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Abstract: Microgrids (MG) have gained major importance in the recent years, where much attention is given to the control of
microgrid. In this context, this paper presents the droop control strategy in an islanded microgrid. Initially, the MG is operated
in grid connected mode, where it is later switched to autonomous operation. The droop control technique is used to control the
voltage and frequency under varying load conditions. Further, to realize the effectiveness of the control method, a system with
parallel inverters is designed to share the load equally among the inverters. The model of the microgrid is designed and
implemented in MATLAB/Simulink enivironment. Finally, the simulation results shows the effectiveness of the droop control in
controlling the frequency, as well as equal load sharing is realized when inverters are operated in parallel.
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I. INTRODUCTION
The distributed generation (DG) has gained much importance in the recent years with the increasing demand of energy, fast
depletion of conventional energy resources and an increased concern of environmental changes. However, the operation of such
DGs is challenging to provide efficient control mechanism with an objective to meet the power quality standards. In this context the
microgrid concept has emerged in the recent years.
Microgrids (MG) are small power grids comprising of single or multiple distributed generations, loads, power electronics converters,
energy storage systems and telecommunications. The flexible control of multiple DGs strengthen its reliability and power quality,
in the meantime eliminate the impact of unstable power supply to the grids. Furthermore, with the improvement of the control
capabilities and operational features of microgrids brings environmental and economic benefits.
The introduction of microgrids improves power quality, reduces transmission line congestion. The main goals is to ensure stable and
efficient operation are frequency and voltage regulation, power control, synchronization, energy management, and economic
optimization [1]-[3]. The various control approaches can broadly be classified into two groups: (i) wired or with communication
channel and (ii) wireless or without communication channel. Wired control approaches include master-slave control, average current
sharing control, central type control, and circular chain control [4]-[6] to achieve the rigid control on the voltage/current for load
sharing. However, due to the long communication lines between the distantly placed DGs, such wired control approaches face the
issues of stability, reliability, complexity, higher cost and interference by high frequency signals. Wireless control for among DGs
mainly involves the principle of droop control [7]. Therefore, the droop control, which mimics the behavior of the synchronous
generators [8]-[13], has been introduced to enable inverters to operate without any communication mechanism. The real or active
power (P) and reactive power (Q) outputs of the DGs are regulated by controlling the frequency and voltage of the inverter,
respectively. The control approach is thus based on P-w and Q-V relationships. As the communication lines are absent in this droop
control approach, the output voltage references for the DGs are produced by the inverters themselves and hence, chance of
interference by noise or high frequency external signals is less.
A typical microgrid usually has two kinds of operation modes: 1) autonomous operation mode; and 2) grid-connected operation
mode [14]-[16]. Without the support from the main grid, the control of an autonomous operation of MG is often more complex than
the grid-connected one. When in islanded mode, a control mechanism is required for its efficient operation. Thus, based on the
relationship between active power and frequency, reactive power and voltage, inverters can control the output. In this context, this
paper focus on the design and implementation of the droop control method in grid and islanded mode of operation. Further this
paper also focus on realization of load sharing among parallel inverters in a microgrid.
The remainder of the paper is organized as follows: The Section-2 presents the microgrid structure and its operation, along with the
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design of the parallel operation of inverters in the microgrid to realize the load sharing using the droop control method. Whereas, the
Section-3 presents the simulation results and discussion. Finally, the concluding remarks are provided in Section-4.

1. STRUCTURE OF THE MICROGRID AND OPERATION
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Fig. 1 Structure of the Microgrid

The Fig. 1 shows the structure of the microgrid. It consists of a DG which can be fuel cells, PV, wind turbines or energy storage

system, etc. In Fig. 1, the DG is connected to voltage source inverter (VSI) which is controlled by pulse width modulation (PWM).

VSI converts DC voltage to AC voltage. The network is connected with LC filters and loads. The Fig. 1 also shows a grid with a
switch to realize grid connected and islanded mode of operation.
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Fig. 2 Microgrid employing droop control

The Fig. 2 shows the microgrid employing the droop control method to regulate the voltage and frequency in islanded mode of
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operation. The active power P;, reactive power Q; and apparent power S; supplied by the inverter to the bus/load can be expressed as,

P= ﬂSin ) (1)
X
EV Cos® —V?
Q=- )
X
S, =P+0Q @)

Where, X is the output reactance of an inverter, ® is the phase angle between the output voltage of the inverter and the voltage of the
common bus, E and V are the amplitude of the output voltage of the inverter and the common bus, respectively.

From (1) and (2), it is evident that the active power Pi is predominately dependent on the power angle @, while the reactive power
Qi mostly depends on the output voltage amplitude E. Stated differently; Pi can be controlled by adjusting the power angle ® and
Qi can be controlled by regulating voltage E. However, in a stand-alone system, the frequency is used instead of the power angle or
phase angle to control the active power flow. In other words, they employ Pi-w (active power—frequency) droop in place of Pi —®
droop. Thus, by regulating the real and reactive power flows through a power system, the voltage and frequency can be determined.
Consequently, most of the wireless-control uses the droop method. The equations representing these droop relation are expressed as,

o=w,-m(P-F) (4)
E:Eo_n(Q_Qo) (5)

where o is operating frequency of the inverter, wo is the frequency set point, m is the frequency droop coefficient, P is the real
power of the inverter, PO is the real power set point, EO is the voltage set point, n is the voltage droop coefficient, and QO is the
reactive power set point.
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Fig. 3 Droop Characteristics a) P —w characteristic, b) Q-E characteristic

Reactive power

The Fig. 3 shows the typical droop characteristics. With reference Fig. 3, if frequency f, decreases to f, then there is an increase in
power output of the generating unit from Pg to P. The decrease in frequency signifies an increase in load, which necessitates the
need for more active power. Multiple parallel units with the same droop characteristic can respond to the fall in frequency by
increasing their active power outputs simultaneously. The increase in active power output will counteract the reduction in frequency
and the units will settle at active power outputs and frequency at a steady-state point on the droop characteristic. The droop
characteristic therefore allows multiple units to share load without the units fighting each other to control the load.

The operation of the droop control with reference to Fig. 2 is as follows. Feedback control system is used in the inverter, where the

output voltage and current are measured and other required data for control system are generated. The measured V,, |, are

converted to Vd,Vq and 1,1 q components which are used to calculated the active and reactive powers. The dg axis output

voltage and current measurements are used to calculate the instantaneous active power (P) and reactive power (Q) generated by the
inverter. The power loop controllers generate frequency and voltage magnitude references using the droop equations. The Fig. 5
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shows the implementation of the power loop controller which contains droop control and voltage formation block.
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Fig. 4 Power Calculation
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Fig. 5 Power Loop Controller

Now @ and E from (4) and (5) respectively will be used to generate a tracking signal for inner control loops.
S =l dt 8)
Ve =E SiNG, 9)

ref

Where vV, is a reference signal for voltage and current control loop. The inner control loop consists of current controller and

voltage controller. The voltage controller uses Pl controller to generate the required reference signals. The generated reference
signals are used to generate the required PWM pulses. The designed microgrid structure with droop control method is implemented

to realize the P - and Q — E control.

Further, the structure of microgrid shown in Fig. 1 is extended to implement the droop control method to realize the load sharing in

parallel operation of DGs. The structure of the parallel DGs with parallel inverters is shown in Fig. 6.

Dc Source - Inverter o= Load

Dc Source - Inverter

Fig. 6 Structure of parallel inverters in a microgrid
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The Fig. 6 shows, two DG’s connected in parallel sharing a common load. To realize the important aspect of load sharing of
parallel inverters in a microgrid with multiple DG’s, the droop control method is implemented. The structure shown in Fig. 6
designed and implemented in MATLAB/Simulink environment.

111. SIMULATION RESULTS AND DISCUSSION

A. Grid and Islanded Modes of Operation

The performance of the control strategy has been verified in simulation using Matlab/Simulink. The considered system is operated
for two different cases in a microgrid. They are 1) Grid and islanded mode of operation and 2) Parallel operation of inverters in a
microgrid. The system shown in Fig. 2 is designed in MATLAB/Simulink to realize the droop control technique in a microgrid. The
Table-1 shows the system parameters used to design of the microgrid.

TABLE |
SYSTEM PARAMETERS

Parameter
Rating of Inverter 70 KVA
Input DC Voltage 800V
Filter Inductance 0.6 mH
Filter Capacitance 1500 pF
Load L1 25 KW
Load L2 50 KW
Kp 10
K 100
Grid Voltage 380V
Grid Frequency 50 Hz

B. Modes of Operation

The operation of the microgrid consists of three modes, they are:

The microgrid is connected to the grid in the duration of 0 sec to 0.4 sec.

At 0.4 sec, the grid is disconnected, where the microgrid is required to supply a load of 25KW
At 0.6 sec, a 50KW load is connected (total of 75KW of load)

Fig. 8 Voltage and Current at different loading conditions
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Fig. 9 Active power and frequency variation in grid connected mode and under different loading condition

From Fig. 7, it is observed that, the microgrid is connected to the main grid supplying power to the grid during t=0 sec to t=0.4 sec.
The Fig. 8, shows the voltage and load current. At t=0.4 sec, the grid is disconnected and the microgrid operates in islanded mode
and a load of 25 KW is added, where the frequency is increased to 50.5 Hz with corresponding increase in load current as shown in
Figure 4.8.

At t=0.6 sec, a load of 50 KW is added, where the frequency of 50Hz is reached as shown in Fig. 9, with corresponding increase in
load current as shown in From the above simulation results, it is observed that during the grid connected mode, the microgrid is
supplying power to the grid. Whereas, in islanded mode of operation, the droop control technique is found to be effective in
controlling the P — w and Q — E for different load conditions.

C. Parallel Operation of DGs in a Microgrid

The structure of the system is shown in Fig. 10, which includes multiple DGs operating in parallel sharing a common load. The
Table-2 shows the system parameters considered to implement the droop control technique in parallel operation of inverters in a
microgrid to realize the equal load sharing among the inverters. The microgrid is operated in islanded mode throughout the

simulation study.
Dc Source - Inverter —»‘E - Load

Dc Source - Inverter
Fig. 10 Structure of parallel inverters in a microgrid
TABLE Il
SYSTEM PARAMETERS

Parameters Inverter-1 Inverter-2
Rating of the Inverter 70 KVA 70 KVA
Input DC Voltage Vg, 800V 800V
Filter Inductance 0.6 mH 0.6 mH
Filter Capacitance 1500 pF 1500 pF
Kp 10 10
K, 100 100
Load L1 30 KW and 30 KVar
Load L2 30 KW and 30 KVar
Load L3 30 KW and 30 KVar
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D. Modes of Operation

The operation of the microgrid consists of three modes with R and RL loads, they are:

The designed system is simulated with a load of 30 KW and 30 Kvar from t=0 sec to t= 0.4 sec

At t=0.4 sec, a load of 30 KW and 30 Kvar has added (60 KW and 60 Kvar in Total)

At t=0.6 sec a load of 30 KW and 30 Kvar is added (90 KW and 90 Kvar in total)

The designed system is simulated with a load of 30 KW from t=0 sec to t= 0.4 sec

At t=0.4 sec, a load of 30 KW has added (60 KW in total)

At t=0.6 sec a load of 30 KW is added (90 KW in total)

The Fig.11 shows the voltage and load current at different loading conditions. The Fig.12 shows, how the load is shared between the
two inverters. In all the three modes of operation the load is equally shared among the inverters (1500 KW, 3000 KW and 4500 KW)
with RL load.

3 07 [

Fig. 11 Voltage and Load current

‘f

54 \ T T T
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Fig. 12 Test of power sharing effect of the droop control method (With R-Load)

The Fig. 13 shows, the sharing of the load between the two inverters. It is observed that during t=0 to 0.4 sec, the total load of
30KW and 30 Kvar is shared equally among the inverter-1 and inverter-2. Similarly, from, t=0.4 to t=0.6 sec and t=0.6 to 1 sec., the
load is increased in steps of 30 KW and 30 Kvar.

In all the three modes of operation the load is equally shared among the inverters (1500 KW, 3000 KW, 4500 KW and 1500 KVar,
3000 KVar, 4500 KVar) with RL load. From the results, it is observed that the load sharing is realized accurately among the two
inverters in a microgrid using droop control technique.
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Fig. 13 Test of power sharing effect of the droop control method (RL-Load)
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IV. CONCLUSION

This paper presented the operation of a microgrid using droop control strategy. A microgrid is designed to control the voltage and
frequency during islanded mode of operation with varying load conditions. Further, this paper also focused on the parallel operation
of inverters in a microgrid to realize the equal sharing of the load among the inverters using droop control strategy. To study the
effectiveness of the control method, the system is designed and implemented in MATLAB/Simulink environment. The simulation
results reveals the fact that the droop control is effective in regulating the voltage and frequency under varying load conditions.
Further, the simulation results also reveals that the droop control technique is efficient in sharing the load equally among the parallel

inverters.
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