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Anwianuduanlunisamulssnulszneuuunneiasenlooou Tuszmelne
dmsusagudliih afia NMC wag LMO Taeisuiitoulssuussnaununnosinanaad
LumAeed kaglssuusnoulunmeI NI waduUAIADINNENERTIBTY U
Tssnuuuawesithidwaduunnesannguansedu wummedvia NMC f5iedunu 131
$/kWh %138 11,439 USD/Battery pack kay LMO $51A16uvu 124 $/KWh %38 10,566
USD/Battery pack dhulsanuilannsasdneaduunimeiliies uunmeivia NMC fis1an
AuUNY 1245/kWh %38 8,904.43 USD/battery pack kag LMO f51a18unY 1185/kWh
y30 8,433.6 USD/Battery Pack 99nn1sfnwiuSeuifiuauduailunisamu fedadd
Famaasugeans Tssulszneunvameiiindisaduuninednnguansedu 15
wuALeIYa NMC yardaquiuans (NPV) 389.10 MMUSD $ansiwaneuununelu (RR)
17.78% ilszoznanlunisiunu (Payback period) 4.5 ¥ Tsanuuumine3viin LMO yasin

a

Uadugns (NPV) 170.20 MMUSD dansinanausnuniegly (RR) 14.38% dsveziiaiau
yu (Payback Period) 5.17 daulsssnufiannsondnmadiunneiies 1ssnunumnoivie
NMC yad1daqduans (NPV) -878.68 MMUSD 8nasinanauunuaiglu (RR) 5.29% i
szognatlunsAumu (Payback period) 7.4 U waglssnuuunimeiuia LMO yaAdaqiiu
guns (NPV) -243.65 MMUSD dansiuanauwnunielu (RR) 9.97% fszugiianAuyu

(Payback Period) 6 U
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# # 6380191520 : MAJOR ENERGY TECHNOLOGY AND MANAGEMENT

KEYWORD: Battery lithium ion, Cost estimation, Payback period
Papawarin Kariuna : INVESTMENT COMPARATIVE STUDY OF LITHIUM-ION
BATTERY ASSEMBLY PLANT IN THAILAND. Advisor: Assoc. Prof. SUTHAS
RATANAKUAKANGWAN

This study paper involves the Investment Comparative Study of Lithium-
lon Battery Assembly Plant in Thailand, particularly for an electric vehicle. The
Lithium-ion battery types are NMC and LMO. This study attempts to investigate the
comparison in the worthiness of assembly factory investment for The battery
factory that imports battery cells from other manufacturers will have the cost
of NMC batteries cost 131 $ per kWh or 11,439 USD per Battery pack, and LMO
batteries cost 124 $ per kWh or 10,566 USD per Battery pack. On the other hand,
the factory that can produce battery cells all-in-house will have the cost of NMC
batteries at 124 $/kWh or 8,904.43 USD/battery pack, and LMO batteries cost
118S$/kWh or 8,433.6 USD/Battery Pack. The Investment Comparative Study of
Battery Factory by economic indicators, Battery factories that import battery cells
from other manufacturers by NMC type battery factory Net present value (NPV)
389.10 MMUSD Internal rate of return (IRR) 17.78% Payback period 4.5 years LMO
battery plant Net present value (NPV) 170.20 MMDUS Internal Rate of Return (IRR)
14.38% with Payback Period 5.1 years. As for the factory that can produce battery
cells all-in-house NMC Net Present Value (NPV) -878.68 MMUSD Internal Rate of
Return (IRR) 5.29% Payback period 7.4 years LMO battery factory Net present value
(NPV) -243.65 MMUSD Internal rate of return (IRR) 9.97% Payback period of 6 years.

Field of Study:  Energy Technology and Student's Signature .......ccccoevevnicenn.
Management

Academic Year: 2021 Advisor's Signature ..o
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Tuigiunualtumsldsnsudlnihilandunltniunniuegwiodles Tufidas
vingANT ANz sasudnaIsasausEaluinle (Plug-in Electric Vehicle: EVs) léun
soeudlniifituindeuainuunnedaiu (Battey Electric Vehicle: BEV) waysoaudlniiuuy
Udnduleusa (Plug-in Hybrid Electric Vehicle: PHEV) ﬁ]ﬂﬂﬂwsmizwﬁﬂﬁqﬂmmwéﬂufmé’au
Frunafiv wasnssaslddomaarern anulevielunainnareUssna deannisly
\Feawmdsneada anmsaansalaniuniseinainsasuslnfies Deloitte wuinsaeus
TWfwumned (BEV) AIMINEBAYIEEITe 25.3 Aududnilu 81% yassnaudlniintamun

Y

wazsagudlniivandulause (PHEV) mndtduenvigegi 5.8 auduniglud 2573 lag
A1IANTTRIENITINISAULR (Growth rate) 8811 29% sagudlniinasiidunumainussunu
329% YIUBAVIYTOYUA MAUNINUA TUVULNTDoUALATDIsURdUa1UN18TY (Internal

Combustion Engine: ICE) sgan@lag 9anauilonvessasud ICE anas (1) (Flagun 1)

Outlook for annual global passenger-car and light-duty vehicle sales, to 2030

W Global ICE m Global BEV ® Global PHEV EV share
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Source: Deloitte analysis, IHS Markit, EV-Volumes.com'®
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anunsainaiasasudliiideiSsuifisumugiinie aztuingenuesasudlylin
yosodetuusamiaaaglsledimai dnsnnivinedsdeiiior nildumamamain
mmmaaumWﬁﬂﬁiwﬁyjﬁqﬂﬁanmmﬁu ﬁﬂi@ﬂﬂqmdauwmmmmsmm“l%lﬁwﬁﬂ 41% (2)
(FsgUTl 2) uaranMFIATIERves Fitch Solutions Nuinsenesasudliinluedednidu
43.7% vosseavIsInsudlnitmun wazaanisaiizanandisudntiondu 41.50%

anelud 2573 (3) (Faguil 3)

Share of global EV sales by country

South Korea, 2%

Italy, 2%
Others, 12%
Netherlands, 3%

Sweden, 3%
Norway, 3% China, 41%

UK, 6%

France, 6%

) ATN/ N
AU EV-volumes.com, KKP Research E lP(II-C’TTI'AK'
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Tuedeifnanuunnoinelvgueslaniinis 70% sersluussmaiutuiignanse
Tugjeea CATL, BYD iludu Ussinadunseunquindlignamnssununneddmiviooud
Il Fausidurideane dfdmemineinsisuiu waznsimuimaluladesiedn
nszlandnaag (4)

Tuuszmalneaniunisainansasudlniinfuuslfufivundusdradivoddey
Fosnnmsiviuesndlalumaluladnstundousendsoulnihuiniu nsudtaym
wafivluonafififiuinntu nmsmansaivenfiesiuAuing maiiaaasaeudlniily
Inernazidfingetu 3a% nnelud 2573 (Fe3Ul 4) uazainnnsd1saves Frost & Sullivan
$ufu Nissan wui1 43% veanguiaeendlulye selaasdosndulvidusosudluihniely 3

Yihanth (Fagui 5) )

Thailand EV market penetration forecast

359 34%
High adoption scenario —@— Low adoption scenario (baseline)
30%
25%
20%
15%
15% =
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‘,.-l"
9 -
10% -
% P S
5 #-

== 3%
0% .—_._*X/—.

2018 2019 2020 2021F  2022F 2023F 2024F 2025F 2026F 2027F 2028F 2029F 2030F

fiun Department of Land Transport, Toyota Motor Thailand, KKP Research estimates
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Intention to purchase an electrified vehicle (2020)

B R BN -

T 4 48x 5k

55+ 60+

Indonesia  Philippines  Thailand Malaysia Singapare
M Certainly Probably B Mot at all

AU1: Frost & Sullivan, Nissan, KKP Research
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nelauleuieveiniasglnenmznssunisulouiserusudviwiend ladnis
Fadmunenisudneusudlniiniliudeslewds (Zero - Emissions Vehicles: ZEV) THlé
peatioy 30% vesnsHARLusURTaIneluT 2578 iefisthussmalnedgniadu
Fipupsuaus (Low — carbon society)

Uszinalngfeidugunimdandnvessosudiadessudduaiunielu (CE) udlu
Hagtunszuanuiouvesssudlih difiadu dswansenudeimsugiavinlidosinisusud
8100 Mnagidsunrdnsasudlnihiesnslulssne SsnsiiteideIoulunsudn fo
Jaresedenstidiuunneiluiniigaainaisn® iliAsnaideiuieudusnives
saeudliiiivudaduainUssmasu (Completely Built - Up: CBU) 7ilaifianitidnann
fonnasaimadnondeu - Ju duhliudelisndufiesfeandagunmananluyssmelng
2)

uananinisudnsnsudlifunusosudieioseuddunidately (CE) agvhlv
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ngAvuazTanawdudunamns 30 lusnsfesay 90 dwsuingiv waztandndudlsid
msndntuuszna Wuszezia 2 1

3) AINSWAALUALADS nsdifidunounisHan Battery Pack 3o Assernbly winiiy

dounquianis A3 azlasuansusslevdeniiunSluldifyama Wuszeziian 5 Uy

dadrusevar 100 vesuamu (lsiumnfiu wasRunyuiow)

a

o XA g v v A o Y 3 a = &
meiliedunisnsziuliiinisndasunmesdmiusasudliiinlugiina Fadu

Usglevusaniswauiazadnasunanisnansasus i ludsemalmnnduag19dsdy (6)



1.2. InguszaAlunside

1.2.1. iiednmanudualunssaisnulsznouuunneiaBenlossusia Nickel
Manganese Cobalt Oxide (NMC) wag Lithium Manganese Oxide (LMO) luussindlneg il
PIAMAINITHER 10 GWh

a

1.2.2. WoUsuifiuanuduarmamsiulunisasudiilsanulsenouwumaeiatey
leeou WisuiisulsanuUszneuLunned NHAnwadLUAIMD3 ALos uazlssnulszney
wuameITiLeaduUmmeInnguanT1edu defudiTamaasugaians Ussnoudae
yar1Ua30uand (Net Present Value: NPV) 8nsinanauwnunielulasinis (Intemal Rate

of Return: IRR) wagszeia1Aunu (Payback Period)

1.3. YaULYANTSIAY

1.3.1. Anwnlsanudsznevuummeiaisonlosou luszmelne lssnudszney
wumaeiaifeuleoouivuinfdsuan 10 GWh Smsinisuaniiugiuveslasenis 100,000
wiasiad

1.3.2. TsanulsgnouuuameInanLunnesdmiussudliiuuaned (BEV) vunn
AL 80 kwh difndalvidin 100 kw

1.3.3. ¥fiauunnodaiSeulesoufivuildfe vfia Lithium Nickel Manganese
Cobalt Oxide (NMC) wag Lithium Manganese Oxide (LMO) wumaesuin NMC 1Jufifes
ograunsvarelugmamnssusneudlylih dauanmsalunisinifvyseqliihlen luvaed
wuame3ulln LMO Huszavsnmlunissauszglaiss waslimnuaiiosiugumydl

1.3.4. AnwUTeuiisulssnulseno Uk unne I Na N IoNaRTAdLUALINDTIa TU
TssnuuszneunummeITiiwaduunneInnguansedu

1.3.5. Ansevduyulunisamu arlddrglunisandunu duyusiendis way
Anldi188uq Inglduuudiaes Battery Performance and Cost (BatPaC) model version
5.0 983 Argonne National Laboratory

1.3.6. 91glAsans 10 U

1.3.7. M193ATIEVAIUANAININITRY LATHANBULNUYBILATINIT lagld
WUUS1aRInsTLaRuanAnan (Discounted Cash Flow Model; DCF) iisfiansannissnaula

lun1samu lngldnsesdiolinseianuauamaesegaans inamnldlunisindulalaun



1.3.7.1. szggnianAunu (Payback Period)
1.3.7.2. yam¥agdugns (Net Present Value: NPV)
1.3.7.3. 9nsmanaulnuniglu (Internal Rate of Return: IRR)

1.3.8. nsgviaugaulmnnAsegaansuadlasanis (Sensitivity Analysis)

1.4. /NI NTUNITIVY
= v & da a a a dAa
Anwitayaiiugiuveswunmesdsuulossy luganalinveduunneidieulessy
¥1n Nickel Manganese Cobalt Oxide (NMC) kag Lithium Manganese Oxide (LMO) lag
91989 INTUABUNTEUIUNITNEALUMMEDT LAD19BIUTIENITNITHAANUFINVBILTNIUN
TURBUNTLUIUNITHER T18n15ALET8luNsamuYedlasanis wagsen1sAldanelunis
Aiun15709lATINNG AaBRIUNTSANYITBTNEITRI UL UMNeI B sLloBDU
= PN o Y l | dAa o a .
Wisuigudndiudunudeniisvasuunnasabenlosousiin Nickel Manganese
Cobalt Oxide (NMC) wa Lithium Manganese Oxide (LMO) samanuaunsalunisiniiu
Iiveawunned wagszeznelunstul
= ~ aa a 1% ay v Ao v ¢
WU UL SRULUALADINANNTONARYAALUALADT IALDY wazlseuiliiigwad
LUALADIAINGHENTIHBUTINTIIATIENANUANAIMIINTRUYBILATINTUTENOUAIY LA
U230uan3 (Net Present Value; NPV) 9nsuanauinun1elulasenis (Internal Rate of
Return; IRR) LLazizazmmﬁunumaﬂmami (Payback Period)
Tun13Any ATl YLAT e NTDITUNITASINLUUIIEDY LAZNITODNLUULUALADIVLR

#1199 N15UTEUIUAUNUNNSHAALUARETTILI U IUTUTULATY Microsoft Office Excel

[
LY =

FiamnTulag Argonne National Laboratory

1.5. Usgleviinmndnazlasu
1.5.1 weliiAnusegalalunisamunmsniauunneidisedlossu dmiusasus i
aelulszna Waldunsnszduasegionislulszma wazduasufanisudnsasudltniily

Usenaliindusenadaiy



UNN 2

= av dd v
VIQM{]LLQ%Q']U'JQEJVILﬂEJ'J?J@\?

2.1 wunmaaLsey loaau
TudagduuunneIgnHanaonuIMaINaIgyseLan YaINaleuInwaULUL 1ie
Anumugaulunislgnululszinnaneg lnguinuenaiunisiiunlgsgrgusanenla
panlu 2 Ussianvan AewuuldaSauien (Primary cell or non-rechargeable battery) uway
WUUNTSINE991UELS (Secondary cell or rechargeable battery) FILUALABIBRALANFATS
Ausanlumuiannldusenauiiondnuunines AunaInnalevesidaianiiinain
TgUsEasRraINsldny AuUNUNITHER ANUNUILLLYBINGIY (Energy Density) 814013
199U (Cycle life) Anulasnde YUIATBILUALADS LavANa1salunIsANLAUNS Y
Il fndre8u Whke w58 Wh/L (Tad-Falus sie Alansy waz Tnd-9alus Aedns

Y = Aa o a I3 [ ¥ 1 A a A
ANUAIPU) FILUMMDIAS8UleeaUTlAUE IS NS UNGINULIUINNITLUALRN DS YRADU
NlwAeUsNInT (Volumetric energy density) Lagl@auia (Gravimetric energy density) (619
a & a 2 ¥ ) ° ey ] ~ a &

JUN 6) Tauvielvwnaian dmdnin virbrdeansazaintunisldau Jediesldlugunsainnmg
| | fa & A & & v ) Aa a Yo a ° v
#1199 1 aunsaldianusedind WWusu Tulagtuwunnesdbeuleesulasuanuiisuinunly
Tugnannnssusasudlni aussouzaewumnesisonlessurzivegiutanildlunisindu

TILURLADILAZNITOONLUULUALADS (7)

400
T Li metal
(‘'unsafe’)
= 8
. (7]
= 300 5
= T
> &
172
5
© 200
>
o
(9]
C
w
100
Lead-
acid
3 Lighter weight —>»
I I 1 1 I I
0 50 100 150 200 250

Energy density (W h kg™)

JUN 6 wummeIvliadneqnldlusaeudlnin



2.1.1. \wadwUMMBIALSY LoDy

=

druUsznouvesdiseulonauwunnes (FesUN

Y

7) wanslnsiuindiuusznauniely
waduunmesaselessutiuUssneude ¢ @ Ao

1) dalwih Feuszneudae daau wiedauelun (Anode) Fedhulvgidutantszinn

Ansuan WU wnslils (Graphite) w3e #aAau (Silicon) wazdauan wietaualng

(Cathode) &4 0ufIUaUaNTIANNANLTOIUNISANAUNEIIUVDILUALADS tae

[ 1 a o

Anr 19U IANIlATIAS1manaA19T Uz iAua LT lunsAnAUNE Ul

q
1 o

(NN

<

2) Bdnlnslad (Electrolyte) Wuasazarende dadusiirlilossuluasiiuain

D

[
U

TAnalugatmalun
3) wiununsluwummed (Separator) Wudandnwanwadwes (Microporous
‘é o v d‘g 1 3 gj 1 vV LYl % 4{' U
polymer) &svimtnnusenineanalng wagtauelun llidudany ietosiu
N198M2995U09NTEwaN S UL UL BT
4) ¢¥unszua (Current collector) WulangfuinNvinnd1nlisLannsauaIuiso

Inasengrsnieuen waziianisinnssuabninluldusslovising

Lithium-lon Battery Component |

i
3 v % Separator: Microporous polymer
The Barrier between cathode and anode
to prevent causing a short circuit.
= (o) Q<: (?3/)—74
Current Collector: Copper (Cu)
Li* o
o—> 004
O%_%g% f—————— Current Collector: Aluminium (Al)
Stores and release Li-ions o
from the cathode, allowing 00 0
} b, As the soure of Li-ions,
the pass of currents though & 0/ o,%, .
an external circuit Li* determines the capacity and the
o— O average voltage of battery
Li* ’9 /O /OO /q
0>  JEEE
i L.
Anode Electrolyte Cathode

N The electrolyte is composed of salts, and

additives allows the movement of ions only

JUN 7 diudszneuneluwadiunmesiisesleosu
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212 vdnmsmahauvesiunnedisellossu
wdnmsvnuvesuunneiafedlessuasrerduniniinujazerluiuadlaewvseonidu
2 dufe

1) vz daUsealal (Charge mechanism) Wladnuszqluindrluluwadozyili
Aaufsenaiinglumadionliaiseulessulnaseniinlassaiietagildd ualna
wdouiiinudidnlnlad wiufuuunned wazdnluaeadsilasiaietagiléviitauelun
(Intercalate) Turnzifisafudidnasouasinasonaindiunlnaldsiauelun Inekumis
2asliaguen Wesnwnaunavesseq (Charge balance) navasujisenilagyinlidn
ueln wazduelunagluaniizliiedos

2) vnuzildfann (Discharge mechanism) UfAsauaiineluummeIannsaiintuls
109 (Spontaneous reaction) lasAiSeuleseuiiuieglulasasreTaniflivhdauslun axlva
nduglassadeildvhiaunlng wioufudidnnsousslnariiuasasini nedilnnsouasiva
siuilany Current collector uaglmdnnuliheenn vilfssuuiianmaiosdnads

UfiSenilarAuanas Lﬁ'aﬁLﬁamlaaaulwaﬂé’uL%’ﬂgj%’jal,miwmwm ynthuuanes
Tmisnadstesdauszqluiidnads uavanfnuisedes auniuunneiasidenaninuas

a1l (8) (Fagui 8)

Lithium-ion rechargeable battery Lithium-ion rechargeable battery
Charge mechanism Discharge mechanism
Charger Load
Ll (....EEI D o
1.1 : ectrons : P A
Current Electrons Current

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

Separator

Electrolyte Electrolyte
(Polymer battery: gel polymer electrolyte) o006 Howstuttworks (Polymer battery: gel polymer electrolyte) 2005 Howstutmworks

JUN 8 ¥aNN13N1SVINUTRLUAMEIAISELlaaRY
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2.1.3. ¥llaveuwunmeidiuslossu
TngAnuausatunsiniundsnuresunnesfiseulo oeu Juegivuiinvesiani
dunldiludaualne Jagndenhulddutualneg Wisuieudssdnsnim e1gnisldau
5101 (7) (fagui 9)
1) ABeulavaaneentyd (Lithium Cobalt Oxide: LCO) Heuldogaunsvangly
ca & a ¢ a a v & = o s
gunsaididnnselind Iusedviznmgs lunsinfiudsealain weswindidiudseneulavead
UYTunauge Mlidsiatung uagienislderudu (short lifespan) 3sdesdnlszalniives
weNINUANUEIITlUNNTAMUSBAINTEUABNGY
2) assuunsnfasanles (Lithium Manganese Oxide: LMO) wuatno3uiindlil
wserulihfgannniuunmesndlaveadudmlsznou darudumulniiniglusiyi
TanunsadauasaeUszybiiilasg1esing, waslianueaiiosnsgumngiias dauvasasdy
v o A 1 s ] ] ] o A v )
Auyua Wesnnliflaveadiludiuyszneu uianumumusieansiaiinn degnisldaudu

a a

3) alssuiinifauusnifialausaneonlea (Lithium Nickel Manganese Cobalt

Oxide: NMC) wustaaInianuaiuisalunisinifundssuas tesainidiulsenauvad

Y
lauaad wisialiunavi LCO wazlinuandfnisanudouna Jevililininudainisves
nangs Heuldedrannlusagudliih

a a a A

4) aissuilnifalaveadegiilonsanlyn (Lithium Nickel Cobalt Aluminum
Oxide: NCA) mema%"ﬁﬁ@mamﬂ’ﬁﬂﬁw NMC SAMEIIUTWNIZEe (High specific energy)
wazanunsnAnAundsnule forgmsldaudionuiunit NMC udlusuanaasndodsdl
fodAnfifesusulge

5)33sulosouneann (Lithium lron Phosphate: LFP) WU in 037 &
Usgdnsnmmslitinedifg faauduniuliiiie vlrsauszqldegrsnnga fengnisld
sufieu fanuvasndogs uiruannsalunisiniundanush

6) aBeallnmiun (Lithium Titanate: LTO) wuniae3fisinnuuasnsfogs wasil

91gMsldauneiuig awnsadnlszylangamgiialaly nuserusou willsags
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Lithium Cobalt Oxide Lithium Manganese Oxide (LiMn,0,) Lithium Iron Phosphate (LiFePO,)
LiCoO,  specific energy LMO Specific energy LFP Specific energy
(capacity) (capacity) (capacity)
/\ ///\ //// \\\\\
. sy N \\ Yl o
Cost \\ Specific power Cost—~ /A\\ o Specific power Cost e = Specific power
= S |
Life span \\‘ N\ ///’/, Safety Lifespan'_ S // - _safety Life span ' safety
3 g N\ 2 //,/ \\\ N A // iy //
Performance Performance Performance
NMC Specific energy NCA Specific energy LTO Specific energy
(capacity) (capacity) (capacity)
A
; %, A s :
Cost “ Specific power Cost // ™, Specific power Cost _— Specific power
) y
[ C -
|
Life span ‘- _safety Life span 7 safety Life span < _~ Safety
N -~ N O
7 S ~ )
Performance Performance Performance
Lithium Nickel Manganese Cobalt Oxide Lithium Nickel Cobalt Aluminum Oxide Lithium Titanate (Li,TiO5)
(Li(NixMnyCo,-x-y)O,) (Li(NixCoyAl;-x-y)O,)

gﬂﬁ 9 \Wisuiisulsyananin o1gmsldanu dunuvesiunmeiaBoulooouusayyie

wiuldnmsnansaidndunainuunineiadeulesou dwiusnsudlnilifiudy
[lenouauefionufiosNIAuUTEANSAM 91gnsldauuazauUasade (Fagud 10)
wuhuummeiaBeuloouvia NMC fanudosnisifiuduesadedes Waiisuuuumsed
¥iindu finnudougiluvainnansuisnnansosudlni fegradu Audi, Volvo 1Hudy
ogalsfmuuunmeiaenloosuviin LMO Aewziaudonanas udduseiuliinigs &
ansumuliihnglush sihlfanansasauazaeUsyqlnihldegiesms dduyuiianiy
Uagilonalunistiuniuressintfosndi iesnnliflaveadifudiulszney wasfininu
@desauaungidndie luusenndasosudlninniinisd LMO wildiguiu feegragu

Nissan, Chevy Volt tdusu (9)
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40%

100% I - o I
80% I I
60% I I I

20%

0%

2012 2014 2016 2018 2020 2022 2024 2026 2028 2030
LCO wmLFP ®LMO/LMNO m=NCAS0 mNCA20 NMC333 ®NMC532 mNMC622 mNMC811
Source: IHS Markit © 2020 IHS Markit

= s 1 Aa a
E‘U‘V] 10 ﬂqﬁﬂqﬂﬂqimﬂﬂajumaqﬂ%@\iLLU@LW@?@LSSNI@@@‘U BUANTNE

2.1.4. JUnuvveITAdUUNIAeIA S loDaY

WwaduUmmeI T INUsEneUIusgfumMIssanuUULURREIR LA NFBINN I
U FununsREn AuUasnfe LAz LINTEILUALADS JULUUYDITARL UALADIAIT Y
losautiu wisesnitu 3 wuudil (Fegud 1)

1) WUy Cylindrical cell gULLUUéy’QLammLsdaét,wmma"% Jugunsanszuen
wmsguialy defvesgunuuil Aefiannuamugs fengnslderuienuiu nudenudy
melueadlin dadefelidszavsnmlunisiniuil wasdidaugndanusedmdne

2) uuy Prismatic cell JULUUTTAlnaziidnuasvuy Soilildiuildog
fiuszavdnm aunsaeenwuuntsuialivainranesuiuy wideidede dauyulunisndngs
msdansaudeuliresiiussansaw uazdiengnisldausi

3) WU Pouch cell JUuuviiideffe dmidnu fuyulunisudns aunsn

ganwuunIswiialavainuate wideidede dlenadudaduauiulueiniareudisgs oy

msldnuiluanizaamngiige uardeseenuuunmsuiiniionsuinvedgadiueuan
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Cylindrical Prismatic Metal Can Pounch

Cathode tab Anode tab
at . S tal

Top insulator-

‘4“/ Cathode

|
|

Aluminum
Case

Aluminum

laminate film

Single large sheet of Cathode, Anode, and Wound electrodes pressed in to ellipsoidal cross section | Electrode sheets are cut and stracked and connected
Separator is stracked and wound. formed into a flat shape. using current collectors.

JUN 11 sUsuureseaduunmeIaiteulonsu

2.1.5. ﬁauﬂizﬂamaummmaﬁuaa (Battery Module) LA RUALABI WA (Battery Pack)

duUsznauvesuuniosluga (Battery Module) ﬁ]gﬂ‘ﬁuagﬁu%ﬁmmmaéwmm‘%ﬁ
vhanld (1) (Faguit 12) 16un

1) naesuuUnLABY (Casing): inalavigusuusnivaduunned tiedeafunsusn

2) lassda (Clamping frame): TassBamandiBauummesluga 1ifundeauuntnes

3) gUn3ainsI93uamMyll (Temperature sensors): gunsainsaaduaeluLunine’
Tuga simihitnsaedugungiiveseaduunne’ telkszuunisdanisuunined (Battery
Management System) AIUANA LY wasNsENSsIuTivasasy

1) waduunned (Battey cells): wunmoIgaluLummeIuinty azUsznoudoiwad
wuaweI LU AUluga I@aaﬁwuau%%uagjﬁ’umaaamt,w WAZAINABINITNITIEY

5) fasie (Terminals): i 2 $areuununmeiluga ieidourelugadusinu Bus bars

6) M3idouresENINad (Cell Interconnects): viuthilleusioiwaduuninousiay
wanliAIeiy

7) 58UUTEUIEAI1NSoU (Cooling system): BB UNAINEDLEUTTNININDIVDUYA]
LualAed Wesrureauieu uaziesfunisatennufougs (Thermal runaway) 310

LUALADS
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Image credit:
Nissan UK

Poiichiesll fioduls (Nissar Leaf) Cylindrical cell module (Tesla)

g*dﬁ' 12 ﬁau‘dizﬂawauwmmaﬁu@a (Battery Module)

daulsznouveLuAmoILila (Battery Pack) %%uagjﬁwﬁmawzjaémmma‘%ﬁ
vhanld (12) (Fegudi 13) Tun

1) ndeummaIduuL (Upper case): tlostudruusznouniglununme3aindanisn
uazdstlasiunszualiiiussgsanaelunumnes

2) LLumma‘%‘Iu@a (Battery Module): LLUWL@@%IM@GﬁVTWﬂ’]SL%E]MGiaL"UaﬁLLUGILMEJ%iLLGiaS
LWAALTIMEAULAT AIUNITODNWUY HAZAIINABINITNITITIU

3) Bus Bars: dauﬁl,%amimwmmaﬁuaaﬁﬁwﬁ’wwlﬂﬂﬂ LLazL%aﬁia‘[u@JaLsﬁ'ﬁU
Contactors

4) Contactors: drudilftonuunineilugaliinsesnaindy eanuvasads mniis
MsvufuveslUnAeIliga

5) 7 (Fusing): Thddlasfunnudemesotudiuanlinsysn wiedaanuianann

6) Disconnect: WilousnuunnoInnsasusliiihszninsnsuimsvdothsssnwm

7) SpUUTEUIEANSY (Cooling system): SzuUszUIBANSa Ul ULUAAGS wax
Jasiunisaeaiuiougs (Thermal runaway) 91958 UN8AINTBUAIEEINA 1 waoszuu
Usuonalusasus

8) SEUUNITTANITUUALADS (Battery Management System): isUUﬁVf’mﬁﬂﬁmU@m
ool wsasiulni nsatauszqliihiimdeny steauanuawveLUALADY IeAN
Uasnny

9) NABILUMMBINIUANT (Lower case): 5895ULNNLNLUALADS wardaanudsanuysn
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gﬂﬁ 13 drulszneuvesLunmesLfia (Battery Pack)

2.1.6. wmalulagnsusenaunummesaeuloooy
TUABUNMINAMAARUAWMBS (10, 11) (AIFUN 14) fall
1) N32UIUNIT Mixing naudngauiidudalninveswunimes Tnadauelun (Anode)

(Y]

npAunandiuvguianussianeisueu wu unslid (Graphite) w3e #daau (Silicon)

A

drudaualva (Cathode) TngAuvdndiulvg) AedSeulasenlsd arsBainng (Binder) way
ansiviazans (Binder Solvent) Tnenanlvidniu Tua3osmay

2) n3¥UIUNS Coating Wumsidiunay anduneud 1 fnaudrfufiudunedouuy
Rafh¥unszua (Current Collector) Mfiudalviiin oy 2 $u (Two-level coating system)
i1 2 fruesirfunsvua netausluntanandunauns wastaualnatanizduegides

3) N52UIUNIS Drying Wae Solvent recovery 4l a5£LMeL81d15%1a2a18310
NSEUIUATS Mixing 8on wazilosyimearsyiasasiinaunnlaln

4)  ns¥uIuns Calendering Wunsldusadena Iﬂﬁisi’f@ﬂﬂayﬂ (Rolling) Tun1sna Lile
innsidoufinvasdidnlnsatusifunssua (Current Collector) fina1an3a 100 wasdewi
F2unlng (Cathode) axfasiinisliaanudou (pre-heating) waznislvarudoulaenis
wle31 (Induction Heating) lun1seudeulany (Annealing) Lﬁm%’wéﬂssmuma

calendering IAuFauge fvanTauelun (Anode) Nianunsadiiiunisigungiviedls
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5) ATEUIUNI1T Notching LA3esUN (Notching machine) agldludln (Die Cutter) N3
asvuaupsdagaduglaelalilauusiuniinisiedaudidninge wuadulau 2 wau Tu
nsrUIUNSUazTidumaananUsEUN 8%

. I Ao w d’lj & a a ~

6) N3¥UIUNTT Vacuum Drying LUUNTEUIUNTNAIINAMNTUEDNINTIDANINTA 1D
Ldlvfianuiunasmdensunaziiluusznouluwaduumned Josduldliminyjise
dupseszninuazdidniaslad Ti8idnlnsnvzgniinbiuiaioamgigdunisuuisiuy
geyey1n1@ (Vacuum Drying Oven) Lianldluniseuuiavestiualng (Cathode) Wuld
NAMUIUNTITINBIUA (Anode) 50% LBIINANUNUIVDINTISARDUBLANINTANAIAY

7) n3gUIUNTs Electrode Slitting LIuN1sinuRuneeddl@nlnsanuuInfifednis way
LeNTUBLaNINIAENIINAY Winwseud1gnszuIuns Stacking

8) N¥UIUNTT Stacking NTLUIUNTIALSBLATTRUBLANINTA lBwmSeNUTY NoUWad
WURLABILUIAB U

. A S aa 1 N o

9) ATEUIUNIT Current Collector Welding nsiaudndianinsamemalulagsansile
1n (Ultrasonic Welding)

10) ASEUIUNNT X-ray Inspection NIATIVFBUNTIASLIRIULNLIABIATOUDNGLTE LD
[ 3 Aaa o a a a a Al 1 v
AnLENwadLURmeI NI miluazn1sesBannsailignses

11) n52UIUNIT Inserting Cell into Container nsdniSeagaduunneiadluuiiaing
WAz ALY T ARUANLNALND

12) ns¥UIUATS Electrolyte Filling and Enclosing n1siiuasazanedidninsladidnly

I a '~ P Y a =~ a & ¢ & a o W
Waakumwas warlaninlyaidn Wesanasazanvddninstadidune wndudalau

13) n5¥UIUN1S Formation and Aging NSU3UNN59AUTYY (Charge) LagA18U5eq
(Discharge) THAULLAALUALADT LAUDUNTTUIUNITUGNS) Uzl 3 dUaT9 LivoLuAT
ANuAAng i liiuaduuames sauaisligaauunneinaisuia (De-gassing) aan
INYAA warnaaauUsansammalnd

JEUUAIUANAINNYY (Dry room) ALANTEUIUNITN 7 — 12 3ziinTunigluvies Dry

room MIENSAIUANAIUTULAL NN LHOAITUANAMNINYBATAALUANEDT



18

and Enclosing

Vacuum Drying

Warehouse

Dry room Control System
i _» Electrode Slitting | !
Mixing . ;
| Cell Stacking ‘
Coating | ;
|| Current Collector |
v : Welding i
_______________ Drying
1 1 | |
1 1 ¥ H
: Solvent Recovery | : X-ray Inspection 1
! System ! r | i
fttTmTmTTTTeTn ! Calendaring | 1
i Inserting Cell Into ‘
v i Container w

Notching . : Formation and Aging
. Electrolyte Filling |

2 T | —

o
v

JUN 14 Junounisuaniasiunmes (Battery cell)

Fumeun1sUsENeULLALAGS luga (Module)

dwaduuninesaissilesoudmadeutssansammmalnily vhauazerniuin
uazdaidoadlulugaia (Module case) a1nduagynisidoudoiwadidifae iy #1073
Ultrasonic welding finnud 20 - 40 kHz, ANE1IARY 10 — 50 um, W39AU 1 — 10 MPa
ntunsavaeuAn1si gl Resistance measurements ns1aaoUsoEdoNTENINg
FAALUAMBIFIENITATINAR U IEUEISATUIR (Optical inspection)

ﬁ]’]ﬂﬂj?uaﬂglg\iLLNQ’N‘«]’?UENLLUGILG]E]% (Battery Management System; BMS) LLazaﬂﬁgﬂ
s2UU Contact System saniduduweinsafuaruinundsmagmeluluga fanseualuin
ey wazgamgll Woldlugaiiunismaaeundtisnseaeiadaiiiewnsunieusions

Us¢nau Battery Pack (12, 13) (ﬁﬂgﬂ‘ﬁ 15)
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» Interconnector | [] tool [ interconnector I Battery cell/terminal
. loi
Joint ‘ Sonotrode
( . ]
O = l [
= ja .
: =
Receiving cell from supplier - - " cell ’:1
e PP Loading cell to module case
- Cleaning and activating of Screwing insertion into the Fhatien
the surface housin Joining of the cells
Py . g
- Initial inspection to sort out

faulty cell - Joining of the cells using ultrasonic welding technology (low heat input)

- Checking the joints for conductivity and scanning the welding

Testing the module g « Electrical contacting

- Functionality of communication and sensor Attaching, fitting cable and - Relocating of the battery management system (BMS) )

- State of Charge (SOC) mounting of the housing cover - Joining the circuit board to the module by welding and screwing
- Cell Voltage, Cell Balancing

- HV strength (resistance measurement)
- Cooling circuit

- Overpressure test

- Connecting of the sensor system (Temperature control, Cooling system)

(%
[

gﬂﬁ 15 wmaumsﬂszﬂaumema‘ﬁmaa (Battery Module)

o
Y

JunduUNITUIENBU Battery Pack

thuummeslugaiisatng Pack housing Tneizsdnnuluganunislidanulusagus
I umazUsean Lﬂ?fasiaiu@aL{J’ﬁfwﬁué’aamaLmﬁamauwiaﬂu@amsiaﬁ’u LarBauunmes
lupameangidniu pack housing nduneaeumaliii Yisndndaszuy Cooling system
warUnuunaedunalvain mﬂﬁ?uﬁwmwmaammmw L UAMINEINNTA U TAIUN UL IR
ienuUaonde ¥n19i3er o5y UULKIIIITUBILUALADS (Battery Management System;
BMS) Whifupeufiames wazileudegeuas evhnmsinssissuuanudasaseiielils

AN (12, 13) (éfagﬂﬁ 16)

-
L] = ®
Y
Module Delivery Joining the modules in pack ) )
I architecture I Electrical & Thermal Integration

- :::e':h‘he baktthery :v:‘odules - Fixing battery modules and connected - Relocating of the cooling system

ho e pack housing - Bus bar Assembly - Connection Battery management system (BMS)
- The construction and winng and Electrical Distribution System (EDS)

of battery pack depending on

EV type ‘

Sealing top cover and check the housing
for leak (case pressure test)

4

V Testing pack quality and system functionality

Packing and transporting - Test cooling system, Thermal management, BMS, EDS and
the batte ack components ( sensors, circuit board )
ve - State of Charge (SOC)

- Check the correct function of all systems

U7l 16 Tumeun1sUsEnev Battery Pack



20

2.2. ganun1sainaiavasuuameiasewlosay

Hagtumudesnisuunneaisealossy dmsusasudlifiifiuduedisioides a1n
nsasenindadymaindeudiunafiv warnssusrldidemasasein Weann1sld
Womdwinileada luvaziisavewunneianas iesmnsawewnaluladlunisudni
gnas dawalis1A1 U8 IUUALNDIYNAIAILATIATIZAYDS BloombergNEF Wu3151A1Y04
LWURLABSRLAT 2556 — 2563 anatagnaun (Fs3Ufl 17) MAdnsIAveslUnmeIaziisaei

v

A1 100 USD/KWh e19avagitszanas 45 USD/kWh Tulin.a.2578 (14) (fsgudi 18)

91989910 Lukas Mauler wui1s1a1vesuuataeivila NMC daadvegn 145

USD/KWh Wags1aueduusninaseiln LMO ﬁmmﬁaag}ﬁ 133 USD/kWh (15)

real 2020 $/kWh

668
Pack 592
210
384

190
205
Cell 127
80 221
181
65 - 157 137
RN

2013 2014 2015 2016 2017 2018 2019 2020
Source: BloombergNEF 2020 Lithium-ion Battery Price Survey

U7 17 uwnlthsmveswaduunine’ uazBattery Pack ASUAT 2556 - 2563

Lithium-ion battery pack price (real 2020 $/kWh) Cumulative demand for lithium-ion batteries (GWh)
1,250 25,000
4
\ m— E-bus
1000 20,000
‘a 2035 implied s Stationary
\ price: $45/kWh storage
\
750 15,000_ Two-wheelers
\ A
\ A
A Commercial
\ 2030 implied vehicles
\ price: $58/kWh
500 \ 10,000 Passenger EV
A 2020: 2024 implied
\ $137KkWh  price: $92/kWh
\ A A Observed
~ rices
250 ~ 5,000 P
~
= = 18% learning
rate
0 — 0
2010 2015 2020 2025 2030 2035

Source: BloombergNEF 2020 Electric Vehicle Outlook and 2020 Lithium-ion Battery Price Survey.

JUT 18 N13A1ANNTAISIATYEN Battery Pack WAgAUABINTUDINAIN
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2.3. Battery Performance and Cost Model, BatPaC version 5.0

Battery Performance and Cost %38 BatPaC 1Junuudiaadlunisadnelsaanunan
LURLABS NIBBNLUULUAWMEITanseY iulusunsa Microsoft Office Excel fiaunaulng
Argonne National Laboratory @sl#3uyuatiuayuandiiinaumeluladeiuesus (Vehicle
Technologies Office: VTO) faifudunilwosdrtinauusendandsnuuasndsnunyuiou
(Energy Efficiency and Renewable Energy: EERE) n1eldin1siiunisnssnssmasuansy
(U.S. Department of Energy: USDOE)

Tuwuusaes BatPaC WllalWldanssuefiofusznaunts wasyaaaiiauladny,
LUUT1a09 BatPaC @13130A1UIMAUYUNITNAALUALADS LAZEDNLUULUALADIANY
fdalufin auqlilh viowusimeddmiusnoudlii (Electric Vehicles: EVs) G9a1u150
TlFrusasudlniiiiduindeuainuunnesadiu (Battey Electric Vehicle: BEV) sasudlliin
wuuddnsulause (Plug-in Hybrid Electric Vehicle: PHEV) wazsasuslniinleusa (Hybrid
Electric Vehicle: HEV) lam1u@nanis argnrsatuinluaiusn@in (spreadsheet) laanns
FmnaersdaiutuneulunssuiunHanLUAADS

NM908NLUUKUANEIVBIRUUTIABY BatPaC azeenuuuiislimiulumudermun
VoI LY MaeuUsEansaIm nMssvunen (Configuration) LLazmimammuﬁ;ﬂ%mﬁmum %

ANARDVUIARAL AU VDL UAWBS (10, 16)

2.4. MIAATINAMUANAINNNITRY LASNANIULNILYDILATING
MTAATEFRANNALAMINTITY LazHaneULuYedlaTanTg ilefa1sanAMANAT

uazinaulalunisamuedneiiussansamirtasmisiumnudualunsasuniol Tagld

pesllodiaTgianuduAmaassgaans inasinidlunsdadulaldun

2.4.1. SzyzliaAunU (Payback Period)

a
2 2 o a a ° v
srEznaIfunu Ao szesiattunisandunisiiasinlilananauwuainnis

[

aUAY TgnsAudndsil

“ RuasmuiEuusn
JTYLLIAAUNY = ————— (1)
! NanoUWNUEVSHal
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¢ a - P ¢ a o o - ° -
nasrezaAuuAen1sNiinaUselevlgninnmsaniuau vsenaiilsn
losuluudazdnuduwiduaildanglunisamuisuusnuedlasanis daumnisseziiaifiu

[N & I3 a4 a = °
‘1/!‘14161@8’1@33%5’3 AL UUNGA LUBINNUAMULALIRN

a

2.4.2. yaA1UaqUugns (Net Present Value: NPV)

q

a a4

yaA1930uans fe nizualuaanmunvedlasinsilasuainnisasuil

q

Y 1% o (%

waannUsulnluyaddagiuua anunsorwindenad

Bt—C
_ yn Be=C
NPV = t=1 (1+i)t 0 (2)
lngrivuali

NPV = yaArdagUuans
By = yammsuwnuvedlasenis Tl t
C = Alenevedlasinis Tuin t
Co = puyuvadlasanisiudusn
i = 9n37Anan (Discount Rate)
t = Uvadasans
n = 918v8lATINTT

VANNUNNITHAITUT D
NPV < 0 : Tasanisiiulsinasaau ilesannyanrdagiiuremansuunutiesnin
yarndagtuvesiunulasans
NPV =0 : Iﬂ'ﬁqmiﬁ?uﬁuuam{]mﬁmamamuLmuwhﬁ’wuamﬂmﬁmaﬂéfunu
1A9N13
NPV > 0 : Tassnistiuaasasyu iflesandyaaiiiagtiuresuansuunuminniy

wardagtuvesdunulasanig



23

2.4.3. $amanauwnunegly (intemal Rate of Retum: IRR)
gnsmanauuvuntgluy Ae dasmansuunuildsuainnisau au

dn31Anan (Discount Rate) MlviyaA1lagtuveswmansuunuvinduyaalutdagiuves

1%
v

AUy aunsadwInlanall

n Bt—C¢

t=1(14jrp)t O (3)

Tnarivunli
RR =  dnsmanauinuniely
By = yarmauuuvedlasins lwiln t
C = eldIneveddasants luli t
Co = funuradasinsludusn
IRR =  d9n3manauLnuiilasuainlasanis (RR)
t = UvedlAsans
n = 218vedlAsInIg

RANAUTIAINANTUN FiD

IRR < Cy : IasanstuliAuanlunisaamu esnndnsmanauwutosnindunulasanis
IRR = C : lasamstiulvinanauwnuvinfusumulasang

IRR > Cj : IASINTITUUAITNITAMU LTUBIINTATIHANDULNULINN TR UYULATING

2.4.4. MyagiaNeeulinvedlasinig (Sensitivity Analysis)

mMsinsgsinuseulivedlasinis fe nslszvadefidwmadeduyu Las
nanauLnuvestasinig wudadsamidunuiiiuasuwlady wistadesmesuiiuasunlas
1UWmamumiaimwgﬁaﬁzmﬁ?m fdwmanolasanig mMsinsesiauseulmvedlasenis
szl Tasanistuiinnuseulmsedaselauindos e ismsouuuIniemis
Jaafuaniadusineg Wislilassnisiuduldldesnsfivseansan Wuisnisinsesinaly
amﬁmﬁﬁﬁqm INAITATUIUNITATINANBULNUIINAITAIMN Y aeldanulduiueuiiag

Andu virbinsamulasimsiianuduaanniige



TuarAseatull Jadenaziuninsieinnusauln lawn
- Taduaununmisamu anuduwls T 30% leawfivaniias 10%
- Jadpanafiuau anuRukUs T 30% lneinanniay 10%

- Uadpsiesu anuduwds £ 30% leeiuaniias 10%

TnglSouiisuanusaulniveddssnulsenauwumwesassulaoausin NMC wag LMO

24
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UNN 3

A5andun1sIy

msiTeadaiidunmsdnwenudualunssalssnudsenoununmeiabelessy Tu
Uszinalng Ingveuiwanisidsiansanlsnuindauunneidmivsosudliuunne’
(BEV) $112u 100,000 battery pack ot vuinauglitiiuunine3 80 kwh fdslwi 100
KW slnvongaduumnaifiviunldfe uumnadvda Nickel Manganese Cobalt Oxide
(NMC) @z Lithium Manganese Oxide (LMO) afnwiuFeusfieulssnulsenouwunmesii

a I a Aa o w ¢ = Y a A
NARLYAALLUALADILDN LLagiiﬂﬂqu‘Ui%ﬂ@ULLUWL@@?WUWWWL‘?@@LLU@LW@iQWﬂQNﬁG‘I?WS@U

3.1. UABUNITANTUNSIY
3.1.1.Anwdeyanugiuvesiunineidiioulossuviunly via Nickel
Manganese Cobalt Oxide (NMC) It @ ¢ Lithium Manganese Oxide (LMO) ¥ 4 % 8 U

NITUIUMITHAALUAMDT (R9FUN 19)

Building Support
Warehouse [«

Systems
Dry room Control System : Recycling i
1
— E »  Separation :
Mixing ‘ ; Battery Pack
! v Assembly
A | Cell Stacking ;
Coating E :
| Y | i
' | Current Collector
_______________ Drying ! Welding . Battery Module
1 1 ] ]
! Solvent Recovery ! | I Assembly
1 o ' '
| System i | Inserting Cell Into i
ftommmmmnmees ! Calendarin | :
s i Container ! T
! \ :
A : 4 : . .
Slitting E Electrolyte Filling i Formation and Aging
and Enclosing |
! h
Vacuum Drying | | L 7777777777777 ..
. Control Laboratory i
1

JUN 19 unudsvedlsainuninuunneiaisenlossu
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3.1.2. AnumsasuiazaTldisvedsanuUsneunuameiaiBetleseu dmsu
N1THAALUMABS T1U3U 100,000 battery pack Aol Tnalduuusiassves Battery
Performance and Cost (BatPaC) model ¥84 Argonne National Laboratory lage19d4iu
5@3Wﬂﬁimamﬁju§sm (Manufacturing rates in Baseline Plant) ¥84uuud1a89 BatPaC (A4
p15it 1) Aldaelunsaamu luusiagtumeunisndnmananiiugiu (Baseline Plant) vas
WUUSIae BatPaC (Him13197 3) wazsnensaldaglunissniunisvedsauuunae’ (@

AN519N 4)

M131991 1 §R5INTHENNUFIUVBILUUTIA0Y BatPaC

Rate Unit Amount
Operational days days/yr 320
Total pack energy kWh/yr 50,000,000
Number of packs packs/yr 500,000
Number of row racks racks/yr 2,000,000
Number of modules modules/yr 10,000,000
Number of cell interconnects interconnects/yr 270,000,000
Number of accepted cells accepted cells/yr 200,000,000
Total number of cells (adjusted for yield) total cells/yr 211,000,000
Positive electrode area m?/yr 303,000,000
Negative electrode area m?/yr 315,000,000
Positive active material kg/yr 72,500,000
Negative active material kg/yr 49,100,000
Positive binder solvent evaporated kg/yr 24,200,000
Negative binder solvent evaporated kg/yr 40,100,000

AlEI18TUN1989MULATE9NT kasiuNluNTEUIUNITNENVDILTNIY WUUTIADY

BatPaC dzAuInlag 1984 UdnIIN1suannugIu (Baseline Plant) U944 uuiIaes Lag A1

1Us2aN3 (p - factors) Alvlun1sAuum U sildsuLUasluvesnInsdnslunisuan way

1% '

wunluudazdunoun1snan wuudnaes BatPaC l¥nsussanualdinglunisamuaiesdng

LATNUNNISHAN AFUN1TN (4)
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lngfwuali
C = yae Guyu vidodiud) Afosmsvedlssny
C, = yam (Funu videiud) Avsuansasmsidniiugiuvesuuudians
R = 8n91n1sHanvadlseny
Ry = Snsmananiiugiuresuuuiiaes
p = @duUsEans power factor

Wolmdulumusasnisnanveddssnudisesnsine Wanduuszans (o - factors)
USusununmaaiidinisade viesmsinisudeiiugiuredsanuudsull lusastunou
MsWEn (F3915197 2) wazeldaeglunisaamu Tuusagdunoummanniunisuaniugiu
(Baseline Plant) ¥8suuuinans BatPaC (fan157197 3) tieldiduyadinsulunisdua

WiaUszuNuA g8 d UL S I UL UALABS NABINITANEN

M13799 2 AdUUSEANS (p - factors) TunsuSusuyuveUUII@ed BatPaC

Capital Plant

Process Step(s) Pertinent Rate(s) | Equipment | Area
(SM) (m?)

Electrode processing/mixing active material/yr 0.90 0.95
Electrode coating electrode m?/yr 0.90 0.95

solvent kg/m?/yr 0.20 -
Calendering, notching, & vacuum drying electrode m?/yr 0.90 0.95
Electrode slitting total m*/yr 0.90 0.90
Cell stacking cells/yr 0.90 0.90

cell capacity 0.95 -
Cell stacking, current collector welding, x-ray | cells/yr 0.90 0.90

inspection, inserting cell in container,
electrolyte filling & cell sealing

Dry room total m*/yr or 090 | 090
cells/yr
Formation cycling, testing, and sealing cells/yr 0.95 0.95
cell capacity 0.30 0.30
Module assembly modules/yr 0.95 0.95
Pack assembly and testing packs/yr 0.95 0.95
modules per pack 0.30 -
Warehouse total pack energy/yr 0.95 0.95
Building total pack energy/yr 0.95 -
Solvent recovery NMP solvent/yr 0.95 0.95
Rejected cell and scrap recycle cells/yr 0.90 0.95

Control laboratory total pack energy/yr 0.95 0.95
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FapduUTzaNS (p-factors) HUUIUBNEINITIUALULUAIIBIVUIANITHER UURLIDY
ASHNNTU 30ANAIVDIATDIINTNITLUNISHNAR IONUNN LG IUTUABUNTZUIUNISHAR

M5 3 AlEelunisamuuaziuinisidau TuudastuneuniswinvesiuudiasiBatPaC

Capital Equipment | Plant Area
Process (SM)* (m?)

Materials preparation/mixing

Positive 200 8,000

Negative 280 8,800
Electrode coating

Positive 90 16,000

Negative 78 16,000
Calendaring

Positive 25 2,100

Negative 25 2,100
Notching

Positive 29 3,200

Negative 29 3,200
Electrode vacuum drying

Positive 14 2,000

Negative 11 1,600
Cell assembly in dry room

Electrode slitting’ 30 -

Cell stacking 170 -

Current collector welding 190 -

X-ray inspection 14 -

Inserting cell in container 11 -

Electrolyte filling & cell sealing 25 -

Dry room 7.3 61,000
Formation cycling, testing, and sealing 830 110,000
Module assembly 94 27,000
Pack assembly and testing 94 27,000
Warehouse 200 10,000
Building and supporting systems

Building 1,700 -

Solvent recovery 36 1,100

Rejected cell and scrap recycle 9.3 3,300

Control laboratory 16 1,300
Total 4,222 305,700

"both electrodes

*cost includes installation
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Algiglunisamuvedssnulsenaulunmesaiselosau (Capital Expenditure :

CAPEX) 1ngwuU1a849 BatPaC Us¢naun18A1lta18LAS99n5 b UNISHAR 985U 9AN

1 1 J a

LAIDIINT ANVUAT LATAIANLAUNITAARUATDITNT N15USEUIUAT T8z UL UANY

vy ¥
v =< [ v a A o w a
Jua

YUADUNITNER TIUALTUBYAUDNITINIINARNAD YASINITHANLUALADTVDILTI9ULY

Y

(% ' [ Y
) = U ) I

AlgTganAsuaziiug tneA1e1Asuasiiui dusiuisineaiawazaanssaulnanie @l

9 AskaziunAndy 5,000 USD/m? anldarglunisasuununisnain Usenausie Plant

[

start-up N150USUNTNNY uagAwReAugyds Ay 5% vesuyuingiuse

q

=

U uag
10% v94AN919u5997U TudIuva iU Uy uisY Usgnaudeiiuandmiunisdatedning
duAAIrds IngAunasnanioe Andu 15% vesaldinedunlssel
Arldanelunisiiuuredlsinulssneusunne3aiionlessu (Operation
Expenditure : OPEX) Usznausiea1d13ussny dadnmiulassadiaduiiouvesuinly
Usznalng Aldaslunsvisednwieiesing aldiedunus aldaelunisue uaz
U3Ms HagUszneulufeailddedmiudrinnu n18Euld uasniiau luduaavinedon
Housimueseimsuaziaieadnslumendn (Famsnedi 4)

AN5197 4 s18nsAlEIelun1SAEUN15URILASINTS

318015 U
AT Tassaseldupouvesusenludssnalng
Aldanelunsthgssnuiaiosdng 3% vITela
RIS AR T 60% VDIAIIITINU
Algaglunisene wazusuis 3% wee18la
AdeNTIA 5% YDIIUAMU

*Escalation rate = 5%

*919999NNEDRAMBUWNUUSEN NG U 2560 (MBUNSHNNITSEUIAYBILAIA-19)

L4 1

3.1.3. 1A RAU U0 IwUAN o 5 au leaaurlin NMC wazyin LMO

1% =

JLUUT1A8Y BatPaC FeUSunaingauilduazgunsalnieluwuninesasuSumunaninves

AOAULALLUAMDTIUTUADUNITHEN VRILTINUNABINITANE (A9A157199 5) kagIIA1YD9

(3

)

[y

a o v a s a v d'
ngAuAsAuluNIHENIadwUAMDT (FHIRN3197 6)
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Material Material | Coating | Electrode Cell Electrolyte | Total
Mixing Slitting | Stacking | Filling
Positive Electrode 99 95 99 99 92.2
Negative Electrode 99 95 99 99 92.2
Positive Current Coll. 95 92 99 86.5
Negative Current Coll. 95 92 99 86.5
Separator 98 98.0
Electrolyte 99 99.0
NMP solvent recovery 99.5
M5 5 TIeedvesiunuingiuswiulunsianwaduunnes
Material Chemistry Abbreviation | Unit | Cost
Positive Electrode $/kg
Manganese spinel Li1.osMni.94.xM’xO4 LMO 9.00
Phospholivine LiFePO4 LFP 10.00
Layered oxide LiNio.80C00.15Al0.0502 NCA 26.00
LiNiisMn13Co1302 NMC333 25.50
LiNip sMng3C00.203 NMC532 24.00
LiNio.sMno2C00.20:2 NMC622 25.00
LiNig.sMnyg.1Coo.10: NMC811 26.00
Negative Electrode $/kg
Coated-natural graphite | Cg G 10.00
Lithium titanate spinel | LisTisO2 LTO 15.00
Electrolyte 1.2 M LiPFs in EC:EMC $/L | 10.00
Separator PP/PE/PP $/m? | 0.90
Current collector foil $/m?
Positive Aluminum 1.20
Negative Copper (Al for LTO) 0.20
Binders $/kg
Positive PVDF 15.00
Negative Generic aqueous 10.00
Conductive additive Carbon black $/kg 7.00
Slurry Solvents $/kg
Positive N-Methyl-2-pyrrolidone | NMP 2.70
Negative Water 0.00

3.1.4. WiguRuusaniigvasunnesaiseulesauviia NMC wazyia LMO sio

Anuansatunsinulninvemunnes wazszeeniauasasud i lun1sdul

3.1.5. AnaUsinansiinduanldnivesiagudensainnisnde tnswvaduian

371 Battery pack Avane1gn15L49u AnwaduunnesilliunImegeulsednsan uwag

LAY IANIINNTZUIUNINES 1Y LAvUDILHUNDEAa1NNSEUIUNTS Electrode Slitting 1luduy

n1sAwnianauisadinduunltdlvgain Battery pack ivunagnisleanu (g/cell w3o
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kg/pack) men1siaTgvieRUsEnauveBlanine uagdaninslas (Elemental Analysis of
Electrodes and Electrolyte) lngn1susuaunauia (Mass Balance) ¥9sasAUsenay
Sinlnse wu Aden Aniia wuenia asueu Wudu venaniarinszdesiuszneuves
drulsznaudu (Elemental Analysis of Additional Components) mMelunumnoicng des
Jasievinarusenauludluvuaa Current collectors, Terminals, Thermal conductors,
Interconnects, Tus bars wag Pack jackets Tuduiayliswsiunesddidningg esain
gnsienisfanen IkiAuAanisuly

msAmnatagiasnsaiinduanldlnionnnszuaunsuan (ke/year) 83AT1E%N
mwi’aamﬂ%umauﬂizmumimﬁm 95711N1TLNIAUTENBUDDALTULABITUNITILATIZY
p9AUS¥NaUVRIDLANINTA wagdlaninslad (Elemental Analysis of Electrodes and
Electrolyte) was3ias1shosdUsznouvasdiulsznaudy (Elemental Analysis of
Additional Components)

3.1.6. BATILAUALAINNNITRUYDIIATINTAILUUUTIA0INTERAR UANARGR
Tngldindesiiofiasginnuduaimiaasvgaians Uszneusie yardagiuans (Net
Present Value; NPV) 8ms51:anauknuni1glulasinis (Internal Rate of Return; IRR)

JeevlIaAUYLYedlATINIg (Payback Period) kagdinszviniusoulnivedasanis
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unil 4
NAN133BUaLNUTIHE

MnnssifiunsideifieAnuanuduailunisdilssnulszneuuunnedaiey
looeu Tulszmnelne Tnsfinrsanlssnuindauunneidmivsosudliiuunned (BEV)
$1U2U 100,000 battery pack #o¥) vurnnugliiuummeI 80 kwh idsluii 100 kw
ginveugaduunnoiniuldie wumne3viin Nickel Manganese Cobalt Oxide (NMC)
Wwag Lithium Manganese Oxide (LMO) 33@inwiu3euifisulssnulsenaununmadings
waduumaedied wazlsanuusznavuunmeifiiisaduunmedanguansiedu iy
LUUTIADY Battery Performance and Cost (BatPaC) WTNaa1nluua1asd BatPaC 11
AATIENUTUTEUTUAUYD9T1IAIAUYY ERdIUTDIRIUNUY KAENI1TNIITAUIAIUANAINIG
M5Bl INULUALADS

MnMsmwansamuuazAldievedsinuUszneuuunmeidisoulessy Tae
LUUI1a93 BatPaC ¥84 Argonne National Laboratory Iﬂ&é’&]ﬁmiwamLLUG}LG}@%Q@?JGUEN
TsanuusznevnummeidiBenlossy (fams1ei 7) ensaldselunisamuredsany
LUAMLADS (F1m13797 8) uazmenzaldaiglunisaiiunisvedl ssuuunAes (Fam1e9d
9)

AN 7 DRTINISHANLUALADIND VD95 HUUSENBUBUMWBI A U lapau

318073 U
é’mﬂmﬁmﬁmﬁugmmaﬂmﬂmi 100,000 uiinsal
YUIANTHANYBILATINTS 10 GWh
9157041ATIN1T 109
PunTulunsndnnet 333 U
Frludlunswansied 8,000 31w
Srnuaduunaesildlunisuanded 40,000,000 Le@a
SrnuasuummesTldny cell yield (95%) Aot 42,105,2630 waa
USunau Positive electrode active material fial 7,945,510 Alansy
USu1eu Negative electrode active material it 3,886,302 Nlansu




M15799 8 N15UTTUNUAUYUYRILTIUUTENBUKUAMDIINLUUTIABY BatPaC

Fumeunisuan Auedosinslunndn | Auiluniswan
(MMUSD) (m?)
Materials preparation/ Mixing 183.4 3,970
Electrode coating 81.7 18,122
Calendaring 35 2,379
Notching 33.8 3,624
Vacuum Drying 14.6 2,039
Cell assembly in dry room
Electrode Slitting 17.5 -
Cell stacking 65.2 -
Current Collector Welding 64.2 -
X-ray inspection 3.2 -
Inserting Cell into Container 25 -
Electrolyte Filling and Enclosing 5.6 -
Dry room Control System 4.4 35,946
Formation and Aging 654 24,762
Battery Module Assembly 19.6 5,624
Battery Pack Assembly 19.6 5,624
Warehouse 71.4 2,379
Building and Support System
Building Support 757.5 -
Solvent Recovery System 12.8 260
Rejected Cell and Scrap Recycle 2.2 714
Control Laboratory 5.9 322
Total 2,048 105,765
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da

NsAWINAUUNITAT UL ltIevadlsulsENeuLUAWeIaSeleseu lay

WUUD1a89 BatPaC d1nsulsenuusenauwusnneiaiseulooau ALAT9dnstun1sNanTY

[ 1 I o a

LADITIUAIVUET LAZAIALTUNITAARINLLALIINNTAIUIUYDILUUIIADIAIY TIANVUAS

1%
[ = v v

\A304INTITTURY UM AN URLUANaRY UALERTIANTEINSE UM IUUEUDIYILIATTIY
swdsAuseiufsuazaltasauglun1sauds Tudiuvesormisuaziud dmsulssnu
UTLNDULUALADINNANLGAR b 1L09 WINUNNINUA 105,765 A1514UAT hazlsuUsEnaUy

a0 v I3 a Y a A v AP v
LL'UWW]E]TV]'U']LGU']L"?]aaLLUG]L@@i"ﬂ']ﬂaNa@]iWSQU‘USQ‘LSUWUVWNWNW 12,834 15719LUMNT Iﬂﬂmu‘i{!u

1%

Y
Y

1ANTwaENUNLUTIAABaSemeAndY 5,000 USD/m

2

M15°99 9 ensAnttInslunsauvedlaTInig

1599 UNU T TAALUALADS

1S9NUNNANRR L URLADILD

518015 mmﬁ'mémwﬁu CRiTeD))
(A7)
Aasesdnslunsudn 999.74 MMUSD 2563.09 MMUSD
AeAswaz LT 65.40 MMUSD 522.34 MMUSD
WNUNITAATN 107.23 MMUSD 88.94 MMUSD
Ruvumyuiey 319.95 MMUSD 249.98 MMUSD
574 1,492.32 MMUSD 3,424.35 MMUSD

USinawesiagauildngluwaduunned Wethuseneuumaduunned a1n
LuUd1aes BatPaC Auauiinaingiuildlunmsndnuunne’ lnedl Cell yield 95% nn
A1309NUUUYBILUAABIVUINAINYLNTA 80 kwh Adslwdla 100 kw vlinveawad
wummesiiiiuldde wumneivia Nickel Manganese Cobalt Oxide (NMC) waz Lithium

Manganese Oxide (LMO) (§391151971 10)
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M1579% 10 YSunavesdiuysenauinghunssueaduunne3siin NMC wag LMO

NMC LMO
Positive Positive electrode active material, g/cell 291.5 489.6
Electrode
Positive electrode carbon additive, g/cell 6.1 10.2
Positive electrode binder, g/cell 6.1 10.2
Positive electrode binder solvent (NMP), 97.2 163.2
g/cell
Total for positive electrode (dry), g/cell 303.6 510.0
NMC LMO
Negative  Negative electrode active material, g/cell 198.6 184.0
Electrode
Negative electrode carbon additive, g/cell 0.0 0.0
Negative electrode binder, g/cell 4.1 3.8
Negative electrode binder solvent (Water), 162.2 150.2
g/cell
Total for negative electrode (dry), g/cell 202.7 187.8

4.1. M5ATITHIINVBY Battery Pack H1uluuINaee BatPaC

PNATHAVDINTIATIZAHIULUUI A Battery Performance and Cost (BatPaC)
senindlsanuuunnesindngaduunnesidies fulsinulsenauwuanedividiead
wusAo3ngrandu Tunummeiuda NMC waz LMO wuinlsesuuszneulunineifings
waduuameilaies uazlssnulseneuluameI i IwaduunneInnguandy Maduny
U84 Battery pack ﬁaaawﬁﬂﬁmﬁuqﬁu slemaalwivesuunneiiigosnisfintuogns
aenndesumuuwIll WefinsaniuunneddBuwlossu Adaliih 100 kw Fuduwuin
904 Battery pack fidoin1sudn nuinlseulsenouwunmeinndnsaduuninesldio I
'ﬁ'm']é’mqul,t,umma%ﬁ@ NMC 1245/kWh LLaziwmﬁunumema%ﬁm LMO 118$/kWh (s
U 20) TuvarilssnuuszneuiunmeiiiiiieadiunneIanguandu s1AdunuYes

wuameIulln NMC 131 $/kWh uazsimsunuuunmedvin LMO 124 $/kWh (faguil 21)
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NNTTIATITREIULUUTIa09 BatPaC 51A1U84 Battery pack HUALLANTU A3

o w

Aaslih gy dudunaunanusunavesingiu wazgunsalnielu Battery pack 4

[ a

Waundalnid lnlaniuidgeanis dunazdaaiuusuiudndiuinanu wazaunsal

q 9

[
=

nelu Battery pack wieflazsossuiddluih waznisinfiudszqluihiiiudy

EV Vehicle with NMC811-G (Energy) Electrodes

@ Pack cost, $/kWh @ Pack cost, $/pack
200 18000
o L 16000
180 |
® L 14000
x
£ 160 I 12000 ®
2 @ ® a
=< [} -
a eo® I 10000
% o
g 140 o @ 8
= | soo0 ¥
é a
120 @ ®g o © @ L 000
L 4000
100 |
I 2000
80 - - + 0
0 50 100 150 200 250
Battery system rated power, kW
EV Vehicle with LMO-G (Energy) Electrodes
@ Pack cost, $/kWh @ Pack cost, $/pack
260 30000
240
[ ] I 25000
220 @
L 200 - ® L 20000 §
z b
> 180 @ g
% I 15000 8
M
% 160 ® ]
o .
& 140 A o0 @ ® I 10000
120 @
®oo0 L s000
100
80 - - - + 0
0 50 100 150 200 250

Battery system rated power, kW

JUN 20 1RUnURUANeIYa NMC uag LMO eadlssnulszney

dAa a I3 ay v
LLUG]LG]EJTV]NEW]L%aaLLU@LW@{L@L@Q



37

EV Vehicle with NMC811-G (Energy) Electrodes

@ Pack cost, $/kWh @ Pack cost, $/pack
200 20000
18000
180 ®
I 16000
[ L 14000
£ 160 g
= Y L @ I 12000 &
g @ L g
3 140 I 10000 ©
% %
] [} I
3 ® @ l sooo &
a
120 e o ©
I 6000
L 4000
100
2000
80 + + t + 0
0 50 100 150 200 250

Battery system rated power, kW

EV Vehicle with LMO-G (Energy) Electrodes

@ Pack cost, $/kWh @ Pack cost, $/pack
260 30000
240 4 ‘
I 25000
220
o 200 L] L 20000 3
z ] 5
S 10 2
A L 15000 S
8 160 1 ® 3
r [ ] 8
& 140 | o0 o o L 10000
120 g0
L 5000
100
80 0

0 50 100 150 200 250

Battery system rated power, kW

JUT 21 T1RunUeUnneIYia NMC uag LMO eadlssnulszney

UMD NN YA UAADIIINENANDY

4.2. MINATIMUITBUTBUAUN UABRUIEVBIUUAADS

NNTIATIEAAUNUA MU ILYDILUALABTINBINVUABUNTEUIUNITHEALUALADT
Tneldwuudiany BatPaC wS8UWIaUTEINLSI9UUTENBULUMALMDSNNARLYARLUMLADS bA
109 AulsesnuusznaukuaneI M NYaRLUAMDIINEHARDY Bila NMC uag LMO wuin
PL599IUUTENDULUMM DI NNAMAALUSLADI ALY azl519UUTENDULUAADS N WTaa

c{' Y a d' (v 1 ¥ 1 1 d'd' a v [ a I
LUALABTAINERTNDU dndiusiadunudentlsreiuunnasindnladnaringsiu 1u

% =

AduilNAraAUNULNTIgAYDY Battery Pack fiw $1A1TRgAU Usenausmie Positive active
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material, Negative active material, Carbon additive, Binder, Solvent, Positive current
collector, Negative current collector, Separators, Electrolyte wag dndrufidnane
Funusnsauife gunsalntslunumned Teasuiadugunsainisluladuunine’
Usenausig Positive terminals, Negative terminals

gunsalnglununneiliga Usenausie Aluminum thermal conductor, Module
management system, Cell interconnect, Interconnect panel, Module terminals,
Module enclosure, Provision for gas release

E;Uﬂiajmﬁlslu Battery pack Usgnouna8 Row rack materials, Elastomer pads
between modules, Module Interconnects and signal wiring, Bus bar for battery packs,
Cooling panels, Coolant manifolds, Pack terminals and seals, Pack jacket steel, Pack
jacket aluminum, Pack jacket insulation, Baseline thermal system, Heating system (513
SUT 22) wag (Fsgudi 23)

lssuUszneuLUameIfiatuniandnwaduuninoildlessinivesingivay
Us¥naunae Positive active material, Negative active material, a158aLn1y (Binder), @195

v W

§viarane (Binder Solvent), fa5unseua (Current Collector) udu Tuaneilssau
Usgnaukummoiiiidisaduunmoinngnandu siavesingivazlusiaidouisves
aSUAADIINGHAR T DU
TssuUsenaunuRmes i sondneaduunnesliies Battery pack w8 NMC
SIANAUYUABNUIY 8,904.43 USD/battery pack wazyiin LMO 45119 U U oNUIY
8,433.6 USD/Battery Pack daulsssmuusznauuunneifitndeaduuninedanguandu
Battery pack vila NMC fdunusionis 11,439 USD/Battery pack waz LMO dauvusie

w28 10,566 USD/Battery pack (faguil 24)



NMC

| Material cost

W Purchased items

Direct Labor

M Variable Overhead

W General, sales, administration

W Depreciation

Profit

W Warranty (includes battery

pack(s) only)

W Material cost

W Purchased items

Direct Labor

11%

W Variable Overhead

7 W General, sales,
4% / administration
1% W Depreciation

1%

Profit

W Warranty (includes battery
pack(s) only)

v 1

SUTl 22 Endrudunusievtiieues battery pack ¥fia NMC wag LMO v

9

o

1599°UUTENBULUALA DT NHARLLAALUALADS bALD4
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NMC

B Material cost

W Purchased items

0% Direct Labor

1%
| Variable Overhead

11%
B General, sales,

administration
W Depreciation

Profit

W Warranty (includes battery
pack(s) only)

B Material cost
2% P LMO

W Purchased items

Direct Labor

1%

1% W Variable Overhead

W General, sales,
13%
administration

W Depreciation

Profit

W Warranty (includes battery
pack(s) only)

kY |

PAIUAUNUADNUIBYDY battery pack viin NMC wag LMOv8S

9

o

(SN

gﬂﬁ 2

159UUsENOURUALNBS T NYAEULURLA DT IINHHERN DU

a0



Pack cost (USD/pack)

Pack cost (USD/pack)

9,500.00

9,000.00

8,500.00

8,000.00

7,500.00

7,000.00

6,500.00

6,000.00

5,500.00

5,000.00

4,500.00

4,000.00

3,500.00

3,000.00

2,500.00

2,000.00

1,500.00

1,000.00

500.00

12,500.00
12,000.00
11,500.00
11,000.00
10,500.00
10,000.00
9,500.00
9,000.00
8,500.00
8,000.00
7,500.00
7,000.00
6,500.00
6,000.00
5,500.00
5,000.00
4,500.00
4,000.00
3,500.00
3,000.00
2,500.00
2,000.00
1,500.00
1,000.00
500.00

1) 1599 USENDUBUALMDS NANNTONAALAALURNLADS kA LD

NMC

553.68

596.79

953.00

363.65
6188
103.13

526.20

596.79

953.00

363.65

61.88
103.13

W Warranty (includes battery packis) only)
Profit

[l Depreciation

B General, sales, administration

W Variable Overhead
Direct Labor

W Purchased iterns

W Material cost

2) 15uUsEneulunne I IgadUAMEINNKHER

CaN

U

<
n

NMC

24 fumu

553.68
187.67

746.16

466.03
61.88
103.13

NDNU

52529
180.27

746.16
428.45
6188
103.13
M Warranty (includes battery pack(s) only)
Profit
M Depreciation
M General, sales, administration
W Variable Overhead
Direct Labor
M Purchased items

W Material cost

28UBILUALNDTTUN NMC thag LMO

41
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N3UT 22 waz23 enuinsnvedingiuiududiuniinadofunuvewunnes
WINgA LoVIN15AN®131ANYBINgAY InelendadiuYessA1ingAuoanul aEnuIn
dndruillu Positive active material duiludruifiuinian nsluiunmaiviin NMC waz
¥iin LMO (f93U7 25 uaz 26 ) Li10491n Positive active material tuidudiufinansis
v & o v 1 =2 a Aa 1
AnRanusatunsinAulnd sl wazdsuenfsinvewunimeiasuulossu ag19
lun13@nw1aTedl waduwumneiniguiutuseneully Battery pack Aovila NMC uazuiln
LMO &9USueuve Positive active material 114A® 291.5 g/cell wag 489.6 g/cell
MUV UTH0UY0e Positive active material Yasiuamaivia LMO MilUSunannniniu
= o & o v i A a A 9w dAa a vyx
Wesnanuausatunisiniulszaidesnituunmeiyin NMC iiveliunnesingnlad
Al wazAdalnintusinduiusunne3slin NMC A1un1590nkULTBILUALABS 91

Trnusmasuis LMO 3 dudaeiinsld Positive active material USuaifiunnnin

NMC

Battery management system
5%

Pack purchased items
7%
W Positive active material
M Negative active material
Module purchased items
11%

B Carbon additive
M Binders
W Solvents

Cell purchased items W Positive current collector

4% Negative current collector
W Separators
Electrolyte Flsctiolyts

4%
Separators Cell purchased items

4% M Module purchased items
Negative current collector
W Pack purchased items
4%

Battery management system

Positive current collector
Solvents Carbon additive
1%

1% Binders 0%
1%

U7l 25 dndrudunuingauves Battery pack ¥iln NMC
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LMO

Battery management

system
5%

Pack purchased items

I Positive active material
I Negative active material
W Carbon additive
Module purchase M Binders

items W Solvents
W Positive current collector

Negative current collector
Cell purchased items

W Separators
4%
y ) Electrolyte
Electrolyte
6% Cell purchased items

W Module purchased items
Separators

9% B Pack purchased items

Carbon additive

Battery management system
1% y S Y

Negative current collector

Solvents
% Binders

Positive current collector 3%

1%

1%

[ [

SUT 26 dndusiunuingiiuves Battery pack wila LMO

4.3. N15:UST8UIBUSIANVBILUMNLNBI AL 8N lBRaUYTER NMC wag LMO fian1da1u15e by

mstnAUInHNvUMADS wazszeznsvassasudtninlun1sud

INNTHATIZRRIULUUTIA09 BatPaC ilowUIeuLiivusia1ves Battery pack
(USD/kWh) sisauansnsalunisiniAulniivesuunined (fagud 27) nuinsiaves
wunme3aiBenlonausiin NMC uag LMO sty sruaruanansolunisiniiuluiives
wunmeTiiutu Tnsfluumneivia NMC flsmfigainiuuameivde LMO Wulefuiu
MsiTsuiisusia1ves Battery pack (USD/KWh) siaszaznislunisdudvessoaudliiy
nuhsameunmeiaidenlooourda NMC way LMO iutu muarwaunsolunistud
vossosudluiiiluszosnisiifinty (Fe3ufl 28) :nnisTeufisusiaives Battery pack
oA mansalumsinifvdsegludi uazssormdlunisiuivessaudliiin wud Weds
FrmilsvesuSuiunisinifvdszqlufiisiavesuunmeiviia LMO nduiisianiigendn

LUMLABDITUA NMC tHa991nUSU104B89 Positive active material ¥89wuUmmIvdn LMO
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Windy Weliuuawesinnuauisatunsininuussgliin wazaiunsadudlusseznisd

v = o w  a & | A a
LNINU QQ‘VI’]IM?']W]GUBQLL‘UG]Lﬁ@iLWNEﬂQGUU?,J’]ﬂﬂ’JWLL‘Uﬁ]LG]EJi%‘U@l NMC

1) 159971 U5ENDURUALADS NANUTONANLYAA UMM DS b9+

240.00
220.00
200.00
180.00
160.00
140.00

120.00

100.00

Battery pack cost (USD/kWh)

80.00
60.00
40.00

20.00

75 80 85 90 95 100 105 110 115 120 125

Battery system, kWh

~+-NMC-G, USD/KWh  -=-LMO-G, USD/kWh

2) 15991UUTENBULUAMDS U YA UUALABIIINENENDY

260.00
240.00
220.00
200.00
180.00
160.00
140.00

120.00

100.00

Battery pack cost (USD/kWh)

80.00

60.00

75 a0 85 90 95 100 105 110 115 120 125

Battery system, kWh
«~NMC-G, USD/KWh  —-LMO-G, USD/kWh

JUTI 27 Wisuileumaduyuessunnestuauansalunsiniuliihveswunnes

FUn NMC wag LMO



a5

1) 1599UUSENBULUALADSNAILNTONARLTARLUALADS AL

260.00
240.00
220.00
200.00
180.00
160.00
140.00

120.00

Battery pack cost (USD/kWh)

100.00

80.00

60.00

40.00

20.00
438

400 450 550 600 650

500
Vehicle electric range (km)

~+-NMC-G, USD/pack —=-LMO-G, USD/pack

2) 1591UUsENaULUAMEINU I TaAWUAWMETAINANERDY

260.00
240.00
220.00
200.00
180.00
160.00
140.00

120.00

Battery pack cost (USD/kWh)

100.00

400 438 450 500 550 600 650
Vehicle electric range (km)

+-NMC-G, USD/pack —+-LMO-G, USD/pack

JUN 28 WS UWIBUTIAAUYLYBILUAWBI TUTEENavessasudlihvedwunmesyin

NMC tag LMO
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a.4. nanduanldlmivasTagmiaiis

nnmslenwitanitannsainduinldlng Tnsuvudass BatPaC 99nnsiiasies
p9AUS¥NaUVBIDLANINTA wasdaninslan (Elemental Analysis of Electrodes and
Electrolyte) 910 Battery pack nuinwumme3sia LMO Usunaesdusznaufilunusniila
nduanldlvsiunniige uazuummeivin NMC Usinauesdusznouiidudnfanduunldlnl
unfian esnnduldmuviavesnunmeiiuandaiu wazuSinuvesingauililunns
B ATUNITOBNLUVVDILUALNDS %Q1uwaﬂﬂsiﬁaﬁLﬂuﬂwsﬁLﬂswﬁl,wmma’%lﬂ?iﬁsummmmag
1W4ln 80 kwh in&alalfin 100 Wh Tnedl Cell yield 95% (#93U7 29) n133tAs12%
29AUsTnaUTesdIuUsEnoudu (Elemental Analysis of Additional Components) Tu
wumAe3 nudiudseneuiiilulasiadranan dusuaesdussneufiiinduunldlmiuan
fign (fagui 30)

dednneitaniianansoiindualdlu andumeunsyuiunandn (ke/yvear) 81989
fusuugadLUnm sl wazsuuwasiunmednldnu cell yield (95%) Aol Tngay
'3mswﬁ‘d%mmmwi’aqmn%maumswﬁmmemﬁl FumounIINAGEU KaZNITAALEN
wuane3flalauseansnan Usenaulusae Positive electrode, Negative electrode,
Positive current collector, Negative current collector, Positive terminal, Negative
terminal, Separator, Electrolyte, uag Cell container (ﬁﬂ'gﬂﬁ 31) azLiulain Positive
electrode 5uﬁﬂ%m1mﬁwﬂé’uuﬂﬂmjmﬂﬁq@ TilunsnanuUAWeITda NMC uasuunnes
¥8a LMO fusunain15in Positive electrode Unaunnlglnagle 1,375,935 kg/year wag
2,311,384 ke/year Ui FeaenndesiuUinaesdusynouludidninsavesuunneivin

[%

Tue)



Elemental Anaylsis of Electrodes and Electrolyte

0 —oos

Nickel 71.73%

92.96%
Manganese 8.39%
o 7.04%
e [ o

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

B LMO W NMC

U7 30 Jnszvinmsihianndunldivivesesdusenouvesdidnivsn wagdidnivslad

Elemental Analysis of Additional Components

Stainless steel 9.63%
10.03%
38.46%
L
e _ 42.05%
Copper 21.08%
PP 17.85%

Aluminum 3083%
30.07%
0% 5% 10% 15% 20% 25% 30% 35% 40% 45%

B MO W NMC

JUN 29 nlmszvinisdniagnaduinldlvdvesesdusenevvesdiuusenavduniely

-
LLURLAIBT

ar
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Total Recoverable Materials from Plant, kg/year

Cell container 0.99%

Electrolyte -55%739;?6
Separator 0.51%

Negative terminal 091%

Positive terminal 0.38%

. 12.02%
Negative current collector ml%

Positive current collector 4.10%

Negative electrode 20.54% $172%
Positive electrode — 54.65%

0% 10% 20% 30% 40% 50% 60%

B LMO W NMC

JUN 31 Annendanianansathnduanldinianduneunssuiunisugs

4.5. WS UMgUAMUANAINIINITHY AYBUUIIABINSERANUAAANANVDILTI9Y
9

Usznaununmosatseuloaausiin NMC wag LMO

1NNSUTZHUNAMNUANNINTRUR UL UUTIaBINSERARUARARAR (RegUn 32)

a

Tnelfia3esilodinszinuduamansugaans Aansandiyariagiugns (Net Present
Value) Fufinnsanlssulsznoununmneifiiidisaduunnedaingudnsredu wuin
Tss91uvsznauuumne3vin NMC yar1tagdugnd (NPV) windu 389.10 MMUSD way
T5s91utsEneuLUAAeITln LMO yar1tlaqiiugnd (NPV) 170.20 MMUSD d@aulsasu
Usgnoununnes iansnsananisaduuninesliies wuinlsanulsenauuunineIviaNmc
yaAtagtiugns (NPV) -878.68 MMUSD waglssnuusznauiusmnedvia LMO yaedaquy

gnd (NPV) -243.65 MMUSD
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1) 1599%USENaURUALABS NENUITONANLYAAMUALADS b9LD

DCF Diagram NMC - LMO

1,000.00

84272
803,50 81141 817.87 826.12 83441

80000 72847
715.08 2177 -
102 5150 5740 665.14 7286 £0.50 -
91.16 97.41
600.00
a8
3
g w00
H
K 23665
% 20000 16231
8
@
z
. 1 2 3 a 5 6 7 8 9 10
v
(200000 (151 75) (181.75) =
(400.00)
I da o v 13 a Y a
2) SINUUTLNBULUALADTNUNV IR LUNLH DI ﬂE\JNamau
DCF diagram NMC - LMO
50000
414.10 420.73
400.00 376.92 383.33 389.53 %94.32 10089 foras 37356 379.59
355,55 361.54 367.54 - 356.83 362.16
339,89 34573 35135 32343 32827
300.00
~
2
wv
S 20000
=
2
E 10000
]
<
w
[
8 _
-
3 1 2 3 4 5 6 7 8 9 10
(100.00) Year
(200.00) (151 75) (181.75)
(300.00)

sU7 32 DCF Diagram W3guiflsuveaiumined NMC wag LMO

ilofiansaniidnsmansuununielulasanng (intemal Rate Return) (G'fagﬂﬁ 33) 5y
finnsanlsanulszneuuunmedfiindisaduuninednnguansiedu nuilssnuuszney
wusmeIvila NMC 8nsmanauununiely (RR) 17.78% fiszeznaiAuyu (Payback
Period) 4.5 ¥ wazlsanuuszneunuameivia LMO fdnsnanauunune (IRR) iy

14.38% 15v821381AUNY (Payback Period) 5.17 d@1ulssuusenaulualnaInaIunse
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NARLYAALUALADS bALDT WUILTIUUTLNDULUALMDSYLA NMC Honsinanauwnuniely

(IRR) 5.29% fszznanlunsAuyy (Payback period) 7.4 ¥ wazlsanuusznauuunnes
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4.6. Uszifiuarusaulvamaasegaanivadlssnulsenauuunnsiaisedlossuvin
NMC uag LMO

Ha31NNsUsElIuAUgRulINILATYgAIansinen1TIAT g aulnIves
Tasens7l 130% lnedinsizsidiuvessiunuy, Amdnduny wasesu WiewSsuiiouyad
U2 dugns (NPV)

4.6.1. Ussiliumnugeulmmaasygaansvasladenisamu
Hlovsziliumnudszifiumnusoulmmaasugmansvestiadunisasu (Fagud
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Uszneuuumaeivda LMO 1iesanlsanuuszneuuusneivia NMC Ainsiasuudas
21.107% luvaigilssnudseneunuminedvia LMO finusoulmvesdadonisamuiing
WasuwUas 9.233% zvinlilasanisisuiiosd NPV Anau vaneauiyadidagtuaes
namsuwnutiosninyaaiiaturesiuyulasins dsdmnmdululdfanindulumsasmu
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4.6.2. Yssiliuanugeulmmaasugaansvastdademaiiiuau
deussiiunnudeulymaasugmaniuosiadomsarduiunu nuilsay
Usznoukumaoduila NMC Sarnuseulmsedasoaisiiumutiosniilssnulsznou
wummasuda LMO iesainlssulssnaununneivida NMC finsiUasuudas 5.792%
Tugsfilssulsznausumnoisda LMO Saruseulnivestladeardniuemuiings
Wauwlas 2.734% azvililasenisisuiiassl NPV nau Tunisiuuwlsvestiadasndumu

arafintule Wulusnuanunisalirsughagissug (daguil 35)
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4.6.3. Ussiliuanugoulmmaasugaansvestadesnesu

deussdiumnulssidiuanudeulmimaasusmanivesiadeseiu nuin
TssuUszneununmesila NMC finnuseulmiesninlssnulsznouiunneivin LMO
1esannlssauusgnauuummeiviia NMC Ainsidsuntas -9.566% luvnzilsanu
Uszneukummeivia LMO fanudeulmvestiadoadiunuiinsiuasundas 2.730%
gyililasenisisuiiazd NPV finau (faguil 36) amnuseulmauestladesesuiinauiain
seFuruLes IRy wummeIwin NMC Sufldiuusznevvedlauead uasiniAa lutlaqty
samedlavead wardnfadnengstu uazdeutnsiusny nanumsainiseiumssade
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unil 5

d3UNan153Y

5.1. #5UNaN13IY
PNMsAnwIlATINITMTamulssnulsznaulunmes Aisuulessu Tulsemndlne
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KW A1uanusatunisiniulszy 80 kWh siiavasuumnaifitiunldndn Aoudia Nickel
Manganese Cobalt Oxide (NMC) Wag Lithium Manganese Oxide (LMO) laglduuudnass
Battery Performance and Cost (BatPaC) version 5.0 9489 Argonne National Laboratory
lunsAurusuunsausara1lddngvedlssnulseneukunmesabetlossu Anw
a a aa a s av v
WIsUMEUls9UU T2 N UL UALADINEINITONAALTAa LUALADI LALDY Lazlssulsznay
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Plant) UasluUIaDY hagAduUszand (p - factors) Alglunisauumunsildsundasly
M Y} a & A 1 ) a
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[ @ Aa a é{ o A a é{ [
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'
a
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a

- a ¢ ay v = ] A
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A o 1% 3 Ql' a = o ¥ 3 Ql' Ao & g a
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Ysuunisinduanldndvesiagumaeiianudn lunsudawunmesviln NMC uag
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HIpUTEliuAUANAIYBINITAMU WUILTHuUsENRURUAWEIASuLloaauyiin
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