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Leveling of
Load Demand &
Power Supply

® To accumulate energy produced by large, less
responsive thermal generation plants (also RE) and
then re-dispatch it based on peak demand.

® Storage facilities were largely financed by arbitrage
(buying energy at a low price and selling it at a

higher price). 5% OF PEAK DEMAND < 100 HOURS

25000.00

95% of Peak = 22809 MW : 87 Hours per year

90% of Peak = 21609 MW : 650 Hours per year
23000.00 4 4

® Energy storage currently contributes to reliability,

21000.00 §

19000.00

efficiency, power quality, transmission optimization,

Gen (VW)

s
17000.00

System

black-start functions, and support Demand Response i _
(DR) function.
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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. S— ——

I[EEE: a group of interconnected loads and

Distributed Energy Resources (DER) with clearly 2 F
7 Microgrid
defined electrical boundaries that acts as a 5 Controller

single controllable entity with respect to the '\ Moo S0

grid. It can connect and disconnect from the grid o T, o

C Sl

|
. . . Mae Lanoi Microgrid Area
to enable operation in both grid-connected

or island modes.
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Flywheel Energy Storage

Pumped Hydro Energy Storage

s / \m o Battery Energy
h ﬁ - | ] Storage (BES)
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Sodium Battery (Hot)
® Sodium Sulfur Battery (NaS)
® Sodium Nickel Chloride (NaNiCl)

Lithium Battg[y (diff. cathode tech.)

® Nickel Manganese Cobalt (NMQO),
LiFePO4 (LFP), Li-lon Nanophosphate, Lithium Tltanlum Oxide

Flow r Cycle (Life-time) |Efficiency (AC-AC)
= il Na Battery W W

® Vanadium Redox Battery (VRB) Lithium Battery W) N

® Zinc-Bromine Battery (ZnBr) ElowiCabesy W v
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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
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Microgrid Projects

Project Status

Mae Sariang

District Project at Mae Sariang: The project started in 2018 and has

PV VSPP 4MW
Diesel Gen. 5x1IMW
BESS 3MW/15MWh (3/2.2
Completed

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
; J ;f_f:— improving power system reliability, to raise local power

R P generation and distribution efficiency, and also to reduce

N e
o. Phaluai IslandifiiN=..- . 4 losses of long distribution system to remote area. It is in the
" PV IMW
Diesel Gen. 2x300kW implementation phase and expected to go-live by 2022.

BESS 0.75MW/15MWh (1.25/2.0)
Ongoing

Betong District

VSPP 7MW+5MW
Diesel Gen. 7xIMW

BESS 4MW/4MWh (4/6.2)
SVG 6 MVar

Ongoing

Project at Phaluai Island: This is an off-grid microgrid

project, where the island has no power system connection

from the mainland. It is under construction and the project is

expected to be completed by 2023.
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Khun Pae

Control Center @ !.

Mobile APP ' \ B
R GOOSE

— OPC %

) . : E— IEC103 Microgrid Energy
26.84 kW Peak Load is _ Coatrol System

90kW in 2019

SivfiulneRn: 69.85kW in April, 2016
= TU f————rom—
st [ =" | Mcoei
Load of zonel E ~ Controller
2V 3.70kW
FRTU FRTU
Zone 3.1 [ Wi Tr 22kV/400V
18.81 kW - s2
M1, AC 400V
1 I
AC AC
M2
Load of Zone 2 DC DC
Zone 1 °‘3 0.50k$e sS4 Loalcls ;ﬂi&m 3 | I
3.70 kW

For Isolation o ";,9,:‘:_;""
For Load Shedding 26.846W . <

100kW *
For Black Start & Load Shedding 1301‘“’ 1h

PV atery

For Load Shedding




(e¥es | @IEEE

Power & Energy Society

Microgrid Controller

Remote Control Switch

in Pae Microgrid Project
Batteries -
_x i
— ; i Li:kn e : ! : V

BESS 100kW/100kWh




¢ IEEE

ES
Power & Energy Society®

e P (KVY)

Operation of BESS {kW)

—RESS (W)

Operation of BESS and SOC
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Energy Storage
(3MW/1.56MWh useable)
to cover significant load

*

evmmmmEEEEN,
.llllllllll

1 Units

sroeeerete Micro grid Controller

with Building Energy
Management System (BEMS)
and Fault Location Isolation &

.
-
=
=
Cl
(]
=
=
=
Cl

0

euNEEENEEEEN,

Yassmmmnnn?

1 System

Service Restoration (FLISR)

euEEEEEEEE,

\

Ysssmmmnnn?

eumEEEEEEEN,
®annnnnnnnn’®

Communication System

1 System

Mae Sariang

————

‘ Mae Sariang Sub.

Mlcrogrld

Hot Substation s Controller

3MW/ 1 5MWh /

Diesel Generator

F 4
\ I

N i

Microgrid Area

Mae ‘.anoi
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Pasawngl

Kbe Hpyu Lol Mun

) Watak
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Microgrid Development Project
(MGDP)

Panti Sakan Mese

Dutado

Chohi-Thong
Substation

Microgrid Controller

Diesel Generator
Bwado

Kuzeik

Rianar




Intermittent of the Solar Farm
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with Fault Location Isolation & Service Restoration (FLISR)

Ao
Future Future 1 o
115KV line 115KV line Yy SCADA
5 C ication
MSR Substation backbone
TR2 TR1 Con'&rgég;t = Gateway
115 kV/22 kv 115 kV/22 kv
25 MVA 25 MVA :
. ToeachCBvia | | Ethernet |-
INC2 each BCU Switch L

Micro Grid

Controller

(MGC)

MAA3S05 |
et | o SW3

. Measurement Point and Protection Local Control
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with Building Energy Management System (BEMS)

Control Smart Devices by PEA HiVE platform

platform
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MSR Substation (sa1filWinusiazise) Diesel Generator 5x1MW
Duaodlnifisulvusssiu 115kv 9naaniliiieen WIARARS 1 MW $117U 5 1A3e4

anszAuLsIRumae 22kv I1weenludelylih Tddmiusessunsdiminummszuulnihdndasdu

Aeludnaulazises 91LNPEUY Wazsnawlaitioy SEELIANUIU TakunweIazluaunsasessuls

{97

Step Up Transformer 4 MVA
¥1n 3 Windings 315V/22kV
T msuusunssruiioldluniseise

4 LagAamfauunmed Power Conversion System (PCS) 6x500kW
B X Usznauluse PCS wu1a 500 kW 9117 6
‘ Units (s3adu 3 MW) Aauaun1ssnsaway

Installed

wunwe3vfinaiiuulesaumeana (LiFePO4)

AU MW/ 1.5MWh gansadnamaalndinla smw
seuiiesrRetalus (30 und) HeuriesneuiaySes

PR o e Aavisa swdeszuutesiunngg

~r3
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Ma[P Func NI (i)

—
AoglP Fond AT] (1)

Ma(P Furd AT (k)

/ "‘ﬂl f" l""
T
gy
Hot Substation L : }
1.Islanding 2.Intermittent Resources Integration
(when outage) (regulate and maintain voltage during intermittent of solar)

Power Lm&;@g\e

Load Demand &
Power Supply

1w 3. Peak Shaving

(charge surplus energy form PV to BESS and

discharge to load during peak time)
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From 2/7/2021 to 2/15/2021
m{?{m MP_CllkWJ
N Daily Peak Shaving P3006282 -PA,PB,PC
o_? From 02-Jan-20 to 10-Jan-20
. I I I
Avg[P A] (kw) Avg[P B] (kW) Avg[P C] (kW)

-500
1000 PV generate power, total Surplus energy has been charged to BESS,
. S OTw 0wl 1w . T power flow back to grid. — power flow back has been reduced.

o:f\ M

-500 *W
—

—
MSR get power from grid.

-1000

1T

| | i | A | | | i Discharge BESS to do pea}k shaving,

I
9AM 12PM 3PM 6PM
Jan 8 Wed 2020 Time
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Function list

Load Recovery after Grid-Connected 8

Peak Shaving

N

Intentional Islanding

Load Shedding during Islanding 10
Intentional Grid-Connected

Frequency Regulation 11

Fault Location, Isolati d .
ault Location, Isolation an Voltage Regulation 12

Service Restoration(FLISR

5 Auto Black Start

PV Smoothing 13

° ATS Functions (ATS1-ATS5)

Energy Time Shifting 14

7 Auto grid-Connected
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Voltage Regulation

Function Description | == - P3006282 - VRMS AB, PB, PC, QB

From 9/1/2020 to 9/17/2020

Supply/Absorb TEE  semEe  efiEe i
reactive power o M e e

—Por——
IRAE i

to maintain the I

voltage level

13 Sun
Sep 2020 Time
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Microgrid at Mae Sariang

PV Smoothing**

22 kV Bus 1

1vB Function Description

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

SWé

8PV P(kW) mBESS P(kW)
2020-01-21 335.00 2020-01:21 0.51
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Tasomswasuns:uuiwwanuulaspdigiwwisuiaidnuin

o.na:NsSep o.nidovaou
Microgrid Development Project
at Mae Sariang District Mae Hongson Province

mslwwhdougima

suuluililulasnSaBuAMUBSANLAIEED




(e#es | @IEEE

Power & Energy Society®

Existing
-k Diesel Gen. (1MW) 7 Units

Betong Microgrid

Maximurn load capacity 10 MW

Scope of Work

ssmmmmEn F2 F3 - Significant load (Hospital and government office)

* == & © Energy Storage (4MW/4MWh, ! . WS

B ITE . . epepe | s N

E I 6.2MWh installed) 1 Units presti | | oy N
asmmnmns I %(wwmmwn,e‘zmwh

to cover significant load

v v : -
F2 |F3 |F4
|

\
|
|
|
|
|

| |
: Micro grid Controller | Oise Generator -7 st |
®annnnnnn?

with Fault Location Isolation & pr— |

sesmmane 1 System (BAR) 33 KV I F1|F5 I
" """% Service Restoration (FLISR) (asarved source) ]
: /:H : I STATCOM/ I
. : L LI svVG
E E F4 : | # (x6Mvar) :
annnnnnn?
A Microgrid

- LE RN NN NN] . . “ og
! qgary; COmUmunication System 1 System | e N I |
FEEiE |‘ - S :
-'--llnlln’. VSPP VSPP

STATCOM/SVG (+6Mvar) 1 System \ W W [

-
-~
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1.Islanding

(when outage)

Power LLi!EhAYQi =

% Current [A]  Voltage [V]
R

B

— j

JsH Heldl 1

. 0.6 08 1 12
Time [s]

2.Power Quality

(regulate and maintain voltage/frequency 24/7)

| Leveling of

Load Demand &
Power Supply

3.Peak Shaving/Energy Arbitrage

(charge to BESS during low price or off-peak
and discharge to load during high price or peak)
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SyStem Ove rV|EW for Fault Location Isolation & Service Restoration (FLISR)

115kV line

R
115 kV/33 kv
25 MVA

DMS600 Workstation

Network & DMS
hacoa QPC DA

data
gatapases

<
N — 6 é

External
Network
Data

- IEC 61968 (DCIM)

- DXF Import MS SQL Server MicroSCADAX  MicroSCADA X
- SHP import Oracle AMI  DMS600 Services SYS600 Services
- KML Import Smart meters

- Text files
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Trend
From 1/1/2022 to 3/9/2022
— —

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

I
P3010664 - Avg[V RMS Avg LL] (V)
——

P3010664 - Max[V RMS Avg LL] (V) P3010664 - Min[Q Total] (kvar)
— mmm-

P3010664 - Avg[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
— — ‘— F - -
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— —
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P3010661 - V RMS Avg LL, Q Total
From 3/14/2022 to 3/17/2022

Man{\{ RMS Avg LL] (V)

—
Avg[V RMS Avg LL] (V)
—

AvglQ Tatal] (kvar)

Min[V RMS Avg LL] (V)
Min[Q Total] (kvar)

Max[Q Total] (kvar)

WDU'E Absorb Q from zero to 6 MVar
28000+ Voltage would lower.

Voltage would higher.

\\ I Supply Q from zero to 6 MVar

T T : T
9AM 12PM 3PM
Mar 15 Tue 2022 Time
PEA Thailand PQView®

R (N >
gL

. NN
. J
] ] q |

aaTFOO /

4 _|
— ]

aneoo f

assoo B rinm = OO (v

CAIOPEORE A/ IO/IEORR OA/ 1/ ZORROA/1Z/IZORZ QA1 B/IZOR2 OA/ 1A/ 2022 QA1 BIZ0R2
Saturdas S Uy PV Sy Tusmdmy WVWodnoemams T ol s Friciay

28



@Pes | QIEEE

Power & Energy Society®

Phaluai Island Microgrid, Surat Thani

N :W=anel

HNISNEAY

[R]Recloser
IGC Generation Control

MGC
(Microgrid Control Conter)

Load #2 Koh Phaluai Cottage
(®M 2) 9
Sea kayaking Eskapade @)
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Microgrid Design: Parameters modelling
in HOMER Pro

B ——————
aTELIY A B i SRy 5

PV modelling Battery modelling PCS modelling
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Microgrid Design: Parameters modelling
in HOMER Pro

Global Solar
PV Solar Altitude
PV Solar Azimuth
" PV Angle of Incidence
PV Incident Solar
PV Power Output
AC Primary Load
AC Primary Load Served
Gen Power Output
Gen Operating Status
Gen Fuel
Total Electrical Load Served
Renewable Penetration
Excess Electrical Production
Unmet Electrical Load
Total Renewable Power Output
Inverter Power Input
Inverter Power Output
Rectifier Power Input
Rectifier Power Output
Battery Maximum Charge Power
Battery Maximum Discharge Power
Battery Charge Power
Battery Discharge Power
Battery Input Power
Battery Energy Content
Battery State of Charge
Battery Energy Cost
AC Required Operating Capacity
DC Required Operating Capacity
AC Operating Capacity
DC Operating Capacity

kw
IS8

Battery Energy Content (kWh)
<
<

£

J\ Ll AM/\M
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uWuNMsaldunsviu Energy Storage System (ESS)
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