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Abstract - In last few years, many countries are investing in smart grid technologies due to their
potential benefits in improving energy efficiency, reliability, and sustainability, to meet demand of
electrical power of booming population by integrating renewable energy and reducing the greenhouse
gas emission. A Smart-Grid is an advanced, intellectual, localized, small scale grid which can be
disconnected from centralized grid and operates autonomously but the integration the renewable
energy generations can result in a substantial voltage or frequency deviation in MGs. To enable zero
net-energy consumption and optimal power management for future micro-grids, several key
technologies and strategies need to be implemented. Therefore, this paper introduces an enhanced
finite control set model droop control. Voltage and frequency can be regulated by controlling the
active power injection into the system. The effectiveness of the proposed Droop Control is verified by
simulation results in the Matlab/Simulink environment. A detailed investigation of voltage regulation
of a residential Micro-Grid (MG) is given to demonstrate the effectiveness of the proposed approach.

Keywords: Renewable Energy System, Smart Grid, Smart City, Smart Control System, Photovoltaic,
Voltage Source Inverter).

1. INTRODUCTION

In recent years, due to the growth of load demand in the entire world and the development of power
electronics and information technology, distributed generators (DGs) have attracted attention in a large
scale, this DG units form a microgrid (MG) structure with a different architecture. MGs are the trend
nowadays in generation of energy power, the integration of renewable energy based generators helps
in this kind of studies. The fluctuation and the variation of resources make the challenge bigger in
designing and controlling these micro-networks specially in islanding mode. Solar and wind power
have been the fastest-growing energy for the last decade in worldwide [1].They play an important role
being in architecture in these DGs.

In general, renewable energy sources (RES) are inexhaustible by nature. They give promising
solutions in building sustainable and ecofriendly electric power [2].Moreover, they decrease pollution
in limiting the emission of carbon dioxide coming from the conventional methods for energy
generation based on fossil fuels. RES must work in a complementary way to manage the response for
demand of power in any moment. DG units forming the MG can be classified in two categories
according to their operation system, the first into a grid forming (voltage controlled) in islanding mode
where the micro-sources act as voltage sources. The second into grid following (current controlled)
generally operated in grid connected mode [3], many studies discussed control strategies when the MG
is connected to the main grid.

Publication: 20 May 2025 590




Tuijin Jishu/Journal of Propulsion Technology
ISSN: 1001-4055
Vol. 46 No. 2 (2025)

In particular, when these DGs are connected to the conventional grid via inverters, several
challenging technical problems should be studied in order to manage the energy consumption without
any problems. An excellent algorithm management power presented in [4] for a coordinated control of
distributed generators integrated to a DC MG in islanded and grid connected modes.

Communication unit. To overcome these boundaries, decentralized controllers are presented, droop
controller for a parallel mode operation of different inverters related to DGs forming the MG, has to be
used to eases the difficulties in thermal management of power, capable to provide system redundancy
and high reliability needed by customers.

Different control techniques for inverters working in parallel mode presented in [8]. Using the
conventional droop method, the output impedance and line impedance are considered to be mostly
inductive, which is often justified by the large inductor value or by the long distances between DG
units [9]. In [10] a universal droop control strategy is discussed witch can be applied to all practical
inverters without the need of knowing the impedance angle. In grid-connected mode, the voltage and
frequency are maintaining stable due to the grid supply while the current in output of inverters must be
controlled. In the opposite hand, when the MG operate in islanding mode , the frequency and the
output voltage of DGs doesn’t maintain constant due to the nonlinear loads , inverters work in voltage
source and we must applied a strategy of control to stabilize the system [11-12].

In the literature, we found multiple studies focused in the droop understanding operation, static
droop compensator is utilized for power sharing in [12], a novel droop controller presented in [13] by
Yao et al, based on a virtual complex impedance loop for a paralleled inverter system. The proposed
controller shows effectiveness in sharing power compared to a conventional droop method witch
cannot achieve such results making slow and oscillating transient responses. Same improved droop
controller presented in [14], authors mainly utilize error reduction and voltage recovery operation
establishing a signal control mechanism to share a reactive power for islanded MG. To improve the
active and reactive power decoupling performance, Zang et al in [15] proposed different structures of
primary droop control architecture applied on parallel grid inverter supporting AC MG system. In
[16] Abdel-Rady and El-Saadany proposed an adaptive droop controller based on a static conventional
strategy, the gain adaptive signal uses filtered active and reactive powers as indices, for that a smooth
power sharing performance can be obtained. Same thing in [17], where Tuyen et al showed a robust
adaptive droop controller for DC-MG implementation. Authors highlighted the control methodology
that require a closed-loop model reference adaptive control utilizing a robust projection algorithm for
normalization technique. When the communication between parallel inverters is difficult due to the
distance location between DG units, the droop control uses local feedback signals to enhance the
sharing of power using wireless connection, like presented in [18].

To enable zero net-energy consumption and optimal power management for future smart city or
buildings, this paper discusses the (DC) voltage and frequency regulation approach to address the
rise/drop of voltage in a Microgrid, equipped with a residential Photovoltaic (PV) system, storage
battery (SB), residential load and Smart Control Strategies (SCS) of parallel operated inverter. VVoltage
and frequency can be regulated by controlling the active power injection into the system. The
effectiveness of the proposed Droop Control is verified by simulation results in the Matlab/Simulink
environment. A detailed investigation of voltage regulation of a residential Micro-Grid (MG) is given
to demonstrate the effectiveness of the proposed approach.

2. GENERAL CONFIGURATION OF MICROGRID

The classical main grid has a limited number of principles generators, a long distribution cables and
high maintenance and cost, especially when it deliver power to rural areas [19]. Additionally the
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depleting of fossil fuels and their negative influences on environment are the main problems for this
electrical-network. MGs are created to help incorporate DG units into the existing main grid or in
autonomous functioning mode (Figure 1 illustrate the two modes of operation for MG in islanding and
grid-connected one).
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Fig.1 An example of microgrid architecture

They help reducing gas emissions, they are economical and environment friendly. MG is a small
network capable for supplying electric power to a local area, antenna-network, and small industry
projects. In [20], a study is proposed to help understanding the benefits of MG for electric power
supply in rural areas, which gives opportunities to countries to improve the quality of applying energy
with the integration of RESs in their generation of power in future previsions. Smart grid (SG) (Fig.2)
in the other hand composed from multiple MGs units with the application of an appropriate
communication system, connecting all components together from DGs, metering and monitoring
system to consumers. It can be defined as an electrical grid that intelligently integrates all this
elements to deliver power energy in a reliable secure way with better exploitation of RES.

The advantages of SG based on the integration of RES can be summarized into following points:
. High-level integration of RES in the main grid helping improving power quality.

. Adding consumers to the energy equation through the application of monitoring tools that
allows individuals to properly control the energy flow.

. Voltage regulation and frequency stabilization with the application of a demand response
program providing better sharing of power between energy service provider and consumer grounded
on measuring data.

3. THEORY OF DROOP CONTROLLER TECHNIQUE

There are two categories of methods or techniques for controlling these networks in power sharing
mode [4]; [13-14]:

. Methods using centralized control.

. Methods using local control.
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Centralized control methods are techniques that use a SCADA (Supervisory Control and Data
Acquisition) and the second is power sharing techniques based on a master-slave configuration [4]:

The methods that use local control are designed to share the powers of the various production
sources interconnected to the AC bus via the control of the inverters connected in parallel. Several
approaches have been proposed, such as Droop Control, which is the most used. In our study, we will
use this droop controller for a detailed study. Unlike local controllers, the classic active and reactive
power droop allows for power sharing without necessarily requiring a communication link between
the control points. Because of its simplicity, Droop Control is the most widely used technique in
several research projects for the control of parallel sources, when the power demanded by the load
increases the controller gives the order to the generators to vary their frequencies, which produces an
acceleration or a slowing down of the rotary machine due to the inertia of the system. [3 to 4.11]

a) MG interface inverter based on hierarchical control

Microgrid is usually composed of DC sources such as PV, fuel cells, batteries. In addition to an AC
sources such as micro turbines, wind generator witch need to be rectified. DC voltage source has to be
converted using voltage source inverter (VSI) to meet the load demand. These different types of
sources can connect or disconnect to the network at any time, though, the dynamic behavior of inertial
and non-inertial sources is different, many strategies of VSI control could be applied to manage a
better sharing of active and reactive power. The hierarchical control scheme is very promising to
achieve a better performance in the operation of a paralleled VSI system. The hierarchical control
consist of three levels is shown in Fig.3,[21] :

. The primary control is based on the droop method, including an output-impedance virtual
loop, maintains voltage and frequency stability of the MG.

. The secondary control allows the restoration of the deviations produced by the primary
control.

. The tertiary control manages the power flow between the MG and the main grid.
b) Droop control

A number of control techniques have been reviewed for proper operation of parallel-connected
inverters in MG. Between these methods, voltage and frequency droop control has make reputation
and is considered as a well-established method [22]. The conventional droop control is mainly used to
realize plug and play features for DGs; the synchronous generators are equipped with P/f droop
control witch make a balance in extracted ac power with the use of mechanical power as input[11].

A micro-network (Fig.2) is assumed which includes production sources connected to the PCC point.
The droop controller is based initially on these considerations.
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Fig.2. Micro-Grid scheme based Droop Control technique [11].

The generator change their speed related to its inertia. The active and reactive power for each
inverter can be expressed as follows:

p_EVsina (1)
X
o EV cosa -V ? 2
X

Where E and V are the amplitudes of the inverter output voltage and the common bus voltage,
respectively, o is the power angle and X is the output reactance of the inverter.

From equation above, the active power injected from the inverter is influenced by the power angle,
and the reactive power is reliant to the amplitude difference between E and V. The equations of the
droop characteristics of P related to @ and Q related to E is expressed as follows: Fig.5

o *
o =0 —m>P (3)
E,=E -n*Q

Where Pi, Qi, are active power output and reactive power output, ®* is the rated frequency and E*
is the rate voltage amplitude.
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Fig. 3: Frequency and voltage droop characteristics as a function of modified active and reactive
power [23]

When the line impedance shifts, the conventional droop control cannot provide a performing sharing
of reactive power due to the limitation among parallel-connected inverters. Figure.4 gives the
equivalent diagram of the system (source-line-point PCC).
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Fig.4. Power Flow between inverter and grid [11]

It is possible to define a relationship between the reactive power with the voltage level and between
the active power and the frequency of the system. Equation (4) and (5) [3-4], [11]:

v,V
P = ™9 5in(5) )
X L
_ VgVip, COSE) -v,? ©)
X L

d represents the voltage phase generated by the inverter Vinv. XL is the impedance between Vinv
and the voltage at the interconnection node Vg. If (d—0), sin (d) =d therefore the active and reactive
powers are given by:
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ViV,

P=——— (6)
X L

0= I(a)inv — @y ) (7)

_ Vg (Vinv _Vg ) (8)

Q X,

These equations show the link between the active power and the phase angle and between the
reactive power and the voltage level. However, low-voltage lines are normally more resistive, and it
would be more appropriate to define a relationship between reactive power with phase angle and

active power with voltage level [4], [11-12]:
The pulsation of frequency (f) and the level of voltage (V) are given by:
f=f—k,(P-P) ©)
V=V, -k,.(Q-Q) (10)

fo and VO : Nominal values of frequency and voltage level of micro-grid system.

Ko et Kv : Droop coefficients of displacement.
PO et QO: Active and reactive power values equivalent to the nominal values of the micro-grid

voltage.
Figure.5 shows graphically the principle of displacement used in the Droop controller. [12]
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Fig 5. P-F and Q-E droop characteristics
Fig.6, present a different diagram block of droop control strategy based on active and reactive

powers calculation.
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Fig.6: Schematic diagram block of droop control
Using load current and voltage capacitor in output inverter, the first block calculate the active and
reactive power (P, Q) Second block generates the frequency and reference voltage values using
equations (9) and (10), using these last two quantities, we can make a reconstruction of three voltages
Vabc. Who are transformed into two reference voltages (Vdref ,Varef ).

These two voltages values are introduced into the control unit which comprises two loops for
regulating the voltage and current, after that we have to switch mode to get the three sinusoidal signals
of references. These voltages values are compared with a triangular signal in the PWM block in order
to generate six pulses for switching inverter. In this way, the active power of each source can be
controlled by varying the frequency (phase angle) and the reactive power can be regulated by varying
the amplitude of the output voltage in the inverter.

In the next, numerical simulations will be presented of active and reactive power sharing between
three sources which are linked to the AC bus by power interfaces (voltage inverters).

The system structure is represented in Fig.4. this model is summarised as a microgrid with two
parallel DGs (DG1, DG2). We perform two simulation tests, the first for a variable load in isolated and
connected mode
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Fig.7 : Active Power
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Fig. 13: Three phases grid voltage
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Fig. 14: Three phases grid current
With initial load of 2000W active power and 100VAR reactive power, at the instant 0.4s the load
increases to 7000 W for active power and 2000 VAR for reactive power.

According figure(7 and 8), we observe the good sharing of the active and reactive power the load
has been shared equitably between two parallel DGs for the first mode, the performance of the
proposed power controller is always maintained. It should be noted that the increase in reactive power
leads to a decrease in voltage.

From Figure 9, we observe that the frequency is maintaining stable in 50 Hz (nominal frequency),
where the difference between the frequency of voltage generated by each inverter and the nominal
frequency is almost zero in both transient and study state, even in load power variations 2000 W to
7000 W, the frequency is 50.015 Hz.

According Fig (7-9) and Figs(8-10) the impact on the voltage and frequency at the inverter output
during power sharing. It is observed that the Q-V and P-f droop curve having the same droop
coefficient as they are similar responses; On the other hand, both the arctan and angle droop have
increased stability over the 5 - 5 droops.

Fig.11 illustrates the corresponding the load voltage waveforms. We observe that the voltage at the
terminals of the load has a purely sinusoidal form and is kept stable around the values of the reference
voltage generated by the power controller; even in the presence of a variation of the load the voltage
keeps its sinusoidal form with a maximum value of 311V. According to figure 12, the current of the
load for the first mode takes the value 20A and in the second mode the value 45A, we note that for the
two modes the form of the current is purely sinusoidal so with this control technique the quality of the
energy is better.

4. CONCLUSION

In this paper, a universal droop control based active and reactive power-sharing techniques using
the robust control for Parallel Inverters, to avoid communication and implement robust control
principles. In this paper a droop control technique for two parallel voltage source inverters is
proposed, using P-f & Q-V droop control for sharing the load power with a stable voltage and
frequency.
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he simulation results obtained show the good sharing of active and reactive powers. The frequency
of DGs in improved method is smooth and consistent, which determines more stable and more
accurate active power sharing. Disturbance in loads just changes the value of frequency rather than
disrupt the stability. Future research directions are discussed to improvise the block of droop control
using advanced control.

Authors: prof. Dr Salima. Meziane. in, Department of Electrical Engineering, Laboratory of
electrical and renewable energies LEER, Souk Ahras University, Algeria, E-mail: s.meziane@univ-
soukahras.dz. Student Deboub. Raouf in, Oum EI Bouaghi University, Algeria, E-mail:
deboubraouf@yahoo.fr. prof. Pr. Riad. Toufouti, in. Department of Electrical Engineering,
Laboratory of electrical and renewable energies LEER, Souk Ahras University, Algeria, E-mail:
riad.toufouti@univ-soukahras.dz.

REFERENCES

[1] F. Valenciaga and P. F. Puleston, "Supervisor control for a stand-alone hybrid generation
system using wind and photovoltaic energy,” IEEE transactions on energy conversion,
(2005).vol. 20, pp. 398-405.

[2] Y. Mi, Y. Fu, D. Li, C. Wang, P. C. Loh, and P. Wang, "The sliding mode load frequency
control for hybrid power system based on disturbance observer,” International Journal of
Electrical Power & Energy Systems, (2016).vol. 74, pp. 446-452.

[3] H. Han, X. Hou, J. Yang, J. Wu, M. Su, and J. M. Guerrero, "Review of power sharing control
strategies for islanding operation of AC microgrids,"” IEEE Transactions on Smart Grid,
(2016).vol. 7, pp. 200-215.

[4] M. Kumar, S. Srivastava, and S. Singh, "Control strategies of a DC microgrid for grid
connected and islanded operations," IEEE Transactions on Smart Grid, (2015).vol. 6, pp. 1588-
1601.

[5] T. Vandoorn, J. De Kooning, B. Meersman, and L. Vandevelde, "Review of primary control
strategies for islanded microgrids with power-electronic interfaces,” Renewable and
Sustainable Energy Reviews, (2013) .vol. 19, pp. 613-628.

[6] D.E. Olivares, C. A. Caiiizares, and M. Kazerani, "A centralized energy management system
for isolated microgrids,” IEEE Trans. Smart Grid, (2014).vol. 5, pp. 1864-1875.

[71 A. G. Tsikalakis and N. D. Hatziargyriou,"Centralized control for optimizing microgrids
operation," in Power and Energy Society General Meeting, IEEE, (2011) .pp. 1-8.

[8] A. Mohd, E. Ortjohann, D. Morton, and O. Omari, "Review of control techniques for inverters
parallel operation,” Electric Power Systems Research, (2010).vol. 80, pp. 1477-1487.

[9] J. M. Guerrero, J. Matas, L. G. de Vicuna, M. Castilla, and J. Miret, "Decentralized control for
parallel operation of distributed generation inverters using resistive output impedance,” IEEE
Transactions on industrial electronics, (2007).vol. 54, pp. 994-1004.

[10] Q.-C. Zhong and Y. Zeng, "Universal Droop Control of Inverters With Different Types of
Output Impedance,” IEEE Access, (2016).vol. 4, pp. 702-712.

601



Tuijin Jishu/Journal of Propulsion Technology
ISSN: 1001-4055
Vol. 46 No. 2 (2025)

[11]

[12]

[13]

[14]

[15].

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Grairia, M. 1., & Toufouti, R. . Improved Droop Controller for Distributed Generation Inverters
in Islanded AC Microgrids. Periodica Polytechnica Electrical Engineering and Computer
Science, (2024), vol. 68, no 2, p. 135-148.

M. C. Chandorkar, D. M. Divan, and R. Adapa, "Control of parallel connected inverters in
standalone AC supply systems," IEEE Transactions on Industry Applications, (1993).vol. 29,
pp. 136-143.

W. Yao, M. Chen, J. Matas, J. M. Guerrero, and Z.-M. Qian, "Design and analysis of the droop
control method for parallel inverters considering the impact of the complex impedance on the
power sharing,” IEEE Transactions on Industrial Electronics, (2011).vol. 58, pp. 576-588.

H. Han, Y. Liu, Y. Sun, M. Su, and J. M. Guerrero, "An improved droop control strategy for
reactive power sharing in islanded microgrid," IEEE Transactions on Power Electronics,
(2015).vol. 30, pp. 3133-3141.

Z. Li, C. Zang, P. Zeng, H. Yu, and S. Li, "Fully distributed hierarchical control of parallel
grid-supporting inverters in islanded AC microgrids,” IEEE Transactions on Industrial
Informatics, (2018).vol. 14, pp. 679-690.

Y. A-R. I. Mohamed and E. F. El-Saadany, "Adaptive decentralized droop controller to
preserve power sharing stability of paralleled inverters in distributed generation microgrids,"
IEEE Transactions on Power Electronics, (2008).vol. 23, pp. 2806-2816.

T. V. Vu, D. Perkins, F. Diaz, D. Gonsoulin, C. S. Edrington, and T. EI-Mezyani, "Robust
adaptive droop control for DC microgrids,” Electric Power Systems Research, (2017).vol. 146,
pp. 95-106.

J. M. Guerrero, L. G. De Vicuna, J. Matas, M. Castilla, and J. Miret,"A wireless controller to
enhance dynamic performance of parallel inverters in distributed generation systems," IEEE
Transactions on power electronics, (2004).vol. 19, pp. 1205-1213.

M. S. Mahmoud, S. A. Hussain, and M. A. Abido, "Modeling and control of microgrid: An
overview," Journal of the Franklin Institute, (2014).vol. 351, pp. 2822-2859.

J. O. Dada, "Towards understanding the benefits and challenges of Smart/Micro-Grid for
electricity supply system in Nigeria," Renewable and Sustainable Energy Reviews, (2014).vol.
38, pp. 1003-1014.

J. M. Guerrero, J. C. Vasquez, J. Matas, L. G. De Vicufa, and M. Castilla, "Hierarchical
control of droop-controlled AC and DC microgrids—A general approach toward
standardization," IEEE Transactions on industrial electronics, (2011).vol. 58, pp. 158-172.

M. Reza, D. Sudarmadi, F. Viawan, W. Kling, and L. Van Der Sluis, "Dynamic stability of
power systems with power electronic interfaced DG," in Power Systems Conference and
Exposition, PSCE'06. IEEE PES, (2006). pp. 1423-1428.

K. De Brabandere, B. Bolsens, J. Van den Keybus, A. Woyte, J. Driesen, and R. Belmans, "A
voltage and frequency droop control method for parallel inverters,” IEEE Transactions on
power electronics, (2007).vol. 22, pp. 1107-1115.

C. Dou, Z. Zhang, D. Yue, and M. Song, "Improved droop control based on virtual impedance
and virtual power source in low-voltage microgrid,” IET Generation, Transmission &
Distribution, (2017.).vol. 11, pp. 1046-1054.

S. Eren, M. Pahlevani, A. Bakhshai, and P. Jain, "An adaptive droop DC-bus voltage
controller for a grid-connected voltage source inverter with LCL filter,” IEEE Transactions on
Power Electronics, (2015).vol. 30, pp. 547-560.

Z. Shuai, D. He, J. Fang, Z. J. Shen, C. Tu, and J. Wang, "Robust droop control of DC
distribution networks,” IET Renewable Power Generation, (2016), vol. 10, pp. 807-814.

602



