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Energy Storage System (ESS)

AMNFIUNTTWRIUT LUR19USE LN A

Figure 3.8 Use of Energy Storage Systems for Load Leveling

Power

#i111: Handbook on Battery Energy Storage System,
Asian Development Bank, December 2018

Example of Demand Reduction and Energy Arbitrage

Demand Reduction
Setting peak for the
{ month

Energy Arbitrage
Buy cheap, sell high

Grid Serving Load B P Serving Load | mmEStorage Dischargin mm PV Charging Storage =—Electric Load
H £ II.' g ging ging 2

30 II.'
. N
20
g1 \r/
10
5
g Bunday Tuesday Wednesday Thursday Friclay Saturday Sunday

e Bsllah

-V

° ™% Rt Rullsings
To e hge Tsimmir

47 NREL, Energy Storage Versus Back-up Generation Energy Storage Overview, 2018

Power

Power Applications:

Wit arm g i Powes W/

* Regulation
* Spinning Reserve
* Renewable Integration
— Ramp Management
* Requirements:
— Very high Charge/Discharge Rates
— Short Duration (<1hr)
= Many cycles (100s per day)
- Continuous use

© MTEC 2019
www.mtec.or.th

fn:MTEC, 2019

Power (MW)

A

Discharge

Storage

Peak Load Shifting
Renewable Integration
— Firming, Shifting & Curtailment Recovery
Arbitrage
T&D Asset Deferral

* Requirements:

— Long Duration (1+ hrs)

= 1-2 cycles per day

Courtesy of 24M Technologies

Usglovuuad ESS Tuszuuianuune 1wy Peak

load shifting N335 UNAINUNYUILY

Energy Arbitrage Junu

=

@9zl Energy Application U89 ESS
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AARa ESS i51A1 ESS #1ndn 275 $/kWh

° N15W215841 Net demand Tun1swiaunaves ESS AI5WaN5a41 Charge/Discharge profile ¥a4 EV
e sz BV Aewdu Load ethawils uay 1Ju Disruptive technology fionawiiusunanfinduannets
557 luauAn



Energy Storage System (ESS)

AUy AF1UTUN1TATIZHNANBULNUNIIATULATHFANENS

JsurautneUa9

NIIAAAILUALABS 119 System

NSRS UL UNLNDS

A1sann1sneas1eanndlnd/milsndas

790 MWh Tulw.@. 2565
3,860 MWh Tutn.@. 2568

\Wasuwumaes 790 Mwh Tul
W.A. 2575

\WABULURLAES 3,860 MWh Tud
W.A. 2578

LL‘UG]LG]EJ%I 790 MWh aﬂﬂ’]iﬂ'@iﬂ%}ﬂﬂ
aondllwiln 320 MW

3,860 MWh ann1sneasnedand
Il 1,520 MW

1ASINISNAUITZUUANAUNS I UL D TDITU
ANSUSUITAUADINS NN Lazwdaau
UG (U 20 T)

1ASINTHAIUITZUUANAUNSNULNDT95U
ANSUSHITAMUADINTITINAN Lazwasau
MUY (Wi 20 T)
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Energy Storage System (ESS)

AUy AF1UTUN1TATIZHNANBULNUNIIATULATHFANENS

oy yo
nauselayunlasu
Capacity Cost \de U 2548 AU 4,381 UKW/ Tasansnaulassnelningansey
SEUUTIMUNIYTEAULIINU 115/69 KV D (Uszanauindumusnstule 3%) (Smart Grid) Tufiufiilowimen Sena
suLIITudes nvin, Yaus
Fuel saving 172,079 Unn/MWh/year
The World Bank
Reduction in CO2 emission 186,024 U /MWh/year China Renewable Energy and
Energy shifting benefit 826,314 U1n/MWh/year Battery Storage Promotion Project
(P163679) May 20, 2019
Ancillary service benefit 330,898 uw/MWh/year
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Energy Storage System (ESS)

AUy AF1UTUN1TATIZHNANBULNUNIIATULATHFANENS

AuulunIsAniiuemy

AUNUNITANAILUALADT (V13 System)
“S1ARUNLADTANAI AT UL 5%**

AUNUNSURBLLUAABS ($/kWh) (A
LURLADT)
- TnesuyuamzuunnesAndul sz

14% YDINUNUNITEUU*

AU O&M (% %84 EPC)
- EPC = Engineering, procurement, and
construction @9Usga1a) 20% YBFUNL

ESS Vl’jﬂ system

19,855 Ur/kWh Tud w.g.
2565 (A9¥1 790 MWh)
14,595 U/kWh Tutn.a.
2568 (a9¥1 3,860 MWh)

11,887 $/kWh Tulw.a. 2575
(WasuLUMABS 790 MWh)

10,192 $/kWh Tudw.a. 2578
(WasuLUMASS 3,860 MWh)

4%

UBUAINNITUITBAUNG PEA, 2563
**ASIAN DEVELOPMENT BANK,
“Handbook on battery energy storage,”

December 2018

UoaIINATNTOAUNN PEA, 2563
**ASIAN DEVELOPMENT BANK,
“Handbook on battery energy storage,”

December 2018

ASIAN DEVELOPMENT BANK;
“Handbook on battery energy storage,”

December 2018
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Energy Storage System (ESS)

LA UNITNRIU

W.A. 2561 — 2565

SunsAnuilasinisiieaiu ESS
Aelu U w.e. 2564 — 2565

Busnfiunsiasinisifieaiu ESS
wu lasesmswaunseuuiniu
WE DT UNISUIINIAIY
Ao Il wasndsumy ey
(Wit 20 U) 2029 1 (790 Mwh) Tu
U W.71.2565 1iiesan PEA 15uilnns
vhsesdaa DERMS luthauda Tne
9naBuAnd ESS 71 substation it
U3unal RE gevedusiazaia 1y nl
N3 2l a3 nl U2 a2

Qutcome

o anudmnmdlaifieaiu £SS way
N15ALIUNTTHS 9 VDY ESS

* 15adlAsan1siientiu ESS

Energy Storage System (ESS)

sflunislassmsiientu ESS aea
oo wu Tassnswamnsyuuin
Aundsnuitosesunisusmsaay
foansluih uwasndsnunyuiou
(wnwd 20 T) 2007l 2 (3,860 MWh)

SuRnwin1seiunis Enercy
arbitrage {l8997ndun ESS 87194
wUAlHUARAIIUNIIANEUATT Energy
arbitrage Suviilslauda

Anwaveanngseieudmiugsna
Ess Wifiunmaenu

Qutcome
* gzanmsas1santlniinaziie
wuas

* F0ITUNANTENUVDINS W UMWY

W.A. 2571 — 2580

a

AU NaUTElevUVRY ESS Larad

2
a o

AnAY ESS unnuiilesann ESS ddunu

D

NanaduIn

Walvnaenyuinunddinsiulugsna
ESS 11n3u

a 19

* §3nANYIIU ESS veneiuniy
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Load Aggregator Management System (LAMS)

ATNSTIUNTITNRAIUI

Demand Response $1n1%

ANDUUREINIia1eYALan

Around 28 GW of demand resource
participation in wholesale markets,
justunder 6% of peak demand, and
35 GW from retail programmes.
Advanced metering has reached
50%. Leading regional markets
include PJM, CAISO and MISO and
are largely explicit, but a number of
states are expanding time-based rate
pilots, particularly linked to off-peak
charging of EVs.

United Kin

dom
Capacity auctions have created a
market worth 50m GBP for demand
response aggregators, butthe
European Court of Justice ruled in
November 2018 that the market
contravenes EU state aid regulations,
rising uncertainty

\ o

-

426 MW cleared in a 2019/20
capacity auction from demand
response, out of 8,266 MW total. b

Other European countries

Belgium and France have both defined
roles and responsibilities for
independent aggregators, and
capacity available tripled between
2013 and 2015. A number of other
countries including the Nordics,
Netherlands or Austria have
implemented retailer-based DR
programmes, but not yet recognised
aggregators

While not a key resource
currently, a number of

schemes underway

including a Virtual Power

Plant planned through o
Sonnen/Tiko, qualified by

grid operator TenneT

350 MW through VPPs. Full
deployment of smart meters
achieved early, but only in
2018 moving towards an
implementation of DR
through Virtual Power Plants

Singapore

Leading country in creating
sandbox trials for advanced
services, including DR
services through the
Optiwatt project.
Interruptible services
amounted to around 7.2
MW in 2017.

for third parties.

Around 1 GW through a

range of programmes, an
interruptible service and

and an incentive based
programme. Widespread .
smart meter rollout, and

plans to open ancillary

service trade for DR

Around 600 MW operated
through Demand response
programme for Emergency
Reserve through retailers
and distributers, with plans  »
to open up DR aggregation |

40
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Load Aggregator Management System (LAMS)

AMNTWNITAAIUT  NISWAILT Demand Response TudssimnaAining

(1970s ) ( 1980s ) ( 1990s ) ( 2000s p ( 2010s )

1974 : graduated tariff - Residential

1977 : TOU - Industrial

TuUsemennaiinig
1978 : Basic tariff Peak-related . I .
1985 : Midnight electricity tariff W DR Wsunsunie

Raudid e, 2517

1985~2008 : Summer vacation support plan 2009 : Designated
995~2008 : Autonomous period DR |

p\'ver-saving support plan 50600 : Advance

095~2003 : d i
0a ssuppo ¢t plan notice DR |

2001 : Direct Load Control
2002 :Emergency Power-saving

2005 : Peak Power Mgmt

7131: I-ON Communications

Whniunewes Demand Side Management (DSM) Tuusginaining

Long Term Peak Load (MW) DSM Target Demand Reduction Target

Power Plan | Before DSM_ | After DSM (MW) Portion (%) Year 1wl 2020 fitwanglu
15t Plan (*02) 74,784 67.745 7.039 94 2015 ﬂ’]ﬂ,‘f’jj DSM ﬂ’j’l 11,615
2" Plan (*04) 79,266 68,737 10,529 132 2017 MW

3% Plan (*06) 83,424 71,809 11,615 13.9 2020

#i111: Demand Resource Policy and Program Design for Electricity Market in Korea, 2015



Load Aggregator Management System (LAMS)

ATNSTIUNTITNRAIUI

Tuszinealnyg nMsailiuauniy Demand Response L1inguUssasananiunizan Peak
YaaUssine lagevdimadonisvzaonisnoasalsdlnives nnu. andunundaliivioe
gnving uazvzaanisneasssuvddlniiuasssuumung i
Tuthgturmdsinsdidunusuiusening nil. nva. uae nviu. Tnesta 3 nslahuls
finswisudeiiniieduas DRMS uag LAMS o

91N Grid Modernization 9gnuinszuy DRMS w04 nilk. Susendesnieusioriu nwa.
way N Aglud wa. 2564

Aasglanvualy PEA aifiuaiuniy DR 250 MW aelut w.e. 2564
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Load Aggregator Management System (LAMS)

LUINIINITWRIUD

AINIAUNIT PEA smart grid 4 Y o .
N . WANUBU ¢ YB3 PEA UYDLAUDUZINULAL
WHIUN Roadmap 10y
* 13 * Aamtansiau | * Tassmswaunlassielnvigaaiue (Laudunsnines) AITINITILATIZID
AU DRIunminds | - sweedl 1 (we. 2563-2568) davilassnisnouaues WRLUNYRINTIURUY
A1 DR & Liilgnandunnin Aulvan (Demand Response -Semi Auto) hitley §5A73 Demand
wualtifiag luseazden i1 250 MW mauleuesy Augldlniiseges Tu Response 71 PEA A23
gl | ¢ vmmsivuadiea fuiidedlng W1
naneUszLne NINITHIUN o lassmswaulasenediesessu Foafidmauselovin
Vialan 98 1TALIU Al (Wruannsniines) PEA azlasuainnig
o funuftardufiu | - szeedl 1 (nA. 2566-2570) Snvilassnnsneuaues ALTUIIUAIU Demand
1A59n1511509 aulnan (Automatic Demand Response) litlag Response
Tuaiaet .. N1 250 MW mauleuesy Audldlniiseges Tu prsdnsdetuneunis
2559 — 2564 fuiidedlng WAUIDIAUTZTNOURN
WA V8V - swaedl 2 (wel. 2571 - 2580) dnvilAsanIsrevaLes AAedos (Wu 1nsns
Uszinelugagy aulyan (Automatic Demand Response) laitiag DR #i19 9 10udu) 1173
W.A. 2565 — 11 1,000 MW snuuleuieniasy Augldlniiise Wawnltunaile (e
2584 Tney wazsedos ludlosiidl Growth Yot luisne N ANENAS HTanTou

goe ¢l guanlnihauiedn wazgldlnnd ev

AUN1ISANLEUIUN DR “%
JYUUUDY PEA)



Load Aggregator Management System (LAMS)

LLUINIINISTNRAIU

v < =)
VBLAUD/UTLLAUNNTDVB

LLAULANUDY NNA.

*  AUTUUAU DR
ioan Peaking
Plant

*  AUTUUAU DR
bUU Semi-auto ey
auto ldteenin 250
MW anuulguny
Aasy elut w.e.
2570

*  AUTUUAU DR
WUU Auto litipi
1,000 MW @y
wleuienesy el
U w.e. 2580

19 W1

AISHNISTIATIEVID NI
YINTFULUUTIAT
Demand Response 7i PEA
AITWAILD
Fosriatanauselomii
PEA 2¢l@SU21nN"3
ALIUIIUANYN Demand
Response
AnsFnileRatunaUNTRAUN
93dUsENOUAY 9 7
Aeades (W 1195115 DR
A9 9 1Dudu) I siawn
Tugaaala (Neunt wad
WIONSUAUNITANLTUIY
DR Tusguu PEA)

® HA1SUINVUALN I LU

N1SAMAUIIUAIY DR YU
Tuﬁuﬁﬁﬁmﬂﬁw%qq
TuiufintinsAndsaunsy
fmosaguan v3e
ANHUIULRNIZENSU
andn C&l 1l

* AATIZILUINIIAITHAIL
sULUUgIA9 DR 7
WNNZENAU PEA

* AATnLazILELD
WHUAISAL DR Tuus
AR

o Usziflunausslowinilesu
NNSANIRIUAY DR

* suUszanuawuluszuu DR
(l95uuan)

o doyanslalwihluiuiivay
AnviluntsaiuaunIu
Demand Response
wausloviitldsusionis
A1 Demand
Response 1 MW (191 fuvu
nsauluvdendas anglvl
visogunsaldu qiianansn
Bz a0le)
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Load Aggregator Management System (LAMS)

N1331A31eNFULUUGIAY LAMS

A1SANTUIUAY DR 1 UNITAIE U UANRIUITINAUSZAINNNNTINHNT 3 wite 1ag Ann. 9

Sudyeurad DR 91 nlw. Wunan felaemiludymianisaifiueuaiu DR Jagneiia

Uszlovumauseing uag nwi. ag19lsAnuenaazliifaussloviise nwn. Aduls wu

- A9ALiiua DR vilbvmdienglnues niln. anas Gaenadanalnlnidrigey

14
=

- 199 Nl dsdayeyned DR Livean Peak S¥UU 10 Peak 993 nvlA. linssdu nulw. azvinln

Llanansavzasnisamulussuuvas nin. ta

Y] gj 1% v = < 1% 0O = = Y 1 Q’lj
At lunsiLmAlulad DR mf\]%mumaqmuqmﬂﬁa\amq 5 PNU
1

ANA. ABINT
ANTUITUAY
DR 11nnitss
AuanIaly

aln. sndu/deansdsdunne

gy
DR tosuanuiloainiudeyge

10 Nl wisely

Yes

aA. Aeen sl Load
Aggregator lonvu wso ki

Taidndudoatauniiuiuain
LA ULAL

Yes

No

Yes

No

CICICXC,

U

(2)

U/

ANA. @unsastdun1sanu DR
WaliinUselovine nnn. way

\_/
A15ANDUIIUAIU DR 913109

Uszlovusauseinalnenas
A, Lunan usiAnuselevy

Useinele . .
WNUBYNU ANA.
7 3 )y 4 )y
\_/

ANA. AIWITOUIMITIANIINNT
susmlnanldietu way fidrs
17315 DR 91ailuntu Gilesann

A1ALENTUINITIALUSUNTUNLAY
A9 9 saunulusunsu DR 1Hudu)

n¥ln. AsaTiuTidlnanangly
Iniusiazsglates udliiin

ANSUUITUNIIAUSINA DR
, 45




Load Aggregator Management System (LAMS)

N1331A31eNFULUUSIAY LAMS

1%
=

TulpsiumauuauuInien1siaiul DR 909 nna. Ia 5 JUkuy fisil

avla. desnisanfiuciudiu DR na. Sndu/desnsdedyeyias DR nvln. daenslill Load Aggregator

sunuun

annitgriviun LRIUBNMNBIINTUS YN N LNYU
1 1o i 1o
2 i 1o Taile
3 i Taile 1o
4 1o Taile Tl
5% Laile - -

[

*nsalfl nln. lldpenisaiiuausnu DR wnnfissamuatiy nin. 919lisidufesiisfenisdedeysua DR 109 tesarnnisailueu DR

3
Auuleueeesguu nvin. azduiunu DR mudgygrunisiouves nu. Wundn
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N1331A31eNFULUUSIAY LAMS

falunsaufiuauau DR agiiliasdmanauang 9 aainanluuas egnslsnaunisaiduauy
DR 2zdanalit nNn. Ae9sun1senan 2 Usenis As 1) nnn. dvivhgvelinianadilasainnisanduanu
DR 2) AN, F1dufasd1509318 Incentive TﬁQ’Lﬁﬂiauuwmmﬂﬂdau LAFISUAUNIUAN Ft

%4

AILUNDAANBUNANTLNUAINGTY PEA AYSHAANIIATISNAIL DR fatl

1. fedfmsduiiunudiu DR azdawald nvn. enadlsedudidesas ud nvln. Afansansdidiuaudu
DR aehstioedigaiionanidesnsfifldlnihmsedsusnilvandidunus DR ud nvia. lainstu
Uoya visegLdslanian1egsnaly

2. dielsinsmufiueudnu DR Sufindselemitu nn. eghausiads nin. arsatuayulidinng
ANEUIIUAY DR mﬂﬂfjwﬁ%’gﬁmu@ wag niln. aunsadsdayeynes DR vasnuLesla

3. nna. esaruayulviill Load aggregator nALenvu Wedl nvln. azanunsauImsannisiesng

2 Y Y

axAINTIAS7 andunulunIsusMIsInnTs (elduediuguwuunisuimsdanisaaniiunislunis

.U Load aggregator 31dufazsiasdngliiiu Load aggregator tonyuny ineenainauigly

Inif/Hanlvanaglasunselal visodimie nva. Lﬂuﬁ%’uamamaﬂ)
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Load Aggregator Management System (LAMS)

N152LATIZALUINIINITAAIUN

Hinlasunauselevivan

Y a Yy Y
W18 Incentive 1%&3L°U15’J§J3J’1ﬂiﬂ”li

LAAINIUIVD9NU Incentive

conr *  suwdlne EGAT a1819 PEA, MEA * Alniiuwds (F)
* EGAT PEA, MEA 91891 Jid159431195N13

oA *  Uszinalneg PEA 9781903311953 * Aliiuwds (F)
*  PEA * Huq

A * Uszinalng MEA 9813938195073 * Aliiuwds (F)
*  MEA * Buq

b4 1
Y =

Natiiolyn PEA Tasuuselomilun1saniduaiuniy DR 119 PEA maaﬁ’%ﬂuﬁmﬁmﬁwﬁﬁuﬁ

IINNFIATILYITURUUEIANNA1IVIRY 919V niignianslunisdsdayeyias DR lovanese Tngannwiusidadayayio
DR Jundnuuazlu EGAT agilasunatselesinmssasidu EGAT winlu (uasidundmiidinll)

3deyayIau DR 57uAY
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N152LATIZALUINIINITAAIUN

Toyanuiaan sl Peak Day ves nvin. T w.a. 2563 (7 nown1A)

35,000
30,000

25,000

WA (MW)

20,000

15,000

7

Peak s¥UU AWK, LHALIAN
20.30 U. YU 30,966 MW

ANUADINTS

10,000

5,000

A&l au 381 14.00 w.

UM 30,609 MW

0

o o o o o o o
e © < 9 2 o9
S d& @& o Y8 o &

11:00

12:30

o o o o ©o 9o o9
S v & v & © 9O
g W o~ © S o ©
~— ~— ~— ~— N N N

Joyarusadlniln Peak Day w3 nla. T w.e. 2562 (27 wwiew)

25,000

20,000

15,000

il (Mw)

10,000

ANUABINTT

5,000

0:00
1:15
2:30
3:45
5:00
6:15
7:30
8:45
10:00
11:15

12:30

Peak SzuU AN, LAALIAN
21.00 U. YU 21,666 MW

n o n o n o mn o un
S 2 =2 9 ¢fF 2 <o 9 o
N 0N 0O M~ 0 O @« N ™M
— — — = = N N N «

Tunseifi nww. 9715 DR Liiean
Peak 99938UUIENUI NHA.
91aardInsanivianlugiaa
20.30 U. %50 14.00 U. 1 Peak
YBaTEUU NN, aglugae 21.00 U,

FahuitelFnnseuduau DR 1in

Uselomigagnanstanisindiia 3
WIS A15ANERIIUAIY DR AITH
AsSesIuiuet e RdIu Lay
f9nsan Peak vansindiagia 3
WASLUANTALTEUIUATY DR %38
A, Aasinsdemsaiuiu

#114 DR 1aLe9

Maene): Toyanufeensininves nulk,
waz mla. Aldlunmsinsesidudeyaluli
unsnaiy fetudieolinansiesesidan
wiugnndsturilienadndusading a9
USuusateyasaldluauian



Load Aggregator Management System (LAMS)

N15U524104N15AIUAB9N1S DR ¥89n15tWAn

U3u1uA1uAa9n1s DR Tuusazgiinieg

. 5234 - ij .
\Aou Jssina nnAnang nawiie ﬂfmain nela
Beaviile

U1nNIIAL 2360.93 105.87 100.63 247.75 76.72
nunuS 379.60 206.27 70.10 349.46 180.81
AunAY 441.37 199.44 313.23 186.41 122.06
LU 386.93 181.31 116.72 125.94 117.89
WHEAIAL 327.21 358.76 89.68 22295 123.30
ﬂqmﬂu 400.79 173.39 105.62 223.12 145.46
n3n41AL 350.39 93.08 129.85 1,402.58 83.61
HaW1AY 126.00 178.06 263.16 258.70 157.05
Nugney 287.79 149.10 273.30 149.37 97.89
AA1AU 279.49 152.27 102.09 111.40 256.40
‘Wﬂﬁ%ﬂﬂﬁ]u 491.90 249.25 354.78 337.95 195.19
SUNAY 287.96 266.66 296.22 546.68 211.13

A1 Lﬂé'lﬁl DR 5181 343.36 192.79 184.62 346.86 147.29
Ageanvasl 491.90 358.76 354.78 1,402.58 256.40
Aringaval 126.00 93.08 70.10 111.40 76.72

AnadsUTuransly
lwﬁqmaaﬂﬁﬁ 16,227.62 8,564.76 2,389.64 2,663.89 2,166.18

11: MSANYIUIMINTANTUGIAY Tusiulvanuasdnassinan (Load Ageregator) vasnistuihaugiinig, uinedededln, 2563

PNANTNIENUINUTLNANYLTAIUADINT
DR 1adwegil 343.36 MW Tu Tagai
ManzTupenidsandesinudesnis DR wde
4980 (346.86 MW) Uag N1ALAIAILABINTT
DR Lady fan (147.29 MW)

*YUBLR N19IRENVaEUTUTayaLAaY
NINAIAUVBINIANEIUBBNRLAWTD

31NUaYARINABINTT DR UWAZNITAATIENFULUY

5303 213081313491 A, FXTaATUIUAI

DR ¢ 3 anweus

1. nwn. sndue DR Tuiud wasluusunm @
AN, Wd9LRau

2. ann. andusuaudedi 1 wazanduenu DR
Tuiufififiaanudosnis DR gegn

3. ann. andusuaudedi 1 wazanduenu DR
Tuyng Wufienudasauaudasnas DR
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AUy AF1UTUN1TAATIZHNANBULNUNIIATULATHFANENS

JsurautneUa9

J3untuANumAe9n1s DR

ANSANTUVDIUTUIUAIUABINTS DR

SrgLIANAeINN1SYIN DR

USunaumhelwinianasainnisyin DR

Usene 343.36 MW

auyAlviinIsnauausInITAL LY
50% VoIUTHIUAIIUABINT DR

ANRAY Load Growth MUsene
4%

21999NNSYINUIRNSNIT ILP M1@end 3
(6 ¥1./A39, 1 ASYIU , 10 ASI/LADY
20 A59/) AaLdu 1200 ./

Useina 412,032 MWh

N1ANANY 231.348 MWh

AAWND 221,544 MWh
AARLIUDBNLAILD 416,232 MWh
nAle 176.748 MWh

NSANYILUININTANTUTIN |
swnulnanuazdnasslan (Load
Aggregator) summﬂWﬁﬂahuQﬁmﬂ,
UAINYGUTEINY, 2563

Tayadfy nln. SuieAu 2562

1ININ1TANTINEBanNS LY LA
(Demand Response) Lag 9u31
Demand Response, @11n9nu
AENITUANITAINUAIAITWANU, 2559

HAAMYDIUTHIUAIINABINTS DR AU

SrgLIANAeINN1SYIN DR
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AUy AF1UTUN1TAATIZHNANBULNUNIIATULATHFANENS

nauseleguilasy
Capacity Cost 128 U 2548 AUNU 4,381 UIN/KW/A lasansnaiunlasenelninsaasey
syuUsImnesERULsIu 115/69 kv 81 (Ussanaufisfunusasduiite 39%) (Smart Grid) lutufidiewinen Fana
suLIITudes nvin, UGITE
naUsglovtilasuannsvzaanisamu
Ay WACC% ve9 Capacity Cost
UKW/
Capacity Cost 128 U 2548 AUNU 3,280 UIN/KW/A lasanmsnaiuilasenglniisaasey
JEUUNER Uagssuuan (UszanauiiudunusnsiSuite 39%) (Smart Grid) luitufiiiowinen Fana
Yaus
waUsglotilasuannsvzaanisamu
Ay WACC% v09 Capacity Cost
UKW/
ananudemeiiiosnlniiagu yarAudemeantuiisu 1 uim nla.

12.38 uan/kwW
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AUy AF1UTUN1TAATIZHNANBULNUNIIATULATHFANENS

AuulunIsAniiuemy

DR System

HanaULNULAR LGN

NaRaULnuLn Load Aggregator

US4 40 a1UUM

418.25 U/kW/A

60% VRIRUTALFIEANaTaTE LA

418.25 U/kW/A

60% VRIRUTAFIEANaTaTElA

9INNSM15952UAU Vendor

11M5N15ANUTIULDN1TAANS LY I
(Demand Response) LazdnIn

Demand Response

11M5N15ANUTULDN1TAANS LY LA
(Demand Response) kagdnTn

Demand Response
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sUUUT 1 PEA fasmsaniiueuinnndnuleungvassy , Aoenisas

LA UNITNRIU

dsysyau DR 199 LazfaIn13isl Load Aggregator 1anau

W.A. 2561 — 2565 W.A. 2571 — 2580

X,
N
Ul
o\
O\
|
N
Ul
=
(D
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National Energy Trading Platform (NETP) / Energy Trading Platform (ETP)
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Project Name Country Start Year  Objectives Network Size P2P? Layers Outcomes Shortcoming
P2P energy trading . e
Piclo UK 2014 platform from National Business X P?P SERY B dischesicn
A X trading platform on local markets
suppliers perspective
P2P energy trading ) e
Vandebron Netherland 2014 platform from National Business & P.ZP gy Ho discossian
Z : trading platform on local markets
suppliers perspective
Cloud-based P2P Energy Network, Cloud-based No discussion
PeerEnergyCloud Germany 2012 Energy Trading Microgrids ICTrg' . platform for smart on control
Platform, Smart Home homes system
Obtimizina étis Biéioy Network A smart meter No discussion
Smart Watts Germany 2011 P 8 Sy Regional ey ! gateway as interface  on control
supply via ICT ICT )
to Internet of energy ~ system
Yeloha, Mosaic uUs 2015 Solar s‘hanng nelwprk Regional Business Tern?ma?ed el No discusalon
for lower energy bills. funding issues on local markets
A ) A P2P energy Y :
SonnenCommunity ~ Germany 2015 P%P ey g National Enegy Nenw trading platform N0 Gicuatan
with storage system Business : on local markets
(online)

i ick Swi ’ Plenty of services T :
Lichtblick Swarm Germany 2010 IT platff)n‘n for Fnergy_ National Energy Network, provided by the No discussion
Energy markets and customers ICT N : on local markets

energy supplier
o : : ; : No discussion
v L 1 2 ; ;
(_?mmumty First! us 2015 anrgy sharing from Community Buikifiass Saving energy bills on ICT and
Village donations for poor people
control system
P2P energy trading Grid:connected Energy Network, Automatic energy ~ Communication
TransActive Grid uUs 2015 within Microgrids " ; Control, ICT, trading platform before exchange
: . Microgrids ¢ g R » ey
using Blockchain Business within Microgrids was ignored
Energy metering and . .
Electron UK 2016 billing platform using Unknown Energy Netwotl; Not started yet Not started yet

Blockchain

ICT, Business

711 - Review of Existing Peer-to-Peer Energy Trading Projects, Chenghua Zhang, et al., 2017
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ICT Uuﬁugm Cloud-
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National Energy Trading Platform (NETP) / Energy Trading Platform (ETP)
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National Energy Trading Platformn (NETP) / Energy Trading Platform (ETP)
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National Energy Trading Platforrn (NETP) / Energy Trading Platform (ETP)
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National Energy Trading Platformm (NETP) / Energy Trading Platform (ETP)
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Y Aa

Awwnldyasiaulalunay Prosumer awingaunasiau lunun NEnaa i nnasn ukasanindgs

Y

Uaya VSPP Solar #iflanug COD udwausanuszuulasetigvas nvia.

1A Mawananns (MW) | Usuiauigaudaysyn (MW) Mndeyamamaniians enanals
RN G son 56.72 IluNunnwsnzuinsiaumalulag ETP
el @ 41,87 4187 aunsaisesanule el
o o 1. a1Anane
ANANZIUDBNLALILNLUD @ 442.69 421.10 5
2 AMANSIUBDDN
AIANAY @ 833.92 805.52 o
3. AARLIUAN
AAREIUAN @ 454.73 445.45 o 5
4.  NIANFRZIUDDNRYILNUD
ANANZIUDDN @ 460.61 457.93 5 AvAwile
591 2,293.53 2,228.59 6 meld

ilfipsannisldnumalulad ETP nludeaiinisldeu Smart Meter w3agunsainaunsainaifiaalniag
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National Energy Trading Platform (NETP) / Energy Trading Platform (ETP)
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W G 25
’ Twasyniied (a52130u) 50.00 0.00 3.4208
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RHIRIE a0 RITARAA Tgansaeni 31.36 0.50 2.8565
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National Energy Trading Platformm (NETP) / Energy Trading Platform (ETP)
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1,114.30 MW Tud W./.2563
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National Energy Trading Platformm (NETP) / Energy Trading Platform (ETP)
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National Energy Trading Platform (NETP) / Energy Trading Platform (ETP)

AUy AFIUTUNTIATIZANANDURNUNIIATULATHFAENT

AunulunisAiingy

Uszandumu AunNY 1

ETP System Uszaned 50 a1uUIm NNIIAITOTINAY Vendor

70



National Energy Trading Platform (NETP) / Energy Trading Platform (ETP)

sunuui 1

LAUNTHAILN . oy .
PEA \Uu MO wasilugliuinisszuulasedng

W.A. 2561 — 2565 W.A. 2571 — 2580

wissunFoulu MO wazdliusnis o a N
\Uau3nis ETP dmsungurlyluih

C e e Wausn1s ETP d@usunay C&l
sruulaseigdmsungu C& T

Uuegend

Qutcome

) v 4 o . wissunSoudu MO wazdliusnis
* anuimnulafgIiun1sigsia

a = v a a b4
svuulassinedmsunduililridint wigun1slunsalnassiuleueUali

o < 4 ¥ 1 <
Market Operator Wazn13itusy NAENYULTITINLTU MO

v o ST REREGY
usmsszuulasing dusungu
Cal
Outcome Qutcome
* £TP Tungu C&l * £TP Tungugldlniinuegende
* anuFanudilaieaiunis * anuniealunsdiiionvuaziiniu
a &
5519 Market Operator uagn1s 1Wu MO

Jugliusnisszuulasine dmsu
nquilaliiihinuegende

73



National Energy Trading Platform (NETP) / Energy Trading Platform (ETP)

v sUMUUT 2
LN TN NERIUN N

W.A. 2561 — 2565

Wausn1s ETP dmiunqu C&l lag
Seundoudu MO dwsungu C&l =9 . .
HABTEON ! sygnRlinaenullszuulase

< ! a
Juvaswmuies (wu ludiaugnainnssy)

Qutcome

a ¥ < Y a
3 v 4w . wizgunSoudu MO uazylauinig
* anuanudnlafgiunsigsia

szuulasagdmSunguyldlniidnu

Market Operator @wsunau C&d .
: a8

Qutcome

* ETP lunqu C&l

* pwanudilafeaiunisii
313 Market Operator d3unau
Aldliihinusgendy

* maenvubuiiszuulaseieves
nuodluiiuiifiignd cad

PEA U MO waz Liludliusnisszuulassdng

W.A. 2571 — 2580

\Uau3nis ETP dwisungu glalin
tuegonde Tngaugwlvinaenyud

' < !
szuulasaeduvesnuies (wu lu
nyjUnu)

Qutcome

* £TP Tunqugldlniihuegende

o maenvusuiszuulnsenees
nuiasluiuiituegede

74



National Energy Trading Platform (NETP) / Energy Trading Platform (ETP)

suuuui 3

LA UNITNRIYN

PEA Jufliusnisszuulasedng

W.A. 2561 — 2565

N

NERZ566 = 2570

W.A. 2571 — 2580

= £% @ Y a 1
wissunTaudugliusnissuulaseng

o o \Uau3nis ETP dwisunau glalin
dmungu C&l

Uuegende

Wau3ng ETP dwmiunau C&I

nanaulviniseanuleuglinalenyu wisgunFouilu MO uazliusnis

szuulasstedmsunguglyluiidu
oo Qutcome
* £TP Tunguglalwihihusgende

wssuanundanlunsidu Mo

Qutcome

y e Qutcome
o mmgmmwﬂmnmmumsmqim

* ETP lunqu C&l
* |ingAa MO MALeNTY

Jugliusmsszuulasingdmsu
nex C&l

* anu3AalangItuNTY
a < Y a '
gsnadugliuinisszuulasing
dwsungugldlnindnuegende

sunuui 4
PEA Litdu MO waghiudlwusnisszuulasedng

W.A. 2561 — 2565 WERRZ566F= 2570 W.A. 2571 — 2580

Laidndusoatinisaduarusu NETP/ETP

75



National Energy Trading Platform (NETP) / Energy Trading Platform (ETP)

LU SWRIUD

MNRUNIIRUTULAasgT9 9 Tuasnuiitunsunswssuauniouves PEA dludiunisiludaivau

na1m wagliuinisseuulasang Nalinswieuaundeudugriuaunain (Market Operator) #38 HLHU3NTS
SPUUIATIVIY 919UTZNDUAILTUADUAN 9] ALl

KHAUANAAIA (Market Operator) fliusmsszuulasedng

- ¥ , *  p3ruANNSansruUlaTteliansasessuNSRouY
*  FAnwinalnnisdeviglui ETP gUkuuse 9 . . e o
IWfWIy ETP (19U AnRsseuu Monitoring Lusw)

*  FnwinalnnisSeniAualusnisseuulaseuie i AnwinalnnisisentAuaiusnisszuulasetnglnia

(Wheeling Charge) (Wheeling Charge) WagdnyinAunuAIusNIsTeuulaTetg

* simwnalnnisdevieliin ETP fanunsalalanussuy o . s wds o ,
, AN Grid Code ﬁ’mi‘uQVIG]ENﬂ’]i%E]%’]EJlWﬁ’WN’W ETP
1As9U8UD9 PEA/LDNUY

*  Javilasenisthses ETP dwmsuwsoundaudu .
. . AU 9
Market Operator tuszUUlATIVIBUDS PEA

(Y] [ = A a [ [y al =3
*  Javhingsuleunneitesiunain wagnisiseniiy
AUsN1ssrULlAsenglwin (Wheeling Charge)

* AU

76



1,000 Units

EV Charging Management System
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’ Ill“ll dwiinsosanimdnussnlaiiu 3.5 6
II||||““I"|II fiun: Feyaafinainnsunisvudsmaun, MsiAsIeh

2040

@
(=1
&

NAUUITYNANU

Wvinnemu IEA Ananazil EV
577 1.2 a1urulud a.a. 2036
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EV Charging Management System

LUINIINTITNRIUD

Trend

PEA smart grid
Roadmap A

WNuBUY ¢ Va9 PEA

YDLAUDBUZENULHY

®* ALK TIEB nsal
Base case AR
EV 400,000 Ay Tud
A.A. 2039 (W.F.2582)

* [EA A1Ad18 EV 1.2
auAu Tud a.e. 2036
(W.F. 2579)

e fnsinTeRientu BV
undsldlananisvaziden
Soq Charging
Management System
(Appendix p.39) wazfalal
finnsUssdiuuSune BV 9
gl lusyuu

* Jalulafinsimsient
NANSTVIUN EV Tiiin
Fufiu load profile

o SnnsRansannisings EV
charging station AYUARU
AMI

* lassnsauilasenglviinusiuaiy
sossuwmalulagszuulnitlusuian
(Wi 200)

- szegd 1 (WA 2566-2570)

Hsguuusmsnmsunsnsagudlnin (EV

Charging Management System) Tu 4

1A, ATBUAGUNTTINTANATINIY

didnaunslavn wezdinaulng

- szegdl 2 (WA 2571-2580)

Hszuuusmsnmsunsasasudlni (EV

Charging Management System)

AsauAguTYNTavialuUszmalne

NTNTUILAL AT IZRIINANTENY
solasangliininannsuseq
Infwes BV deldnsaupquuazdniina
PEA AI3MR1513UMUUNSANT EV
Tidawansenudaszuulnihtosas
Anseingavdenfiuiudes
Charging Station lLag Management
System

1lA39n151199997U EV Charging
management system Wag [Wali
onwuilaiusmlunan EV charging
station (AULNY GM)

msiinnshnge EV Charging
Management System L%’J%HL‘WE]W
denndesfumaluladdu o wu ESS,
DERMS uawsuau EV sty
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EV Charging Management System

LLUINIINISTNRIU

¥ < =
VLAUD/UTLLAUNITDVDINNG W

LAULANYDS ANA.

* lassnsiaulasenglvfinnusiueady
sossuwmaluladssuuliinlusuian
(W 20%)
- szewdl 1 (WA 2566-2570)
fsguuudmsnmsmsnsaaudlnin (EV
Charging Management System) Tug °
1A, ATBUARUMIIANgATINIY
dununsiaiien wagdinaulug  ©
- szewdl 2 (WA, 2571-2580)
fsguuudmsnsmsasasudlnid (EV

Charging Management System)

asauAgunImInluussmelne

o fnmsnsziiAeiu BV uidslals
a9 EazBenSed Charsing
Management System (Appendix
p.39) finsfinnsannsinga EV
charging station AUARU AMI

* Jeluiladinsimsgvinansenuain EV

ASNAITULALIATIENDINANTENUAD
lassnglnihfinainnisuseqlniives
EV é’thﬂiamqmt,azﬁ?ﬁm PEA A75
f1snULUUNIAT EV Tidana
nsenunaszuulnindaeas
a ¢ a A a 4« .
AATIENTALLDYALNIULALLTDY Charging
Station e Management System

a = o U 1
AsHnsEnwIkazAINERSIA NN
AMSU BV Mivungay
1lAT9n191150991U EV Charging
management system way \Ualmanvud
druslumann EV charging station (m1al
i GM)

ANYINUNNITANGS EV

Charging station Tuus
avmalagunidios
Tugiuszannianeu uay
NI TUANUFURUS VDY
MIAEUNIT AMI AU
EV charging station
Anwszezanfiang
ALiuN1s EV charging
station lngia1Teun
wiRlUF YUY EV
charging station, EV
Charging Management

System

* pya EV Charging
Y
station Tuszuuves
PEA o4 UaqUu wau
AUNL, specs,
JULUUNg
Charge/Discharge
Dudu
* Jayaszuulnin
LATANABINITLY
In1vee PEA 518
UgnAkazsIenIa
(Foyailldsuiv
= d‘ U,
nsAnw1dU 9 16)



EV Charging Management System

Diagram od the charging management system

Supplier of energy

Database
Communication
module power -
distributor J
Communication Ma nagement
module with the
charging point system

Roaming
communication
module

Communication
module with
the help desk

Communication
module with
the user

User

Help Desk h
LB B BN B BB
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ﬁu'l : Juan Martinez-Lao, Francisco G. Montoya, Maria G. Montoya, Electric vehicles in Spain: An overview of charging systems, 2016



EV Charging Management System

f28814 EV charging management system 31n ABB

ABB Ability Energy Management for Sites

Smart Charging - Predictive — System Architecture detail

e
&
Nt

Grid

- OPC UA

LV( - Measurement

Visualization

Ll

"internal network

OPTIMAX®
Industrial PC

000
I er asse
2 2 <
> = = g 9
wl= @ = o a
=2 2 = T -]
p= = =} 8 3 i
2|2 4 4 = =
oo o =] A
& @ o
1 ﬂ
$

@'

- Internet
Firewall -

| sFTP

: Server !  e—|
6= OFp

Vehicle management system:
- Schedules for availability
- Energy price forecast

ABB OPTIMAX®
Multi-Sites System Architecture

m

Fer sites with a
fixed charging
aliocation

Multhsite

For sites with
eynamic charging
allocation

For large IV flasts,
bus and service
eantors.

Virtual Fower
ool
aner

Virtual Power Pool Operation

Multi-site Operation

Remote access

KPI Calculations User Interface

Multi-site DB

=

OPTIMAX
on-premise
(IPC)

GPTIMAX CPTIMAX OPTIMAX
on-premise on-premise on-premise
(IPC) (IPC) (IPC)

OPTIMAK
on-premise
(IPC)

Customer

SFTP Server Email Server
customer alarms

7111 : OPTIMAX for Smart Charging ABB Ability Energy Management for Sites Smart Energy Management for EV Charging — February 2020




EV Charging Management System

f29814 EV charging management system 310 ABB

ABB Ability™ for remote monitoring and control of charging stations
User Interface - Enhanced world / city map with detailed information on the left hand side

Owerview Site X

7111 : OPTIMAX for Smart Charging ABB Ability Energy Management for Sites Smart Energy Management for EV Charging — February 2020



EV Charging Management System

f28819 Software Anylogic d§1%3Un15 Simulation EV charging management system

BAL Solution

BAL. Solution

BLN.L. Sotution Co. Ltd

Palette object tool
PV output: 300 Watt

A s Projects {# Palette 1},
Parameter & variable -
Process Modeling Library 3 Al Charging
; ° demand
©lightOn £ showCharging © Agent Type . g P
-
O totalkWhCharged © Resource Type producsAndCharge
 totalVisitors Al - I
© visitorsRejected = | = Poth
@ installedWp - % Point Node T
© caleudationfactorSolar o | O Ractangular Node
© solarOutput - Polygonal Node j% e
© storedElectricity + Attractor -t 1 I - ! 1
© chargingDemand O | 4 Pallet Rack { |4 I |, /Rraceinl"c mwiderin
~ Blocks . 4| E
© providedByGrid » |- : M ﬂ | I “\5‘ ey ==
© providedBySolar . Source * 1 I : ol I P
© providedByBattery e R A P e s SR e b Fe it a3 W R LA o2y
D Delay " P
solarProductionSunny . e o |
solarProductionRainy - -
Select Output ol @ SOCDstrbutidh
# electricityBalance ¥ | © Select Outputs :ll l ¥ h I i
# calculatePvOutput % | © Hold 5 L - . o = ps - -

= Match

i - AnyLogic for Business Simulation, B.N.L. Solution Co,. Ltd 2020



EV Charging Management System

AUy AFIUTUNTAATIZVNANBULNUNIIATULATHFANENS

JsurautneUa9

$117U50 EV yhusema a1l w.a. 2562 ()

Uszaunadnalu BV Tu PEA/MIUSEne

Aslln1vee EV 1 Ay

$117U50 EV yhusema a1l w.a. 2583 (@)
37U EV mnngly PEA aul w.A. 2583 (Fu)

MWL U9 EV nizly PEA (@w/A)

$1UIU50 EV Yuseme Jud w.e. 2579 (fu)
37UUS EV mnngly PEA aul w.A. 2579 (Au)

ﬂ’]'iLﬁiJ%U‘UEN EV angly PEA (Au/)

19,290

39.6%

2,700 kWh/year

Scenario 1
400,000
158,400
7934
Scenario 2
1,200,000
475,200

31,170

IEA, Global EV outlook 2020

ASUVUE

J. Liu and C. Zhong, “An economic evaluation of the

coordination between electric vehicle storage and distributed

renewable energy,” Energy, vol. 186, Nov. 2019.

TIEB 2018

IEA, Global EV outlook 2020

384



EV Charging Management System

AUy AFIUTUNTAATIZVNANBULNUNIIATULATHFANENS

Benefit

§n3171 PEA el lir charging station
Saenlnihuuunsiinaesiieiu dawihiusasmwdsany
Tl ¥ag3an Off Peak vasldlunnalasIas198nsIAn
Tnihdagiuuszinn 2.2 fansuindn 8n3100Y987
(Time Of Use (TOU) #3011AU 2.6369 UTNADNUIE

@ msuussaulnihtdesnin 22 kv)

Fafusns i PEA nelnilliuidives charging station
Tuazdasioni 2.637 Wiolhives charging station
fls egrslsinusnsmanandedldsg 2.3 vw/kwh 3
Aesn3n7 PEA Felwiineag off-peak 113710 EGAT

Fuel Savings

Carbon price (Avoided cost)

Economic Development

2.30 < 9R51Y < 2.637*
Urn/kWh

AATIZINTRULALNITIN

A9 sensitivity an1%

N3ER 1 8m97 2.4 U/KWh
N3ER 2 $m97 2.5 V/kWh
NIER 3 8951 2.6 VIW/KWh

413 $/U/Au

86.6 $/U/FAu

96.5 $/U/FAU

AUL*

https://www.bangkokbiznews.co

m/news/detail/867392

51850 (WD) = Sas17l PEA
el charging station
(UM/kWh) x (Mslalaiives
EV 1 Ay (kWh/U/fu) x Usuna
EV Tuunazd (Aw)

Quantifying the Societal Benefits
of Electric Vehicles World
Electric Vehicle Journal Vol. 8 -

ISSN 2032-6653 - ©2016 WEVA
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EV Charging Management System

AUy AFIUTUNTAATIZVNANBULNUNIIATULATHFANENS

AuulunIsAniiuemy

Per-PEV smart ¢rid infrastructure cost Electric power research institute, EPRI,
Funuanizsruuuimnsiams seuieivnda (i Estimating the Costs and Benefits of the
Hardware Way software) lisudunudwhda iesan 25 $/PEV  Smart Grid
Tuemaadululsinaentuazidinnamuluguinga A Preliminary Estimate of the Investment

N Requirements and the Resultant Benefits of a

Fully Functioning Smart Grid, 2011

dnsAlnunedsRIn EGAT 2.3404 https://www.egat.co.th/index.php?option=co
-9n31Y off-peak Laganﬂizﬁmmﬁuﬁq\‘mi’] 11-33 kV UW/KWh  m_content&uiew=article&id=174&Itemid=222

AU (UM/A) = (Per-PEV smart grid infrastructure cost (UW/PEV) x U3uad EV Tuusasl (Aw))
+ (Mslgluvues EV 1 Au kWh/D/Au) x sasitniienedsann EGAT (Un/kwh) x Usuned EV Ty
wiazd (A1)
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EV Charging Management System

LA UNITNRIU

EV charging management system

W.A. 2561 — 2565

BuAANYIlATINSAEIAU EV charging
management system Wag solar power

charging station

FufiunsnsanensIA i imunan Tneld
TOU tariff iieldlun1susnisinnisaiid@esnis

Tlnstn

fnwuasimssunousausunansenuain EV
awssuwaulunsmuauAudeansldlni

WU EV charging management system Tunsel

9 EV daransenusaszuu i

fnwuazanfiumslinasgeannginaeilunis
AUAN Charging station wag WA5atu Hu

EV charging management system

Sudnenihsadassmsimulaseiglitag

Tuadesessunaluladsyuulnilusuan (uuu
207) szesdl 1 fe Ssruuudmisnisvinsasus
v (EV Charging Management System) Tu 4
¢, AseuAquNsinigaTIneny dninauns

Tl wazgdninaulng

Qutcome

o Samanlnihfimngaudmiu ev
* ngunasitunIsauaNnsISii
* HANISANWINANTENUYR EV

* 1J1399 EV charging management system

—

X,
N
Ul
o\
O\

|

N
Ul
=
(D

Sulassnswannlaseneliiany
Nuaiysessumalulagszuulnilu
aw1An (i 20T) seeedl 2 Ao 4
STUUUIMTNSTINSAT8UALNAN (EV
Charging Management System)
aseuAguiniminlulszmnelne

5ulasan1siises Solar power
charging station + ESS & V2G

Outcome

® EV charging management system
usemea

* Yrgaensnasuaseingunld
u charging station

W.A. 2571 — 2580

Walinaenvudnundadiusiuly
pann Walimenyulidiusiulunain
EV charging station (@1150 Manage
energy FREAILBY LAY YNAIUANIN
PEA 1¢)

Budnen waz Ansananudululs
294lAS9N17 Battery swapping

Outcome
* wnyuilaiusinlugsia Charging
station 1nTUU
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Distributed Energy Resource Management Systems (DERMS)

AUEIN130TUNITUTUITIANTITWNEIIUNSUIBUVBY DERMS

Optimization *  Optimize 154315 DER wuuslusi® wu Dispatch,

economic, contractual, and regulatory parameters

Measurement, Analysis and M Output maaqﬂmaﬁ&hm
Reconciliation * TAT1EN Specific Data

® Forecast future state

Life-Cycle Management * danuanunsatunisiings, muauaunsal ivihaulaegedvign
Real-Time Situational * Lﬁusﬁayjawﬁuwu Static e Dynamic

Intelligence * aunsasengUayasiie e

Security * FU1509ANN5L389 Cybersecurity 16

fian; Coordinating Distributed Energy Resources for Grid Services: A Case Study of Pacific Gas and Electric,
P’6, NREL, 2018 88



Distributed Energy Resource Management Systems (DERMS)

LUINIINITNRIUT

Trend

PEA Smart Grid
Roadmap LA

LLN‘US‘N 6§ Y849 PEA

YDLAUBDLLUZ LN LAY

® WA UMY U
Tuu iz
1danusinly
syuuUlnunnay

* {indin13na1209
DERMS $28AUNTT
Wl Microgrid,
DMS (chap.9(A2),
p.25)

* {n13nantensUsulgesEUY

Tassnelwdnlranunsaseesu
WAty Iule uadalid
A191a1299 DERMS Taeinss

A5 Liuns DERMS Tuituii
fimdanunyuisunnnou
Fsazannndoaiunizammeny
3 9 MAstostunday
MWILY LU ESS, EV,
Microgrid Duduy
WIUALATIZAANIZATU
Software W1z UuAU
laserngeausul§aann
Tasstnesuls slaisduses
SVRTHICH
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Distributed Energy Resource Management Systems (DERMS)

LLUINIINISTNRAIU

a v < =
LNULANVDY NNA. YBLAUD/UIZLAUKRNIDUDINIG N

* fnin1nanang *  msduiiuns DERMS Tuiiufidl o Anwiuiiitingg * LNuAIALEUNIT Microgrid Tu
DERMS 33ufiuns wauUAsuINNRou d9ag Km0 RE ounAn (HisAnandisyyluum
WA Microgrid, DMS aonAdesUNTAImIUIY 9 7 wnigaluidaznin 20 U wag wwutuiadou) (i)
(chap.9(A2), p.25) Lﬁaasﬁaﬂﬁuwﬁmwyuﬁﬂu L)) NANTUIAUNY . gﬂLLUUmﬁl,ﬁum%'awmimiw%

* {N1SNENNNNIT ESS, EV, Microgrid 1Jusu NAUVDINIAINTT RE WHun15Ansa RE s1eitu
Ufulpessuulassng © wiudesigsianizanu Software HARINLsalniin RE way AuRBINslglniiie
T lanunsasessu wszmnduiulaseieena et T
WA UMYUIBULA e Usuussnlassneiinle gl * Anwilandunis * JgALLBLARUYUNITATNNIS
galydfin1snanana Fudusesasuiiidy ¥nauvas DERMS DERMS Lt dunuinie
DERMS lagnss wagnN15U1 DERMS Software (l@3uaniIuLaas)

ulluszuulnih

90



Distributed Energy Resource Management Systems (DERMS)

£nergy

Pool

Smart energy management

DERMS cloud platform implementation and utilisation fees

We will provide and configure an OpenADR (2.0b) connector
to allow DRCC DRMS platform to communicate to other

Platform Conﬁguration_ & tec_h""i_cal aggregators DRMS platforms. However, the implementation
Platform and Flex- deployment, users training, initial support of each individual connector will probably require some
20 Flex-boxes + training and support on 250 to 300 k€ additional work. This additional work is not quoted here, it

boxes for 20 sites will be quoted separately when the specifications of the

installation
other systems will be available.
Energy Pool will train EGAT technicians to install flex-boxes
and provide on-site assistance for the first 2 installations.
Platform Access to the cloud platform, support and 15 k€/month
TPf bug fixes (starting from platform With a minimum of 8 months
utilization S
commissioning date)
On demand consulting and support services Quote based Price between 0.8 and 1.5 k€/day depending on profile

Specific developments (new features or
Optional services connectors with customer’s systems or Quote based Price between 0.8 and 1.5 k€/day depending on profile
market platforms)

24/7 supervision & operations services Quote based The price varies depending on the scope of services provided

Important disclaimer: This information is non-binding.
The price estimates are based on a direct contracting between the customer and Energy Pool

© Energy Pool Développement SAS - Confidential

¥
U

Site YaIN1SAAFY DERMS ﬁmwwmﬂwmﬂué”mﬁummmimuam (MW) %ua&jﬁ’mméqwé’wmﬁamm

Sy 9 Tun1infAasienanasan@naslu substation 93 DG fadsuinnau o1



Distributed Energy Resource Management Systems (DERMS)
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JsurautneUa9

97U substation Tulsazim AR
$1uau RE AAndsluusiazion

1As9n15 RE MW RE
e (@n3utihaunaidn) |(contracted) S.sub/iva) - MW/sub
Nl 236.00 1041.99 104.00 10.02
N2 92.00 388.06 108.00 3.59
N3 212.00 1008.63 82.00 12.30
al 208.00 781.70 61.00 12.81
Q2 142.00 666.20 44.00 15.14
a3 1262.03 1072.31 46.00 23.31
M1 194.00 755.00 45.00 16.78
$2 168.00 631.58 45.00 14.04
$3 67.00 320.78 44.00 1.29
Ul 88.00 300.41 67.00 4.48
U2 149.00 876.31 54.00 16.23
U3 143.00 733.91 49.00 14.98

AMZAIIUNITAINUNINITNAIIU

* it DERMS 7t substation aaazUszanas 100-
300 substation sauvUsZWAUSZ0 750
substation aehslsfnuevlilgRndamteusus
Uszne enadnsafuunamanseunsnaiou (e
wileilgsgn 294 substation way Waniliilgsan 108
station )

* 1 substation #Uszaal 8-10 feeders

* 1 substation AuAY RE Uszanalsdifiu 25 MW
(@ulnguszunu 10-16 MW)

*qaya31n Vendor udsinlaguni DERMS azAuAd

161 site azUszNI 20 MW LAZAIN1TAAIUANNINNTI

g %uagjﬁ'u%’amnm

fia: http://www.erc.or.th/ERCSPP/, w.A. A.A. 2020 92
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Distributed Energy Resource Management Systems (DERMS)
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Benefit

Avioded Fuel and O&M cost 118000 (Approximated) S/MW/year The World Bank

Avoided GHG Emission Sindh Solar Energy Project (P159712)

(GHG - greenhouse gases W3aMwlaaU 32000 (Approximated) $/MW/year 2019
A3%aN)
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Distributed Energy Resource Management Systems (DERMS)
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AuulunIsAniiuemy

unannasy DERMS 300,000 Euro/20site Energy Pool
(Platform and Flex boxes for 20 sites)

—5’33Jﬂ']5§®¢13\‘1, DUTUNUNIUY Iﬁﬂ’ﬁ

auayulugisusnvensfings

Platform utilization 15,000 Euro/month Energy Pool
“@eune cloud, WAly Bug syuu
SHUFILATULI NN NAUTEUY

-SYYLLIANENER 8 LD



Distributed Energy Resource Management Systems (DERMS)

W.A. 2561 — 2565

SUNNSANYILATINNSNEITU DERMS

Bafindslasanstndes DERMS Tuyn
e Insidonundifingdssmmuiou
11N 6 suduwsn loua n1, n3, a1, a3,
fl, u2

5731 Substation #¥N1SAARY DERMS
392 sub (=392 site)

Qutcome

e pwdanuidlaifieaiu DERMS
wagn13ldern DERMS 33uiu
wmaluladau o

* aAANUNUNIUIINNAIUML UL I

DLRE 2o = 2570)

sflunisiasesnisiieniu DERMS
othasiaiilas Aefinds DERMS Tundl
FelallgRadasn 6 wa ldun n2, 22,
2, M3, U1, W3 59U 357 sub (= 357

site)

Anwuazoanderuslunisidesss
wleune wae U1nsgIudmsu Third-
party Tunisaiiiunis DERMS Tunsel
fonvugesnsarings DERMS veq
AULDY

Qutcome

* 9g18na DERMS Iﬁawﬁﬂunﬂ
substation TUszwA

o Sormuuadmsulenuuiifesnis
AnRa DERMS

LAUNISNeIY)  Distributed Energy Resource Management Systems (DERMS)

W.A. 2571 — 2580

Walnaensudunddiusinlunisg

anun1s DERMS

Qutcome
® LANYUAUITORRAT DERMS U84
AULDILS
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Distributed Energy Resource Management Systems (DERMS)

Yorauaiiiuiiy

e (o397 Vendor) DERMS 1lun1saauauii Local fiaviua wazanasusatinlusiosan
«Ju VPP wsaUszgnaldlu Micro grid 16

* (ffoyaann Vendor) DERMS laildfinnuiAedesfudiunatanniin e1aaziinnsieansiu
19 et PEA Talldidennsasdusenausing 9 1w DERMS Taense wmsnglueuirnenaiingdi
fludmesesdusznauing o duduenvu uasfinds DERMS vesnues fvo19aeluison
15 PEA 1 control 1§ fatiu PEA masarsanmseenngaeifeulunisouneli
MALENTUANLNTNARGY DERMS Ya3ntiates aziBen

* (foyaann Vendor) mnlusuianillssluifives PEA 1og videlsaludiiividyaniu PEA
Taenss uay PEA anansadansidandaunans aylddndudest DERMS dwsulsslndi
Witz PEA aansnaiuasliogudy

*  (fouaan Vendon Tunsinss DERMS site nilvlimsflosdusznauiidiosaiunuiay
20MW egnslsAmudiAufannsasuiunisld udaydosmnasiuiu Vendor 130931A7
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Virtual Power Plant ( VPP )

Virtual Power Plant (VPP) - US$bAUnse

Germany

While not a key resource
currently, a number of
schemes underway
including a Virtual Power
Plant planned through
Sonnen/Tiko, qualified by
grid operator TenneT

market worth 50m GBP for demand
response aggregators, butthe
European Court of Justice ruled in
November 2018 that the market
contravenes EU state aid regulations,
rising uncertainty

Around 28 GW of demand resource
participation in wholesale markets,
justunder 6% of peak demand, and
35 GW from retail programmes.
Advanced metering has reached
50%. Leading regional markets
include PJM, CAISO and MISO and
are largely explicit, but a number of
states are expanding time-based rate
pilots, particularly linked to off-peak
charging of EVs.

4 350 MW through VPPs. Full
deployment of smart meters
achieved early, but only in
2018 moving towards an
implementation of DR
through Virtual Power Plants

Ireland

426 MW cleared in a 2019/20
capacity auction from demand
response, out of 8,266 MW total.

-
Other European countries

Belgium and France have both defined
roles and responsibilities for
independent aggregators, and
capacity available tripled between
2013 and 2015. A number of other
countries including the Nordics,
Netherlands or Austria have
implemented retailer-based DR
programmes, but not yet recognised

Singapore

Leading country in creating
sandbox trials for advanced
services, including DR
services through the
Optiwatt project.
Interruptible services
amounted to around 7.2
MW in 2017.

aggregators

Reserve through retailers
and distributers, with plans
to open up DR aggregation |

for third parties.

Around 1 GW through a
range of programmes, an
interruptible service and
and an incentive based
programme. Widespread
smartmeter rollout, and
plans to open ancillary
service trade for DR

111 https://www.iea.org/reports/tracking-energy-integration/demand-response

PMNNIANYINUINIUUUTEINF
NMSANIUUY VPP Lﬂugmwwﬁa
984 Demand Response (31A
frognaasdulsywmmeasiu way
Uszwnd Italy)

v & a = =
AIUUN19AULTIUSNEI981N150
AUNIG ANA. 31 N9 NNA.
a =} <
N5 nAlulag VPP 1Ju
walulagflnatAes DERMS
v a A & A al
AR MsatlumAlulagn
TnawAeeniu Demand Response
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Virtual Power Plant ( VPP )

Virtual Power Plant (VPP)

Figure 1-1. A VPP and DERMS from Enbala and ABB: Two Sides of the Same Coin

A Comprehensive DER Solution Suite

Virtual Power Plant

Localized Optimization and control to precise
targets and optimized consumption

Localized optimization of distribution feeders
and circuits for active power control applications
such as Forward and Reverse power flows or peak

Energy & Power Optimization @ Active Power Management

management

Enbala
Fleet Orchestration Volt / VAR Optimization

Deliver fleet wide results using the 4 i w- Controlling Voltage thresholds and

optimal assets and coordinated response. optimizing the voltage profile through
: reactive power control
Market & Trading Opportunities DMS Operations
Take advantage of market opportunities and ' Integrated with DMS systems and traditional

market positions with a flexible resource power flow / GIS systems for accurate and acute
system control.

(Source: Enbala)
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nauszlayiain Microgrid

\J . o
*%* Commercial benefits
J

*%* Self-Reliability and security of supply

(R )

L)

* Cheaper Energy cost and price visibility

(R )

*%* External revenue steams

(R )

* Environmental tax reduction and achievement or reduction and achievement of renewable

)

energy targets
** Environmental and social benefits
X Replacing diesel generation leads to reduced air pollution and health benefits for local
residents
** A low-carbon microgrid can also lower transport emissions, particularly in off-grid areas
e Access to energy for local businesses and households in off-grid areas

X Community resiliency from outages in the electricity system

fi11: WBCSD Microgrids for commercial and industrial companies delivering increased power reliability, lower

energy costs and lower emissions, 2017
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* U990 PEA Huauiaiuszuu SCADA/EMS/DMS 1 “1asenisinudssansninszuy
¢ @ ' Y ¢ @ ' ’
Auddan1singln (Mussuuaudaanisangln)

° Iﬂi\‘iﬂﬁﬁﬁfﬁlqﬂigaﬂﬁﬁaaﬂﬁﬁwu Transmission and Distribution Management
System (TDMS) WNUT 52UU SCADA/EMS/DMS i System Management Center, ADDCs
12 wus ez PDDC (Responsibilities of ADDC-S2)

® The TDMS shall allow the Authority to consolidate its power system operations in
such a way that all fourteen (14) control centers will be served by fully-integrated

SCADA/EMS/DMS server platforms located at two (2) new Authority data centers.
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SG Logical Architecture Vision

Exhibit 12-2: SG Logical Architecture Vision (TDMS Interoperability Perspective)
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PEA 3n13AN%UA Function A1u Power System #14 ¢ 91

1. Design Features 14. Contingency Analysis

2. HV/MV Applications 15. Fault Level Analysis

3. Operating Modes 16. Open Conductor Fault Detection

4.  Network Operations Model 17 Fault Locator

5. Dynamic Operations Model . , .
18. Fault Location, Isolation, and System Restoration

6. Network Topology 19 Ootimal Feeder R o .

7. Dynamic Network Coloring 9. Optimal Feeder Reconfiguration

8 Load Forecast 20. Integrated Volt/Var Control

9 Bus Load Forecast 21. DERMS Functionality

10. Distribution Load Allocation 22.  Microgrid Interface Control

11. Generation Forecast 23. Operations Simulator

12. State Estimation

13. Power Flow
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Distribution DG / DER
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restore any
capabilities or
services that were
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Develop and
implement the

Develop and
implement the
appropriate
safeguards to ensure
delivery of critical
infrastructure
services

appropriate activities to

take action regarding
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MELWe) 2 1 5¥UU SCADA/EMS/DMS U84 PEA asauaguilandusiig q il

1) Dispatching DER real-power output (up or down) to follow load and/or maintain power flow
limits.

2) Dispatching DER reactive power output (up or down) to maintain voltage limits and/or
implement peak load shaving or conservation voltage reduction.

3) Dispatching DER real and reactive power to reduce power system network losses

4) Changing DER operating modes, e.g., from remote DERMS control to DER autonomous control
for the purpose of real-power and/or voltage smoothing modes.

5) Dispatching DER real power and/or changing operating modes to balance undesirable ramping
conditions.
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6) Disconnecting any DER to maintain network integrity.
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Substation automation A13HN1IANTUNUAULINTFIU IEC 61850

UONMTBIINNITTONFBIENIN Substation H1ULIMIFIU IEC 61850 wadrIsiin1sATeda
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* 01511 Substation Automation snlgautiu ialitAnUseleviigsgase PEA Adsdl
nsAnwkazUszlivfenisanliidu (Franain1siie Fault) 3vneaauwdainigi
Substation Automation agagLRBIUAINaTIlANINUaELNE LA

WITHOUT

WITH
AUTOMATION FAULT OCCURS (< 1MIN AUTOMATION

0 Customer
5-10 min Gt

Outage

rew
Dispatched
Customers on Un-Faulted
Segments Restored

5-10 min

50-80 MIN

Find the Fault
15-25 min

Drastically decrease

Fault Repair fault duration

1-5 hours

10415 min

Fault Repair
1-5 hours

RETURN TO NORMAL

/

i1 : “The automation of new and existing substations: why and how”. CIGRE Study Committee B5, August 2003.

150



Asset Management
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Asset Management

*Power
= Cost eval.
* Maintenan.

* Making right decisions to repair or replace
equipment
* Have a solid inventory of actual assets

* Know where assets are in relation to
the environment

Dmrlbullo \ ‘;} .
DR fromy A * Know the condition of assets

* Decide what actions they need to take
to optimize costs and reliability

fan: https://www.copadata.com/en/industries/energy-infrastructure/energy-insights/gis-scada-zenon0/ « [1] Erich

Wuergler, “Use of CIM for Workflows Across Network Operation, Asset Management and Network Planning
151

Systems at a Distribution Utility”, IEEE Power and Energy Society General Meeting, 2012.
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AMWFAUNSWAIU UMLKY PEA Smart Grid Roadmap

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

e R S S S '4 . m'. : .
[ Objective: !+ Toimprove assethealthand |
I+ Toensure safety and reliability | expand lifespan !
! of transmission , network, i |

' ]
E equipment ' Sample Analytic Views: |
; | * Physical |
! Sample Analytic Views : | * Load Profile :
I« Failure rate |+ Temperature :
|« Incidents | ¢ Age "
\_* Impacts | * Maintenance History !
------------------------ L e Etc, :
| Objective:
|+ Tominimize asset maintenance
i rt
E cost and effo
i )
| Sample Analytic Views : .'l
| * Maintenance & Operation Cost
\

R e L Syt Integrated views of asset
information (e.g. health index, risk
profiles, financial information,
etc.) on geographical map.

*  Prioritized asset maintenance List

Figure 5-57: Common Decision Factors and Outcomes of Asset investment & maintenance analytics
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Geographic Information System (GIS)
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N13Y384IN13 SCADA, GIS wag Call Center Systems for

Electrical Power Distribution Management and Planning

1. Detect the customer fault

. _ 4. Combine of Supervisory
location in real time

Control and Data Acquisition
(SCADA) and Geographical
Information System (GIS) and
using SQL Command (SQLCMD)
against Database Set (DBSET)

2. Respond to customer
complaints at the same time of
the outage of the electric power

3. Make online GIS and send data
from GIS to CALL CENTER at the
same time.

5. The proposed model depends
on three major sub-systems: GIS,
SCADA, and Call Center systems.
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Geographic Information System (GIS)

AMNIAUNTTWAIUT LUR19USE LN A

A5N1559ULB152UU GIS+SCADA w1 lanenu

Ramnote

| Glswebsever | | Giswebserver | i SCADA
Remote e Contareng Geo Data
I ] Locaton scana Fesops- GIs DB AMR
v Fosnesm g Lormies Real Time
] HTTP:// SOAP/RESET whics
o
| Network I.r.:le:d Balancing ‘ g 0 L E g
~ = — =
1 §—f—¥§ P
v v = s
GIS SERVER GIS SERVER Wi (-
som2 SOM Load som1 __ -} Service Bus
soC1  SOC2 balancing| soc2 SOC1
DBMS Client DBMS Client
[ | Y|
— I — Ny maintenance Planning Call Center
Enterprise databasﬁ i A *
Eiﬂ, oot Figure 4: The integration model
Figure 2: GIS structure Figure 3: SCADA structure
o ‘ i ar W
* N304 Realtime Database UNVVBYA GIS uaz AMR
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Geographic Information System (GIS)
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What is geocinformation?

Typically, this spatial data is

Electrical substations =

P Geoinformation refers to data combined with attribute data, Al ncat T
(%7 that can be reflected spatially which is additional ti iﬁzlau::toigs getaﬁss(uN:n?emt:S .
in the real world. information about the spatial = & el

®

The purpose of a geographic
information system (GIS) is to
collect, store, manage,
analyze and present
geoinformation.

GNSS, the most well-known
example of which is the
Global Positioning System
(GPS), is useful for quick,
precise monitoring and
positioning of object and
human movements.

features.

Other types of
geoinformation systems
include remote sensing (RS)
and global navigation satellite
systems (GNSS).

Using these data types and
technologies provides
solutions in a wide range of
applications across sectors

such as energy

Combining these capabilities
with other technologies such
as SCADA can make them
even more valuable.

VUBR NU1VBABNANTILRYURIITaN NN T LuAeUsEme

and function)

RS refers to gathering data
about areas or objects from a
distance and usually involves
the use of satellites or
aircraft.

158



Geographic Information System (GIS)

LUINIINITWRIUD

Trend

PEA smart grid
Roadmap LA

LLN‘NSI‘L! 6 Y89 PEA

YOLAUBDLUSLNULAY

GIS 1Wulaseass
SFUUNTATHUNA
szuulnivdnueg
szuuluiimlan
~ ) val
FAUNTWAIUN LA
HINFUN15YIN9U
Sanumalulag

= 9
dulpvainviane
WAy 1ATIASI9NNT
L BUABBUULTA
NIN9NTBI5UAU
wAlulaguay
sUwuugshalmi q
MinTuagiaue

YYNLYDULYANIT
Usegnaldaussuugll
ansaumaszuu L
(GIS) anunsaysan
ANSAUTEUUASEUNA
1 v al
A9 9 e lpeding
AATIHaUTE oY
Naee AUIIAY LU
nsanAnlgaelunng
WUNY YIUN AU
NASUTUUSS
AN 1IAALLEUNIN
ddy < v
AU LJUn

wnuUfuRn1seusEuulnin

nsbridiuginig w.a. 2561-2580

*  STUUAINITONINIUIANITALDY
wuUsRluIiR (Self-Healing) Hn1s
Usmsiuuvasanininauadn
wazinusiuaUnsaldnluda
WAy STUUBY 9 WU GIS,SCADA,
OMS 50 53UU AMI leagsll
Usgansan

*  AUUAUNTIAIWITTUUNUUINNS
fiituate 53052 anduneunis
UuRnulaeinszuy GIS 1
Tunsaniiueu

*  YIUNMSAUTEUUATAUNARN 9|
mmelusaznieuenasing
Julumunaspruwmaluladaina

TUAUIARLUINIINITHAIUITZUY
GIS mssesiumslinugsiaduitu
(N395995UT2UU AMI TN sues
Uoyan1u SCADA dwsugliuing
VPP ETP 52184 Charging station
Judiu)
fimungUuuumsiendedeyai
syuUasTaumad  lnefinnsan
fevuedeyaiidesnisidouseli
wuumisuazauatluszuuly
sefufansuld

Walun software Tisossuiladun
nslrulng ¢ bz Uy
Interface Tviuadiouwazdnasons
T

wufl GIS msgndaviuazysuuse
Iviuadioagiae

15




Geographic Information System (GIS)

LLUINIINISTNRAIU

LLNULALUDS ANA.

VYILVBULYANIT
Uszenaldanuseuy
NRETEUNATTUY
i (GIS) 53w
ysann1sszuulngh
(GIS) wes nula. Nu
JEUUANTAUNA
snae anneluas
AYUDNBIANT

17 < =
VLAUD/UTLLAUNNTDVDINNG NI

feen 6Is Wudumilsweslassadmdnues PEA

FatununnsRansanasiufifioN s LS WRLARY

994 PEA Min1siaszsisnunalsslosufiviansauudn

wiolalagldiuniswasunUasanuruiauniuds

9199znsENUiusiuulagiuld

Tnefivanuziiluniswmuilann

* Wamnszuu GIS Weeadumsldnugsiadutu (ns
5835UTEUU AMI Inensuystayariu SCADA
dwSudlusnns VPP ETP 531 Charging station
WHudu)

* siannguiuunsdensiedeyatusyuuanszaunady
7 Tnefarsandsunadeyaiifosnsidensoli
wuusdswazaudtlusyuuluseaufivensuls

*  saun software Tsassuilstunnislidaulng ¢
FIDINAUITEUU Interface Tiiuadauasiesanis
Tgau

il GIS msgndnvhuasuiuugsliviuadoegiaue

NAVTULHNUNTT Lutaulun15WeIUN

WAIUMAUYDY PEA  walulad GIS uay
TUNTIATIEN ANSIALASIEN
AuNaUselevun  wauselewd
LAUNZAULAR

Gl 1
3ol

160



Geographic Information System (GIS)

LLAUNISWNRIUD

W.A. 2561 — 2565

\_
X,
N
Ul
o\
O\
|
N
Ul
=
(D

Wil Software 1anlvsessuRsATUATS WAWFULUUNISLYBUARYBYAN 99U

T un19mu GIS SaudeRmuIsTUY GIS safussuumszaumady o lng

fsantsvundeyanneinsiveuse

Interface Toi@unsavinausIuAy GIS

Tiuatonazdenanisigay LUUMIS karAauatlussuuly

* UFUUss software Inmngaurivane seeiufigensuls

ULFRTUTELAN LTU STULRUNTILADS ® NMYUANINTFZIUNITLTDUADVBYR

Lﬁapﬁﬂ,ﬁfj’qqujguu GIS ffu AMI TN GIS AUTTUUAITEAUNADY

* Software FBIANUITARIAT FIIAU 1 71 deyalaaisiinisiteusionis
figsqunsal ilerhunUszendldifums Bmslauag ﬁiapisama’ﬂyﬂji
Jaiuteyauazdnrhsenulseia Fudadeyann q Aunfiluunsitud
M3 login wlsaudadule NAdU

* YSuuse Interface a1nnsfuiteninu * @nnsa Export deyaluuneiing

Aniuangdldanuase nageu e lulalulusunsy Dig
U

Waunsmsiiudeua GIS vas Silent / n15iin15UTUUSeA" Para
Y

6 1 v o % < o
guUNInlR1e 9 ves PEA Tiviuade Meter Imiudagiuiane

Outcome
*  SPUU GIS anwnsasu/dadayaann
v o Y o walulagou q e
*  Jawdaanuaiuisabunsiinalulad
GIS

Geographic Information System (GIS)

W.A. 2571 — 2580

WaIUISEUU GIS Trisaesumsiaau

UsgmAsniagsnaduy (Mssessy

J2UU AMI lnensuysdeyaniu SCADA

dwsuglyiuinis VPP ETP saufis

Charging station Jusu) 1y

* fnslgdauszuu GIS Tunis Optimize
wiuisiiasiinisiisesssia ETP

* finsldauszuy GIS Tunissey
sumisiivanzadlunisld Chareing
station Hewdesyuulnimi
walulad V2G

* finsldauseuy GIs Tunsussliuna
nsgnurefiazintuseduandey wile
fnsanfunisgsiaguuuuln 9 lu
il

Qutcome

PEA {55UU GIS ATOUARUVIAUTENA
ey mmsaﬁﬁa;&alﬂﬁiaaaﬂ
mManugshaldegramanzay

161



AUNISUIEUD
JoUaUWS:=AM

7/& Chula

&= Chulalongkorn Uni




