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Abstract: Renewable energy is an emerging candidate in power generation for the compensation of the
exhausted fossil fuel, in which wind energy plays an important role. However, how wind farms impact existing
power systems has still been a subject on which many researchers are studying. This study has analyzed and
evaluated the four wind farms consisting of Ca-Mau (300 MW), Bac-Lieu (99 MW), Soc-Trang (100 MW) and
Tra-Vinh (33 MW) located in Southern Vietnam via using the commercial package, WASsP software. Ca-Mau
wind farm has the highest planned rated capacity with 51.7% among the wind farms. Each wind farm is built
from three different types of wind turbines (1 MW, 2 MW and 3 MW). The estimation has shown that all of the
wind farms could produce 2,265 GWh annually, and the 3-MW wind turbines are the most efficient and give the
smallest losses for producing wind energy. The wind farms, with respect to environmentally friendly aspects,
could avoid 978,544 tCO, emitted to the environment annually. Additionally, the ETAP program has also been
applied to simulate the effects of the proposed wind farms on the national power system including the
disturbances from wind speeds, three-phase bus faults, tripping off wind farms and three-phase line faults on the
power system. The results show that the wind farms are only slightly impacted.

Key-Words: Wind disturbance; three-phase fault; CO, emission; transient stability; wind farm in Southern
Vietnam.
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1 Introduction about 680,977 tCO2 per year entering into the local
Wind energy has been the fastest growing area. o _
worldwide over decades. In last months of 2019, Wind energy potential in Jordan was presented in
total wind power capacity of the world obtained 651 [9]. About 18,900 GWh per year can be produced
GW occupying 5.9% of the global energy by four wind farms. At present, renewable energy
production, in which total installed capacity in produces around 7% of the total energy of the nation
China was largest, achieving about 36% [1]. In [10]. To fully supply total power demand for the
recent years, wind power potential and its impacts country in 2050, about 40.1 GW of renewable
on distribution systems have been attractive subjects energy needs to be produced, in which wind energy
to many researchers. The potential of developing must occupy 4.5 GW to meet the demand, presented
wind power in Algeria were detailed in [2]. A large by Suhiland Elyasa [11]. _ _
amount of approximately 23,252 tCO, per year of Reference [12] studied a 20 MW wind farm in
released to environments could be avoided due to Saudi Arabia. A significant amount of nearly 59.073
installing wind farms of 30 MW [3]. Similarly, three GWh was annually produced, accounting for 33.7%
wind farms were built with the rated capacity of 30 of the plant capacity. Eleven cities in Iran installing
MW each in [4, 5]. Moreover, the potential of wind wind energy were investigated in [13]. The authors
energy at Lootak - Zabol station in Iran was suggested a modified maximum likelihood method
evaluated by Kiana Rahmani et at [6]. for the simulation qf energy-productlor) of wind
Reference [7] showed the potential for farms. A Computational _FIU|d Dynamics _(CFD)
developing wind farms in Penghu Island, Taiwan. model was used to map wind energy potentials for
The analysis for the influences of wind generation Mauritius island in India [14]. The research carried
stations on the power system was also analyzed in out the contour maps for wind velocities and
[8]. If developed, the wind stations will prevent electrical power of the lIsland with a 500 m

resolution. Besides, the reference [15] analyzes the
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consolidation of wind turbines at different wind
speeds, tip speed ratio and pitch angle from wind
farms at Zafarana and the Gulf of ElZayt. The study
[16] investigates the influence of site and size of
wind turbines on the economic operation of wind
farms. The results show that the economics of wind
power plants depend on the site and characteristics
of the wind turbines used.

Others have also focused on the impact on the
power system stability when a wind farm is
installed. To evaluate the impact of wind farms on
the power system, there have been many researchers
interested in this issue. The reference [17] uses the
PSS/E tool to evaluate the voltage stability on
substantial wind farms. Similarly, the impacts on
Nordic power systems connected with wind power
under transient faults was also investigated in [18].
Voltage stability of an integrated offshore station
constructed by 72 wind turbines rated to 2 MW each
was studied by Vladislav and Hans [19]. The
planned wind farms in Penghu Island, Taiwan were
studied in transients and system stability, in which
tripped-off wind farms from the system had limited
impacts on the local power system [20]. Large wind
farms influencing power system oscillations were
presented by [21]. The research results show that
the impact of wind farms on the voltage and
frequency of the power systems depend mainly on
the type of wind turbines. Therefore, three types of
wind power machines are used to study the impact
of wind farms on the power systems when
increasing wind power capacity into the power
system [22]. It is observed from this research that
when tripping off a large-capacity wind farm from
the power system, the frequency of the power
system decreased to 47.6% and exceeded the
threshold of the system stability. Likewise, the
reference [23] has proposed a detailed model of
wind turbines which is much simpler and more
efficient than traditional wind turbines for
simulation.

Like other countries, Vietnam is also being
investigated for wind energy sources. According to
[24], wind energy was developed on a large area of
approximately 31,000 km2. Meanwhile Nha-Trang
province gets the most land area with averaged wind
speed above 10 m/s [25], Phu-Quoc Island has wind
farms annually producing over 189.63 GWh; which
was reported by Tran and Chen [26]. Nguyen
focuses on the importance of wind power generation
and the impacts of CO, emissions on fuel choices in
the coming years [27]. More specifically, Tran
presented that a wind farm in Bac-Lieu province
rated in 99 MW power capacity could generate 332
GWh and prevent a remarkable amount of 232,470
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tCO, emission annually [28]. Next decades,
renewable energy will be a priority in investment to
lower CO, emission into the local environment [29].

However, specific and elaborate impact studies
of wind energy generation and operation on power
system reliability and stability are still an attractive
attention for research. The construction and
integration of wind farms into existing power
systems are costly and critical investments. It is
because wind turbines are big and expensive
structures and machines. Therefore, careful
consideration and estimation with respect to
technical and economic aspects of wind farms need
to be taken into account. Otherwise it may lead to a
high chance of failed investments. Moreover, the
connection of wind power plants into existing power
structures has to be examined strictly before actual
connections happen to prevent negative effects and
even critical breakdown of the entire power systems.
To serve as a basis for planning and operating wind
power plants according to the plan to come into
operation in the near future. This study focuses on
solving two main problems: The WasP software is
utilized to simulate structures of planned wind farms
and gives estimation of annual power generation of
planned wind farms built from 3 popular types of
wind turbine (1 MW, 2 MW and 3 MW). Besides,
the transient stability analysis such as the
disturbances from wind speeds, three-phase bus
faults, tripping off wind farms and three-phase line
faults are observed by using ETAP software to
analyze the impacts of wind farms on the local
power system. The study consists of 5 sections: The
first section is the introduction followed by the
power system description and methodology. Section
3 is the energy yield estimation of each wind farm
and CO. emission analysis. Section 4 is a case
study. Last but not least, conclusion and discussion
will be presented.

2 Power System Description and
Methodology

2.1 Local Power System Description
Wind farm locations in Southern Vietnam with the
highest 500 kV power system are shown in Figure 1.
Total rated power of wind power generation is
15,590 MW and total corresponding load demand is
11,100 MW. Underground cables with 11 kV
voltage has been installed to connect wind farms to
the national power system.

Meteorological and measured wind data in Bac-
Lieu and Ca-Mau have been presented in [24, 25,
28, 30]. The wind data of Soc-Trang and Tra-Vinh
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were simulated by the interpolation tool in WAsP
10. The construction of offshore wind farms is a
good condition to get maximum wind flow or speed.
The weather condition in the South of Vietnam has
remarkable advantages for wind energy generations
with a sunny season and a rainy season in a year.
Mean annual rainfall is about 164.7 mm. Each year,
the relative humidity, average temperature, and
atmospheric pressure are about 81.5%, 27.6 °C, and
100.9 kPa, respectively, which is presented by Joost
and Eric [30].

Fig.1: Locations of wind farms on local power
system in Southern Vietnam

Due to the advantages from data observations,
wind farms are being built in the Southern part of
Vietnam. Figure 2 shows the structure of the
proposed wind farms.

Fig.2: Distributed of wind farms simulated by WasP
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2.2 Methodology

2.2.1 Wind farms Energy Production

The rated capacities produced by planned wind
farms every year are estimated by WASP software.
The input is meteorological data in the area where
wind farms are planned.

The annual electricity energy production is
calculated by the following formula. The detail
information is available in [31]:

E = Y¥25, P, *p(x) * 8760 (1)

Where p(x) is the probability distribution
function of annual wind speed (m/s) and is
calculated as:

k-1 _(x*
0=() 7o

2.2.2 Transient Stability Analysis
In this study the ETAP tool was also utilized to
simulate the transient stability analysis of the system
when planned wind farms are connected to the
system. Specifically, the analysis study focuses on
the electromagnetic transients of wind farms to the
local power system including short circuits at
certain buses and short circuits on lines. In addition,
it is assumed that a wind disturbance and tripping of
the largest wind farm is proposed to obtain the
analysis of voltage, frequency and power of the
local power system. The analysis is based on the

swing and oscillation equations. The detail
information is available in [32].
The swing equation is
dazs s
MF-I_DE:PH’L_PE (3)

And the oscillation equation for the frequency of
the system is shown as

foAP

ol e~ $@ntsin(wyt) (4)

f=f+

3 Energy vyield and CO. Emission

Estimation

The wind energy production of wind farms is
calculated by WASsP 10 program. Figure 3 shows
total annual energy generation of each wind farm
with 3 types of wind turbine (1 MW, 2 MW, and 3
MW). It is noted that the energy production
increases as higher rated capacities of wind turbines
are installed from 1 MW to 3 MW seen from Figure
3. For example, at the Ca-Mau wind farm, energy
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production of 1 MW and 3 MW wind turbines was
944.28 GWh and 1,357.77 GWh, respectively. Ca-
Mau and Soc-Trang wind farms have higher
planned capacity factors (PCF) with 51.7% and
46.8%, respectively. In addition, the wind farms
could produce 2,265.15 GWh annually.

gloooo Energy Yield estimation
O, 1000 ‘
5
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Z 10 2 N
ol 5 o1
. : NN
Ca-Mau Bac-Lieu Soc-Trang Tra-Vinh
BLMW | 944268 | 238284 | 263,596 74,023
¥2MW | 1102647 | 292229 | 319,452 91,031
53MW | 1357774 | 381,715 | 409,939 115,720
SPCF[%]| 51,7 44,0 46,8 44,0

Fig.3: Annual wind energy production of wind
farms

Generally, 1 MWh of energy production
generates 0.432 tCO- in Vietnam reported by Joost
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and Eric [30]. If developed, the wind farms could
avoid 978,544 tCO; emitting into the local
atmosphere annually. The wind farms, therefore,
would contribute to a clean atmosphere in the
Southern area of Vietnam.

4 Impacts of Wind Power Plants on
Planned Power System

4.1 Disturbances from wind speeds

Wind speed disturbances are applied for 3 wind
farms at Ca-Mau, Bac-Lieu and Tra-Vinh at 3
different times (1% second, 12" second and 21%
second, respectively). The purpose is to observe the
effect of each disturbance on the voltages, real
power of all wind farms on the local power system.
Figure 4 shows effects of the wind speed
disturbances at each wind farm with respect to the
voltages and real power of the other wind farms on
the power system.

m/s - Wind Speed

kV - Terminal Voltage
MW - Real Power
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Fig.4: Wind speed disturbances and responses of voltage and power.

Specifically, it is seen that the wind speed suddenly
increases from 10 m/s to 16 m/s, then decreases
from 16 m/s to 13 m/s, and 4 seconds later becomes
steady state at 13 m/s with a little noise after the
disturbance stopped. Generally, when a wind speed
disturbance occurs at a wind farm, only the power at
this wind farm is fluctuated, which means the wind
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speed disturbance at one wind farm does not affect
the power of the other wind farms. The wind speed
disturbance at the Ca-Mau wind farm has the most
effect on its own power compared with at the other
wind farms. As demonstrated, the power of the Ca-
Mau wind farm increases from 244 MW to 420 MW
and drops to 360 MW within 5 seconds. The wind
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speed disturbance at the Ca-Mau wind farm did not
impact the power of the other wind farms. However,
when the disturbance occurs at the largest wind farm
(Ca-Mau), all voltages at the wind farms are
fluctuated in which the voltage at Tra-Vinh wind
farm was affected most, dropping rapidly from 217

Figure 5 shows the voltage fluctuations, under
the wind speed disturbances, at buses where the
wind farms are connected on the power system.
Under the influence of the disturbance at the Ca
Mau wind farm, the voltage of each bus has slightly
varied in the range of 95% to 105% while the
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kV to 212 kV. The Ca-Mau wind farm voltage
increases from 222 kV to 224 kV within 5 s and
maintains at 223 kV before becomes steady state
while the voltage of Bac-Lieu and Soc-Trang wind
farms oscillates around 220 kV and settles to the
steady state rapidly.

disturbances at the other wind farms did not affect
the wvoltages of the buses. Generally, the
disturbances from the wind speed do not have
significant effects on bus voltages of the power
system except for the disturbances at the largest
wind farm (Ca-Mau).

Bus Voltage
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Fig.5: Bus voltages when the wind speed disturbances occur at the wind farms
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Fig.6: Real powers, reactive powers and terminal voltages of the wind farms when a three-phase fault occurred.
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4.2 Three-phase Bus Faults
The dynamic behaviours of wind farms are shown in

Figure 6 when the Ca-Mau bus is simulated by a

three phase fault. The fault appears at 1% second and
disappears after 0.1 second. The wind farms
voltages disrupt suddenly to 0, 20, 25 and 40 kV at
Ca-Mau, Bac-Lieu, Soc-Trang and Tra-Vinh wind
farms, respectively. Similarly, all of real and
reactive power are also dropped down to zero. After
the fault is eliminated at 1.1 second, the voltages
and power of all buses are slightly fluctuating before
returning to normal conditions. However, there is a
remarkable reactive power surge on the Ca-Mau
wind farm, reaching its highest point at 79 MVar. It
should be emphasized that when the fault occurs at
the Ca-Mau bus, wind farms near the faulted bus are
the most significantly affected during the recovery
process.

4.3 Tripping off wind farms

Minh-Hoa Nguyen, Van-Tan Tran,
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Figure 7 illustrates voltages and frequencies of
buses near wind farms when the Ca-Mau wind farm
is tripped off. The frequencies of buses slightly
oscillate at 5™ second and return to normal condition
after 10 seconds. The voltage of the Cai-Nuoc bus is
the most affected. It drops to 92.5% and is unsteady
during the next 10 seconds before returning to
steady state. Additionally after the 20™ second, all
bus voltages return to normal condition which is in
the range of 96% to 97.5% of the normal voltages.

The simulation results are explained by the
equations (3) and (4). The system suddenly loses an
amount of power AP, so the frequency and voltage
drop instantaneously, then recovers to a new steady
state due to the system's inertia (D). Here, the
voltages and frequencies of the system at the buses
are fluctuated and settled to a new value after the
system has lost 300 MW due to the Ca-Mau wind
farm being tripped off from the power system. The
simulation results are consistent with the studies
[20, 22] when a wind farm is suddenly tripped off of
the power system.

— BACLIEU2

1104 1104

1054

% of Bus Nominal kV

801 07 Voltage (%)

— CAINUOC

— MY XUYEN - TRACU

96% to 97.5%

Time (Sec.)

+ 1 !
20 30 40

Fig.7: Bus voltages and frequencies was fluctuated when Ca-Mau wind farm was tripping off at 5 second

4.4 Three-phase Line Fault

The three-phase fault in the middle of the overhead
line connecting between Cai-Nuoc and Ca-Mau
buses is shown in Figure 8. It can be assumed that
the fault occurs at the 2" second and clears after 0.1
second. The voltages of wind farms from 210 kV to
230 kV in the normal working condition suddenly
drop to 105 kV, 130 kV, 132 kV and 135 kV at Ca-
Mau, Bac-Lieu, Soc-Trang and Tra-Vinh wind
farms, respectively and come back the normal
condition in 3 seconds after the fault is clear. It
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means the voltages at all the buses around the fault
position can stay operational under the short term
fault. Besides, the real power at the buses is almost
stably maintained during the fault. However, the
reactive power at all the buses increases and
fluctuates in 15 seconds after the fault occurs in
order to compensate for the dropped voltages.
Specifically, the reactive power of the Ca-Mau wind
farm is the most affected, increasing to 75 MVar due
to the significant voltage decrease from around 220
kV to 105 kV. In general, it can be concluded that
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the fault on the transmission line does not cause
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operating condition of the power system.

tripped off any wind farms as well as affect the
— Bac-Lieun — Ca-Mau — Soc-Trang
— Soc-Trang — Tra-Vinh — Bac-Lieun

— Tra-Vinh

— Ca-Mau

— Bac Lien
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Fig.8: Wind farms’ transient status when a simulation of three-phase fault is on line.

5 Discussion and Conclusions

This study simulated the impacts of four planned
wind farms on the local power system in the
Southern region of Vietnam. The electrical energy
generated annually for each wind farm is estimated
using the WAsP 10 software. In addition, the
impacts of wind farms on the power system are
analyzed through four transient cases including the
wind disturbances, the bus fault, the tripping off
wind farm and the fault in the middle of the
transmission line. The results show that the case of
fault in the transmission line has the worst impact on
the power system compared to other cases;
However, after eliminating the fault, the power
system stays stable at the new condition. Therefore,
we should consider strictly the fault protection
system on transmission lines before a wind farm is
connected. In addition, connecting the wind farms
leads to the remarkable advantages for the economy
and environment. The results indicate that the large
energy production of 5,265.15 GWh per year
generated from wind farms contributes to cut off the
fossil fuel sources in electrical generation. Besides,
avoiding 978,54 tCO; emitting into the environment
from wind farms is very wonderful and deserves to
be invested.

In general, the study simulated and evaluated the
four wind farms with a variety of specific transient
cases. The outcomes indicate that wind farms only
slightly impact the power system operation when
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any faults occur. Wind is a great renewable energy
in terms of replacing fossil fuel sources and being
friendly environment. The study findings should
contribute to the exploitation and operation of the
enormous potential of wind energy in the Southern
power system of Vietnam.

The details of simulation on four practical wind
power plants situated in Southern Vietnam evaluate
the energy generation, CO, emission limits, and the
effects of wind farms on the national power system.
Some observations can be derived as follows:

e Wind turbines rated in 3 MW for all wind farms
will generate the most energy in the same rate
capacity of wind farms. Total substantial amount
of energy capacity of 2,265.15 GWh annually
will be generated if they are well investigated
for four wind farms.

e The capacity factor will occupy 46.8% and
51.7% in Soc-Trang and Ca-Mau wind farms,
respectively.

e The four wind farms could avoid 978,54 tCO;
emitting into the environment.

e The wind speed disturbances at any wind farm
will not significantly influence the real power,
the voltages at the other wind farms, and the
system buses. Only the largest wind farm , Ca-
Mau, has little effect on the power system. And
if there is any three-phase fault at buses near
wind farms, wind farms still maintain the normal
operating condition.

e When the biggest wind farm, the wind farm at
Ca-Mau, is assumed to be tripped off from the
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power system at 5" second, the voltages of the
neighbouring buses of the faulted wind farm
fluctuated in the next 13 second before
recovering to the normal state at the 20" second.
In addition, the frequency is slightly affected in
this case.

e A three-phase fault in the middle (50%) of the
line connecting Cai-Nuoc and Ca-Mau does not
cause tripping off any wind farms.

The limitation is that this study has not assessed the
impact of diverse renewable energy sources on the
power system at the same time. For example the
solar energy source has been growing a very
significant installed capacity on the power system in
recent years. In addition, the study has not analysed
the maximum power capacity of renewable energy
sources, especially the wind power that can be
connected to the power system of the Mekong Delta
to ensure the stable operating system.

The above limitations can be further investigated
to comprehensively assess the impact of all
renewable energies on the regional power system at
the same time as well as identify the maximum
amount of capacity of renewable energy sources that
can be connected to the regional power system in the
future.
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