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Abstract—The integration  renewable energy  sources,
characterized by inherently intermittent characteristics and low
inertia, into grids introduce several impacts on the network
operation such as stability, protection and challenges for
management. In this paper, the stability of Con Dao Island grid
in Vietnam with high renewable energy penetration, especially
photovoltaic (PV) and Wind Turbine (WT) energy, is extensively
studied. The main purpose of this paper is to investigate the
impacts of high renewable energy integration on stability of this
grid. Then, several solutions to the stability issues, including
Fault Ride Through (FRT) capability of PV system and
implementation of battery, is proposed and validated. Numerous
scenarios are considered, including different PV penetration
levels (inertia impact) and different events (short circuits and
generator outage). The results obtained show the significant
impact of PV penetration levels on the grid stability. However,
the proposed solutions demonstrate their high effectiveness in
addressing the identified instability issues of the grids.

Index Terms—Island grid, Photovoltaic systems, Wind power,
BESS, Stability, PV penetration, Short circuit, Diesel outage.

I.  INTRODUCTION

The integration of renewable energy, characterized by
inherently intermittent characteristics and low inertia, into
grids have several impacts on the network operation such as
stability, protection and challenges for management [1]-[15].
These impacts are more complicated for island or weak grids.

In contrast to utility or facility grids, an island grid is
never connected to utility networks and its operation is
normally controlled in a decentralized manner [4]. Power
balancing in such kind of grid is usually taken over by, either
small-size diesel generators or low-inertia inverter-interfaced
sources such as photovoltaic (PV), wind turbine (WT),
battery energy storage system (BESS), with limited spinning
reserve and reactive power support. Ensuring transient
stability of these grids after large disturbances is rather
challenging and thus, requires comprehensive investigations.
In [5], a thorough analysis on various issues related to the
microgrid stability was presented. A mathematical modelling
and stability assessment of an isolated microgrid was reported
in [6]. Likewise, a distributed framework for stability
evaluation and enhancement of inverter-based microgrids was
designed in [7] while dynamic stability examination-based
method based on eigenvalue sensitivity was fully developed
in [8], [9]. Besides, authors in [10] stability and eigenvalue
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sensitivity analysis of a BESS in a microgrid was presented
with a high detail.

On the other hand, a variety of papers focusing on
improvement of stand-alone grids has been recently
published. For instance, paper in [11] deployed responsive
charging electric vehicles and supplementary controller,
whose control actions were directed by two Proportional-
Derivative (PD) fuzzy logic, for enhancing the stability of an
islanded microgrid. A similar approach utilizing a nonlinear
supplementary controller for transient response improvement
has been achieved in [12]. Intelligent fuzzy control was also
adopted for guaranteeing autonomous microgrids [13]. An
adaptive auto-reclosing scheme for preserving the microgrid
transient stability was also taken into consideration in [14].
More interestingly, the impact of fault ride through (FRT)
requirement applicable for inverter-interfaced generators
imposed by new grid codes was analyzed and several
solutions were suggested [15].

@
Con Son
Tre Lon
fsland Island

®. 9

» Con Dao
Town :
Bay Canh
o Isiand

Hon Ba Island TN
Figure 1. Con Dao Island district [Source: maps.google.com]

In this paper, the authors aim to perform an in-depth
transient stability of an island grid supplying Con Dao Island
district, which belongs to Ba Ria-Vung Tau province,
Vietnam as shown in Fig. 1. The Con Dao Island district
consists of 16 islands of various sizes and is situated around
185 km from Vung Tau city and 230 km from Ho Chi Minh
City. The district covers an area of 76.7 km?, out of which
Con Son Island is the largest area with 51.51 km? wide where
most of the socio-economic activities of district take place.
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As a remote island district, electricity supply for Con Dao
district relies primarily on diesel fuel that often suffer from
high transportation cost over long distances from the
mainland of Vietnam. Therefore, the generation cost of the
region is rather high, ranging from 36 to 38 U.S. cents per
kilowatt-hour compared to a national average number of 5.2
U.S. cent per kilowatt-hour. To reduce such a high generation
cost, an interconnection with the national grid by constructing
new undersea cables is being studied. However, the solution
appears irrelevant in the context of the abundant capacity of
wind and solar energies on Con Dao district given the
significant reduction in the implementation cost of PV and
WT plants. A more appropriate strategy in cost reduction is to
increase the integration of PV and WT sources.

However, as indicated in many studies, the integration of
renewable energies into the island grids is limited by the
frequency instability margin. The higher penetration of these
sources, the lower the overall grid inertia and thus many
challenges not only to the grid stability but also to grid
protection and management will arise. As is evident, in order
to attain a high integration of PV and WT sources into Con
Dao grid while ensuring its transient stability, the works done
in this study are as follows:

e Investigate the impacts of integration of renewable
energy, in particular, PV and WT sources, on the
transient stability of Con Dao grid;

e Validate the effectiveness of several solutions for
enhancing the stability of Con Dao grid such as FRT
capability of PV systems or frequency control function
provided by BESS.

Besides, the study is performed by considering the
following factors: PV penetration level, BEES in role of the
slack bus, and type of disturbances including short circuits
and generator outage. The paper is structured as follows. The
detailed description of Con Dao grid is provided in Section II.
Different scenarios for transient stability of the grid are
defined in Section Ill. Furthermore, simulation results are
presented and discussed in Section IV and the conclusion is
drawn in Section V.

Il. DETAILED DESCRIPTION OF CON DAO GRID

Con Dao Power Grid (Fig. 2) is an island microgrid, being
operated separately from the national grid. It is operating at
two voltage levels including a medium voltage (MV) at 22
kV and low voltage (LV) at 0.4 kV.

There are three radial MV feeders originated from the 22
kV Busbar systems of the An Hoi power plant, supplying
various single-phase and three-phase LV loads. Feeder 1 and
Feeder 2 are meshed at several points by normally open
switches. The total length of MV feeders in the district is 51.5
km, including 5.5 km of single-phase lines (accounting for
12.5%), and 46 km of three-phase lines. The grounding
system is the solidly and undistributed method.

s s g ‘1 Hﬂ—ﬁﬁﬂ

n —)Ll*

o

o ars '41*1 1. | ‘|H T

e

0
b4

() s )
¢ | ¢ " “ I‘v .,r
m | -+ .
e ——te 4
s | 4 Fowdex 2 »
Fowsder 1 ‘ Frws)
72 WV fhuel 3 kY I.»:j W ] 22 &V B
- 88 8y ® § B ‘m'm 8 ®
( 2
L F F F W + += 81X S+ X
- 1 1
e L | >, ,
o ' , v
X (S
ol i 4 i Il A : 7

O lephase bouil p R

Figure 2. Single-line diagram of Con Dao Grid
A. Loads

Since the grid daily consumption pattern is rather similar
throughout a year, only a daily load profile in 2020 presented
in Fig. 3 is considered. The maximal loading level is 7 MW.
Another striking feature is that Con Dao Grid consists of
both three-phase and single-phase loads at 22 kV level.

Porwer (MW

0 4 & 12 13 Y] 24
Time (h)
Figure 3. Profile of daily load

B. Generation

Seven diesel generators are installed at the An Hoi power
plant (Fig. 2) with Cummins (G1-G4), Perkins (G5) and
Caterpillar (G6-G7), each with the rated power of 1.5 MW.
There are two PV power plants with PV1 of 1.5 MW rating
being installed at Bus 1 of the An Hoi power plant and PV2
of 1 MW rating being connected at Bus 20. Besides, a wind
power plant of 3 MW rating is also installed at Bus 2 of the
An Hoi power plant (Bus 2, Fig. 1).

C. Storage system

A BESS is connected at the An Hoi power plant (Bus 1) with
a capacity of 5SMWh and rated power of 5SMW. This BESS is
capable of controlling the grid frequency in role of a master
when required. This control mode of the BESS is derived
from the component library provided by PowerFactory.



I1l. STUDY SCENARIOS

To approximately determine the maximum level of PV
penetration that Con Dao grid can tolerate while ensuring its
transient stability, different scenarios with PV penetration
level varying from O up to 60% of the total grid generation by
a step of 15% are considered. In the study, for simplify the
WT capacity is left constant. This assumption does not affect
the generality of the conducted study on the impact of
renewable energy on the grid stability since both PV and WT
sources are coupled with the grid through power electronic
converters with inherent nature of low inertia. In addition to
variation of PV level, different types of disturbance are also
taken into consideration including short circuit on MV
feeders and loss of a diesel generator. In the following, two
cases with different sub-scenarios are specified.

Table 1: Proportion of different sources with estimated system inertia

PV level Diesel PV, WT PV +WT Hsys

(MW) | (MW) | Rate (%) (s)
PV0% G1-G6 0 15 214 4.82
PV15% G1-G5 1.05 15 32.1 4.02
PV30% G1-G4 2.1 15 51.4 3.21
PV45% G1-G3 3.15 15 66.4 2.41
PV60% G1-G2 4.2 15 81.4 1.61

Case A: Diesel G1 plays a role of slack bus with
disturbances being short circuits and PV penetration varying
from 0 to 60%. Two sub-scenarios are as follows:

e PVswithout FRT capability;

e PVs capable of providing FRT capability.

The PV penetration ratio is calculated as the ratio of total
PV capacity to total load capacity. The calculation for a total
load consumption of 7 MW used for the scenario is provided
in Table 1. For varying the PV penetration level, each PV
power plant is assumed to consist of a number of PV systems
up to 12 units with a rating of 350 kWp each.

Case B: BESS plays the role of slack bus with
disturbances being either short circuit or loss of a unit.
Moreover, when diesel generator G1 is lost, the grid will have
a renewable penetration of 100%.

For these above two study cases, short circuits are either
single or three-phase short circuit occurring at Feeder 2, on
the line section between N38 and N39 (Fig. 2). The short
circuit take place at 2 s and then is eliminated at 2.15 s owing
to the disconnection of feeder 2.

IV. SIMULATION RESULTS AND DISCUSSION

A. Case A: Diesel generator G1 as slack bus without BESS

The scenario with PVs not being able to provide FRT
capability is presented first, followed by the scenario with
PVs capable of riding through fault, i.e., with FRT.

1) PV systems without FRT capability

A sub-scenario of 30% PV under a 3-phase short circuit is
carried out with an assumption that only WT is equipped with
FRT functionality. The variation of PV and WT power output
is shown in Fig. 4. Due to the lack of FRT capability, all PVs
are disconnected by their anti-islanding protection, leaving
only WTs connected to the grid over the fault.
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Figure 4. Variation of PVs and WT production.

The variation of the voltage at 22 kV Bus 1 and the grid
frequency for different PV levels are shown in Fig. 5 and 6,
respectively. As is clear, when the PV level reaches 60%, the
frequency goes beyond the permissible range, showing that
the grid is unstable after the disturbance. This is because the
post-fault power imbalance due to the large disconnection of
PVs in 60% scenario exceeds the limit of the two diesel
generators G1 (slack) and G2. Besides, the variation of the
power outputs of G1 and G2 and their rotor angles for
different PV penetrations (0-60%) is shown in Fig. 7 and 8.
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Figure 8. Variation of rotor angle of diesel generators



2) PV systems with FRT capability

A similar three-phase short circuit with all PV and WT
systems capable of meeting FRT requirements specified in
[16] is considered in this sub-scenario. Fig. 9 depicts the
variation of voltage at PV point of common coupling (PCC)
against the FRT curve for 60% PV level, proving that all PV
and WT systems remain connected to the grid after the fault
clearance (Fig. 10). As is evident, in contrast to the previous
case, owing to the FRT capability of all PV systems, the grid
frequency stabilizes regardless of the PV penetration level as
shown in Fig. 11 for 0 to 60% PV level.
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Figure 9. Variation of PV voltage against FRT curve in case of 60% PV
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Figure 13. Variation of the frequency for single and three phase-short circuit
under a 60% PV scenario

Furthermore, PV response to an unbalanced fault (single-

phase short circuit) is also analyzed. The corresponding

fluctuations of PV positive-sequence voltage and grid

frequency for the two fault conditions are provided in Fig. 12
and 13, respectively. Similarly, PV and WT systems still
show a good operation but the three-phase fault, as always,
presents more severe effect with much larger positive-
sequence voltage drop and wider frequency variation.

B. Case B: BESS as slack bus

For this scenario, all renewable sources are equipped FRT
with WT being operated at 2.75 MW while PV1 and PV2
being at 0.7 MW and 0.9 MW, respectively. Fig. 14
preliminarily presents the variation of the frequency with and

without BESS. Obviously, the presence of BESS
considerably improves the grid stability.
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Figure 14. Variation of the frequency in case without and with BESS.
In the following, two disturbances are considered with the
first being G1 outage and the second being short-circuit in the
grid with 100% inverter-interfaced generation.

1) Outage of diesel generator G1

For this case, G1 is the only synchronous generator being
operated and is disconnected at t =3 s, leaving the grid fully
fed by renewable sources with the production shortage being
compensated by BESS as shown in Fig. 15. The variation of
PV and WT power outputs also is presented in Fig. 16.
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Figure 15. Variation of active and reactive power of BESS
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Thanks to the BESS support, the system is stable after the
fault isolation with grid frequency being returned to normal



value after a short fluctuation as shown in Fig. 17. Moreover,

the BESS also injects additional reactive power to keep the

voltage at its PCC closed to 1 pu as demonstrated in Fig. 18.
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2) Short circuit without synchronous machines

Different types of faults are assumed to occur at line
segment between Bus 3 and Bus 4 of Feeder 3 at t=5 s (Fig.
2) and be eliminated after 0.15 s by the feeder circuit breaker.
Fig. 19 presents the variation of power output of PVs and WT
for a three-phase short-circuit.
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Figure 19. Variation of PV and WT power for three-phase fault

Similar to Case A2, two kinds of fault are carried out to
have a comparison of PV and BESS dynamics under different
fault conditions. Fig. 20 shows that after several oscillations,
BESS attained post-fault stable operation in both scenarios.
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Figure 20. Variation of BESS power output for two fault scenarios

Furthermore, Fig. 21 and 22 illustrate the variation of
voltage and frequency for these short-circuit conditions. The
grid is still stable for these two fault scenarios, but the three-
phasg fault shoyvs itself more severe.
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V. CONCLUSION

In the paper, the authors have conducted a comprehensive
study on the transient stability of a real island grid with
various scenarios. The results have shown that the FRT
capability of the PVs significantly enhances the grid transient
stability and thus allows for a higher PV penetration level. On
the other hand, the role of BESS in ensuring the stability of
the grid fully supplied by only renewable sources is vital.
Without BESS support, the grid obviously faces with
instability in case of both outage of one diesel generator and
short circuit. Lastly, between two fault types studied, the
three-phase fault imposes a more severe impact on the grid
stability with more considerable variations of voltage and
frequency. Evidently, the results derived from this stability
assessment provide a clear landscape for the further plan of
increasing integration of renewable energy into Con Dao grid.
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