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WORLDWIDE BATTERY MARKET

OVERVIEW

Battery market in value (2016-2018, global, $bn, all market segments, all technologies)

Expected CAGR
18-30 (%)
95 +8%
88
82 Primary 14  ~1t2-3%
13
12.5
chargea
+7-9%
2016 2017 2018 (Est.)

Macro-trends driving the battery market

» Battery is a key technology for new concepts of
mobility and energy (e.g. electric mobility,
stationary storage) supported by the following
trends:

— Population increase and city growth
challenging existing mobility and energy
solutions

— Shift in energy production with an
increasing focus on renewable energies as an
alternative to fossil fuel and nuclear

— Global awareness regarding global warming
pushing for adoption of green solutions
(global objective of CO, emissions reduction,
government regulations and incentives, social
pressure for environmental-friendly solutions)

(1) Non rechargeable — Source: AT Kearney, Duracell, Avicenne — Based on selling price from manufacturer to retailer

Source: AT Kearney, Duracell, AVICENNE ENERGY 2018
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THE WORLDWIDE BATTERY MARKET

1990-2018

>80 BILLION US$ in 2018 — Pack level’
9% AVERAGE GROWTH PER YEAR (2010-2018)

80 B Others (Flow
70 battery, NAS, ...)
> 60 N
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SLI: Start light and ignition batteries for cars, truck, moto, boat etc...

PORTABLE: concumer electronics (cellular, portable PCs, tablests,
Camera, ...), data collection & handy terminals,

POWER Tools: power tools but also gardening tools

1- Pack: cell, cell assembly, BMS, connectors — Power electronics (DC
DC converters, invertors...) not included

Source: AVICENNE ENERGY, 2018
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e MOTIVE: Forklift (95%), others
* STATIONARY:Telecom, UPS, Energy Storage System, Medical, Others
(Emergency Lighting, Security, Railroad Signaling,, Diesel Generator
Starting, Control & Switchgear,
AUTOMOTIVE: HEV, P-HEV, EV
OTHERS: Medical: wheelchairs, medical carts, medical devices (surgical power
tools, mobile instrumentation (x-ray, ultrasound, EKG/ECG, large oxygen
concentrators, drones, Light Electric Vehicles, Hoverboard, ...



PHEV SOLD WORLDWIDE > 535 000 IN 2018
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EV SOLD WORLDWIDE> 1,4 M IN 2018

avicenne : . . .
ENERGY World excl. China growth > 65%  China is leading the EV market
INFORMATION FOR GROWTH . . .
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LI-ION IN 2018 - MAIN APPLICATIONS

>160 000 MWh - 31 B$ (1)

180,000
160,000
140,000
120,000

= 100,000

= 50,000

60,000
40,000
20,000

(1)  Cell level

Others: medical devices, power tools, gardening tools, e-bikes...

Li-ion Battery sales,
MWh, Worldwide, 2000-2017

Source: AVICENNE Energy 2018

CAGR 2008/2018
+24 % per year in Volume

W Others

M Industrial,
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China
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[ Electronic
devices
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Portable
Electr

17%

Portable PC
66%

2018: 160 GWh
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20%
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| BATTERY MARKET FORECASTS
i LA 0017-2030
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Vehicles: HEV, P-HEV, EV, E-buses
Industrial motive (forklift)

Industrial stationary (UPS, Telecom)
Medical

Energy Storage (Small / large)

January 30t, 2019

Applications covered Parameters analysis
9 Portable PCs, net-book, Ultra-book .
9 Cellular Phones, Smart-phones 9 Maln Segment trends
9 Tablets

Impact of the xEV Market 9 Power Bank 9 Power need trends (volume,

Growth on Lithium-lon 3 Camcorders . . . .

Batteries and Raw Materials @ Cordless Tools, Gardening tools Welght, capacity, running tlme)

Supply 2018-2030 o Digital Camera ]
o Games, MP3 9 Penetration rate for each
e s, Chemistry, each form factor,
9 RCCars, Toys
5 brones 9 2016 -2025 Forecasts
9 Hoverboard ] ..
o Ebikes 9 OEM strategies and positions
9 Power tools . . L.
Strasbourg, France 9 Security lighting 0 Main drivers & limiters

I
I
I
I
I
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2030 LIB FORECASTS FOR PORTABLE
ELECTRONIC DEVICES

2000-2030 LIB market, MWh, by  2000-2025 LIB market, M cells,

application (3C) by form factor (3C)
CAGR 17-30: + 4% 6000
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Source: AVICENNE ENERGY Analyses (1) Source: Takeshita, Battery Japan 2013 BJ-3 conference Slide p 4 8
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OEM INVESTMENT IN VEHICLE
ELECTRIFICATION

4

VR

Ford will invest $11 billion by 2022 to launch 40 new electric cars and hybrids worldwide

Volkswagen plan to spend $40 Billion by 2030 to build electrified versions of its 300-plus
global models

Daimler will spend at least $11,7 billion to introduce 10 pure electric 40 hybrid models

Nissan pledged to launch 8 new electric vehicles and hit annual sales of 1 million electrified
vehicles by 2022

Toyota will launch 10 Evs by the early 2020s and sell 5,5 million electrified vehicles, including
hybrids and hydrogen fuel cell vehicles, by 2030

BMW will offer 25 electrified (12 fully electric) vehicles by 2025

GM pledging to sell 20 all-electric vehicles by 2023

Honda says two-thirds of total car sales to be electrified models by 2030
Chinese automakers, all have publicized aggressive investment plans

Source: Ted Miller, Ford, AABC Japan 2018 — Avicenne Energy
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CARMAKERS TO INVEST MORE THAN $300 BILLION

EV INVESTMENT FLOWS BY COUNTRY OF ORIGIN OF AUTOMAKER

ENERGY Mazda 0.3 In billions of dollars
INFORMATION FOR GROWTH_ FAW 03 GERMANYJ 4 ORIGIN DESTINATION § CHINA
Chery | 0.4 $139.5 billio ~ | s135.7billion
Honda | 0.5
Volvo ' 0.7
PSA 1 0.8
Tata (India) 1 0.9
Jaguar Land Rover = 2.3
Impact of the xEV Market BAIC = 25
Growth on Lithium-lon BYD = 39
Batteries and Raw Materials Donggifl‘ﬁ =5 / GERMANY
> w5 CHINA i
Supply 2018-2030 e | 2 oy /
Mahindra (India) == 6
JAC mm= 6
GAC w= 7
BMW s 7 u.s* U.SH
39.0 P
Great Wall (China) == 8 / 34.0
GM == 8
Tesla mmm 10 JAPAN S. KOREA
Renault === 10 24_3' / 20.0
Nissan === 10 / IJAPAN
Strasbourg, France Fiat Chrysler === 10 5. KOREA 18.9
Ford mem 11 20.0 | FRANCE
Toyota mmmm 14 FRANCE g 10.4
January 30t, 2019 Changan s 15 Ing_g' |;>T4HER
Hyundai msss== 20 i :
T T IkDalmler 42 ;JI; B
Christophe PILLOT Vol g e 5} SWEDE’;_ ;
+33144551990 0 20 40 60 80 100 '

q q *U.S. includes Fiat Chrysler.
c.pillot@avicenne.com

Source: Reuters January 2019, Avicenne Energy 10



LITHIUM ION CELL PRODUCTION European market share may ncrease

from less than 1% in 2018 to ~10-15%
in 2025 (70 GWh)

2024-2025
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Impact of the xEV Market 5 FIAMM
— [ BOLLORE
Growth on Lithium-lon USA 2 g

Batteries and Raw Materials Johnson-Controls

- Enersys
Supply 2018-2030 ersys

TESLA

~ Coslight

LG SAMSUNG
SAMSUNG LG
PANASONIC
Strasbourg, France £ 400 100%
E 0, D\Q
. > 300 80% B
January 30", 2019 g 60% S e Production Capacity
©
_Lc’. 200 20% .§ s Demand
. o 3
: CONTACT Source: AVICENNE 2018 £ 100 s -§ e Production Ratio
Christophe PILLOT ° £
+331445519 90 * OTHERS: Malaysia mostly ) 0%
c.pillot@avicenne.com 2015 2016 2017 2018 2019 2020
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HEV, P-HEV, EV 2030 FORECASTS
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HEV, P-HEV, EV 2030 FORECASTS

Realistic Scenario
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LONG TERM EV FORECAST

EV sold, in million units, worldwide, 2010 — 2030

35
30 1-TOTAL 2017 High

s 25 NEF 2017
= . EIA (1)
2 7
E 15 / A—TOTAL 2017 Low
S
s / AVICENNE 2018 (Realist)
o 10
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AAB, AABC US, June 2017
BNEF, BATTERIES 2017, October 2017
AVICENNE Analysis 2018

(1) EIA — Avicenne estimation based on “Stock” numbers
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TOTAL BATTERY DEMAND FOR XEV

2030 FORECASTS

Li-ion for EV, HEV & P-HEV Battery
needs (MWh)

CAGR 2015-2030: +23%
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Li-ion for EV, HEV & P-HEV Battery
needs (MWh)

CAGR 2015-2030: +26%
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Li-ion for EV, HEV & P-HEV Battery
needs (M$)

CAGR 2015-2030: +14%
Impact of the xEV Market

Growth on Lithium-lon 90,000

Batteries and Raw Materials 80.000
Supply 2018-2030 ’
70,000 -
60,000
50,000
«» 40,000
S
30,000
Strasbourg, France 20.000
January 30t, 2019 10,000 -
) 7_|I| YN
CONTACT 2010 2015 2020 2025 2030
Christophe PILLOT W 12-48 volts SLI HEV m PHEV
+33 144551990 mEV m EV & PHEV China B E-bus China
c.pillot@avicenne.com E-Bus excl. China

_ TOTAL BATTERY DEMAND FOR XEV
eNgor 2030 FORECASTS (REALISTIC SCENARIO)

INFORMATION FOR GROWTH

Li-ion for EV, HEV & P-HEV Battery
needs (M$)

CAGR 2015-2030: +18%

140,000
120,000
100,000
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v 60,000
S
40,000
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_ __IIIIII - = m mmEE
2010 2015 2020 2025 2030
W 12-48 volts SLI HEV m PHEV
HEV M EV & PHEV China M E-bus China

E-Bus excl. China
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| LI-ION BATTERY MARKET FORECAS s

From 120 GWh in 2017 to 880 GWh CAGR 2015/2030

P . 18 % per year in Volume
Li-ion Battery sales,

MWh, Worldwide, 2000-2030

1,000,000 2017:>120 GWh
Impact of the xEV Market Auto. E-bus Auto, E-bus
Growth on Lithium-lon 900,000 Ech.IChina China
Batteries and Raw Materials 800,000 CAGR 15/30 20% 37%
Supply 2018-2030 (Base scenario)
700,000
- M Others 15% )
= 600,000 Elect Industrial, ESS
5%
S device ers
500,000 B Industrial, ESS 18% 26% 12%
400,000
300,000 B Auto, E-bus China 249 2030: >880 GWh
E-bus China
Strasbourg, France 200,000
100,000 m CAhL'Ito' e-bus Excl. 229y
January 30t, 2019 ina
_ i Auto, E-bus Excl.
O 1n O n © 1N O O Electronic devices 4% China '
CONTACT 88 88893 28% Industrial, ESS
N N N N N N N 4%

Christophe PILLOT
+33 144551990
c.pillot@avicenne.com

Others: medical devices, power tools, gardening tools, e-bikes...
Source: AVICENNE Energy 2018 17
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LI-ION BATTERY MARKET FORECA

From 120 GWh in 2017 to >1,2 TWh

1,

1,

M Wh

200,000

000,000

800,000

600,000

400,000

200,000

Li-ion Battery sales,
MWh, Worldwide, 2000-2030

2000
2005
2010

2015

2020
2025

2030

CAGR 2015/2030
+20 % per year in Volume

2017: >120 GWh
Auto, E-bus AUtO,'E-bus
Excl. China\ Chl?a
CAGR15/30  20% 37%
(Optimistic)
l Others 14% '
Industrial, ESS
5%
M Industrial, ESS 18% 26% 12%

B Auto, E-bus China 24% 2030: 1200 GWh

Auto, E-bus Excl.
[0 Auto, e-bus Excl. 299 China

China 47%

, E-bus China
38%

[0 Electronic devices 4%

Ele
o rs Industrial, ESS

5% 7% 3%

Others: medical devices, power tools, gardening tools, e-bikes...
Source: AVICENNE Energy 2018
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CATHODE ACTIVE MATERIAL
FORECASTS 2000-2030

Cathode active materials in 2018
345 000 Tons

8y

Y

e Scenar‘
0

Cathode active materials
2000-2030 - Tons

1,400,000 80%
1,200,000 // - 70%
- 60%
1,000,000 / o »
el 41%
» 800,000 » )
s / - 40% !
" 600,000 5%
/ - 30% . o
400,000 20% Cathode active materials in 2030
- 0
/ 1250 000 Tons
200,000 / " L 10%
- 0% NCA
o 1n O un ) o un o 8%
o O dH i N &N M
SIS SIS 5 QR LFP
0,
F LCO st NMC 7 NCA S LMO B LFP == China (%) NMC 7%
ASSUMPTIONS: 82% LCO

ace 3%
Portable devices:
2017-2030: +4% per year in volume
HEV: 3,3 M HEV/year in 2020, 6,4 M HEV in 2025 & 10 M in 2030
P-HEV: 0,65 M P-HEV/year in 2020, 1,4 M in 2025 & 2,6 M in 2030 Assumption: Tesla keep NCA chemistry and have a relative success
EV:2 M EV/year in 2020 (1,4 M in China) / 4 M/year in 2025 (3 M in China) 100% LIB, 8 M EVin  (+600 000 EV sold per year in 2030 — TESLA forecast 500 000 in 2025)
2030 (> 5 M in China)
Sources: AVICENNE ENERGY 2018 19

Industrial, stationary & other applications 2016-2030: +15% per year in volume
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CATHODE ACTIVE MATERIAL
FORECASTS 2000-2030

Cathode active materials
2000-2030 - Tons

1,800,000 80%
1,600,000 /’ I— 70%
1,400,000 / L 60%
1,2
,200,000 I | so%
w 1,000,000
g I - 40%
= 800,000 /
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ASSUMPTIONS:

Portable devices:
2017-2030: +4% per year in volume

HEV: 4,3 M HEV/year in 2020, 11 M HEV in 2025 & 24 M in 2030
P-HEV: 0,8 M P-HEV/year in 2020, 2,3 M in 2025 & 5 M in 2030

EV:2,2 M EV/year in 2020 (1,4 M in China) / 5,4 M/year in 2025 (3 M in China) 100% LIB, 12 M

EVin 2030 (> 5 M in China)
Industrial, stationary & other applications 2016-2030: +15% per year in volume

Cathode active materials in 2018
350 000 Tons

NMC
41%

LM
5%

Cathode active materials in 2030
1670 000 Tons

NCA

6%

0,

NMC o
87%

2%

Assumption: Tesla keep NCA chemistry and have a relative success
(+600 000 EV sold per year in 2030 — TESLA forecast 500 000 in 2025)

Sources: AVICENNE ENERGY 2018 20
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METAL NEEDS FOR RECHARGEAB

BATTERY WILL INCREASE RAP
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TAKEAWAYS

RECHARGEABLE BATTERY MARKET

& Battery Market 2015-2030 - CAGR = +7% / Li-ion>+10% \yORLDWIDE 2000-2025 (base scenario)
JINFORMATION FOR GROWTH_
9 Li-ion battery is driven today by Automotive: 1% of the automotive 1500 GWh
market consume 60% of the LIB B Others
9 In 2012, most of the car makers (except Toyota) switch to Li-ion for = 1000 GWh
HEV = ELIB
Impact of the xEV Market 9 P-HEV, EV and E-buses will be powered by Li-ion: o ® NiMH
I T ey 18 BS market in 2017 - 36 BS in 2020 & 75 BS in 2030 with high NiCd
: . numbers in China (2017: USS5 Billion for xEV and USS 4 Billion for
Batteries and Raw Materials XE-Buses) ~ Lead Acid
Supply 2018-2030 . . .
9 EV expectations attract large Chemical companies 2005 2010 2015 2020 2025 2030
9 New materials are needed to meet Automotive standards 170 BS
9 HEV will account for 4% of the auto sales in 2020 (Pack level) 140 BS 57
9 P-HEV & EV for 2-3% by 2020
9 Micro-hybrid will achieve >50% in 2020/25 100 BS 5
9 Lead acid battery will be the first market in 2025 in volume, but Li- 65 BS I
ion market (USS$ 40 Bn) will be higher than Lead acid in value in 2018
(USS 38 Bn) 25B%
Strasbourg, France 9 Averysmall EV market in the automotive world will represent a :. i I I I ¢
huge market for batteries ! ! ! ! ! !
January 30th, 2019 9 New LIB applications: UPS, Telecom, Forklift, Medical, Residential - Leaﬁc,)AOc(i)d (+25%5 2010 2015 - ﬁg;o(_(sé?zs 2030
ESS, Grid ESS, hoverboard, drones: CAGR > 10% in the next 15 years = NiMH (-7%) B LIB for 3C (-1%)
9 Lithium battery for other application (ESS, stationary, industrial...) M LIB for xEV (+19%) M LIB for Others* (+12%)
CONTACT will reach 10 Billion S market at the pack level in the next 5 years (CAGR 2015-2025)
ff;gs;o:4h§5PllL9L (;-(I)- ’ Ssstg]n?rlléitelc:;uii:eerr:lsjghsxsﬁ important if the price of LIB at the Others: Automatic handling equipment, robots, forklifts, back-up, UPS,

Telecom, medical devices, Residential ESS, Grid ESS, drones,
Hoverboard......

c.pillot@avicenne.com
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INFORMATION FOR GROWTH_

Impact of the xEV Market

Growth on Lithium-lon Cobalt deals have seen Chinese and Korean firms lock in supply
Batteries and Raw Materials

Supply 2018-2030 Selected deals to procure cobalt, 2017 & 2018
Year Buyer Buyer type Country Source Source type Country
2017 Easpring Material Technology ~Cathode manufacturer ~ China Clean Teq Project Australia
2018 POSCO Cathode manufacturer ~ Korea Huayou Cobalt Producer DRC/China
2018  GEM Battery recycler China Glencore Producer DRC/other
2018 LG Chem Battery maker Korea Huayou Cobalt Producer DRC/China
2018 5K Innovation Battery maker Korea Australian Mines Project Australia
2018 LG Chem Battery maker Korea Cobalt Blue Project Australia

Strasbou rg, France 2018 Easpring Material Technology ~Cathode manufacturer ~ China Pacific Rim Cobalt Project Indonesia

January 30t, 2019

CONTACT
Christophe PILLOT
+33 144551990

c.pillot@avicenne.com

Source: Roskill - AABC Japan, 2018
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Impact of the xEV Market Nickel deals have been mainly with emerging sulphate producers
Growth on Lithium-lon
Batteries and Raw Materials

Supply 2018-2030 Selected deals to procure nickel, 2017 & 2018
Year Buyer Buyer type Country Source Source type Country
2017 Easpring Material Technology Cathode manufacturer  China Clean Teq Project Australia
2018 Trafigura /Galena/Sampo Trading/ Banking Europe Terrafame Group Producer Finland
2018 SK Innovation Battery maker Korea Australian Mines Project Australia
2018 CATL Canada Battery maker China (Canada) North American Nickel Project Greenland
2018 Easpring Material Technology = Cathode manufacturer  China Pacific Rim Cobalt Project Indonesia

Strasbourg, France 2018 LG Chem Battery maker Korea Chemco Producer Korea

January 30t, 2019

CONTACT
Christophe PILLOT
+33 144551990

c.pillot@avicenne.com

Source: Roskill - AABC Japan, 2018



LITHIUM DEALS
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INFORMATION FOR GROWTH

There have been a larger number of lithium deals

Selected deals to procure lithium, 2017 & 2018

ar Buyer Buyer type Country Source Source type Country
Impact of the xEV Market 2017  Wuxi Baichuan Chemical Li-ion battery chemicals China Metalstech Project Australia
G royvth of L|th|um—lon. 2017 Jiangxi Special Electric Motor  EV maker China Tawana Resources Producer Australia
Batteries and Raw Materials , .
2017 Panasonic Battery maker Japan Galaxy Resources Producer Australia
Supply 2018-2030 _ , _ _ _
2017 Great Wall Motor Co EV maker China Pilbara Minerals Project Australia
2017 Bangchak Petroleum Oil company Thailand Lithium Americas Project Argentina/USA
2017 Ganfeng Lithium Li-ion battery chemicals China Lithium Americas Project Argentina/USA
2017 NorthVolt Battery maker Sweden Nemaska Lithium Project Canada
2018 POSCO Cathode manufacturer  Korea Pilbara Minerals Project Australia
2018 SoftBank Investment company Japan Nemaska Lithium Project Canada
2018 Tesla EV maker USA Kidman/SQM Project Australia
2018 CATL Battery maker China NA Lithium Producer Canada
Strasbou rg, France 2018 POSCO Cathode manufacturer  Korea Livent Corp Producer Argentina
2018 Toyota Tsusho EV maker Japan Orocobre Producer Argentina
January 30t, 2019 . .
2018 LG Chem Battery maker Korea MNemaska Lithium Project Canada
2018 LG Chem Battery maker Korea Ganfeng Lithium Producer China
EODITAC 2018 Hanwa Trading firm Japan Bacanora Lithium Project Mexico

Christophe PILLOT
+331445519 90

c.pillot@avicenne.com Source: Roskill - AABC Japan, 2018
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