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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.
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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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Microgrid Projects

PROVINCIAL ELECTRICITY AUTHORITY

Mae Sariang District

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

Phaluai Island
PV TMW

Diesel Gen. 2x300kW
BESS 0.75MW/15MWh (1.25/2.0)

Betong District

VSPP 7MW+5MW
Diesel Gen. 7xIMW
BESS 4MW/4MWh (4/6.2)
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
improving power system reliability, 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 2022.

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.



PEA

PROVINCIAL ELECTRICITY AUTHORITY

Khun Pae

¥

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

PROVINCIAL ELECTRICITY AUTHORITY

P —

pongl == Il

BESS 100kW/100kWh

Microgrid Controller

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

Mobile
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Microgrid at Mae Sariang

g, . Energy Storage Mae Sariang
f s [ 0 (SMW/1.5MWh 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)
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Microgrid at Mae Sariang

PROVINCIAL ELECTRICITY AUTHORITY

with Fault Location Isolation & Service Restoration (FLISR)

LI ¢
Future Future : o
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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
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MSR Substation (a@anfilnduigzises) Diesel Generator 5x1MW
DuaondlnshAsulalusedy 115k anaanitlniiheen PARASS 1 MW $117% 5 LASad
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Microgrid at Mae Sariang: MGC and FRTU
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crogrid Area

M

1.Islanding

(when outage)

| f

T

PEA Thailand

. - Day Time

- | 3.Peak Shaving

Microgrid at Mae Sariang: Mode of Function

—— — LT}
Min(P Fung AT] (kW) AvglP Fund AT] () Max{P Fund A1 (k)
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- I dr
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Jun 28 2013 Time

2.Intermittent Resources Integration
(regulate and maintain voltage during intermittent of solar)

Load Demand &
Power Supply

(charge surplus energy form PV to BESS and

discharge to load during peak time)



d 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

Avquw) A@EWC
" Daily Peak Shaving P3006282 -P A, PB, PC
o From 02-Jan-20 to 10-Jan-20
| | ]

S Avg[P A] (kW) Avg[P B] (kW) Avg[P C] (kW)
-500
0 PV generate power, total Surplus energy has been charged to BESS,
Lo e W umum B ue owe power flow back to grid. q—. power flow back has been reduced.

: "' L e

L

-500 —

. mmse———)
MSR get power from grid.

-1000 —

! | !
9AM 12PM 3PM 6PM

Jan 8 Wed 2020 Time

Discharge BESS to do peak shaving.
|
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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




‘ PROVINCIAL ELECTRICITY AUTHORITY M i C ro g ri d at M a e Sa ri a n g

Peak Shaving

| Center _ . s | =y
o e MAE SARIANG MICROGRID ] —pee \ﬁ'ﬂ!ﬂl REZ ‘g i

Control Enable. Praguistion N <
o RmitRegu

mGeneral AC_P

Function Description

Schedule time setting to
charge/discharge BESS to
do peak shaving

Report Topology Alarm

Screenshot(Alt + A) [pord linkstaie
Yes

PEA Thailand
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PROVINGIAL ELEGTRICITY AUTHORITY M i C ro g ri d at M a e Sa ri a n g

Peak Shaving
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PROVINCIAL ELECTRICITY AUTHORITY

System Blackout

Microgrid at Mae Sariang

Auto Black Start

22kVBus1 0OBVB 22 kV Bus 2
1VB 2VB 4vB SVEI 9VB 10VB
SW7
swe — | | D *
L, - =]5)
HOA 8 Outage = Critical Load E'",,,o HOA 9

Stop Charging/discharging

| S R -

Outage

Stop Running

Black Start Operate

22kVBus1 0BVB 22 kV Bus 2
1vB 2VB 4vB| 5V 9vB i0vB
Sw7
SW6 * =4 (D *
| f - Oe
HOA 8 Outage @ Critical Load EIII“no HOA 9
= Outage
BESS Operate Running

PEA Thailand

Function Description

After main source
interruption, the microgrid
controller (MGC) will do
auto black start




PEA

PROVINCIAL ELECTRICITY AUTHORITY

Microgrid at Mae Sariang

Auto Grid-Connected

m02VB-P(MW)

aSW11-P(MW)

m09VB-P(MW)

PEA Thailand
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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




)

‘ EA
.

2

PROVINGIAL ELEGTRICITY AUTHORITY M i C ro g ri d at M a e Sa ri a n g

Voltage Regulation

Function Description e P3006282 - V RMS AB, P B, P C, Q B
From 9/1/2020 to 9/17/2020

Oo— Ge— = - - - .- oo g—
u p p y S O r Min[V RMS AB] (V) Avg[V RMS AB] (V) Max[V RMS AB] (V) Min[P B] (kW)

L] LA A 2R J — em— FE—
. Avg[P B] (kW) Max[P B] (kW) Min[P C] (kW) AP C) (kW)
re a Ct I Ve p O W e r Ma:[P- C]-(:W) MTQBTkvar) Avg{QB_](kvar) Max[Q B] (kvar)
25000
M H 500 500 y
to maintain the 20000
| | | g O0fs 0 _ 15000 :
t e
VOltage leve I
-500
-1000 — 5000
-1000 - _ '
12 Sat 13 Sun
Sep 2020 Time
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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 21 21




Microgrid at Mae Sariang: Grand Opening

-
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Microgrid Development Project
at Mae Sariang District Mae Hongson Province
msiwwidougiina
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Microgrid at Betong, Yala Province

PROVINCIAL ELECTRICITY AUTHORITY

Existing
:‘- Tk I." I
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>
: ¥ 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
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\ 7MW BMW

/
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. PEA Microgrid at Betong, Yala Province

PROVINCIAL ELECTRICITY AUTHORITY

Betong Microgrid

0.6
Time [s]

1.Islanding 2.Power Quality

(when outage) (regulate and maintain voltage/frequency 24/7)

Power Dlscharge / \
| [ Charge ] |  Leveling of
N . = . »

Load Demand &
Power Supply

Day Time
=y

3.Peak Shaving/Energy Arbitrage

Nt — (charge to BESS during low price or off-peak

and discharge to load during high price or peak)
e

24



rview fOr rault Location Isolation & Service Restoration (FLISR)

PROVINCIAL ELECTRICITY AUTHORITY

115kV line

115!(3/‘33 kv
DMS600 Workstation 25MVA

Bipin [T aleieluinis] 3w INC1

1 2wni 3ws
STATCOM
swi9 O_._.
I - 1
! sw32 I~
s [ U
Betongreen S22 7l
b Parot vy sw2
w2 N oD
1

Banglang
BAA4

Network Editor

Banglang
BAA3
s sw3 "'"'s"m}""-
2o Free -
— e
.7 1
A~
swi3 O [
o

MS SQL Server /" \iicroSCADAX ~ MicroSCADA X

Network & DMS IEDs, RTUs....
databases OPC DA
External
Network < —> < |
Data A
/ & E:

- IEC 61968 (DCIM)

- DXF Import | _
- SHP import Oracle AMI DMS600 Services SYS600 Services

- KML !mport Smart meters
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EA Fault Location Isolation & Service Restoration (FLISR)

PROVINCIAL ELECTRICITY Al 115 kV line

TR
115 kV/33 kv
25 MVA

INC1

1WB, 2WB

STATCOM
SW19

Font of Yuparachun Substation
: SW24 ;
Betong green Betong green
MW
SW26
w3 A e B
Banglang — W33! Capacitor
BAA4 . _* :
Em‘]'b T m%‘iva PC Betong SW27 g_::?:le
swzg. SVS\ES) smwl"‘h. sMw . Ban Km.17 1MW x 7
) ——a S ! IR
—. L ]

Normal Operation =] ke !

BAA3

s.m.,sn‘»’!%ai-
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Fault Location Isolation & Service Restoration (FLISR)

115 kV line

PROVINCIAL ELECTRICITY Al

TR
115 kV/33 kv
25 MVA

INC1

1WB, 2WB

STATCOM
SW34

Forl§wlﬂ]r.=cgmr| Substation
Betong g:r,e.. L Lo] I [ sw17 i
"™ sws o . sw21 _swz __SWs _sW26 p—
Banglang e 1 2 e o ! iy . W33. memn&w" et
BAA4 SW1 m];gwj_s . SW‘ -1 _* Die_sel
Fault Occurred s, “"""wr.? e Wl LRI
. Fro ot OF swa SI':MT::F a Txleir:n 1 r
Recloser downstream V| | .. iy il W
NS“E-S . Sideo Meriden| Fmrﬁﬂ%ﬁ. !
ear Betong Optical shop.
of fault area operate, = S
. oy SW - B BAA3
Magun po4 SW12
downstream load is L S s | g ' T
i i %wg. rr§w3
outage ! | S -l n
Battery
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Fault Location Isolation & Service Restoration (FLISR)

PROVINCIAL ELECTRICITY Al 115 kV line

TR
115 kV/33 kv
25 MVA

INC1

1WB,

2WB

STATCOM

SW19
Font of Yuparachun Substation
T
Betong green é!wgzreg\ | grﬂ}r? -
MW Border Patrol 5 3 SW21. SW7. SW5 SW26 SW25
Emzl? . Be(o;g Highuiay Ruamwit nm. Side :: ::nan. Ban 13 . Front of Km.7Temp|' T
Banglang 1 2 tation — W33 Capacitor
BAA4 ol 1

. 4 -
: - SR ool e Mo Eane
I O f F L I S S y S t e I I I SW28 sz@,.snwn,z,,?o,. sw.?,?. SMwW BanKm.17 X
oppess Ak

r t - — = _* r
locate the fault sl [ ooy ' "
I

- . NeorBeorg See— Banglang
SW!
location then isolate = e JNRE |
SriBetong hotel c.,;,:, - ;J:::m . B::"‘ P Ban msn‘rx}a?o-
the fault area Eanl i
. . seone r
AMW/aM!
Battery
L]
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Fault Location Isolation & Service Restoration (FLISR)

PROVINCIAL ELECTRICITY Al 115 kV line

TR
115 kV/33 kv
25 MVA

INC1

1WB, 2WB

STATCOM

SW19
Font of Yuparachun Substation
1
: SW24 ; | .
Bet:;nhi ‘:;een Betong green grﬂ}r? - o)
e i I Rmm§¥V.Z. - :f‘(.‘,’.?. = il ;,mxsm‘!ﬁ?' L
Banglang r W33! Capacitor
BAA4 SW1 - § _* Diesel

m%‘;’.,vsl PC Betong SW27 Engine
|"‘h. SMwW . BanKm.17 1MW x 7

L 2
SW30pmm ™
L
Oppmke%mhadriwat Temple Store

> B

Banglang
BAA3

Ban Km.17

Al of FLISR system  ¥]
restore the healthy =
area

s.m.,sn‘»’!%ai-
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Restoration Support eyt

[ DMS600 Workstation ABB Use Only 4.4 - ALL ABB Internal Test Use Only [192.168.182.128: 0] -8 x|
File View Analyze Outage Operations Settings Window Help

|1 BB A% #rmm =t Y [DP0OD P [BmE|u|vicn Ly =2
L3l | 3% Topology by Feede

e i ] S e ™ =2

g Other unsupplied [ 2)

© File Servers

@ Databases

@ Communication service:
@ orC

(O DMS Service

@) Server Application

BW18_CE
Bwar_ce

Fault Management ;Igll
Restoration pl X|
x| 2 41856 P 4,0UT1.QUTY

Executed

Operation | Device Load amount | Customer count INFO oK | Step

OPEN SW16_CB 0.000000 0 which disconnects the

i ) 0 which disc cts the
CLOSE Swi4_CB 1000.000000 0 which swiches the bach i | Eaas
Create i K1} | 2l
Create Sequence Sequence
Repaired Faulted Feeder (switching state) Fault information
Switching state for returning sequence:
IBeFove fault _'_l Restoration Faulted Feeder [snapshot) Detector Information
Fault location v Anow for fault distance Possible Fault Locations——
Remote Contr. Disc.
Parameters ¥ Fault distance Zones

N All Disconnector Zones
I™ Fault detector indication

0 | N " Manual % Remote 5 T
. etwork Components
Fiesponsibiliy ¥ Faulted Remote Zone U
Field Group
Info: Fault definitely located

a

: ”

@ OpenStreethiap c/ontributors

E 731851,N 647441 (Indian 1975 { UTM zone 47N) - WG584: 5.85669°N 101.08948°E (Z>=10km) [State monitoring [ @ Monday (W25), 20.6.2022 at 16:19

© Hitachi Energy 2021. All rights reserved. @Hitachi Energy



Automatic Restoration HITACH!L

on ABB Use Only 4.4 - ALL ABB Internal Test Use Only [192.168.182.128: 1]
File View Analyze Outage Operations Settings Window Help

Atitomatic Faulb Tsolabian Mei ol i [ [ & v v ncm &% = 2K
4 OnLine c
| Code | Operation ,»""”_/ g
Circuit-br... SW16_CB OPEN X

© File Servers

S/ Databases
Communication service:
Fault M. t 230 ®
) | o
g - DMS Service

Date Station Feeder

@ Server Application

)
a
A ﬂ\/,\) _

#20-06-2022 16:30:09 Automatic fault isolation mode enabled

#20-06-2022 16:33:07 New Fault, number:0-2022-18

#20-06-2022 16:33:07 Fault 0-2022-18: Automatic Fault |solation starting, fault detector delay
#20-06-2022 16:33:12 Checking the sequence

#20-06-2022 16:33:14 Executing the sequence

#20-06-2022 16:33:15 Fault 0-2022-18: Executing switching: 1

#20-06-2022 16:33:16 Fault 0-2022-18: waiting until switching state is up to date (2 5]

#20-06-2022 16:33:19 Fault 0-2022-18: Automatic Fault |solation Sequence Executed ™
#20-08-2022 16:33:19 Fault 0-2022-18: Restored

wez_CE
| Automatic Fault Isolation is ready

Stop Autom.
Fault Isolation

Locate | Refresh | Close |

BW28_CE

e d | o
: / e / "‘—-\ Hepaired Faulted Feeder [switching state] Fault information £y 1
=t / Restoration Faulted Feeder (snapshot) Detector Information
B Fault location IV Arrow for fault distance Passible Fault Locations —

Remote Contr. Disc.

Parameters ¥ Fault distance Zones

All Disconnector Zones

Network Components

I Fault detector indication
A 7 BwiE_CE

Ny S RHESE Fesponsibility IV Faulted Remote Zone

BWiE|cE
J Bnor_gE

:‘ gz S .
( KA w0z B
3 b TR Bwns_cE

Field Group

Info: Fault definitely located

a 2km 10 km

® OpenStreetiap contributors

‘Overviewl' - Overview map. accuracy level 301 State monitorina |25 Mondav (W25). 20.6.2022 at 16:34

© Hitachi Energy 2021. All rights reserved. @Hitachi Energy
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PROVINCIAL ELECTRICITY AUTHORITY

Brightness forLJfQ Quality
as1uiofie aduaunwidanalne

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

I I
P3010664 - Min[V RMS Avg LL] (V) P3010664 - Avg[V RMS Avg LL] (V)
P3010664 - Max[V RMS Avg LL] (V) P3010664 - Min[Q Total] (kvar)
I - ...

P3010664 - Avg[Q Total] (kvar)

P3010664 - Max[Q Total] (kvar)

140007 35000
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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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uWunsatdunisviu Energy Storage System (ESS)
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uWunIsaldunisviu Energy Storage System (ESS)
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