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The controls of power generation by the inverter-based generator are
proposed in this work. The proposed control adjusts the active power output
by varying the phase angle instead of the conventional frequency variation.
The benefit of operating the network by a fixed frequency is that it eradicates
the problems associated with the frequency deviation. The PID controls with
recommended gain adjustment are proposed to control the power generation.
The power generation schemes are adapted from the classical power
generation by the synchronous generator, where the modes of operation are
Swing, PV and PQ mode. The proposed three modes of operation are
adequate to operate fully in a small-scale power system such as in an
islanded microgrid. A case study of operating the proposed controls in a
microgrid by simulation is used to demonstrate the feasibility of
implementation of the controls.
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1. INTRODUCTION

The microgrid concept is gaining attention in power system engineer communities nowadays. The
need to separate the power system into a microgrid in some area is growing. It has been forecast that the
capacity of the microgrid will increase to six times of today’s capacity in the next decade [1]. Its operation
and control are still in the developing stage and remain challenging. The main resource of power supply in
the microgrid is renewable energy [2]. The growing concern over climate change which is majorly caused by
overconsumption of fossil fuel is driving the trend of moving toward renewable sources. Many countries,
such as those in Europe are reducing their carbon footprints by welcoming renewable sources. A challenge
for power system engineers is interconnecting power generation by conventional fossil fuel generators and
renewable sources. The power generated by the conventional hydro and fossil source is mostly delivered by
the synchronous generator. Meanwhile, the renewable source converts energy to the network by the inverter-
based generator. A main feature of power generation by the synchronous generator is that the active power
output is varied by adjusting the output voltage frequency. This relationship is manipulated to use in the
control of power generation in the microgrid, called “droop control”, such as in [3-8]. Applications of droop
control can be found in recent publications such as in [9-15]. Droop-based control has gained popularity due
to its simplicity and autonomous operation. However, this imitation of the operation of the synchronous
generator is somewhat problematic. Without using properly chosen droop gain coefficients, the system can
become unstable [8, 16-19]. Due to its drawback, the synthesis of droop will be eliminated in the proposed
control. It has also been reported that droop control does not work properly with resistive line [19-21]. There
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is no problem related to the resistive line for the proposed control. In addition, the fallout of frequency
deviation, such as the frequency stability, is considered a critical issue for the secure microgrid operation.
The frequency deviation will be eliminated in the proposed controls. There are works that attempt to adjust
the phase angle instead of frequency [22-24]. These works use the angle droop to control the power sharing
in the microgrid. The controls need a GPS to synchronize the operation, which is not reliable. While active
power generation is also controlled by adjusting the phase angle in the proposed control, it needs no droop
equation and GPS system to control the phase angle adjustment. The work in [25] avoids using droop control
completely by application of instantaneous power theory, to approximate the line impedance. However, the
approximation cannot guarantee the performance of the power generation. There is no need to use the line
impedance value or its approximation to formulate the proposed control.

In this work, PID control scheme is used to control the power generation by phase angle adjustment.
The proposed PID control is divided into subsets of power generation that mimics the power generation using
synchronous generator. Three modes of operation, Swing; PV and PQ mode, are introduced to control the
inverter-based generator. These control subsets are suitable to form the full control of a power system
network. PID gain selection is also recommended in every control subset.

This paper is organized into the following sections. First, the proposed PID controls and the modes
of operation are detailed. Second, in order to prove the feasibility of its implementation in the real power
system, a case study of a microgrid is demonstrated by simulation. Lastly, this research is summarized in the
conclusion section.

2. THE PROPOSED CONTROL

In Figure 1, the proposed control of power generation is a kind of VVoltage Source Inverter (VSI) that
generates power flowing through the output inductor Lg. The inductor is a crucial part of controlling output
power in this work. It filters out the discontinuities of phase change due to the adjustment of the proposed
control. In addition, its sizing affects both of the power generation capacity and the PID gain adjustment. The
proposed control is the reference voltage generator of the VSI, it generates the voltage reference |Vq"|2d4" for
the voltage controller of the inverter as depicted in Figure 2. PID control is used to generate the reference
voltage in this work. The magnitude and phase of the reference voltage are fixed from the start to the end of
the voltage cycle, and are updated periodically every 1-5 cycles. The differences in magnitude and phase of
the generating voltage Vg4 and terminal voltage V; are used to control the reactive and active power generation
respectively. In this paper, three kinds of Distributed Generator (DG) which are sufficient for fully operating
in a microgrid, are proposed. The proposed DGs are VSIs that operate in three modes of power generation,
mimic the modes of operation of the synchronous generator. The proposed three modes of operation are 1)
Swing control, 2) PV control and 3) PQ control. The detail of each mode is proposed in the following
subsections.
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Figure 1. The proposed control of power generation Figure 2. The reference voltage generator

2.1. Swing control mode

In this mode, the active and reactive power generation are not specified. The magnitude and phase
angle of the terminal voltage are controlled to be fixed values. The proposed reference voltage generator of
this mode is shown in Figure 3. The control of the magnitude of terminal voltage is a Pl control. The
proportional and integral gain for the control found to provide satisfactory performance are

K,=K =1 @)

The control of the phase angle of terminal voltage ¢; is also a PI control. The phase angle of
generating voltage Jy is adjusted by adding the controlled phase angle difference AJ to the detected phase
angle of the voltage at the terminal J:. The proportional and integral gain for the phase angle control found to
provide satisfactory performance are also in (1).
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Figure 3. The swing control mode.

2.2. PV control mode

In this mode, the active power generation is specified, whereas the reactive power is not. In addition,
the magnitude of terminal voltage is also specified. The proposed reference voltage generator of this mode is
shown in Figure 4. The control of the magnitude of terminal voltage in this mode is also the same as the Pl
control in the proposed swing control mode. The proportional and integral gain for the control found to
provide satisfactory performance are also in (1)
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Figure 4. The PV control mode

The control of the active power generation P is a PID control. It is used to adjust the phase angle
difference AJ between terminal and generating voltage. The phase angle of the generating voltage dy is
calculated by adding the controlled phase angle difference Ad to the detected phase angle of the voltage at the
terminal ¢.. The proportional gain K, for the PID control of the phase angle difference found to provide
satisfactory performance, can be calculated by

K, =01—2_ @)

(IVpusl®?

where Xq is the inductance of the output inductor and |[Vis|” is a rated voltage magnitude at the connected bus.
The integral and derivative gain of the PID control are

K; = 2K, 3)
and

K, = 0.1K, Q)
respectively.
2.3. PQ control mode

In this mode, both active and reactive power generation are specified. The proposed reference
voltage generator of this mode is shown in Figure 5. The control of active power generation in this mode is

also the same as the PID control in the previous PV control mode. The PID gain for the control found to
provide satisfactory performance can be calculated in the same manner as (2)-(4).
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Figure 5. The PQ control mode.

The control of the reactive power generation Q is a PID control. It is used to adjust the voltage
magnitude difference AV between terminal and generating voltage. The magnitude of generating voltage |V|
is calculated by adding the controlled magnitude difference AV to the detected magnitude of the voltage at
the terminal |Vi|. The proportional gain K, for the PID control of the magnitude difference found to provide
satisfactory performance can be calculated by

Xg

Kp = 0.1~ ®)

The integral and derivative gain of the PID control are

K; = 2K, (6)
and

K, = 0.1K, 7

respectively.

3. SIMULATION STUDY, RESULTS AND DISCUSSION

A case study of meshed network is used to demonstrate the feasibility of implementation of the
proposed controls by means of MATLAB/SIMULINK simulation. The simulation is performed on a personal
notebook computer with i7 core chipset. A fixed-step type with discrete solver is used in the simulation. With
the fixed-step size of 2 microseconds, the solver takes roughly 5 minutes to complete a task of simulation
time shorter than 5 seconds. Figure 6 shows the configuration of the demonstrated power system, which can
be regarded as an islanded microgrid. The network is a three phase 380V/50Hz. It consists of 5 buses with
three DGs connected to three buses and the other two buses are load buses. The three DGs operate in Swing
control mode for bus no.1, PV control mode for bus no.3 and PQ control mode for bus no.5. The lines
connecting between buses are the combination of both resistive and inductive line types. The specification of
power generation, load and voltage of each bus are shown in Table 1. The simulation results of the system
that is operated to the point that the system is in stable and steady state condition, are in Table 2-4. Per unit
values are shown in all figures and tables are calculated by base kV=0.38 and base MVA=1.
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Figure 6. The configuration of the demonstrated microgrid.
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Table 1. Specification of generators and loads.
Generation Load Voltage (Vy)

BIS Py  Q@W PG  QpEw  pu  Angle  BUSHPe
1 no no 0.75 0.4 1.03 0° Swing
2 1.25 0.5 no no Load
3 1.75 1 0.6 0.3 no no PQ
4 0.9 0.5 no no Load
5 1 no 0.55 0.3 1.02 no PV

The simulation results of power that are generated and supplied to the loads of buses are in Table 2
and the results of power flow between buses are in Table 3. It can be seen in Table 2 that the proposed PV
and PQ mode DGs are able to generate the power to the specified values, P=1pu of PV, P=1.75pu and Q=1pu
of PQ. The powers supplied to the loads do not exactly match their specification. This is because the voltage
at its connected bus deviates slightly from the rated voltage, which is a normal operation.

Table 2. Results of power

Bus Generation Load Remark
P(pu) Q(pu) P(pu) Q(pu)
1 1.45 (A5=2.47°) 0.95 (AV=0.0455pu) 0.79 0.42 Swing Bus
2 1.19 0.48 Load Bus
3 1.75 (controlled, A6=3.19°) 1 (controlled. AV=0.0524pu) 0.67 0.33 PQ Bus
4 091 0.51 Load Bus
5 1 (controlled, A§=2.39°) 0.24 (AV=0.0184pu) 0.56 0.31 PV Bus

*Result of system frequency is 50.00Hz

Table 3. Results of power flow between buses.

Line P(pu) Q(pu)
Bus no.1 to Bus no.2 0.81 0.78
Bus no.1 to Bus no.3 -0.55 -0.29
Bus no.1 to Bus no.4 0.23 0.01
Bus no.1 to Bus no.5 0.18 -0.01
Bus no.2 to Bus no.5 -0.41 0.24
Bus no.3 to Bus no.4 0.52 0.37
Bus no.4 to Bus no.5 -0.18 -0.17

*Result of system frequency is 50.00Hz

The simulation of voltages at buses and the generated voltages of DGs are in Table 4. It can be seen
that the proposed Swing control mode DG is able to generate the terminal voltage to the specified magnitude
of 1.03pu while maintaining its phase reference of 0°. In addition, the proposed PV control mode DG is
simultaneously able to generate the terminal voltage to its specified magnitude of 1.02pu.

Table 4. Results of voltages

Bus Vq Vhus Bus type
pu. Angle pu. Angle
1 1.0755 2.47° 1.03 (controlled) 0° (controlled) Swing Bus
2 0.9771 -1.93° Load Bus
3 1.1155 5.31° 1.0631 2.12° PQ Bus
4 1.0111 -0.42° Load Bus
5 1.0384 2.31° 1.02(controlled) -0.08° PV Bus
*Result of system frequency is 50.00Hz

It can be seen that the voltage magnitude in some points of the network is greater than 5% of the
rated voltage. This is due to the fact that the overall reactive power in this network is relatively high.
Therefore, these create the condition that the DGs needed to raise its output voltage to adequately supply
reactive power. In practice, the reactive power demand can be supplied by the capacitor bank then voltages in
the network should be lower.

The angle deviation can be evaluated from the results of voltages in Table 4. It can be seen that all
buses have their own voltage angle. In the proposed controls, the real and reactive power, the voltage
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magnitude and angle, are controlled depending on mode of operation. P and Q are generated independently
by adjusting the differences of voltage angle and magnitude respectively. The difference is controlled locally
to the connected bus, the proposed control uses the voltage angle and magnitude at the connected bus as the
information to communicate between controls.

In order to prove its dynamic response, the same system is simulated continually by changing the
command of active and reactive power of the PQ mode DG. At the time of second 2, the reference P and Q of
DG3 were changed from 1.75pu and 1pu, to 2pu and 0.8pu respectively. It can be seen from Figure 7 that
both P and Q of DG3 are able to change to the new setpoints. Where P and V of DG5, in addition to the
magnitude and phase angle of voltage at the Swing bus, are able to maintain their set points after the
changing. In Figure 7 d), the system frequency fluctuates very little due to the adjustment of the voltage angle
by the controls, and returns to 50.00Hz very quickly.
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Figure 7. The results of controlled values after changing,
a) power, b) voltage, c) angle and d) system frequency.

4.  CONCLUSION

The control of power generation in a microgrid that eliminates the frequency stability’s problem is
proposed in this work. Unlike the conventional active power generated by varying frequency, the proposed
control is achieved by varying the phase angle. The PID control with recommended gain adjustment, is used
to control to mimic the modes of operation of the synchronous generator. This transforms the classical
control operation of the synchronous generator in the main power grid into a small-scale power system using
the inverter. With fixed system’s frequency, the control of power generation is much smoother than its droop
control counterpart. The simulation results prove its feasibility that this type of controls can be implemented
in a real microgrid by using voltage source inverters. The power generated by the proposed inverter is the
power generation of the future because of the growing trend of moving toward renewable energy.
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