96.71%, 1.53%”. There is a transi-
tion period from t = 2 s to t = 3 s, where control strategy
is shifting gradually from CDCS to RVVCS. At t = 3 s
RVVCS is fully functional and Qerr decreases to “40.46%,
�20.40%, �4.37%, �13.45%, �2.24%”, but proportional
reactive power is not achieved. However, when the DGs
dynamically switch to the proposed DRVVCS (t = 4 s to
t = 6 s), the Qerr is reduced to almost zero, and proportional
reactive power sharing among the sources is accomplished.
Large transients were observed in this case while sudden
switching from CDCS to RVVCS, which is reduced by
gradual shifting from CDCS to RVVCS (t = 2 s to
t = 3 s). When the system is operating with the proposed
DRVVCS, it gives smooth response as illustrated in
Figure 16. To observe the effect of change in locations of
DGs, a simulation study is also conducted when the DGs
are connected to buses 3, 26, and 58, and buses 9, 23, and
43. The performance of the proposed DRVVCS is satisfac-
tory, and the Qerr is nearly zero for each location.

Figure 12. Test Configuration-2 with meshed topology during
load change and communication failure: A, E = RVVCS & B, C,
D, F = DRVVCS, C = Load Removed, D = Load reconnected, E
= Communication failure, F = Communication restored.

Figure 13. Standard IEEE 33-bus system: A = CDCS, B =
Transition from CDCS to RVVCS, C = RVVCS, D =
DRVVCS.

Table 7. CDCS and DRVVCS performance for standard IEEE 33-bus system.

DG location Droop
type

P1:3
(MW)

Q1:3 (MVAr) Qexp (MVAr) Qerr(1:3) (%) vodr(1:3) (pu)

DG-1,2,3 (6,30,14) CDCS 1.19 1.399, 0.77, 0.06 0.743 88.29, 3.63, �91.92 0.9776, 0.9847, 0.9918
RVVCS 1.19 0.831, 0.788, 0.611 0.743 11.79, 6.00, �17.80 0.997, 0.983, 1.008
DRVVCS 1.14 0.716, 0.71, 0.698 0.708 1.12, 0.28, �1.41 0.9524, 0.9584, 0.9861

DG-1,2,3 (14,24,31) CDCS 1.20 0.217, 1.28, 0.742 0.746 �70.92, 71.51, �0.58 0.9917, 0.9806, 0.9864
RVVCS 1.20 0.633, 0.845, 0.76 0.746 �15.15, 13.27, 1.88 1.006, 0.976, 0.986
DRVVCS 1.20 0.738, 0.751, 0.744 0.744 �0.85, 0.89, �0.04 1.007, 0.9717, 0.9841

DG-1,2,3 (3,6,29) DRVVCS 1.22 0.780, 0.722, 0.740 0.750 4.0, �3.73, �1.33 0.989, 0.993, 0.997

Figure 14. Standard IEEE 33-bus system: DRVVCS.
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4 Multiplication Factor (Mfc) and Tuning of
Control Parameter (b)

The Mfc is common for each DG and adapts based on load
changes. The nature of Mfc is such that it maintains the
factor cMfc close to 1.0 under varying loads, thus ensuring
the voltage profile remains within the desired limit. The
generation of Mfc can originate from any DG and is then
transmitted to all other DGs through a low bandwidth,
one way communication channel. This approach greatly
improves system flexibility and scalability. Importantly,
the generation of Mfc relies solely on information from the
specific DG that produces it; neighbouring source informa-
tion is not required for this process which further reduces
the communication dependency. To show the effect of Mfc
from different DGs on the reactive power sharing perfor-
mance of DRVVCS, Mfc is generated by DG-1 from
t = 0 s to t = 5 s. From t = 5 s to t = 10 s, Mfc is generated
by DG-2, and from t = 10 s to t = 15 s, Mfc is generated by
DG-3. Figure 17 and Table 10 illustrates that in each sce-
nario, accurate sharing of reactive power is achieved while
upholding the voltage profile at approximately 1.0 pu. Con-
trol parameter b is selected by making a trade off between
speed of response and oscillations. By reducing the value of
b the system response becomes fast, but this can introduce
escalating oscillations in the response. These oscillations
intensify with diminishing b values and could potentially
drive the system toward instability. Furthermore, with

increasing loads, the upper threshold for b, allowing stable
operation, also rises; however, setting b too high results in
sluggish responses. Therefore, the selection of b must strike
a compromise where the system response is adequately
fast while maintaining overall stability. The variation in

Table 8. CDCS and DRVVCS performance for standard IEEE 69-bus system: Three DGs.

DG location Droop
type

P1:3

(MW)
Q1:3 (MVAr) Qexp (MVAr) Qerr(1:3) (%) vodr(1:3) (pu)

DG-1,2,3
(61,17,11)

CDCS 1.25 2.042, �0.496, 1.043 0.863 136.62, �157.47, 20.86 0.971, 0.998, 0.981

RVVCS 1.2 1.009, 0.664, 0.839 0.837 20.48, �20.75, 0.267 0.955, 1.004, 0.978
DRVVCS 1.22 0.859, 0.848, 0.85 0.852 0.78, �0.51, �0.27 0.959, 1.009, 0.982

DG-1,2,3
(3,26,58)

DRVVCS 1.25 0.867, 0.863, 0.876 0.868 �0.12, �0.57, 0.92 0.992, 1.04, 0.981

DG-1,2,3
(9,23,43)

DRVVCS 1.25 0.870, 0.857, 0.855 0.860 1.62, �0.34, �0.58 0.992, 1.03, 1.009

Table 9. CDCS and DRVVCS performance for standard IEEE 69-bus system: Five DGs.

DG location Droop type P1:5 (MW) Q1:5 (MVAr) Qexp (MVAr)

DG-1,2,3,4,5 CDCS 0.755 2.02, �0.237, 0.307, 0.017, 0.537 0.529
(61,17,11,45,49) RVVCS 0.735 0.727, 0.412, 0.495, 0.448, 0.506 0.518

DRVVCS 0.755 0.54, 0.505, 0.521, 0.508, 0.513 0.517
DG location Droop type Qerrð1:5Þ (%) vodrð1:5Þ (pu)
DG-1,2,3,4,5
(61,17,11,45,49)

CDCS 281.94, �144.81, �41.95,
�96.71, 1.53

0.981, 1.002, 0.997, 0.999, 0.995

RVVCS 40.46, �20.40, �4.37,
�13.45,�2.24

0.963, 1.006, 0.995, 1.002, 0.992

DRVVCS 4.37, �2.39, 0.695,
�1.82, �0.85

0.961, 1.007, 0.995, 1.003, 0.992

Figure 15. Standard IEEE 69-bus system: A = CDCS, B =
Transition from CDCS to RVVCS, C = RVVCS, D =
DRVVCS.
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overshoot and settling time with b for test system-2 with
meshed configuration is presented in Table 11.

5 Conclusion

In this research paper, we addressed the challenges of
achieving accurate proportional reactive power sharing
among distributed energy resources within islanded micro-
grids. A novel Distributed Robust Volt-VAr Control Strat-
egy(DRVVCS) that effectively bridges the gap between

existing decentralized and centralized control methods is
proposed. Through extensive simulations across various
network topologies, load variations, and communication
scenarios, we demonstrated the robustness and adaptability
of the proposed DRVVCS.

Results obtained from MATLAB Simulink showcased
that the DRVVCS outperforms conventional droop control
in terms of proportional reactive power sharing accuracy,
while maintaining voltage profile within desired limit. The
proposed scheme’s compatibility with other controllers
and its ability to respond to load changes further

Figure 16. Standard IEEE 69-bus system: DRVVCS.
Figure 17. Test Configuration-2 with meshed topology during
various multiplication factor: A = Mfc by DG-1, B = Mfc by
DG-2, C = Mfc by DG-3.

Table 10. DRVVCS performance of test Configuration-2 for meshed topology under various Mfc.

Mfc generating DG P1:3 (kW) Q1:3 (kVAr) Qexp (kVAr) Qerr(1:3) (%) vodr(1:3) (pu)

DG-1 4.58 3.10, 3.10, 3.10 3.10 0.00, 0.00, 0.00 0.995, 0.988, 0.992
DG-2 4.66 3.14, 3.14, 3.14 3.14 0.00, 0.00, 0.00 1.002, 0.995, 0.999
DG-3 4.62 3.11, 3.11, 3.11 3.11 0.00, 0.00, 0.00 0.998, 0.991, 0.995

Table 11. Variation in overshoot and settling time with b.

b Settling time (Q1:3) (s) Overshoot (Q1:3) (%)

0.01 1.7158, 1.9959, 1.6854 6.3973, 137.5658, 6.9922
0.03 0.4038, 0.5340, 0.3945 3.1644, 12.5940, 11.9193
0.05 0.3421, 0.4935, 0.3228 3.5549, 9.7772, 17.1256
0.07 0.4048, 0.4044, 0.2374 5.2045, 6.9302, 20.1601
0.09 0.4688, 0.4511, 0.2824 5.8702, 4.9918, 21.8763
0.1 0.4994, 0.4606, 0.3138 6.3520, 3.9276, 22.5939
0.2 0.7673, 0.4574, 0.7316 7.5689, 0.5056, 25.8237
0.3 0.9798, 0.7364, 1.0349 7.6988, 0.3896, 26.4954
0.4 0.9006, 0.9392, 1.2226 8.0028, 0.2841, 26.5193
1.0 0.5873, 1.4106, 1.4916 8.7539, 0.1520, 24.7386

The Author(s): Science and Technology for Energy Transition 80, 10 (2025)12



underscore its practical applicability. This study conducted
both the standard IEEE 33-bus system and the IEEE 69-
bus system establishes that the proposed control method
is equally effective when applied to practical systems. In
case of DG maintenance, system expansion, or DG failure,
the proposed DRVVCS operates effectively, as Mfc can be
generated by any DG, enhancing its flexibility and scalabil-
ity. The control parameter b was carefully tuned to ensure a
balance between speed of response and system stability.
The proposed DRVVCS addresses the limitations of exist-
ing methods, shares reactive power accurately among
DGs, provides adaptability, and minimizes communication
dependency, thereby contributing to the efficient and resili-
ent operation of islanded microgrid systems. In case of com-
munication failure, the proposed DRVVCS changes its
control to RVVCS in which some amount of error in reac-
tive power exist, which is a limitation of the proposed strat-
egy. The proposed DRVVCS can be designed to operate in
a decentralized manner in the future to overcome the exist-
ing limitation.
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