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Draft Example for BESS Sizing: Northern Area

° Grid deferral
Overload management

Main Applications Original size NPVin MTHB 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 43pesak Shaviego 11.00 31.00
o Peak Shaving |, LAMPANG 1 17.67 7.46 381.85 ar7ar 18.00 58.00
o Ancillary Servige SUKHOTHAI 13.85 39.32 Q 39Bmargy Arbitragey 31 14.00 40.00
WGT WANG THONG 15.19 60.03 350.24 44633 16.00 61.00
maaviuaanidaswiia DCA DENCHAI 7.84 21.93 385.78 431.26 8.00 22.00
SzZA SALOKBAT 14.48 43.89 33331 41450 15.00 44.00
RKA RONG KW/ANG 10.33 30.75 34@64 39@.26 11.00 31.00
- - PLC PHITSANULOK 3 1806 69.8?9 hidgrementalbsell 1500 70.00
[ ) \LOA LOM GAK 23.00 7938 II 7BS%d growth sg%ggt 23.00 80.00
KKU YHI GNG KHLUNG 6.89 19.83" 159.58 200.83 7.00 20.00
H DLICHA 9.00 24.00 117.80 168.49 9.00 24.00
- + KA LAN KRAZ! I 7.24 17.62 107.78 145.79 8.00 18.00
VISA MAE SOT 1 17.05 88.27 . ggﬁ 18.00 89.00
[ ! /uma UTHAI THAMI 26.03 4.4(;\‘ (Aﬁf'"ary sghyice o 00 85.00
BQA BAN RAI 8.17 5.9 6¥dBige support 9872 9.00 16.00
QLA PHO THALE 11.07 31.47 ision 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
- WPA WIANG PA PAO 14.94 41.1 6Gstand operdion 1500 42.00
analys.s QRA PHROM PHIRAM 7.11 @05 @ (34.33) 8.02 8.00 21.00
NAT NAKHON THAI 6.17 15.7 (3Pp8pge power 219 7.00 16.00
25 supply 963.00

2

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

Avoided outage

Outage impact




Battery Energy Storage System: BESS Samui Island Project

115 kV No.4 , 80.50 MW

Objective

é 115 kV No.2 , 63.60 MW N Samui 1 T > Futu re
33 kV XLPE, 16 MW . —_— icti
. : > Substation Existin
. Peak Shavi ng K o,}@“ 33 kV Oil filled, 1332 MW g

= Submarine Cable Supporting ——— Standby

»= [slanding Operation Khanom
o SamUi 3
Substation (Temporary)

(mMacwddaso

Samui 2 e’y Ko h P h aN gan U 2567 laswa 2) Ko h Tao

Substation Substation 33 kv Substation
66.69 MW 23 MW

115 kV No.3 , 77.80 MW

BESS
(125MW / 25MWh) x 2 sets
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BESS: Phrao, Chiang Mai Project
Brightness forufti'_atia]lity
PEA Phrao Office

s.uunmnuwao\nutu 3
] wun 2 WS12 D. ootk
amiia wovan (CDO)A '

Phrao Load 558 MW

Phrao Downtown Load 1.88 MW | A
' - “H
_‘)’\}& BATTERY
A BESS 3 MW /3 MWh (4 MWh installed)
AL « Cover the whole Phrao downtown
E.' ami4 wisy (MRM) - Cover outage for > 90%
S:UUDKUTD 22 kV
DInanud l:lg\)U]lU'l
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Master schedule and Critical Path for BESS system project
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Brightness forLJfG Quality
as1uiofie adununwgsanalng
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CR :W=800 W/COVER HDG.

N

R Recloser 33kV
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DISCONNECTION SWITCH
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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. -

-
U, i ol ——

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.

7 Microgrid I
3.'7‘.';2 Contrgller =
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Mae Lanoi Microgrid Area

PEA Thailand 10
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Battery Industry

Battery LCE Long-term

KT Demand Outlook
Base case scenario: 169 CAGHRH
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Source: SAI lithium assessmeaent for Albemarle (2015), sector repor
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Energy Storage Classification

PROVINCIAL ELECTRICITY AUTHORITY

Flywheel Energy Storage

Pumped Hydro Energy Storage E——
. Pump Generate - B a tter y E n er gy
ﬁ ﬁ | Storage (BES)

Overall cycle efficiency ~75% pumped storage plants
are net users of
electrical energy

Fuel Cell Energy Storage
Compressed Air Energy Storage

PEA Thailand



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 13

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

Flow Battery VWY v
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PEA Microgrid Drivers \@s

1. Power System Reliability and Quality

2. Supply Power to Island or Rural Area

* - 3. Intermittent Resources Integration

4. New Substation, Transmission, and Distribution Line Deferral

5. Power Losses in Distribution Line

6. Smart Grid Initiative




Microgrid Projects

PROVINCIAL ELECTRICITY AUTHORITY

Mae Sariang District

PV 4MW
Diesel Gen. 5x1IMW
BESS 3MW/15MWh

Paluay Island
PV TMW
Diesel Gen. 2x300kW
BESS 0.75MW/15MWh
Ongoing

Betong District’

VSPP 7MW+5MW
Diesel Gen. 7xIMW
BESS 4MW/4MWh
SVG 6 MVar
Ongoing

Project Status

Project at Mae Sariang: The project started in 2018 and 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 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. It is
in the implementation phase and expected to go-live by this

year.

Project at Paluai Island: This is an off-grid microgrid project,
where the island has no power system connection from the
mainland. It is under the procurement process and the project

is expected to be completed by 2023.
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Khun Pae

¥

Khun Pae Microgrid (R&D Project) Chom Tong, Chiang Mai

Control Center @ !.
N

Zone 3.2 26,84 kW Peak Load is | \’ A Mobile APP . \ Internet
) f\ —  _  GOOSE
sl 09.85kW in .-\gl'il. 2016 N o | \‘ —— OPC %
54 8 90kW in 2019 VMo G 1 o EC103 - -
'P-J\\ > 3 Microgrid Energy
| n A _J| Control System
Zone 2 o= o
20.50 kW /A FRTU :
S1 W e Microerid
: Zone 3.1 J Lot of soney | I ——— g 1= Controller
A 18.81 kW I 22V 3.70kW
8 17 f‘ FRTU FRTU
\ ) W W, Tr 22KV/400V
\ S2
\ S3 M1 .
| 4 AC 400V
Zone | l — . 1
370 kKW Wi N2 AC AC
} oad of Zone 2 & DC
For Isolation O Ve L 2‘(’)_5‘&“, S4 Loalds %ruz{g\,:e 3 DC
81 :
For Load Shedding "\ -
\\ Load of Zone 4 .
For Black Start & Load Shedding | 26 84w ‘ -
\ : =
For Load Shedding S o l...05 0

PEA Thailand




Khun Pae Microgrid (R&D Project) Chom Tong, Chiang Mai

PROVINCIAL ELECTRICITY AUTHORITY

Microgrid Controller

Batteries

— 77;

TN 35

BESS 100kW/100kWh Mile

PEA Thailand
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Microgrid at Mae Sariang

g, . Energy Storage Mae Sariang
f s [ 0 (SMW/1.6MWh useable) 1 Units «
%@ to cover significant load

. Micro grid Controller

: Vl\zlth BulldlnthEnfrg (BEMS)

: Management System

: and Fault Loca%’lon Isolation & 1 System
: Service Restoration (FLISR)

E L] [ 3 s \‘ koh 2 I
: Communication System 1 System : * | * * Praw |
: g3 P sgzlbutéone%set’em‘ e 2\ ': L " Mae Sariang Sub. \
~ 115KV (Future) h B

110 kn -3 e
/)_; s
, . /
Microgrid

‘m Controller

g2

Mae Sariang Dam ~
\\ 2x625kVA . . i
SW /
;:L - Dlesel Generator
R ~< SXIMW P
No o
Mae Lanoi Mlcrogrld Area
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Microgrid at Mae Sariang

PROVINCIAL ELECTRICITY AUTHORITY

with Fault Location Isolation & Service Restoration (FLISR)

LI ¢
Future Future : o
115 kV line 115 kV line y SCADA
: Communication
: MSR Substation backbone
Control Syst:
TR2 ’ ".‘ TR1 g’ (rCSCg) - Gateway
115kV/22 kV y 115 kV/22 kv
25 MVA Voot 25 MVA
.
- _________________________________________________________________________________________________________ ToeachCBvia | Ethernet sEmmsey
INC2 : 3 each BCU Switch | :
Micro Grid
_____________________________________________________________________________________________________________ Controller
(MGC)

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

MAA1S-04
JolpunaE|

: swo ! : :
N e ; :
i | 0 SW3 :
—l— fecod B R B AVR1 @"

SW5 H MAA1S-06 WwnaUfiians
MAA3S-04 H sy Sainen nu.104
'
e -~ ; ; :

KruaKunteang | swi4 Engine
ez @ Awug

Swii

AVR2

ﬁ%zﬁ udy ' '

Farm

- Measurement Point and Protection Local Control
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Microgrid at Mae Sariang

PROVINCIAL ELECTRICITY AUTHORITY

with Building Energy Management System (BEMS)
Control Smart Devices by PEA HiVE platform

N _
PEAHIVE
platform

PEA Thailand




Microgrid at Mae

Chom-Thong

Microgrid Controller Substation

Patado V¥ Sclar Power Plant

MSR Substation

5]

Hydro Power

‘ \yﬂ\/\—’*}‘: Z2)

H

Diesel Generator

Dol Tao
fABLLEN

22



MSR Substation (a@anfilnduigzises) Diesel Generator 5x1MW
DuaondlnshAsulalusedy 115k anaanitlniiheen PARASS 1 MW $117% 5 LASad

anTEAULIITIUMAR 22kV I1eeaniudeldluih Tddmsusessunsaiiinmessuuliihdndondu

MU ILNBLUAYIS9 DILNDAULNY LALeLNBLLAUDY SYUZIANUIU FULULNDIA la1u1sasesuls

~ Step Up Transformer 4 MVA
%iln 3 Windings 315V/22kV
T¥dmsuuSuusatuiieldluniseida

Battery Energy Storage System (BESS) 2x1.1MWh Installed
wunwmestieaisudlessunaan (LiFePOd)

ualday 3MW/15MWh @1usasnerdalniila 3MwW daiies

§ 24

A39771319 (30 UI9) LNBUMNI9D LN DLUALLT 8

—

LasRETISIUUNADS ' Power Conversion System (PCS) 6x500kW
Usznauluaig PCS aum 500 kW $1131 6 Units

(5208U 3 MW) AIUANNITTISALALAAYIST

FIUNITZVUUDINUASe)




Microgrid at Mae Sariang: MGC and FRTU

PROVINCIAL ELECTRICITY AUTHORITY

B N

PEA Thailand




Microgrid at Mae Sariang: Mode of Function

PROVINCIAL ELECTRICITY AUTHORITY

—— — -
Min(P Fung AT] () AvglP Fund AL () Max(P Fund A )
5000+
21
|
5000 | \" ,
Fa)
REELNI
4000 | ‘N‘ fl
3000 ‘ |\I L‘.' |
L i
B
olar Energy 0o I ‘[
storage r ]
A 1000+ —H
(o g |
I - t k
01 - S
P A M P 5Pl
In2sFins | Tin

1.Islanding 2.Intermittent Resources Integration
(when outage) (regulate and maintain voltage during intermittent of solar)

Power Discharge { / \

. ~" | 3.Peak Shaving

Nt e (charge surplus energy form PV to BESS

and discharge to load during peak time)

PEA Thailand




5 PEA Microgrid at Mae Sariang: Peak Shaving Example.

LECTRICITY AUTHORITY

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

From 2/7/2021 to 2/15/2021
==
Avg[P B] (kw)

AvglP C] (kW)

-1000—

P3006282 -PA,PB,PC

From 02-Jan-20 to 10-Jan-20

Daily Peak Shaving

—
Avg[P A] (kW)

]
Avg[P B] (kW)

]
Avg[P C] (kW)

PV generate power,

Feb 2021

8 Mon

9Tue 10 Wed 11Thu 12Fd

Time

15Mon

total power flow

—Surplus energy has been
charged to BESS, power flow

ed"‘ed i
) |

-500 —

MSR get power
from nr!dl

-1000 —

- back to grid.
0 —— I

mmse———)

i _Discharge BESS to do pea

9AM
Jan 8 Wed 2020

PEA Thailand

12PM 3PMshaVIng 6PM
Time
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Wi i I PROVINCIAL ELECTRICITY AUTHORITY M I C ro g rI d at M a e Sa r I a n g

Function list

Load Recovery after Grid-Connected 8
e Peak Shaving : : :

. : PV Shedding during Islanding °
2 Intentional Islanding

Load Shedding during Islanding 10
3 Intentional Grid-Connected
Frequency Regulation

Fault Location, Isolation and

Voltage Regulation 12

Service Restoration(FLISR)
' 13
5  Auto Black Start PV Smoothing

e ATS Functions (ATS1-ATS5)

Energy Time Shifting 14
7 Auto grid-Connected

PEA Thailand




PEA

PROVINCIAL ELECTRICITY AUTHORITY

Microgrid at Mae Sariang

Islanding to Auto Grid-Connected

m02VB-P(MW)

aSW11-P(MW)

m09VB-P(MW)

PEA Thailand

2020-06-22 0.81 2020-06-22 -1.66 2020-06-22 0.00

1.50 r

[ iesel change|to Island mode
0.95

L Black out I ‘/ OVE Upem
B0 : BESS Running \

: ¥ ¥ /2 e
s { | / al A

| 0 A | A |/
0T0p a \_\w_\; = — / f

F A

r HOADD R 1’
7 /)7 = A —

E A j ////a B 01\59 LN /\ _\'—_"L
-180 / /s#iocia -

F / / /SW‘:—] Close \ / _// l
R /| 5V8 Close BiL

F 5VB|Close Grid commect
280 10VELC1

F W Clzere Diesel rate down
345 [ 3¥14 close, Frequency Regulation
-4.00 : T T T T T T T T T T T T

12:30 12:37 12:45 12:52 13:00 13:07 13:1F
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PROVINCIAL ELECTRICITY AUTHORITY M i C ro g ri d at M a e S a ri a n g

PV Smoothing**

22kVBus1

Function Description

Supply/Absorb active power
to maintain the variation of
PV output

=PV P(kW) =BESS P(kW)
2020-01-21 335.00 2020-01-21 0.51

PEA Thailand 29 29




Microgrid at Mae Sariang: Grand Opening

-

Taspmswauuns:uuiwwanuulaspdrgiwwrsunaidnuin
o.nua:sep d.dovasu
Microgrid Development Project
at Mae Sariang District Mae Hongson Province
msiwwidougiina

30



Microgrid at Betong, Yala Province

PROVINCIAL ELECTRICITY AUTHORITY

Existing
:‘- Tk I." J
ot 7 Units ‘-a..f’ N\

Betong Microgrid

JENENEEENENENEEEE NN NN NN EEENENEEENEENENEENEEEEEEEEY
Maximum load capacity 10 MW

F2 F3 - Significant load (Hospital and government office)

_“.;;;; ..... -: Energv Storage (4MW/4MWh, F4-|m2§au.n.2>
© 4 p@i 6.2MWh installed) 1 Units or—
eeeresnnes .~ to cover significant load - L

§ (AMW/GMWh, 6.2MWh
installed) g \' \' \w

Micro grid Controller
with Fault Location Isolation & 1
Service Restoration (FLISR)

Diesel Generator 1 MW -7 set

|

I

I

I

I

I

|

|
@ !
I

I

I

I

I

/

System

L
|
| Yupparachan substation
]
I

Bang Lang substation
(BAA) 33 kv (YRA)I F1|F5
RETTTTTTY ., -
. . (Reserved source)
- STATCOM/
L F3 | » SVG
. 3 F4 I » (x6Mvar)
L. -~ Communication System 1 System —
enmmEEmEE®E . w Microgrid
C '_. ; Controller
:;::;j ii : : > ‘E f:::‘;i:ﬁl;'x::itw after a major disruption
. -:;‘fv—-' : L - FLISR or Self healing
: i STATCOM/SVG (+6Mvar) 1 System Bown T
®snnanmnnnn . VSPP VSPP
\ 7MW BMW

/

~IlllllllllllllIllllllllllIIIIIIllllllllllllllllllllllll.lllllll-’
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Betong Microgrid
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Microgrid at Betong, Yala
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) EA Syste M Overview for rault Location Isolation & Service Restoration (FLISR)
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EA Fault Location Isolation & Service Restoration (FLISR)
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Fault Location Isolation & Service Restoration (FLISR)

115 kV line
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Fault Location Isolation & Service Restoration (FLISR)
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Fault Location Isolation & Service Restoration (FLISR)
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STATCOM/Static Var Generator (SVG) Application
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STATCOM/SVG Application
Voltage range variation benefit e wife ausy
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STATCOM/SVG Application
Voltage fluctuation (Pst) benefit
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Phaluai Island Microgrid, Surat Thani
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Microgrid Design: Parameters modelling

in HOMER Pro
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PEA Microgrid Design: Parameters modelling
o B Aot in HOMER Pro
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Phaluai Island Microgrid
Under Construction
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