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...yen 2030

% 2333 GWh:
> Bateria de 50 kWh
> \Ventas: ¥ 50 M EV
> 50 % ventas

globales

% EI50% en China

% Tecnologias dominante
hasta al 2030: Li-ion

Fuente: World Economic Forum

(2019)
Global battery demand by application CAGR, Global battery demand by region CAGR,
GWh in 2030, base case % p.a. GWh in 2030, base case % p.a.
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Marcas y modelos top ventas Marzo 2021

Global Top 20 Marzo 2021

Europa Top 20 2021 (hasta Marzo)

Pl Global Models March YiD | % |[P20
Tesla Model 3 75888| 126 716| 11| 1
Wuling HongGuang Mini EV| 39745| 96674 9| 2

3|Tesla Model Y 32 197 56064 5| 4
BYD Han EV 7 956 21 354] 2| NK
5|GW ORA Black Cat 8 531 19188 2| 10
Nissan Leaf 7 511 15068] 1| 7
7|GAC Aion S 5741 14558 1] 11
8|Hyundai Kona EV 7623 14336 1] 5
9|Volvo XC60 PHEV 6 081 14 139 1| NK
10]Audi e-Tron 6 420 13591 1| 8
11|Volvo XC40 PHEV 5812 13 268| 1| NK
12|BMW 530e/Le 5193 12862| 1] 16
13|Renault Zoe 5648 12834 1| 3
14|Li Xiang One EREV 4 900 12579 1| 20
15|Chery eQ 4708 11871 1| 17
16|Kia Niro EV 5120 11 858] 1| 18
17|VW ID.3 4992 11772 1] 6
18|BMW 330e 5474 11 798| 1| NK
19|Mercedes GLC300e/de 5032 11516] 1| NK
20|Chevrolet Bolt 6123 10847 1| NK
Others 356 895| 741 826| 66
TOTAL 531 702| 1 128 003|100

Pl Europe YTD % |P20
1|Tesla Model 3 31200 7| 2
2|Volvo XC40 PHEV 12 715 3| 11

® Renault Zoe 126000 3] 1
Od|vw 1p.3 11772] 3] 3
OQdlHyundai Kona EV 10813 2| 4
v6 BMW 3-Series PHEV 10645 2| 14
(R Peugeot 208 eV 9972 2| s

"~ 8|Kia Niro EV g778] 2| 9
9|Peugeot 3008 PHEV 9517] 2| NK

10|Volvo XC60 PHEV 9328] 2| 15

11|BMW X1 PHEV 8881] 2| NK

12|Ford Kuga PHEV 8861 2| 17

13| VW e-Up! 8718 2| 18

14{Mercedes GLC300e/de 8657 2| 19

15|Renault Captur PHEV 8581 2| NK

16|Nissan Leaf 8312 2| 7

17|VW Golf PHEV 7711] 2| NK

18|Audi e-Tron 76421 2| S

19|Mercedes A250e 7 345] 2| 10

20|Fiat 500e 7295 2| NK

Others 277 844| 61
TOTAL 456 987|100

5 (ccirce



Marcas y modelos

Ventas relacionadas a:

e ... Gustosy preferencias !

® Precio[€]alaventaylo

largo de la vida del vehiculo
e Consumo [kWh/100 km]
e Autonomia [km]
e Durabilidad bateria [afios]

Tesla model 3




Bateria determina precios y prestaciones

Bateria puede representar ~30-40% del coste del vehiculo eléctrico
Bateria puede representar ~20-30% del peso del vehiculo eléctrico
Volumen disponible para la bateria es limitado en el vehiculo eléctrico
El disefio y gestidon de la bateria (BMS) es clave para su durabilidad

Las Celdas son el corazon de las baterias de los vehiculos eléctricos

Prismatica Cilindrica
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Eficiencia [kWh/100 km] y Autonomia [km]

[kWh]: medida de energia disponible en la bateria. En BEV suele estar entre 40 y 100 kWh

Factores principales:
e Tipo y cantidad de celdas
e Pesoy disefio de bateria y vehiculo
e Coeficiente de arrastre vehiculo

VW ID.3

Hyunday Kona

Tesla Model 3
Renault Zoe

Nissan Leaf

Hong Guang mini EV

BYD Han EV

Eficiencia
kWh/100 km (real, mixto,
templado)

17,1
16,2
16,5
16,5
17,2
14,0 (WLTP)

14,0 (WLTP)

Capacidad
bateria - kWh

77
64
76
52
56
32

77

Autonomia

Km (real, mixto,
templado)

450
400
535
315
325
229 (WLTP)

560 (WLTP)



Tecnologias y quimicas de baterias Li-ion

ELECTROLYTE

POROUS
SEPARATOR

ELECTROLYTE
« i [

CATHODE (+) ION

LITHIUM

entre dnodo y catodo

LITHIUM-CARBON e Ah = Carga eléctrica disponible
(GRAPHITE)

. charge XX son varias
Overall  LiXXO0;+C  —  LiC+LiuXXO0> | combinaciones de metales
discharge
Wh =V * Ah
ANODE () e V = Diferencia del potencial quimico del Li

Quimicas mas comunes
en vehiculo eléctricos

NCA LMO

0,
©2019 Let's Talk Science 9% 5 A)

LCO

L = Litio

M = Manganeso
C = Cobalto

A = Aluminio

F = Hierro

P = Fosforo

N = Niquel

NMC

0,
11% 41%

LFP
34%

Mercado 2018 - Fraccidn de quimicas de baterias de Li-ion

Catodo:
e NCA
e LMO

e NMCxyz (111,
532,622,721,

811)
e LFP
Anodo:
e Graphito

e //+Sienriquecido
5-10 %
( 100) C;‘.cir(‘e




Wh/kg; Wh/L - densidad energética a nivel celda

Wh/L D>

1000
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100

0

Mas pequeias

Li-ion

| NCA 2170

*

NMC 811 prismatic Ni-MH

NMC 721 pouch |5 ¢

> 'd NMC 622 pouch

Ni-Cd

LFP blade

*

Pb-acid

100 200 300 400 500 600

NCA 2170 cilindrica
e Tesla Model 3
NMC 721 pouch
e VWID.3
NMC 811 prismatic
e CATL - provider
NMC 622 pouch

® /oe
LFP Blade
e BYD Han

700  8oo Mas ligeras

Wh/kg - 11 Gcirce



De celdas a bateria .

300 [ ]
X Gravimetric (Wh/kg) — Prismatic and Pouch

Volumetric (Wh/L) — Prismatic and Pouch

Foef e °
Gravimetric (Whikg) — Cylindical *
Volumetric (Wh/L) — Cylindical NCA 2170

X

Ademas de celdas hay:

Sistema gestién térmico
Cableado y electronica
sistemas seguridad y envoltura (ECE R 100)

N
[e]]
o

——— y =0.548x +9.994, R=0.795 X
——y=0.367x + 1.867, R>=0.378

1 — y =2.613x — 528.85, R>=0.824

y =0.847x — 381.55, R=0.711

X
NCA 2170 * 4

200

Energy density and specific energy system
= @
(@] o

Upper part of housing

Battery management system

50 | X
0 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 100 200 300 400 500 600 700 800
Energy density and specific energy cell
NCA 2170: 264 Wh/kg 740 Wh/L

Wh/kg pack (60%): 160 Wh/kg; Wh/L pack (36%): 270 Wh/L

Underbody protection

. . . . . . . - . 12 ( L circe
Lobberding, Hendrik, et al. "From Cell to Battery System in BEVs: Analysis of System Packing Efficiency and Cell Types.




Diseno bateria adaptado a estructura preexistente

® Se busca rellenar huecos

dejados por ICE.
e Bateria es un elemento pasivo

de la estructura

e Plataforma existente, mantiene
fidelidad de sus clientes

® Permite un ahorro para los

fabricantes y business as usual

® Pero... limita disefio vehiculo




/"lTesIa model 3

Diseno bateria innovador

® Se optimiza espacio en vehiculo
e Unica plataforma que se puede
adaptar a diferentes vehiculos

® Bateria es un elemento activo de la

estructura
® Requiere integracion vertical

Blade

Low space utilization High space utilization
(~40% VCTP ) (~60% VCTP)

BYD H an EV Battery pack with modules Blade Battery without modules




Remaining Range

Diseno bateria, gestion y durabilidad

Temperaturas, distribucion de SOC, numeros y tipos de ciclos (Potencia en carga y descarga)

Tesla model S/X (80-100 kWh)

85%

0km

50,000 km 100,000 km 150,000 km

200,000 km

250,000 km

T T I
3 6 9

Afios (por 15000 km/afio)

T
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100 -
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~
o
1
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Age (years)

Nissan Leaf (24 y 30 kWh) - hasta 2018 Gm'roe
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COSte bate r|'a Pack/Cell cost fractions - Average 2013-2020

Lo de la celda es considerable

Pack
0
real 2020 $/kWh 30.5%
668
Pack
E Cell
69.5%
Cell
—_— _157_ 137
R
100

2013 2014 2015 2016 2017 2018 2019 2020

‘ -
Source: A Behind the Scenes Take on Lithium-ion Battery Prices _ BloombergNEF (2019)17 C’ ciree



Production cost

Coste bateria

Lo de los materiales son considerable [ Binder

LIB Cost structure for TESLA & 40 Ah EV

100% -

90%

80% -+
70% -
60% -

50%
40%
30%

20% -
10% -

0%

pouch cell NMC

QO S
& <

N
&

Source: Avicenne Energy 2021

1 Packaging Foil [ ]Electrolyte
Separator Negative Current Collector
[__]Positive Current Collector [l Conductive Carbon
] Anode Cost
[_]Cathode Cost
100
80
m Depreciation o
=t
 SGA, overhead = W
@
mRE&D 2 I
- 40 -
1]
m Utility 8
w Labor 20
» Material
0 1 I I I I 1 1 I I I 1
CE O S N N
\\&("\\ \\“‘ ¥ \;\“U“SL \;\&c’gﬁ \m\&db\ \?'x\\‘p ‘;ov o”oé‘(’eov S \};\X\o \gQ
Source: A Bottom-Up Approach to Lithium—lqgon Battery Cost 18 e circe
o

Modeling with a Focus on Cathode Active Materials (2019)



Fabricacidon - celdas Li-ion mﬁ%“

Mas complejo, si se tiene que hacer: -
® agran escgla N - B o casson
® ycon precios competitivos

CATHODE (+)

©2019 Let's Talk Science

Cilindrica Prismatica Pouch
Exterior

Cathode
Separators

Can Electrolyte
ALUMINIUM
L  LiMOxide

Anode

Pouch E_ - Sa

. n stacks of
gl;;r\itg; anode-separator-cathode

Separator \ '
Anode
Can Pouch

19 L circe
Source: adapted from: Choi, J.W.; Aurbach, D. Promise and reality of post-lithium-ion batteries with high energy densities. Nat. Rev. Mater. 2016C’
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Produccion - Gigafactory - Europa

Desde pocos GWh en 2020 hasta 100-150 GWh en 2023 y 450 GWh en 2028

© Roland Zenn, Jan 2021

Norway, 202X

to be announced

Arendal, 2024
8 GWh, later 32 GWh

Thurso, 2023
ramp up to 5 GWh

Blyth, 2023
10 GWh, later 35 GWh

Sunderland, 2010 =

2.5 GWh

Douvrin+Kaiserslavtern, 2023
each 8 GWh, later 64 GWh

Uberherrn, 2023
ramp up to 24 GWh

South France, 2023
16 GWh, later 50 GWh

Willstdt, 2020
1 GWh

Erfurt 2022
14 GWh, later 24 GWh

Teverola, 2021
ramp up to 2.5 GWh

Europe, 202X
to be announced

QcCC

AUTOMOTIVE CELLS Co

SoLT

AM Leclanché

CATL

—

OFREYR

Ranawable energy storage

northvolt

VOLKSWAGEN

.
microyast®

e

@ LG Chem

e g DARASTS

@s YUASA

SK innovation

ShEEE

TnoBat

</, cALB

Mo i Rana, 2023
ramp up to 40 GWh

Skelleftea, 2021
32 GWh, later 40 GWh

Salzgitter 2024
16 GWh, later 24 GWh

. Brandenburg, 2021

Ramp up to 8-12 GWh

Griinheide, 2021
ramp up to 100 GWh

Wroclaw, 2018
15 GWh, later 65 GWh

Bitterfeld, 2022
16 GWh

Miskolc, 202X
to be announced

Komarom 1+2, 2020
7.5 GWh, later 23.5 GWh

Gad, 2018
3 GWh, later 30 GWh

Bratislava, 2024
10 GWh

Europe, 202X
to be announced

20

( L circe



Produccion - Gigafactory

Eficiencia de los procesos y integracion vertical son imprescindibles

A

Raw Materials

—

—

Cathode

Manufacturing |
—bl Aluminum Foil

Cathode
Electrode

Separator il
—].

anufacturing)

Anode
Manufacturing

Copper Foil

:l_.

4
4

B

g
Y

Raw Steel/
Aluminum

\J

e Pack
“| Enclosure
v
Module Pack
ceil () Module |
o [
p \ >
([ cen | Module
“cent () Module |
v

Y
Battery Pack
Recycling

Gigafactory Process Flow

Battery Pack _
Lifetime Usage

Vehicle Assembly

(Fremont, CA)

Bajar coste

<100 S/kWh

Velocidad
Automacion
Eficiencia
Coste energia
Chatarray
Reciclo

Flujo materias
primas
Integracion
vertical

21 ( L circe
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Creciente demanda de Cobalto, Niquel y Litio

. y con fuertes dependencia de Europa de las importaciones

Cobalt Nickel Lithium
180000 90% 700000 90.0% 800000 90.0%
160000 L 80% b 80.0% 700000 < b 80.0%
Realist T’ 600000 il Y48
. i L 70.0%
140000 1 70% 70.0% —— L
A " 500000 e -+ 65. 05|
5120000 2 60.0% § & - 60.0% %
g ‘ 6 g g 500000 %
"X 547? s BT ® 0
£100000 g . 500% & % - 50.0% &
= = g £ 400000 ]
£ 2 & 2§ K
& 80000 8 -g 300000 0% G - 40.0% G
8 £ - £ g 300000 £
8 60000 S * 30.0% 3 = - 30.0% ;
R 00000 -
— 200000
40000 20.0% - 20.0%
20000 w— o 100000 - 10.0%
7.0%
0 0 - - 0.0% o 0.0
S
3 S I LR
wee Metal for batteries (Base) . Metal for Batteries (Realist)

Avicenne 2021

garantizar el acceso a
materias primas criticas
en Europa

I Reduccion demanda
| de importacidn:
* ® Reciclo

Incremento oferta
local:
e Mineria en
Europa

N
Batteries % of the total Metal Production « « « « » « Batteries % (Realist) m
‘ circe




Reciclo y economia circular

e Mantener valor de productos y materiales en el bucle durante mas tiempo posible
e Evitar extraccion de materias primas en mineria.

Natural .
Resaoz:ies 1 ReCICIadO
o Posible recuperar Ni, Co, Li, Graphite
Whspal o I+D+i son claves
Mining and

o Eficiencia de procesos
o Limites Termodinamicos << 100 %
e Durabilidad
® Segundo uso de baterias en aplicaciones
End of Life Battery estacionarias
Manufacturing .
\ o Dudas: Recuperar materiales para uso

Processing

p Recycling =,

Battery méS ef|C|enteS?
SRR, o  Sin embargo ya hay negocios en marcha

 — o Barreras legales (e.g. traspaso de
e — responsabilidad ampliada)
EV
Source: E. Martinez-Laserna, et al. Battery second life: Hype, hope 24 G circe

or reality? A critical review of the state of the art (2018)



Notes:

Co is associated with other metals, Co > 100 ppm
Li, main production: glass & ceramic

Graphite, main production: refractory

Produccion doméstica (en EU)

8o ®

Energy critical elements
© Co, Deposit (196)
Co, Prospect (38)
Co, Occurrence (243)
Graphite, Deposit (76)

Source: Blengini, G. A., et al. (JRC) "Recovery of critical and other raw materials from mining
waste and landfills." Publications Office of the European Union, Luxembourg (2019).

BATTERY RAW MATERIALS (2017/2018)
Mines

o
o
(0] O Graphite
€  Graphite, Prospect (33) O Lithium
B Graphite, Occurrence (400 @ Nickel
@ Ui, Deposit (66) ® Cobalt (by-product of Ni/Cu)
® Li, Prospect (51) Sf\atus
) 2 Production
] L|,. Occurrence (71) > Preproduction
Active mines 2. Feasibility
Bl co Smelters/refinieries
. Graphite (4) ® Smelter/refiniery
o | M Lo BATTERY FACTORIES (2019)
. B Existing (in coal region)
. = Future
“ o [l
& e oF % B COAL MINES (2015)
a
" Qo . ¢ Operating mine
& Direct jobs in coal mines
IS g I 80 000
c. I 10 001 - 15 000
6 001 - 10 000
D 1500 -6 000
<1500
I NA
At cncndiD ,t S_ou!'ce: FRAME HZQZO - M'ap'of Energy Critical Elements. Cobalt, 25 2 circe
R Lithium and Graphite. Preliminary results - May 2019 >
W<§ ESRI 2016; EPSG Projection 3035 - ETRS89 / ETRS-LAEA :



Sostenibilidad baterias - Emisiones e impactos

Es clave analizar los impactos a lo largo de la cadena de valor de |a bateria - Fases

o B BC B BB BN -
| |
[ _ I'| Electricity Impacts while
| » Rawmaterial 1| Generation fuel driving
| mlr.lll:lg and : pathways by
| refining . ——_—
| I | source by state « No direct tailpipe
I *+ Vehicle I | by scenario emission in BEV
! Manufacturing : * No direct water
: 4 B Natural Gas use in BEV
| * Battery 1 | *+ Petroleum « Direct energy
| Manufacturing | | *+ Coal consumption
I | = Hydro
I : + Solar
! | © Wind
I
| 1| * Nuclear
| 1| + Geothermal
" O |
<€ > € > €
2 Well-to-Tank Tank-to-Wheel
Manufacturing

Phase

Operation Phase (WTW)

* Material
Recycling or
Reuse

e Losses

End-of-life
Phase

26 (Qcirce



Emisiones e impacto. Comparacion EV versus ICE (1)
¥ Electric vehicles’ climate impact in different energy mixes - \/chicle life: 200.000 km

et . > Glider: 1200 kg

N Powertrain
I Lithium battery

200 o > EV efficiency:

N Tank-to-wheel
) 5% . Well-to-tank

20 kWh/100 km

160 b
. S Battery: 30 kWh (LMO)

120 °
T i T Battery replacement: X 1,5
C . -65%
. 2 > Diesel: 120 gCO2/km

i so% 85%
40 " (NEDC) + 35% (real)

l I > EU 28 mix of 2015:

1zoco ,/km  650g CO,/kWh 410gCO /kWh  380gCO,/kWh  310gCO,/kWh  290gCO,/kWh  200gCO,/kWh 40gC0 /kwh ZOgCO,IkWh 300g CO,/kWh

= 1n = 1 B2 300gC02/kWh

Dlesel Poland Germany Netherlands Italy Spain Belgium France Sweden EU-28

4

4

Emissions in gCO2eq/km

[oe]
o

“7= TRANSPORT & w @transenv [ @transenv Y ]
' ENVIRONMENT @ tra p rt nvironment.org Source: Messagie, M. Life Cycle Analysis of the Climate Impact of Electric Vehicles, October 2017. VUB university, Brussels. 27 ~7 (‘] r C e
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* Iniciativas Union Europea y
marco regulatorio
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Baterias sostenibles

o Materias primas

o  Recicloy economia circular
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Marco regulatorio: Global, Europeo

k Bat-tléryw |
COP21- CMP11 C|rCUIar ECOI‘Iomy ‘ Alliance

PARIS 2015 Action Plan

CONFERENCIA DE NACIONES UNIDAS The Eul’opean

SOBRE CAMBIO CLIMATICO 2015

L

Green Deal

Raw and anced Battery Battery

materials cells systems sustainabi

ACIS ==
Arkema 0 I
Borealis ==

Borealis =
Enel XN Il

]
Ferronion Cellforce Group BMW ==

ingKlinger =
Fluorsid 1 I ElringKlinger Endurance il -
Fa N Enel X 1 1 ;
Green Enerj T
Storage green Energy § 3 Energo Aqua wm ‘
Hydrome [ | el FA i il

Italmat R°
Chemica
Keliber

2 02 0 Prayon

EU TARGET SGL Carlf

Solvay I - - -
I I l : Technologies
g lokaicay i Midac i I
P Svstle%-ls = Rimac Automobili m= =
Innovation Tesla == Rosendahl s

Nextrom ==

Skeleton -
Technologies

Sunlight Systega

VARTA MiCrO e
nnovation ==

Automotive =
Voltlabor == 29 by




Propuesta nuevo reglamento baterias

10 Diciembre 2020 - entrada en vigor prevista para final 2021

Propone requisitos obligatorios sobre: EEl ENVIRONMENT

e sostenibilidad y seguridad — GROWTH
o huella de carbono
o contenido reciclado minimo
o criterios de rendimiento y durabilidad, parametros de seguridad
e etiquetado e informacion
e gestion del final de la vida util
o transferencia responsabilidad ampliada del productor y segundo uso
O objetivos y obligaciones de recogida
o objetivos de eficiencia del reciclado y niveles de materiales recuperados
® intercambio electrénico de informacion
o Pasaporte de las bateria

30 (écirce



¢Qué nos reserva el futuro?
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2014 USS$ per kWh

Proyecciones coste bateria

2,000
1,900 - 95% conf interval whole industry
1,800 95% conf interval market leaders
1,700 - 4+ x Publications, reports and journals  +
1,600 - x News items with expert statements @
1,500 - X Log fit of news, reports, and journals: 12 + 6% decline ==
1,400 \ Additional cost estimates without clear method X
1,300 E 3 Market leader, Nissan Motors, Leaf @
1,200 - x *- Market leader, Tesla Motors, Model S O
1,100 \ Other battery electric vehicles o
1,000 ->{<- Log fit of market leaders only: 8 + 8% decline == ==
900 - Log fit of all estimates: 14 + 6% decline e
800 A Future costs estimated in publications a4
700 4 <US$150 per kWh goal for commercialization
600 - A Avicenne Energy .
500 A
400 ‘
300 - )
200 - o O ® ‘ g
100 -
2005 2010 2015 2020 2025 2030

Year

Avicenne 2021
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V4
Futura tecnologias e Mejorar densidad energéticas
. o ® Mas potencia
Estado del arte y TRL - Aflos para comercializacion e Durabilidad
IDEA e Menor dependencia de materiales
Unproven concept, no testing has been performed
criticos
YBoAcgllrg 5eEcSibEe{\h51?e§:s)b t have no evidence . o]
e IDEA e Mayor reciclabilidad
Concept and application have been formulated [ ] PrOCGSOS de fabricaCién SenCi“OS
xfhsv?a?ir:;';i/a-\lg;flfginAgTsltgs;NholdersIikeyourslideware ( — Li Air; 10 aﬁos
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PROTOTYPE SYSTEM
Tested in intended environment close to expected performance
VALIDATION
DEMONSTRATION SYSTEM
Operating in operational environment at pre-commercial scale
[T AMPIMIGATITS ) < — — Redox-Flow; Li-ion: Gr+Si,Low Co;
PRODUCTION ~ ~
FULL COMMERCIAL APPLICATION 2-3 anos 2-3 anos
Technology on ‘general availability’ for all consumers 33 A (‘i]"("e
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Source: Technology Readiness Levels (TRL) - CloudWATCH Europe



Vehiculos eléctricos. Buscar las
diferencias

Prestaciones vehiculo eléctrico y rol de Ia
bateria

e Conclusiones

Coste de la bateria

Baterias sostenibles

o Materias primas

o  Recicloy economia circular
o  Emisiones e impactos
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regulatorio
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Conclusiones
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Conclusiones

Diseno y gestion de las baterias es fundamental para optimizar prestaciones del
vehiculo eléctrico
Lithium-ion es la tecnologia que hasta el 2030 nos acompanara en la movilidad
eléctrica
Tendencia a corto plazo:

o Reduccidn o sustitucion del Co, mas Ni, LFP con disefio innovadores, mas Si

en anodo

Gigafactory e integracion vertical son clave para abaratar costes
Asegurar acceso a materias primas y reducir la dependencia de Europa de las
importaciones es clave
Las ventajas ambientales del EV con respecto al ICE son evidentes
Europa ha puesta en marcha muchas iniciativas para crear una industria europea
de la bateria sostenible y competitiva y sustentar |la industria europea del auto
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