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Abstract:

Currently, Phu Quy Island is being supplied by three power sources: a diesel plant, a wind power
plant, and a solar power plant with capacities of 10 MW, 6 MW, and 0.8 MW respectively. The load is
expected to achieve a capacity of 8.4 MW in 2025, and 14.9 MW in 2030. With the high increase in
load demand, and far from the mainland, the Phu Quy power systems is difficult to get electrical
energy from the national power grid. Renewable energy is being extended to meet the high load
demand on the Phu Quy island. However, the issues of renewable energy often depend on weather
conditions such as solar radiation and the wind’s speed, therefore the diesel power plant is still the
main energy supply that causes an increase in the power system operating cost. In order to meet
the demand as well as the need for renewable energy using to be optimized in the future, the paper
is devoted to determination of the Battery Energy Storage System (BESS) sizing to support Phu Quy
hybrid in storage of renewable energy and decrease the operation cost for Phu Quy power system.
The installation of renewable energy sources such as wind and solar is difficult to manage, between
generation and consumption often has excess and shortage over time. The proposed BESS solution
can store energy when there is excess from source and release it to the lines when load demand
increases. It's suitable with the current status of power system on Phu Quy Island, as well as the
development trend in the future, especially the COP26 and Power Development Plan VII.
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Tom tat:

Hién nay, dado Phd Quy dugc cap dién tir cac nha may nhiét dién diesel trén dao véi cong suat
10 MW, nha may dién gié Phi Quy véi cong suat 6 MW va nha mdy dién mat trgi Phd Quy vdi cong
sudt 0.8 MW. Nhu cau phu tai cla dao Phu Quy du kién dat 8.4 MW dén nam 2025 va 14.9 MW dén
ndm 2030. V3i nhu cau tai tdng cao va do vi tri ddo nam xa dat lién, dao Phi Quy rat kho nhan
ngudn cung dién tir IuGi dién québc gia, vi vy giai phap tiép tuc phat trién ngudn néng lugng tai tao
(NLTT) tai chd dé& cung cap dién cho dao 13 can thiét va cling 13 bai toan quy hoach dién dai han cta
dao. Tuy nhién cac ngudn NLTT lai phu thudc cac yéu td thdi ti€t nhu blrc xa cla mat trai, toc do
gié, do dé nha may diesel Phii Quy van 1& ngudn dién cung cap chinh cho dao gay ra ting cao chi
phi van hanh hé théng. D& dap (ng nhu cdu phu tai ctia dao Phu Quy, gidm chi phi van hanh hé
thong cling nhu t6i vu hda sir dung nguon nang lugng tai tao trong tuong lai, bai bao dé xuat
nghién cttu lva chon dung lugng cla hé thong pin luu trlr nang lugng (Battery Energy Storage
System — BESS) dé hd trg hé thdng dién dao Phd quy luu trr ngudn néng lugng tai tao va giam chi
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phi vén hanh cho hé thdng dién huyén dao Phu Quy. Viéc lap dét cac ngudn ndng lugng tai tao nhu
gid, mat trdi thudng khd quan ly, cd thé cd su thira va thiéu theo thdi gian gilta thdi diém phat va
tiéu thu, do dé giai phap st dung BESS c6 tac dung luu trir ngudn nang lugng téi tao khi du thira va
phét lai khi nhu cau phu tai tng cao phu hgp véi thuc tién tai dao Phi Quy va xu hudng phét trién
trong thdi gian téi ddc biét 1a tdng sa dd VIII va COP26.

T khoa:

Nha may dién diesel, nha may dién gid, nha mat dién mat trgi, BESS, COP26.

1. INTRODUCTION

Recently, the development of renewable
has become a global trend aimed to
achieve zero carbon targets in the future.
Renewable energy is a free energy source
and friendly to the environment.
However, it is not only depending on
weather conditions such as solar radiation
but aslo wind speed. In order to integrate
renewable into the microgrid system,
many  researchers have  suggested
solutions using a Battery Energy Storage
System (BESS) which can store excess
energy from renewable sources and
discharge it during periods of power
shortage. Bogdan S. Borowy and his
partners [1] studied methodology for
optimally sizing the combination of a
battery bank and PV Array in a Wind/PV
hybrid system; Le Thi Minh Lien and her
partners [6] indicated an optimal sizing of
a battery energy storage system using
particle  swarm  optimization  for
microgrid; José L.Bernal-Agustin and his
partners [4] performed to simulations and
optimization of a standalone hybrid
renewable energy system and Thair
Mahmoud [8] studied the optimal sizing
of Battery Energy Storage Systems in
microgrids.

This paper focuses on determining the
sizing of a battery energy storage system
(BESS) for a power system based on
time-domain load-flow (TDLF)
simulation using ETAP software. The
procedure is applied to determine the
appropriate size of the BESS for
microgrids in the case of Phu Quy island
in southern Vietnam. The paper is
organized as follows:

The introduction is addressed in the first
part. In part 2, authors present about
battery energy storage system (BESS)
model used in ETAP software; The
procedure for determining the size of
BESS for Phu Quy power system is
proposed and discussed in part 3. Finally,
part 4 presents the conclusions and
perspective of the paper

2. BATTERY ENERGY STORAGE
SYSTEM MODEL USED IN ETAP
SOFTWARE

A battery model used for time domain
simulation is given by following the
differential function:

Ui = Unom- Uset

(1
(2)

dt

UDC = Ui + IDC'Ri + Li' 1000.

where:
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U;: the internal voltage (kV);

Unom: the nominal voltage of the battery
(kV);

Uge;: the voltage setpoint input signal
(p.u);

R;: the internal resistance (ohm);

L;: the internal inductance (mH);

Ipc: the DC current (KA);

%; the derivative of the DC current
(kAJs);

Upc: the DC voltage (kV)
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Figure 1. The Battery module used for time
domain simulation [5], [11], [12], [13], [20]

Figure 2 presents the BESS model which
is built into ETAP software.

The BESS module consists of various
components with specific function of
power storage units, inverters, and
converters in order to convert DC to AC
during the charging and discharging
process. The AC components of the BESS
system consist of various equipment as a
step-up transformer which is useful for
increasing the voltage from low to
medium voltage, and a circuit breaker that
connect and disconnect the BESS from
the load.

TRUGNG PAI HOC BIEN LUC
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Figure 2. The BESS module in ETAP software

[Z] Battery Editer - Batteryl

Info Rating  BMS sC Remarks Comment

MFR vec [ 33 R [ oooe Temp. [ 25
Model [ANFZEE50mTA Capacty [ 2300
Type
Char. [SoC vs. Voltaae
Library.
Rating State of Charge
#ofcon [T B SoC Category SoC % Cap AH
o rota [ 2 & ; w [
#of Stings [ 87 |5 3 [Charging 50 100.05
Rated Voc [ 1898 v 4 | Dischargng 80 160.08
Total Capamtle AH 5 | Floating 80 160.08
6 | Startup 70 140.07
Temperature 7 | Emergency 80 160.08
Max. T Min. T | & |Backup a0 160.08
Cutoff SaC 9 | Standby 80 160.08
Charge - 10 |Bat Cat 10 80 160.08
Discharge [ 20 | % Operating SoC[_ 0 | %
Batteryl = @ oK ||| cancel

Figure 3. The rating parameters of battery

In these cases, the BESS charges from the
excess energy from power renewable
sources and discharges energy when there
is insufficient power supply in the islands.
These processes support the load demand
requirements and reduce the power
generated from diesel power plants.
The Lithium-lon based technology battery
is used to simulate -effectiveness of
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BESS in the paper. Figure 3 provides
recommendations  for  the  rating
parameters of the BESS in ETAP
software [2], [3], [9], [10], [11].

3. DETERMINATION OF BESS SIZING FOR
PHU QUY POWER SYSTEM

3.1. Methodology for selecting the size
of BESS

The procedure for determination of BESS
sizing is proposed including 05 steps as
below:

= Step 1: Run TDLF and build the power
of loads and sources characteristic in
8,760 hours by ETAP software.

= Step 2: Determination the amount of
excess energy from the renewable sources
(EEX);

= Step 3: Determination of the typical
daily load curve of power system from the
TDLF result. It is a daily load curve
which is most probability occurring in a
year.

= Step4: Determination of the power
required of BESS form daily load curve.

= Step 5: Determination of BESS
capacity (E) following formula 4.

Prequired XT
Epgss = — o 4

EBESS < EEx
Where:
Eggss: BESS capacity required (MWh);
Eg,:Excess renewable power capacity
(MWh);
Prequirea - The maximum power of diesel

power plant generated that is determined
from the typical daily load curve (MW);

(ISSN: 1859 - 4557)

%DOD: Depth of discharge (%);
n: Efficiency of battery;
T:  Total time for discharing.

3.2. Case study of Phu Quy Power
system

Phu Quy island is currently being
supplied by three power sources: a diesel
plant, a wind power plant and a solar
power plant with capacity of 10 MW,
6 MW and 0.8 MW respectively. The load
is expected to achieve a capacity of
8.4 MW in 2025 and 14.9 MW in 2030.
The single-line diagram of the planned
Phu Quy power system is presented in
Figure 4.

THE RATIO OF SOURCES

7

m DIESEL = WIND = SOLAR

Figure 4. The ratio of sources chart

The paper conducts a simulation of the
power system in Phu Quy island for a
duration of 8,760 hours by using ETAP
software based on the collected data,
which includes a single-line diagram of
the power system, cables and transformers
impedances, load curves and power
generating curves of different resources.

The load demand is 57,960 MWh per year
with the loss load is 787.3 MWh per year.
Figure 4 indicates the ratio of sources in a
chart.
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In Figure 4, the shares of the wind energy,
solar energy, and diesel energy are 42%,
54% and 4% respectively of the total
energy source. Figure 5 presents the load-
flow result in 8,760 hours of Phu Quy
power system.

Figure 6 shows the power generation
curves of the Phu Quy wind power plant
(represented by the red area), the Phu Quy
solar power plant (represented by the
green area), and the Phu Quy diesel power

plant (represented by the purple area), as
well as the load curve of the Phu Quy
power system (represented by the blue
line), over a period of 8,760 hours (one
year). The yellow areas above the blue
line, which is the amount of excess
renewable energy. Based onthe Figure 6,
the paper determines excess renewable of
the Phu Quy power system is 3,094 MWh
per year. As mentioned in part 3.1, the
Phu Quy power system requires the use of
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Figure 5. A single-line diagram of current Phu Quy power system
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Figure 6. The load-flow result in 8760 h of Phu Quy power system
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BESS to store those excess renewable.

Figure 7 is a typical daily load curve of
Phu Quy power system. The blue line
represents the total load, the green area
represents the solar plant generation, the
orange area represents the diesel plant
generation, and the grey area represents
the wind plant generation. The amount of
excess wind power is 7.6MWh per day;
The maximum power of diesel power
plant generated that is 1.4AMW. The paper
determinate BESS (The battery chosen is

lithium-ion) capacity based on formula 4.
Prequired XT _ 1.4 x2

%DOD X1 80% X 95%

Eggss =

= 3.68MWh ~ 4MWh

Egrss < Egx ©4<7.6
The Size of BESS is determined to
be 4 MWh; The type of battery is

(ISSN: 1859 - 4557)

lithium-ion.

The BESS model mentioned in part 2 is
showed in figure 8.

The investment cost range of BESS
using Lithium-lon technology is from
$150/kWh to 250$/kWh and it is
predicted to be below $100/kWh by 2025
[15]. In this paper, the chosen investment
cost of BESS is $250/kWh, Table 1 shows
the investment of BESS with 4AMWh and
the payback period of the project.

Based on the results is shown in Table 1,
the installation of BESS for the Phu Quy
power system enables it to meet the load
demand by 2025 and helps saving
$130,000/year (The saving cost per year
after installing BESS in Phu Quy power
system). Therein, the energy generated by
the Phu Quy diesel power plant decreases

TYPICAL DAILY LOAD CURVE

w
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Time (h)

EENPY WEWTG mmDiesel —Load —LOSS

Figure 7. The typical daily load curve in Phu Quy Power system
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Figure 8. A single-line diagram of Phu Quy power system after installing BESS

from 27,041 MWh to 26,741 MWh which
is equal to $108,000 (the cost of energy
from Phu Quy diesel power plant is
$0.36/kwh). The amount of Carbon
dioxide (CO,) emission decreased about
252 tons of CO, per year. They were
guided by Ms. Nguyen Thi Xuan Hanh
and her partners [19] with the emission
factor (EF) of Viet Nam electrical power
system is 0.8401. The Phu Quy power
system will save $22,000 with the cost of
Carbon credits is about $15/tCO; to
$96/tCO,, and the paper chooses the cost
of carbon credits which is $87/tCO, (The
cost of carbon credits is in the EU).

4. CONCLUSIONS

Renewable energy is an abundant and
environmentally friendly source that plays
a key role in achieving the zero-carbon
target 2050. However, renewable energy

Table 1. The benefit of Phu Quy power system
after/before installing BESS

~ The The The |The life
investment | saving payback of
cost of cost per period | project
BESS year
$) $) (year) (year)
1,000,000 | 130,000 7,69 15
Note: the investment cost of BESS is

250$/kWh [15]

sources are not consistent as they depend
on weather conditions, which can result in
excess energy production. To address this
issue, it is necessary to install a BESS in
the Phu Quy power system to store excess
wind power. The proposed procedure for
determination of BESS sizing shown that
there was a significant reduction in power
generation from the Phu Quy diesel power
plant, from 27,041 MWh to 26,741 MWHh.
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This reduction has resulted in annual ~For future work, it is recommended to
conduct the dynamic simulation of BESS
. integration in order to enhance the
of the project. stability of the Phu Quy power system.
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