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Abstract

This study cation demonstrates the performance of Maesariang Microgrid System (MMGS) during
changing operation mode from grid connection to island in 2 cases and from island to grid connection in
2 cases. Stability Analysis (RMS) and Electromagnetic Transient (EMT) simulation by using DigSILENT
Power Factory software is used to evaluate MMGS performance during switching the operation mode
between grid connection mode and island mode that is the critical period of MMGS for controlling the
network security, stability, reliability, and power quality of its service area. The behavior of active power
generation from the PV system, the active and reactive power generation, voltage, and frequency from
Battery Energy Storage System (BESS) at Maesariang substation in 50 s of the changing mode periods
with and without communication time delay is studied for indicating MMGS performance in each simulation
case. The simulation result presents that MMGS has impressive performance to manage all studied electrical
parameter during changing mode from island to grid connection in all case and grid connection to island
in the case that the spare generation power of BESS is higher than the lose incoming power and communication
time delay has the unimportant effect to MMGS performance. In the contrary, MMGS performance during
changing mode from grid connection to island in the case that the spare generation power of BESS is
equal or lower than the lose incoming power is quite terrible and communication time delay are the
precious factor to arbitrate the continuously operation or blackout in MMGS.
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1. Introduction

Since 2000, Thailand power demand has been continuously increasing at about 4.22% per year
[1]. The main factors driving the demand is population expansion and economic growth, However, new
fossil-fueled centralized power plants to satisfy the rising demand has increasingly being constrained
by the growing concerns on the environmental and social impacts, that include greater public opposition
to these power plants. The development of renewable energy power plants is a key solution to increasing
power generation capacities that avoid environmental and social problems. In Thailand, solar and wind
are the main sources of renewable energy for electricity generation. The country currently has 3.5 GW
solar, and 1.5 GW wind power installed capacities [2, 3].

However, electricity supply from these power systems can be unstable. There can be fluctuation in
power production and that can result in power outages. The addition of solar and wind power plants in
a Low Voltage Distribution System (LVDS) can cause of harmonics distortion, voltage and power
fluctuation, frequency variations, and power factor [4-9]. Such power outages negatively impact the
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economy and pose security problems in some areas. If these problems cannot be solved, supplying power
from solar and wind systems to the grid can be difficult and unfeasible.

Microgrid systems can effectively deal with these problems. Microgrid systems are adaptable, allow
for expandable and flexible sizing, and can apply intelligent or smart grid devices for power management.
Microgrid systems can increased the affordability of renewable energy based Distributed Energy
Resources (DERs). A microgrid system is an independent electrical network consisting of distributed
loads, DERs, and energy storage, which can be controlled as a single power system. Normally, a microgrid
is connected to a national grid. But the microgrid can also disconnect from the national grid and operate
on “island mode”. It can function autonomously and depends on commands based on site-specific physical
and/or economic conditions distinct from those conditions for the main grid.

Microgrid systems have been implemented in many countries such as in the USA, in many
European countries, in Japan, China, South Korea, and in Thailand. Microgrid systems were
implemented to improve network security, stability, reliability, and the power quality in the regional
area where the microgrid system is supplying electricity,

In Thailand, the School of Renewable Energy & Smart Grid Technology, Naresuan University
(Sgtech-NU), in Phitsanulok province, has been demonstrating and operating the country’s first PV-
powered microgrid system since 2008 [10,11]. Since then, many organizations, particularly the
government energy agencies such as Electricity Generating Authority of Thailand (EGAT),
Metropolitan Electricity Authority (MEA), Provincial Electricity Authority (PEA), Energy Policy and
Planning Office (EPPO), and including private organizations and companies, have also been conducting
research, development, and implementation of microgrid systems. Many of these microgrid systems
have increasing share of solar and wind energy generation [12-17].

2. Statement of the Study

2.1. Background

The Maesariang district in Mae Hong Sorn province is one of the weakest power network areas
under PEA service. This area receives power from the Hot substation that is about 110 kilometers away
from the district, using a 22 kV distribution line that passes through forest and backcountry areas.
Therefore, the power network in this area has faced many problems due to the long distribution line
such as, energy losses (about 19 % or 6.7 GWh/year), voltage sag, and power interruptions that lead to
power outage of over 20 times per year. In addition, the feeder voltage from the grid-connected solar
farm in this area, usually rises over the PEA upper limit when the power generation is high, and the
load consumption is low. This result to the disconnection of the PV power plant from the distribution
system and the loss of the power generation from the plant.

Because of these reasons, PEA decided to implement improvements in the Maesariang Microgrid
system (MMGS) located in this district to solve these problems, and to improve the network security,
stability, reliability, and power quality in the MMGS service area. The operation to change the operation
of the MMGS from a grid connected mode to an island mode is a critical period for controlling the network
security, stability, reliability, and power quality in the regional power area covered by the grid. Therefore,
it is really a challenge to study the performance of MMGS during the switching operation mode.

2.2. Objectives and Expected Results

This paper aimed to present four simulation scenarios or cases of Stability Analysis (RMS) and
Electromagnetic Transient (EMT) simulations of the MMGS using the DigSILENT Power Factory
software, during the shifting of the operation of the microgrid system from a grid connected mode to an
island mode. The simulations were performed using actual distribution network data and conducting
actual technical assessment of the MMGS.

The simulation results should give indications on the impact on the network security, stability,
reliability, and power quality of MMGS during the switching of the operation mode of the microgrid.
Moreover, controlling techniques to increase the performance of the MMGS, and to decrease the impacts
during changing of the operation mode, are expected to be developed also from the simulation results.
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3. Case Study of the Maesariang Microgrid System

3.1. Maesariang Microgrid System (MMGS)

The MMGS started operation in the fourth quarter of 2020. The MMGS was constructed to improve
the existing 22 kV Maesariang distribution system. New microgrid components were installed to upgrade
the distribution system, such as a microgrid controller, a battery storage, a diesel generator, and a
communication system.

The components of the MMGS include a 600 kW hydro generator system (HG), 4 MW diesel
generator (DG),4 MW PV system, 3 MW/1.5 MWh Battery Energy Storage System (BESS), the Microgrid
controller, the communication system, and the Maesariang load (peak load at 6.8 MW). These
components are integrated to work together as a single system, controlled through the microgrid
controller.

The MMGS is operating mainly in a grid connected mode to achieve and maintain energy
efficiency, stability, reliability, and power quality, but it can operate in an island mode during
emergency cases for network security. The power generation and load of the MMGS can be controlled
through the balancing of power demand and supply to achieve the PEA acceptable standards under
various conditions. Fig. 1 shows the schematic diagram of the Maesariang Microgrid System. The
service area of the MMGS is shown in Fig. 2.

HOT Substranon

22 kV Distributidn Line
115 km of disthnce

| = = e : ‘s L=
7 Microgrid V
.7 1 Controller

(4 MW/Diesel (3 MW/1.SMWhBESS)
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Maesariang Microgrid System, MMGs

Fig. 1 Maesariang Microgrid System (MMGS).
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Fig. 2 The service area of MMGS.

3.2. Stability Analysis (RMS) and Electromagnetic Transient (EMT) simulation

With the DigSILENT Power Factory software, the RMS/EMT simulation that integrate a
simulation scan feature and flexible co-simulation options can be used for diagnosing mid- to long-term
transients under balanced or unbalanced conditions [18]. RMS/EMT simulation is used for responding
to power system transient problems such as lightning, switching and temporary over-voltages, inrush
currents, ferro-resonance effects or sub-synchronous resonance problems that integrate co-simulation
options. It offers the greatest flexible and powerful platform for dealing with power system
electromagnetic transient problems [19].

The active and reactive power flow can be calculated from equations (1) and (2). The typical bus i
and j voltage of the system is presented in the polar coordinates. The final current is delivered to the
network at the bus 7 in terms of the element Yij [20, 21]. Two-bus load flow equivalent circuit is
illustrated in Fig. 3.
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where

P Active Power

O = Reactive Power

U = Voltage Magnitude

1 = Current

Y = Admittance

6 = Voltage angle
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Fig. 3 Two-bus load flow equivalent circuit.

As shown on the MMGS single line diagram in Fig. 1, the PEA bus at Maesariang substation, to
which the BESS and DG are connected, is regarded as the slack bus, while the 22 kV line from the Hot
substation and the other buses that the HG and PV systems are connected to, are considered as the PV
bus. For the other buses, they are defined as the PQ bus.

As mentioned earlier, the DigSILENT Power Factory software was used in the RMS/EMT
simulation to diagnose the change of the mode of operation of the MMGS from grid connected to island
mode. During the 50-second duration of the simulation, the switch that connect the MMGS with the
Hot substation was opened and then closed immediately to change from a grid connected mode to an
1sland mode, and vice versa.

The PV active power, the BESS active/reactive power, and the BESS voltage/frequency at
Maesariang substation were computed as a time function of the simulation and analyzed with reference
to PEA acceptable range of grid voltage and frequency (see Fig. 4). The network security, stability,
reliability, and power quality of MMGS during the switching operation mode in each simulation case,
with and without the communication delay effect, was studied.
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| (Vgrid = 0.96-1.06 PU.) |
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Fig. 4 PEA acceptable range of grid voltage and frequency.

3.3. Simulation Scenarios

In the operation of the MMGS, the BESS is the most important tool that can be used for maintaining
the network security, stability, reliability, and power quality especially in short time periods (not over
30 minutes) because it can quickly generate or absorb power within the microgrid system for balancing
the electricity generation and load, with the voltage and frequency variations maintained within the
acceptable ranges of the PEA regulation. On the other hand, the power generation from the PV system can
disturb the network security, stability, reliability, and power quality of the MMGS as it can rapidly fluctuate
without warning because of the variation of the solar irradiance. This result to lack of control in balancing
the electricity generation and load in the microgrid system, resulting to being unable to maintain the
voltage and frequency within the acceptable ranges of PEA regulation.

Therefore, this simulation study focused on the active power flow behavior from the PV system
and the BESS line at Maesariang substation. In addition, the response of reactive power, voltage, and
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frequency from BESS line at Maesariang substation were also the focus of the simulation. For the other
generators such as the DG and HG, they had minor roles in the short-term simulation because they
usually generate power at constant values, and changes in their power generation rates are much slower
when compared with the PV system and BESS.

There were four simulation cases or scenarios in this paper. The first two cases involved a change
of the operation from a grid connected mode to an island mode; and the next two cases involved a
change of the operation from an island mode to a grid connected mode. In addition, two cases analyzed
the effect of connecting and disconnecting the DG to the microgrid system, after changing from a grid
connected mode to an island mode.

The details of the four simulation scenarios are shown in Table 1 The simulation diagrams using
the DigSILENT Power Factory software for the first to the fourth simulation cases are presented in Figs.

5to 9, respectively.

Table 1 The details of the simulation scenarios.

Generation & load

Changing from grid connected to island

Changing from island to grid connected

Scenario 1

Scenario 2

Scenario 3

Scenario 4

PV system

-3.316 MW@ 10s

-3.800 MW@ 10s

-3.368 MW@ 10s

-3.380 MW@ 10s

BESS

-1.676 MW@ 10s

20.970 MW@ 10s

-0.998 MW@ 10s

-1.200 MW@ 10s

HG

-0.400 MW@ 10s

-0.330 MW@ 10s

-0.400 MW@ 10s

-0.320 MW@ 10s

DG

-1.408 MW@ 10s

0.000 MW@ 10s
-2.000 MW@ 10.2s
-4.000 MW@ 10.4s

2534 MW@ 10s

-2.000 MW@ 10s
0.000 MW@ 13s

MMGS load without Hot
substation line

6.800 MW@ 10s

6.800 MW@ 10s

6.800 MW@ 10s

6.800 MW

Hot substation line incoming

-0.500 MW@ 10s

22 MW@ 10s
0.000 MW@ 10.2s

0.000 MW@ 10s

0.000 MW@ 10s

Hot substation line load in
MMGS

0.500 MW@ 10s

0.500 MW@ 10s

0.500 MW@ 10s

0.500 MW@ 10s

Fig. 5 The simulation diagrams in DigSILENT Power Factory software of 1% simulation case.
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Fig. 8 The simulation diagrams in DigSILENT Power Factory software of 4™ simulation case.
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4. Results and Discussion

4.1. Simulation Scenario 1. Grid Connected Mode to Island Mode Microgrid

The electrical generation and load components of the MMGS, under simulation scenario 1, before
the 10-second shifting operation of the microgrid from grid connected to island mode, are shown on
Table 1. The operation diagram of the grid connected MMGS is shown on Fig. 9. Within the ten-second
shifting operation, the 22 kV switch (SW6) that connected the Hot substation line with the MMGS was
opened, and the MMGS was disconnected from the Hot substation, changing the operation mode of the
MMGS from grid connected to island mode. The operation diagram of the MMGS in the island mode
is shown in Fig. 10.

1)
115 kv ine No.L Future e
Ta HOT Substation 115 kV fine ¥ _5GADA
+ Communication
HSR Substa tion backbo e

TPL TRE s Gatewa

115 W/ 32 kv LIS KW/22KV »7= (C5C8) ] L
25 MVA WMVA o f

Toeach €6 via Ethernet

#ach B Switch

Micra G rid
Controller
(MGC)

ave
(Disel

uuuuu

[l Measurcment Pointand Protection [ LC | Local Contral

Fig. 9 The 1* case operation diagram of MMGS before switching mode from grid connected mode to
island mode at 10 s.

A
Y re
115 kv Ene o1 Future
Ta HOT Substation 115 kV fine: ¥_SCADA
3 Communication
MSR Substation backbone
Control System

(rses) Gateway

TRL TP2 o
115 1/ 22 WY 115 KU[22kY 27
25 MVA asMua 1

Toeach CBvia Ethernet
each By Switch

Micro Grid
Controller
(MGE)

e
(Diesel

uuuuu

Diesel
Engine

e |

[l vessurement Point and Protection 1| Local Control

Fig. 10 The 1* case operation diagram of MMGS after switching mode from grid connected mode to
island mode at 10 s.

1) “No communication time delay” Case

The behavior of the active power flow from the PV system and the BESS line, and the reactive
power, voltage, and frequency response of the BESS line at Maesariang substation during the 50-second
simulation period, where there was no delay in the communication time, are shown by the graphs in
Fig. 11. The graphs clearly show that during the initial 10-second period, the active power generation
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from the PV system was steady at 3.31 MW while the active power generation from the BESS was
increasing rapidly. Moreover, the reactive power generation from the BESS was quickly dropping and
then changed to absorb reactive power at a fast-increasing rate. The BESS line voltage was slightly
increasing while BESS line frequency was slightly decreasing.

-3.00
-3.10

1
10.00
————— LineBESS_0: Volage, Magnitu
e —— ——— ——— —— — — -
r
50.10

50 00

49.90

49.80

LineBESS_0: Electrical Frequency/Terminaliin Hx

Fig. 11 The active power of the PV system and BESS line and the reactive power, voltage, and
frequency of BESS line without communication time delay at Maesariang substation in 50 s of the
switching mode periods.

After the 10 seconds during which the SW6 was switched off and the MMGS was disconnected
from the Hot substation, the following, which can be seen correspondingly in the graphs in Fig. 11,
were observed within the 50-second simulation period:

o the active power generation from the PV system fluctuated between 3.10 — 3.40 MW for one

second and then stabilized at nearly 3.30 MW in ten seconds.

e the active power generation from the BESS suddenly increased to 2.25 MW slightly fluctuated

for one second and stabilized at about 2.13 MW,

o the reactive power from the BESS fluctuated between 0.50 generating MVar to 0.50 absorbing

MVar for one second, and stabilized at generating 0.15 MVar,

o the BESS voltage fluctuated between 0.98—1.06 p.u., then stabilized at nearly 1.03 p.u., which is

in the normal range of PEA grid code, and

o the BESS frequency suddenly decreased to 49.8 Hz, slightly fluctuated for one second, and then

stabilized at 49.84 Hz at 11 seconds, this is nearly the same as the rated frequency of 50 Hz.
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The values of these electrical parameters during the switching of the operation mode from grid
connected to island mode, and where there was no delay in the communication time (during the 10-second
switching time and the rest of the 50-second simulation period), point out the excellent performance of the
MMGS in controlling the network security, stability, reliability, and power quality under this 1%
simulation case study.

2) “One second communication time delay” Case

The active power flow behavior from the PV system and the BESS line, and the reactive power,
voltage, and frequency responses of the BESS line at Maesariang substation, with one second delay in
communication time, during the 50-second simulation period, are shown correspondingly in the graphs
in Fig. 12. The graphs show that the active power generation from the PV system, and the active and
reactive power generation, voltage, and frequency from the BESS, have the same pattern of as in having no
delay in communication, but the switching time was extended for one second.

m— == B A B B 1
fmm ——————— e ———————— F————————— 1
————— e d—————— 4
————————— J————————— o e ———— ]
o A Ao 1
|

.00 10.00 20.00 30.00 40.00 1s] 50.00
= LineBESS_0: Total Reactive Power/Terminal jin Mvar

1.085

1.060

0'96%.00

0
LineBESS_0: Voltage, Magnitude/Terminal i in p.u

LineBESS_0: Electrical Frequency/Terminal i in Hz

Fig.12 The active power of the PV system and BESS line and the reactive power, voltage, and
frequency of BESS line with 1 s communication time delay at Maesariang substation in 50 s of the
switching mode periods.
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After the 11 seconds during which the SW6 was switched off and the MMGS was disconnected from
Hot substation, the following, which can be correspondingly seen in the graphs in Fig. 12, were observed
during the 50-second simulation period:

o the active power generation from the PV system and the active power, reactive power, voltage,
and frequency from the BESS has the same pattern with no communication delay case but the time
is delayed for one second.

o the electrical parameters during the 11-second shifting time from grid connected mode to island
mode and during the following time of the rest of the 50-second simulation period, have the
same performance as the “no communication time delay” case.

This was an indication that the “one second communication time delay’” had no effect to the electrical

parameters during the switching of the mode operation in this 1% simulation case.

4.2. Simulation Scenario 2. Grid Connected Mode to Island Mode Microgrid

The electrical generation and load components of the MMGS, under simulation scenario 2, before
the 10-second shifting of the microgrid from grid connected to island mode, are shown on Table 1. The
operation diagram of the grid connected MMGS is shown on Fig. 13. Within the ten-second shifting
operation, the 22 kV switch (SW6) that connected the Hot substation line with the MMGS was opened,
and the MMGS was disconnected from the Hot substation, changing the operation mode of the MMGS
from grid connected to island mode. The operation diagram of the MMGS in the island mode is shown
in Fig.14.

1) “No communication time delay” Case

The behavior of the active power flow from the PV system and BESS line, and the reactive power,
voltage, and frequency response of the BESS line at Maesariang substation during the 50-second
simulation period, where there was no delay in the communication time, are shown by the graphs in
Fig. 15. The graphs clearly show that during the initial ten seconds, the active power generation from
the PV system was steady at 3.80 MW while the active power generation from the BESS increased to
1.00 MW. Moreover, the reactive power generation from the BESS decreased to 1.00 MVar. The BESS
line was steady at 1.04 p.u., and so was the BESS line frequency, which was also steady at 50 Hz.

After the ten seconds during which the SW6 was turned off and the MMGS was disconnected from
the Hot substation, the following, which can be seen correspondingly in the graphs in Fig. 15, were observed
during the 50-second simulation period:

o the active power generation from the PV system immediately dropped to 1.50 MW after this and
then increased again and stabilized at around 3.60 MW in 20 seconds.

o the active power generation from BESS suddenly increased to 2.60 MW and then decreased to zero
within 5 seconds, it stabilized to around 2.60 MW in 22 seconds.

e the reactive power from the BESS immediately dropped to zero but increased to 1.75 MVar within
5 seconds, it then stabilized to around 1.20 MVar in 23 seconds.

e the BESS voltage decreased to 0.45 p.u. in five seconds, and then increased before it stabilized
to around 0.98 p.u. within 22 seconds; this was out of the normal range of PEA grid code.

e the BESS frequency decreased to 47.50 Hz, then increased again to 50 Hz, and then lightly
dropped again stabilized at 49.80 Hz, all of these in 20 seconds; this is nearly out of the frequency
range in PEA grid code.
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Fig. 13 The 2™ case operation diagram of MMGS before switching mode from grid connected mode
to island mode at 10 s.
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Fig. 14 The 2™ case operation diagram of MMGS after switching mode from grid connected mode to
island mode at 10 s.
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Fig. 15 The active power of the PV system and BESS line and the reactive power, voltage, and
frequency of BESS line without communication time delay at Maesariang substation in 50 s of the
switching mode periods.

The values of these electrical parameters during the switching of the operation mode from grid
connected to island mode and where there was no delay in the communication time (during the 10-second
switching time and the rest of the 50-second simulation period), indicate a moderate performance of the
MMGS in controlling the network security, stability, reliability, and power quality under this 2™ scenario
simulation case.

2) “One second communication time delay” Case

If there was one second delay in communication time, this could not be simulated, because the DG
could not start in time, and this could have resulted to system failure and blackout in the MMGS. This
showed the poor performance of the MMGS in controlling the network security, stability, reliability, and
power quality during mode switching under the 2™ scenario simulation case, where there is one-second
delay in communication time. The communication time delay is a key factor to protect the MMGS from
blackouts during the shifting of the grid operation mode under the 2™ scenario simulation case.
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4.3. Simulation Scenario 3: Island Mode to Grid Connected Mode Microgrid

The electrical generation and load components of the MMGS, under simulation scenario 3, before
the 10-second shifting of the microgrid from island to grid connected mode, are shown on Table 1. The
operation diagram of the MMGS island mode is shown on Fig. 16. Within the ten-second shifting
operation, the 22 kV switch (SW6) that connected the Hot substation line with the MMGS was closed,
and the MMGS was connected from the Hot substation, changing the operation mode of the MMGS
from island to grid connected mode. The operation diagram of the grid connected MMGS is shown in
Fig. 17.

1) “No communication time delay” Case

The behavior of the active power flow from the PV system and the BESS line, and the reactive
power, voltage, and frequency response of the BESS line at Maesariang substation during the 50-second
simulation period, where there was no communication time delay, are shown by the graphs in Fig. 18.
The graphs show that within the first 10 second period, the active power generation (at 2.37 MW) from
the PV system, and the active power generation (1.00 MW), reactive power generation (0.38 MVar),
voltage (1.04 p.u.), and frequency (49.92 Hz) of the BESS, were all steady.

After the ten seconds during which the SW6 was closed and the MMGS was connected to the Hot

substation, the following, as can be seen correspondingly in the graphs in Fig. 18, were observed:

o the active power generation from the PV system fluctuated between 2.20 - 2.41 MW for two
seconds, and then stabilized to around 2.36 MW within 20 seconds.

o the active power generation from the BESS suddenly increased to 3 MW and then decreased
and changed to absorption power to about 2.10 MW in 2 seconds, the active power absorption
continued to decrease until it changed to power generation and stabilized at 1.00 MW within
20 seconds.

o the reactive power from the BESS immediately changed from generation to absorption to about
0.50 MVar in 10 seconds, and then switched back to generation to about 1.80 MVar before
stabilizing to around 0.40 MVar in 28 seconds.

e the BESS voltage was fluctuating between 1.060 - 0.985 p.u. for two seconds, and then
increased slightly and stabilized to around 1.045 p.u. within 24 seconds, this was within in the
normal range of the PEA grid code.

o the BESS frequency was swinging between 49.50 to 50.20 Hz for 2 seconds, and then, dropped
lightly and stabilized to 49.92 Hz within 26 seconds, this was near the rated frequency value.
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Fig. 16 The 3™ case operation diagram of MMGS before switching mode from island mode to grid connected
mode at 10 s.
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Fig. 17 The 3" case operation diagram of MMGS after switching mode from island mode to grid
connected mode at 10 s.
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BESS line without communication time delay at Maesariang substation in 50's of the switching mode periods.
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In this 3™ simulation case, the change in the operation mode from island to grid connected mode
was for 10 seconds and there was no communication time delay. The values for the electrical parameters
during the change in the operation mode from island to grid connected mode showed the excellent
performance of the MMGS in controlling the network security, stability, reliability, and power quality.

2) “One second communication time delay” Case

The behavior of the active power flow from the PV system and the BESS line, and the response
reactive power, voltage, and frequency of the BESS line at the Maesariang substation, in the case where
there is one second delay in communication time during the 50-second simulation period, are shown by
the graphs in Fig. 19. The graphs show that the active power generation from the PV system, and the active
and reactive power generation, voltage, and frequency from the BESS, wherein the operation mode shifting
time was extended for one second, have all the same pattern as with the case where there was no delay in
communication time.
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Fig. 19 The active power of the PV system and BESS line and the reactive power, voltage, and
frequency of BESS line with 1 s communication time delay at Maesariang substation in 50 s of the
switching mode periods.
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After the 11 seconds during which the SW6 was closed and the MMGS was connected to the Hot
substation, the following, as can be seen correspondingly in the graphs in Fig. 19, were observed:

o the active power generation from the PV system immediately increased to 2.46 MW, then

dropped and stabilized to around 2.36 MW within 22 seconds.

o the active power generation from the BESS was swinging from zero to 2.75 MW, and then stabilized
at 1 MW within 23 seconds.

o the reactive power from BESS was swinging from 1.00 MVar generation to 1.00 MVar absorption
for two seconds, before stabilizing at around 0.4 MVar in 22 seconds.

o the BESS voltage was oscillating between 1.035 p.u. to 1.080 range for 2 seconds, it slightly
increased and then stabilized down to around 1.043 p.u. in 24 seconds, this was over the normal
range of PEA grid code by about 0.1 second.

o the BESS frequency was fluctuating between 49.75 to 50.05 Hz for 2 seconds, it slowly decreased
and then stabilized at 49.92 Hz within 23 seconds, which was near the rated frequency.

The values of these electrical parameters during the switching from island mode to grid connected
mode where there was no delay in the communication time (during the 11-second switching time and
the rest of the 50-second simulation period) have nearly the same performance with the case where there
is no communication time delay. It showed that the one second communication time delay had scanty
effect on the electrical parameters during switching of the microgrid operation mode in the 3%
simulation case.

4.4. Simulation Scenario 4: Island Mode to Grid Connected Mode Microgrid

Under the 4™ simulation scenario, the generation and load components of the MMGS before the
change in the mode of operation from island to grid connected mode is shown on Table 1. The operation
diagram of the MMGS in island mode is shown on Fig. 20. Within 10 seconds, the SW6 that connected
the Hot substation line with the MMGS was closed, the MMGS was connected to the Hot substation,
and the MMGS switched from an island to a grid connected mode of operation. The operation diagram
of the grid connected MMGS is shown in Fig. 21.

1) “No communication time delay” Case
The behavior of the active power flow from the PV system and the BESS line, and the reactive power,
voltage, and frequency response of the BESS line at the Maesariang substation, for which there was no
communication time delay, during the 50-second simulation period, are shown by the graphs in Fig. 22.
The graphs show that from zero to ten seconds, the active power generation from the PV system and the
BESS were slowly expanding to 3.40 MW and 1.20 MW, respectively. The reactive power generation of
BESS was slowly decreasing to 1.00 MVar, the voltage was slightly rising to 1.08 p.u., and the frequency
steady at 50 Hz.
After the 10 seconds during which the SW6 was closed and the MMGS was connected to the Hot
substation, the following, as can be seen correspondingly in the graphs in Fig. 19, were observed:
o the active power generation from the PV system then swung between 2.15 MW to 3.40 MW for
one second, and then stabilized to around 2.30 MW in two seconds.
o the active power from the BESS fluctuated between 2.8 MW generation to 2.40 MW absorption for
two seconds, and then stabilized to around 2.8 MW generation within 2.5 seconds.
o the reactive power from BESS oscillated from 2.2 MVar generation to 1.1 MVar absorption for
two seconds and stabilized around 1.55 MVar generation within 2.5 seconds.
e the BESS voltage swung between 0.72 p.u. and 1.08 p.u. for 1.5 second, and then stabilized to
around 1.045 p.u. in three seconds, this was out of the voltage range of the PEA grid code.
o the BESS frequency was swinging between 48.5Hz - 50.5 Hz for two seconds, and then stabilized in
2.5 seconds at 50.0 Hz, which is the rated frequency.
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The DG was disconnected from the MMGS within 13 seconds, and then the following were observed:

o the active power generation from the PV system fell suddenly to about 3.00 MW, but slowly increased

and then stabilized at 3.17 MW within 25 seconds.

o the active power generation from the BESS increased slowly and stabilized at 2.80 MW in 24

seconds.

o the reactive power generation from BESS decreased slowly and stabilized at 1.20 MVar in 27

seconds.

o the BESS voltage decreased to about 0.96 p.u. and then increased and stabilized at 1.03 p.u. in 26

seconds.

o the BESS frequency slightly decreased and then stabilized at 49.80 Hz in 24 seconds.

The values of these electrical parameters during the switching of the mode of microgrid operation
from an island to a grid connected mode, where there was no communication time delay time (during
the 10-second switching time and the rest of the 50-second simulation period) showed an acceptable
performance of MMGS in controlling the network security, stability, reliability, and power quality, under
this case of the 4™ simulation scenario.

The disconnection of the DG from MMGS had an insignificant effect to the electrical parameters
of MMGS.
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Fig. 20 The 4" case operation diagram of MMGS before switching mode from island mode to grid connected
mode at 10 s.

v
¥ SCADA
. Communication
MSR Substa o hackbone
L TP2 | Gatewa
115 R/ 22 kY 115 KVFI2RY Mo g dmes);§ L L
25 MvA asmua o

113 kv ne No.1
Ta HOT Substation

Toesch CB via Ethernet I
wach BOU

B VB
e (HOAGH) (BATT) (Disel)
Controller

Micro G rid
(MGC)

S
sy

AvR1

Diesel

capacitor e

[l reas urement Point and Protection Lc | Lol control

Fig. 21 The 4™ case operation diagram of MMGS after switching mode from island mode to grid
connected mode at 10 s.
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Fig. 22 The active power of the PV system and BESS line and the reactive power, voltage, and
frequency of BESS line without communication time delay at Maesariang substation in 50 s of the
switching mode periods.

2) “One second communication time delay” Case

The behavior of the active power flow from the PV system and the BESS line, and the response reactive
power, voltage, and frequency of the BESS line at the Maesariang substation, for the case of one second
communication time delay, within the 50 second simulation period, is shown by the graphs in Fig. 23. The
graphs show that the active power generation from the PV system, the active and reactive power
generation, voltage, and frequency from the BESS have the same pattern, as with the case with no
communication time delay. However, the stabilizing time before the DG was disconnected was extended
for one second. These electrical parameters during the switching from island mode to grid connected
mode (during the 10-second switching time and the rest of the 50-second simulation period), have nearly
the same performance as the case for no communication time delay. It showed that a one second delay
in communication time has no effect on the electrical parameters during the switching of the mode
operation under this case of the 4™ simulation scenario.
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Fig. 23 The active power of the PV system and BESS line and the reactive power, voltage, and
frequency of BESS line with 1 s communication time delay at Maesariang substation in 50 s of the
switching mode periods.

5. Conclusions

PEA implemented the MMGS to correct the high transmission line losses, over voltage, voltage sag,
and interruption problems, and to improve the network security, stability, reliability, and power quality
in the Maesariang district, Mae Hong Sorn province. The district is one of the weakest power network
areas under PEA service. The period for switching between a grid connected mode and an island mode is
very risky for controlling the network security, stability, reliability, and power quality in the covered area.
In this study, the application of the RMS/EMT simulation using the DigSILENT Power Factory
software provided a powerful tool for evaluating the MMGS performance during switching operation.
Four simulation scenarios were studied.

The first two simulation scenarios (the 1% and 2™ simulation scenarios) involved the shift of the
operation mode of the MMGS from grid connected to island mode. The simulations studies demonstrated
that the MMGS can control very well all the electrical parameters within the range of PEA grid code,
and communication time delays have no effect on the performance during switching of the mode of
operation from grid connected to island mode, when the spare power generation from the BESS is higher
than the loses from the Hot substation line after the mode of operation have changed. In contrast, the
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MMGS performed poorly in controlling all electrical parameters within the operation range of PEA grid
code, when the spare generation power of BESS is equal or lower than the loses from Hot substation line
after switching of the operation mode, and communication time delay is a crucial factor to prevent the
blackout in MMGS during the changing of the operation mode from grid connected to island mode.

The last two simulation scenarios (the 3™ and 4™ simulation scenarios) involved the shift of the
operation mode of the MMGS from island to grid connected mode. These simulations demonstrated that
the MMGS performed very well in controlling the electrical parameters within the operation range of
PEA grid code, and that communication time delay has very small effect on the performance during
shifting of the mode operation from island to grid connected mode. Only the BESS voltage, in the 4"
simulation scenario, was out of the operation range of PEA grid code, but only for a noticeably short
time. The disconnection of the DG from MMGS after switching the mode of operation from island to grid
connected mode had negligible effect to the electrical parameters of MMGS.

The results of these simulation scenario study can possibly be used as guideline for the operation
and management of the Maesariang Microgrid System in the future.
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