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Electric Four-Wheelers

1 Manufacture of Battery
(Investment in BEVs is required.)

Investment of Investment of
up to 5 billion Bht

S billion Bht or above

PHEVs 3-year
CIT exemption

Vs notax centives ‘ HEvs  notax ncentives

PHEVs 3-year
CIT exemption

* madmum total of 11-year ax exemption  * madmum total of 11-year ax exempfion
available in the case of RE&D available if all requirements are met

Manufacture of Battery
Electric Motorcycles

gt

3-year
/ CIT
/ exemption
* maxdmum total of 11-year tax exemption
available if all requirements are met

Manufacture of Battery
Electric Three-Wheelers

aeaihabls ¢ ol soquamments ore met

Manufacture of Battery
Electric Buses and Trucks

-

p @

3-year
o
examgtion

* o ol of 11y S evampton
avallatis ¥ ol socpiemments e mot

iun pasznssuNsARESuNITamu (BON) Tufidetudl 4 ngeRnieu wa. 2563

* mosdmum ot of 1-you S oempion

Manufacture of Battery
Electric Boats

* maximum otal of 11-year tax exsmption
available if all requirements are met.

Manufacture of EV Parts
and Batteries

& New EV Part 3-&9[0!'
toeav:otal I; > >
exemption

90% reduction of material

import duties for 2 years

and 3 tO 8 years of CIT

exemption for the manufacture
! of battery cells and modules
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N5UABLLUAIBE195IAITIVBIUUAABINAZANANAIY

(Batteries and Energy Transformation)
nsl¥nuuunwmeslugalmiszteligaudindadanluszuuldunngs 600 Sunu
aelul 2030 Famslinununeiatelmisstisanuanmemseniea th uashu
1§ Tngananmsdsuinulugssuundamdsnunadenunuiinissdnuuuiba

2 UUAABSIABUALAZNSA (Batteries in Cars and Grids)

nelul 2030 sasuddsdiuyananiisesay 60 vedlananludadrundndly
wusmes tuaae?l U 2030 mian1saiinazinsinaauuninedvilanderingawes
LUARB3TINNIT 220 AngTnddalus weldaululaseingliin (Power Grid)

3 arudesnisiaznsuanuuAAes (Battery Demand and Production)

sunuuumneaifuiadedfglunmsimunsaeueudliih Fdudagdusin
anasegwaliies Wesninisamulagenvulunisiauinalulaguunnesiv
asniuiualudesnisveslaniigeduseiiies dwalvindinisnanuunned

WU LanuREN Y

11: Batteries: Dynamic Briefing (World Economic Forum, 2021)
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ASIBUATWAIUILUALADS (Battery R&D) 4

nANuseIMsldeueudlnihngau vilvianudesnsingivedidlavean
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Tunsimuuunaes Lithium-ion @y natenvulafinisideuasianningdu
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v v ¢ 3 v !
Aunuiuayuduasiaandouvesuuaings
(The Human and Environmental Cost of Batteries)
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mssloRanunngs (Battery Recycling and Second-Life) 6
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Stakeholder Mapping

¥ g Deployment End of life
Furh nanat Uaeii ploy f if
B FrEEEEEEmEmmmm————— ]
. 1 1 1
(Upstream) (Midstream) (Downstream) i i :
1 1 1
A 4 A 4 \ 4
& a & g o ¢
Sngfu nsWARTUdIUNTY - nsUsznauwan v
o - - q 4 NIHANLYAR do 2 o N > 153NS
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(Raw and processed (Cell component ) (Battery pack T
) . (Cell manufacturing) ) 7UADIE
materials) manufacturing) manufacturing)
o . . . . _
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P - o . ‘ ﬂl’ i o N 1 Y a a < A a a L3 1 d
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(Electric components)
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Auun na191n
(Upstream) (Midstream)

R Cells and/or battery pack
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. Lithium mining and refining " Cathode N
' : ; =nl R e b T '
' AALBEMARLE » : 4 o2 Gsnzom i Panasonic SONY '
i FMC Ganfenguitiom | | @NICHIN @ 11 Shoc..  SAWO o oo, T
------------------------------------- N "::::-‘:::::::::::--\, @ TODA KOGYO CORP R < !
: Mined cobalt | Refined cobalt | oo umicod 1] LISHEN CATL #BAK
] . ptlmumNano !

| FLEURETTE
o

PATL
‘ GOWDENCELL ;
. oot ,f

Nickel mining and refining

: NORILSK NICKIL : ‘.
' ! - '
; W anfg sherritt == E DA B MTSUBISHI cusmcm.z
o X @""‘“"""" 1 HitachiChemical &Zunzom !
N = __ e o SO0 wL °.° ol ! @® Nippon CarbonCo, Ltd. Qrie~ |
................................. '
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ing and refining BHP,\ ;?;ESM \“ = Y0 05 5
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"y ..m?mwig Separator  AsahiKASEI :

AMITSUBISHI CHEMICAL

@ &E.’!. panu{_)ue(

:' Natural graphite
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| NacionaL oe ararre () BELE /:: 5nm. EGA »

Stakeholder Mapping Global Players and Thai Players
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Power for Thai Happiness
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(Anode) FngRuualng (Cathode) wHufiu (Separator)
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v | o a £
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Battery Global Value Chain
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(Cell component
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GLOBAL
BATTERY.
ALl

insht Hepart

A Vision for a Sustainable
Battery Value Chain in 2030
Unlocking the Full Potential
to Power Sustainable
Development and Climate
Change Mitigation
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Key Players lugnamnssunIsuantunnes

ANAINITHAR (GWh)

2
&

Partners/ Joint Venture uazfing

FauTunuaz Uszmed

g finalsea1unsn i PP 4.0, — 8.0 WA
fiane F9UNTIUTBNEN .
2563 EV Battery Market share (Cumulative Jan-Aug-2020)
. nvatd Ju Tuaus uay Geely & Tesla (3u) General Motors
LG Chern (sn1wals) v m e . . e o 159
ansgaLuanT (3gHTNL) (ansgewiini) uay Hyundai Bulnfide)
CATL (Ru) Fuuazivasiiu Tesla (angauiin) 15.5
<. e o e Tesla (an3goLdnt uaziu) Toyota
Panasonic (gJ1u) QUU waz anageliani (35ua1nn) iy 12.4
(@) H LG Chem
SDI (N mEke) nviEld Fu wazsanis Hyundai (:n#&LA) EcoPro EM (Ln1wals) a1 m CATL
BYD (3u) u Quvaneitui) Toyota (Fu) 3.7 ® Panasonic
Kia (1n11@l) Dongfeng Motor and m SDI
SKI (sn1vaLs) WNIVALS Fu wazEInTs Yueda Group (3u) Volkswagen 2.7 BYD
(anigewiann)
Others
4, iy am3geissni Ggmuiuad) o
AESC (jtu) Y. Y e . Nissan (tJu) 2.2
03NGY (TULnBILAUA)

Guoxuan (3u) Ju Volkswagen (Fu) 1.2
PEVE () A Qunanefiuil) Toyota (Uunaziv) 12
CALB (3w) Fu Qunansfiuil) Geely (Bw) 12

‘*7im: Global X ETFs, The Korean Herald wag Reuter
LTSS
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Tesla 2M9UNUNALEI9L5997U Cathode wazilnggsnamlious
LNDANAUNUNITHAALUALADS

Tesla Uszn1eiun15anN130Es (Production) tag dwwanetsu (Supply Chain) ImsJLﬁuﬂ'}i%’mmi’mqaumﬂluﬂizmﬂmm%u
wazai1als991U Tesla Cathode TuUSHIaUAENIU Gigafactory 1 Nevada LiteandunuAivudsingiuainsdelseina anns

Udeeineisounszan (Carbon Emission Reduction) azanA udeda1nn1snnnun1en1sakas Jgninisilosseming
Usend

Sehat 22 fuenuu 2563 TumsuszqugBofudszdiD wis Tesla Battery Day Wuszmagaulamsaffesiunliluin 2-3 Ddhawih Sisanuuy

wufineasuaBmunnaTas 56% (S/kWh) sz mauRSnu 54% {Wh/kg) SRUIUM I3 UKTRLUAS 381 69% ($/KWh)

New cell design




LAY
sUBUUNISIEUIEUUANIAUNAS91Y (Energy Storage System)

sruufiniiunaanu (£ss) amnsathluldaulaiaszuuangln walussdun3a (Grid-scale) szaunsaisou (Residential) szAUERAMNITULAE
Wglvenssu (Commercial and Industrial: C&) wag UPS (Uninterruptible Power Supply) saufiamsldlugnamnssunisuinsosudlnii v

1. SEAUNIA 2. SEAUASITDU 3. sEAUNISHARTA TN

Residential
Grid-scale c&l
UPS EV Cars
Generation Transmission & Distribution Consumption

E O 1) ESS Wudauusznaudidgylunis

% T NARSoEUALWHN EV
o @0 o

® Peak Shifting @ Ancillary Service ® Self-consumption
® Renewable Integration © Transmission & Distribution Deferral ® Demand Charge Management
@ Backup Power Supply

ﬁuﬁ: LG Chem
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Tadaddny taunnisiRuaamuuwialvg nislirnudfgy

e Fuwmelulad uay R&D AURUSISILEWINGDY LazAIY
Diamond Model, SWOT Analysis, Stakeholder Mapping &

Stakeholder Opportunities Analysis
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= Yy 2 A o a a 1 |
fanuduudasesingaululseing uasliulouigiudaen
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BloombergNEF
9 Composite Ranking

finb ik
NU o oo :
HanIINauAU Lithium-ion Battery Supply Chain Ranking uriwniuuonwu’w‘u!_nhiumsauwa%wisau-muunm‘!sm-;'wu-mun'luuﬁ’wum'luqimna-uiuu
wood »

J st Malawvsia lud o -
voau m: laifim 25 sudiunsnaslan - - - -
3 7 L ) iallmildin é HuaFy ’ﬂm.ﬁ.lyj o Gumu

w2 p e | =p il Vs

senanracos| = =p =

Innovation an d [ — | |4 e
Institution Readiness ' - . ' ‘

Sowce: : Note: s reguintions i ) Easeof Doing | i = e = ot
n %' H ' = ‘
o f ST 8 business | 4 ' L 4 )
P o down the rankings in camporizan 1 s 2020 scove, green repsesents 4p and e | e
rupreseats down, The number shows the numéer of places he country hos moved. 103 Mote: 15 scale; S=best
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N15tUSIUNBUNITIUAIUNIUATUNASITU (Energy Transition)

vaUssindlnenuUssimeanansunngsngiaey w
¢H = £ & = w

p— any
A L4
Tan ne us wosud  Sengw  Wwaud
100 (i) Potentially challenged Leading (i) Economic growth &
57.05 49.24 68.68 50.73 63.17 55.09
UK o development
84,73 g
® g g Environmental
L %= o 61.32 63.67 50.20 64.62 74.19 53.06
o AL sustainability
00 ¢ g
Thelingd r o0 o® Energy access &
64,55 ° : 73.40 79.19 93.34 86.76 90.03 82.93
® ﬁ ® Security
8 @
g Poland % | Germany Capital & investment 55.17 49.04 68.46 67.64 66.90 61.22
S 64,52 67,69
E ® o :"oo
) Regulation & political
E ...‘ (] $ . P 62.83 62.98 69.02 87.06 82.92 62.69
@ commitment
@ XY a
8 .ag) Institutions &
T 54.67 56.30 79.59 84.70 77.45 64.01
2 governance
5
% Infra & innovative 49.05 57.88 77.40 79.60 74.71 58.83
5
'_
Human capital &
L 38.47 36.21 50.64 56.81 40.85 39.41
5 GJ Emerging Leapfrogging @) consumer participation
0 Transition Readiness 100
Energy system structure 68.45 70.21 28.56 39.18 72.14 24.60
fiun: Fostering Effective Energy Transition 2021 edition, WEF
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100

System Performance
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i ' Potentially challenged

0 @ Emerging

0

VaUsEnAlNgNUUsEINARNAALUALARTN

o= P

Australia
69,61

Thailand
64,55

Transition Readiness

Leading @

Leapfrogging @
100

fisin: Fostering Effective Energy Transition 2021 edition, WEF
LTSS
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[e] [ %4

GRI3Y

N15LUSBUIBUNISLURIUNIUATUNEI9Y (Energy Transition)

Yo
® 9.

&

O e
= i
Tan ne au Wiy inwvald eedwmside
Economic growth &
57.05 49.24 55.77 54.09 62.11 67.03
o development
g
g g Environmental
v = o 61.32 63.67 28.42 60.89 45.23 44.53
AL sustainability
]
o
Energy access &
. 73.40 79.19 81.96 81.80 82.56 94.83
Security
Capital & investment 55.17 49.04 42.07 52.86 53.31 82.04
Regulation & political
. 62.83 62.98 78.17 78.51 71.26 75.03
commitment
a
.qg) Institutions &
kel 54.67 56.30 67.64 72.53 77.83 85.33
2 governance
5
% Infra & innovative 49.05 57.88 73.21 76.31 71.30 64.64
5
'_
Human capital &
L 38.47 36.21 53.74 40.40 33.38 35.47
consumer participation
Energy system structure 68.45 70.21 32.96 59.61 43.01 24.36
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N15tUSIUNBUNITIUAIUNIUATUNASITU (Energy Transition)

vasuszimalnenulssnely ASEAN
V== Q0“*

= = a a A ara 12
Tan e snaly  Geauin  duleil@y  WaUTud
100 (i Potentially challenged Leading @ Economic growth &
57.05 49.24 51.54 44.64 43.61 53.61
o development
g
® g g Environmental
L %= o 61.32 63.67 58.06 55.22 71.00 73.85
® o AL sustainability
@ 00 ¢ EJ_
o0 o® Energy access &
Indonesia L © . 73.40 79.19 96.04 83.04 88.74 71.93
68,45 “Bo Security
g
g Malaysia Capital & investment 55.17 49.04 58.08 65.78 44.43 40.34
S Vietnam 69,59
I
2 Regulation & political
8 e o . 62.83 62.98 67.90 69.00 49.76 57.37
@ ") commitment
@ Qe a
8 .ag) Institutions &
T 54.67 56.30 62.52 47.69 48.70 47.21
2 governance
5
% Infra & innovative 49.05 57.88 60.09 55.95 55.79 42.61
5
'_
Human capital &
L 38.47 36.21 53.48 31.61 36.83 32.22
5 GJ Emerging Leapfrogging @) consumer participation
0 Transition Readiness 100
Energy system structure 68.45 70.21 60.02 53.69 33.26 60.50
n: Fostering Effective Energy Transition 2021 edition, WEF
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NaN133AdUAY Lithium-ion Battery Supply Chain Ranking

vaUsEImAlngsuNUIINaRUIY: Malaysia lifa 25 duauwsnYadlan
Figure 1: Lithium-ion battery supply chain rankings, 2020 and expected in 2025

Country | 2020 Raw Cell & Environ. Rl Demand | 2025 Raw Cell& Environ. Ril Demand Bloomberg NEF {]’ﬂé’uﬁu Litium-ion Battery Supply Chain maqianiﬂaﬁ{jf\]sﬁ'y
rank material component rank material component
FA % p p o " . 3 : 7 5y 1 ¢ Us2naun15dndusdiuAe 1) Raw Material 2) Cost and Component 3) Environment 4) RIl
Japan 212 2 8 ! & } 2 Maa_ vy o7 8va) (Regulation, Infrastructure, Innovation) 5) Demand
S. Korea 3 17 2 9 2 | 8vs) 18(a1) 2 13(v4) 5 9(v7) ‘ . )
Ginds | 4 4 10 4 10 1| sen san 122 4 10 6us) Uszindlne aglududui 23 vedlan lngaaudwesusemalneainsenuife Seswesnng
Germany | 4 17 6 12 2 2 | eva)  22(vs) 8 9(a3) 2 3(v1) « . ey v & , I o -
us 6 15 4 13 6 2 | a3 13(a2) 3(a1) 7(a8) 6 2 LL‘UQLLﬂiQSUaﬁW'NI"UQﬂVWN LLaﬂﬂiﬁaiwwug’m a')uﬂ@@ﬁ]uﬂﬁ]Li@ﬂ?mQﬂU LLa%ﬁQ‘ﬂEJﬂ”IiNaC‘I
ux T a7 8 o T A T . duses Fwndeutuduusziuiilneanunsaenseaviulasn
Finland 8 1 13 5 3 13 | 7(a1) 10(a1) 8(a5) 6(v1) 3 17(v4)
France 8 17 13 1 9 5 |1owy 17 12(a1) 1 9 5
Sweden 10 22 13 3 1 8 ! 4(a8) 17(a5) 7(a8) 3 1 7(a1)
Australia 1 2 13 21 12 8 ‘ 1" 2 12(a1) 19(a2) 12 11(v3)
Brazil 12 3 13 2 24 2 | 12 7(va) 18(vs) 2 24 15(48)
Poland 12 2 5 1 13 14 ‘ 13(v1) 22 5 12(v1) 13 19(v5)
Hungary 12 22 6 8 14 15 | 15(v3) 22 8(v2) 1(v3) 14 18(v3)
CzechRep.| 15 17 10 17 8 17| 18(v) 17 12(v2) 17 8 21(v4)
India 16 9 13 19 18 1 | 1e 13(v4) 18(vs) 21(v2) 18 10(a1)
Chile 17 6 13 18 16 20 | 143 42 12(a1) 15(a3) 16 23(v3)
Vietnam 18 16 6 22 20 10 | 23vs)  17(vy) 12(ve) 23(v1) 20 12(v2)
S. Africa 19 5 13 23 17 19 | 200v1)  aqan) 18(vs) 19(a4) 17 22(v2)
Argentina 20 12 13 6 22 24 ‘ 16(a4) 8(a4) 18(vs) 5(a1) 22 25(v1)
Indonesia | 21 7 13 25 21 15 ‘ 20(a1)  4(a3) 18(v5) 24(a1) 21 13(a2)
Mexico 22 12 13 15 19 22 | 16(a8) 12 18(vs) 13(a2) 19 16(46)
Thailand 23 2 10 19 15 17| 22001 22 8(a2) 21(v2) 15 20 (v3)
D.R.C 24 8 13 14 25 24 | 25(v1)  10(v2) 18(vs) 18(v4) 25 24
Philippines | 25 9 13 24 23 20 J 24(a1) 13(v4) 18(v5; 25(v1) 23 14(a6)

Source: BloombergNEF. Note: “Environ.” is environmental. “RIl” is regulations, infrastructure
and innovation. Red represents countries in the Asia-Pacific region, teal countries in Europe
and Africa, and blue countries in the Americas. The symbol represents if country has moved
up or down the rankings in comparison to its 2020 score, green represents up and red
represents down. The number shows the number of places the country has moved.
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Uszinalnailudidundrdgyvasitdlgyanilan (GVC) Tugaamnssun1snandudiu

siannsatinduazdiuusznausasud Jululdnazegly GVC anaunssununnas

Useinalueadunz fusendeddd faidudegnsesniiniafiiinsiuiu Global Value Chains (GVC) na1euits 910013
amuvesvsEniuATelngiuesiuloniaaindununiswdniion liledesyiusandueddnaradugudnalinis

a le ! a a s 1 ca & d' [ Y
nanTudIuslannsetnduasdiuisenausasuanilufeeusulussiuaina

Denmark

Brunei Darussalam

Mexco New Zealard

O O Malaysia
O n
Clle 85 ‘

AUSUNJ

S:ndn Arabia
United
O States Ihallard
Noennm lu ael

Bu\.nl

Oz\m

InGa Co\omou thppmes

O Singapore . O Taiwan, China
lreland
O Hong Kong SAR, China

fian: Making Global Value Chains Work for Development by Daria Taglioni, World Bank Group Lead Trade Economist
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SGtech Composite Ranking: {US8UIBUAINEINITO IUNITUYITL

VB9RASMNITUNTHANLUANES LU semalnenuUszmalugiinine ey

Uadednuguniu uazdngau
(Supply and Raw Material)

Uadadugused

(Demand Factors)

U98ATUNSHAILINIANTTULAS
‘vgumqwé (Level of innovation &

Auendi1elun1svingsia (Ease

of Doing Business)

Car Production

Market Share of Nickel

Production and Processing

Solar PV Capacity (MW)

EVs target 2030

Per capita CO, emissions

Human Capital)
® Creative Outputs

% GDP For R&D

Starting Business
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Supply and

Raw Material

Demand Factors

Level of
Innovation and
Institution Readiness

Ease of Doing
business

Note: 1-5 scale; 5=best

na

Aulanidel

ALALTE

<’ WaLtlud

LRI AUIN

car .
- Car Car
Car Praducti .
a1 production Production Production Production Production
M 3
1 x €
Solar PV 3 3 Z 4
Solar PV
. Se!‘ar :):4\'-0 Fl\;lg\.r‘ner Capacity i E"(?'!\"‘D?' Solar BV Energy per u;‘;m‘ Energy per Salar PV Energy per
apacity apita apita i i
(M) Capacity (MW) Capita Capita Capita
Logistc Logistic Logistc Logistc
Aaw Material Performance Raw Material Performance Raw Material Performance Raw Material performance Logistic
(P i) Raw Material Performance
(LP1) (LP1)
i)
EVs target EVstarget
BV mre=t2030 280 2030 EVstarget 2030 EVstarget 2030
5 5 5 5
4 4 4 4
3 3 3
PercapitaCO. Charger Stations. Per capita CO Charger Per capita CO, 2 Charger Per capita CO, 2 Charger Stations Per capita CO, Charger Stations
emizsions 2030 emissions Stations 2030 emissions ' Stations 2030 emissions misions 4
Subsidies(5 of Subsidies (%o Renewsble Subsidies (% Renewable Subsidies (% of enewable Subsidies (% of Renewable
. Reneuiable Energy Expense) Energy of Expense) Energy Expense) Energy Expense) Energy
Creative Outputs Creative Outputs Creatswe Outputs Creative Outputs Creative Outputs
5 5 7 5 5
4 a ) a
3 3 3
9% GDP For R&D ' Human Capital % GDP For R&D 2 Human Capital % GDP For R&D Human Capital % GDP For R&D i Human Capital % GDP For R&D Human Capital
Infrastructure Institutions Infrastructure Institutions Infrastructure Institutions Infrastructure Institutions Infrastructure Institutions
Starting Starting Starting Starting Starting
Business Business Business Business Business
5 o 5 5 H 5
4 3 b 4
i ’ Tradi 3 3 )
T/:admg Getting 2::’0'5’5@ H Getting Acmzf Getting Trading Across 2 Getting Trading Across Getting
cross n ;
Electricit 1 Electrici Electricit Barders Electricity Borders Electricity
Borders v Borders v Borders v '
| Getting Getting J
Paying Taxes P Paying Taxes Getting Credit Paying Taxes Credit Paying Taxes Getting Credit Paying Taxes Getting Credit
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faudilveazlill Raw Material wifigautannviaslansndn vesgnavnssy

Supply Side and Raw Material

2 a a & v
YIUYUR LAY DLANNTOUNAYRLIU
S Buss S P Qoen

Supply and - p . . i

Raw Material Q ’ ) ' p | Demand Side
Demand Factors ‘ = = -‘ ' 1 @ v v ccl; A A & {.] ¢

eI UIdEA U UaIA laglanyegnede aaununsdad1gnenia
U529 ¥3UHUNTTAN CO2 NRADATUMNUNRUIGAFIVNTTUNS I TUNARNY
e it il i il —
Fase of Dong ' ‘ ‘ - ' < Innovation and Human Capital

faudlgguileudssmalneddnanndnissmaduluondeuseinnssy uag
Nunyed widmundelssmanadueginnuaslaesinengeuiyngounull
(]

Ease of Doing Business
Uszwnalvedgautadniauies Ease of Doing Business
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Tamadmsuussinalne aUaTIALAZAINTINNIY

More Resilient Low Demand for EV -

Supply Chains

Economic

Opportunity Insufficient Fund

Increased
Employment

Insecure Source of Raw Material
More

Affordable EVs

Reduced
Emission ey Lack of R&D

Advancing
Knowledge-
intensive Good
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T5991uuUnmasnnzwAnes (Gigafactory)

“Giga” \Jumiwiivihelussuuiansn uansbaAmilaiuany wag “factory” Mulainlssnu Wesindu “Gigafactory” vanefalssnufisidnennlunisuanmuils
Wuau LA “gica” Tunm8nindaudain “lnglla” wie “dnd” fatiu “Gigafactory” enavunefislssuiidvuinlugle

Elon Musk 1ugf§iEudn Gigafactory Tunisnaniis lssnuusznaunusmeiuaz saoudliini Tesla $2umuriv Panasonic yad 5 Wiuduwieaansy Foni
Giga Nevada (Gigafactory 1) au1n 2,864 owned (7,245.92 15) fneninnsnanwusae’ 35 GWh ded wdnantu Tesla Tdadnslssnudindnvansuss laun
Tsaundnlaaniwad (Solar Cell) 15un31 Giga New York (Gigafactory 2) 4uin 88 Lewnes (222.64 15) Ananimnisuan 2GW el lsseulsenausagualnin
Model 3 uaz Model Y fiuszinedu $onin Giga Shanghai (Gigafactory 3) w1 864,885 15195 (540.55 19) fdansuan 450,000 Austed

wennil Faiilsanuegseninmsneasne laud lssnudseneulunneiuassasudliihivseineleesdu (Sendn Giga Berlin (Gigafactory 4) 4u1n 539,000
N3RS (336.875 1) Maaniswdn 500,000 Ausel uarargalssnuusenauwunmeiwazsaeudlnidmiu Tesla Cybertruck uag Tesla Semi 3enin Giga
Texas (Gigafactory 5) au1@ 2,500 Lownas (6,325 13) AMaeniswdn 250,000 Auned

Elon Musk Uszniadtazadialssauluedewian 2 Tudsamedunbilauszmadu detonadululdnazanadrslseanuiilne

R

GIGAEAGFORY"1 - GIGAFACTOB¥2 .

Giga Nevada

W

fian: Giga Nevada Gigafactory 1) @319.a5aU 2016 Giga New York (Gigafactory 2) @319.a3a¥ 2017 Giga Shanghai (Gigafactory 3) a¥1ai@3at) 2020 Giga Berlin

g ﬂiﬂﬂﬂﬂm 2021 uagy Giia Texas ARNazasasavarsy 2021 = ||
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‘17'im: News search and Benchmark Mineral Intelligence

Uszimaduludunluvaddaununsnanuunines “Aseulosau”

EUROPE
Northvolt, Sweden 32 GWh (Later 40 GWh)
Samsung SDI, Hungary 30 GWh (Later 40 GWh)
Groupe PSA, France 16 GWh (Later 64 GWh)

Volkswagen and Northvolt, Germany 24 GWh
(Later 40 GWh)

Total
~ 658 GWh

. fore 2023),
CATL, Germany 14 GWh (Later 100 GWh) B yqdl o

Verkor, France (16 Gwh)

LG Chem, Poland 15 GWh (Later 70 GWh) 14% 62%

AMTE Power, UK 10 GWh (Later 35 GWh)
Farasis Energy, Germany 10 GWh (Later 16 GWh)
SK Battery, Hungary 7.5 GWh (Later 18 GWh)

USA
Tesla Gigafactory, Nevada 35 GWh (Later 100 GWh)
12% ) )

LG Chem, Michigan 5 GWh (Later 20 GWh)

GM and LG Chem, Tennessee 35 GWh
(Open 2023)

Imperium3, New York 15 GWh
SK Innovation, (Plant 1) Georgia 9.8 GWh

SK Innovation, (Plant 2) Georgia 11.7 GWh
(Open 2023)

Envision AESC, Tennessee 3 GWh

Tagdin1aan1snanfndudnd Uty 62% YaIN189N1SHAANLan

China

CATL (6 plants) 69 GWh (Later 226.6 GWh,
including new plant in Shanghai )

Guoxuan High-Tech, Nanjing 28 GWh

BYD Kengzi 24 GWh (Later 60 Gwh including
new plant in Anhui)

AESC, Jiangsu 20 GWh

Tianjin Lishen Hangzhou 15 GWh

LG Chem, Ninjing 12.79 GWh (Later 32 GWh)
AVIC Lithium 3 GWh (Later 180 GWh)

ASIA (Excluding China)

LG Chem, Korea 18 GWh
Samsung SDI, Korea 5 GWh
SK Innovation, Korea 4.7 GWh
Envision AESC, Japan 2.6 GWh

Toyota-Panasonic JV, Prime Planet

Energy & Solutions (PPES), Japan (to




N

Plant type

Y a a Y v '
HHAALUALABS EV waresglauszniAwiunTasuailssanulng

Tesla
BYD
Lishen (multiple)
CATL (multiple)
SKI
TerrakE
GSR
Northvolt
Tesla
Tesla
Tesla

LG

LG

LG

SKI

BPP

SDI

SDI
CALB

LG

TerraE

Wroclaw, Poland
Goéd, Hungary
Nevada, United States
China

China

China

Hungary

Europe

Sweden

Sweden

Europe

Shanghai, China

To be determined
Nanjing, China
Michigan, United States
Ochang, South Korea
Seosan, South Korea
Liyang, China

Xian, China

Ulsan, South Korea
Luoyang, China
Wroclaw, Poland

Europe

LAZVYIUNIAINITNANVDILSITULAY

Battery
production
capacity (GWh)

Potential
completion
timing

2018
2018
2018
2020
2020
2020
2020
2020
2020-2025
2020-2025
2020-2025
2020-2025
2020-2025
2018
2018
2019
2020
2020
2020
2020
2020
2020-2025
2028

Goettig, 2017
SDI News, 2017
Tesla, 2017
Economist, 2017
Sanderson, 2017
Sanderson, 2017
Manthey, 2017
Mussig, 2017
Valle, 2018
Pollard, 2017
Lambert, 2016b
Lambert, 2017a,b,c
Lambert, 2017d
Sanderson, 2017
Sanderson, 2017
Sanderson, 2017
Woo-hyun, 2017
Sanderson, 2017
Sanderson, 2017
Sanderson, 2017
Sanderson, 2017
Eckl-Dorna & Sorge, 2017
Mussig, 2017

‘17'im: ICCT White paper, “Power play: How governments are spurring the electric vehicle industry”

vV

a dl v
ANEALUARES EV ManeT1elauseniAukunsamu
asalssnulninazyenenidinisnanuedlsaauLAy

Tnedulngazilunisasialssnulmiluglsy (7 wia)

599R9UNABUSLNATU (4 L)

A Y] a o =
WasuAngNINNNSHARYealsIUlvnaue Aelud
2020 9£AMAINITHAAALNINAI 150 GWh way
8199211nN31 300 GWh nautl 2025

YBNANAT1 59U F9T1599UDN 8 WA MU
YeeAngn nnsanlulsanunieguad A1ndnagyin
Trdnen nnsuanvadlaniiuIudnunnI1 50 GWh
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lssnunanuunneIselngiiionsinilsaudu (Gross Profit) Anadeati 7.2% waslseeny
wuanasIulians N lsTufugeninlssnuveslssnaduagraiulatn

2017 Installed Profit as % of
Revenue Profits
Rank Company Manufacturing Country Revenues
(2018) (2018)
Capacity (2018)
1 LG Chem 17 GWh Korea $25.6 Billion $1.3 Billion 5%
2 BYD 16 GWh China $6.4 Billion $651 Million 10%
3 Panasonic 8.5 GWh Japan $73 Billion $3.4 Billion 4.7%
4  AESC 8.4 GWh Japan NA NA
5 CATL 7.5 GWh China $4.6 Billion $651 Million 14%
6  Guoxuan High-Tech 6 GWh China $801 Million  $100 Million 12.4%
7 Samsung SDI 6 GWh Korea $8 Million $0.65 Million 7.8%
8  SKlInnovation 4.7 GWh Korea $48.87 Million  $1.9 Million 3.9%

fisn: ThomasNet uag Bloomberg New Energy Finance
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Today Contents

. Why we need BESS in the G-T-D-R? (Future Problems)

. Grid Flexibility with BESS grid parity (Solved)

Projection of BESS implementation trends (Today -> Future)
BESS capacity target concept in the future (PDP)

Conclusion G-T-D-R (BESS benefits for the whole country)

SIPSN SIS
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AMNIAIUAANIINITAINUUAZUSHITTEUUY
Tasevelndllneluauian

4 Deregulated

Level 4: VRE > 50% Distributed Generation

National Energy Plan (Long term grid parity)
All Substation balancing area concept
+ Distributed Generation (++ Residential scale)
aF1Tnunuuloune 3 » PV + EV + BESS for the whole country
& LRZ LW UWAIIIU Level 3: VRE 15-50% Partially decentralized * HV+MV+LV Capacity Transmission
( ) NSNS ITWAIIU (Beglnnlng grid parity) * Market Transition: DR/VPP/MG/P2P with ETP

- National+Regional+Specific balancing area (problem) (Utility + Private sector + Customer)

Medium Generation Power (10-90+ MW) (PDP/IPS)
PV + BESS technology with EV penetration

Medium Capacity Transmission

Market Transition : DR + VPP + MG (Utility + Private
sector)

Deregulated
Level 2: VRE < 15% Centralized with increased

decentralization Time Mismatch
1 » National + Regional balancing power system
Level 1: Centralized with DG + Medium Generation Power Plant (10-90+ MW) )
Nation balance of supply & Demand (NCC) PV & Wind, WTE, Biomass technology Penetration Issues
» Large Generation Power Plant (> 100 MW) * Medium Capacity Transmission (Medium Voltage)
+ Coal & CCGT-OCGT technology - Market (ESB): Utilities + DR -> VPP (Pilot-project) Grid Instability, Network congestion,
» High Capacity Transmission (High Voltage) Load profile unpredictable
» Market (ESB): Utilities We are here! A

Increasing Level of Decentralization (Policy + Power Balancing)

Increasing Level of DERs (VRE + EV)
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Duck Curve Effect for Grid Instability

32,000

30,000

28,000

Megawatts

12om k " 3am bam’ Yam 12pm 3pm’ % " é6pm 9pm

0 Dynamics demand (EV charging) in the nighttime (major) and morning (minor)
a Intermittent supply (VRE penetration) in the day time with weather forecasting issues

e Energy security issues with fast ramping supply (conventional power plant??)

34,000 ‘/g/ 0% of VRE penetration
-==a _‘, Gap between e and e

13,000 MW

within 3 hours
72 MW/min

Energy Security Issues
* High peak demand (Gap)
¢ Grid Instability

*  Network congestion

* Load profile unpredictable

Grid Flexibility

Preparing for 5 disruptive trends
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NU

szuulaseinglniniifiaanudiaveu Grid Flexibility

Intermittent supply & Dynamics demand

Low Investment cost & Performance High

Improved Demand Grid Fast Ramping Battery Energy
Operations Response Infrastructure Supply Storage

Technology Disruption

Vo paw? Battery Energy (High performances with
o \’CQE\N i Storage grid parity)
\COM e -~

Finding DERs: Gas turbines & Hydro power
(Peak shaving with investment, O&M & fuel cost)

Battery Energy
Storage

Wide area country: Expand the T&D line, Microgrid System

Battery Energy
(Low cost of electricity supply)

Storage

Europe / USA / Korea : Load shifting with peak demand
(LCOE & reserve capacity issues & automated-semi DR)

Australia: 5 minutes settlement _-"
(increasing the interval time of grid operation) -
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Electricity Market Operation

1. Ancillary Services Market Planning: Daily (MW-hr)
1.1) Regulating reserve: (Balancing supply and demand: Normal day)
1.2) Operating reserve: (Load following / Ramping supply with emergency case: Special day) using
* Spinning reserve (fast response: minutes)
* Non-spinning reserve (medium response: hr)
* Contingency reserve (slow response: multi-hr with maximum 1 day)

2. Energy Market Planning: Monthly / Weekly / Daily: (MWh)

2.1) Economics Dispatch (Energy Imbalance with bidding business process):

* Base load: Planning (Lowest LCOE)
* Intermediate & Peak load or Energy time-shift (Additional function): Adjust + (Forecast)

3. Capacity Market Planning: Year (MW)

3.1) Long term unit commitment contract: Conventional power plant / VRE + BESS (Firm)

%ﬁ?l

i St
[ e

Considerate: BESS opportunity in electricity market & BESS target in Thailand

e oy
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Economic
Based
(Normal
Dispatch)

Reliability
Based
(Trip with
Special
Dispatch)

NCC Operated with ESS corelated (Target)

- NCC Normal Dispatch
- BESS (Grid parity)

Economic
Dispatch

High Accuracy

Unit Commitment (PDP)

Generation
Reschedule

BESS BESS

with Regulating g ye
Reserve with Real-time
@l Balancing Capacity

Application

Decarbonization Policy Duck Curve Effect

N/A Accuracy

Spinning Load

Reserve gggg [ Seddne

Capacity market Energy market Ancillary Services market

Day ahead (years - months - weeks) Intraday (1 day)
9 ‘




Wangun1sunseuu BESS tUldaulusenu G-T-D-R

5 Capacity firmin
Frequency regulation Power quality p y g B

. / - Core Function
= (Power Grid Stability)
~ 1. Frequency regulation (Active: P)
2. Power quality (Reactive: Q)
3. Capacity firming (VRE + P/Q)

Power

Power
FIES
Z
Voltage

. 2 7
Absorbing power [l Supplying power

Absorbing power [l Supplying power 4

AN

EssPro PCS
EssProPCS
EssPro PCS

B Charging B Discharging B Discharging Charging B Discharging
Peak shaving Load leveling Spinning reserve 7
A
. . AA\ g Supplementary Function

g F1 / 3 . . o e .

3 3 e \ ’ (Dispatch Efficiency: Time-shift)
. . > ~ 4. Peak shaving (Peak)
Absorbing power [l Supplying power Absorbing power Il Supplying power W Supplying power . .

7 p 5. Load leveling (Intermediate)
" \ g g 6. Spinning reserve (Power Outage)
2 \ a a
° o 3
g g g
i & &

Charging M Discharging > Charging M Discharging M Discharging

Remark: BESS applications use PCS functional control of the electricity supply
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HUINI9N15UNsEUU BESS TUlduluseau G-T-D-R
(Power System Stability)

All areas (Whole Country) Level: G-T (Thai regulation) Selected areas (Grid Instability)
- E[ = A/S Market HIE _ o
ﬂi g=" Economics considerate ,l = ., Independent ! j é 5:5 i
Corelated Energy Security Issues
Pea(l<G$;ant Peak Plant BESS
GT
Model: 1 f T Model: 2
(Today) (To—day)

Model: 3 Energy Market / \Ca pacity Market
(Today/Future)  Daily Energy Dispatch with grid parity Replace Peaking Plant with LCOE/LCOC competitive

Grid: Charging (low-rate)

(Off-peak) ey Using 5 |_| Retirement
-pea B i Z( mm
— 4 §E Discharging $H|gh -rate) [ glg gl Sl=uu
_— _é%é__ﬁi_ On-peak T M VS H l
Solar PV: Charging BESS BESS Peak Plant
(LCOE-rate) . h Effici - hif (GT)
et (Dispatch Efficiency: Time-shift) Model: 5

(Today/Future) Level: D-R  Economics approved Level: G-T (Future)

5 SR
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Energy Security in Ancillary Service Market

pm N o O T S S S S e

-~

A S
All areas (Whole Country) A/S MM(et Selected areas (Grid Instability) \

; |—-. - Economics c’nsiderate § \

Replace s g . Energy Secliriry Issues H] g :* dependent Suitable \
> . =" .
Corelated  poak Plant Level: -7 I:eak Plant : for TOday :
Model: 1 (@7 (Power Systdm Stability) (GT) Model: 2 I
(Today) I (TTEV)- I
I |
NCC operation (Daily) Project 1: Power Outage (Remote area + Reliability) 7 |
Base-load: Must run (EGAT Gens.) Meahongson o o ) |
Intermedia-load: Must take (IPPs + SPP + VSPP) ?ESS:} MV\;/l 'l(\/l\:‘vh + Mlc;oglrd_ for spinning reserve about 15 minutes \ !\ |
unction: Peak shaving + INNINg reserve L nwa
Peak-load: Merit order -> Economics Dispatch (Daily Planning) ] . & _Ff & ] |
Project 2-3: Grid Instability (VRE penetration) , U R |
. . Chaiyaphum and Lopburi K W &
Emergency Trip (Special): BESS 16 MW/16 MWh |
Spinning Reserve (800 MW — Largest Size of the Power Plant) BESS 21 MW/21 MWh |
Non-spinning (2,600 MW) — PHS / CCGT (Simple and N/A mode) Function: A/S + Peak shaving - l
Project 4: Power Outage (Remote area + Reliability) |
Topic Consideration: All area with High Grid Stability ’E‘;’ées‘;h;"zj\i‘/’/”l S MWh & M i bout 30 I
o ~ . . + Microgird for spinning reserve about 30 minutes
;' ;/ES; 1?[6 (.(I;eveltZ) > N;Qogrlgggzksgf;:\j\t/h Function: Peak shaving + Spinning reserve |
. not grid party -> ~ - |
. o . . Project 5: Grid Instability (Reliability + T&D Deferral)

3. Reserve‘Capauty > 40% -> COVID situation . ' \ Microgrid Betong, Yala ) mbiindmgfme

4. Decreasing Eff. Of Power Plant -> Corelate with BESS dispatch \ BESS 4 MW/4 MWh + /%’ /

N Function: Peak shaving + Spinning reserve = ‘b /




SGtech

Economics analysis in Energy Market (Level: D-R)

BESS: 1 MW/1-3 MWh

Model: 3 Energy Market

(Today/Future) Energy Arbitrage

Model: 3

(Grid Support)
Grid: Charging (low-rate)

(Off-peak) i _ _ _
> T ~ Discharging(High-rate) B/Cratio>1 — - - - - - —-
e JL On-peak
Solar PV: Charging Model: 4
(LCOE-rate) , (RE100: VRE+BESS)
Model: 4 Peak Shaving
(Today/Future) lithium iron phosphate: LFP

BESS 1 MW/ 1 MWHh: Feeder 8-10 MW TF 80% / C&I Scale with peak reduction / Demand charge L,
Target Groups: MEA/PEA (Congest Network & TF overloading) and gl4lawilszian 3,4 uaz 5 (Ene;gy’l'que Shlft)

Y M!il\f i
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LFP: 0.2 MW/0.2 MWh

(Input Assumption)

Battery Storage Technology Lithium Iron Phosphate (LFP)

Project life time Year 15

218M3189u (Cycle) Cycle 5,000

Charge / Discharge Cycle/day 1

Power Conversion System (PCS) kw 1,000

Energy Storage Capacity kWh 1,000

Depth of Discharge (DOD) % 85%

Round-Trip Efficiency (C-rate: 1C) % 95%

Battery Capacity Degradation % Capacity anas 10% wdannsldanu

2,000 Cycles

§1989910 (U.S. Department of Energy

(DOE), 2020)

dns1Anan (Discount rate) % 3%
Snsuanideu UM/USD 30 UM/USD
dasauunmassmiunsiiuldldusns USD/KWh 25-200

Peak Shaving
snaunsalulanszualnidn (Power USD/KW 150 Reference: SGtech microgrid ZNE
Conversion System) #1%3Us2UU BESS
O&M Battery USD/KWh 4.4
§1989910 (U.S. Department of Energy

(DOE), 2020)
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Economics analysis in Energy Market (Level: D-R)

Model: 3 Model: 4

(Grid Support) (RE100 + ZEV)
A 1

Assumption of the B/C ratio

o

AAN YL

Vel ‘ auAgUenIEluNTAFR UANAIUNTIAMIUAUANAIYEINTANTUNS

(Input Assumption) naii 3 nafi 4 n3dif 5 nseif 6

1 MW / 1 MW/ 1MW/ Solar PV + Storage
1MWh 2MWh 3MWh 1MW/ 1 MW / 1MW/

1IMWh 2MWh 3MWh
Energy Storage Duration Hours 1 2 3 1 2 3
Usable Energy kWh/day 1,000 2,000 3,000 1,000 2,000 3,000
Solar PV Installation Capacity kw 0 0 0 200 400 600
Annual Solar PV generation at 1 kWp 5 kWh/day 0 0 0 1,000 2,000 3,000
Investment Cost of Solar PV System S/kW 0 0 0 1,000 1,000 1,000
Total O&M (BESS / Solar PV + BESS) UmMA 11,000 11,000 11,000 27,500 27,500 27,500
Charging Cost (Off-peak rate) um/kWh 2.6626 2.6626 2.6626 0 0 0
Discharging Cost (On-peak rate) UI/kWh 4.3555

Remark: Electricity price — Normal (4.3555) — Medium (5.4443) — High (6.5333)
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Economics analysis in Energy Market (1-3 hr)

Model: 3 (BESS) Model: 4 (Solar + BESS)

Peak Shaving (1 hr) Solar PV+BESS (Peak 1 hr)

60 e
40 . . . 0 . 160
3 Tires Electricity Price Scenarios -
2 E 120
i - Peak (4.3555 baht/kWh) -> Focus
Ls . '.s: 080
i - Peak (5.4443 -> 25% increased) For
. - Peak (6.5333) -> 50% increased) o
o 200 150 100 s 50 25 200 150 100 75 50 25
BESS Cost (5/kWh) BESS Cost ($/kWh)
pmNormal (43555 Bath) —aMedium (5.4443 Bath) ~a—High [6.5333 Bath) =#—Normal (43555 8ah]  —#=—Medium (54443 Bath)  —#=—High |5.5333 Bath|
Peak Shaving (2 hr) Peak Shaving (3 hr) Solar PV+BESS (Peak 2 hr) Solar PV+BESS (Peak 3 hr)
200 3.00 250
180
180
g 140
'?: 120
B oo
£ om0
é 0.60 B
-w 050 “ 050
0.20
0.00 0.00 o.00
200 150 100 75 50 5 200 150 100 75 50 25 200 150 100 75 50

BESS Cost {$/kwh) BESS Cast ($/kWh} BESS Cast ($/kWh)

3555 Batn) e ——Normal (4,555 Bath) - Mediam (448 Bath]  —8—High 55333 Bathp ol (83555 0)  —B MBS (54443 Bath)  —8—High (5.5333 BN
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LR : i
B/C Ratio Energy Market (Conclusion)

s7A1A b SLYLLIANNTT AARaSEUY BESS Andaszuy BESS
(U W/kWh) ’Imlusmﬁ NENRERNGER S9UAU Solar PV
(F3L39) Model 3 Model 4
4.3555 1 galiinanuAuA1vesnITaue 25 USD/kWh
(Flytnd) 2 75 USD/KWh 100 USD/KWh
3 150 USD/kWh 150 USD/kWh o
B 5.4443 1 100 USD/kWh 150 USD/kWh
=0 150 USD/kWh with 3 hr
((STRIET}Y]
e 2500 2 150 USD/kWh 200 USD/kWh L year 2023
(o] ' a
EV penetration 3 200 USD/KWh (AlRUnR: 4.3555)
With T(.)U electricity pri?e 6.5333 1 200 USD/KWh
(Generation vs Consumption) L
(Wuvu 2
50%) e
3
- Support: C&I with RE100 maodel

Support: MEA/PEA Network Congestion
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EV penetration

With TOU electricity price |

(Generation vs Consumption)

& = = VR Qvy a v
LONAISUUUNANISANENUDIAY lelﬂ’ltﬂﬁﬂfﬁlﬂﬂ”\\lﬂ\]]ﬁ

B/C Ratio Energy Market (Conclusion)

gwenaldiln  szezains Ranaszuy BESS AasagzUy BESS
(T RWh) s[,‘ml‘mm'ﬁ LleaenaLRen s Solar PV
CRIETR)) Model 3 Model 4
4.3555 1 galslAnAUANAIYDINITA U 25 USD/KWh
(FirlwUndi) 2 75 USD/KWh 100 USD/KWh
3 150 USD/kKWh 150 USD/KWh
5.4443 1 100 USD/kKWh 150 USD/KWh o
2 X .
(SRR 150 USD/kWh with 3 hr
o 2 150 USD/kWh 200 USD/kWh L year 2023
e ; 200 USD/KWh (AnlWUnG: 4.3555)
6.5333 1 200 USD/KWh
(Lﬁ'uﬁu
: O
50%) e
? Support: C&I with RE100 model

Support: MEA/PEA Network Congestion




BESS criteria in Capacity Market (G-T-D)

Capacity Market

Replace Peak Plant with LCOE/LCOC competitive

Peaking Plant working 2 and 4 hr

OCGT size: 250 MW

Using - E|_| Retirement
.rn:“;"? "‘_:—_H_ =| mm
| il |, %= | VS
BESS Peak Plant
(GT) BESS size: 250 MW

Model: 5

(Future)

500 MWh (2 hr)/ 1 GWh (4 hr)

Use case: National Energy Market with Australia (April 2021)
Topics considerate: LCOC: SAUD/kW-yr and LCOE: SAUD/MWh
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Capacity Market (LCOC competitiveness)

LEVELISED COST OF

TWO-HOUR FOUR-HOUR OPEN CYCLE GAS
CAPACITY
BATTERY BATTERY i TURBINE PEAKER
(AUDS/KW/YR) i
Capital cost 89 139 128
Fixed operations and » s » LCOC: BESS lower than OCGT
maintenance
Variable operations
18 35 59
and maintenance
TOTAL 119 197 203

Remark: Gas plant capital cost: AUDS$1,250 kW (Aurecon, 2019 Cost and Technical Parameter Review)

LCOC (AUD$/KW/YR)
500 Increasing
$14/G)

250 $11/G)

Risk management: Fluctuate of gas fuel prices
Decreasing (BESS)

200

$7/G)

Four-hour $6.5/G)

150

Result: Low of Capital & Operational cost

Two-hour
100

BATTERY STORAGE OPEN CYCLE GAS TURBINE

Remark: Battery capital cost: AUDS470 for 2 hr / AUDS$370 for 4 hr
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Capacity Market (LCOE competitiveness)

LEVELISED COST OF TWO-HOUR i  FOUR-HOUR i OPEN CYCLE GAS
ENERGY (AUDS$/MWH) BATTERY BATTERY . TURBINE PEAKER

Ny

Capital cost 143 117 156

Fixed operations and

LCOE: BESS lower than OCGT 26 13 13

maintenance

Variable operations

26 26 65
and maintenance
TOTAL 195 156 234
LCOE (AUD$/MWH) Increasing .
A 14/G)
300
e Risk management: Fluctuate of gas fuel prices
250 $7/G]
_ $6.5/G)
Decreasing (VRE-Fuel
200 ing { uel - Gap \
B Result: Saving 30% of LCOE
150 Four-hour
100
BATTERY STORAGE OPEN CYCLE GAS TURBINE

Remark: average wholesale energy price: AUDS0.03/kWh
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LA BESS capacity target concept in the future (PDP)

Higher
A Minimum of %VRE Q

60,000 v 35%
Power Plant a % VRE “----- (PDP + IPS-business as usual model)
50,000 Retirement 0% IPS Penetration Characteristics
¢ 5% - BESS 150 USD/kWh -> B/C ratio Year 2023
40,000 - Microgrid (C&lI) -> Reliability + Self
20% consumption
- Prosumer (C&I and Resident) with energy
Peak Demand .
PDP) 15% saving
( - Trends C&I -> Residential Scale
150 USD/kWh 10% ) _
(Year 2023) Uncertaln'ly ->EV per'1etrat|on 9
5% - Dynamic load profile
- Load profile unpredictable
N A o o A D O D S > 5 .0 A o - Congest management Da“y'Shomir:ner
N R N N P N N ,19”’ NN - Transformer overloading f;ear:::;esw eeine

1
BESS Preparation before 2027 After 2027 BESS implementation time period (Cost competitiveness)

1. SPP Non-firm / VSPP-> Firm 3,000 MW I 1. Grid Parity 2027 (150 USD/kWh 2023)
2. Preparing 15% of RM 2027 -> 6,000 MW : _2. _G_rig Elgx_ib_ili_tl \Lvilrllggcfr_eglieDEy_Rgsi)ersg LFEIS)_

(BESS-FFR -> G-T-D) vs RE+EV penetration 13, Ancillary Services Market -> Power Quality (Events: Emergency / Non-Events: Normal) 1
3. Ancillary Services (Problem specific area) 1} 4. Energy Market -> Daily Energy Imbalance (Intermittent Supply and Dynamics Demand) :
: I's, . Capacity Market -> Decarbonization and BESS vs %VRE |mplementat|on -> Duck curve }
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= Grid Stability in Ancillary Service Market (PDP)

All areas (Whole Country)

A/S Market
; |—-. - Economics considerate
Replace =l=an Energy Security Issues
—_— [
Corelated b\ blant Level: G-T
Model: 1 (67) (Power System Stability)
(Today)

NCC operation (Daily)

Base-load: Must run (EGAT Gens.)

Intermedia-load: Must take (IPPs + SPP + VSPP)

Peak-load: Merit order -> Economics Dispatch (Daily Planning)

Emergency Trip (Special):
Spinning Reserve (800 MW — Largest Size of the Power Plant)
Non-spinning (2,600 MW) — PHS / CCGT (Simple and N/A mode)

Topic Consideration: All area with High Grid Stability

1. VRE < 15% (Level 2) -> N/A Duck curve effect

2. BESS not grid party -> ~ 300 — 600 USD/kWh

3. Reserve Capacity > 40% -> COVID situation

4. Decreasing Eff. Of Power Plant -> Corelate with BESS dispatch

VRE

/R
| | 25%
2

Peak Demand
(PDP)

0,000
Power Plant o

50,000 Retirement

y

]

15%

10,000

I | I | Year 2037: VRE > 18,000 MW
895 P S Largest Power Plant in Thailand

N Ak A oAbk o o A B O "
LA S S S R R e 2
P FES S E T F S

NCC operation (Daily)

Base-load: Must run (EGAT Gens.) -> Decarbonization (Decreasing Dispatch)
Intermedia-load: Must take (IPPs + (VRE (>50%) with BESS: Firm + Dispatchable)
Peak-load: Merit order -> BESS Dispatch (Daily Planning): Grid parity & FFR
Market Trends (Grid parity): Intermittent Supply (ISP) + Dynamics Demand (EV)

Emergency Trip (Special): BESS Sizing Optimization depending on Daily of VRE &
Load Forecasting Model (% Error)

Spinning Reserve (> 800 MW — Largest Size of the Power Plant: 18,000 MW)
Non-spinning (> 2,600 MW) — BESS / PHS / CCGT (Simple Mode)

Topic Consideration: All area with Grid Instability

1. VRE >15% in 2027 (Level 3-4) -> Duck curve effect >25%(2032) / >35%(2037)
2. BESS with grid party -> < 100 USD/kWh

3. Reserve Capacity vs LOLE criteria (RE > 50%)

4. Base — Intimidate — Peak supply corelate with BESS dispatch

oy
gifiiee

B
& e
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ek Dispatch Efficiency in Energy Market (PDP)

Energy Time Shift
Model: 3 Energy Market

(Today/Future) Energy Arbitrage e g
Grid: Charging (low-rate) Duck curve effect 50,000 (@)
imEy | S - Year 2029 > 20% g ~
i 2 g Discharging (High-rate) (o} 8 40000 @)
Solar PV Ch Sl - Year 2032 > 25% H [
olar arging BESS © -~
(LCOE-rate) - Year 2037 > 35% g 30,000 — 0% PV <
v M
Model: 4 Peak Shaving 2 20000 o 5% PV m
(Today/Future) ——10% PV :hh
10,000 —15% PV rD
——20% PV (@]
0 ) ‘ : ~—t
0 6 12 18 24
BESS Energy Time Shift with % VRE penetration rosroroy
B
S
* Energy Time Shift (4 hr): 20 — 25% -> Year 2027 — 2031 E
* Energy Time Shift (6 hr): > 25% -> Year 2032 — 2036 § >8hr
* Energy Time Shift (8 hr): > 35% -> Year 2037 :
S
Off-Peak (Day time) -> BESS -> On Peak (Nighttime with EV)
2021 2029 2037

Energy Arbitrage with Peak Shaving

A,éaéamﬁ" i
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=" Fast Frequency Response in Capacity Market (PDP)
Capacity Market In';(;rgw(;gcent Supply: o0 -
Replace Peak Plant with LCOE/LCOC competitive > , MW 50,000 30%
Using = Retirement e : a0 S BESS cost
TP ree £l=s eak Dynamics . - -
T i 3 éiss | i VS !P:ailzn!t l Demand (EV) . ;; com pet Itlve ness
Model: 5 0 Short time very 1@,0070 - ( LCOC and LCO E)

(Future) h|gh pea k dema nd ’&@”’&ﬂ’&i”’&@""&@‘”&@“’&@“ ’L@‘*’L@”"&%°’&%\’&%'”’&€”’&%"’&%"’&%‘°,§3

NCC operation (Daily): Future Planning for System Balancing

Base-load: Must run (EGAT Gens.)

1. Decarbonization Issues

2. Coal vs CCGT suitable (ramp up/down, start — stop time and flexible contract)

3. 24 hr time dispatch considerate (High peak demand with low energy supply (Decentralization)

NCC operation (Daily): Today

Base-load: Must run

Intermedia-load: Must take BESS dispatchable -> Intermedia-load: Must take (IPPs + SPP) -> Load following (VRE/EV penetration)

Peak-load: Merit order 4. New VRE >50% (SPP-VSPP) with BESS: Firm Capacity (PV Smoothing) -> Energy Security (A/S)

5. Operating Reserve as a Power Plant (Retirement): 15% of RM -> VRE + BESS (Frequency Responsive
Reserve: FRR / Regulating Reserve / Ramping Reserve)

BESS dispatchable -> Peak-load: Merit order -> High peak short time period (Duck curve effect)
6. BESS Dispatch (Daily Planning): Grid parity & FFR (Short time very high peak demand: EV)

g /{)’m = g = lfr
—5— ) % 4
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Today
Centralization
Power Plant

\ 4

ATNSIUNTSENESH BESS Tuseau G-T-D-R

Capacity / Ancillary Services
|

Energy / Ancillary Services (Optional: Aggregator Model)

A

Generation (G)

- All area with High Grid Stability
- Low VRE < 15%
- Reserve Capacity > 40%

- Replace Peaking Plant -> BESS
- Intermediate Load (4 hr)

- Peak Load (4 hr)

- 13:30-21:30hr (8 hr)

BESS cost competitiveness
OCGT/CCGT (4 hr year 2021 and
more)

Transmission (T)

Today -> Selected Area (Grid

Instability)

- Microgrid System (Outage)

- BESS with Grid Flexibility (Over
Voltage, Reverse Flow and
Losses)

Future -> Many Area -> Whole

Country

- Promote VRE (SPP) > 50% +
BESS (PV Smoothing)

- T&D congest network and
deferral (High peak short
time)

- Energy Time Shift (4-8 hr)
(Surplus Energy with %VRE
penetration)

Distribution (D)

Today -> Selected Area (Grid

Instability)

- Microgrid System (Outage)

- BESS with Grid Flexibility (Over
Voltage, Reverse Flow and
Losses)

Future -> Many Area -> Whole

Country

- Promote VRE (VSPP) > 50% +
BESS (PV Smoothing)

- T&D congest network and
deferral with TF (High peak
short time)

- Energy Time Shift (4-8 hr)
(Surplus Energy with %VRE
penetration)

T Time shift corelated T

Deregulated Market

[ |

Retail (R)

Area of “Dispatch Efficiency”

C&I and Residential Scale
business as usual model Future
Distributed

Generation

Main Function:
Peak Shaving

Microgrid / VRE + BESS
(Self consumption)

|
Key Implement (PDP)
BESS cost competitiveness OCGT
(4 hr year 2021 and more)

Y
Key Implement (PDP)
BESS with Grid parity
(Start form year 2023)
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Utility -

Private
Sector |

Whole i

Country

O NS U AR WBDNRE

BESS benefits for the whole country

Cost Competitiveness & .. . .. .
Grid parity ~————=@ PDP -> Priority Issues: Concerning Electricity Price

Increasing Energy Security: Solved duck curve effect (Grid Stability)

Grid Flexibility: G-T-D-R: Fast Frequency Response / High accuracy / BESS grid parity
SPP / VSPP + BESS: Firm and Stability (Today -> Future)

MG/Prosumer -> BESS: C&I and Resident -> Business as usual model (Self-Consumption)
Fuel Independency: Green & clean energy sources: VRE (green fuel)+BESS (FFR)

Energy Resilience: Reduce CCGT ratio / Increasing Fast Frequency Response (FFR)

Loss Optimization: BESS with high accuracy: Load following + Ramp up/down

Dispatch Efficiency: Peak shaving and energy time-shift with arbitrage energy

Supported

Thailand Policy . &
Decarbonization -> National Energy Plan -> Carbon Neutrality -> RE100 N
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Demand Driven https://bit.ly/3n0bKTy

- 1-2Y' 3-5\(' 6—10Y'
VRE 163 291 Non-firm PPA T3y Semi-Firm/Firm PPA HIEEIH S
]

Sugaludndrunanain VRE fdinisansenallaglduuniaas E@ L
: energy time shift | O

-
e Battery Ancillary Services Purchase Agreement E@ E%E
- = @ [
New VRE Firming (RE100) A Q...@
®
4 5 y oTHHs [
e IULUAVDINIASE & ANUNTUVDNIASY PIES
A
e Direct Financial Support nJHH 5 S
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Global Value Chain Competitiveness https://bit.ly/3n0bKTy

USUUg9nsEUIUNISNINgUUNE ﬂ{]?uL‘UEJ‘U mmsmsmm

(Regulatorg Guillotine) ‘UQ\‘]‘LH«,L‘VIFWILUuBUﬂSSﬂElE]ﬂ’WS@’WLuuSSﬂQ

LAZNISANSEUINNUSTINA LwaTuys mﬂaﬁmsmmmmunmmuimm @ @ @
ugniussieluussmaldifiuiu uasiinaaamnsalunisudedu 12y a.5y 510y

[ ]
a G2G Battery Value Chain in ASEAN + 3 E@

mmsmsda!,a%umﬁua‘i'unwaa"i'mqﬁu'lumsuﬁm HIASNISAILATHUASWRIUINISHANTAAUUALADS

Securing the supply of raw materials Support Thailand battery cells manufacturing at scale and
full competitive value chain in ASEAN

sgau‘uauuua"a\iLasumman%usquuanuﬂsvmﬁﬁ"LLﬁéﬁﬁNWgﬂ%ﬂu‘IﬁLﬁm Strategic partnership

%’55\‘1Lﬂ?ﬂﬁmﬂ%ﬂﬂs”ma\‘muﬁu refining process country

ﬂ\‘iLHSNLLauauUﬂuuQ@LL‘N‘H’a\‘iﬂSumFTVL‘I/IEIT‘LAﬂﬁﬁLE]BTM Q @ ﬂ NSAUASHNSAIUSINSENINNASTUAIGNTY eliia
Lﬂ@m’limmuﬁiﬂa (Ease of Doing Business) THusEn Capital Intensive muﬂ’lswu NISAAY mﬂwﬂuﬂssmﬂua”
#ilfu Leader tnasyumalulad msmmuwﬂum BUSENA Tumummiuiama“umnssuLwaiummsm

(Startup) wazn1siu destination of raw material N — waml,ummasn,mummws Wag Nammmmassﬁumumaumm
(digital & technology) E @ ﬂ uamawu Wi partners/, joint venture )
nam mAluladlunisnandudunazadu
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Targeting Researcher & Innovation to support https://bit.ly/3n0bKTy
a Competitive batteries Value

n158519 Ecosystem idasan1s3dauaswiunana unssulunines : ! I
° 1-2Y 3-5Y 6-10Y

Deployment

= = ®
Readiness Technology Transfer @ ®® ]
| O

@ :_rg® I

. 4' dy v a o % 1 1
= NUNIUSEUUNIS Funding wadaliifiaudnnssy HarN1sas19YarA168a GDP

Funding R&D "wsnunsialuilu Industrial 16 (TRLS wmaluladngniinluldunuasy)
UIBSNISN NI FNDNISIVLLALWEIUINA LU LA SazuInNSSH Private + Academic Wi n1saniun1suléuay
naangu 200% Asusuuseszuuy Tigelannnu Fast Track, ae1e limit ceiling g9au WUy

mi’sm’]uﬂmmﬁuéﬂsuﬁu Readiness Technology & Fast Track
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Developing & strengthening a skilled workforce in https://bit.ly/3n0bKTy
all parts of the value chain

Li'\‘lagﬂﬁqﬂaﬂﬂiﬁﬁﬁﬂﬂﬂﬂwsimﬁﬁdL%Gﬂ%u’]ml,l,a::@mﬂ’]w @ @ @
maammoif&gaﬁiwmqmmunssu 1-2Y 3-.5Y 6-10Y
ok @S,
Human Resource Transfer Y EEE ;--@
] ® G
o . .»®
Reskill & Upskill oTHHIS EQE @@

= ® [
Capacity Building in High Value Battery Chain E@ @@ S

€

MNHLEIUNIATTIUAINNUADANYUATNISIANISVDILAY 8
Vlﬂwzmummiupi[aﬂmsaumﬂu,a gn1sand1s (ICT)
Vmwmmmmvguyum (Robotics)

0 MNHEINUITYUREWRUNTAAUUALEDS

o Winwgn1swaer cell, module wag pack assembly s’mmussaﬂmm

o ﬁﬂwzmsaanmemaauummas msﬂs“ﬂa‘u‘[uma way pack assemble 878 . ‘1_1ﬂmnsﬁazﬂuama’mnssumuﬂurﬁ/ ASNABLEN
o mnwzmuswuuusmsammsl,mmmas (BMS) LLa"’ sgstem mtegratlon - ! v

o INBHLAUNISNAFTDULAY msaaumsummsmuwmmma\mmmmmas \;7 - ﬂEjNIWSGSﬁ781WWW LU UAKINTVDY 3 N5 Wiy
o ¥

O

O

(reskill & upskill)

€
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Making Thailand the Global Leader in https//bit.ly/3n0bKTy
Safe and Sustainable Battery Technology and
Setting the path for Sustainable Batteries in the Circular Economy

ANEILAZNUNIUNG NN tagunasguiiluaina @ @ @
wazilutladelunisaiiunis NTB waasenisudedulunisasyu 1-2Y 3-5Y 6-10Y
]
Sandbox Factory E@

— G
Zero Emission Battery algA o
Battery Waste Management E@ _—

a'\iLﬂ%NTs\amuLmmLma%"ﬁﬁmsﬂsiaﬁm%uawﬁu@uﬂ
ansusglol/nsidniiounaeduyu (Green Finance) Tunisatiuayun1swanuinlseauaunsawidn Zero Emission ESS

1@ EV + Battery 100%, Battery 50% Jusiu @‘
Battery Certify 100% by Thai Certify Body (Quality, Safety & Environmentally)

NIRSFSUUTNAIUNISIANISWUBLEDS
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ENERGY STORAGE SYSTEM
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THANK YOU

|

Energy Policy
& and Planning Office
() MINISTRY OF ENERGY
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