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PROVINCIAL ELECTRICITY AUTHORITY

IEC TS 62898-2-2018: group of interconnected loads and distributed
energy resources with defined electrical boundaries that acts as a single

controllable entity and is able to operate in both grid-connected or island
mode.
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IEEE: a group of interconnected loads and Distributed
Energy Resources (DER) with clearly defined electrical
boundaries that acts as a single controllable entity with
respect to the grid. It can connect and disconnect from the
grid to enable operation in both grid-connected or island
modes.
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BESS for PEA Investment Perspective

Investment Issue

1 Capacity

2. Quality

Growth of EV: PEA Area

EV Population Forecasting based on PEA Area (EPPO Forecast)

17.4 million EV in 2580 (2037)

* 11.4 million Motorcycle
* 5.4 million Sedan & Pickup
* 0.6 million Others

2023

2024 2025

2026 2027 2028 2029 2030 2031 2032 2033 2034

- Sedan & Pickup I:l Motoreycle - Others
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2036 2037



Mae Sariang District

PV 4MW

Diesel Gen. 5x1IMW
BESS 3MW/2.2MWh

Completed

PEA Microgrid Projects: Investment for Reliability

Mae Hong Son:
Ongoing

Diesel Gen. 2x300kW
BESS 1.0MW/2.0MWh
Completed

Betong District'

VSPP 7MW+5MW
Diesel Gen. 7x1IMW
BESS 4MW/6.2MWh
SVG 6 Mvar
Completed

Project Status

Project at Mae Sariang: The project has been completed in
2021. The project aims at improving power system reliability
due to long distribution line through rural area from

substation to the district.

Project at Betong: The project has been completed in 2023.
The key objective of this project is to raise local power
generation and distribution efficiency and also to reduce

losses of long distribution system to remote area.

Project at Paluai Island: This is an off-grid microgrid project,
where the island has no power system connection from the

mainland. It has been completed in 2023.



Alternative Solution:

Low-Voltage BESS

> Réducing the peak load |
»  Supporting grid voltage
» Reducing phase unbalance

EV Charging Management

Disruptive Load/Gen: Investment for Capacity and Quality

BESS Grid Scale

Low-Voltage Regulator
SVG, OLTC, LVR
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PEA Perspective

bbbl ~ Investment for Capacity and Quality
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PEA Perspective (MV): New Substation or ESS

90.00 Supply by ESS
78.12
80.00 77.70 75.38

67.8967.50

70.00 66.24 66.6

60.00 . W TN
S 50.00 i -
g L.
= 40.00 Ay

30.00

20.00

10.00

®

Q&b&w&?&&)&&@h@t\%\. D N D B N e e X D

P NN .
VR EIEEyyee

Hour




§ f ; é Maiiia

aanziuan

Draft Example for BESS Sizing: Northern Area

® Grid deferral
Overload management

Main Applications Original size NPVinMTHB NPV in MTHB BESS size
o Grid Deferral Substation Name MW BESS MWh BESS  (Financial) (Economic) BESS MW _ BESS MWh
. UTA UTTARADIT 10.58 30.86 = s3Peak Shavipgo 11.00 31.00
o Peak Shaving . LAMPANG 1 1707 @7.46 381.85 477 18.00 58.00
o Ancillary Servige SUKHOTHAI 13.85 39.32 Q 396margy Arbitragey 31 14.00 40.00
WGT WANG THONG 15.19 60.03 350.24 446.33 16.00 61.00
mMaariuaanidooiuiia DCA DENCHAI 7.84 21.93 385.78 431.26 8.00 22.00
SZA SALOKBAT 14.48 43.89 333.31 414.50 15.00 44.00
RKA RONG KW/NG 10.33 30.75 34&34 39E.26 11.00 31.00
- - PLC PHITSANULOK 3 18.0A @9.82/,6 ohggrementabsell 1900 70.00
; , \LoA LOM GAK 23.00 7938 ll 78364 growth sgg@g;at 23.00 80.00
KU Kill NG KHLUNG 6.89 19.8%" 159.58 200.83 7.00 20.00
H BLICHAI 9.00 24.00 117.80 168.49 9.00 24.00
- + KA LAN KRAZII 7.24 17.62 107.78 145.79 8.00 18.00
VISA MAE SOT 1 17.05 88.27 ?@3 . EEQE 18.00 89.00
[ ] /uaa UTHAI THAMI 26.03 4.4(;\‘ & Flllary sgh¥ice o 00 85.00
BQA BAN RAI 8.17 5.9 6¥dRige support98.72 9.00 16.00
QLA PHO THALE 11.07 31.47 (15Qision 45.98 12.00 32.00
IBA IN BURI 9.88 25.95 (14.55) 40.34 10.00 26.00
TAA TAK 1 12.55 54.10 (68.45) 25.75 13.00 55.00

L 3

Cost-benefit- CHOM THONG 19.13 81.63 (103.64) 24.17 20.00 82.00
R WPA WIANG PA PAO 14.94 411 6pstand operdfion 1500 42.00
analys.s QRA PHROM PHIRAM 7.1 @5 @ (34.33) 8.02 8.00 21.00
NAT NAKHON THAI 6.17 15.7 (3Pp8pge power 219 7.00 16.00
Py supply 963.00

=~ 960 MWh from 22 of 107 subs in the Northern region is
economically feasible in the Northern region

Avoided outage

. @

Outage impact




BESS at LV

BESS 50kW/50kWh at 160kV A Distribution TR

Investment for Disruptive Load/Gen

5
s
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PEA Battery Energy Storage System (BESS)
- BESS in Microgrid for Reliability/Unelectrified

- BESS in Substation for Capacity and Quality




PROVINCIAL ELECTRICITY AUTHORITY

Grouping of Battery Energy Storage (BES)

Sodium Battery (Hot)

e Sodium Sulfur Battery (NaS)
e Sodium Nickel Chloride (NaNiCl)

Lithium Battery (diff. cathode tech.)

* LiFePO4 (LFP), Nickel Manganese Cobalt (NMC), Li-lon
Nanophosphate, Lithium Titanium Oxide

Flow Battery

* Vanadium Redox Battery (VRB)
e Zinc-Bromine Battery (ZnBr)

Sodium Battery
*Sodium-ion

CO2 Battery

* 2.5MW/4MWh 11MUSD

PEA Thailand 12

Cycle (Life-time) | Efficiency (AC-AC)
Na Battery W W
Lithium Battery W () WY

Flow Battery WA v

Long-life
BB (RHEFe W AREEan




Main Function of BESS

PROVINCIAL ELECTRICITY AUTHORITY

1.Peak Shaving/Peak Cut
(charge surplus energy form PV to BESS | Loz
and discharge to load during peak time)

. 3.Islanding"
2.Voltae Regulation (when outage)
(regulate and maintain voltage during intermittent of load and VRE) e

| /! 'vﬁ! |
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T PEA Microgrid at Mae Sariang: Peak Shaving Example.

PROVINCIAL ELECTRICITY AUTHORITY

BESS has been charged by surplus energy form PV, then discharge during peak.

From 2/7/2021 to 2/15/2021
A@mk\") AVQ{P_C](W")
W Daily Peak Shaving P3006282 -P A, PB, PC
From 02-Jan-20 to 10-Jan-20
| | |
Avg[P A] (kW) Avg[P B] (kW) Avg[P C] (kW)

Surplus energy has been charged to BESS,

PV generate power, total C—

8 Mon 9T 10 Wed 1Th 2Fi B3st 145 15Mon power flOW baCk tO gnd. e—— power flOW baCk haS been reduced.

Feb 2021 Time

L

C——

MSR get power from grid.

Discharge BESS to do peak shaving.,
\

! ! !
9AM 12PM 3PM 6PM

Jan 8 Wed 2020 Time

PEA Thailand




Microgrid at Mae Sariang

PROVINCIAL ELECTRICITY AUTHORITY
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Microgrid at Mae Sariang

Solar Power Energy
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MSR Substation (a@anfilniudiazise) Diesel Generator 5x1MW
JuanndlaAsulausesy 115k anaanitlavheen PARASE 1 MW $117% 5 LASad

ANTEAULIITIUMAR 22kV 31weaniudulyluvi Todwmsusessunsaiiinmessuulivhdnvesdy

1 4

MYlUSUNDUNAZITEY BUNDAULLY LA ILNDUNATUDY

SYUZIIANUIU FULURLNDIAZlua1u15asesule

g Step Up Transformer 4 MVA
YA 3 Windings 315V/22kV
Tydmsuusunsasuiielolunisunse

SS) 2x1.1MWh Installed
wunmesviindSunlessunaa (LiFePOd)

Al 3MW/1.5MWh anansaaredalivinle 3Mw aewiles
A3l (30 und) v neuasiSe

s vz e m e e

—— A W

Power Conversion System (PCS) 6x500kW
Usegnaulumie PCS aunm 500 kW 971171 6 Units
(570t0u 3 MW) muqm'ﬁm%f\m,asﬁaﬁuﬁa}

LA AEYITILUALADS . Battery Energy Storage System (BE

FIUDITZUUUDINUANE
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7 Units

Energy Storage (4AMW/4MWh,
6.2MWh installed) 1 Units
to cover significant load
Micro grid Controller (MGC)
{Energy Management System
EMS with Fault Location
Isolation & Service Restoration L BRI
(FLISR)
Communication System

) ) 1 System
(Fiber Optic)
STATCOM/SVG (x6Mvar) 1 System

o)

%Betong

Microgrid at Betong, Yala Province (MGBT)

Bang Lang substation
(BAA) 115 kV

(Main source)

Betong Microgrid

gENEEEEENEENENEEEEEEEEEEEESEENEESEEEEEEENEENNEEEEENEENEEEEEEEEEEEEYN

(BAA) 33 kv

(Reserved source)

Maximum load capacity 10 MW

F2 F3 - Significant load (Hospital and government office)

Sz «’\ ;‘f\: F4 - Industrial load
% %’4 .';ﬁh A
Energy Storage %]
| (AMW/aMWh, 6.2MWh
i installed) Y \' \'

..................................

Yupparachan substation

YR
(YRA) F1

1
|
jang Lang substation I
1
|

SMART ENERGY FoR BETTER LIFE AND SUSTAINABILITY

“} v

VSPP

VSPP
MW 5MW

F5
N l '
- P STATCOM/
- B SVG
ok (6Mvar)
> =
Microgrid
Controller

- Supply electricity immediately after a major disruption
- Load balancing with sources
- FLISR or Self healing




S IR
Microgrid at Betong, Yala

SAMSUNG SDI d I:w
/178134 "
oaabie L-+on Batery
class

ll Inverter c €
ABD " SS

hitachiabb-powergrids.com = =

MODEL PS1000 690vac/3L.2
DC Rating It

Nom. DC voltage range:  1000-1500 VDC
Max. DC voltage: 1500 VDC
Max. DC current: 1400 ADC

AC Rating

Max. AC power: 1500 kVA

AC voltage: 480 - 690 Vrms
Max. AC current: 1255 Arms

Nom. frequency: 50 - 60 Hz
Power factor: 0.5 ‘eading, 0.9 lagging

Ambient temperature: -40t0 40 °
Protection degree: Cl(;:so | -
Certifications: IEC 62477-1

L IEC 62909-1
SERIAL: 22011834

L]
DATECODE: 2203 [k

SMART ENERCGY FoR BETTER LIFE AND SUSTAINABILITY 20
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MGBT Fault Location Isolation &

Service Restoration (FLISR)
by Al
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Fault Location Isolation & Service Restoration (FLISR)

115 kV line

PROVINCIAL ELECTRICITY AUTHORITY

TR
115 kVv/33 kv
25 MVA

INC1

1WB, 2WB,

SW34

STATCOM

SW19

Font of Yuparachun Substation

1
Betong green 3‘#;2’;‘. | Fosﬂw%_?
MW
i SW26
n e - an(ofl(?ﬂw'fe%vsl.
W33!

Diesel
PC Betong Engine
- [ SW27 1MW x 7

Banglang
BAA4
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Font of Jon;
School

Soi Wiraratprasan
School

SW3

§’g{r‘%§ Oppos kgm&mwn Ten:: D'SST;“!:;ZI"?Q. :l.;i: 5: 1
I Optical shoy
Normal Operation
2 t swi4
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Junction Rubber Authori
) gty r
™
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PROVINCIAL ELECTRICITY AUTHORITY

Fault Occurred

Fault Location Isolation & Service Restoration (FLISR)

115 kV line

TR
115 kV/33 kv
25 MVA

INC1

2WB

1 SW19
Font of Yuparachun Substation

1WB

STATCOM

: SW24 I
Betong green Betong green

1
| Eeed |

SW25

Recloser downstream of

fault area operate,
downstream load is outage

SMART ENERGY FoR BETTER LIFE AND SUSTAINABILITY
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S of Thailand
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Battery

Diesel
Engine
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¥ PEA Fault Location Isolation & Service Restoration (FLISR)

115 kV line

TR
115 kV/33 kv
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PEA Fault Location Isolation & Service Restoration (FLISR)

115 kV line

TR
115 kV/33 kv
25 MVA

INC1

1WB 2WB,

STATCOM
SW34

SW19
Font of Yuparachun Substation
1
Bt B | W
MW
: + _swa __SW26 —
m;?i::w“ - Frmmfxmrrempl. c;j;n,
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School ng
swiog Tl sww ] 1MW x 7
SW28| SW29 Side of %
YRS %mm_ Side of Duangamor ol 1 r
':':“ Opposite Buddhadhiviat Temple  Stor® hotel
L ]
SW22 *
Front of Beautiful|
Near Betong
Al of FLISR system . Banglang
y r s BAA3
[ 2
restore the healthy area S
———— SWi SW3
Ramong Front of
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of Thailand
. T r
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green represents curr

Notes.

Schematic diaaram of SVG
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STATCOM/Static Var Generator (SVG) Application

Trend

From 1/1/2022 to 3/9/2022

P3010664 - Min[V RMS Avg LL] (V)

P3010664 - Max[V RMS Avg LL] (V)
]

P3010664 - Avg[V RMS Avg LL] (V)

P3010664 - Min[Q Total] (kvar)

P3010664 - Max[Q Total] (kvar)
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P3010664 - V RMS Avg LL, Q Total
From 2/1/2022 to 2/28/2022
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STATCOM/Static Var Generator (SVG) Application
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STATCOM/SVG Application: Voltage fluctuation (Pst) benefit
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STATCOM/SVG Application: Voltage fluctuation (Plt) benefit
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PEA Phaluai Island Microgrid, Surat Thani
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Microgrid Scenario Simulation
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BESS Samui Island
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PEA Phrao Office
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Master schedule and Critical Path for BESS system project
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BESS: Phrao, Chiang Mai Project
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BESS: Phrao, Chiang Mai Project
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Upcoming: H2 ESS in Nok Phao Island Microgrid
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Upcoming: H2 ESS in Tao Island
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Upcoming: H2 ESS in Tao Island
Solid Oxide Fuel Cell (SOFC)
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o Bt o PV+BESS: Monitoring Results
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