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Global net anthropogenic emissions have continued to rise across all major groups of greenhouse gases.

a. Global net anthropogenic GHG emissions 1990-2019

38Gt 4261 53Gt

+0.T% yr +2.1%

GHG emissions (GtCO:-eq yr)

1990 2000 2010

A large ambition gap remains in 2030

#i311: International Panel on Climate Change (IPCC)
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Despite some positive signs, today's pledges close less than 20% of the gap to the Net Zero by 2050 scenario:
countries with net zero pledges and countries without each account for about half the remaining ambition gap
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No new unabated
coal plants approved
for development 2025

No new sales of
fossil fuel boilers

Economic Transition
Scenario (2.6C)

Net Zero Scenario
(1.75C)

2020 2030 2040
______2080
Universal energy access
All new buildings are
zero-carbon-ready 2040
60% of global car sales 2035 50% of existing buildings
are electric Most applicances and retrofitted to
Most new clean technologies cooling systems sold gaigieatonieadyietels)
in heavy industry are best in class 50% of fuels used
| demonstrated at scale 50% of heavy truck sales in aviation are
T 0z0GW annual soler are electric low-emissions
and wind additions No new ICE car sales Around 90% of existing
o SEEEEER Aol
Phase-out of unabated coal Andictaleleciic motor capacity in heavy
heraian) = ki J [All industrial electric motor} industries reach end
e sales are best in class of investment cycle

electricity in
advanced economies

Overall net-zero emissions

[ Net-zero emissions |
| electricity globally

Phase-out of all
unabated coal and oil
power plants

Hydrogen
I Power
Energy industry
EEl Non-energy use
Other sectors
EE Rail
Aviation
B Shipping
B Road
Commercial buildings
Residential buildings
Other industry
W Petrochemicals
BN Cement
. Aluminum
= Steel
2050

2050

More than 85% |
of buildings are
zero-carbon-ready

More than 90% of heavy
2045 industrial production

is loy issions
50% of heating demand
met by heat pumps

Almost 70% of electricity
generation globally
from solar PV and wind

2020 2025

No new oil and gas fields approved
for development; no new coal
mines or mine extensions

2030 2035 2040
150 Mt low-carbon hydrogen .
850 GW electrolysers 4Gt CO,captured
© Electricity and heat Industry © Transport  © Buildings Other

2045 2050
435 Mt low-carbon hydrogen I
3 000 GW electrolysers 76 Gt CO, captured

ﬁu’l: International Energy Agency: [EA
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* ylgune 30@30 wane Ul lnldadng *annsldaruiulunisuaalnii

tiey 30% *68% 0IN1THAR TN WA Y ussaumune Carbon Neutrality

: ﬁj‘ﬂ:‘ﬂfﬂ"“““fiumyﬂjﬂh . vy Iy *74% vpIn1INaRlNAINIINWEAU
- LTNﬁJiﬂﬁ'JUﬂ:{L‘?I%‘U?}LWjﬂsﬁﬁyﬂWWGLUﬂqﬂ%uﬁﬁ 'Uizﬁgﬂﬂﬂl‘ﬁmﬂu‘lag CCS/CCU uas Muut%au

* duasunsitunasiniAunasanu (Battery 3

% c. BECCS s aui oo <
storage) TafuNE UMY *gfnIsloaunulunInan b

Net Zero GHG
Emissions 2065

daasunsly L TS
i s e T 2ol ussahmnenisganduineiseu tneemilsl 2.3
Wisdnaunislanasnunyuieulu 2 % )
L 4 : nszannaUlduazmslsuselosd duibiadilal el Lk
wWusne 1 AsWan iy

fifu 120 MtCO,eq (Green hydrogen) Tuna

MtCO, mellu o ifiauszAvsnmnsldndaanu | . Q Y -
ik . e - UgnUsssued WA YU
A.A. 2023 * andsumslgnumnannisdasunigiiny - | -

Do . Y . -UQﬂﬂ’]Lﬂiiﬂgﬁﬁ]
® AUFIUNTHAANYYINTNINYAHAT

LAZRAAINNTIY
_ - Wnvundd s lulndevauun |
(Dome Digester) . ,
- Jesfiumisungnuazikndn

___________________________________________




. ~ “wavooviu” _
Council of as1onNUPUALEINARINEGOAUMSUDUR

e Engineers

YAMIWUWavIUBIANAS PARNIAZUSHISYAMS

wavmusieliannifl (W.F. 2561-2580) : S MBsSSSUBIA
= B TRmsroworionwRoomsiuUs:inA

ioduindeoulnaditknea

1S ) aswassd
Wol 1N AL

L
FEE VI TN RV 1L

HWUuwaJdJaus1/m

Swinonadouao Carbon Neutrality
&

PDP 2022

ns:nsoywaveiu Insdidnuiuulsuigia: 1wuwaseau no duw. 9gs:noNIsIAnIs1vazidon

NWUWaWIUBA AdgenndevnuiluontinasyvgidinuigannisUanUdosiinsnrsuoulnoonlss

ansi10ugus (Carbon Neutrality) n1eTul A.F. 2065 - 2070 Fue:=TwaronANIINISWAIUAWAIIIU

Ad1Ary Usznousios ro—mmmmmmem======
|

sulwwa

- IWUAAZOUWAIIIUNAINUIA=WAIIIUSA=D1A
2 nIsvIwwWATn Inoiddadou RE Tutioonsn 50%

- @uiasunasidoausui IwWwa

= Wweuuanazens:auinalulags-uulwwn
(Grid Modernization) soJSUNIsSWanIWWaNuuns:=18gus
szuululAsnsa

- Uudanfannns:idounisdovasIwila seaSunisuaniod
18109 (Prosumer) AUANVU

C— B

EEP 2022

aﬁﬂuﬁﬂusssuuqﬁ — e e o o o . e Em e o —

< iunasidaiasnaznisdnmi adrunouisundiAius:zuu
wassnuJds:inF

= O Nnwuasaunas:nswNIsvaniludszinfAnaz
NS LNG begnasifugugnananisBovie nio
LNG Hub

ulsunswavvau 4D1E sovsu Energy Disruption

' 01 Digitalization

W - w nisuninalulagadsnaunBsoununu
] AuUuIbu inAlulagdhuwaoviu
e
] L= » USunwuwasanuniAavuay I_ . . I
2@ ZQ  a$1AUAAsS=M I IEFOIWAIEINIW (Bio Fuel) na: EV 1 02 Decarbonization
= . In1saomsUeiaanﬂs’uau1oaanTud I
s s e S - - - -
=229 SinuwAdsdlunAINUIAzaUSNYWAIIIU el
: 1 03D lizati
= _ o ecentralization
. au\l|asjlr.mﬁsmanua:n'\s'iuwaaa'lunm||nur!nn'mdou oy ARG A S S e
THuanvu » na:AUEUKEUYDLS:UUTWWA
= IWuUJs=ansniwnasi@waisaiusannnningdoulAIvuvu < -
=
uanvu ~ 2 .
& I 04 De-Regulation
~ nisidaiaSNIAWALLIU IWaNs:AUTKIAQ

Mt NMsANTUNMSIVHUATASUNTSATUAUUAMUTOUAYINAUSSISAUINAWSIIIUNIKIGIA K50 NEIC I5sauSunisidagundad udanssula:nIsikivIuDEVITUSSSL

nmuinalulagfeainvuiusuian Tnev:tinnwuwdssusiAlUSuwenoluAnIRunnniAgdouTufunousiold
_-— s e e . o .

R AL 789 ' “O5 Electrification |
I MSEWEOOUIWWAEIED acuawy

ciadvinadoy
s s S e - - - -

dtnunduleune
( ) WREWNUWRIIITU

ASSVISIINWAIIIU

I WUWAJIIMTUBIA SulSsuiatiounuui Resdosinuananig
TRulounafuwasINuvauUssINAlne TuInGouUTUa gt HUDI
NISWrIUAWaYITuoETUSANSnawIWoN1SWeUNIASHInTIas:

) duAuedubudiu

EPPO UPDATE
@ www.eppo.go.th €@ @ @B EPPO Thailand




Council of

e Engineers

@l) i LD e ulovrsaAryudVYAS:NSIVWaVVIU
usvdulnasudaniswasuriuwavoiulng
ulsviguazunudviasu EV

wWuzguniswaasiusudiwwhna:sudruiddryuoolan

thruhemetud 2573 (31uduaudaU)

AsdviasuDaaIHASSUNISHAO mswasuns=uulasvasioWwugiu SR - nsid 440.000 &u
gusudiwdhua:Sudou savsSushusudlwwa* ol % ) '
=0 @ mswuSa725,000 Au
lflug'mmsnans_nus_luc'l"[ww-ma.uua:-u = rscuu oo =
n1Hu0u1msg1u91u9umla~uua:Ju o TWroi o | o = nsld 650,000 Au
) sadnasenugud
mswasurnulUgenusudiv = g$1onns:08U UIASTIU UALLUINTY ) a =
= doasuinalulagdiuausnnsawio mMsKaa 675,000 Au
lnsoasiv 13oulgoua:usHisdanas snua’sﬂussnn nsid 33,000 du

msdviasuaiumst ﬂ LU= %% . mswaa 34,000 Au
gnusudiwwh

= plasasnug nisdvilasuuualasssusudiwwa

uosa EV lumsuUs:yuasoi 3/2565 wio3ui 22 fiusiou 2565
= vasmsnlulgnG

S e S sSunswuauAusinNluasdviasusnusudiwwWwitudrudiva dol
aotasuama‘mnssumswan

ulsuieaIasMS@LIUAORSIZUA ANWAUKIhMsdvlasugaaiknssunsWaaeusudiwwiua:3ugu
ﬂ‘lswmu‘lﬂ'!aonuua-wcu uA>uaiuaso

o s naekin - . anamﬂssuloaommnsmumumuaucﬂw‘vﬁua:tasa sJu 123 unasgu
- N.20aKNSSY IoH'lsalsaomc*lsmummsnaaamuaucﬂwmnuamnu
anUdnasw Boogs:H3wrmmsAnuisULUULaNARUNEALAETD0

AWAUHUNAISdVLIasuaIUMSId EJ'IUEJUCI#[WW"I

auAvRIMsanduulouvae

- BOI auﬁﬁ?ﬁn1seima§ufuﬁomswém EV sou 26 lasvnis (10 17 usun) Uamiilou nsuasswanoaasududurus: ﬂauLmna\JU'luuamnamms:)ummsrns ua:
aaoaaosnuumISﬂanssnuaunnuasuans'-i £U SUA 10 UAS1AL 2566 SO
avnu 80,208 aijuuan mu:umaomswamUumu:u 838,775 Au laglaoon So3u 36 993 AU

UC]SEI\)[EISU[[EDD'IUDU 16 IFIS\)FI'IS lLa: llUSUClnNEICIlU\)W'lfUUEIllaj 1 llUSUC’I F'IDWUﬁUHl:hﬂ“lSW-C'UU'lS‘-'UUIFISOH‘S-'I\JW‘-U_Q'IUSDOg-UU'IUUUC:ﬂWW"I

B . 5 o 3 o - ANW. usNEdasIFTWWTA Low Priority TastRDnatvAUldAvuci&ouuau 2564
- Duduamusads=niwwhaisistuzludszinAlngdayaonaviAuveiugudlwwilng ru Wudulu Wus:oz0an 20

e . e = = — o o= = -  AAw. pgs:HOwpDAUS:MAISDVIUapUMsEnUlUdDvuDSUTUDUINIODIHUNY

3un 315ud1AU 2566 Do uduNVau 2,658 danlU UDU 9,339 HOUISD Wikh drHSulAsomsantsaussoIwi 8
CONFIDENTIAL & PROPRIETARY - msdaruwaawasunawaiHSusudgANUFzaINUARIBUSAIsamitisaus:=d

.




Council of

e Engineers

—— wudSMVAIsavlasy ——
guguatwwa (EV)
gosvus:=LnAa
awulsviy 30@30

Cl\‘)]U‘lNaClsn ZEV (Zero Emission Vehicle)
SﬂEJUCInUaDEJIJaWUIUUﬁUEJ ?KTQOEJ'I\)UOEJ 30%
yovNIswaazusudnvkualud A.A. 2030

aviasuniswaa
E SﬂDﬂSEJ"IUEJUCI 2 - ﬂf:'ﬁa
675,000 AU .

sagudlivnassnns:us savala:snussnn sl

725,000 AU 34,000 AU T @
”' uhKu‘\ﬂnﬁsaiwagun'\s?&mueud'l_ WA /
snon;;{uéjuo
650,000 AU
SﬂEJUCiLi\)IIa:SﬂﬂSiJ: b snﬁalla:snussn‘n
440,000 AU o (B 3 33,000 AU

y i, , > ; e e Ny A /
/ n’lﬁsﬂ\)lasua'ﬂ‘lU‘E);OUS:QEI‘I.LISUO'TWW‘I
b k ' Battery Swapping Station

VU Fast charge

12,000
KOVY18

i andduildsunuaiaas
dgrsusadnssusudiwwa

1,450 aonil

— w

uvrasnisdviasy ZEV.

nswasuTasvasiowuzu
sovsugugudlwwA

SMART BRI

n'\sdmasuaoa'mnssun'\s

n1sdviasu
waasusudiwinassudou

n1s?ua1uuuc1TWW1

Aouiasnismemé - %

walKIneiBuguniswaa 13U amdsadsglwwh nswasun

gusudlwwnadudou | & nasAuTEnG NAKWUNgNasHGoURIREdIovIE:
AghAty H n 7 R . dviasuinalulagaunsnnsa
: . S : soudvnIswaQIUAINDSIIUSUGTWEA
- : . ) naznstdualaosinaaluls:ana

s ntnouuleune
h f,”ﬂﬂ '&i\ii}([\!( ﬁ 8 UREUHLWAIITU
’ STATIONm k ASTVIS[SAIINWEIITILL

TI5C0

Insure

iuHtgIUHuU1e 30@30

EV3.5

masmsatuvayumsdonusunlwinh s::n 2 (wa. 2567 - 2570)

melut 2573

- 631 50 KWh - 20,000 - 50,000 anmduin CBU
I uIn/Au TuiiAiu 40%
Lifiu 2 FHuuin - Gousi 50 KWh Tutioo 2 Tusn
_ - dulu -30,000 - 100,000 4 >567.2568) AT
uIn/Au asswanie

2N 8% KD 2%

soeualWith

GG 2 Auun - f0s 50 KWh
ugillifiu 7 uun duly

- Gl 50 KWh - 50,000 - 100,000

Tutiiu 2 Hwwn 3ulu i

o o

sons:u:lwiih

{
- 60Us 3 KWh - 5,000 - 10,000

M ’ duly tﬁnfﬁu

{uifiu 150,000 LN

SOTNSEELIATWT

* [HIDUARYUMIUUS:INNUDVSD UAULIAUSVIUAADS MVT HUIEVIUAAEIT0D:HISIS WALIWMHUATAS UDUDAHUUMKU=EL

waulvuasnis

ua:v:unduanru:SouuRsSawoIsausiolU

FINHUUHWIU'ISJU

wuns:)u EV 3
a1u1smms:~u EV3.5ia

AoowaRsnoualWWoamwemsinddasidu 1 : 2 melul 2569
(Ui 1 Au wanuale 2 Au)
H3a9msIdou 1 : 3 melul 2570 (Ui 1 Au wanuawe 3 fAu)

@ savualwihdusSosu (CBU) Adnduasiwanluusanalne
2:rR0lASULIASTUWARATUNIIAAHNSSY (Uan.)
UA:AVW IUMSNAFDULIASTIURIULNAS TuaNavINAuenadau
ENUBUGIAETADUHOTIE (ATTRIC)

@ Soulomslduuamoduasududulumunasms EV 3

91W0BVANALTRWITISOU
Iasomsmuuiasms EV 3




Council of

e Engineers

China continuesits strong EV momentuminto H1 2023

Top ten EV market shares in H1 2023

Wl = o 215
w20 T resta 15
#3 @ Volkswagen 7
#4 & SAIC Motors 7
#5 = Geely s [ Worldwide EV sales by
#6 ... Stellantis 59% _ manufacture.r .and m_ajor markets H1
#7 taaee! Fopundal s 2023: 6.2 million units, 49% growth
8 may. BMW s« [
#3 o Mercedes-Benz 4% [N m BEV PHEV
#10 S5 GAC s% I

Others 26%

T 1
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@ canalys

T
{Thousands) o
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&
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BEVs sales share in ASEAN (%, 1Q2023)

Indonesia , 8.00%

Vietnam,  Singapore ,

6.80% 4.10%

Thailand, 78.70% Malaysia , 2.40%

Source: Counterpoint, Krungsri Research

Million
30 60%
26.6

25 50%

20 40%

15 30%

10 20%

5 3.2 10%
07 1.1 2_0 22 l

o == E= W [ 0%
2016 2021 2016 2021 2026

EChina WEurope mUS mJapan ECanada ®S. Korea ®Southeast Asia WAustralia ®India ®mRest of World ®Global

Source: BloombergNEF. Note: Europe includes the EU, the UK and EFTA countries. EV includes BEVs and PHEVSs.
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www.autolifethailand.tv

uaul BYD Atto 3
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754 AU

Deepal SO7  Aion Y Plus  Tesla Model 3
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NETA V
437 AU

MG 4 Electric  BYD Seal ORA Good Cat Molvo EX30  Volvo EC40  MGEP  GWM ORA 07 TeslaMbdel Y Aion ES
425 Al 249 AL 238 AU 120 Al 111 Al 105 fiU 103 Al 97 Al 90 AU
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2020
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SEp. I 11196

| 520 Number of Public EV Charging Points vs BEV Registration Ratio in 2019 - Sep 2024
11,716

1 :1000
§1,9/8
m2,/72
N2

Public Charging Outlets : Passenger BEV Registration
Ratio =12.91:1 (EV/EVSE)

Note: China EV (LDVs) / EVSE ratio 8:1 in 2023 (source: iea.org)

(DC =5,611, AC = 5,585
0 20,000 40,000 60,000 80,000 100,000 120,000
u ACC Charging Connector m ACC BEV Car Registered

140,000
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EV User and Infrastructure Ratios

50.00
45.00
336
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25.00 2538

20.00

15.00

f&ﬂgn,,.<=cri@ 1291

—

10.00

5.00 T
]

S

— 237
0.00
2020 2021 2022 2023 2024

=@=FV/Station ==@=FV/AC Connector ==@=FEV/DCConnector ===EV/EVSE ===kW/EV

Electric Vehicle Association of Thailand

EV User and Infrastructure Ratio in Thailand @Sep 2024

Number of electric light-duty vehicles per public charging point and kilowatt per
electric light-duty vehicle, 2023

kW of pubsc charging par alectric LDV
T 8 ] 10

=
(%]
(%]
=
[
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New Zaaland
Australia

Thailand
Nonwary
Indonesia
Canada
lcaland
United Kingdom
Uniled States
Garmany

Braail

Mexico
Portugal
Danmars
Swilzarand
Firtand

Poland

Jagan

Swedun

Spain

India

France
Europaan Union
South Africa
Belgium

Warld

Iady

China

Groace

Chila
Matherands
Korea

S

=3
=
=
8
8

80 70 an ] 100
Mumber of slectric LOVs per charging point

BEVIEVSE (botiom axis) WEWEV (fop axis)

Source: IEA Global EV Outlook 2024
Kilowatts per EV are estimated assuming 11 kW for slow and 50 KW for fa
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Source: Department of Land Transport, EVAT

THAILAND ELECTRIC VEHICLE

=

LECTHIC VERICLE ASSOGIATION OF TRAIARD

asyanmumsad eusudiwwiing Somiau 2567
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New Number of xEV Registration Between 2020-2024
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X : 1 n.703
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zoss o s I [
. N s [ |

2020 2021 2022 2023 2024

WPHEV 1 HEV BEV 31 August 2024

Accumulated Number of xEV Registration Between 2020-2024
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450000 I
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ss00m0
300000 |
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150,000 1058
52978 60428
soo0 nug | A, .
X sz =N
o mmess mar N
e e e 31 August 2026

Q

by Electric Vehicle Association of Thailand

New Number of xEV Registration in 2024

Swousugudiwwiiivansbeulsy

1January - 31 August 2024
“31an 2567

6,576 94,794 68,960

™ Cor (6,576) ™ Car (94,406) M Car (50,144)
snaud snaud snoud
M Motorcycle (18,138)

" Motorcycle (0) M Motorcycle (388)

sndnseuEuc sndnseuBuG sndnseuBUG
| Tuk Tuk (0) ! Tuk Tuk (0) ! Tuk Tuk (136)
SN SnaWa> snanuad
¥ us (0) B Bus (0) W Bus (237)
snlngans snlngans snlngans.
B Truck (0) B Truck (0) W Truck (305)
snussnn snussnn snussnn

Accumulated Number of xEV Registration in 2024

Swdusnusudiwwiazay

As of 31 August 2024
2567

60,428 437,50 200,128

™ cor (60,428) M Cor (428,224) 1 Car (139,847)

sneuc sneud snoud

M Motorcycle (0) M Motorcycle (9,278) M Motorcycle (55,998)
sndnseuau sndnseusud snaNseuEuUa
Tuk Tuk (0) | Tuk Tuk (0) Tuk Tuk (1,019)
snanudd snawa snaud

¥ Bus (0) M Bus (2) W Bus (2,654)
snlogans snlngans snlogans

W Truck (0) W Truck (0) W Truck (610)
snussnn snussnn snussnn

Source: Dep
f‘lﬂ: AsuMsVUEIMOUN

Approximately 3,175 Stations (s of 30 sune 2024
Us:uiau 3,175 UKD (30 Dausu 2567)

Charging Connector Ratios

O Public EV Charging Points in Thailand @Sep 2024
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50%
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uudaamsadunis EV Integration @ 9093

i i S I Fast Charge % Battery Swapping
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CERTIFIED

International Testing Standards

« Develop and Collaboration for International Testing Standards to enhance testing standards to
international levels, aiming for domestic institutions to certify standards for locally produced cars

UN Regula’rion International Organization International Elecirotechnical
for Standardization (ISO) Commission (IEC)
v UNR94 : UN Regulation No. 94 v ISO 17409: Safety requirements for EV charging v IEfC |606’f'4-1|:’Rel?T$S to ’rh? e‘vcljlgoﬂon
T i of electrical insulation materials in
Occupant Protection in Frontal Collisions v ISO 6469-3: Specifies safety high-voltage systemms.
, requirements for high-voltage electrical
v UNR95 : UN Regt-chTl‘OH No. 95 - SYSTemS in EV v IEC 61851-1: SpeCifieS
Occupant Protection in Lateral Collisions v ISO 19453-6: Defines environmental conditions requirements for electric vehicle
and testing for EV traction battery packs charging equipment.

v UNR100 : UN Regulation No. 100 . .
Construction and Safety of Electric Underwriters Laboratories (UL)

v 2 i
SewERTelE IEC 62619 : testing the safety of

v UL 1642: standard requirements cover both energy storage batteries
primary and secondary lithium battery cells
UNR136 : UN Regulation No. 136 used in the application of electronic v IEC 62660-2: Reliability and abuse
tric Motorcycle Power Train Safety products

for automotive lithium-ion batteg
v UL 2580: safety standard for reducing the risk
of fire, explosion, and electrical hazards.

lautoregs.com/rules2show=unr , https://trends.directindustry.com/guangdong-bell-experiment-equipment-co-ltd/project-216241-1124417 .html
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EA Anywhere
Elex by EGAT
EV Station PluZ
Evolt

G-Charge
HAUP

MEA EV

MG Supercharge
onion

PEA Volta
Photon

Rever Sharger

Tesla

1 (Awas TOU)

1w (Jiaasdnd)

On-Peak Off-Peak
(LIN/MAUY)  (UINHAUEY)

7.5 7.5
7.29 7.29
7.5 7.5
7.7 6.0
8-10
7.7 7.7
7.5 7.5
7.5 6.5
9.5 9.5
6.9-8.38 53-6.6
7.4 5.9
7.5-9 7.5-9
10.1 10.1
5.7983 2.6369
443 - 5.68

AC

80/hr

Wilaw DC

70/hr

Wilaw DC

60/hr

50-60/hr

St
MBSO EV

WIKUSNISantBIS$O =

= A (=, ALT=ZRVIM
2YTLTA_ Ele H .. R CHARGE )
o GWM D e = %

EVOLT HAUP

WAELAG
1.:9mv89thunnardedureiies iswe FT Lm:mﬁyadnﬁh

29193 lu3uii 15 unmaw 2567 iueilUnng Uan. szvgimangisiu On-Peak : 7.7 Un uas Off-Peak 6.0 1M
3w g AL IxiTauenaansn s luainy ReverSharger, Evolt 1% %

4.0n-Peak : 9.00 - 22.00 %. 9UN3 — N3, Off-Peak: 22.00 — 9.00 TUNF-AN37131813 817iaLusz Tungaauyiiu TOU
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Electric Vehicle Ecosystem

/eMobiIity Service\ é
Provider (eMSP) .{@‘ <

APP . S
| ) 1 o, B

.
[aoap)
i a2 Electric Vehicle (EV) ) \_ %’ %’ /

eRoaming

Operator I
=
F————— N \ / / Energy \
Distributors
i I Grid to Vehicle (G2V) /

Vehicle to Grid (V2G) E

T Charging Points @ R\ )
— | BIEE R\ .

a Energy Suppliers )

Energy Service Providers

4 Charging Point )
Operator (CPO) -

uoynguysi( °g uoypiauas) Abiaug
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. msﬂﬁqu,wmma’?uuuaflﬁ’ﬂé"sﬁfl (Conductive Charging) 1. Charging modes
" On-board Charger (Slow or Normal Charging) AC Mode 2 1.8 - 3.7 kW
" Off-board Charger (Fast Charging) Mode 3 7.4 - 22 kW
DC Moded 25350 kW |

AC Charging ff | > DC Charging
I T 2. Onboard charger capacity
2 l L AC to DC 3.7 -22 kW
J ontears e B Crargnd 3. Battery capacity

Charger || Station

tﬂJij 3 11DC 30 - 90 kWh
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0N, 2749 13U 2 J

AC Charging (IEC 62196-2) [ AC Charging J L"55., - -0
oo

Used In

Connector

W@

Max. current & voltage 1 phase: 32A, 250V 1 phase : 70 A, 250 V
3 phase : 63A,480V

Vehicle inlet
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gun vehicle connectors & Inlets

o . 2749 oy 3
' DC Charging o 2749 i3

DC Charging (IEC 62196-3) ~lloel)
AA BB Combined Charging System (CCS)

(CHAdeMO) (GB/T) o
-
200 A, 1000 V

Max. current 200 A, 600 V 250 A, 750 V 200 A, 600V
& voltage

Originated

Connector

Vehicle inlet
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Summary of Battery Electric Vehicle Models in Thailand
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N p—— vansanzidou sauuatWin100% Tu'lny
1 BYD Atto3 1p 1,040 2,068 2434 1743 2,025 9,310 | 396
2 NETAV 1p 555 1,254 693 564 686 3,752 | 156
3 Tesla Model Y 3P 25 534 1,034 391 84D 2,824 | 117
: 4 MG 4 Electric 107 318 447 271 407 1,550 | 64
New BEV in 5 ORA Good Cat %E 494 282 214 92 430 1,512 | 6.0
6 MGEP 1p 175 3% 306 275 346 1,458 | 05
i 7 Tesla Model 3 3P 7 175 488 143 232 1,045 | 6.3
Thailand 8 MGZSEV 1P 372 241 155 105 145 1,018 | 42
9 Volvo XC40 EV 78 76 121 66 98 439 | 43
May 2023 10 Veivo C40 46 I3 115 58 75 334 | 18
11 BMW iX3 31 42 64 37 42 216 | 14
12 BMW i 3 20 47 21 38 129 | 09
13 MGES 0 0 0 3 119 122 | 05
Charger at Home 14 MINI Electric Cooper SE 32 23 26 11 20 112 | 05
15 Porsche Taycan 14 22 20 19 26 101 | 04
16 BYD M3 /T3 23 8 2 1 2 36 0.1
17 BMW i7 0 11 5 5 8 33 0
L 11 kW 3Ph. JL <23% J 18 Nissan Leaf 5 6 ¢ 0 3 20 | o1
19 Mercedes EQS 3 0 10 3 6 22 0.1
20 Audi e-tron 2 1 6 3 0 12 0.0
[ 7 kW 1Ph. ][ >T77% ] 21 Toyata bZ4X 0 5 2 4 1 12 | 005
22 BMW i4 3 1 3 3 1 11 | 0.05
23 Audi e-tron GT 1 4 2 0 2 9 0.03
@ 24 DFSK EC36 0 7 0 0 0 7 0.04
25 Ford Mustang Mach-e 0 2 1 2 0 5 0.02
26 BYD e6 1 1 2 0 0 4 0.02
27 ChangAn Lumin 0 1 1 0 0 2 0.01
[ Phase Unbalance Problem ] S s i 5 > - 5 3 4
29 Mercedes EQE 0 0 1 0 1 2 0.01
30 DFSK EVO-P3 0 0 0 1 1 2 0.00
31 Tesla Model X 0 0 1 0 0 1 0.01
32 Homida Pickman 0 o 1 0 0 1 0.00
33 BYD Dolphin 0 1 0 0 0 1 0.01
34 Honda e-Advance 0 0 0 0 1 1 0.00
35 Hyundai ionig ev 0 0 0 0 1 1 0.00
36 Lexus UX300e 0 0 0 0 1 1 0.00
TOTAL 3,017 5497 6212 3,822 5,559 ,106 | 100.0
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CHARGING D0 K
TIME — i§
[ 50kW |
VX
S 6h 1h 38 min 22 min
©1B kWh©
® @ 13 h 20 min 3 h 38 min 48 min
40 kWh
e\ . |
33 h 20 min 5h 5 min 2h
©
battery size =+ charging speed = time to charge A4 g i == : -
stimated time on guaranteed formula from 0% to B0% recharge
40kWh 7kw S hours
2018 Nissan LEAF home charger charging time
e 8.29 kWh (20% Batt. Capacity)
& | 1 hrfor 22 kW AC Normal Charge -
N 0.16 kWh/km ] 10 min for 50 kW DC fast charge

© Max Distance: 241 km 50 km P

N
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Secondary Actors
Service i
Providers
" Q Spot
I\ ] ¥ P Operators
Electric Vehicle [ | Charge Spot
EVCC SECC
Intertace | <> |Intertace | Sendce |interface imerface | SA Servics Impl.
Service Impl, g,
¥ :LHT-F-F - ———-l-—-u-uh"
"\ IEC 62196-1 % A . N "
IEC 62196-2 / Frontend Comm. \ s, Backend Comm. \
IEC 62196-3 o Sa
’.l-.-....---.-.--- .--‘.‘
IEC 61851-2 i/ IN scope of ISO/IEC 15118: | [  IN scope of ISO/IEC 15118:
IEC 6185121 |EC 619801 IEC 61851-22 e ea0n Complete technical ! Specification of trustworthy End-lo- 1 | NOT in scope of ISO/IEC 15118:
IEC 61980-3 IEC 60529 specification for Front-End 1 End (EV to Backend) Data Sets, ! Backend Communication
IEC 61851-24 IEC G0364-T-T22 Communication Inlerface 1 e.g Auth. Credentials, Tariffs, - Interfacas o Secondary Actors
IEC 61980-2 IS0 6469-3 between EVCC and SECC | Schedules etc ) ;

IS0 17409 - e e Y




Council of lllustration of charging sequence witha i) @ DAIMLER @ @
e Engineers simplified architecture on system level ~ ~- momscre

The charging sequence and its related system activities are specified in a detailed but highly
compressed manner in IEC 61851-23, Annex CC.

61851-23 © IEC:201X -62 - 61851-23 © CEI:201X
Stage: |Di Initialization Isolation Check & Pre-Charge #.":32’,
State A, . e
Control Pilot State B Table CC.3 - Sequence description for Normal Start Up
Cl
(CP 1. 5 x.{a:.} State C or D —
™ 'é' e
EVSiaus | Not Ready ;w} :| Ready (t0) + Vehicle connector is plugged into vehicle inlet which changes CP state from A to B.
1 1 (t0 = t1) | « High level communication (PLC) starts and handshaking with exchange of charging
Connedor | [ T
Lock Unlocked | | | \lLocked " 4 = parameters takes place.
\solafion ] ] = L e D.C. supply checks if d.c. output voltage is less than 60 V and terminates supply
o | Invalid ) T Valid L .
Stalus | | | Vvah session if 60 V is exceeded.
[ Tl A | (t1) + EV sends its maximum limits (amongst other parameters) for d.c. supply output current
DCSupply | NotReady| I Isolatign | Ready )
o y ot Ready | 1 Monitoring/Active ),- B ® and voltage with <3a>.
- / | « EV locks vehicle connector in its inlet
- : ‘ (t1 = t2) .
Ref: Design Guide for Combined Charging 06 Oupet . ' DE Supply “gLﬂi" ; / ¢ Maximum values of the dc supplyrare r§sponded to the EV with <3b>7. ,
System Combined Charging System Edited by Voltage DC Eupply ':‘:’::Q:J’“"’" | 'B%ET’;E: cﬂlﬂf‘s i o “:o‘“”"m’“"" * D.C. supply can check internal isolation as long as no voltage is applied to the
(54 voitage on cable) ANERR State itorfng connector.
Matthias Kubel — 1 . ) ) )
BC Voliage | - 1 « |f EV and d.c. supply are not compatible, then the vehicle will not go to Ready, and will
Request Signal | | ! | transition to step t16 in the normal shutdown sequence.
S i l @ f (t2) « EV changes CP state from B to C/D by closing S2 and sets EV status “Ready”, which
Joltage Limit | | ! | ends initialization phase.
Vehicle L . ] . : .
lolton I Vehice Isolation Monioring Active o5 N /I / (t2-213) 'I:Ec\)/nﬂrr(-:::;sts cable and isolation check by <4a> after connector lock has been
L0110 T e A—— T 's .
T Al
EV ; ; ! : i nlati ; : :
p— : ! '\/ Closed . bD,C;’upply starts checking HV system isolation and continuously reports isolation state
device ] ~2 y <4Db>.
: B - - - - -
ReadyTochage  Foica ! -]qu — (t3) « D.C. supply determines that isolation resistance of system is above 100 kQ (cf. CC.5.1).
State : : : (t3>t4) |« After having successfully finished the isolation check, d.c. supply indicates status
DC Current | | | "Valid” with subsequent message <4b>
Request Signal I =
| | | / (t4) « DN C supply status changes ta “Ready” with Cahle Check Respanse <4h>
: ent Limft | | 0A 3 [_<2A_ (t5) « Start of pre-charge phase with EV sending Pre-Charge Request <5a>, which contains
E ' {7 = both requested DC current <2A (maximum inrush current acc. to CC.6.2) and requested
| | i DC voltage.
DC Oulpet 2 [ oA ! (t5316) i ile limiti
Current | | 1 s + D.C.supply adapts d.c. output voltage to requested value in <5a> while limiting current to
maximum value of 2 A (maximum inrush current according to CC.6.2)

» To make the IEC 61851-23 standard description easier to understand, the following pages provide a step-by-
step insight into the charging sequences by applying a simplified system architecture.
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EV Standard Connector

10A

18A 30A DC Charging - fault
F - p— — — p— E V
- — - - LR R i L - - - - RN N D . ... —12V
- 4 — o4 — -+ o+
16% 30% 50% 90%
— =
fumia ninn
@ | ywiemuiusznharaoud hihdvuasiiohiih
N | yadeiimseaszviisosud lihduuiaas e lilih b e 1 oLug  SUPPLY EQUIPMENT
1 —
' o - ' o v ) ' 1Y
1 yagous @y Wihnsuaady @) 32vi13300ud llihdundaieg Tvih A !
: : 77 Y ! \ I 7
A5 Uda 1M a3 (Pilot Circuir) o' \
: : _ |
Janaimeeay wiolfiilugadudaludyaadeds (Barth for Pilot Circuit) QN '
= o Jeig oy o= ' 2 & s ¥ C :
e | duaiadildasnasuh imsdenaumawesiiamsm iz udd 1 '
- = - \ D (e t
D1 | aeilelaashmimilesiunszualvadhgrninsdoms (2 i
\J 1
I T I 1
D2 | weslelaaihmimilesdunszualnadaunduininasmidanie g;’;';:f“" L3 |
o 9 o 12 ma A 2 & / R [
R saemunieluddan fiar L nlalerin 2 ad /<« :
T . n / D1 1
11 | wleudashlihiaaszdunssduainunaaiie i wield ludyonamsdeds VN !
" 2 R To eWectronicr' dV |
El | 2vsudaassdudullfhnszuaas e mielFludyanamsdods control unit: T« !
. 4 - - - - v \ Onioff O I'.
Mi | 1v3asaeda tlemugun’eastedeumamnanuialng Tuvmzanilizg \  Charger |, — 1
& = I B [ ] Yo o & ([optlon} hi i e
cl | reuumsawes fazlddarSedeundanio iio laTusmdanin M1
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Level 1 Level 2 DC Fast Charging
Connector Type: J]1772 connector J1772 connector CCS connector @
CHAdeMO connector

Tesla connector

Typical Power Output 1 kW 7 kW -19 kW _ 50 - 350 kW
Estimated PHEV Charge |5-6 hours 1-2hours N/A

Time from Empty

Estimated BEV Charge 40 - 50 hours 4 -10 hours 20 minutes - 1 hours

Time from Empty:

Estimated Electric Range | 2 - 5 miles 10 - 20 miles 180 - 240 miles
per Hour of Charging

Typical Locations Home Home, Workplace, Public
and Public
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Level 1 Level 2 DC Fast Charging

Connector Type: J1772 connector | J1772 connector CCS connector @
CHAdeMO connector
Tesla connector .@

Typical Power Qutput TkW 7kW-19 kW _ 50 - 350 kW

Estimated PHEV Charge | 5- 6 hours 1-2hours N/A

Time from Empty

Estimated BEV Charge 40 - 50 hours 4 -10 hours 20 minutes - 1hour:

Time from Empty:

Estimated Electric Range | 2 - 5 miles 10 - 20 miles 180 - 240 miles

per Hour of Charging

Typical Locations Home Home, Workplace, | Public

and Public

AC

SAEJI??Z & IEC 62196-2

DC

(AC+DC)

PP cp
DC+ DC- DC+ DC-
CCS Combo 1 CCS Combo 2
SAE J1772 & IEC 62196-2 IEC 62196-2

Aux+
CAN-H/L
cc1, cc2

cs

DC+
bcp
GND

Overview of EV charging plugs

N. America EU

and the rest of markets

D @

Type 1

PE
L2/N L1

Type 2 (Mennekes)
IEC 62196-2

2023
Japan

L2/N L1

PE

Type 1
SAE 71772 & IEC 62196

NC GND
pce 581
DC+ DC-

D CAN-H
CANL A

CHAdeMO 2.0

PE
DC+ DC-

CAN-H anp ss2 SST

Chaoli 2)
CHAdeMO 3.0

Auxiliary Power Supply Positive and Negative L1, L2, L3
Controller Area Network High and Low N
Connection Confirmation NC
Control Pilot PD
Connection Switch PE

DC Positive and Negative Inputs PP
Charging Enable or Disable 551, 552
Ground SWCAN

China Tesla
in certain markets
o T oce
N L1
L3 L2
LN Ll
GB/T AC o
GB/T 20234.2 per
PP (SZPI
NG
ccl o ce2 FE .
. AN Tesla (Supercharger)
DC+ DC- (Proprietary protocol)
Aux+ Aux-
PE
L2/N LI
GB/T DC e .
GB/T 20234.3
PP cp
PE PE
DC+ pc. INACS (75-0023666)
(CCS protocol)
CANH (Nt cc2 9!
ChaolJi (1)
GB/T Chaoli

AC Phase Lines 1,2,3

Neutral

Not Connected

Proximity Detection

Protected Earth

Proximity Pilot

Start / Stop

Single Wire Controller Area Network
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AC pin
(neutral)

AC pin

(phase 1)

Earth pin \0

(phase 2) (phase 3)

CCS2 pin layout Type 2 plug pin layout
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CHAdeMO DC Charger

Ground

Not Used

Charging
Enable/ Disable
DC Power (+)

Charger
Start/ stop

DC Power (-)

Connection Check

CAN (L) CAN (W)

Charger
Start/Stop

CHAdeMO DC Charger Inlet

W Ve

- GEEH

ELE s
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MCS launch at EVS35 event, June ‘22

Level 2 Level 3
1000 A 3000 A
Level 1 f
350 A \\ Liquid cooled ]
AN
AN
AN
AN
CCS
Up to 450 kW
AC
L1/L2
Up to 22 kW

Future proof — One Connector Approach

Interoperability with CCS

Made primarily for long-haul e-trucks

Source: Hitachi Energy

Megawatt Charging
System (MCS)

mMCS
Combined Charging o0

System (CCS)

CCS1 CCs2

() (n) N0
AC (L1/L2) ‘@l’@g@

Type 1 Type 2

Alignment of global requirements at CharIN
Preparation of standardization at IEC
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Use cases

Single home Apartment, hotel & Commercial fleet Public commercial Fast-charging

I lfl 12

Bus charging

.‘

.i ,‘,«

Industrial fleet

f108719LATD é“@ﬂi:ﬁgvlvmﬂuﬂﬁ]a;ﬂ“u

Heavy-duty
truck charging

residential charging workplace destination parking roadside stations
charging
Charging products
- |
3 ' ‘ Terra High
Terra " TerraNova 1l Terra | . F.’ower
AC wallbox i (bi-directional) DC wallbox Terra 124 Terra HVC Terra 184 (liquid cooled)
3-22 kW 11 kW 20-25 kW 60-120 kW 50-180 kW 90-180 kW 175-350 kW

&

Terra 360
(liquid cooled)
180-360 kW

Pantograph
(panto up,
panto down,
connectors)
150-600 kW

To come in 2024

charger
up to 3 MW

'&n: https://abb.com
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INFOGRAPHIC | Terra 184 Charger

CONNECTED 24/7/365 remote monitoring
and diagnostic, receiving updates over-the-
air to support every new EV on the road

LCD touchscreen with high
brightness and graphical
visualization of the
charging process

SAFETY: Emergency
stop push button to
immediately stop
charging operation

GREATER revenue
potential with
simultaneous charging
forup to 3 electric
vehicles, with CCS,
CHAdeMO, and AC plug
combinations

UPGRADABLE power modules to support
increasing demand for EVs and increasing
battery ranges

ROBUST all-weather
powder-coated

. stainless steel
enclosure

CONVENIENCE and
hassle-free reach
for drivers with
retractable cable
management option
EASY installation
thanks to the
improved design

allows to connect
and start-up the
charger in less
than 2 hours

Rl ANGELN é’@ﬂi@‘lﬂﬂ'ﬂuﬂ%ﬁu

Long cable reach
thanks to the long charge
cable with retraction system

4G connection

for remote updates

and for integration with

back-end applications L.

Improved visibility ——e
in dark parking areas

with LED strips and
top light

Light and flexible
500 A liquid cooled
CCS cable for easy
handling

Al

Customizable

15" touchsreen and
payment terminal to
improve user experience

Future proof
due to wide output voltage
range of 150 -920 V DC,
supporting todays and
next generation EVs

Single or dual outlet
CCS and CHAdeMO
connectors to serve
the widest range

of EVs

Compact charge post

to optimize space around

the vehicle
Silent and powerful
cooler for 500 A charging
at low noise levels

No exposed hardware ensuring
safe and vandalism-proof
design, suitable for installation
in public locations

LY

Integrated isolation transformer
eliminates the need for installing
costly additional equipment and

ensures the electric vehicle is

protected from any short circuit

event that occurs on another
electric vehicle or on the grid

3 x 58 KW redundant power
modules for high reliability.
High voltage charging up to
920 V DC for next generation
of electric vehicles, including
trucks and buses

DC connection to power
cabinets with Dynamic
DC power sharing and
site power management
options

AUTOMATIC authentication by plugging-in the CCS connector
in the vehicle thanks to the Autocharge function

ﬁm: https://abb.com




Modular design of the charging system increases the availability of
H the system and decreases the overall downtime
Council of 4 v Wt
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> 200 kW -

O
T I

STANDARD FEATURES
Two output voltage options:

- 500 vDC
- 800 VDC

Output power options:

» 40 kW from 1 charging connector
= 20 kW from 2 charging connectors

Input connection from 32A or 63A socket Wireless software upddates

1 or 2 charging connectors
Support for CCS2 and CCSI standards
Option for simultaneous dual charging

Cloud connectivity
5 or 7 meter DC charging cable
Environmental protection for harsh outdoor conditions

LA L8R
O

7" touchscreen Robust wheels and chassis

Location: Gothenburg, Sweden
Partner: Wennstrom

End customer: Keolis

Date: 2022

Number of stations: 70

Movable Charger
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Technical specification Technical specification

Terra 184 Terra 124
Product information
Charging type DC fast charging and AC type-2 charging DC fast charging and AC type-2 charging
Qutlet options C: CCS cable, J: CHAdeMO cable, C: CCS cable, J: CHAdeMO cable, Terra 184 Terra 124
T: AC Type-2 socket T: AC Type-2 socket - - - - -
Input AC power rating C,CC,C3: 280 A, 192 KVA @ 50Hz C,CC, C3: 187 A, 128 VA @ 50Hz Multilanguage system EngITsh. Itahanf Spanish, Germany and more than 50 languages available and new languages
CCT/CIT: 310 A, 214 kVA @ 50Hz CCT/CIT: 217 A, 150 kVA @ 50Hz conﬁgurable via ABB Web Tool
General characteristics
Input voltage range 400 VAC +/- 10% (50 Hz or 60 Hz) - CE Version, 480 VAC or 270 VAC +/- 10% (50 Hz or 60 Hz) - UL Version IP and IK rating IP-54 and IK-10 (cabinet) / IK-8 (touchscreen)
DC output power rating (max) 180 kw 120 kw Enclosure type Stainless steel 430 and Aluminium
AC output power rating (optional) 22 kW 22 kw Operational altitude Up to 2000 m Up to 2000m
DC output voltage 150-920 vdc 150-920 vdc Operating temperature range -35°Cto +55°C -35°Cto +55°C
Number of EV served ﬁz tg : EEETC?;JT;::EISS)) ﬁz :2 g EEETCSJ;JT;:)Z?ISS)) Starage temperature range -40°Cto +70°C -40°C to #70°C
Up to 1 (C models) Up to 1 (C models) Humidity 20-95 % Rh non-condensing 20-95 % Rh non-condensing
Cable length 39m 39m Mounting Free-standing cabinet Free-standing cabinet
Optional: 60 m /8.0m Optional: 6.0m /8.0m Dimensions (HxW x D) 1900 x 565 x 880 mm 1900 x 565 x 880 mm
CCS cables maximum current Standard: 200 A Standard: 200 A
High current: 400 A (peak), 300 A (nominal) High current: 400 A (peak), 300 A (nominal) Mass 395 kg 365 kg
CHAdeMO cables maximum current 200 A, 125 A (Optional) 200 A, 125 A (Optional) Certification and standards
Electro-Magnetic Compatibility Class A (optional Class B) conducted and Class A (optional Class B) radiated emissions according to EN 61000-6- Charging system IEC 61851-1 ed 3, IEC 61851-21-2 ed 1, IEC 61851-23 ed 1, |IEC 61851-24 ed 1, IEC 62196-2, IEC 62196-3, IEC 61000
3:2007 Communication to the EV DIN 70121, I1SO/IEC 15118 series ed 1 with PnC and EIM, CHAdeMO 1.2
Network type TN-S, TN-C, TH-C-5, TT (Requires external RCD) TN-S, TN-C, TN-C-5, TT (Requires external RCD) Communication to the backend OCPP 1.6 JSON
Connector types 3p+N+PE 3P+ N +PE Safety Risk assessment, Fire analysis
Protection Overcurrent, overvoltage, underveltage, ground fault including DC leakage protection, integrated surge protection Warranty Base warranty 24 months after Site Acceptance Test or 30 months after factory delivery. Warranty extensions available
Overvoltage category Typell Typell
Power factor (full load) >0.96 >0.96
THDi <4.5% <4.5%
Efficiency > 95% (peak) >95% (peak)
Standby power sow sow
Short circuit current 10kA 10kA
Pre- charge current <1A <1A
Inrush current <100A <100 A
Leakage current 0.8 mA 0.8 mA
Energy metering Optional: MID metering for AC and DC outlets
Optional: Eichrecht/PTB compliant metering solution for AC and DC outlets
Cellular communication GSM /4G /LTE GSM /4G /LTE
User interface
Connectivity Internet access via 4G / 3G / Ethernet (R145) Internet access via 4G / 3G / Ethernet (R145)
User authentication App, IS0 15118 Plug'n'Charge, RFID, PIN code App, 1SO 15118 Plug'n'Charge, RFID, PIN code
User interface 7" LCD high-contrast touchscreen 7" LCD high-contrast touchscreen
Communication protocols QCPP1.5/1.6/2.0and OPC-UA QCPP1.5/1.6/2.0and OPC-UA
RFID Reader 1SO 14443 A + B to part 4 and ISO/IEC 15693, Mifare, NFC, Calypso, Ultralight, PayPass, HID; and more
Emergency button Yes. The button can be removed with a retrofit kit.
Configuration o
Software update over-the-air updates via ABB web portal, OCPP 1.6 na": https://abb.com

Control and configuration ABB web portal, on-board Service Portal, OCPP 1.6, OPC-UA
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Power Modules and Dynamic Charge

10 x 5 = 50 kW

Installed power module

Slot available for upgrade

30 x 6 = 180 kW

I
I

® Based on 10 kW

power modules

® Based on new 30 kw power

modules

fan; https://abb.com
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Dynamic Load Management

120
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4 x
30 kW power modules
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Kempower s fast charging solution

Chargers distribute

power dynamically, EV getting
allowing multiple the max capacity
vehicles to be of kWs

charged at

optimum power,
maximizing power
utilization

< 400 kW power module delivers 390 kW of charging power, 10 kW of unused power EV getting less kWs

than max capacity

Traditional fast charging solution O
Charging capacity is

low. Buses do not get EV's reserve
2 P the power they want more power
) D and there is low than they are able
utilization of grid to use
= -

power.

= 315 kW of charging power delivered from three 150 kW power modules (450 kW total), 135 kW of unused power

nan: https://Kempower.com
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Large Scale Charging EV Infrastructure

f
HITACHI

Source: Hitachi Energy




EOU”CL' of Large Scale Charging EV Infrastructure
® CNgineers Centralized Charging System

Footprint (chargers, distribution,
wiring, etc.)

Time, cost and risks (Civil work, g E

A paradigm shift is required...

project management, managing ) pe Il LV or V-
different vendors & contractors) [ ﬁ == AC bC DG
LV-AC = ~ b

DC

Future expandability & power

|
IS
i
|
] |
|

upgrades
- agm — DC i_ . [m) a
Reliability [z JL1h o
Maintainability ! - | —
Interoperability I_ . oG — :
4} & un DD

Integration with the grid & DER —
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Topology
Single AC/DC units AC/DC bulk conversion
| qib
@ VA
AC/DC cabinet DC/DC racks
* X % * % * 1 1 1 1 I
: ;‘;;‘;-E‘; L A A —— NNNNY‘\W‘W
N N N N KK T
M M M o d” IJIUIUIUIU EﬂNO k\h’ BB B O @
ﬂﬂﬂllll o, xoxH ﬂﬂll =

- Each charger has its own AC/DC
power converter cabinet fed from LV

DC/DC converters are withdrawable
racks to ease maintenance & scaleup

Direct connection to MV is up to 3 MW
transformer blocks for better efficiency

Only DC cabling to EV dispensers

Future-proofed for large scale with
reduced footprint & complexity

- For EV fleets requiring MV connection,
voltage needs to step down in LV

Large AC distribution board required

up to 60% up to 40%

Good approach for projects requiring space reduction less cabling required
ew fast chargers (pilot project)

Source: Hitachi Energy
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Grid limit

Alarm limit

Upper limit

External meter reading

\ Lower [imit
/k Charger output current

°7lla.l’1: https://abb.com
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A
c Boost Current
g
| -
S
O
| -
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©
“C-’ Nominal Current
c
S |
U v
>
| Time in boost (variable based on ambient condition)
Shutdown Threshold
Zz Y
o >
T Control threshold
O <«
5 o
9 o
c €
c o
O 4
(@)
>

CCS high power Charging #inn: https:/fabb.com
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Microwave

Transmitter
2.45GHz, 10kW
I

Microwave
Receiver (Rectenna)
<7kW, 80%

Battery Bhergy
Storage[SYstem
|-

— - —
op EE K5 o

ACIAC Converter

4 — 50/60Hz
™* Three-phase main
—e

Transmitter Pad -

Primary
Compensation

wireless < M Ly IRSE = i) s Inductive Power Transfer Microwave Power Transfer
charging pad AP TRE . P .
i * High Power & Efficiency * Long Range (Far-Field)
* Very Short Range * Lower Efficiency
* Heavy & Large * Uncertain Radiation Risk
AL @un.
Emitting Resc():zialting Receiving
- N S Magnetic Resonance Coupling
power || freacncy High Electricity * High Power & Efficiency
supply riiioer:ta:rt frsi:;g:y s;z\r:cg: O Short Range
- ncter * Lighter Weight

distance (] More Comp|eXity

Emitting system Receiving system
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EV battery-swap station

Customers Battery Swapping Station Electricity Market

Ay B2B

Transactions

Juasumsmvu
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2. UsalUgousiduduidasu

3. dulJaguuualaaswsauasdIvaouMENUECD €
4. uwdOKIDWWDLYIUYUANSIULDDLIESDEU
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1. UAdwsoalsonsimsoaus:n
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walulag (V2G)

VEHICLE-TO-GRID
The smart inte on of e ic vel EVENING
~ DISRUPTION
o Nhen it
ju
DAYTIME SOLAR POWER e he Nissar
During the day solar out peak
energy can be used to % f y o
power the home

STABILITY
GRID

HOUSEHOLD —
ELECTRICITY

POWER
TO THE
PECPLE

NIGHT
 A——
< AR BONAE D ) ost the grid
oL f L JVVE K . . -

GRID

MORE STABLE ENERGY During high peaks where energy is drawn from the
Liesiorenl! FOR ALL grid en masse, electric vehicles can give back power to
support the national infrastructure, stabilising the
amount of energy drawn collectively by using the car
MORE as a personal power station.
STABLE

ENERGY
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wialulag (V2H)

el e e e e et e e et e e e e e e e e e e e e e e e .

SOLAR ENERGY SYSTEM

"
a
Ll
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L]
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Umurmy
DATA CEMNTER

E Smart Sensor

E Smart Plug

ELETRIC CAR
CHARGER

E— . | ______. ‘,-f-‘_“ ) .
I # § - : EMC CIRCUIT = Internet Cormmunication
- F ' BREAKER - = ZigBee Communication
o ™ = e ] ermsaa - = Wiklax Communication
FPowear
I'QCIM E AFFPLIANCES
Saoftwans Communication

ELECTRIC YEHICLE

' v i " @ Y a &
Y30IN1339 U Home Energy Management System, HEMS Tdgruguglniuinaiuunasfiniiundeanuneia a1aldndu

ai a o ) ) o =
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Vehicle-to-Load, V2L

Vehicle-to-Home, V2H

* fianududautioy
o Idiaiiuuszandnmnsldndeaunieludiu
e Tderusamiu HEMS, ESS uaz RE 1ty PV
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00 ; woo e e e Power flow
ERER

Non-dispatchable
units such as solar,
wind power units, etc.

]
I
]
Storage units : /
' Q
(]
- 1 piin ———

1 :::’.__

i bt e

1

—
Central IT
control system Results
Dispatchable units \

such as CHP, biogas, /\
demand response, etc. _|_rL‘—|_

Information flow

————— *I

|

,

/
Ay e

N

A
v

Foracasts

=» Demand forecast
=» Supply forecast

=» Power price forecast

|

- ————p

| Optimized Qutput

msldeusudliihlugusuinamasnunseaegud
nssulvanvesngy EV Uszanu 500 Ay se93unisaenie 1-2 MW

PLUG IN YOUR CAR CHARGE BATTERY
to any charger safely and efficiently in V2G Mode

Ay | AT
2| ey | ) U D)

MAKE MONEY OR SAVE COSTS YOU'RE READY TO DRIVE
by providing power capacity by using stored energy from with the charge you set for the day
and sending energy back EV batteries to reduce building with advance trip planning using a
and forth to regulate the Grid energy peak consumption mobile fleet management app

wu9n13ld BV Tugiuy DERs Tusnausema vaausem Nuvve

=D
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Grid * Renewable
resources * Day

S P d

Grid during
evening

Vehicle
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ry .
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- “HdH a | Network s WO,
fa Grid-to- : Operator a o
Vehicle-Grid Bi-directiona Vehicle : e A »
(i seion Energy during day
System Flow : L [T
S B I ' Virtual Power
Energy Trading . Plant (VPP) -
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Why we need “Smart Charging” ?

A home’s demand (kW) with PV and EV

9.00 g )  Peak = 8.49 kW @20.45
Example p
8.00 ® 1 EV/home and travel 80 km/day ®* Home load 19 kWh/home/day
200 ® EV Charger 7.4 kW 1 phase ._® EV load 15 kWh/EV/day
® Plug at 19.00
6.00 b v
5.00
4.00
3.00
2.00  Peak = 1.12 kW @22.00
~ Bottom = 0.59 kW @9.15
1.00
~ Bottom = 0.14 KW @10.15-11.00 ——
0.00
§ R 8RR 8838 "8R3 8RE8EKS8RIERKRgREERSRAESR8RE8" 8K 8RI8R 838”88k KIS R
4833888833888 8558383g8z288409d00%30nggnng8l33a388AdARNYRR

Off-peak e=Normal Load === Added EVand Py~ On-peak Off-peak
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Distribution transformer demand (kW) for a village had EV in all home.

1400 ' O

Example =
X4'°—b f ; * Home load 19 kWh/home/day  Peak = 1,215 kW @20.00
¢ Distribution transformer 500 kVA

1200 SHIDHE * EV load 15 KWh/EV/day
® 198 townhome

1000
®* AWl home has EV and travel 80 km/day

800 - * BV Charger 7.4 kW 1 phase )

600

500

400

Peak = 450 kW @18.15-4.30

Peak = 222 kW @22.00

OO0 0000000000 dDOO0O0O00O0000000000O000O0O0O0O0O0O0OO o oo

oMo Mo Mmoo Mmoo Mmoo mgmoOo Mmoo Mmoo Mmoo Mmoo Mmoo Mmoo Mmoo Mmoo Mmoo Mmoo Mmoo m MmO M

MmggmmmkﬂhhmmrjhmaaﬂHNNMMﬂ'd’UﬁmmkﬂhhcﬂmmmGGHH o toon

Off-peak . On-peak ) Off-peak
P Home s | Jncontrolled EV Charging — s Controlled EV Charging
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Smart Charging

MEA CCC
(Charging
Control Center)

ad

= Overlo

_ = _nPower Limit| -- . Power Li -
10 = -
EV3| EVY EVS
i
EVY| EVS EVI

O T
8:00 10:00 12:00 8:00

T T
10:00 12:00

~N

[ Uncontrolled

J -

Controlled ]

https://ev.caltech.edu/index

monitor/control|
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MEA OSCP - API

Charging Power Management Server e Wrvasantuindan  nlw,  du

MEA Chareging Control Center

o WrvasanTivinEangusZnaun 58U
iy Operator : insasyrianwluaniil |
PFDUADHDEN TN Operator Server |
Tre nvky. a=A9E9E9RT Maximum |
Power ﬁuﬂﬂ‘ﬂﬂﬁuﬁjﬁ‘éﬂ’ﬁﬁ‘mlﬂ Tairvu |
Cperator il"lﬂ‘uu Operator LUTHT |
aanrsiadlimeluaniiinaly

©

[MEA OSCP Server]

OCPP 1.6JSON

¥ Internal Communication

W

A

[SOAP, OSCP ref.]

. Server IABATE J9ENAI0ALNL/AR

Operator : wiasrrdanmulugnil
azdnudainansiu  MEA OQCPP

. Aadlmvawasaavsala luiuil

% L) i i
L] L " J _er’\ k!

-‘"H-l_-ﬁ"'”_—-]“_ Es

monitoring & setting control

& E

notification summary
& map located & report
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Transformer Load Monitoring (TLM)
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= Low Priority System [Test v.2]
Data Display and Config Transformer Real-time Power (kW) Station Real-time Power (kW)
120 1]
Last TLM updated wll .
2020.08-20 22:19:45 [ AR B il e 80
P W ez [ v it g -
Last AP resp. : state: true schedule_id: 521 o [l et win C o) un
Station Budget : 80.85 kW or 115.85 A - B T T
Bl S TR v e
Active: 2020-08-29 22:20:22 - 2020-08-29 22:25:22 & 30
. ; @
Tr. Power Limit Tr. Current Limit
10
0 [
1421 1521 w21 17:21 w2 182 202 21 2N W 1521 21 T 1821 2 202 2121 zn
120.00 173.62 Transformer Real-time Current (A) Station Real-time Current (A)
' El = B i w0 & 140
120
Power Smrg ! o
B 55 E
80 s I nrsstiRaosenarmaldoulk
Current Setting ° 0 B realbivaanodiiaeg e A
40
&0 . rrzualvfhemmilamlszsy wa B
L s ) ol R PRRVITTR [PEERTS T ———
e B ouelvidta i © A ; tg
F3) 1521 L+ 172 1w 1921 202 nn un 2 %21 LF3 172 182 W 2021 221 Pl
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ﬁ% fp MEA OSCP
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vambiouarimiine [MEA TLM] ambanus:ATlwwh [MEA OSCP) =
7 -
EV charging demand
&7
e T Adaptive charging
Tramformer Load Monitoring (TLM)
Tnsadnes:uudnusATuivi Tnsades:uuanus:aluinh

(MEA DCPP) #9J Charge Point Operater U 9 = —

-m- Il ~ _
riaudamune i 1N,
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TLM : Transformer Load Monitoring
OSCP : Open Smart Charging Protocol

lhanduy
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Current (A)

First smart charging station @MEA Ploenchit station

Total Load

ME

A OSCP

MEA Adaptive Charging

s
EV charging demand

Meter loT or
Tramformer Load Monitoring (TLM)

-

DN

MEA Adaptive Smart Charging

- [ .. ]
. 1o}
e
Optimization
EV user demand

Optimization EV
charging schedule

&0 —

Charging schedule
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OVERVIEW

Plug Me EV Phase Il
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Plug Me EV Phase I
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EV Charging Solution
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MEA EV PLATFORM

"
:i Open Charge Point Protocol (OCPP)
N

Pow ontrol : Serial Commu n (1°C)
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) MEA EV PLATFORM

n Charge Point Protocol (OCPP)

------------------------------------
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Standard Protocol

Definitions:
EVSE: Electrical Vehicle Supply Equipment CI"_IEC':‘S;’;G :
CPO: Charge Point Operator W
eMSP: E-Mobility Service Provider (Billing)
DSO: Distribution System Operator

IEC/ISO 15118

EVSE OCPP

-~ -

BRE |EC 61850-90-8 ghalll

Kug ke WuWedtagvaiunsHundnmislyauagudiuuiniuu
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Charging station installer

Charging station maker

Inspection & Maintenance Services

YWolume seller

@""‘Dﬂ
'v.'-"q"

Public fac

Individual

Battery Swapping Station

EV/PHEY User

P

Company

Coming soon...

Smart Charging Station
(OSCP)

Energy Management Services

; MEA EV Application
& Charging Station Management

{(Advanced OCPP) h
Reserve NS el T i RARRE| | %
Start Stop i,
Powerar usage e ‘
Charging control menitoring & satting contrel Advanced Services Ele
- - . P—
User authentication - Laocation =\
natification SumMImany Tariffs .
& map located & repart commmands  MEA EV Roaming (OCPI)
Control Cerf® Session & CDRs

Charglng Metwork
(OCPF)

Charging Profile

BcokingﬁSta rb’Stop charging senvices

l.m:atmn data of charging stations deSI'Jla}'II‘IS maps)
Real time information of charging station availability

I
™ n lss0ing user cards [ Charging sefvice pmﬂder—|

. Charging and paying/settlement

Coming soon...

I Credit card company |

Awaarding points =

- [

olnt business operator|
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Open Charge Point Interface (OCPI)

MEA Ev Rmmlng Jorimuagy LLquwslwﬂaae?m%"umﬁﬁammanLﬂﬁﬂwﬁagmmuﬁwﬂmaﬂhzJ

Open Charge Point Interface (OCPI)

& & “ ” dl

unielu Inslnaeamnasgiunany ey
MNuazdoauazlasians dniuFemuanilfsutayaizning
giut]{mquﬂmd 2984 Charge Point Operator (CPO) WiazINg

EVRoaming Foundation

REE'“Ei”E ErDEE_bDrdEr Charging 'mumimmamﬂmuamﬂaﬂumagmm:l“ﬁmu'ﬂiw mnﬂu

Imo“ﬂwm:uué’@ﬂ‘s:@"lﬂﬂﬁmﬁ'u Eif)) “ﬁagaﬂuaoamﬁ faga
A o o . a o A
amuzmammaaa@ﬂs:aﬂﬂﬁw AIAIUINIT NITLTINRLAT DI

5@ﬂi$ﬁﬂﬂﬂ’1LLa:‘ﬁ’ﬁ:ﬁ’m%ﬂ’]iLLuu&T’]&lIﬂiG“li’]f;J e

https://evroaming.org/

91 dinaitusnga fe OCPI 3.0
EV Roaming fisaslgnuludszimelng da OCPI 2.1, OCPI 2.2, OCPI 2.2.1
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MEA EV Roaming (Thailand-2024)

PLATFORM 1 PLATFORM 2
CPO : Charge Point Operator
eMsP1 eMsP2 (@ usn1slassdnaaiasaniyey
o
CPO1 eMSP3
eMSP : e-Mobility Service Provider
(AIU3N15 Application §1%3UM 380
szqlin)
MEA CCC OCP| OCPI PLATFORM 3
’ Hub : Hub Client Info
MEA - eMSP CPO2
NAP : National Access Point
OCPI i OcCPI
MEA - CPO Hu cPO3 NSP : Navigation Service Provider
o | SCSP : Smart Charging Service
LM_E'i__SSSi : Provider
OCPI OCPI
PLATFORM 4 PLATFORM 5 CDR : Charge Detail Record
eMSP4 CPOS5




Council of

e Engineers
Example EV Roaming (OCPI)

NN AN

i B, A b W

BEE

12:007 il 4G -

Summary

nsTWiuASKadY &1TnvIuTKeY | MEA Head

Office
MG [1we-2217]

KWh 3.861 kWh

Reduce CO; 19233 kgC0;

Charging price 29.27 baht

EleXA Point 0 point

Extra points 0 point

Total 29.27 baht

~ Please choose the payment method

Credit card VR 44445039 >

88 QR Code

0 scseasy. m

13119 it a6 @D

< Summary

@ completed

Charging Details

Ty

Connector cesz - e
| Time Spent am
“ Energy 42300 kwh
\ )
\ s Service

Charging Fee (Unit)
Total energy = 4.2300 kWh 827.79

Parking Fee (For Charging)

DC Charging « 4 mins. 80.00
Total 827.79
Vvat (7%) B1.82
Total without VAT 7% 825.97
Receipt >

Ele SN =
PR B
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EV Roaming

EV Station PluZ Explorer =

Mearby Station

SUSCO Ratchadaphisek (Entrance)

578 Stations Found e Huai Khwang, Huai Khwang, Bangiak 0.6 km

Tupe 2 (AC) ‘Walk In only
Pawer efectricity 22.08 kW

@ L5 2 s 311 111 0111
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a A Y
NIAIRTWNLN mmaﬂ%msaamm

HaW. 4501-51

anasg e il

nsulasEmsuaziaiio
NIENT 1A Tng
N.7.2551

Arnssuantuuvislsumalne Tunssususigudud

The Engineering Institute of Thailand under HM. The King's Patronage

wesgunsaamlnidmiudszmalne
W.A. 2564

Thai Electrical Code
2021

atuauulng nasluihuaans uaznsividhdaugiinme

UIATEIU 28N, 022001-22
EIT Standard 022001-22

MPESTIMO0 2563

mislWWuaska

Hetropodiian Elecimoty Authority
() “emviaeie, ¢V
- B
1AsgUNIsHanIm vl

drwiu

viAusiselweusudliia ientsdauseqlia
dmwiudszsinnduegends aratsyn orasddinau

uardnvusindoiu

nalviueswass nalwihdaugiinom
wazdninduAnsnIIumMIfiuitn Twa s

WA, 2563

MPESTD-002-2563

nisiWwWunsKa

Mutropalitan Emctrcily Autherity
nnnasunarhiufenswieau
() e, oy gV

= 8
UINTFIUNTARAINIILHAN
dmiu

Wifustdulderusudlidh waniss muszqlviin

dwiudaznnaniidnuszglidn

nalviuaTrats malvhdugiinog

uazdnin@uAusnITUNIMAUTan TWRaeTy
YA, 2563
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lavsaianugusasantntlazy lnvh

gﬂLLm.wT'a"lﬂ (Typical) sonfidayszaWisfia AC

MEA .
ATULAIBIYIIR* AC Normal Charge
EV (Customer Area) «dulumudadnuaianiiives i
OH system 22 kW 3P 400 V
— — . SPEC: ulumud . faviua
_____ | Riser Pole
a MDB (100A)
: < Grounding system: TT
d
RSC Conduit
* MCBA0A 3P
EV * RCD Type B 40 4
30(100) * B 6AX3
Meter

HDPE usHmustssuulnida EV

Conduit Build -in Enclosure

I
* MCB 100 A
* CB2x50 A
* RCBO10A 2p

UG system

* sypziluuszann 40 was

LHULUIYD995195

& Thermo plastic

75
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lavsaanugusasantanazy lnh

gﬂtmuﬁ:ﬂﬂ (Typical) amitandlyzy l#zdia DC

OH system

Tassadanasan*
MEA “hilumsdndnvalaniives i
EV (Customer Area)
P —
Riser Pole

| MDB (100A)
d With Wi fi Router 4G
. Grounding system: TT
|

DC fast Charge 50 kW

SPEC: 1ulunudl tha. fvun

RSC Conduit * MCB 100 A

30(100)

* CB2x50 A
* RCBO10A 2p

31U Aga.
&

HDPE Conduit

Ground Level

v

UG system 4—‘— ERuTOMERUAR

* spariluuszans 40 wns

nuaunudenyasa

1&@u951958 Thermo
plastic

76
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3. Yan1vuanaly

3.1 19sgesndnglnl EVSE aeailszuulesiudunnuseyanadissieluilnnie

teo n) awdiu (Tulumude 4.) uas

— ‘ %) 1r3oasalnda (RCD) Foadu type B ifa 1., < 30 mA viladanssualuiinaia i
i nszualwdmndusintadiniaeenniouiu uasiivunfidanszualidesnitfiinves
Ry iSeatloafunszuaifiu

nanewme 1. @1315alY RCD type A #39 F sauiugunsainanunsadniaasingluwinil
NIZUAGANITAINULUUNTELEANTS (d.c. fault current) LAY 6 mA (RDC-DD)
W RCD type B 16

& = w o = &vows 5 ' 2
2. ALKRUINITAARILA 'i'ﬂﬁﬂﬁlw'ﬁ?ﬂ’lll'ﬁ ﬂfﬂﬂﬂQlﬂﬂLLNQ?ﬁﬂﬁ ATLLWEUINBDULUN

a =

EVSE wianiely EVSE 16 vstinsdlnun 2 wuziliandandodnlns
U3LIBILR42995 wianawddidy winldsiuladn IC-CPD finsasinlnsai
Iz AUl L
3. RCD type B Aadhifinfanelsiaeasiil RCD type duogilunuyednsasiy q
fopndu  arursnaziiunisinse RCD Iélunsdld EVSE fnnsusnannfunaslud
(Electrical separation) 19U TtusalUaineni99snsonslaulasLanunaie

(Isolating transformer)
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(combined neutral and
protective conductor (PEN)
in source of supply,
with PME applied)

(separate neutral (N) and
protective conductors(PE)
within installation)

(- %4 1 -
ﬂ?ﬂﬂﬂﬁ@ﬂﬂﬂﬁ@gﬂﬂﬁ Installation
¢ Equipment
|
: L .
< Eauipmen — s |
o Nt TN-C-S
NC re—s

Source Earth Consumer’s Earth

]
«—— Source of supply —— ! e———— Installation ——

Installation
Equipment

Exposed-conductive-part

& N-S >
"é‘ L TN-S J [RCD type B wia type A + DC 6 mA (RDC-DD) }

Source Earth
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[ ASADasay } @ ANWIAIUIN MUIEDY JULUUNITADAIAUYDIUNELTNY
%30 wilouUalvainsinia
“T” (Terra = Au) nueds seashiulasnse 1 9ad
TN-C, TN-S, TN-C-S, TT, IT L "
WVE9TY
T = Earth (from the French word Terre) “I” (Isolated) NUEAY faIRUHILBUNLAUDY
N 2nd |etter - N ANWIAINEDY NU1ED9 JULUUNITHABlATRUNTAlasRUATY
e
—] N
N = Neutral -~ (earth) (neutral) W o
1st letter “T” vuene fialaseaunsalasiulangnse
S = Separate T B “N” nunegas sennlassgunsalaspunuaneiimia
(earth) T N ANWIANANT NU18DY NIsANEIElnTa (N) wazaenu
C = Combined (PE)

“S” »u18909 N wag PE hunennu
“C” nu1999 N waz PE s2unu (Aaudfeanu: P

I

| = lIsolate (isolated) IT
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WINTFIUNISARAsRUYRIUTIWAlNY (EN.)

Aan¥UsAIANAD
aachn N nu G wazvsau
Gl CVP=| 1 a ci ¥
RANTIARIANNG Supply  Distribution Eauloment
‘]J‘i“‘ﬁ’]% Terminals Board qulp
- (Ze) . 2 Zi
—i = : >
! : ~—
; ! a
— 2
— | —T . i =z
{ (Ze) L:I_ TN-C-S (PNB) :
% - Protective Neutral Bonding

Path of earth
—» " fault current

| € Supply Network € Installation >
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Ground fault loop

impedance

Electromagnetic

interference

Y a YV a
ﬂ?ﬂ&ﬂgﬂﬁﬂﬂﬂﬁﬂﬂﬁ?ﬂ%é%ﬂﬂ

fa9fn RCD?

Y A
VN

AN

Unonne
LAZAUIUAN

GE

GE

Tueganuiuay

Asedldlah

Uneonny
LAZ AU

G
Y

1D

Tueganuiuay

A3edldlaih

Uaonnegs
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M lum9991 R Ausi Lasaasnuwuy TN-C-S

RCD
. ool consumers installation
[ R T e e s 32 A1 phase
=7.36 kW
R — (230 x 230)V —719Q
...... I 7 L™ 7360 W -
. - e ] = 230V = 8.46 A
Ii i Casual-s ~ (7194+10+10)Q
i earth i
- b)) i connection Tenich
§ A18UINIAVIN i ji Vp current V=846A4 X100 =846V
I -
]L,uad current i l R l
I A
‘ T




Council of

e Engineers

1 o\
d3Un13naanu
sUuuy Sulwiszuursee Julwrszuuusegs
TV 1. 119310 TN-C-S wsdusyezag1atios 2.5 m
2. ftheiiou nsdiseasiunuy TT A5UlnaInTzUUAIREaIRULUY TN-C-S
3. Y1195 UU (nsalanniensa)
TN-C-S2 | 1. AufuvIUALs 1. v Load balance

AU Tmas 30(100) AR < 2.5 Q
2. figunsaldasiunssiulnihdudaiu 70 v

2. figunsaldasiunssiulniduda 1Ay 70 v
3. JumsnisUeanuany N 19

yila

1) 12wz PEA fifiosiin OV/UV Relay 1110 R fgs nnnsdl
2) Wy PEA #iliiin OV/UV Relay ¢ illusnmsnisifiudiy
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YUINFIYADRANAULLAZE1YAUVDIINATH DY

YUINEBLNE ﬂmﬂﬁ’mﬁuﬁ’lqﬁ
(M5.44.) (m5.u4.)
laitAiu 10 WinuruIeaewa
16 — 35 16
Wiy 35 WinuAs milwesuunanuna




CO unci | Of «—— Source of supply —— ! &———— Installation ——

e Engineers L :

Am OV/UV Relay
[ TT } I

= o = o
“TaNI R AURMN

Installation
Equipment

~
Exposed-conductive-part
& N_s 2
Installation — T N = S
Equipment Source Earth

(combined neutral and

a 1 \
RWIZ ANA. NLUAUIN W, kg S

(separate neutral (N) and
protective conductors(PE)
within installation)

-\ \
AR OV/UV Relay
132911 R AURN
-4 L /
Source Earth Consum;"s Earth . v a ~ .
) YUINFT1YADVRANAULLASHI1YAUVDIINATEDEY
Installation
Equipment - 3
WA BINE YUAFIBAUAEA
| Lok A (M9.33.) (M3.313.)
& N
nWU. waz WA, LAY 1 ‘ LA 10 whitumweaea
o a Y 0 - Addlhonal = R ﬂuﬁn
MSINUIN R AUADIBN Source Earth ¥, Source Eleciode 3 16 - 35 16
N-C ' - D 4
U 35 WNNUATIVLBITUIRaeINa

in source of supply,
with PME applied)

A1N150RA OV/UV Relay
1o wn R Auga . [ TN-C-S }
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FaLASIdAlNga (RCD)

RCD @oailu type B #ifin < 30 mA

a

N

a

.
~ type AC — AC Sinusoidal Resistive loads 48n.503
- o | Wen.2425
( N 4 N
' IEC 60647-2
A type A —type AC + pulsating DC  Loads with rectifiers
) V € ~annex B )

N

type F — type A + multi-frequency

type B —type F + smooth DC

Electronic loads, 1P speed drivers

Generating DC earth leakage current,

3P speed drivers

RCD type B & F: 48n.2955, IEC 62423

L )



Council of

e Engineers

RCD type A

pne Hysteresis curve 91nA 0 9 B3 wandliiiiuii

1. nsdilnsn .2 (1) 50 Hz AUNLLULAANLLYNYI110 0 D

B, deagldAviniu (1) auvil RCD trip léunf

RCD trip circuit coail

2. nalF 1L > 6mA avihuvaivanazgnideuly
1977 FIALAR LNSAVINLALAD 0 Ll lns? DC way

m
hd
5 T o
o
L

IH 1
>i e L9+ 1.2 (1) aunuwdwdnaginileiinin B, &9
| B, oAl (V) Fsluiviiesweitagyili RCD trip 8
T o
i iy [Haunanuavedliiy DC (Smooth DC) Usingnisaidl

de i a ' «pl: . 9
¢ IR IR F9n71 “Blinding
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RCD type B dosliifinganelfaeasiil

N15Us2d1U RCD type B

RCD type dUaguUYB99THY

Y
Y \V/
X
\' \> \ ldc #oa < 6 mA
RCD | type A
RCD | type A RCD | type B
lan =300 mA
Ian =300 mA lan =300 mA
J( J( Idc
\x \x X \x \ \3( \x \;( 60 mA
RCD |type A RCD | type A RCD [type B || RCD [type A RCD [type A RCD [ type B RCD | type A RCD | type A RCD | type B
Ipa =30 MmA Ipn =30 MA Ipa =30 mA J;M =30 mA Iyn =30 mMA lya =30 MA lya =30 MA lya =30 MA
\Y \% \Y \Y
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18Nl 101508 %LIUN19AAAY RCD lalunsalyl EVSE dntsuenainiunialadii

(Electrical separation) 14y l¥wlauwladueni49swievilauyausnunaln

lyvsaulaluenunane

(Isolating transformer)

Isolation
transformer

-

o

PIPaE (
-~ )

* * High-resistance
material

Input V
Primary
N0
7500
Secondary
Output V
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uianapuitiinds
EV Charging Sialion
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Energy Charge Demand Charge i
Electricity Tqriffs Voltage (quhyt [kWh (Baht/kw) s Service Charge Povc\;ﬁzlig;:tor Fu?;chtrJ‘ztrrgsnt VAT Minimur/r;
For EV Station Level (Baht/month) (Baht/kVAR) ' (Baht/kwh) 7% Charge
On Peak | Off Peak | On Peak | Off Peak
Type 3-HV [ 41025 2.5849 7414 0 312.24 56.07 v 7/
EV Station : General
Type3-MV | 41839 | 26037 | 132.93 0 312.24 56.07 ANTRMEETIEN v v
(General Area) every 4 months
g Type 3-LV | 4.3297 2.6369 210 0 312.24 56.07 / v/
d - EV Station : Low Priority Type 3 - ALL A ‘
(Public Area) 2.9162 0 312.24 0 nnouncemen Y X
(1st July 2023 to the present) (HV' MV, LV) every 4 months
_ progressive rate _ _ _
Type 12 -V 39484 ) 42218 | 4.4217 S 4 X
O _ _ _ _ Announcement
0 EV Home Type 1.3 -MV| 51135 2.6037 312.24 every 4 months v X
Type 13-LV| 57982 2.6369 - - 33.29 - v X
On Peak : Monday - Friday from 09.00 AM to 10.00 PM
Off Peak : Monday - Friday from 10.00 PM to 09.00 AM

: Saturday - Sunday, National Labor Day and normal public holiday
(excluding substitution holiday, Royal Ploughing Day and Government holidays are increased as a special case according to the Cabinet's resolution.) from 00.00 AM to 12.00 PM
lPower Factor Charge

For a customer with a lagging power factor, if in any monthly billing period during which the customer’'s maximum 15-minute reactive power demand (kVAR demand) exceeds 61.97% of his maximum 15-minute

active power demand (kW demand), a power factor charge of Baht 56.07 will be made on each kVAR in excess, determined to the nearest whole kVAR, discarding the fraction of 0.5 kVAR and adjusting it to 1kVAR.
I2Minimum Charge

A minimum charge in any monthly billing period shall not be less than 70% of the maximum billing demand charge of the previous 12 months up until the present month.

I3consideration of changing type and electric tariffs of EV station from EV General to EV Low Priority in accordance with the conditions
1) Public EV station (not exclusively available to any Particular group or individual). This is in accordance with the MEA's regulations.
2) Installation of a main power meter that receives electricity directly from the MEA.

3) MEA is allowed to control, reduce, or cut the electricity supply to the electric charging station when there are limitations in the power distribution system,

in order to prevent any adverse effects on other electricity consumers and to maintain the stability of the overall electrical system.
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Electric Power Steering ECU Power Control Unit
Lithium Battery Pack with BMS

. . -Traction Motor
1.5 kWh~40kWh /144 V ~ 380V ; ' Inverter
. -ISG Inverter
! = - -A/C Inverter

-(DC/DC Converter)

DC/DC converter

15kW~30kW . o &/r

Service plug switch
Service plug retainer

Battery pack upper case
Battery pack lower case
Breather
Bonding plate

Vehicle communication connector
Connector flange

Plastic plate
.High voltage harness connector

&

200NONAONS

o

12. Front module stack LH
13. Rear module stack

14. Service plug switch brack
15. Seal

16. Battery junction box cover
17. Battery member pipe

18. Bus bar

19. High voltage harness

20. Vehicle communication

Starter
Generator (1SG)
5 kW ~ 30 kW

-
l Integrated 11. Front module stack RH

-

2y

Hybrid Control Unit

* AC/DC, ACIAC Battery Charger - gzrt?:;ss
x . % ry controller
Charging Station 1.2 kW~ 3.3 kW Traction Motor 22.Bus bar cover

3 5 kW ~ 100 kW 23. End plate (front)

24 Fnd nlata fraar)

Nissan Leaf :EV Component
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Vehicle Battery
Model Supplier
BMW i3 Samsung SDI
94 Ah
Nissan LEAF Envision
62 kWh AESC

Chevrolet Bolt LG Chem
EV (New 2020)

Kia e-Soul SK Innovation

Battery
Type

NMC 333

NMC 523

NMC 712

NMC 622

Total Battery
Battery weight
Capacity

(kg)

(kWh)

33.77 256
62 410
68 430

67.5 457

ﬁ.U"l: PushEVs. 2020. Comparison of different EV batteries in 2020 (update).

Battery

Energy

density

(Wh/kg)
132

158

148

fi31: Ta39n135998 Recondition Battery 5217319 N, Uag 195.

Number
of Cell

Chevrolet
Bolt EV

96
(96s1p)
288
(9653p)

288
(9653p)

294
(98s3p)
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o Eng INCCrS - For these EV model, due to

average charging current

m Max charging power Fastcharge Power (10-80%) while charging EV from 10-

80% is mostly < 200A,

BYD Dolphin 62 kWh 88kW 65kW DC ( acc* around 160A )
therefore 120kW-200A
BYD Atto3 62 kWh 89kW 73kW (acc around 155A ) charger is enough and most
BYD Seal 82.50 kWh 150kW 95kW (acc around 120A) economical.
MG ZS EVX 72.6 kWh 94kwW 82 kW (acc around 200A) - For EV that support high
MG ES 51.00 kWh = 87 kW (aCC around ZOOA) Charging power Tesla/
AION Y Plus 63.20 kWh - 80kW BMW/Audi/Volvo.. Its
Good Cat500 ultra  63.139 kWh - 80 kW recommended to use DC
charger > 180kW that
Changan Deepal SL0O3  58.10 kWh - 87 kW support at list 300A and
Deelpal S7 58.10 kWh - 87 kW 400A boost
Neta 40.70 kWh - 50kW (acc around 125A)
Telsa model Y 60kWh 170kW 100kW *acc : average charging current
Telsa model 3 60kWh 170kW 100kW https://ev-database.org/

Audi e-tron GT 93.4kWh 268kW 216kwW
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eBus Information

Dimensions and weights

Model 12.0m 18.0 m 18.7m
Length (m) 12 17.8 18.5
Width (m) 2.5 25 2.5
Height (m) 3.3 3.3 3.3
Permitted GVW (kg) 19 500 30 000 30 000
Roof charging: OppCharge 300 400 450

and panto up (roof-mounted
pantograph), max charge

power (kW)
| CCS maxcharge power 150 10 150 |
L (kW) i
| Mode! 12.0m 18.0m 18.7 m i
Capacity (kWh) up to 470 up to 470 up to 565
Traction battery Lithium-ion battery.

Automatically temperature controlled.

* Max charge power depending on configuration of the energy storage system.
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Power Battery Pack

h J X ¥ h

Iu{ﬂmmmﬁa’%‘ sTUUdAMIULUALAET \wagiiiley lave waradn IWues duq
Battery Module Battery Management Battery Case; Aluminium, Steel, Other
| System BMS Plastic, Fiber Glass
: :
\waELUALADTIAEUALIT —— ! | I
Battery Cel Electronic Control ynangln yndano gunsellnihdiannsetind Andlniiuazgunsaidug
Connector, Harness Electrical and Electronic Power Switch & Auxilary
components components

Composition of power battery system
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Battery Management System (BMS)

In-Vehicle communication

CAN communication

1.V L TSOC SOH
2. Alarm, Warning,
3. Charging or Discharging

Voltage

Indicators

Accelerator/ Electronic Power —  Mechanical

BATTERY PACK

Pedal Control Unit § oo aEmd Drive Actuators 1. Contactor/Relay
A 2. MOSFET for Balancing
I WIMAX, LTE, ...
Air-conditioning,
Power Sensing,
Converter — > Corg";gg;imn WomsrnUVeL BMS tussuumsrnouluenueudiitn
I Infotainment etc.
KU Nvovs:uUU BMS
— * WUUSEENSNIWMSHDIUVODSEUU
) _ . i L F]OUFlUﬂ']SClOﬂ'lSlUOUCIOIUOamﬂS-UU nsrunsuuummu
ovAUSNoUKaniussuuMsNIUugNUsUAlWA Fauna

e JonnumstinanoudeKevauuuaaos
¢ gaongmsiBouveouuaes

f31: Ta39n137998 Recondition Battery 58319 . LaE J95.
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A Comprehensive Review of Power Converter
. Topologies and Control Methods for Electric

EV Model Baltery Ballery Encrgy Distance Charging  Connector Type Charging Power:
Capacity Voltage Consumption  Range Time for AC 1-Phasc L] - ] -
s - - e Vehicle Fast Charging Applications
(minutes) phase(kW) / DC
Fast(kW)
Honda e 2020 355 B 275 138 a0 CCS, Type 2 6.6/66/56
Volkswagen ¢- Golf' 35.8 323 245 144 60 CCS, Type 2 6.6/6.6/100 MD SAFAYATULLAH ™, (Graduate Student Member, IEEE)!
Nissan Leaf 40 350 330 168 60 CHAdeMO, Type 2 3.6/3.6/ 50 MOHAMED TAMASAS ELRAIS -, (Graduate Student Member, IEEE),
BMW 13 422 352 245 191 s0 <Cs. Type 2 747117155 SUMANA GHOSH ", (Graduate Student Member, IEEE),
Renault Zoe R110 ZESO 52 400 250 245 0 cCs, Type 2 24122146 REZA REZAII', (Graduate Student Member, IEEE), AND ISSA BATARSEH , (Fellow, IEEE)
Department of Electrical and Computer Engineering, University of Central Florida, Orlando, FL 32816, USA
Texus UX 300e 54.3 - 270 196 40 CHAdeMO, Type 2 6.6/6.6/50 _ )
Corresponding author: Md Safayatullah (safayatullah@knights.ucf.edu)
Tesla Model 3 55-82 350 225-265 278-360 40-60 Supercharger 7.4/11/250
i This work was supported in part by NSF-Electrical, Communications and Cyber Systems (ECCS) under Grant 2103442, and in part by the
SKODA Enyagq iV 62 - 252 256 50 CCS, Type 2 7.2/11/100 L . . .
University of Central Florida (UCF) College of Graduate Studies Open Access Publishing Fund.
Kia Niro EV 64 327 255 283 75 CCS, Type 2 72/72/77
Nissan Leaf Plus 64 350 285 239 45 CHAdeMO, Type 2 6.6/6.6/100
Mercedes EQA 66.5 405 355 263 50 CCS, Type 2 7.4/11/100
Tesla Model S 75-100 350 305-310 283-388 60 Supercharger 7.4/ 16.5 / 100-
200
Tord Mustang Mach-I 75.7 450 275 273 60 CCS, Type 2 7.4/11/115
Volvo XC40 Recharger 78 - 380 257 60 CCS, Type 2 7.4/11/150
Polestar 2 78 400 305 292 60 CCS, Type 2 7.4/11/150
Porsche Taycan 79.2 800 335 254 60 CCS, Type 2 7.4/11/225
Volkswagen 1D.4 82 365 290 310 60 CCS, Type 2 72/11/125
Jaguar I-PACE 90 390 354 292 55 CCS, Type 2 7.4/11/100
Audi E-Tron as 400 426 249 60 CCS, Type 2 7.4/11/155
Tesla Model X 100 350 360-365 233-315 60 Supercharger 7.4/ 16.5 / 100-
200

TABLE 2. Charging station classification based on charging power level.

Charging Station Type Charger Location Power Supply Charger Power  Protection Type Charging Time
Level

Level-1 (AC) On-board 120/230V,; 12A to From 1.44kW Breaker in cable 11-36 hours for EVs
(Residential 16A (Single Phase) to 1.92kW (16-50kWh)
charging)

Level-2 (AC) On-board 208/240V ;. From 3.1kW Pilot function and 2-6 hours for EVs (16-
(Charging at home or 15A to 80A to 19.2kW breaker in cable 30kWh)
workplace) (Single/split phase)

Level-3 (DC Fast) Off-board 300-600V 4 From 50kW to Monitoring and Less than 30 minutes
W N T U TP PO PO Y SN S P PO ST T - L P S

I places similar to gas 400 A) charging station and EV/
stations) (Three phase)

Next generation: DC Off-board 800V, and higher; 400kW and Monitoring and Approximately 10
Ultra-Fast Charging (Charging at public 400A and higher higher communication between minutes for EVs (20-
places similar to gas (Polyphase) charging station and EV, 50kWh)
stations) liquid cooling
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Regulation Trickle Charge Constant Current Charge Constant Voltage &
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Regulation -
Current & k..

Minimum
Charge -
Voltage a”

#
Pre-Conditioning

N —

. Current (TAPER)
Lithium battery charging curve

AC charging station DC charging station

POWER QUTPUT
POWER QUTPUT

BATTERY % 80% 100% BATTERY % 80%
(STATE OF CHARGE) (STATE OF CHARGE)
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Life Cycle of Battery

Fabrication of battery cells,

then integration into the Recovery of critical
Processing and refiningof ~ Cell component battery pack including materials, cathodes, anodes
Mining raw material into precursors production electronics, sensors and EV production andflnr re-use of us@d I?atteries
R for battery materials O battery management system in storage applications

-\.__h__’__.- ."--_____'”__'__.

Extraction of raw ) Manufacture of specialised Manufacture of vehicle )
ores/material required Raw material battery components: ~ Battery cell/pack  ang integration of battery Recycling/
for battery materials Processing  cathode and anode materials, ~ Production and subsystem hardware Re-use
electrolytes, separators

and casings

IEA (2022)
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EV Batteries

3.50

L S
= b o
s & oS

1.50
N J . . ; 0.000 ..
1.00 057 _ 0,000 d— Li-ion (LFP)
: d ; Li-ion (NMC)
NiMH
Lead acid

Battery Demand (GWh)

0.50

0.00

Araneg jo adiy

Type of Vehicles

® The battery type demand has 3 types of battery technology such a lead acid, NiMH, Li-ion NMC & LFP.

® The largest battery technology type for xEV is Li-ion LFP. The highest demand in 2023 is ~3.2 GWh.
The other demand for battery capacity is highest for Li-ion NMC, followed by NiMH, and then Lead-acid bat
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Only Li-ion Battery Type Demand for xEV from 2020 to 2023

® The battery type demand has 3

330 types of battery technology such a
= 300 - lead acid, NiMH, Li-ion NMC & LFP.
% ® The largest battery technology
< 2.50 A type for xEV is Li-ion LFP. The
s highest demand in 2023 is ~3.2
a 2:00 1 GWh.

g ® The other demand for battery

E 120 - capacity is highest for Li-ion NMC,

.% 100 - followed by NiMH, and then Lead-

E acid batteries.

S 0.50 A ® LFP batteries dominate the xEV market

0.00 with the highest demand of 3.2 GWh,

. . establishing their position as the
Li-ion (NMC) Li-ion (LFP)

Type of Battery industry's preferred power solution.

M E-Motorcycle ME-Tuktuk MWHEV MBPHEV MEBEV(Car) MBEV (Pickup) E-Bus M E-Truck
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Battery Demand Projection for All Zero Emission Vehicle (ZEV) in 2030

2020 2021 2022 2023 2030 (Promote Usage) 2030 (Production)

! r 55
: F
8.0 - | F 50
am A f
7.0 - | P4
| 40
6.0 A | @ )
g I 35 % B Rail System
o | g B E-Bus and E-Truck
E 4.0 | 25 3 m BEV (Car + Pick-up)
()] o
S | o) W E-Tuktuk
- 20s
@ 3.0 - | s m E-Motorcycle
) S—
@ | 15
2.0 - I
| 10
1.0 - | 5
|
0.0 - I 0]
|

® Battery demand for BEVs, including passenger cars and pickups, is projected to reach 29.3 GWh.
® Battery capacity required for BEV production may increase to 48.3 GWh, 1.6 times higher than current levels.

® Thailand's surging EV demand has catalyzed major investments in battery production, cementing its position as Southeast Asia's electric vehicle
109

assembling hub.
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EV Battery Technology - Cell and Pack

® Increasing penetration of EVs in the global automotive market as well as in Thailand.
® Overcapacity of battery production especially in China --> increasing market competition.

® Battery technology is changing rapidly, particularly Lithium-Iron-Phosphate (LFP)
batteries, which are becoming increasingly popular

Volume of EV sales Overcapacity ratio of batt. Production cost Forecasting price of batt.
ducti Shilowati-hour b kd OlErEosts Battery prices are forecast to fall 40% by 2025 (from 2022)
I (o] I wn ! Global average battery pack prices
Electric car sales in selected countries, by origin of carmaker, 2021-2023 RO0% p cductio 2 €a o v Plant depreciason Vo e B
" Equigment depreciation
g 100 000 25% T00% China 100 -  Input. costs
§ 20% 600% South Korea 50 ) Mantanance & mpas
g 500% . — VWater & others
3 15% 400% Europe ) - ; Electrcity
] - &0 - o L R
300% i— = Material costs £
L L
10% 200% __I" Rest of Warld 4 Em = B B |- = 2U  mm—Othars coll matonals
100% - R Housing
e S— 2 I I I I I I -
3 i — Eartrriyle
0% -100% ” - - o v — Anoco
2002 2003 2004 2006 2028 2027 2028 2026 2080 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar — C.sthode
Source: BlocmbergNEF. Note: Overcapacity ratio based cn the manufacturing capacity over the 2023 2024 ——Cathode share af call zor

& Frev
-

@Domestic carmakers @ Chinese carmakers @ Other carmakers O Sales share (right axis) same year's demsnd. Demand is based on BNEF's EVC 2024. Namepiate manufacturing
capacity as of May 9, 2024. Incivoes planis that are fully cvined by battery makers, as well as
joint ventures with autcmeakers, however, pack assembly plants are excluded. 2023
manufacturing capacily includss only fully commuissioned capacily. Fulure capacity Is based on
non-de-risked capacity tracked by BNEF's battery manufactunng database based on
commissioning da'e before Decermber 31 of respective years.

Source: BleombegNEF, ICC Battery. Note: The cost breakdzwn uses BNEFs Baftllan Cost Mede! ' calculale the production o L
of @ 1204h LFP and artificial grachife prismatic cell that produced in a 10GWh LFP battary cell plant located in China. Cathods
cosls are acfusied using cathede spot price from ICC Baliery.

Goldman

Data Sachs

https://www.erc.or.th/th/energy-articles/3094




Council of

e Engineers

EV Battery Technology — Cell and Pack

fudnsnelvgiidinsan syt g i oo A
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1. BYD (3u) LFP

2. NETA (u)

5 MG () e

4 TESLA (?Wi%:%;@ Ljﬁﬂ’]) Global registration of electric vehicles (EVs) is anticipated to 2;;Padﬂc e the et At share ol over GO
5 ORA (%‘L!) increase significantly over the forecast period. |

The market in Europe is expected to witness steady
The U.S. emerged as the largest market in North America in

2023.

growth over the forecast period owing to the increasin

use of li-ion batteries in various sectors

https://www.grandviewresearch.com/industry-analysis/lithium-ion-battery-market
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EV Battery Technology — Cell and Pack

* Main Composition of Lithium-lon Battery:

Anode (negative electrode):
Carbon-based material that
lithium-ion intercalates into and
de-intercalates out of anode
material

Copper sheet as current
collector at the anode

Liquid electrolyte:
Liquid medium enables lithium-ion movement

Electrolyte

Cathode (positive electrode):

Active material — source of lithium-ions
Current is the most important and expensive
Collector component

Current |
Collector

Aluminum sheet as current collector at

Anode ""hivm ions Cathode the cathode

Separator

Separator:
Chemically and electrically insulator, but ionic
conductors prevent all transports except the ions
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EV Battery
Technology

e Cell and Pack

Innovations in the battery industry affect all cell components.

Common battery chemistries and form factor available

Cathode

o Separator/

electrolyte

e Anode

e Casing

ithium
ithium

Lithium,
Lithium,
Lithiumn,

Lithium
Lithium
Source

cobalt

manganesa oxide
ron, phosphate.
nanganese cobalt.

manganeasa iron ph

2010s 2020s 2030s
[ | >
LCO! LMO?2 LFP? LFP? NMC*/NCA® LMFP®/LMNO?
LFpP® MNMCY/NCA® NMC*/NCA® LMFPE/LMNO™  Sulphur
NMC*/NCA? LMFPE/LMMNO"  Sulphur
Polymer/ligquid  Polymer/liguid  Polymer/liquid  Polymer/liguid  Polymer/liguid  Advanced liguid
Advanced liquid  Semi-solid
Semi-solid Solid
Graphite Graphite Graphite Graphite Graphite and Lithium metal
Graphite and silicon Silicon anode
silicon Lithium metal
Silicon anode
Cylindrical Cylindrical Prismatic Prismatic Cylindrical Cylindrical
Pouch Cylindrical Cylindrical Pouch Pouch
Pouch Pouch Prismatic

nickel, cobalt, aluminum oxide,
osphate.

, manganeasa nickel ox .
Meckinsey Battery Insights

McKinsey & Company
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EV Battery Technology — Cell and Pack

AUSTRALIA AND CHILE IN THE FRONT ROW

Countries with major Lithium production and reserves

USA
. . Namibia

Lithium material from .

Brazil
Australia comes from ore s Portugal
mining, while in Chile and " e
Argentinia

Argentina lithium comes from China

salt deserts | Chile
L Australia

40 30 20 0 0 1,000 2,000 3,000 4,000 5,000 6,000 7,000

source: USGS 2019 production (in 1,000t) O @ reserves (in 1,000t)

https://www.volkswagen-newsroom.com/en/stories/lithium-mining-what-you-should-know-about-the-contentious-issue-5867
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EV Battery Technology — Cell and Pack

High market power of China Lithium bottleneck: world
demand to increase
fivefold by 2030

—

Australia China materials cells
China
52% 73% 1%
Cobalt Cobalt Anode - B
DR Congo China materials
China
p—
Graphite Graphite RS

China China

2 04
100% 2020 2030 2040

Nickel Nickel Share of countries with the i Increase in demand for lithium due
Indonesia  China largest production capacity in Li to electromobility compared to
world production LARIER 2020

Picture: Volk=wagen
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EV Battery Technology — Cell and Pack

® Lithium-lon Battery Manufacturing: Industrial View on

® Processing Challenges, Possible Solutions and Recent Advances

Q030
7

Electrode
manufacturing
Coating Drying Calendering Slitting
O
Cell ‘l
assembly =
Stacking Packaging Tab welding Filling

Cel

finishing

Grading

Pre-charging /
formation

dard flow of EV Li-ion battery cell production | Image Source: Keystone

MIXING -
Cathode and
anode slurmies
aremade .
COATING -
Slurries are ¥
coated onto the CYLINDRICAL
current collector 4 > BATTERY

- Winding method is used for assembly
Electrolyte is injected

\
¥

PRESSING -
Electrodes are

flattened evenly '\ ‘.
/

SLITTING -

AND NOTCHING
Electrodes are cut

into battery-size pleces

BATTERY

Lamination & stacking -
method is used for assembly

Electrolyte is injected -

-FORMATION
Batteries are charged and discharged

Batteries are stabilized

- DEGASSING
Gas in the battery is removed
(Pouch battery)

-INSPECTION

- Modules with connected
cells are placed in the pack
and then connected
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EV Battery Technology — Cell and Pack

Steel shell
» Safety vent

® Lithium-lon Battery Manufacturing:

—» Separator
Anode
Separator

Cathode

Cell production cost split:

Cylindrical cell

B Materials 7.4%
B Machines 10.3%
B Labor 6.9%
B cEnergy 4.6%
Dry Rooms 1.2%
Area 0.7%
Building 0.7% Prismatic cell
B Overhead 4.2%

) lFW.—»Mhb

Figure 2: Cost breakdown of a battery cell, Fraunhofer FFB calculation based on a NMC811-graphite 52 Ah pouch cell in a 40 GWh/a
production plant.

Pouch cell
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EV Battery Technology — Cell and Pack

® Lithium-lon Battery Manufacturing:

® Battery material system

Cathode Materials

Example of Adaptation

Lithium nickel-manganese-
cobalt, NMC

(LiNiMnCoO,)
NMC = NM(C333
NMC532
NMC622
NMC811

High energy density (up to 250 Wh/kg) — more
driving range
Good charging performance

Expensive, limited, and non-environment-friendly
materials (cobalt, nickel, and manganese)

Short lifespan ~1,000 — 2,000 full recharging cycles
(capacity drops to 40% after 1,000 cycles)
Recommended 80% daily charging limit

High risk of thermal runaway events

Tesla Model Y and Model 3 (long-
range and performance)
Polestar 2

Volvo EX30

BMW iX3

Lithium-ferrous-phosphate,
LFP

(LiFePO,)

Longer-lasting life cycle (~3,000 - 5,000 charge
cycle) DOUBLE TO NMC!

No recommended daily charging limit—can be
regularly charged to 100%

Cheaper to produce, enable more affordable EVs
Lower thermal runaway risk during short circuit or
severe crash events

Lower energy density (150 Wh/kg)

Heavier

More low temperature-sensitive charging—DC
charging speed throttling during colder climate
Still relies on lithium

Overall, has less recyclable content

BYD Atto 3, Seal, and Dolphin
GWM Ora (Standard Range)

MG 4 (Excite 51)

Tesla Model 3 (RWD), and Model Y
(RWD)
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EV Battery Technology — Cell and Pack

Battery Pack
Manufacturing Process!

Step 1: Connecting Battery Cells
Step 2: Modularization
Step 3: Component Assembly

Step 4: Applying the Battery Management System (BMS)

Copyright © 2023 Semco Infratech | All rights are reserved.
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EV Battery Technology — Cell and Pack

PACK structural design

Key points in battery enclosure housing
design

Design of vertical and horizontal beams

(Reasonable distribution, ensuring the strength and rigidity of the box
through design and assisted design—-simulation)

Hanging point design

(Hanging point calculation, topology optimization)

+ Sealing surface
Equipotential (Flat, smooth transition)

(Reliable connection, rust-proof)

Anti-collision design

Explosion-proof balancing valve

Lightweight

(Installation location, burst pressure, air permeability) (Structural design, material selection

part wall thickness design, frame architecture design)

(Bottom anti-collision, squeeze ball hitting)

Key points of structural design

Location and mode of electrical interface, current carrying capacity
Electrical protection design that meets IPXXB J

Effective heat transfer path, cooling/heating
i

Comply with insulation withstand vollage requirement
—fl

Design of location and method of mechanical interfaces

Thermal insulation, fire retardant i

—
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Cell module — > Cell management controller

Battery housing

Battery management system

Base plate with cooling system

—
1
]
1
1
1
1
1
1
1
1
1
1
1
1
1
]
1
1

Connector strip :
1

1

1

1

1

]

1

1

1

1

1

1

1

1
-l

298D UWNLUALMDSVaLEIUSUA
EV Battery Pack TwwA

un: 1594119398 Recondition Battery 5g1ing nlu. wag 1as.
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280

Whikg

Performance

Lithium Iron Phosphate
(LiFePO,)

dex.php/learn/article/types_of_lithium_ion

Lithium Manganese Oxide
(LiMn,0,)

Performance

Specific energy

Specific
power

Safety

Performance

Lithium Nickel Manganese Cobalt Oxide
(LiNiMnCo0,)

Lithium Cobalt Oxide
(LiCoO,)

Lithium Nickel Cobal
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Chemical Name Material Abbreviation Applications

Lithium cobalt oxide LiCoO, LCO Cell phones, laptops, cameras
Lithium manganese oxide LiMn,O,4 LMO Power tools, EVs, medical, hobbyist
Lithium iron phosphate LiFePO, LER Power tools, EVs, medical, hobbyist
Lithium nickel manganese T . .
cobalt oxida LINIMnCo0, NMC Power tools, EVs, medical, hobbyist
Lithium nickel cobalt e :
o o LiNiCoAIO, NCA EVs, grid storage
Lithium titanate LisTisO45 LTO EVs, grid storage

Source: batteryuniversity.com
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TH Battery value chain for

® Scenario of value chain & lifetime
® Battery inspection for 2™ life

* 2" life battery repurpose scenario

-\V/S




Council of

e Engineers

Battery life cycle value chain for EVs

1¢ life 15t life m
usage usage End of 1%tlife in BEVs Unusable battery
— Recycling
b )~ 4
Raw material Material Cell to Pack BEVs Usage Testing and sorting
extraction processing manufacturing assembly (Diagnostic criteria)
f 1 1t |ife Remanufacturing/Refurbishing
v
Recycled i
materials Refurbishing/Repair
<
Disassembly 2" |ife battery
applications
Final Recycling Repurposing l
disposal . .
L4 L
g?" 5 . - %
Low power Stationary Stationary energy

End of 2M life usage

Disassembly

electromobility energy storage storage (pack level)

(End of life)

f Unusable battery




° Lifetime of EV Battery

-[ T
AN

Number of cycles

Battery capacity
g & § B

nf
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Pack battery

Physical observation Isolation / equipments Pack properties
- No distorted pack body - Isolation resistance - Open circuit voltage
- No fire at least 100 Q/Volt of pack battery
- No explosion - Switch on-off (not lower than 70% of
- No electrolyte leakage (still in good operation) nominal pack voltage)
- Battery management - No Hot sport
system (BMS) (cell battery)

(still in good operation)

If not

All Pass

¥

Criteria of
2" |ife battery

Reuse
ap. > 80%)

- fire
- explosion
- electrolyte leakage

Battery

I‘ o . Repair
1agnostic — Refurbish, Remanufacture  Recycle

OCV. SOC, IR, Cap.
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Battery

Diagnostic

Stage of
hea

Internal Internal
Cap. loss :
resistance structure
Electrochemical DCIR ACIR X-ray
Dynamic Response ‘ computed
(EDR) Current Electrochemical tomography
. (XCT)
interrupt Impedance
/ Spectroscopy
(EIS)
Constant
/\
Current
(cc) high high to low range
range frequency
/\ frequency
Charge Discharge
Condition Condition
ocv SoC level
condition condition

Coulomb
Counting

% Cap.

Reuse
(Cap. >= 80%)
Repurpose
(Cap. <80%)

Recycle
(Cap. <30%)

Diagnostic of Battery

Stage of
charge

Deep of
discharge

Differential
Thermal
Voltammetry
(DTV)

Open circuit
voltage
Electronic band Internal
structure of impedance /
cathode resistivity

material / impurity
of electrolyte
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State of Health (SoH) Voltage

Capacity

Internal Resistance
(related with cell temperature)

Visual Inspection Physical damage
Swelling

Leaks

Fire / Explosion

History and Usage Charge/Discharge Rate & Efficiency

(BMS)
Voltage Profile

Temperature Profile /
Thermo-scan

No. of Cycle / Operating time

Diagnostic for Used Battery

DC measurement
(pure resistive values)

Measuring

- Charge-Discharge test

- Coulomb counting

- Parser (precise SoC with
a proprietary algorithm)

DCIR
- Electrochemical Dynamic Response
(EDR)

Stage of Charge (SoC)
Deep of Discharge (DoD)

Monitoring

Monitoring

Counting / Measuring

AC measurement
(reactive components )

ACIR
- Electrochemical Impedance
Spectroscopy (EIS)

129
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Normal case

T S S A,

Abnormal case

Repair Refurbish/ Recycle Reuse Repurpose

Remanufacture

Fire / Explosion / - -
(Liquid) leaks LER

Physical damage
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Application of Repurpose Li-ion Battery Explanation

1 Energy Storage Systems (ESS) To store excess energy generated from renewable sources.

2 Grid Balancing and Peak Shaving To help utilities manage ¢rid stability and reduce the need for expensive peak power
plants.

3 Backup Power Supplies To provide uninterrupted power during outages or emergencies.

a4 Electric Vehicle (EV) Charging Stations To store energy and provide fast charging capabilities, reducing strain on the grid during

peak charging times.
5 Off-Grid Power Solutions To store energy from solar panels or generators for use when grid power is unavailable.

6 Mobile Power Banks To create portable power banks for charging smartphones, tablets, or other small

electronic devices.

7 Energy-Efficient Lighting Systems To power energy-efficient LED lighting systems for outdoor lighting, streetlights, or

emergency lighting applications.

8 Home Energy Management Systems To optimize energy usage, store excess energy from rooftop solar panels, and reduce

electricity costs.

9 Community Energy Projects To provide backup power or support local microgrids, enhancing energy resilience and
sustainability.
10 Research and Development To ensure proper safety measures and recycling plans are in place to man1a§1e end-of-life

(for old battery) issues responsibly.
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Battery characteristic & damage

® UL Standard test & limit on battery
® Risk & Safety on thermal runaway

® Extinguishing fire

Vi
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Temperature (°C)

SEPARATOR
(Porous Polymers) ELECTROLYTE

POSITIVE _,/ NEGATIVE

tuusvevAouUasasie waMoSAISew

Toooudnouidsournndiuuatasd

nsaa:Ao Ao

¢ danlnsladus:naudosindowgoo
[sdRatansludorhazangaundsi

Combustion

Aluminium
Collector

Copper
Collector

Grain of negative
~— active material

/\_ Polymer

binder

Grain of positive
active material

A different fire risk

Electrolyte
decomposition

stisevnguazlolw
] e Jaontvruegiudidninsaauisa ‘
— inaugAsengotdernonutuanios -l -
o oruKADED e otanc et

decomposition

80°C
SEI decomposition

Electrolyte
decomposition

110
* PE melting

55-60°C
Maximum operating
temperature

25°C
Normal operating
temperature

¢ () b anrnanaukNoIWUU
° e - R
H s * 1fian1saaovosnielu T Hectalyied
e nisynsolwins:udgo Warking begin to \,
S Qs v0s000000 1ulu temperature VapoiiZs :
Jg‘g e 0 fj']Sﬂ"IEJIUStO‘U’mlﬂUI_U 60°C 70°C
5 ek M U 203200 * VouNWsaVOINNISWAQ

gunsainnetutsad

f31: la39n137298 Recondition Battery 3212719 nWlth. Uaz 135.
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e IR
CHa (Mezthane) 580 —
o
C, H, (Ehylene) 450 =)
C; Hg (Propane) 455 -
HCL <
HF o
Explosion limits o
 compound  |EipiesvelmtiELsUEL]|
Hydrogen 4% - 74% E
CcO 12% - 75%

Methane 4.4% - 16956
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Main breaker

sl What is AVD and how is it effective? 74 M
2— 2

AQUEOUS VERMICULITE DISPERSION

Water AQUEOUS VERMICULITE DISPERSION

AVD is a pioneering fire extinguishing agent that is specifically designed to tackle the particular threat posed
by Lithium battery fires. It is the only agent that cools, extinguishes & contains Lithium battery fires

Junction box
gaaneln (Tunsgnauaedilanliiaua)

AMuSOLARS UL UaIn s * AVD is a stable suspension of approx. 17% Vermiculite / 83% water

* AVD is water based, it extinguishes the fire and cools the cells

Ceram IE Clgt hv a0 4 4‘ * AVD is nearly twice as effective as water on a class A fires
ﬂ@lﬂ\l AUSENALVAUATUNTIRBNATNLLL B LEIR
Wires * AVD can be applied as a fire break to prevent the propagation of fire
(ALN13AHABIN)
COZ * AVD creates a non-flammable oxygen barrier to prevent re-ignition

* AVD reduces thermal propagation

Water (+CO2)

\e ; amusouli ldiAaduannuusines .
ANYUUNH 13BANANTLAR

AVD is environmentally friendly, non-toxic & Reach compliant

@mmmg‘umqWauﬁ’mwavqmu(izl,ﬁm))
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Recent battery technology

® Li-ion vs. Na-ion vs. Solid stage

® Future perspective on solid stage battery
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Comparison of battery

technologies for EVs

Parameter

Materials

Process

Energy
Density

Power

Density

Lifetime

Cost

Safety

Future

Perspectives

Li-ion (NMC)

Mickel, Manganese,
Cobalt

Well-established:

complex

High (~250-300
Wh/kg)

High

Moderate to high

High (expensive

metals)

Moderate risk of

thermal runaway

Well-established,
mature, facing

resource issues

Li-ion (LFP)

Lithium, Iron,

Phosphate

Well-established:

less complex

Moderate (~150-
200 Wh/kg)

Moderate

High

Lower (abundant

materials)

Very safe

Growing interest,

especially for EVs

Ma-ion

Sodium,
Manganese,
Cobalt

Similar to Li-ion,

but uses Ma

Moderate
(~120-160
Wh/kg)

Moderate

High, but less

commercial data

Potentially lower

than Li-ion

Relatively safe

Emerging for
stationary

storage

Solid-5tate

Lithium metal or other

solid electrolytes

Complex and evolving;
requires special sold

electrolytes

Potentially very high
(~350-500 Wh/kg)

High, depending on

materials

High due to less
reactivity

Currently very high, but
decreasing with R&D

Very safe due to solid

electrolyte

High potential in EVs and
portable electronics, but

challenges in skéling
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e Engineers in terms of

Cell voltage and Energy density (2020)

Cell type Voltage [V] Gravimetric Volumetric
energy density energy density
[Wh kg [Wh L]
| Lithium—ion |

e LR greie s e e J—
LCO LiCoO,/graphite 3.7 160-210 340-580
NCA LiNiggCog15Al0050,/graphite 3.7 150-300 680-760
LMO LiMn,O,/graphite 3.8 100-130 220400
NMC LiNi;;3Mn,;3Co,,30,/graphite 7 150-220 580-750

[ Sodium-ion ]

Na,V;(PO,)F,/hard carbon 3.4

Na,TMO,/hard carbon 3.0

Same
energy density
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® Engineers The future electric car battery
“Year of 2019” - Have immense power and density

Automotive News - Be capable of ultrafast recharging

HOME NEWS OPIMNION DATA CENTER VIDED EVENTS & AWARDS JoBs +MORE

- Dramatically reduce the danger of fires

- Last the life of the vehicle

Movember 24, 2019 07:59 PM

Solid-state batteries show promise
RICHARDTRUETT ™ B3 - Cost far less than lithium ion does today

ERERRE - Affordably scale up to high-volume production

Shigeki Terashi,
chief technology officer TOYOTA

“Expects solid-state batteries to begin mass production
around 2025”

Joe LoGrasso,
director at the United States Advanced Battery Consortium

HAMNS GREIMEL
Toyota plans a big-time debut for solid-state batteries at the- Tokye Olympics next summer. A vehicle with solid-

state batteries is expected to ke driven in either the games’ opening or closing ceremonies. "Certa”’][y’ the game has Changed now, The Koreans and Japanese ha\/e

swoopy Lexus LF-30 Electrified concept car a lot of development that looks promising. It's now a global race to get

ttps://www.autonews.com/shift/solid-state-batteries-show-promise

to the best solution."
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Toyota’s 745-Mile Solid-State Battery:

a Game-Changer for the Auto Industry
“Year of 2024”

Story by Martha A. Lavallie
5 Nov 2024

——

CURRENT COLLECTOR
|

(__, ([ CURRENT COMECTOR

Manufacturing Challenges

Despite the immense promise of solid-state batteries, Toyota has faced manufacturing challenges

during development. One of the main hurdles has been ensuring the stability and reliability of

the solid electrolyte, which is crucial for the battery’s performance and safety.

Overcoming these manufacturing challenges will require continued research and development

and collaboration with industry partners and suppliers.

Toyota’s experience and expertise in manufacturing will be invaluable in addressing these

challenges and bringing solid-state batteries to market.

https://www.msn.com/en-us/autos/news/toyota-s-745-mile-solid-state-battery-a-game-changer-for-the-auto-industry/ss-
AAltuHcx?ocid=msedgdhp&pc=U531&cvid=45e9e6f49eaad9fdabc88fa84148f89a&ei=16#image=6
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@® 2560 JICA-TICA Scholarship “TCTP - Power Distribution system O 2562
Engineering, Management, Technology
© 2561 RENAC renewables academy “Participated Online Training -
Green Energy Finance Specialist programme and Certified
Flexible Power System Specialist (CFPSS)”
© 2563
© 2562 JICA Scholarship — Smart grid technology at Japan
ILC, &nninn13ANUIEINAINIz 1A LTINS
© 2564
RE technology and financial modelling, Germany
Microgrid Certification Training, Microgrid Certificate
2 -
Tonex, Plano, Texas, USA ® 565‘“
Ta91in

WANFATAIRINYINIINANMEMTLRNUIAIITH KAl (INa.8),
A01URINYINTIINAINK
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AWENT91% Smart Meter Application
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