BatteryBits.org

BT EFERS2020

2021F1H30H

AREHBERFA ( Energist ) Z2IBENF



BatteryBits

“HEANIES R, 7 - S5 FA
FRGA P, KA G2 T 20205 2R BT LR E LG BE . FIEGARAA A BOFRL, £k, A

FoBUR A BATKIL, A B ARAT S BHARIR F S TR R, 1895 AR HIE, SRR R R SAT AT
o

AREZZEF AT IS

)

FLEH: Pk TR A h 69 b B2 AR

F230: AR b wbA e F KRR

FIHE: AT B, FRAAZARRITAR 8 A 89 TR
B4 5 BE BUTBAR, MG, EAALES L

# BatteryBits.org 23 #% 2 j§ 2 #)/F

piam il | AXFIRIANMARAEENAMS |, REFAEMMAR, G, BERLTFZEHRE. XMTIENEZRRABBTHRMESE, The
views expressed herein are solely those of the authors, and have not been reviewed or approved by any other organization, agency, employer or
company. The primary purpose of this work is to educate and inform.

Overview Industry Research Talent Policy Predictions






BatteryBits

R
WL E i K E S AT E B MR AG BB ETE, LRKBEARARBEIZTRALE. 4. AR
AN

MAE A BwEE K (SSB) o kN T RMHOIEREF ET HAER L[ E L REEEMIE £ R FE) D EK
A~k (Joint Ventute) ARG BEMNEF T, B, —A TP 8 F G & lfT o938 Fhnik
BIXSPACE T A © B Bh A /NG R EZH, dsh, LR\ A4 Ok N4 T ife dib %

g 0 e R O

BIX—3 5,

HlSEEZEE HRHERIER

Industry



FEALER : Q4 2020

+=AH

TR

Indonesia: LGALF foCATLI P RIZ KK L E AR EZ BT .
ER: B4R EAEFFRE TR LREK

F8: T2l 5 BEVE S &b R A

Solid Powet: IMAZA F % Z20 AhE & &3

QuantumScape: & A H B & w0 b BUK 69 1 4L K IE

LG (& A#T89 T & K IAARIEST
QuantumScape: SPAC5Kensington Capital 4 &5 3 /3 # 42
R AARGIgaZig100+ GWh XA w b T~

SVOLT: Ai2EARE T UHAECELT]

FEE: RIEA20245HE RS RIL

HMEFRAa T 0k eCitarofd fl BlueSolutions 9 4 B 7 ¥,
BEk: TAREHREEIH

Solid Power: F45%A+% —KAB S W

Northvolt: ¥ K642 % 7

BatteryBits

Overview Industry Research Talent

Predictions


https://insideevs.com/news/463711/lg-chem-indonesia-mou/
https://www.reuters.com/article/apple-autos/exclusive-apple-targets-car-production-by-2024-and-eyes-next-level-battery-technology-sources-idINL1N2IX1RZ
https://www.autoblog.com/2020/12/19/toyota-solid-state-battery-ev-prototype-2021/
https://insideevs.com/news/459139/solid-power-producing-multi-layer-assb/
https://www.greencarcongress.com/2020/12/20201209-qs.html
https://insideevs.com/news/457101/lg-chem-go-moduleless-using-new-battery-platform/
https://insideevs.com/news/457078/quantumscape-completed-combination-with-kensington/
https://insideevs.com/news/456347/tesla-massive-100-gwh-battery-plant-germany/
https://insideevs.com/news/454978/svolt-build-ev-battery-factory-germany/
https://insideevs.com/news/449739/foxconn-promised-solid-state-battery-2024/
https://insideevs.com/news/448632/mercedes-benz-ecitaro-solid-state-batteries-bluesolutions/
https://insideevs.com/news/448165/nio-completed-1-millionth-battery-swap/
https://insideevs.com/news/448119/solid-power-1st-generation-assbs/
https://insideevs.com/news/447147/northvolt-raises-additional-600-million-equity/
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https://www.tesla.com/2020shareholdermeeting
https://insideevs.com/news/443709/lg-chem-li-sulfur-battery-tested-aircraft/
https://insideevs.com/news/443200/gm-electric-cars-first-wireless-battery-management/
https://insideevs.com/news/442966/byd-launches-battery-production-plant-brazil/
https://insideevs.com/news/439899/panasonic-100-million-tesla-battery-investment-expansion/
https://insideevs.com/news/439775/sk-innovation-targets-nickel-content/
https://insideevs.com/news/438849/catl-cell-to-chassis-batteries-more-range/
https://www.forbes.com/sites/samabuelsamid/2020/08/26/lucid-air-gets-113-kwh-lithium-ion-battery-for-500-mile-range/?sh=c246732754d5
https://insideevs.com/news/436474/britishvolt-battery-gigafactory-south-wales/
https://insideevs.com/news/435537/wanxianga123-to-supply-batteries-volkswagen-group/
https://insideevs.com/news/434340/bmw-2-billion-battery-supply-deal-northvolt/
https://insideevs.com/news/433359/honda-catl-comprehensive-strategic-ev-battery-alliance/
https://insideevs.com/news/432099/mercedes-benz-farasis-energy-strategic-partnership/
https://insideevs.com/news/432099/mercedes-benz-farasis-energy-strategic-partnership/
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https://insideevs.com/news/429114/volkswagen-increases-stake-quantumscape-200-million/
https://insideevs.com/news/429197/tesla-panasonic-battery-pricing-agreement/
https://insideevs.com/news/428974/umicore-e125-million-loan-eib-battery-materials/
https://insideevs.com/news/428286/china-tesla-produce-model3-lfp-batteries/
https://insideevs.com/news/423438/oxis-energy-lis-manufacturing-plant-brazil/
https://insideevs.com/news/419036/sk-innovation-2nd-battery-gigafactory-georgia/
https://insideevs.com/news/425834/battery500-consortium-350-wh-kg/
https://insideevs.com/news/425255/farasis-energy-480-million-ipo-daimler/
https://insideevs.com/news/411354/sk-innovation-supply-ev-batteries-to-baic/
https://insideevs.com/news/411354/sk-innovation-supply-ev-batteries-to-baic/
https://insideevs.com/news/410451/nissan-licenses-all-polymer-battery-tech/
https://insideevs.com/news/408627/enovix-raised-45-million-3d-silicon-battery/
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https://insideevs.com/news/429114/volkswagen-increases-stake-quantumscape-200-million/
https://insideevs.com/news/406839/byd-blade-battery/
https://insideevs.com/news/404544/sion-power-li-metal-batteries-420-whkg/
https://insideevs.com/news/406324/lg-chem-480-million-loan-plant-poland/
https://insideevs.com/news/402530/volvo-ev-battery-pack-assembly-line-belgium/
https://insideevs.com/news/400255/mic-tesla-model-3-prismatic-lfp-cells/
https://insideevs.com/news/396504/toyota-panasonic-jv-automotive-prismatic-batteries/
https://insideevs.com/news/396481/catl-confirms-battery-supply-agreement-tesla/
https://insideevs.com/news/398558/basf-battery-materials-production-germany/
https://insideevs.com/news/395842/tesla-partners-lg-chem-catl-ev-batteries/
https://insideevs.com/news/394309/oxis-cells-almost-500-wh-kg/
https://insideevs.com/news/392985/enevate-superb-battery-anode/
https://insideevs.com/news/391365/kyocera-24m-semisolid-lithium-ion-residential-ess/

BatteryBits

IRE% tss © 'I‘J‘

SHRIRRIEREE (1)

We Have A Plan To Halve The Cost Per KWh

Structural battery
part of chassis,
simplified design  Cell to vehicle
integration

Larger tabless design

sxenergy, | $25,000
b6x T,
mn:eo:’: % car

[

CELL DESIGN CELL FACTORY

process,
fully automated

cell assembly

~50 $/kWh

3TWh

CATHODE CELL VEHICLE
MATERIALS INTEGRATION

Process innouation (metal + water),
diversified approach (LFP, Ni-Mn, high Ni), US Li reserves, in-house recycling

BIRRIR - Rt “BIHISEIR : Battery Associates AT B bt
R AR, 4680 K AR R, BOLIRAE, SR 2RI, 052 R, ZA2RA16% -14%
w%HE Maxwell FR@AMRTA A, & 837 K, A RARAEIKT5% -18%
RAMB EEREEARRARE AL, BIER S BT 3R L&, AR £31.2/kWh, 24232 20% -5%
EMAR KER-SA0H NTRALEP L4 B, Fat#liE, T)7 M EDioh] A -12%
oib- B E KL WS- E, BHe—ikiEiE, REL0%, ZA214% -7%
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https://www.tesla.com/2020shareholdermeeting
https://battery.associates/
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Innovations realized through

Range/Energy Density Cost $/KWh

Cell2Vehicle
Intercalation

Station

Cell2Vehicle Anode

Cell
Cathode ‘L 56% Fac:ory

Cell Design

substack

|'54%

Cathode '

Cell Design
Our take on the
Tesla is pushing the industry with their ambitious roadmap

“Easily” achieved (short term)
[ ﬂ 4680 cell format

B N .
%3 ?}Jﬁ Tabless design

Soon? (medium term) i
<

!f'a,.? ‘! Recycling

Bem==mww. Cathode production 1535\ Silicon anodes

i
We hope they eventually work these out! (long term)

Dry coated electrodes

*Source: Intercalation Station
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FHGWhag N Y 69%

vs CHEMISTRIES

Manufacturing CapEx

Cell2Vehicle
Anode Cell

Factory
|, 69%
Cathode

Cell Design %ﬁ% .

4680 W, , Tabless design, ZE#j

FATAC, A FHE, R4 (LFP)
111 iEHM., Cell-to-Vehicle £ g,

Cobalt-free cathodes

T

JEAR AR A e B

Cell-to-vehicle integration

[[[1[10

K

FiEkA, BEAaR, TWh=4,
42 3 IR

TWh scale output

© Intercalation Station
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https://twitter.com/IntercalationSt/status/1309131175789768705
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A 45 B FrModel 33244 49 LEP w0k &, )44 2
$100 / kWh)

The egg remained uncooked

24 4K,
At X
b FES B RV
T i 7260 % 8 K/
NCM Lithium Battery: Lithium Iron Phosphate Block Battery: BYD Blade Battery: A #E|572F (300°C) X

severely damaged no fire or smoke observed no fire or smoke
surface temperature exceeded 500 °C  surface temperature of 200 °C to 400 °C  surface temperature of 30 °C to 60 °C

“FHXFEIE ; BatteryBits-BYD
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https://medium.com/batterybits/a-sharp-contender-byds-blade-battery-ced2ef1dc8f8

BatteryBits

.,

RZAR

LERE . TREAMCACTP/ICTC, LIS
Cell to Pack:

AARA A & +15~20%
Wk e F -40%
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(AF5iE%4) U LI Ni553 3 i AR

#A F:Model 3: 125 Wh/kg A BRI

Meig % #,: LFP+ EnerSpeed, fast ionic 4.5umAg 7§ £ 7 AR

ring technology, 0-80% ¥ %, 7 %A q = FIC#A 23 A

& T 205 N R RN Yy
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https://medium.com/batterybits/the-rise-of-catl-29452bea854a
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Power Swaps

10. 05 210= B A1 B ENREL HREOE

B&RERRA ERAR EBERER

In-Situ Solidification Inorganic Pre-Lithium Nano-Coating
Hybrid Electrolyte Si/C Composite Anode Nickel-Ultrarich Cathode

SRS AA100 kWh £ 150 kWh#§ &, 548
e CTPHI i3t f+40% , e85 E+37Y%
TRE, T EBAT AL 150 kWh, 360 Wh/kg B % . i&
Bl T Wk REBL T ok B A 4L M
RAR®L 20 {2 RRO/ R/ RAUT AL RS 4 A

IR %ﬁ%/ﬁ@’fil—?«”}c

EAaMEME R
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Cathode Current Collector BA IREILA R EAAR, B R AR EARLT Y
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Catholyte
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Anode-free cell design with
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dendrite resistance metal anode

lithium plated during charge
cycles
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https://www.sec.gov/Archives/edgar/data/1811414/000119312520312743/d789193dex992.htm
https://medium.com/batterybits/solid-state-batteries-is-there-a-viable-path-to-commercialization-30f36a7685d7
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3 — 'J‘= .
550 LEAREEE:
. SepanRSNG T
500 + Panasonic Roadmap of China o ;‘:
] CATL 300 Whikg By: /,,r"/Li-metaI anode On the road:
4504 | ® soI 1500 cycles  CATL -~ Solid state battery CATL: 279.56 Wh/kg
: ® LISHEN 2'8:2";”" LISHEN
S 4004 | A LG-Chem bt At * ONi>80 NCM (Leap Motor T03)
= 1 |® coTioN I ol
S AN SKI: 269.44 Wh/k
2 300_- NCR21700A. 5 Ah, 1000 cycles * a D Nowm-s11/Gr4s ,é,ed ) ) /kg
@ . NCM-811 & (Arcfox Alpha-T)
S 1 NCR18650B, 3.35 Ah, 500 cycles )
aQ 250 - p AA'. Voo : beoe
> ] e | "
2 20 GO * & LGAL2 . 257.10 Wh/kg
weN =
I.lc.l 1 50“\0 . NCM111/G ‘6}\0 ( ﬁf%'c;ﬁﬁ';b.Model 3)
150 - oo0® - RX
- @ NCM-523+LMO+NCA/G
100 ?kony hollow-point: under development USA Battery 500:
1 Drawn by Yi Wang, Yaxiang Lu, Yu Ren, Zhiwei Yang, Hong Li Ny
50 i | . | . | . | . | rawn' y Yi lang a)'uang uI u er'w twe: ang, ' ong 3 50 Wh / kg , 3 500\ 4}3 }/T:
1990 1995 2000 2005 2010 2015 2020 2025 2030 2035 (Li/NM CG622 ff};{ ,@4 W, (@)
Year

*Source: Battery 2030+ Roadmap; Redrawn from Li, et al, cited from Figure 1 in Energy Storage Materials, 23(2019) 144-153
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https://battery2030.eu/digitalAssets/861/c_861008-l_1-k_roadmap-27-march.pdf

BatteryBits

—Leilel ISR E R ESLIREE

»rE FEFAR REEEEHE
I ( Nanoramic  Nanoramic Neocarbonix™ fe = & B 32 FH30%
LABORATORIES N
Labotratoties BHRLELY PR A AR 20%
NEHMS  NOHMs 5 WA C/5-C/3 7k b 75 BT,
FEFR10000k , #-%% B 375Wh/kg
/ zenlabs ZenLabs B4 IR A2 L 1000K 46 3R, #5255 & 315Wh/kg
SiOx i #L A 250 K EFR, #E B 5 BE400Wh/kg
Cubetg 424 JB ML A AITORFEFR, #6855 BE369Wh/kg,
CY RN Yy pb3h % 2000W /kg
oxi- Oxis Energy 42 400Wh/kg, 200-300% 4% 51

*Table by BatteryBits
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YAC FEZA AR REAER
Sila B9 R H AR 285M @DAIMLER
en=VvIiX Enovix 3D Si 191.3M @ Qualcomm
EgVEE Enevate % % 3LR 111.6M yz\ @LGChem SAMSUNG
heeon Nexeon i % 3L 95M
8%, Amprtius B k& 61.4M AIRBUS
Group@ Group 14 FEAR G A A 35M SI?':waterials .\ BASF
@ apvano Advano B2 U K kLT 23.8M MITSUI KINZOKU
v’ NanoGraf WAL T BN 22M @8 JNC
*Table by BatteryBits Related reading: BatteryBits-Silicon Anode
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https://medium.com/batterybits/how-close-is-the-lithium-ion-battery-industry-to-the-100-kwh-milestone-f5eaa6b31cbc

RARZE: BREERE-ES

BatteryBits

*Source: Roland Zenn , updated by BatteryBits

Research Talent

Company Anode Electrolyte Fund JVIJD/
Raised Investment
@JmScope QuantumScape T R A2 ALy Fari At 18 & $1B+
M@‘ Prologium b2/ 5 R/ fA % $100M %Q R NIO
sglid oy Solid Energy Yy B4 2 A $86M | GM |
22 ionic  Tonic Matetials 4/ % 2 B Pik I R &M $65M A\ {:,: A=)
“SionPower  Sion Power b9 48, BAAER LY $50M BASF AIRBUS
“SolidPower  Solid Power 42 e BRAC I 18 & $23.5M @ @ SAMSUNG
Bolloré Bollore 5255 L_BARASY N/A @
"e%ec  Hydro Quebec ek LTS Ve N/A N

Related reading: BatteryBits-Solid State
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https://www.linkedin.com/in/roland-zenn/
https://medium.com/batterybits/solid-state-batteries-is-there-a-viable-path-to-commercialization-30f36a7685d7
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Battery Auto Battery
Maker Maker Maker

BatteryBits

TR = 0@ O G0 [ EmEA yal:

TO\?:)TAEEE'-Y BAIC GAC FAW DEV HONDA
LG Chem @& == B
HYUNDAI GEELY
/NS T & GS Yuasa
ab )
FEME  Doanurn O 2B TOCC NEC
AT @ 0 s Northvolt
SAFT PSA SKI

=======

*Source: Roland Zenn , update and formatting by BatteryBits
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https://www.linkedin.com/posts/roland-zenn_battery-batteries-automotive-activity-6693893065482084352-JJr2

HISIREE: SEFEIE

FEIESLIKMEARIE , HEIK65%AIZEHT
Europe

12 %

20 %
China
56 %
Sweden
Asia Norway . /40 GWh
12% 58 GWho China
g 1247 GWh
Poland
2025 Us. e £68 GWh
Europe 73 GWh
. 266 GWh Slovakia
28 % France * Hungary 10 GWh h
i 82 GWh 39 GWh Japan
Germany 132 GWh
. 245 GWh
Italy
us." 3 GWh
12 % 4
Asia
89, Australia
L02% 3030
Europe
26 % .
Australien
5 GWh
China
us." 53 %
1% §
Asia Sources. Bloomberg New Energy Finance, Benchmark Mineral Intelligence, Citi Research, Reuters, Roland Zenn, press releases_Jan 2021
9 %

VDE RENEWABLES

*Source: VDE Renewables
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gw:c"y 2020 2025 2030
CN 213 704 1247
NA 65 165 266
EU 39 382 617
AS 41 110 219
Total 328 1360 2353
o ArAREFE20304 RGN

T
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https://www.linkedin.com/posts/dr-jochen-m%C3%A4hli%C3%9F-380a9716b_gigafactories-lithiumion-cells-activity-6753324720826920960-PEv9

BatteryBits
HISIR%E - INRHISEmRISIXTRI~6E
IR I~ HEISE20304Fi8ig 2.4 TWh

Expected GWh battery cell manufacturing production through 2030 - Top 10 producers

a I 2030 | 2025 | 2020
350 - 332
300 -
9,
250 A 230

200 a %

152 1% )
150 148 o a

100 -
50 -
o |
— — > Y | .
CATL  @LGChem T=SSLA SAMSUNG @ Mmm [QARASis SKonovsion  Pamasonic  SUOLT

*Source: BENCHMARIK MINERAL INTELILIGENCE

Overview Industry Research Talent Predictions


https://www.benchmarkminerals.com/wp-content/uploads/06252020-Vivas-Kumar-HyperChange-V4.pdf

(HEHEREE ; TR
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FRESEHMEEREIRS | R0, BiRFSEHREERCETIREA

Extraction
Li :
o
C Ni

$50-70bn required
(split across lithium,
cobalt, nickel,
manganese)

Lithium (spodumene/

brine producers)

= 26 producers (up
from 16 in 2026")

" 48 new projects in
pipeline

Chemical
Processing

TTHT
i

. $15bn required

" Nickel Sulphate

36 producers

13 expansion
projects

Lithium Chemical

Plants

69 producers (up
from 25 in 2016")

Increasing to 114

*Source: BENCHMARK MINERATL INTELLIGENCE

Overview
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Cathode/Anode
Production

4+ | Cathodes

— | Anodes

$40bn required

Cathodes

= 73 producers

* 11 new producers

= 49 expansion
projects

Anodes
= 49 producers

= 54 expansion
projects

Research

Cell
Manufacturing

(000

' $130bn planned

. Cell Megafactories
. = 88current
producers
(up from 28 in 2016)
= 29 new plants
= 72 expansion
projects

Talent

BatteryBits

Application

>$300bn committed

Full BEV light vehicle
producers

= 54 producers, up
from 31in 2015 and
a quadrupling of
production

Predictions



https://www.benchmarkminerals.com/wp-content/uploads/06252020-Vivas-Kumar-HyperChange-V4.pdf

BatteryBits

HRHERER - LhRERRAEITR
B KIB RN SRR =R BT

2020 target vs. actual production - major lithium production assets (‘000 MT LCE)
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* Related reading: BatteryBits - Preventing Fraud
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BatteryBits

RE . £RRELHNEN , MM MhiH202088K{AAIED

2020EBATTHILIT ETFE2 45 3IE150%F1140%

M TLG Chem sl , B4 &7 697 A Ak B A= B KFAT & H245

= PCRFY
« = CATL (CNY)
« = BYD (CNY)

- BYDDF
L % == |G Chem (KOR)
i ! == SKI(KOR)

S - .
N . R

PR L S A vy == BATT
R - :

swIY TR ) P e LIT
oaet Nl S .
HE :
: et A
. ' .
s {

400% neooid Beped
300%
200%

100%

.......

BE20205 183 1BLRRIRMN B E DL

0% — - g g : :
1/1/2020 3/1/2020 5/1/2020 7/1/2020 9/1/2020 11/1/2020

© BatteryBits, January 2021

Overview Industry Research Talent Policy Predictions



BatteryBits

BHSEZLARESLSE , HALARKERE

GM recalls 68,000 electric Chevy Bolts A Tesla Model S erupted ‘like a

over battery fire concerns flamethrower.’ It renewed old safety
concerns about the trailblazing sedans.

By Faiz Siddiqui

There have been at least five incidents of Bolt batteries catching fire

By Andrew J. Hawkins | @andyjayhawk | Nov 13, 2020, 2:03pm EST

Dec. 28, 2020 at 5:00 a.m. PST

[News Analysis] EV fires draw
attention to separator tech of LG ELECTRIC CARS IN CHINA

Chem, Samsung SDI, SK Innovation China EV startup WM Motor issues
recall after battery fires

Tencent-backed producer blames supplier and offers free replacements

Korean battery giants apply different technologies to make batteries safer

Chinese EV battery maker CATL LG Chem Recalls Home Battery Systems
faces criticism after three GAC After' Reports of Fires
electric cars ignite ﬁres gi(i\fe:ze?;e(;gzgn ﬁ:gli:llEs;:'olljZZatedon December 4, 2020, 10:00 AM PST

“Sources: Bloomberg, Washington Post, The Korea Herald, The Verge, Asia Nikkei, MorningTick
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https://www.bloomberg.com/news/articles/2020-12-03/lg-chem-recalls-some-batteries-on-fire-risk-sunrun-says
https://www.washingtonpost.com/technology/2020/12/28/tesla-battery-fire/
http://www.koreaherald.com/view.php?ud=20201102000706
https://www.theverge.com/2020/11/13/21564217/gm-chevy-bolt-recall-battery-fire-lg-chem
https://asia.nikkei.com/Spotlight/Electric-cars-in-China/China-EV-startup-WM-Motor-issues-recall-after-battery-fires
https://morningtick.com/2020/08/26/chinese-ev-battery-maker-catl-faces-criticism-gac-electric-cars-ignite-fires/
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*Source: Advanced Materials
Research Group: Dr. Arumugam Manthiram, UT Austin
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https://onlinelibrary.wiley.com/doi/full/10.1002/adma.202002718
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*Source: Nature Materials
Research Group: Dr. Clare P. Grey, Cambridge University
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https://www.nature.com/articles/s41563-020-0767-8
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*Source: Journal of Electrochemical Society

Research Group: Yulong Liu, Western University; Jessie Harlow, Dalhousie University; Jeff Dahn, Dalhousie University.
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https://iopscience.iop.org/article/10.1149/1945-7111/ab6288
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https://science.sciencemag.org/content/367/6481/1030/tab-figures-data
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*Source: Nature
Research Group: Dr. Ping Liu, Dr. Shyue Ping Ong, UC San Diego; Dr. Huolin L. Xin, UC Irvine; Dr. Jun Lu, ANL
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https://www.nature.com/articles/s41586-020-2637-6
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*Source: Science
Research Group: Dr. Xiangfeng Duan, UCLA; Dr. Hengxing Ji, University of Science and Technology of China
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https://science.sciencemag.org/content/370/6513/192/tab-pdf
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*Source: Nature Nanotechnology
Research Group: Dr. Zihua Zhu,Dr. Chongmin Wang, Dr. Zhijie Xu, PNAL; Dr. Kang Xu, US Army Research Laboratory
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https://www.nature.com/articles/s41565-019-0618-4
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*Source: Nature Materials
Research Group: Dr. Brett A. Helms, LBNL, Prof Venkat Viswanathan, Carnegie Mellon University.
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https://www.nature.com/articles/s41563-020-0655-2
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10° Elevated temperature 50 °C-100 °C
By cell mass, £ //
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Intercalation-type CAM Intercalation-type CAM
and lithium metal and graphite

—e— Cell type 1 ~A— Nam et al.', pouch
—%- Cell type 2 ~v— Nam et al.’, pellet
~A~ Whiteley et al."® ~#— Yamamoto et al.*®
~v~ Zhang et al.* - Sakuda et al.'®
~m— Woo et al.?'

o Xie etal.?
<~ Ulissi etal.®
~»— Choi et al.?*

~4- Kato et al.®, high power

~#- Itoetal?’
*- Kim et al.?®

o Kraft et al.?®

Research Group: Dr. Jirgen Janek, Dr. Felix H. Richter, Justus-Liebig-University Giessen
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- Kato et al.?®, high energy

Conversion-type
v YF

thium metal

CAM

Yamada et al.*

I
A-
v— Yao et al.®
B

Zhang et al.*'

Specific power, P, /W kg™

g je/phosphat ASSBs with polymer
lectrolyte electrolyte
A- Yuetal’
v~ Finsterbusch et al.®

—<— Hovington et al.”
~»— Porcarelli et al.*®
—e— Bouchet et al.”’
ASSBs with inorganic and
polymer electrolyte

—A— Chen et al.*?

~v- Park etal.®

—m— Wakayama et al.**
—o— Ates etal.®

Lithium-ion battery
—e— Panasonic 186508
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https://www.nature.com/articles/s41560-020-0565-1
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*Source: Nature
Research Group: Dr. Ju Li, MIT
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https://www.nature.com/articles/s41586-020-1972-y
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*Source: Nature Energy
Research Group: Dr. Yong-Gun Lee, Dr. Yuichi Aihara, Dr. Dongmin Im, Samsung Advanced Institute of Technology
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https://www.nature.com/articles/s41560-020-0575-z
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*Source: Energy & Environmental Science
Research Group: Dr. Shirley Meng, UC San Diego; Dr. Oleg Borodin, US Army Research Laboratory
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https://pubs.rsc.org/en/content/articlelanding/2020/ee/d0ee01446j
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materials and ; /
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*Source: Nature
Research Group: Dr. William C. Chueh, Dr. Stefano Ermon, Stanford University; Dr. Richard D. Braatz, MIT
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https://www.nature.com/articles/s41586-020-1994-5
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*Source: PNAS
Research Group: Geoffrey Z. lwata, Johannes Gutenberg-Universitat Mainz; Alexej Jerschow, New York University
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https://www.pnas.org/content/117/20/10667.short
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*Source: Joule
Research Group: Dr. Zheng Chen, UC San Diego
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https://www.sciencedirect.com/science/article/abs/pii/S2542435120304979
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https://scholar.google.com/
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Job Level / Start Date

Junior Senior Lead Staff Manager Director C-Suite
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Q 350K
o
o~
=}
33°°K 320,000
& 250,833
3 250K
T
< 179,253
> 200K )
s 147,705 151,901 198189
©
@ 150K 117,726 \/\_- /~/\/
2]
@
.100K//
o
>
<
50K
0K
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© BatteryBits, January 2021

Sources: www.h1bdata.info (n = 1675)

Note: Salaries have been adjusted for inflation, set to 2020. Actual earnings may be higher as stock compensation is not included. Data for
certain job levels may not be representative due to insufficient data sources (e.g. C-Suite, Director).
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o FAH20305 84 WLk F AL A ngu;::y Zef;:rLithium-ion battery demand outiook
14TWh (Wood Mackenzie) 2500
2.5TWh (Benchmark Minerals) =

o HCWhH LB BEAKLS PTHE 2 R —

ONTAEIR, £ LEMaEF (Flde 1,500

= Stationary storage

M, FRAA AR ) T 4] 200 - P
AT 3 TAE LA e B
o ETFWRABASN, WTFRIABE =T R
F, RLETRALS, 41254 i =il I I sPassange s
T /GWh, (Fraunhofer ISI) ? 2020 2021 2022 2023 2024 2025 2025 2027 2028 2029 2030
Source: BNEF. Note: See respective section for details.

Source: BNEF
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https://www.miningreview.com/battery-metals/lithium-ion-cell-capacity-to-quadruple-to-1-3-twh-by-2030/
https://www.benchmarkminerals.com/wp-content/uploads/06252020-Vivas-Kumar-HyperChange-V4.pdf
https://www.isi.fraunhofer.de/content/dam/isi/dokumente/cct/2020/Fact_check_Batteries_for_electric_cars.pdf
https://about.bnef.com/electric-vehicle-outlook/

BatteryBits

KXFFF AT LANENEHE ==
B Bloomberg

GM .tO hire 3’000 engineers, Tesla Pitches 5,000 ‘Middle-Skill’ Factory Jobs to Texas
designers, IT workers to speed up  county

electric vehicle prod uction Executives from Tesla Inc. will use an unassuming job-type description in
their pitch to a Texas county on the merits of the carmaker's ...
Jamie L. LaReau Detroit Free Press Jun 23, 2020

Published 1:47 p.m. ET Nov. 9, 2020 | Updated 4:36 p.m. ET Nov. 9, 2020

SK | tion Accelerates Hiring At Its EV Britishvolt Gigaplant to create 5,000
nnovation Accelerates Hiring At Its .
Battery Site In Georgia supply chain jobs

How Panasonic Is Closing a Lithium-lon

& By CHRISTOPHER WALTON — 14th December 2020

Engineer Skills Gap GM CEO: Lordstown battery

The battery industry is just one of many industries that can benefit from H™ H

broadening ;hel:‘alenlt pjgol by looking a); &iﬁ:rerlwt skill sets to fill o;)en plqnt hlrlng' ConStrUCtlon qheqd
positions. of schedule

According to Ultium's website, the jobs will offer immediate health benefits,
holiday pay, GM vehicle discounts, and $20,000 in annual educational support.

Thursday, November 5th 2020, 4:34 PM EST by Mike Gauntner

Posted: June 18, 2020

*Sources: Bloomberg, Detroit Free Press, InsideEVs, LogisticsManager, TrainingMag, WFMJ

Overview Industry Research Talent Policy Predictions


https://www.bloomberg.com/news/articles/2020-06-23/tesla-pitches-5-000-middle-skill-factory-jobs-to-texas-county
https://www.freep.com/story/money/cars/general-motors/2020/11/09/gm-jobs-electric-vehicles/6222227002/
https://insideevs.com/news/445144/sk-innovation-hiring-ev-battery-site-georgia/
https://www.logisticsmanager.com/britishvolt-gigaplant-to-create-5000-supply-chain-jobs/
https://trainingmag.com/trgmag-article/how-panasonic-closing-lithium-ion-engineer-skills-gap/
https://www.wfmj.com/story/42870570/gm-ceo-lordstown-battery-plant-hiring-construction-ahead-of-schedule
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Bitterfeld-Wolfen,
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"P Commerce, GA,
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saFT [P°SA Germany
Saarland, &
SVOLT Heusweiler
0% 53 5E IR ’
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“5)20224 ), 4 F KB AL ¥a]#1800 3 AN TAE HAL, 48 R T ASAR 60004 457 7
I,  (EIB)

CAFATALAFE) T BBOEARAN GG K X Hr, AA1x310,0004N37 BRAL 69 AT % & B kA, JF L%
NE SRR LML ZZAR T AR AL G T (AL EHR)

“ Farasis i /£ Bitterfeld-Wolfen 7 % — & @, & = ), 356 % 52,000/ 37 T4E, 7
(7))

‘B2 A 604 R T A TSK Innovation, F| 4K, X —HFAITHFIEmE150%, 3
2021 4 & 3538 hn 51000 % & - o F|20244F, A TAEMHZHIEMF26005 5, 7
(InsideEV)

PR T H ) 292,000/ TAE fid, FAEA32GWh, 7 (i3)

“SI2023% K (FERM) TFas k™, 45411 2400 LAk i 5120224 v ) T4 2k >
o, 34 Heusweiler b, & 6] % 29150 A T4k fi 45, 7 (Linkedln)
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https://www.eib.org/en/press/all/2020-088-electric-vehicle-battery-production-in-europe-gets-boost-thanks-to-eib-loan-of-eur480-million-to-lg-chem-wroclaw-energy-in-poland
https://www.nytimes.com/2020/12/31/automobiles/tesla-german-automakers.html
https://www.electrive.com/2020/07/03/mercedes-invests-in-battery-production-with-farasis/
https://insideevs.com/news/445144/sk-innovation-hiring-ev-battery-site-georgia/
https://www.electrive.com/2019/12/10/opel-is-aiming-for-32-gwh-battery-cell-production-in-kaiserslautern/
https://www.linkedin.com/company/svolt-energy-technology-co-ltd
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https://www.koreatimes.co.kr/www/tech/2020/03/129_279734.html
https://new.qq.com/omn/20190704/20190704A0C1HN00.html?pc
https://foreignpolicy.com/2020/09/17/china-thousand-talents-plan-invest-us-xenophobia/
https://nyxr-home.com/41651.html
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it A ERERTEIMRER ?
BENEEERESR , ERNDETHENERRSSHIBTUMIRRISE.

Community Events Newsletters & Blogs

Battery Brunch Intercalation Station

BatteryBits
The Mobilist

Online Battery Symposiums Social Media

YouTube: The Limiting Factor
Twitter:

@electrochemicat @YingShirleyMen1
@BatteryPapers @Stevel evine
@MijlLacey
@JamesTFrith
Source: ACS @VenkVis mart di be

Battery Modeling Webinar Series
Stanford Storage X International Symposium
Oxford Battery Modeling Symposium



https://cmu.us18.list-manage.com/track/click?u=e3dd1920324b4db3a51b620ca&id=9893d4c74a&e=4697f385f8
https://cmu.us18.list-manage.com/track/click?u=e3dd1920324b4db3a51b620ca&id=20975f0792&e=4697f385f8
https://cmu.us18.list-manage.com/track/click?u=e3dd1920324b4db3a51b620ca&id=2eef70a4e9&e=4697f385f8
https://www.youtube.com/channel/UCIFn7ONIJHyC-lMnb7Fm_jw
https://twitter.com/electrochemicat?lang=en
https://twitter.com/YingShirleyMen1
https://twitter.com/BatteryPapers
https://twitter.com/stevelevine
https://twitter.com/mjlacey
https://twitter.com/JamesTFrith
https://twitter.com/venkvis
https://twitter.com/mart_di_be
https://twitter.com/kristinaedstrm2
https://www.andrew.cmu.edu/user/venkatv/bmws.html
https://click.icptrack.com/icp/relay.php?r=32998467&msgid=517006&act=7D25&c=182468&destination=https%3A%2F%2Fenergy.stanford.edu%2Fstoragex-initiative&cf=3290&v=7afb201f7105dfd281210ba25c0e31be1326414616813e34001bfc9edf71dc7d
https://batterymodel.ox.ac.uk/
https://www.batterybrunch.org/
https://pubs.acs.org/doi/10.1021/acsenergylett.0c01304
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https://www.mckinsey.com/business-functions/sustainability/our-insights/how-a-post-pandemic-stimulus-can-both-create-jobs-and-help-the-climate
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https://www.pewresearch.org/fact-tank/2019/04/18/a-look-at-how-people-around-the-world-view-climate-change/
https://www.pwc.com/gx/en/services/sustainability/publications/state-of-climate-tech-2020.html
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https://joebiden.com/clean-energy/
https://climateactiontracker.org/press/bidens-election-could-bring-a-tipping-point-putting-paris-agreement-15-degree-limit-within-striking-distance/
https://www.wsj.com/articles/biden-to-tap-jennifer-granholm-for-energy-secretary-11608072614
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https://www.gov.uk/government/publications/energy-white-paper-powering-our-net-zero-future
https://www.gov.uk/government/publications/the-ten-point-plan-for-a-green-industrial-revolution
https://ec.europa.eu/clima/policies/innovation-fund_en
https://www.thetimes.co.uk/article/brexit-deal-triggers-electric-car-battery-race-gbh9gwn97
https://ec.europa.eu/commission/presscorner/detail/en/ip_20_2312
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https://www.greenpeace.org/eastasia/press/6175/greenpeace-report-troubleshoots-chinas-electric-vehicles-boom-highlights-critical-supply-risks-for-lithium-ion-batteries/
https://www.carbonbrief.org/analysis-chinas-covid-stimulus-plans-for-fossil-fuels-three-times-larger-than-low-carbon
https://theicct.org/sites/default/files/publications/China%20NEV-policyupdate-jul2020.pdf
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https://thedriven.io/2020/11/12/the-countries-and-states-leading-the-phase-out-of-fossil-fuel-cars/
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The views expressed herein are solely those of the authors, and have not been reviewed or approved by any other
organization, agency, employer or company. The primary purpose of this work is to educate and inform.
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Vivas Kumar, Principal, Benchmark Minerals

Hong Li, Professor, Institute of Physics, Chinese Academy of Sciences

Dr. Jochen Mahlif®, Head of Batteries and Energy Storage Systems, VDE Renewables GmbH
Roland Zenn, Procurement & Purchasing Senior Manager, Farasis Europe

Andrew Wang, PhD Candidate at Oxford University, Co-Founder at Intercalation Station
Nathan Benaich and lan Hogarth, Al investors and State of Al authors
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https://www.linkedin.com/in/vivaswathkumar/
https://www.linkedin.com/in/hong-li-8347001a/
https://www.linkedin.com/in/dr-jochen-m%C3%A4hli%C3%9F-380a9716b/
https://www.linkedin.com/in/roland-zenn/
https://www.linkedin.com/in/andrew-wang-9959688b/
https://www.linkedin.com/in/nathanbenaich/
https://www.linkedin.com/in/ianhogarth/
https://www.linkedin.com/in/darrenlim6/
https://www.linkedin.com/in/zhiwen-edward-huang-19301288/
https://www.linkedin.com/in/crystaljain/
https://www.linkedin.com/in/elileland/
https://www.linkedin.com/in/steve-s-he/
https://www.linkedin.com/in/smithrb/
https://www.linkedin.com/in/timothysuen/
https://www.linkedin.com/in/gabe-hege-a86b6376/
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Get involved with BatteryBits!

Key insights in the world of batteries.

BatteryBits is a publication written for the world’s battery professionals to gain an insider's view on the
trends and directions of the industry. We publish insights and ideas by battery experts in industry,
academia, policy, and finance. Since June 2020, our publication has received more than 15k views.

Want to share your unique insights

2,000 st e
with the industry? Contribute to the

9,500 vt t+erent1tnsnrasnsnentsnensisntatsnssssssasntonensiensnineinisenssntonsnansasaentsnaseressasnssnansorasniressfhusoninsone Battery Bits Publication. Apply here.

1,000 ++++++++++11111ssmm s Y | - For business enquiries, please send us

a note at editors@batterybits.com and
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‘ | Mh let’s chat!
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http://batterybits.org/
https://docs.google.com/forms/d/e/1FAIpQLSda-cZqgsGot6RvughtZpi7KABJ7_idDeCkFjdBy8hpCC3d8w/viewform
mailto:editors@batterybits.com
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