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https://www.globenewswire.com/en/news-release/2022/08/24/2503481/0/en/Battery-Management-System-Market-ValueWill-Be-USD-35-79-Billion-By-2030-Growing-At-A-CAGR-Of-21-20-EV-Adoption-and-Utilization-of-Lithium-Ion-Batteries-to-Boost-the-Market-Growth.html#:~:text=filingsmedia%20partners-,Battery%20Management%20System%20Market%20ValueWill%20Be%20USD%2035.79%20Billion%2C%20By,At%20A%20CAGR%20Of%2021.20%25.
https://www.globenewswire.com/en/news-release/2022/10/10/2531102/0/en/Global-Battery-Manufacturing-Equipment-Market-Size-Share-Worth-25-4-Billion-by-2030-at-a-30-CAGR-Custom-Market-Insights-Outlook-Report-Trends-Forecast-Trends-Segmentation.html#:~:text=%22According%20to%20the%20latest%20research,during%20the%20forecast%20period%202022
https://www.precedenceresearch.com/lithium-ion-battery-recycling-market
https://www.globenewswire.com/en/news-release/2022/10/10/2531102/0/en/Global-Battery-Manufacturing-Equipment-Market-Size-Share-Worth-25-4-Billion-by-2030-at-a-30-CAGR-Custom-Market-Insights-Outlook-Report-Trends-Forecast-Trends-Segmentation.html#:~:text=%22According%20to%20the%20latest%20research,during%20the%20forecast%20period%202022
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https://impossiblemetals.com/
https://www.globenewswire.com/news-release/2022/11/30/2565278/0/en/Minerals-Market-for-Lithium-Batteries-to-Rise-at-15-2-CAGR-during-2022-2031-TMR-Study.html
https://www.globenewswire.com/en/news-release/2022/09/30/2525753/0/en/Battery-Materials-Market-Worth-USD-62-Billion-by-2030-at-8-75-CAGR-Report-by-Market-Research-Future-MRFR.html
https://www.globenewswire.com/en/news-release/2022/10/10/2531102/0/en/Global-Battery-Manufacturing-Equipment-Market-Size-Share-Worth-25-4-Billion-by-2030-at-a-30-CAGR-Custom-Market-Insights-Outlook-Report-Trends-Forecast-Trends-Segmentation.html#:~:text=%22According%20to%20the%20latest%20research,during%20the%20forecast%20period%202022
https://www.globenewswire.com/news-release/2022/12/05/2567019/0/en/Latest-Global-Lithium-Ion-Battery-Market-Size-Share-Worth-USD-184-15-Billion-by-2030-at-an-18-5-CAGR-Custom-Market-Insights-Analysis-Outlook-Leaders-Report-Trends-Forecast-Segmenta.html#:~:text=search-,%5BLatest%5D%20Global%20Lithium%2DIon%20Battery%20Market%20Size%2FShare,Growth%2C%20Growth%20Rate%2C%20Value)
https://www.globenewswire.com/en/news-release/2022/10/10/2531102/0/en/Global-Battery-Manufacturing-Equipment-Market-Size-Share-Worth-25-4-Billion-by-2030-at-a-30-CAGR-Custom-Market-Insights-Outlook-Report-Trends-Forecast-Trends-Segmentation.html#:~:text=%22According%20to%20the%20latest%20research,during%20the%20forecast%20period%202022
https://www.globenewswire.com/en/news-release/2022/08/24/2503481/0/en/Battery-Management-System-Market-ValueWill-Be-USD-35-79-Billion-By-2030-Growing-At-A-CAGR-Of-21-20-EV-Adoption-and-Utilization-of-Lithium-Ion-Batteries-to-Boost-the-Market-Growth.html#:~:text=filingsmedia%20partners-,Battery%20Management%20System%20Market%20ValueWill%20Be%20USD%2035.79%20Billion%2C%20By,At%20A%20CAGR%20Of%2021.20%25.
https://www.globenewswire.com/en/news-release/2022/10/10/2531102/0/en/Global-Battery-Manufacturing-Equipment-Market-Size-Share-Worth-25-4-Billion-by-2030-at-a-30-CAGR-Custom-Market-Insights-Outlook-Report-Trends-Forecast-Trends-Segmentation.html#:~:text=%22According%20to%20the%20latest%20research,during%20the%20forecast%20period%202022
https://www.precedenceresearch.com/lithium-ion-battery-recycling-market
https://www.globenewswire.com/en/news-release/2022/10/10/2531102/0/en/Global-Battery-Manufacturing-Equipment-Market-Size-Share-Worth-25-4-Billion-by-2030-at-a-30-CAGR-Custom-Market-Insights-Outlook-Report-Trends-Forecast-Trends-Segmentation.html#:~:text=%22According%20to%20the%20latest%20research,during%20the%20forecast%20period%202022
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https://iea.blob.core.windows.net/assets/ad8fb04c-4f75-42fc-973a-6e54c8a4449a/GlobalElectricVehicleOutlook2022.pdf
https://www.iea.org/data-and-statistics/charts/electric-car-registrations-and-sales-share-in-china-united-states-europe-and-other-regions-2016-2021
https://insideevs.com/news/620123/world-top-oem-ev-sales-2022q3/
https://insideevs.com/news/620123/world-top-oem-ev-sales-2022q3/
https://www.bcg.com/publications/2022/electric-cars-finding-next-gear
https://www.bcg.com/publications/2022/electric-cars-finding-next-gear
https://www.bcg.com/publications/2022/electric-cars-finding-next-gear
https://insideevs.com/news/618698/china-plugin-car-sales-september2022/#:~:text=For%20reference%2C%20in%202021%2C%20the,sold%20in%20China%20in%202022.
https://insideevs.com/news/618698/china-plugin-car-sales-september2022/#:~:text=For%20reference%2C%20in%202021%2C%20the,sold%20in%20China%20in%202022.
https://iea.blob.core.windows.net/assets/ad8fb04c-4f75-42fc-973a-6e54c8a4449a/GlobalElectricVehicleOutlook2022.pdf
https://insideevs.com/news/620123/world-top-oem-ev-sales-2022q3/
https://www.bcg.com/publications/2022/electric-cars-finding-next-gear
https://insideevs.com/news/618698/china-plugin-car-sales-september2022/#:~:text=For%20reference%2C%20in%202021%2C%20the,sold%20in%20China%20in%202022.
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https://www.reuters.com/business/autos-transportation/ford-buy-cheaper-catl-ev-batteries-catch-tesla-2022-07-21/
https://www.cavnue.com/news/cavnue-secures-130-million-series-a-project-moves-forward-in-michigan/
https://www.just-auto.com/news/ecopro-bm-to-ink-canadian-battery-materials-jv-with-ford-sk-on/
https://news.gm.com/newsroom.detail.html/Pages/news/us/en/2022/oct/1011-energyecosystem.html
https://pilotflyingj.com/press-release/19335
https://www.forbes.com/sites/edgarsten/2022/01/25/general-motors-announces-biggest-manufacturing-investment-ever-for-its-home-state-for-ev-battery-production/?sh=7d16df692908
https://www.freep.com/story/money/cars/general-motors/2022/10/11/gm-investments-69-million-to-secure-ev-battery-materials/69556191007/
https://www.nytimes.com/2022/07/25/business/energy-department-gm-lg-battery-loan.html
https://investor.gm.com/news-releases/news-release-details/lg-chem-and-general-motors-reach-agreement-long-term-supply#:~:text=The%20cathode%20materials%20that%20LG,its%20excellent%20stability%20and%20output.
https://www.cnbc.com/2023/01/10/tesla-plans-to-spend-more-than-770-million-on-texas-factory-expansion.html
https://www.bloomberg.com/news/articles/2022-10-19/tesla-confirms-plans-to-build-lithium-refinery-in-texas
https://www.teslarati.com/tesla-gigafactory-texas-cathode-4680-battery-production/
https://electrek.co/2022/08/11/tesla-model-y-byd-blade-batteries-gigafactory-berlin/
https://electrek.co/2022/10/31/panasonic-30-gwh-batteries-kansas-factory-supply-tesla/
https://talonmetals.com/tesla-and-talon-metals-enter-into-supply-agreement-for-nickel/
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https://electrek.co/2022/03/02/hyundai-motor-to-invest-80-billion-in-future-electrification-with-17-new-bevs-and-a-new-modular-platform/
https://www.reuters.com/business/autos-transportation/hyundai-motor-group-invest-55-bln-build-ev-battery-facilities-us-2022-05-20/
https://governor.alabama.gov/newsroom/2022/10/governor-ivey-announces-hyundai-mobis-plans-ev-battery-module-plant-in-montgomery-creating-400-jobs/
https://thedriven.io/2022/07/21/rolls-royce-hyundai-join-forces-on-all-electric-and-hydrogen-flight-technology/
https://cleanenergynews.ihsmarkit.com/research-analysis/toyota-joins-competitors-in-strategic-commitment-to-battery-evs.html
https://www.cnn.com/2022/08/31/business/toyota-ev-battery-plant/index.html
https://electrek.co/2022/03/23/toyota-partners-chargepoint-ev-charging-us-launch-bz4x-electric-suv/
https://global.toyota/en/newsroom/corporate/37545066.html
https://www.reuters.com/technology/toyota-panasonic-battery-jv-buy-lithium-ioneers-nevada-mine-2022-07-31/
https://electrek.co/2022/04/08/nissan-announces-prototype-facility-for-solid-state-batteries-plans-for-ev-integration-in-2028/
https://www.zap-map.com/zap-map-partners-with-nissan/
https://batteriesnews.com/honda-makes-major-investment-ohio-create-new-battery-electric-vehicle-hub-including-700m-to-re-tool-several-of-its-existing-auto-and-powertrain-plants/
https://hondanews.com/en-US/honda-corporate/releases/lg-energy-solution-and-honda-to-form-joint-venture-for-ev-battery-production-in-the-us?utm_medium=email&utm_campaign=LG%20Energy%20Solution%20and%20Honda%20to%20Form%20Joint%20Venture%20for%20EV%20Battery%20Production%20in%20the%20US&utm_content=LG%20Energy%20Solution%20and%20Honda%20to%20Form%20Joint%20Venture%20for%20EV%20Battery%20Production%20in%20the%20US+CID_4be9ee651775ffde64e2409dec8adfca&utm_source=Honda%20Campaign%20Monitor&utm_term=View%20Full%20Release
https://www.businesswire.com/news/home/20220119005277/en/SES-Announces-Signing-of-%E2%80%9CA-sample%E2%80%9D-Joint-Development-Agreement-with-Honda-the-Largest-Investor-in-the-SES-Ivanhoe-Capital-PIPE-Financing
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https://asia.nikkei.com/Editor-s-Picks/Interview/Chinese-automaker-SAIC-pours-43bn-into-advanced-tech-chairman
https://www.just-auto.com/news/saic-motor-to-make-evs-batteries-in-thailand-in-2023/
https://www.autonews.com/china/saic-catl-oil-giants-form-jv-swappable-batteries
https://news.metal.com/newscontent/101788419/tsingshan-and-saic-to-co-invest-in-20-gwh-power-battery-project-/
https://global.chinadaily.com.cn/a/202204/18/WS625cb935a310fd2b29e5779d.html
https://global.chinadaily.com.cn/a/202204/18/WS625cb935a310fd2b29e5779d.html
https://insideevs.com/news/622666/changan-shenlan-sl03-wheelsboy-review/
https://www.catl.com/en/news/962.html
https://www.electrive.com/2022/09/19/sunwoda-to-build-battery-plant-with-donfeng-in-china/
https://www.greencarcongress.com/2022/04/20220405-protean.html:~:text=05%20April%202022,Electric%20Drive%20Technology%20(WFDT).
https://cnevpost.com/2022/06/27/self-driving-chip-maker-horizon-robotics-gets-strategic-investment-from-faw/
https://www.electrive.com/2022/08/29/toyota-faw-rely-on-byd-tech-for-electric-car-for-china/
https://insideevs.com/news/567969/audi-joint-venture-china-evs/
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https://www.stellantis.com/en/news/press-releases/2022/january/stellantis-completes-investment-round-in-factorial-further-accelerating-electrification-push
https://www.stellantis.com/en/news/press-releases/2022/may/stellantis-and-samsung-announce-battery-plant-in-kokomo
https://www.stellantis.com/en/news/press-releases/2022/june/stellantis-expands-relationship-with-vulcan-energy-becoming-shareholder-in-decarbonized-lithium-company
https://www.stellantis.com/en/news/press-releases/2022/march/stellantis-and-lg-energy-solution-to-invest-over-5-billion-cad-in-joint-venture-for-first-large-scale-lithium-Ion-battery-production-plant-in-canada
https://www.stellantis.com/en/news/press-releases/2022/october/stellantis-signs-non-binding-mou-with-gme-for-future-offtake-of-battery-grade-nickel-and-cobalt-sulphate
https://electrek.co/2022/07/07/vw-breaks-ground-on-new-battery-factory-will-invest-e20b-into-powerco-spinoff/
https://www.cnbc.com/2022/07/06/vw-and-goldman-backed-northvolt-gets-1point1-billion-funding.html
https://media.vw.com/en-us/releases/1695
https://www.volkswagenag.com/en/news/2022/09/elli-and-elia-group-forming-partnership-to-integrate-evs-into-th.html
https://www.press.bmwgroup.com/global/article/detail/T0404837EN/bmw-group-announces-1-7-billion-usd-investment-to-build-electric-vehicles-in-the-u-s-and-signs-agreement-with-envision-aesc-for-the-supply-of-battery-cells-to-plant-spartanburg?language=en:~:text=PressClub%20Support-,BMW%20Group%20Announces%20%241.7%20Billion%20(USD)%20Investment%20to%20Build%20Electric,Battery%20Cells%20to%20Plant%20Spartanburg&text=Innovative%20round%20BMW%20battery%20cells,cell%20(09%2F2022).
https://www.press.bmwgroup.com/global/article/detail/T0404837EN/bmw-group-announces-1-7-billion-usd-investment-to-build-electric-vehicles-in-the-u-s-and-signs-agreement-with-envision-aesc-for-the-supply-of-battery-cells-to-plant-spartanburg?language=en:~:text=PressClub%20Support-,BMW%20Group%20Announces%20%241.7%20Billion%20(USD)%20Investment%20to%20Build%20Electric,Battery%20Cells%20to%20Plant%20Spartanburg&text=Innovative%20round%20BMW%20battery%20cells,cell%20(09%2F2022).
https://www.scmp.com/business/companies/article/3199580/bmw-confirms-it-will-invest-another-us14-billion-chinese-ev-battery-plant
https://www.reuters.com/business/autos-transportation/bmw-make-solid-powers-battery-cells-under-expanded-agreement-2022-12-21/
https://insideevs.com/news/588548/catl-cylindrical-battery-cells-bmw/
https://group.mercedes-benz.com/company/news/mercedes-benz-rocktech-lithium.html
https://group-media.mercedes-benz.com/marsMediaSite/en/instance/ko/Mercedes-Benz-partners-with-ProLogium-to-develop-next-generation-solid-state-battery-cells-for-electric-vehicles.xhtml?oid=52468610
https://rivian.com/newsroom/article/mercedes-benz-vans-and-rivian-move-to-partner-on-electric-van-production
https://www.businesswire.com/news/home/20221103006068/en/The-Mobility-House-Secures-50-Million-Series-C-to-Expand-Smart-Charging-and-Vehicle-to-Grid-Leadership
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A— etween joint venture to Huayou Cobalt, attery housingaat || Stllantsand the e compenty grecment
and Microvast build LFP CAM joint venture to attery housings at | samsung SDI joint the new company is agreement to
orbia @ & soune Plant plant produce NCMA Renault's Ruitz venture into battery called “Sony Honda establisha
with an annual plant plant with a capacity Mobility Inc.” recycling joing
JNvat;r 202: capacity of 60kt of 23 GWh per Annum venture
to develop )
PVDF, which is Y
used as a (R [ (S f 1! Nid, 1 [ ] I ]
lithium-ion binder ’ -] @ LGEnergy Solution Faxconn e GLENCORE pa—
a;dl;eparator posco FEWSrES ymicore @ LG Chem HONDA. @ SK'D ] Ap— ?F“EY“ SRITISHVOLT @ LG Chem 4% ERES
coatin: May 2022 September 2022 > Korea Zinc October 2022 July 2022 June 2022 igust 2022 February 2022 July 2022
g- POSCO and GM PowerCo and June 2022 40GWh (2025) 60GWh per Foxconn and PTT Joint venture to Glencore and LG Chem and
finalize Ultium Umicore battery LG Chem and Fayette County, Annum gain approval of estaphsh a Britishvolt form a Huayou Cobalt
CJ_QM joint venture materials (pCAM KEMCO, a subsidi- OH Tennessee & $1.04 billion B'EVJV provider of utility recycling joint joint venture to
with a capacity d CAM R, ary of Korea Zinc, Kentucky from Thailand's BOI scale battery venture with a recycle nickel,
output of 30ktpa an ) joint venture to energy storage capacity of 10ktpa cobalt, and lithium
produce 20kt of products
precursor material
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PERlKiE: Hondaand LGES. VIinES and Gotion. Solvay and Orbia. Ford and SK On. GM and Microvast. PowerCo and Umicore. Stellantis and Samsung SDI. LG Chem and Huayou Cobalt LG Chem and B&M. Nidec and FREYR, Foxconn and PTT, POSCO and GS Energy. Glencore and Britishvolt
Renault and Minth Group. POSCO and GM. Sony and Honda


https://www.prnewswire.com/news-releases/honda-and-lg-energy-solution-announce-ohio-as-home-to-joint-venture-ev-battery-plant-301646147.html
https://electrek.co/2022/11/18/vinfasts-energy-division-breaks-ground-on-5-gwh-year-battery-factory/
https://www.globenewswire.com/en/news-release/2022/11/03/2547216/0/en/Solvay-and-Orbia-join-forces-to-create-a-Joint-Venture-in-North-America-to-supply-critical-materials-to-the-battery-market.html
https://www.reuters.com/business/autos-transportation/ford-sk-finalize-us-ev-battery-joint-venture-2022-07-14/
https://www.thedetroitbureau.com/2022/11/gm-microvast-teaming-to-develop-specialized-ev-battery-separator/
https://www.volkswagenag.com/en/news/2022/09/powerco-and-umicore-establish-joint-venture-for-european-battery.html
https://electrek.co/2022/05/24/stellantis-and-samsung-sdi-announce-joint-venture-to-build-33-gwh-battery-plant-in-us/
https://rhomotion.com/lg-energy-solution-to-set-up-battery-recycling-joint-venture-with-huayou-cobalt-in-china
https://www.electrive.com/2022/06/07/lg-founds-two-joint-ventures-for-battery-components/
https://www.globenewswire.com/news-release/2022/08/30/2506381/5521/en/Nidec-Signs-Joint-Venture-Agreement-with-Norwegian-Semi-Solid-Lithium-Ion-Battery-Manufacturer-FREYR-Battery.html
https://www.reuters.com/markets/deals/thailand-approves-1-bln-foxconn-ptt-ev-battery-jv-2022-06-13/
https://www.electrive.com/2022/10/06/posco-gs-energy-announce-plans-for-battery-recycling-joint-venture/
https://www.electrive.com/2022/02/03/glencore-britishvolt-form-recycling-joint-venture/
https://www.electrive.com/2022/06/21/renault-minth-to-build-battery-factory-in-france/
https://www.poscochemical.com/en/pr/view.do?num=601
https://electrek.co/2022/06/16/sony-and-honda-create-joint-ev-company-and-sony-gets-top-billing/
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Top 10 OEM Li-ion production capacity 2022e (GWh) Factories
CATL 199 10
@ LG Energy Solution 6
6
Panasonic 9
SK innovation 6
SAMSUNG SDI 13
EVE 74535 3
LISHEN 3
)il 8
SRSt 2
Key manufacture product mix 2022e (GWh) N
CATL 60 199 P EV
LGES 41 138 Other
SDI 21 38

*Otherincludes ESS, consumer, battery materials, etc. J/
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EERFEHE 82% - [1]

THREMATIA R BE MRS . 2022 4 E4,
THERARAERS) T B BN 70.9 GWh, FRJEAT LS
— IFTHRIEE By R e R S V. (3]

AR PhAR LG BraEdE, 2022 47 A8 H, Lk
Wit zh 7 e L& 2 YGHER LG HraETR[3, 4].

neR S RBERKIS/E, FREICEFEAEHIALN,
DA R REARHIE AR /& 2022 4R TS Fith ) 7 DGR 1 L
ANEE LA

FRIKYE: 1. Automotive Battery Supply Chain 2022, 2. IEA - Li-ion production capacity, 3. Electrive.com, 4. BloombergNEF, 5. SNE Research, 6. Company Data


https://www.automotivemanufacturingsolutions.com/ev-battery-production/automotive-battery-manufacturing-and-supply-chain-2022-risks-regulation-and-resiliency/43288.article
https://www.iea.org/data-and-statistics/charts/commissioned-ev-and-energy-storage-lithium-ion-battery-cell-production-capacity-by-region-and-associated-annual-investment-2010-2022
https://www.electrive.com/2022/08/08/34-per-cent-of-the-worlds-ev-batteries-come-from-catl/
https://www.bloomberg.com/news/articles/2022-09-05/china-s-byd-jumps-to-no-2-in-global-electric-car-battery-market
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https://www.prnewswire.com/news-releases/catl-and-flexgen-sign-10gwh-multi-year-battery-energy-storage-system-supply-agreement-301630386.html
https://lgesbatterychallenge.com/
https://www.bloomberg.com/news/articles/2022-10-11/honda-lg-to-invest-4-4-bllion-to-make-ev-batteries-in-ohio
https://www.businesswire.com/news/home/20220512005236/en/Li-Cycle-Announces-Completion-of-50-Million-Investment-from-LG-Energy-Solution-and-LG-Chem:~:text=Chem%20%7C%20Business%20Wire-,Li%2DCycle%20Announces%20Completion%20of%20%2450%20Million%20Investment%20from,Energy%20Solution%20and%20LG%20Chem&text=TORONTO%2D%2D(BUSINESS%20WIRE)%2D%2DLi%2DCycle%20Holdings%20Corp.
https://electrek.co/2022/01/25/gm-lg-giant-new-50-gwh-battery-cell-factory-us/
https://www.prnewswire.com/news-releases/industrial-ai-startup-onepredict-raises-25-million-series-c-for-global-scale-up-301508931.html
https://money.usnews.com/investing/news/articles/2022-11-27/hyundai-motor-lges-consider-building-two-jv-battery-plants-in-u-s-report
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https://www.electrive.com/2022/08/16/panasonic-looks-to-improve-efficiency-in-gigafactory-1/
https://www.electrive.com/2022/10/24/panasonic-to-source-graphite-for-ev-cells-from-north-america/
https://news.panasonic.com/global/press/en221115-4
https://www.prnewswire.com/news-releases/panasonic-energy-and-lucid-group-announce-agreement-to-supply-lithium-ion-batteries-for-lucid-air-luxury-evs-301701625.html
https://www.electrive.com/2022/08/16/samsung-sdi-expands-research-centres-globally/
https://www.stellantis.com/en/news/press-releases/2022/may/stellantis-and-samsung-announce-battery-plant-in-kokomo
https://www.upi.com/Top_News/World-News/2022/05/02/Samsung-SDI-batteries-South-Korea/2371651498389/
http://www.businesskorea.co.kr/news/articleView.html?idxno=102679
https://www.spglobal.com/marketintelligence/en/news-insights/latest-news-headlines/chinese-electric-vehicle-maker-byd-to-buy-6-lithium-mines-in-africa-8211-the-paper-70602057
https://batteriesnews.com/sixt-purchase-100000-byd-battery-electric-vehicles-european-fleet-2028/
https://cleantechnica.com/2022/09/21/byd-partners-with-inchcape-to-bring-its-evs-to-belgium-luxembourg/
https://ascendelements.com/sk-ecoplant/
https://media.ford.com/content/fordmedia/feu/en/news/2022/03/14/battery.html
https://eng.sk.com/news/sk-invests-in-bill-gates-terrapower-to-acceler-ate-transition-to-net-zero
https://insideevs.com/news/624096/hyundai-sk-on-ev-battery-mou/
https://eng.sk.com/news/sk-on-inks-lithium-supply-deal-with-australias-lake-resources
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2022e EV Li-ion market share  34% 14%  12% 10% 7% 5% 4% 3% 11%

Auto OEM CATL LGES BYD Panasonic SKI SDI CALB Gotion Others Most common form factor
T Tesla v v v v Mostly cylindrical, prismatic
< [sm  GM v v Pouch
g «» Ford v v v v v v Pouch & Prismatic
RIVIAN Rivian P v P Cylindrical
@ BMW v v Prismatic, cylindrical
2 ()_\) Mercedes-Benz v v v v v Pouch, prismatic, cylindrical
I.Ig.l @ VW Group v v v v v Mostly prismatic
sTeLuAnTis Stellantis v v v Pouch and Prismatic
BYD v Prismatic
r;-g; Toyota v v v v Prismatic, cylindrical, pouch
I Hg\%#.ln Honda v 4 v Pouch
< -uz:w- Nissan v v v
u%%a. Hyundai/Kia v v v Pouch and Prismatic
fug  SAIC v v v Prismatic
Logen | ] Coerteate g ltorshp PR

PERIRYE: Elektric Drive, SNE Research, E Source, Company data
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EZ{552: www.beckhoff.com.cn/automotive
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CATL Panasonic KB novation SAMSUNG SDI CALB ® mEER
IE*& THRAEH TR TREH I RFIRFR TREEBR THREE IEIREEN EiFsit
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FRLKIR: Exawatt analysis of 2021 and 2022 financial disclosures of cell manufacturers and suppliers. NB the list is not exhaustive

(@ exawatt


https://exa-watt.com/energy-storage/
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<$50M $51-125M $126-500M >$500M

Source: Climate Tech VC


https://www.ctvc.co/new-dry-powder-for-a-new-climate/

BB it T AR E

HLBg ZEHK

25,000

20,000

15,000

Capital Raised ($M)

10,000

5,000

URCNUPSErgri BEORES
w2021 m2022
1.007 1142‘224 1.714582 1,748 o

Source: Pitchbook as of Nov 2022

16,017

19,403

Deals USD breakdown by region 2022

Oceania
10%

Middle East
0%

Europe
17%

Asia

Africa 53%

1%

Americas
19%

2,663

RKpEE
® 2021 KRR FE: $330103% 4
® 2022 LEhEAIE: $390143K 4
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—Proterra Inc S0l Power, Inc. Li<ycle Holdings Corp.
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Source: Capital IQ as of Nov 2022
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LB H14T2K 2022 FESPAC {7 LTI H

Company Gross Proceeds

Polestar | $390M
rritum [ $403M

EVE Mobility | $377M

Gogoro NN $335M
Livewire | $295M
ses I $275M

Dragonfly Energy* R $175M

Alegco [ $161M
Amprius [l $87M

Source: Bloomberg News, press releases. Note: (*) Excludes loans.
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LG Energy SolutionsflLeapmotorff] EEZIR EIPOR AN T A
H. LGHREVEM L TT e 2R K RlfbE Rz —, 1
Leapmotorsg —ZHT % 1 B IR ZEHIIE R . Atlis Motors.
SebitChem(H it [1]Yir) FIPhoenix Motorf{]IPORUF 55 /) .


https://media.polestar.com/global/en/media/pressreleases/655088
https://www.bloomberg.com/news/articles/2021-05-26/ev-charger-maker-tritium-is-said-to-go-public-in-spac-merger
https://ir.eveairmobility.com/news-events/press-releases/detail/8/eve-holding-inc-begins-trading-today-on-the-new-york
https://www.gogoro.com/news/gogoro-poema-combination/
https://www.bloomberg.com/news/articles/2022-09-27/harley-s-electric-spinoff-raises-less-than-planned-in-spac-debut
https://www.businesswire.com/news/home/20220203005953/en/SES-Announces-Closing-of-Business-Combination-With-Ivanhoe-Capital-Acquisition-Corp.
https://investors.dragonflyenergy.com/news/news-details/2022/Dragonfly-Energy-Corp.-a-Leading-Energy-Storage-Company-Completes-Business-Combination-with-Chardan-NexTech-Acquisition-2-Corp.-and-Commences-Trading-on-Nasdaq-Under-Ticker-Symbol-DFLI/default.aspx
https://www.businesswire.com/news/home/20220316006143/en/Spartan-Acquisition-Corp.-III-and-Allego-Holding-B.V.-Complete-Business-Combination-to-Establish-NYSE-Listed-pan-European-Electric-Vehicle-Charging-Network
https://www.businesswire.com/news/home/20220316006143/en/Spartan-Acquisition-Corp.-III-and-Allego-Holding-B.V.-Complete-Business-Combination-to-Establish-NYSE-Listed-pan-European-Electric-Vehicle-Charging-Network
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— S hanghal Putailal New Energy Technology Co.,Ltd. = Hubei Huitian New MaterialsCo., Ltd.
S herz hen Capchem Technology Co., Ltd. Guangzhou Tinci M aer sls Technology Co., Ltd.

e |izngsU Cnano Technology Co., Ltd.

Source: Capital IQ as of Nov 2022
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e COTtEm porary Amperex Technology Co, Limited e BYD Company Limited emmmSamsung SOl el G Energy Solution, Ltd

Source: Capital IQ as of Nov 2022
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e EV/E Ener gy Co., Ltd.
== Tiznneng Battery Group Co.,

K Innovation Co., Ltd.

Source: Capital IQ

Surwoda Electronic Co., Ltd
Ltd. em—Shenzhen Topband Co., Ltd

as of Nov 2022
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G otion High-tech Co., Ltd.

e Panasonic Holdings Corpor ation
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< outliers

Turn Science Fiction into Scientific Facts
and Technological Inventions through
Collective Intelligence-Driven Investing

Outliers Fund is a venture capital fund started by MIT
students and professors in 2016. In the last six years,
Outliers has evaluated 6,000+ ventures, invested in 50
and incubated 10 with 2 filing IPO, 3 being acquired and
S100M+ raised collectively. These include Quantstamp,

XYO Network, and Prysmatic Labs (Ethereum 20)

Quthers Fund | / Il have returned over 16x and 11x
respectively. Outliers Fund lll is a $50M VC fund
focusing on infrastructure-level research innovations
Outliers Fund IV will expand the scope to Metaverse and
Deep Tech, which includes Quantum Physics, Reality

Computing, Clean Tech, Time and Space Trave

\l

Poseidon Ho (Founding Partner) started Outliers Fund |, II, lll
and Outliers Lab. He is known for Ant-Inspired Collective
Intelligence / Reality Computing research at MIT Media
Lab, San Diego Zoo Research and Microsoft Research. He
received his BS. MIS from National Taiwan University and
dropped out from University of Washington and Tsinghua
University. Poseidon’s mission is to identify, scale and
connect outliers, those who are able to turn science fiction
into scientific facts and technological inventions

Contact Information of Outliers Fund
Website:

Email:

LinkedIn:

Twitter:

Facebook:

Contact Information of Poseidon Ho

Email:
LinkedIn:
Twitter:
Facebook:



mailto:p@outliers.fund
http://www.linkedin.com/in/poseidonho
http://www.linkedin.com/in/poseidonho
http://www.facebook.com/poseidon.vc
http://www.facebook.com/poseidon.vc
mailto:p@outliers.fund
http://www.linkedin.com/in/poseidonho
http://www.linkedin.com/in/poseidonho
http://www.facebook.com/poseidon.vc
http://www.facebook.com/poseidon.vc
mailto:hello@outliers.fund
http://www.linkedin.com/company/outliers-fund
http://www.linkedin.com/company/outliers-fund
http://www.facebook.com/OutliersFund
http://www.facebook.com/OutliersFund
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500 + Panasonic Roadmap of China @ ;“v
1 CATL 300 Whikg By: " Li-metal anode
450 ® sDI 1500 cycles ggr'iou / Solid state battery|
1 |® UusHEN 08 RMBMWh  \ishen |
S 4004 |A Le-Chem b B * ON=80-NEN
= 1 | GOTION 0
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https://www.energy.gov/eere/articles/battery500-progress-update
https://www.rising.saci.kyoto-u.ac.jp/en/
https://battery2030.eu/
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Battery Talk: Battery Application Break Down 101/2023 Li-lon Li-lon Li-lon Lidon Li‘-}glrtlaHgi‘gh LitI!ium Mel_}al Sfilii-cl?lgj[uHr:gw S?;iélhldmoﬁn |§§:§$ (SLUSI;Su]r L‘islzliiljjn“?t;?tefllﬂdoil;:e Lifﬁ:ii]sﬁéfa?;i:‘iae Price Total Cell Cost
PLESTET) | ICEME (e, (LEIC) (LNMO) (EKiEL) Silicon) bmi el “*Not Commercial **Not Commercial
Commercial | Commercial
Manufacturing Processes for Key Battery
Chemistries Anode |Cathode| Anode |Cathode| Anode | Cathode | Anode |Cathode| Anode |Cathode| Anode |Cathode| Anode |Cathode| Anode |Cathode| Anode |Cathode| Anode (Electrolyte| Cathode | Anode (Electrolyte| Cathode ] $9.97
Extruding and Calendering X X X X X
Gassing X X X X X
Lamination X X X X X Anode Cathode
Mixing X X X X X X X X X X X X X X X X X X X 50.44 $0.31
Electrode | Coating Active Material X X X X X X X X X X X X X X X X X $0.22 $0.19
Production | Coating Electrolyte X
Sintering X
Calendering X X X X X X X X X X X X X X X X X $0.31 $0.25
Slitting X X X X X X X X X X X X X X X X X X X X X X X $0.35 $0.30
Drying X X X X X X X X X X X X X X X §0.62 §0.49
Cutting X X X X X X X X X X X X X X X X X X X X X X X
Aerosol Deposition X
Tempering X
Cell Stacking X X X X X X X X X X X X X X X X X X X X X X X X $1.62
Production | Pressing X X X
Contacting X X X X X X X X X X X X X X X X X X X X X X X X 50.28
Enclosing X X X X X X X X X X X X X X X X X X X X X X X X $1.03
Filling X X X X X X X X X X X X X X X X X X $0.50
e Formation X X X X X X X X X X X X X X X X X X $2.46
Conditioning -
R Ageing | AL X [ X | X | X | X | X | X 1 X [ X | X | X | X | X | X | X | X | X | X | X 1 X | X | X 1 _X_ $0.40
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. . . : Sodium ion | Lithium Sulfur F 5 3 .
1T isan leion 1ikE Lilon High | | ithium Metal | o s0" | “(NaMOx) | Battery (LSB) | | Sond State dulfidic | Solid State Onddic
NMC811-Gr) | (NCA-Gr) (LFP-Gr) (LCO-Gr) LEli {High Ni-Li) ey =Not ~Not s ; £ .
( (LNMO) Silicon) Commercial | Commercial Not Commercial Not Commercial
Gravimetric Energy Density Whikg (cell level) 265-290 250-280 160-200 180-200 150-165 325-350 ~150 *300| o *300| o
Volumetric Energy Density WhiL (cell level) ~735 ~550 ~390 ~400 280-300 m
1100 700 200 380 1400 2000 1100 1000 500 > =
Nominal Voltage (V) 3.7(2.5-4.2) 3.6 (3.0-4.2) | 3.2 (2.5 - 3.65) (3.6 (3.0 - 4.2)( 4.0 (3.0 -5.0) 3.7 (2.5 - 4.2)|3.7 (2.5 -4.2)| 3(1.0-4.2) |21 (1.8-2.4) 3.7(2.5-4.2) 3.7(25-4.2)
Cost $/kWh (Cathode BOM) s, . : - . : .
(Q1 2022 pricing) $57.00 $52.00 $62.20 4170 $67-75 $55-60 = esﬁ::"'l ’ T"P'“"{:‘;gh Nickel T""'“"{:ég" Nickel
Cost $/kWh (cell level at GWh+ production) . s **$58.61 “*Higher than traditional | **Higher than traditional
**Materials and Production Cost only $113.77 $107.97 $118.17 estimated Li-lon / Li Metal Li-lon / Li Metal
Cost $/kWh/Cycle (cell level at GWh+ production) $0.0758 $0.1080 $0.0591 = - ”Hig&_el‘r)?f{lit{::i;lional ”‘I-IigLI;_el‘r]TfEt:;I'::nnal
Cycle Life (C/2+ rate) 1500 1000 2000 750 500 > **250-500 **250-500
Self Discharge (Qual) Avg Avg Avg Avg Avg **Avg “*Good *“*Good
Calender aging (Qual) AVg AvVg Avg AV Avg **Avg =Ayg
Rate Capability (Qual) Avg Avg Good **Avg **Paor Good **Poor
Safety (Qualitative) Poor Poor Poor **Good *=Rug =*Boor =Good
High Temperature Operation (60C+){Qual)

Low Temperature Operation (10C-)(Qual)

Recycle Value (Li, Co, Ni, Cu) for Cost/Effort

Legend

Good
Avg
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EETEGATXREBNENT, BAREEERRE

BERNEIE022FMF, HUTEBRMSNER, SHERMNF o — — e
EE’;EEJZZKXH]EEHJ:H—" Total Material Cost $38.20 Total Material Cost $50.30

Cathode $14.50 Cathode $20.80
All Metal $3.70 All Metal $11.30
Lithium Carbonate| $3.60 Nickel sulfate] $6.60
Iron §0.10 5010 Cobalt sulfate §180
2 2 » . 2 2 2 Additive, binder, solvent, $10.90 528.90 fith hydroxid $2.80
Battery metal prices increased dramatically in early 2022, posing a significant challenge to the ot - ithium hydroxide !
EV industry WManganese sulfate 3010
Additive, binder, solvent, 5050 52050
Battery metals prices, 2015 — May 2022 ete
1 000 o 100 Lithium Anode $10.20 $15.70 Anode $12.70 $15.70
—- . i
8 8 Graphite based anode| $3.50 55.50 Graphite based anode| $7.10 $8.00
1 900 % ¥ Cobait Battery Foil $5.90 58.20 Battery Foil 54.80 56.70
© 800 80 © Nickel Additive, binder, solvent, 50.70 5210 Additive, binder, solvent, 50,80 $1.00
8 (e} 3 o Battery stc| &
S 700 70 < Electrolyte $6.30 Electrolyte $5.10
g 600 60 g Lithium Salt (LIPF&) §2.00 Lithium Salt (LiPF&), §1.60
o« [} - " -
o § Liquid Electrolyte| $4.30 Liquid Electrolyte| $3.50
S 500 o 50 3 Separators §4.20 54.60 Separators $6.70 $8.00
E— 400 (o] 40 i non-Major Raw Materials §3.00 53.00 non-Major Raw Materials, §5.00 $5.00
§ (o] o =
& 300 30 &
- 28377% 206.76%
3 200 - 20
428 97% 274 04% " = LG
100 0 J J ?@ =i
§ 5 900.00% 323.01% dJ=} L
2015 2016 2017 2018 2019 2020 2021 2022 922.22% Ti7.86% ﬁ;%%}%ﬂ'
[yxl
261.00% 358.82% ==
745.00% T43.75%

Source’ locsno, Artadke. Asian Metals, Wind, BNEF, JP. Morgan estimates. Note: Based on
spot raw material prces and actual sourcing cost might be diferent

49
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Battery Talk: Battery Application Break Down 101/2023

abis
HeTH

Lidon
(NMC811-Gr)

Lidon
(NCA-Gr)

Lilon
(LFP-Gr)

i iEPCECAI N Y

Lidon
(LCO-Gr)

Li-lon High
Voltage
(LNMO)

Lithium Metal
{High Ni-Li)

on (High

Ni- Majority

Silicon)

Sodium ion
(NaMOx)
“Not

Lithium Sulfur
Battery (LSB)
= Not

Commercial

Solid State Sulfidic
Lithium Metal Anode
**Not Commercial

Solid State Oxidic
Lithium Metal Anode
**Not Commercial

Medium Earth Orbit Satellites
(Cycle Life = Whikg = Safety /
Reliability)

Avg

Avg

Geostationary Orbit Satellites
(Cycle Life = Whikg > Safety /
Reliability)

Avg

Automotive

Moped
(Wh/Kg = Cost = Self Discharge)

Avg

Motorcycle
(Rate = Whil = WhiKg)

Sports Car
(Wh/L = Rate = Cycle Life)

Sedan
(Cost = Wh/L = Cycle Life)

Avg

Sports Utility Vehicle
(Wh/L = Cost = Cycle Life)

Pickup Trucks
{Wh/L > Whi/Kg > Cycle Life)

Heavy Duty Trucks
(Wh/Kg = Cycle Life = Cost)

Consumer
Electronics

Computers & Tablets
(Wh/L = Cost > Safety / Reliability)

Smart Phones & Smart Watches
(WhL = Cost = Safety / Reliability)

Power Tools & Gardening Equipment
(Rate = Cost > Safety / Reliability)

E-Bikes
(Cost =Wh/Kg = Rate)

Grid

Grid Balancing
(Cost/kWh/Cycle = Safety / Reliability
= Cycle Life)

Residential Storage + Smart Grid
(Safety / Reliability > Cost/kWh/Cycle
= Cycle Life)

Military

Infaniry

(Safety / Reliability = Wh/Kg = WhiL)
Backup Power (Communications)
(Safety/Reliability = Wh/Kg = Wh/L)
Missiles

(Rate > WhiKg > WhiL )

Drones

(Wh/Kg = Rate = Safety / Reliability)

50
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*Avg

*avg

*avg

*Avg

*Avg

*Avg
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https://offgridtech.org/tech-updates-online/2021/lithium-iron-phosphate-batteries-pros-and-cons/
https://www.pnnl.gov/lithium-ion-battery-lfp-and-nmc
https://ecotreelithium.co.uk/news/lithium-nmc-vs-lifepo4/
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https://www.energy.gov/sites/default/files/2022-10/DOE%20BIL%20Battery%20FOA-2678%20Selectee%20Fact%20Sheets%20-%201_2.pdf
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B ESHitEESSR

B, R

EAER [ RFEH

5 RENAULT ":
A IONIC AR, R $65M, D Dy e AL
ProLng;um B4 88YSI, B AL $426M, E4t @E) l\ NIO QCC Ny §
2 Solid Power /S, BALH $186M, 28T O - = P s unc JVERR
ilika si, A $43.8M, 21111 e e
N TR, THIFH %, g - -
SganiimSeape e I B $128, A1 @  FLUENCE
sl 4, 3 FPEOE S $302.7M, D#: [ xiaomi 7=# Q NIO
| s sy N {:}bp DAIMLER ATDK £
4 RN 269M, D < )
® storepot KL, F [ $ i B W O sens Y L O
f i 25 AM, — itk m W
®st§8 i 5P $600.1M, 21 % HYUNDAI <11 ﬁgﬂﬂﬁ s SK innovation
. Eié%bt\ $240M, Diff;/[’: @ m @ STELL:;Z}'NTls
Factorial HYUNDOAI Mercedes-Henz
s OLT ﬁt%% (+ H)() $298, B% sSTEL LI\NTIS O-BASF 0 EXIDE
% Sion Power i, TR $70M, FA3E O-BASF @ ﬁ




5% SEED AL
R

TEREAT RIS KIE DG I REE R, BN EER T T AR 514 ER 7, TAEIRAE A R bk, 6Nk 5~ R e g 1AM 7
TeE A 7153600 mAh/g PR iR 785 . AHLLAS, A7 s8I A4 372 mAh/g.

NEZEFE. EHESE RN E K Anode Materials c Li si Sn sb Al Mg Li,Ti,0,, Bi

(IR FRAZ 4L (300-400%) , 4 FF(SEI N _ ’ o | | . | o -

E;é’; E@ Kﬂ?ﬁ?ﬁ%ﬁi&, ﬁ Hﬂ_ &%{E% Lithiated phase LiC, Li Li, 4Si Li,4Sn Li3Sb LiAl Li,Mg Liy,TisOyy Li,Bi

BAMR R, Wi, HAWRES

B H T s &= R A A PR 3-8%. specific capacity 372 3,862 4,200 994 660 993 3,350 175 385
(mAhg ,)

BTk, RRAVEAAT HA D ATHE _—

1%\ E’:J Tﬁﬁl*&%ﬂ@ﬂz\ ﬁj o volume caBpacity 837 2,047 9,786 7,246 4422 2,681 4,355 613 3,765
(mAhcm™)

Volume change

(%) 12 100 320 260 200 96 100 1 215

Potential vs. Li

(~v) 0.05 0 04 0.6 0.9 0.3 0.1 16 08

Source: https:/iwww.batterypowertips.com/li-ion-batteries-part-3-anodes-fag/


https://amprius.com/wp-content/uploads/2021/03/graph-1@2x-1.png

BAR| ERRAEI AR £ HELELER
FE SR8 R IE PERF SRR IR 35 Toll Sk H ARSI 0 2

. - -
AF] :. Sila EGENEVATE | MrvIxX arT%pr"'.luS GROUPE  |oreoxe - g?r}gn 4SboreDot 49 ADVANO | ()Leydenor
5B M/ R S e ] ESERpinpl SE RN ESERppL| SEE N 2 [ A ESEpIPL| B ESE bl L) o [ 1 5 Hi e s
" 201 2005 2007 2008 J112015 2017 2006 2013 2012 sIH2016 2016
RIH 327 71 220 51 69 18 81 23 19 30 58
BEAMBUME | $933W338 | $202M50MM | $414MA18 | $622w/930M | $435M/3B | $3aM7aM | $262w/352M | $48.4/325M | $260m1278 | $AO/UNKnow | $29M/Unkno
RBEHrE Fit Eft S} S} C#e B%: D#t Cit Dt At Ak
HEE 50% 70-100% 100% 100% 50% 80% 5-75% 100%
. . Ji] 7 7 5 HLL S
N «H»P{\ A riTe vy — e} i ke 1 . ‘%Tj— i {4E . -
| wEsice | RS WRERLE [ OEAPAR g esiconm | DI\ by mmr | msesesus | misrecvoie
WA RAERR | oo | R R HIRES fty REBEAR | SRR | e AT Bk e _ y
HoR B = 7| Sk e | il S e e | DT | SRR |k ShAslE | SR LA K
(1 £ R L IBTRL it R, 3D M | EEgRZ BB | KRR | e | KK it kR | BT
) il AR TR TN FELk h o M
350 Whrkg, 5 435 Wh/kg,
900 Wh/L 305 Whrkg N 350 Wh/kg 450 Wh/kg
PEREERT 800 Wh/L IMBITEHLA 1200 WhiL, / 400-450mAh/g / 5 Bl 8
75% 297 Whrkg 1000 640 Wh/L 903 4:/kWh | 1350 Wh/L
_ Bal%, H13h %, . - ; - )%, _ _ Ha4E, TH% -
S W . kA W 2 4= g - SR . k4T
SRR 3 T 3 T Mol | P, VAT | T AT AT CEEES LK T e By, ®ATa
. ATL(TDK), ) GM BP, EVE,
Mercedes, RNM Alliance; Intel, . Applied ) o
B ARk AE Whoop, CATL, LGES, Qualcomm Airbus, US BASF, Materials, WACKER, SK Ventures, . Daimler, Mltsm EIB
TDK, Samsung Samsung Army Showa Lilium Chemicals Volta Energy | Vinfast,Samsun Kinzoku
’ Denko, SK Technologies g, TDK

Source: Pitchbook & Intercalation Station Silicon Series (1. 2. 3 4)



https://intercalationstation.substack.com/p/silicon-series-pt-1
https://intercalationstation.substack.com/p/silicon-series-pt-2
https://intercalationstation.substack.com/p/silicon-series-part-3
https://intercalationstation.substack.com/p/silicon-series-part-4

Ty i E2 Z0 &k > £0 8B E3 IN=
%ﬂ flE..;.EHI: | EEEEREERAE EYLl SRR DL, ERVEDN

FHED FRiGERIEB—itKsIZkijps = EEESIINEITETN

= LD
RS T, M. HEL SESRSAXL DEP
R/ M

—RMENNTE Y FREEERG BHEHERITRE Y FRESH TR - =
] Idc%rémcn dMES dMES(JitAR) IR (FREFR) B RE-R

— IR FURRRG R aXBR S (RN

Bt E RN @ = ;ﬁ;ﬁﬁ%\ © BFLRE ;T;'T” gon
FCRR / o8 e
BittHEitE © \\% /,// @@ ~ EE:;;% SHRMIERRA XEMCRRERATRR BIFRHAE
""""""" an

LAl EEERERRERAR
YA O Wis: www.unicoresoft.com
2 O @iF: 18151090023
: EER" -i @ it FMNIVERESE16S=EDR
[fEREEIERN [fEREE]IER

ﬂ SRS

SRR BEAY




b |

FREEMNF N SIS

OB e sl & BN H]




2
=}

8
3

BN | BT

2l B ZEAE 20204 20215 T i AR S 17—

BRI AL CELIE AL E R IR 83126 (07
A

FERCIIE], B4R TS 0 BUE N 1 P, AESCE BN T £,
P S [ AR I ATk S O X Fefth ML) RO f R S B ARRE

FOREANE MR, R T i w BAE TR, (HEEE A1
FIBE, SRR ARS8 .

4200

2 s £ 2
: z 5 g
:
3600 5
;
@ o
3000
2400
o
1800
1200
o
600
°] o o =] =]
(<] 2]

2016 2017 2018 2018 2020 2021 2016 2017 2018 2019 2020 2071 206 2017 2018 20119 2020 2071

®» BEV (lightshade) ® PHEV (dark shade)

2016 2017 2018 2019 2020 2021

» Electric car sales share

*U.S. production

339,000

Tesla has set a lofty goal of producing
20 million cars annually by 2030.

The latest rumors suggest their
next factory will be in Mexico.

Production of EVs and PHEVs for the 2021 Model Year

lectric Vehicle @) () () Plug-in Hybrid (PHEV)

21
18 e
@ Ford is making impressive Toyota's share is completely ———
@ progress in its pivot to EVs. made up of PHEVs.
15 T The brand produced its 150,000th Their first EV, the bZ4X, is
NGy 10,000, Mustang Mach-E in Nov. 2022, and is being introduced for the
aiming to build 270K of them in 2023 alone. 2023 model year.
o &
12 ;
3
& The Volkswagen @
i Group is the largest
98 producer of EVs
amongst legacy

automakers.

Given their strong momentum,
Bloomberg believes VW could
overtake Tesla by as early as 2024.

®

Source: |IEA Global EV Outlook 2022, Visual Capitalist, EPA Automotive Trends Report 2022


https://www.iea.org/reports/global-ev-outlook-2022
https://www.visualcapitalist.com/ev-production-by-brand-united-states/
https://www.epa.gov/automotive-trends/download-automotive-trends-report#Full%20Report
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https://www.visualcapitalist.com/the-number-of-ev-models-will-double-by-2024/
https://iea.blob.core.windows.net/assets/ad8fb04c-4f75-42fc-973a-6e54c8a4449a/GlobalElectricVehicleOutlook2022.pdf

HBZE |+

20225 JAT 1 LKA R R, TiiT2023F b T E 2 it o (ERE R 2RI g, EK 7K
HEBGES 52 (X Ta]

a . Base Case Charging Charge Time-of-Day Optimization
5 | e ey e e
- el 2
BRI S FIRERE A 7 (B N AT 2 3
TR RIER A R, AR | =
SRER e F— AV R PR A B (R ) S
R ; 5
TR e ¢ ¢ % 3
T SR, TR, A st ot - SUORIPRE. S0k Lss 8
7R 7E250003% B B st sk 515 Py 25000:% 8.2 BIHABICO2F 4. @
LB R HICO2°FA4r, 7400004 B 2 Hif ICEV  HEV  BEV

SAEIA R 5IRA) R A . RE L,
TEAEHL R RATB0 /7 JE LR, fiili150%
[ICO2K 564k H bl . {ERIAN,
TE FEL R B o e M X, YRBh R A2
TP S AT

388-410

95% by 2035

373-420 | 262-287
71%

Sedan

GHG Emissions (g CO,e/mile)

l"lgm'e 7. ("HG emlsslons of a BEV plcknp truck for bau case grid emissions projections, a rapid decarbonization scenario, charge

EER AR RNE) ) R G A 24 5 < PR EE R y ion, and charge time-of-day op bined with rapid grid decarbonization.
B "I E AR H GRS , R
firyg CO2e/mile, ~-HJifi 2= AR & A MAHL

BERHTRIIE 3 L

Source: Woody et al.. Burton et al.



https://iopscience.iop.org/article/10.1088/1748-9326/ac5142
https://doi.org/10.4271/14-12-01-0006
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Impact of pack capacity on price and CO, equivalent Lithium supply and demand (million tonnes LCE equivalent)
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Source: Edward Rackley, Aaron Wade, Elijah Santos, Catherine Kohler, Jordan Lindsay, Robert Pell. Size Matters, The Economic and Environmental Impact of Smaller EV Batteries.



https://www.linkedin.com/feed/update/urn:li:activity:6945755995272847360/
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https://electrek.co/2022/08/11/tesla-model-y-byd-blade-batteries-gigafactory-berlin/
https://www.volkswagenag.com/en/news/2021/06/volkswagen-invests-a-further--500-million-in--sustainable-batter.html
https://www.powerco.de/
https://www.gm.com/stories/ultium-platform-reveal
https://news.gm.com/newsroom.detail.html/Pages/news/us/en/2022/apr/0405-gmhonda.html
https://www.catl.com/en/news/1016.html
https://www.catl.com/en/news/1016.html
https://www.catl.com/en/news/1044.html
https://media.ford.com/content/fordmedia/fna/us/en/news/2022/07/21/ford-battery-capacity-raw-materials-scale-evs.html
https://www.yicaiglobal.com/news/battery-swap-jv-of-nio-catl-bags-usd136-million-in-series-a-round
https://na.panasonic.com/us/news/panasonic-energy-and-lucid-group-announce-agreement-supply-lithium-ion-batteries-lucid-air-luxury
https://www.forbes.com/sites/alanohnsman/2016/12/06/would-be-tesla-rival-lucid-motors-inks-battery-supply-pact-with-samsung-sdi/?sh=335849c07813
https://www.reuters.com/article/ctech-us-samsung-sdi-rivian-partnership-idCAKBN2BZ1U1-OCATC
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https://www.youtube.com/watch?v=dIt5z4wT9RE
https://www.youtube.com/watch?v=dIt5z4wT9RE
https://www.catl.com/en/news/852.html
https://www.catl.com/en/news/852.html
https://tesla-share.thron.com/content/?id=96ea71cf-8fda-4648-a62c-753af436c3b6&pkey=S1dbei4
https://www.youtube.com/watch?v=4XOHetABrag
https://www.youtube.com/watch?v=VeMjf6H0Pw4
https://www.youtube.com/watch?v=VeMjf6H0Pw4
https://www.batterydesign.net/2022-tesla-model-y-4680/
https://www.motor1.com/news/629141/zeekr-001-facelift-debut/
https://www.teslarati.com/tesla-standard-range-awd-model-y-with-4680-cells-spotted-at-cyber-rodeo/
https://www.bydeurope.com/article/354
https://www.bydeurope.com/article/354
https://www.youtube.com/watch?v=VeMjf6H0Pw4
https://www.catl.com/en/news/958.html
https://www.catl.com/en/news/958.html
https://insideevs.com/news/597305/4680-tesla-modely-fast-charging/
https://subscriptions.theinformation.com/newsletters/the-electric/archive/b817f34e-968f-4535-a227-7f1d4780782a
https://insideevs.com/news/606877/zeekr-first-brand-catl-qilin-batteries/
https://www.catl.com/en/news/1034.html
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https://www.youtube.com/c/MunroLive/videos
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https://one.ai/news/bmw
https://www.youtube.com/watch?v=xdx73w674Yc
https://www.youtube.com/watch?v=xdx73w674Yc
https://www.catl.com/en/news/852.html
https://chargedevs.com/newswire/nios-new-standard-range-battery-uses-both-ternary-lithium-and-lfp-cells/
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Current and announced zero emissions commercial vehicle models by type, release date and range, 2019-2023
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https://www.iea.org/reports/global-ev-outlook-2022
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BYD 8TT 1770 105,000 0-100% /2.5 hr  In operation
[ eCascadia CATL 438 230 0.52 270 23000 82,000 0-80% /1.5 hr 2021
FREIGHTLINER
Formerly Romeo Power .
e T680E Current NIA) 396 150 0.38 120 1623 82,000 0-100% / 3.3 hr 2022
eActros CATL 448 250 0.56 160 N/A ~88200  20-80%/15 hr 2024
@ Mercedes-Benz
Formerly Prot
! Tre BEV ormerl Froterra 733 330 0.45 170 28027 82,000 0-80% /2.2 hr 2022
@ NIKOLA Current Nikola/Romeo
579EV Formerly Romeo Power 396 150 038 150 N/A 82,000 0-100% / 3 hr 2022
(Current N/A) ’ ’ °
Semi Tesla 850-1000 500 0.5-0.59 N/A N/A 81,000 0-70%/ 0.5 hr 2022
YT rt=sLm"
VNR Electric Volvo 565 275 0.49 250 4,051 54,000 0-80% /1.5 hr 2022
WO L WV O
* BLRRSE T i i A A


https://en.byd.com/truck/class-8-day-cab/
https://www.electric-car-insider.com/truck-bg-sample.pdf
https://www.kenworth.com/trucks/t680e/
https://www.mercedes-benz-trucks.com/en_GB/emobility/world/our-offer/eactros-and-services.html
https://nikolamotor.com/tre-bev
https://californiahvip.org/vehicles/peterbilt-579ev/
https://www.tesla.com/semi
https://subscriptions.theinformation.com/newsletters/the-electric/archive/the-electric-tesla-has-delivered-its-first-electric-big-rig-now-comes-the-hard-part
https://electrek.co/2020/02/14/first-drive-volvos-24500lb-vnr-electric-truck-drives-better-than-it-has-any-right-to/
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https://www.axios.com/2022/10/27/ev-electric-car-charger-mechanics-technicians
https://about.bnef.com/electric-vehicle-outlook/
https://www.iea.org/reports/global-ev-outlook-2022
https://www.weforum.org/agenda/2022/01/the-ev-revolution-obstacles-solutions/
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https://about.bnef.com/electric-vehicle-outlook/
https://www.iea.org/reports/global-ev-outlook-2022
https://medium.com/@TheWestlyGroup/dude-wheres-my-charge-d3ee7a9a51e7
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https://enteligent.com/solar-fast-ev-charger
https://www.linkutec.com/
https://investors.nuvve.com/news-releases/news-release-details/nuvve-partners-san-diego-gas-electric-allow-electric-school
https://www.fermataenergy.com/news-press/revel-fermata-energy-ninedot-energy-launch-first-v2g-system-on-nycs-grid
https://news.duke-energy.com/releases/illuminating-possibility-duke-energy-and-ford-motor-company-plan-to-use-f-150-lightning-electric-trucks-to-help-power-the-grid
https://www.cpuc.ca.gov/news-and-updates/all-news/cpuc-supports-transportation-electrification-with-approval-of-pge-vgi-pilots
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https://www.archer.com/News/archer-unveils-its-production-aircraft-midnight
https://www.boeing.com/resources/boeingdotcom/innovation/con-ops/docs/Concept-of-Operations-for-Uncrewed-Urban-Air-Mobility.pdf
https://lilium.com/newsroom-detail/lilium-partners-saudia
https://twitter.com/kittyhawkcorp/status/1572624049775472640?cxt=HHwWgMDTwbfPitMrAAAA
https://eveairmobility.com/united-invests-another-15-million-in-electric-flying-taxi-market-with-eve/
https://eveairmobility.com/eve-holding-inc-begins-trading-today-on-the-new-york-stock-exchange-under-the-symbol-evex/
https://investor.textron.com/news/news-releases/press-release-details/2022/Textron-to-Acquire-Electric-Aircraft-Pioneer-Pipistrel/default.aspx
https://flightnz0.airnewzealand.co.nz/initiatives/mission-next-gen-aircraft
https://www.faa.gov/newsroom/faa-releases-vertiport-design-standards-support-safe-integration-advanced-air-mobility
https://www.federalregister.gov/documents/2022/11/08/2022-23962/airworthiness-criteria-special-class-airworthiness-criteria-for-the-joby-aero-inc-model-jas4-1
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https://evtol.news/aircraft
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https://d1io3yog0oux5.cloudfront.net/_5379acbf83e2b95e3398e27df699dab8/eveairmobility/db/864/7677/pdf/EVE_Institutional+Presentation_Aug22_IR+Website.pdf
https://www.cnbc.com/2022/01/24/boeing-invests-450-million-in-flying-taxi-developer-wisk.html
https://verticalmag.com/news/lilium-extends-evtol-type-certification-timeline-2025/#:~:text=Lilium%20had%20previously%20set%20its,the%20global%20supply%20chain%20disruptions.
https://evtol.news/news/evtol-leaders-continue-momentum
https://doi.org/10.1073/pnas.2111164118
https://evtol.news/aircraft
https://aamrealityindex.com/f/advanced-air-mobility-reality-index-december-2022-release
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https://www.zeroavia.com/
https://www.nasa.gov/sites/default/files/atoms/files/x-57-litho-print-v4.pdf
https://evtol.news/aircraft
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https://static1.squarespace.com/static/63190e90c434457ccb22d15b/t/6358ac15cd41b40fdec473ea/1666755605307/AV+Product+Sheet_IB+2022.pdf
https://static1.squarespace.com/static/63190e90c434457ccb22d15b/t/6358ac15cd41b40fdec473ea/1666755605307/AV+Product+Sheet_IB+2022.pdf
https://www.molicel.com/wp-content/uploads/FSSF00058AW-Molicel-Rechargeable-Lithium-ion-cells-and-multi-cell-battery-packs.pdf
https://www.molicel.com/wp-content/uploads/INR21700P42A-V4-80092.pdf
https://www.mobius.energy/
https://www.h55.ch/news/h55-to-provide-the-battery-pack-and-energy-management-system-to-the-cae-piper-electric-aircraft-modification-program
https://www.h55.ch/news/h55-switzerland-and-pratt-whitney-canada-to-collaborate-in-development-of-a-regional-hybrid-electric-propulsion-flight-demonstrator
https://www.h55.ch/news/h55-switzerland-and-pratt-whitney-canada-to-collaborate-in-development-of-a-regional-hybrid-electric-propulsion-flight-demonstrator
https://www.truebluepowerusa.com/products/aviation/advanced-lithium-ion-batteries/tb60/
https://doi.org/10.1038/s41586-021-04139-1
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https://doi.org/10.1021/acsenergylett.9b02574
https://doi.org/10.1038/s41586-022-04983-9
https://doi.org/10.1038/s41560-021-00807-8
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Figure 1: Global cumulative energy storage installations, 2015-2030
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https://about.bnef.com/blog/global-energy-storage-market-to-grow-15-fold-by-2030/
https://www.woodmac.com/news/opinion/global-energy-storage-staggering-growth-continues--despite-bumps-in-the-road/

[ e A AERE | S RE R R S (B T
BRI (I R LR A 2 P, 53 TP AR

W%

us

35§5¢H, Eggi

CA, PR, FL, HI, TX,
MA, AZ

FEIK

Y @LGChem

S ENPHASE. GENERAC

S
ener
solarTifT e

EU

Germany, ltaly, UK

s} PYLONTECH

O sonnen —
SSN=C E@DC

T

APAC

Australia, Japan

Alphaess §"é

HUAWEI

T A

K. $20304F, SR EHEIMTTIZ AN K 280143570,
FH L R A R 5 )t [XRD K B R T R R R BH BE T 3 51 40

RGN . &heFEEESSHIFELMHZEY . £ Lyt &
FIFVIK B34 (BEE INIHNEM3HEYE D AR R AR SS (BN
ERLP, ConnectedSolutions) T REZ&H WG] 11, (HatkniHZ%
Gt AR T AR E B 5

FTF. BRI R HEA B — I Lt R, {H20224F
WREEF A IR KR, BAEVE 2 it/ AR 886 IR AR B 5K
FH LSS 3

Ay, B A E AR AT S F T K R ([ 2]FILGAL 22 RESUK) &
[E] A48 0 T AATTRE 28 4 i 50 .



8 )E B BE | 7] e R R v AL 2 Rl R
F20254F, IDTechExTill, JEEEEFb 20 okt & [ 2 fi3%1010% LA L, 20215 W 5% LT .

® i EE 2 A A fid e A mT AR Al AR BETR KIS 1B KT B
o HHE T i ith EARTEG-8/ NVl AR SR K IR HL oK, (AR SR AT SE MR A R = K FH e/ X RE7 i I RT BE 5 22 1) 22 H A 5 T

WARESES 17,
FRS2I 6] (L R FR) 2022 K&
Form e . o EUA ST R MEUN A TE, 1 KU ST 6L 3Tt
energy Pt 100-150 /hiff o 3134.5/02% T MERTY, HITPG RiseClimate ik
. . . . n o Efi G5XcelfbIR AT &1, AR H2 MBEY 2Rkt R4,
[FIAmbri R B A e 4-24 /iy DLV {5 A B B AR IS O B R
e gsbity 8 /M o ifitHEnerVenuefRENT (ESVs) , R T4 i1 7 46k
ENERVENUE
Eg%tf'lgrlzew MR B 7 AR 23K, 14%#(9&“@%2{) (] %gg?&g%@%ﬁﬁif%ﬁMlﬁ’%, S 5 AEREN60 TN
L 200 /i o SATMURATILAT (SWRD SR 1 E MPHES A H Gl LESS {41 A
MALTA VIR, {1 JIARPA-EIRHIY 5




b |

FREEMNF N SIS

R R R sh A

BARN

LA




A | i 2

A& BNEF 2022 FE NI, ARFUINACE 35 sy A 4 4E 2022 Ik Bk 7%. 2010-2022 4E[H], 4

¥R T 88%.
AAEIIBCEY AN, KE BNEF*

Battery prices increase after a long, steady decline
® Volume-weighted average in real 2022 dollars
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Source: BNEF, P3 Group. (*) Values are averages across passenger EVs, commercial EVs, e-buses and stationary storage. Includes cell and pack.


https://about.bnef.com/blog/race-to-net-zero-the-pressures-of-the-battery-boom-in-five-charts/
https://about.bnef.com/blog/lithium-ion-battery-pack-prices-rise-for-first-time-to-an-average-of-151-kwh/
https://about.bnef.com/blog/race-to-net-zero-the-pressures-of-the-battery-boom-in-five-charts/
https://www.bloomberg.com/news/articles/2022-12-06/rising-battery-prices-threaten-to-derail-the-arrival-of-affordable-evs
https://www.bloomberg.com/news/articles/2022-12-06/rising-battery-prices-threaten-to-derail-the-arrival-of-affordable-evs
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Source: All analysis by P3 group, Spot market prices from LME and ICC Sino
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CHAIN DOMINANCE

o = KTE BNER (4 BRA g Ty "o T 207 ol o bty oy o g
\ .. N % Country Raw Materials Battery ESG innovarl!:én ang  Downstream overall making and cell production.
Yﬂ_jlfiﬂx:&%ﬂkg EF‘ IJ—:I‘ TEEEﬂE“i‘m/flL ’ IJ_:I‘ TE manufacturing infrastructure demand ranking
o 75% FTA AL Il PR A - !
> NN us 3
o 90% T BRI P HE o e I )
N \ " Y Norway 5 CHINA'S _/o}ogSupva . B CHINA
® 600/0 é}ﬂ{ %yﬁaé&%ﬁ*é‘:iﬁ}% BE Germany _“ 6 across the Lithium ion Battery Value Chain in (f) = RestorworLD
o IMERAEIMA LIRS - — ; B
S Japan 9
IIE S 1P I ESRE ik (o Ny 7 S 0
N France 11
W (USMCA) [ REEmmA 2% w 2
Czechia 13
i o N
Chile 16
Turkey 17
PR2021 FFM 2T, KEHEMERE) o s »
BRRIA T FE. soun ares _ e
Indonesia 22
Argentina 23
REHBRFEEOEFHTHRZEN R e B 2
PSR AR E R G, e :
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PAFRE R A e Sy 2022 v IR 2

BNEF j:}”; g E(J 9‘%%@ %E: . Source: BloombergNEF. Note: “lll” stands for infrastructure, innovation, and industry. b AR o e e ot st
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Source: Bloomberg, BNEF


https://about.bnef.com/blog/chinas-battery-supply-chain-tops-bnef-ranking-for-third-consecutive-time-with-canada-a-close-second/
https://about.bnef.com/blog/chinas-battery-supply-chain-tops-bnef-ranking-for-third-consecutive-time-with-canada-a-close-second/
https://www.bloomberg.com/news/articles/2021-09-14/a-tesla-co-founder-aims-to-build-an-entire-u-s-battery-industry
https://about.bnef.com/blog/u-s-narrows-gap-with-china-in-race-to-dominate-battery-value-chain/
https://www.bloomberg.com/news/articles/2021-09-14/a-tesla-co-founder-aims-to-build-an-entire-u-s-battery-industry
https://about.bnef.com/blog/chinas-battery-supply-chain-tops-bnef-ranking-for-third-consecutive-time-with-canada-a-close-second/
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2020 FRBENSE Bt RN 2 REE

RETNE

Mineral Cell Part Amount Contained in the Avg. 2020 Battery (kg) % of Total
Graphite Anode 52kg 28.1%
Aluminum  Cathode, Casing, Current collectors ~ 35kg 18.9%
Nickel Cathode 29kg 15.7%
Copper Current collectors 20kg 10.8%
Steel Casing 20kg 10.8%
Manganese  Cathode 10kg 5.4%
Cobalt Cathode 8kg 4.3%
Lithium Cathode kg 3.2%
Iron Cathode Skg 2.7%
Total N/A 185kg 100%
Hith 2 BR S E ST RERNRESIMEERR, 2020

FHYE 87 60kWh(BISZ = Bolt HEIRIAIENS

FHhESLY 185 RFTRIMH. REELT, BE. 8.

MR &RTEZAIRL

Source: Transport and Environment (via Visual Capitalist), International Energy Agency. Note: Li = lithium, Ni = nickel, Co = cobalt, Gr = graphite.
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https://www.transportenvironment.org/wp-content/uploads/2021/07/2021_02_Battery_raw_materials_report_final.pdf
https://elements.visualcapitalist.com/the-key-minerals-in-an-ev-battery/
https://www.iea.org/reports/global-supply-chains-of-ev-batteries
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Lithium Mining 2021
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Source: Visual Capitalist, ISS Insights
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https://www.visualcapitalist.com/visualizing-25-years-of-lithium-production-by-country/
https://insights.issgovernance.com/posts/lithium-critical-for-net-zero-yet-facing-challenges/
https://medium.com/batterybits/is-there-enough-lithium-to-make-all-the-batteries-c3a522c01498
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https://about.bnef.com/blog/race-to-net-zero-the-pressures-of-the-battery-boom-in-five-charts/
https://iea.blob.core.windows.net/assets/ffd2a83b-8c30-4e9d-980a-52b6d9a86fdc/TheRoleofCriticalMineralsinCleanEnergyTransitions.pdf
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Lithium mining market share and ESG reporting in 2022 :

42% of all operating lithium miners currently

T1% of all developing lithium miners currently
publish annual ESG reports

publish annual ESG reports

Remaining market share —————

| Inaugural ESG report 2006

RIFRLL

GanfengLithium «  \ALBEMARLE'

i\
Inaugural ESC report 2019 :" Inaugural ESG report 2007
\
A X
. ]/

755%832115 @Mmpws
TIANDI LITHIUM

Inaugural ESG report 2017 Inaugural ESG report 2007

= i

107

Source: ESG Reporting by Benchmark Mineral Intelligence, ISS Insights
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https://www.linkedin.com/search/results/content/?fromMember=%5B%22ACoAAAqzha4BhPuKBbBJ0I94igScf7d4OT4sgb0%22%5D&heroEntityKey=urn%3Ali%3Afsd_profile%3AACoAAAqzha4BhPuKBbBJ0I94igScf7d4OT4sgb0&keywords=charlotte%20selvey%20miller%2C%20phd&position=0&searchId=4326dd10-44e8-4454-98bf-27e14e839417&sid=nyK&update=urn%3Ali%3Afs_updateV2%3A(urn%3Ali%3Aactivity%3A7006633304523218944%2CBLENDED_SEARCH_FEED%2CEMPTY%2CDEFAULT%2Cfalse)
https://insights.issgovernance.com/posts/lithium-critical-for-net-zero-yet-facing-challenges/
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Source: Hague Centre for Strategic Studies


https://hcss.nl/report/graphite-supply-chain-challenges-recommendations-for-a-critical-mineral/
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https://www.leadleo.com/report/reading?id=6260b41e7931b128f73f30f7
https://finance.yahoo.com/news/synthetic-graphite-market-reach-usd-150100304.html?guccounter=1&guce_referrer=aHR0cHM6Ly93d3cuZ29vZ2xlLmNvbS5oay8&guce_referrer_sig=AQAAAC5GmAxsbVHMGQT92My4q7JklBg-ddx6cmynZYbSfNuQNH6xVW-9TZmAe5rtjSDyS2aGcwdjwLkD-FiIRwM2vhjO-URF2iQOjnNChKLzybaUQ96CldsjKWz2yve4Hq6eSv0wv90XwpGp_QL1rFVqv3dOB1XB7CPtQ9RX2c-fPVbj
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Graphite production and processing
M Natural anode material B Synthetic anode material
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2021 BTR Synthetic Graphite Cost Breakdown 2021 BTR Graphitization Cost Breakdown
ANODES m Direct Materials wm Processing
' ) . m Direct w Direct @ Manufacturing &
m Direct Labor Manufacturing & Auxiliary Materials Labor Auxiliary
14.05% 10.12%

RAW CARBONIZED : haping, sandi
>- > N GRAPHITE shaping, sanding, \
MATERIAL PRODUCT BRODLICTS polishing, purification, 4215%

coating

PETROLEUM
COKE

Breaking, Pressing or Baking and
milling, mixing extruding graphitizing at
high temperatures

'/5.72%

Data compiled March 30, 2022. 84.16%
Design credit: Cat Weeks

Sources: Battery Materials Review; Nouveau Monde Graphite
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Source: Noveau Monde, East Asia Qinghai Securities Co., Ltd, Benchmark Minerals


https://elements.visualcapitalist.com/natural-graphite-the-material-for-a-green-economy/
https://elements.visualcapitalist.com/natural-graphite-the-material-for-a-green-economy/
https://source.benchmarkminerals.com/article/esg-of-graphite-how-do-synthetic-graphite-and-natural-graphite-compare
https://source.benchmarkminerals.com/article/esg-of-graphite-how-do-synthetic-graphite-and-natural-graphite-compare
https://source.benchmarkminerals.com/article/esg-of-graphite-how-do-synthetic-graphite-and-natural-graphite-compare
https://nmg.com/wp-content/uploads/2021/06/NMG-Graphite-101.pdf
https://pdf.dfcfw.com/pdf/H3_AP202209291578761703_1.pdf?1664457941000.pdf
https://source.benchmarkminerals.com/article/esg-of-graphite-how-do-synthetic-graphite-and-natural-graphite-compare
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Comparison of different LiB recycling methods ~ Best - | J - Worst

Technology recovered recovered Waste
readiness Complexity material material generation Energy usage  Capital cost  Production cost
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Wl Hydrometallurgy —
Refining Direct recycling 9’(%&%
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Presorting of Cathode Material
batteries morphology  suitable for Cobalt Nickel Copper Manganese Aluminium Lithium

Pyrometallurgy
Hydrometallurgy

Battery Direct recycling

Cathode Manufacturing
Production
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SBERES, TiEER, RUWESSFEATT. MIREREImeEEXERANEA. o=
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Source: DOE launches its first lithium-ion battery recycling R&D center: ReCell, Recycling lithium-ion batteries from electric vehicles


https://www.anl.gov/article/doe-launches-its-first-lithiumion-battery-recycling-rd-center-recell
https://www.nature.com/articles/s41586-019-1682-5
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Battery Scrap Supply Forecast

Global Recycling Scrap Pool [GWh]
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Lithium Price Change [%]

Lithium Carbonate Price in Asia [% change]
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https://www.bloomberg.com/press-releases/2022-06-08/battery-recycling-market-size-worth-19-9-billion-by-2030-grand-view-research-inc
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https://www.nature.com/articles/s41467-022-29022-z
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*Source: Financial viability of electric vehicle lithium-ion battery recycling, Graphic credits: Benchmark Mineral Intelligence
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https://pubs.acs.org/doi/full/10.1021/acsenergylett.1c02724
https://pubs.acs.org/doi/10.1021/acsenergylett.1c02602
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Source: NITI


https://www.niti.gov.in/sites/default/files/2022-07/ACC-battery-reuse-and-recycling-market-in-India_Niti-Aayog_UK.pdf
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Source: T&E analysis on European commission law


https://www.transportenvironment.org/discover/eu-passes-law-to-make-electric-car-batteries-cleaner/
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Source: Forbes


https://twitter.com/JamesTFrith/status/1479482610388774917
https://twitter.com/JamesTFrith/status/1479482610388774917
https://www.ratelconsulting.com/battery-factory-database.html
https://www.forbes.com/sites/catherinewang/2022/09/08/newcomer-ev-battery-manufacturer-sk-on-plans-to-lead-global-market/?sh=68b5ec471f8b
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Source: BNEF/Yahoo Finance


https://www.woodmac.com/press-releases/global-lithium-ion-battery-capacity-to-rise-five-fold-by-2030/
https://www.spglobal.com/marketintelligence/en/news-insights/research/investment-in-lithium-ion-batteries-could-deliver-5-point-9-twh-capacity-by-2030
https://insideclimatenews.org/news/27102022/the-ev-battery-boom-is-here-with-manufacturers-investing-billions-in-midwest-factories/
https://www.mckinsey.com/capabilities/operations/our-insights/power-spike-how-battery-makers-can-respond-to-surging-demand-from-evshttps:/www.mckinsey.com/capabilities/operations/our-insights/power-spike-how-battery-makers-can-respond-to-surging-demand-from-evs
https://content.rolandberger.com/hubfs/07_presse/Roland%20Berger_The%20Lithium-Ion%20Battery%20Market%20and%20Supply%20Chain_2022_final.pdf
https://www.goldmansachs.com/insights/pages/gs-research/batteries-the-greenflation-challenge/report.pdf
https://www.sneresearch.com/en/insight/release_view/17/page/0?s_cat=%7C&s_keyword=
https://finance.yahoo.com/news/china-wave-electric-car-battery-104206395.html?guccounter=1&guce_referrer=aHR0cHM6Ly93d3cuZ29vZ2xlLmNvbS8&guce_referrer_sig=AQAAANd9K6zrrWEhzDMhKKVBGIAndbqdNjcyLqmmmKvzMMBmgP8pCmcujMRbgnkDeyjXCU_BPL8feO21TMts0LdV8v3GCiJ3jEJsc1FXcps8SQXZUTw9bI748e8JtcMWZTT3mY3a-UWmoCCNdrsXVqlOPyfSVHH_9-Lg9LrbKnNndtyH
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Source: Battery News Map


https://battery-news.de/index.php/2022/09/09/batterieprojekte-in-asien-september-2022/#amerika
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Source: Battery News Map, European Battery Alliance Joint Statement, “We need to give our answer, our European IRA,” -
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European Commission President Ursula von der Leyen



https://battery-news.de/index.php/2022/12/09/batterieproduktion-in-europa-dezember-2022/
https://www.eba250.com/joint-statement-on-the-impact-of-the-inflation-reduction-act-on-the-european-battery-ecosystem/
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Source: Battery News Map
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South Korea: 14,7 GWh + X

202X, Upto1GWh, Cheonan
2023, Upto1GWh, Seoul

@ LGEnergy Solution
2024, Up to X GWh, Ochang

2018, Up to 4,7 GWh, Seosan

LN

Japan: 60,9 GWh + X

2030, Up to 40 GWh, Himeji

@ Envision A\ESC

2007, Upto 2,6 GWh, Kanagawa
2028, Upto 18 GWh, Ibaraki
Panasonic

201X, Hyogo

2023, Wakayama

2010, Osaka

&2 aspilsar
2026, Up to1GWh + X, Kayseri

SK
2025, Up to 45 GWh, Koc

Panasonic

202X, Bekasi

CATL
2024, Upto X GWh, TBD

@ LGEnergy Solution

Panasonic
2012, Up to 0,3 GWh, Kedah
SAMSUNG

R
He o

China: 1203 GWh + X

2024, Up to 10 GWh, Karawag

2024, Up to X GWh, Seremban

CATL

2021, Up to 80 GWh, Guiyang
2018, Up to10 GWh, Liyang
2021, Up to120 GWh, Ningde
2021, Up to 80 GWh, Shanghai
2021, Up to15 Gwh, Yibin

2021, Up to 25 GWh, Zhaoqing
2021, Xiamen

2013, Xining

202X, Up to 50 GWh, Yichang

2023, Up to 45 GWh, Nanning
2023, Up to 22 GWh, Taizhou
202X, Up to 30 GWh, Xiangyang
202X, Up to 45 GWh, Changchu
202X, Up to15 GWh, Fuzhou
2022, Up to 15 GWh, Shaoxing

</, cALB
2025, Up to 50 GWh, Hefel
202X, Up to 50 GWh, Chengdu

& Envision \AESC

2023, Upto 15 GWh, Jiangyi
2022, Up to 10 GWh, Ordos
202X, Up to 40 GWh, Shiyan
2023, Up to 20 GWh, Wuxi

EVE

2024, Up to 50 GWh, Chengdu
2025, Up to 20 GWh, Jingmen
202X, Up to16 GWh, Jingmen
2023, Up to 10 GWHh, Quijing

> AR

202X, Up to 30 GWh, Ganzhou

FOXconn

2024, Up to1GWh, Kaohsiung
GanfengLithium q
202X, Up to 10 GWh, Chongging

GEELY @ )
2023, Upto 12 GWh, Chongging
%) Gotion

2023, Upto 50 GWh, Hefei
2022, Up to 30 GWh, Nanjing
2022, Up to 30 GWh, Yichun
2022, Upto X GWh, Dalian

@ LG Energy Solution

2014, Up to X GWh, Nanjin
LISHEN

2021, Up to 10 GWh, Tanjin
(—»

2025, Up to 26,8 GWh, Guangzhou

Panasonic
2018, Dalian
2008, Suzhou
2001, Wuxi

ProLagium
PI—e il S
2023, Up to 3 GWh, Taiwan

SUNWODA )
202X, Up to 30 GWh, Zhuhai
202X, Up to 20 GWh, Shifang

W
SK )
2023, Upto 57 GWh, China
SV/OLT
202X, Up to 60 GWh, Chengdu

202X, Up to 30 GWh, Dazhou
202X, Up to 20 GWh, Suining



https://battery-news.de/index.php/2022/09/09/batterieprojekte-in-asien-september-2022/#asien
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Battery material economics overview

1

-

Content Per 1GWh ASP

Cathode Cathode
o | 1.8kt j | $31.5/kg |

el

©)

Sales Per GWh

Cathode
[_ $5EMIGWR j

AR
PR\

CAPEX Per GWh

Cathode
[_ $14MIGWN j

® (=) (2D

Anode
[_ STMIGWh I

Anode
[_ STMIGWR |

- Separator Separater
% r 13mn sgm j [_ $0.9/som _]

Separator
[_ $10MIGWh 1

Separator
[_ §14MIGWh q

Copper foil

Copper foil
[- $17hkg ]

Copper foil
[- S1IMIGWR ]

Copper foil
r $EMIGWR ]

(=]

Company data. J.P. Morgan..
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CELL ASSEMBLY: 20% of battery cell production costs

Electrode shaping  Compound generation  Electric contacting Case insertion Case closure

Process

—

j Ll ' ==

Cutting out electrode  Generating active

Creating an electrically Inserting compound

Description

om coils

material compounds uctive joint into cell ho

- - - -
29% of assembly 5% sembly 4% 8% of
Edge quality Assembly tolerance Particle generation Insulation quality Particle generation
Challenges 8 s ) ’
Particle generation Processing speed Processi ability Particle generation Yield rate
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ELECTRODE PRODUCTION: 39% of battery cell production costs

Process

Description

Challenges

Process

Description

Challenges

Mixing

Coating and drying

Slitting

Calendaring

Vacuum drying

LR BN
—

Mixing of raw

material powder

@ .

% of electrode

Material quality
.)LHH\‘ waste

Pasting slurry on foil

removing solvent

rS

54% of electrode

Pro

g time

ion losses

Cutting coated metal
foil into strips

a

4% of electrode

Edge quality

Tool wear

Compres

electrode foils
-

11% of electrode

Proc tings

Electrode waste

er

rodes

Removing left

solvent in elect

rS

23% of electrode

Yield rat

Electrolyte filling

Precharging

Filling hole closure

Formation

il

890

~*

1

Filling ion-conductive

liquid into cell

rS

10% of finishing

Soaking time
Number of filling

steps

ng cell

pE

Yield rate

Closing electrolyte

filling hole

3% of finishing

Particle generation

Initiating battery and

defining performance

S

35% of finishing

Proc
Yield rate

ng time

Identifying micro
short circuits in cells

rs

45% of finishing

Proc ing time
Yield rate



https://www.bcg.com/publications/2018/future-battery-production-electric-vehicles
https://web-assets.bcg.com/dims4/default/b832266/2147483647/strip/true/crop/2480x3172+0+0/resize/1440x1842!/format/webp/quality/90/?url=http%3A%2F%2Fboston-consulting-group-brightspot.s3.amazonaws.com%2Fb8%2F5c%2Ffaafe9793426115dd2b87364cbe7%2Fbattery-production-for-electric-vehicles-ex05-tcm9-202019.png
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Source: For Manufacturing Yield: NREL, ANL, DOE, MIT & Carnegie Mellon, TU Braunschweig


https://www.slideshare.net/EdmondKwok1/samsung-sdi-plant-project
https://www.nrel.gov/docs/fy16osti/66086.pdf
https://publications.anl.gov/anlpubs/2021/04/167369.pdf
https://www.mdpi.com/2313-4321/6/2/31/htm
https://www.cmu.edu/me/ddl/publications/2014-JPS-Sakti-etal-Techno-Economic-EV-Battery.pdf
https://www.sciencedirect.com/science/article/pii/S2405829721001008

AR | =R S A T s RS Bk
e, TEHEREEN ) LML AL IR SRR RE A e o AT R T A

Contamination Source Countermeasures
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){—:_'\ ’ E %?ﬁ l]ﬁ FE ntlgl 'I‘i ZF_J‘E ﬂl ﬁ %‘r ’ 5[’%:“%” % > Raw materials 1 Low moisture raw
N N N . . N materials from suppliers,
%ﬁ*ﬁ%ﬂ%[ﬁ E‘]/HQKL%E EEYJ@%IJJ\%EF%YE%% H.0 predrying of materials
y [E—
¢ — Atmosphere e
%E EI/J % é Dry room control
NS 3 i N ' Y — Human interaction > Personal equipment

[ /;E:*i‘/’fi gkhtr"% E/‘J Tﬁdﬂﬂ %ﬂﬁlﬁﬂjﬂﬁiﬂﬁ% ljjjz f ’ (gloves, masks, etc.)
R RE R, LY e o 7 2 5 | |
H[ﬁ]ﬁ]%}ﬁ'r , ﬁ ,ﬁqﬁ%/]\ %i@ﬁiﬂ%%ﬁ‘ﬁ T z Quality control at supplier

— Magnetic filters
etallic >

® LG L A AR AT PR, IR particles

AR EE P T A (U0 Ishikawa. FMEA £5) N — —————>  Low abrasion tools
oy o
jJD gﬁ /EH HE 'ILE — Particle detectors
— Human interaction " Air filtration
Volatile R
compounds o IFeEEEs
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Source: Adapted from ELIBAMA


https://elibama.files.wordpress.com/2014/10/iv-c-electrodes-and-cells-cean-manufacturing.pdf
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Source: TUV SUD, SIEMENS

Risk Level

Very
Low
Low
Medium
High

Very High

(4] =)
ANODE CATHODE
= ek an el an 0

o uticinflusnces.

U8 whec

Electochemical risks, less contolatle | Material risks, risks dus toextenal heat ing


https://www.tuvsud.com/en/-/media/global/pdf-files/whitepaper-report-e-books/tuv-sud-siemens-report-principles-for-risk-based-fire-protection-strategies-for-lib-cell-production1.pdf

AEFERIE | =W G ] 3 M T s R S5 Pk R
A 77 R B4 T 507 AR N B P A I e

o HUBAAHER (AL L) L2 iR . AR AR b2 i) R ZA R LA B LZ
EE . ittt  veg E EUE A I F Bz sh A Uk i 77 USEB 2 MLk SR B e R 1

o EEE AN VIR TR LR TR I 1 R, X7 B BN 2 [ BT, PRI — AN R IR M B A AR B

O o

o

8 ¥ & A e o <O
N RS W7o & §

y \QOJ ,¢¢q \<\Q é\beﬂ \(\Q C)\}@ IO&QC::’L}QQ @F}e}?q\ Qf}"‘o\(‘ %\o ‘§\® ((\,g}.bé)QQ \}Q:} \(\OJ
& Fs & ¢ & P IR’ s S & &

Electrode manufacturing Cell Assembly Cell Finalization
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Process sensitivity regarding flexibility areas: + High sensitivity # Medium sensitivity - Low sensitivity © No sensitivity

Figure 6: Process sensitivity of current production equipment with regard to product flexibility areas
(Top-to-down: @ Overall, @ Material, & Size & Shape, & Tabs & Terminals)
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Source: Flexfactory, PEM


https://battery-news.de/wp-content/uploads/2022/10/221024_Whitepaper_LIB-x-Production-as-a-service_Final-Iteration_DIGITAL_vf.pdf
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https://www.infineon.com/cms/en/applications/industrial/battery-formation/
https://link.springer.com/chapter/10.1007/978-3-031-01340-9_3
https://batteryarchive.org/
https://www.infineon.com/cms/en/applications/industrial/battery-formation/

VOLTAIQ

\ THE LEADER IN ENTERPRISE BATTERY INTELLIGENCE | l,i’f'—-'j',.?j;..r'_‘ =
Voltaig's EBI platform is the global standard =0
' for analyzing and optimizing batteries at scale
Accelerate R&D and time to market e Shorten manufacturing :j’ RS e 'J
(== ramp-up e Ensure high-quality battery supply ¢ Optimize battery k* =
el S ’ performance e Prevent fires and recalls
B L < .
BN .", > » Learn About Our Software: Work for the Industry Leader:
" ] www.voltaig.com www.voltaig.com/careers Sk
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http://www.voltaiq.com
http://www.voltaiq.com/careers
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https://www.autoblog.com/2022/07/30/bmw-i4-ix-battery-fire-recall/
https://www.autoevolution.com/news/renault-zoe-battery-pack-recall-affects-733-units-due-to-fire-risk-181468.html
https://insideevs.com/news/603312/gm-recalls-gmc-hummer-ev-battery-connector/
https://insideevs.com/news/492387/hyundai-confirms-kona-electric-fires-cause/
https://www.auto123.com/en/news/bmw-recall-phevs-short-circuits/67505/
https://www.electrive.com/2020/10/29/wm-motor-begins-recall-after-vehicle-fire/
https://www.drivingelectric.com/ford/kuga/2098/ford-kuga-plug-hybrid-recall-latest-details
https://www.cnbc.com/2021/10/12/lg-chem-to-pay-up-to-1point9-billion-to-gm-over-bolt-ev-battery-fires.html
https://www.reuters.com/business/autos-transportation/stellantis-recalling-nearly-20000-plug-in-minivans-fire-risks-2022-02-11/
https://cnevpost.com/2021/03/24/baic-new-energy-recalls-over-30000-evs-due-to-potential-battery-fire-hazard/
https://www.electrive.com/2022/09/26/volkswagen-to-recall-10k-electric-cars/
https://www.autoevolution.com/news/volkswagen-id4-battery-issue-prompts-recall-351-units-affected-184783.html
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Source: Victoria Big Battery Fire (Top Image), Victoria Big Battery Fire (Bottom Image)
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https://www.abc.net.au/news/2021-09-28/fire-at-tesla-giant-battery-project-near-geelong-investigation/100496688
https://www.energy-storage.news/fire-hits-construction-of-300mw-victorian-big-battery-in-australia/
https://victorianbigbattery.com.au/wp-content/uploads/2022/01/VBB-Fire-Independent-Report-of-Technical-Findings.pdf
https://vistra.app.box.com/s/1aezfypko93vz5jm9nn9tckphtjkgzvb
https://investor.vistracorp.com/news?item=220
https://www.pv-magazine.com/2022/12/14/energy-storage-fire-explosion-and-safety-training-manual-release/
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https://www.nfpa.org/News-and-Research/Publications-and-media/NFPA-Journal/2020/January-February-2020/Features/EV-Stranded-Energy
https://www.ctif.org/news/150-000-liters-water-needed-put-out-fire-electric-car
https://ieeexplore.ieee.org/abstract/document/9867199
https://www.autoinsuranceez.com/gas-vs-electric-car-fires/
https://www.theepochtimes.com/firefighters-dunk-smoking-bmw-hybrid-electric-vehicle-in-huge-vat-to-put-it-out_2855633.html
https://www.theepochtimes.com/firefighters-dunk-smoking-bmw-hybrid-electric-vehicle-in-huge-vat-to-put-it-out_2855633.html
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Sources: Preger et al., Jeevarajan et al., Waldmann et al., Kovachev et al., Liu et al.
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Source: Web of Science query: “lithium ion battery”, accessed 2022-12-11
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Source: Wang, Liu, Yang, Ge, Stanley, Rountree, Leng, and McCarthy
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Source: Navarro-Suérez and Shaffer
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Source: Nassar, Lederer, Brainard, Padilla, and Lessard
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Source: Xu, Ngandjong, Liu, Zanotto, Arcelus, Demortiere, and Franco
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Source: Fink, Polzin, Vaughey, Major, Dunlop, Trask, Jeka, Spangenberger, and Keyser
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Source: Ward, Babinec, Dufek, Howey, et al.

Developing the Battery Data Genome

Phase1 Phase3 : Flexible
Community Creation ; | Database Population Broad Community ! Data
& Structuring i Challenge Problems Adoption ([))pen Sharing
! Data ata Options
Ensure commizes coordngton i Populste detshubs wih
arce ] new sly Inter-

Inttial Tier 2
challenge probiem
relese

Coordinate interoper able
software o link between
datahubs

. > ; M:ltuulwﬂll sponsor
10-year sustainability plan engageiment

Field
Standard

Conuty & Datasets

ing H
Pv-lamhraby Engagement ! Challenge

Problems

Battery Data Genome

S it Pt Kt R AL I S 2R 1 - — R 2 B B, AR EORATR]
FREVERER 2

Commercial Enng Plan

FHL Y K5 3L K 2H (BDG) T I 95 R B ki »

(1) T — L B A e B 20 %, 3 A R R A sk
b RER R P

(2) FUBL— I ZASRIFEAN TR P . A AR SR


https://www.sciencedirect.com/science/article/pii/S2542435122004093

- - P Ao ™M v ¥
-
-

1 % e 2 48 1 o8 n0

- -
" 2N 2 re
7 .
- o < bwioe " >,’.’KO 1"n,0 Ry '
’ ? ’ LI ‘ e | |
> ;Zlox‘—‘j%a 11 10 1 00 110
- (T TS T
01 0100000 3 S S i1 00 110



IVEES S

ERANEERS

Job type
1 Batteries
2 Blockchain
3 Quantum Computing
4 3D Printing
5 RegTech

a4, it ERERRN

Departure from

Days average*
+65%
| 1oL o) +21%
T NA
5%
420 +9%

Jobs closed

1,201

1,469

454

1,476

506

*Shows, for each job type, how much mare/less time it took to recruit roles in the sector compared to the average across the entire

E2022FE "=
BEREEZ

Average number of days job ads closed in each quarter had been online for

BERBATIEES S, FEithER{(ZAYE

. (ML ER7)

40

. (HARERAL)

Average across
entire jobs market
30 . ’ . . .

JOb e 2021Q1 2021Q2 2021Q3 202104 2022Q1 20220Q2
Verdict | Source: GlobalData
\
4 N . — X
Bt FIE W EERIEAREFUAS BT AT KBS EREE, FHHR3000A
HWETFESEFIERES TR Z AT DR A ZHERGS
EEEER, REBUHIS, EERRS RIS A~ & HI-E 2T, ! n K
FrEa N pEplT, XIF—LM, BliIR1zMNAEE _ E&RREST
=R
CleanTechnica JAN Washington Post

196



https://www.verdict.co.uk/batteries-vacancies-in-the-tech-industry-were-the-hardest-tech-roles-to-fill-in-q2-2022/
https://cleantechnica.com/2023/01/02/battery-manufacturing-is-creating-lots-lots-lots-of-jobs/
https://www.washingtonpost.com/business/2022/08/22/ford-slashing-3000-jobs-it-looks-make-ev-transition/

AFA | B Afr
H B BE N B L & 5240t T V2 23 s AL A o

B8 it ft 1E 58 & B R #R R v

FiE AR BitS BithiEA Rz B B B = RFIMA
B BiF TR BRSReM BN wanT APEREAERE IS 4 BB
PRSI RACPE MHEES Wit 51818 g é;;g RHUSHS B BHABAES B
B - e AERLS RS BRIt BIER Voo sweEem T mameei frnn
RREESS KA fhe MR TR DEGE2 303230 ERRR. RRSEeR BRI SEBIBRSEA
O \ ) 3
ERSIRAE HRASRIT i R % S AIBITE LCA ,ﬁsw*s:mm
R HREFS R PRES NS HORS W BORS L ;:::;::f.ﬁ
=) AL
LU RARUN A
MIRRY
MRS feFaiRE L a RS LR e 1] L2 E NBAS B HRIRIRS 1RS
¥ . MBI ool i BT B, RSN BAAERRALE BARASERH % 5mEaE
e e wraws Sl R elindica BFARA ik
MRS - : . -
R - wyaws i e e 5120 i BNBE BFfA
& P H¥RRSS5EHLE BRNHEE BHRE THIASS®& HFH ABREBNRS
FARIT AR EREE
197

Source: CIC energiGUNE, InnoEnergy


https://cicenergigune.com/en
https://www.eba250.com/eba-academy/right-sizing-the-skills-gap/

AZ 12022% EH-1BTAEZIE

S e | 65 S C t
HBEXERRNEMEROSNEN ST, AFEERII 00 S
Eﬁﬁﬂ‘lA)‘A?ﬁﬁ*ERﬂo H-1BEE1% %:%\@;;E/A\a\ HR&%EI’%'WK, 3500 Business
aJi@Zhibdata.info R FFEREN. Fl1oHT 7 I XEEIREH RS HERMEE. PM

2 3000 W Electrical
.'g B Mechanical
S 2500 B Research
= i B Software
< 2000 Test/QA
'_3, N . Safety/Thermal
@ 1500 Manufacturing
T — ® Vehicle
1000 — B Battery General
500 . .
o e |
2016 2017 2018 2019 2020 2021 2022
Submit Date *includes data up to Apr 29,
2022
FHIR B
IZEE7R 7 202261530 £202254 5 29 HHAEIR RZAIH-1BEIE BB 2022 H-1B General Policy Changes (Forbes)
miEn, EfELEmEX AT (BitEr~EsBinEzdEr—m) . ok ‘
& hibdata.info. fF5IE: GitHub. 2022 H-1B Trends (Waylit)

198


https://www.forbes.com/sites/stuartanderson/2022/01/03/the-outlook-on-h-1b-visas-and-immigration-in-2022/?sh=627162082365
https://www.waylit.com/post/prediction-for-2022-fy-2023-h1b-cap-lottery
https://h1bdata.info/
https://github.com/wengandrew/battery-report

EEHBEE | THE 715?
T AR AR R, 3R T 2R

Junior Senior Staff Manager Director C-Suite
500K -
%% 400K ~ -
L . T
& < 300K , . T I;;I
isiiaird c+it@TgerpifalregEt fan l
i S iI31T iiiililiz*lliiiiiiijiiij - N
woc §TTIITY LTy
0K
g o S RN NE S8 Z RN S22 EnE2RENZZoZZRENZSES
RERRRRRNRRRRERRRRARRRRRNNRRRRRRRRRRRRRRIRRRRR

ZE SR T 201118 E 2022548 290 8 E#RARHIH-BIERIE AT ERINITE, BfiEHEibiEx s (Bittk

FRSEMEEETE) . TASREERFKEERI202280. TERIERIREEHAERINEREN.
oRSRIE: hibdata.info AL 3R IE: GitHub

199


https://h1bdata.info/
https://github.com/wengandrew/battery-report
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Panasonic De Soto, Kansas 4,000 30 GWh by 2025 InsideEVs, 11/6

Canoo Pryor, Oklahoma 2,000 3.2 GWh by 2023 InsideEVs, 11/3, Canoo
Envision AESC | BMW Kentucky 2,000 30 GWh by 2025 InsideEVs, 5/16
Electrovaya New York 250 1.5 GWh by 2023 InsideEVs, 10/24

Our Next Energy Michigan 2,112 20 GWh by 2027 InsideEVs, 10/11
Toyota North Carolina 2,100 TBD InsideEVs, 8/31
Samsung SDI | Stellantis Kokomo, Indiana 1,400 23 GWh by 2025 InsideEVs, 5/24

LG Chem | Stellantis Ontario (Canada) 2,500 45 GWh by 2024 InsideEVs, 6/5

SK Innovation Georgia 3,000 22 GWh by 2023 AJC, 3/28

SK Innovation | Ford Kentucky 5,000 43 GWh by 2026 Ford, 9/29 (2021)

SK Innovation | Ford Tennessee 6,000 43 GWh by 2025 Ford, 9/21(2021)
Gotion Big Rapids, Michigan 2,350 TBD MLive, 10/5

Ford Michigan 3,200 TBD MLive, 6/2

LG Energy Solutions | GM Holland, Michigan 1,200 50 GWh by 2025 AP News, 3/22

LG Chem | GM Spring Hill, Tennessee 1,300 35 GWh by 2023 GM, 4/1(2021)

LG Energy Solutions | GM Warren, Ohio 1,500 30 GWh by 2022 GM, 12/05 (2021)
Hyundai Georgia 8,100 TBD georgia.gov, 5/20
Rivian Savannah, Georgia 7,500 TBD savannahnow, 12/17 (2021)

R HABAL 5

European perspective

“Mega” trends
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https://insideevs.com/news/620269/panasonic-breaks-ground-battery-factory-kansas/
https://insideevs.com/news/620010/canoo-build-battery-module-manufacturing-facility-in-oklahoma/
https://investors.canoo.com/news-presentations/press-releases/detail/61/milestone-met-canoo-selects-oklahoma-for-owned
https://insideevs.com/news/580234/envision-aesc-2billion-gigafactory-kentucky/
https://insideevs.com/news/618120/electric-car-battery-gigafactory-coming-new-york/
https://insideevs.com/news/615476/one-20gwh-battery-lfp-gigafactory-michigan/
https://insideevs.com/news/607558/us-toyota-battery-gigafactory-north-carolina/?adv=0
https://insideevs.com/news/587815/stellantis-samsung-sdi-battery-gigafactory-indiana/
https://insideevs.com/news/590082/stellantis-lges-battery-jv-nextstar-energy/
https://www.ajc.com/news/business/sk-boosts-hiring-plans-for-georgia-battery-plant/BBUP7AKM6NA75CRJM36J36MH5I/
https://media.ford.com/content/fordmedia/fna/us/en/news/2021/09/29/ford--sk-innovation-add-5-000-jobs-in-kentucky.html
https://media.ford.com/content/fordmedia/fna/us/en/news/2021/09/27/ford-to-lead-americas-shift-to-electric-vehicles.html
https://www.mlive.com/news/grand-rapids/2022/10/chinese-battery-manufacturer-to-bring-26b-investment-up-to-2350-jobs-to-big-rapids.html
https://www.mlive.com/public-interest/2022/06/fords-2-billion-investment-will-bring-3200-jobs-to-michigan.html
https://apnews.com/article/technology-business-michigan-economy-holland-7c031d9510e65bbd74306bea7a963b0c
https://news.gm.com/newsroom.detail.html/Pages/news/us/en/2021/apr/0416-ultium.html
https://news.gm.com/newsroom.detail.html/Pages/news/us/en/2019/dec/1205-lgchem.html
https://gov.georgia.gov/press-releases/2022-05-20/gov-kemp-hyundai-motor-group-invest-554-billion-georgia-first-fully
https://www.savannahnow.com/story/news/2021/12/17/georgia-rivian-plant-jobs-atlanta-brian-kemp/8939605002/
https://cicenergigune.com/en/blog/north-america-accelerates-commitment-development-gigafactory-industry
https://ssti.org/blog/recent-announcements-reveal-%E2%80%9Cmega%E2%80%9D-trends-electric-vehicle-and-battery-manufacturing-expansions

AT |G RKIAL: ARR—ERIA T

P LR BTV BN2 /1 192050/ A HIHRE E (0 REDILRE , B0 B AR SRR T AR, A

DOE Announcement fl Project Fact Sheet

Material State Year Company
Anode TBD Amprius |
Mississippi 2023  Syrah 1
New York TBD Anovion ]
North Carolina TBD Applied Materials |
Tennessee TBD Novonix |
Washington 2026 Sila Nanotechnologies [ ]
TBD Groupl4 |
Cathode 2025 ek Inc ]
Kentucky TBD Ascend |
Montana 2024  ICL-IP ]
Nevada TBD Lilac I
North Dakota TBD Talon
Tennessee 2025  Piemont Lithium [
Binder Georgia TBD Solvay 1
Electrolyte Louisiana TBD Koura .
Lithium Nevada TBD American Battery Technology.. I
North Carolina  TBD Albemarle U.S. Inc. I
Recycling Ohio TBD Cirba Solutions
Separator  Oregon TBD Membrane Holdings LLC e
Texas TBD Microvast |

o

100 200 300 400 500 600 700 800 900 1000
Estimated Jobs Promised
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https://www.energy.gov/articles/biden-harris-administration-awards-28-billion-supercharge-us-manufacturing-batteries
https://www.energy.gov/sites/default/files/2022-11/DOE%20BIL%20Battery%20FOA-2678%20Selectee%20Fact%20Sheets.pdf
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Xn" 9% 7% 9% 13% 1% 25%
BT 25% 27% 13% 41%
HF 20% 30% 18% 43%
A FE 21% 39% 21% 55%
R 14% 38% 25% 54%
B it 9% 20% 20% 32% 16% 45%
FEL YL 3 23% 25% 38% 41% 16% 63%
EYrEE T 1% 1% 16% 29% 14% 36%
zERAEIL 16% 14% 23% 32% 27% 48%
FIETE 7% 25% 14% 30%
TiHE® 21% 29% 1% 38%
BARAEEIEHE 13% 34% 20% 45%
BN T 20% 29% 9% 43%
il (RRE L) &) 18% 39% 20% 50%
MR (25, 81E) 1% 1% 21% 23% 1% 38%
i RS &3t 20% 16% 25% 14% 9% 38%
REBERES 25% 23% 20% 18% | A% | o%
BEBETEAR 29% 23% 36% 23% 7% 52%
zZ& (BA. BlR&MA. KKR) 20% 20% 27% 25% 14% 4%
Lk R BB — RS EE ) 18% 25% 23% 14% 9% 36%

48% 46% 63% 77% 75%
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Source: Table adapted from NAATBatt job skills survey, with 56 total participants. (Alyssa McQuilling - Project Lead, Energy Storage Southern Research, 2022)
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® Intercalation Station Newsletter
® The Electric :E%
® Techtricity Newsletter
® Better Batteries Newsletter
. s it e
. L|th|um Va”e NeWSletter Lithium HENRY SANDERSON Chqrged
G i attery "-{M latteri essons
® Green Rocks Newsletter : A e lean Enery Futne
® Electrode Newsletter q e |
: P Q o
f THE WINNERS ANP LOSERS ><
IN THE RACE TO GO GREEN AMERICA, CHINA, %TG s
. oge p— —_— AND THE - =
The Limiting Factor YouTube Liikass Bedriiirski ¢ e GREAT BATTERY WAR James Morton Turner

The Global Lithium Podcast

Recharge by Battery Materials Review
Battery Generation Podcast

Battery + Storage Podcast

Redefining Energy
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http://intercalationstation.substack.com
https://subscriptions.theinformation.com/newsletters/the-electric/archive
http://techtricity.substack.com
http://betterbatteries.substack.com
http://lithiumvalle.substack.com
http://greenrocks.substack.com
http://electrode.substack.com
https://www.youtube.com/channel/UCIFn7ONIJHyC-lMnb7Fm_jw/videos
https://www.globallithium.net/podcast
https://batterymaterialsreview.podbean.com/
https://batterygeneration.podigee.io/
https://podcasts.apple.com/us/podcast/battery-storage-podcast/id1561047978
https://www.spreaker.com/show/redefining-energy
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1. Coprecipitation:

wet the drys

2. Calcination:

dry the wets

Oewwen 11

3. Slurry mixing: 4. Electrode coating, drying, calendering:

wet the drys

&

dry the wets

5. Electrolyte filling:
wet the drys

I
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Source : Andrew Wang Twitter
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https://twitter.com/ndrewwang/status/1555258202668810240?s=20
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Source: Inflation Reduction Act (H.R.5376) IRA Guidebook Congressional Budget Office Analysis Treasury (Nov), Treasury (Dec) & IRS Guidance



https://www.energy.gov/lpo/inflation-reduction-act-2022
https://www.congress.gov/bill/117th-congress/house-bill/5376/text
https://www.whitehouse.gov/wp-content/uploads/2022/12/Inflation-Reduction-Act-Guidebook.pdf
https://www.cbo.gov/system/files/2022-08/hr5376_IR_Act_8-3-22.pdf
https://home.treasury.gov/news/press-releases/jy1128
https://home.treasury.gov/news/press-releases/jy1179
https://www.irs.gov/inflation-reduction-act-of-2022
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Group14 Technologies Inc.
T; | Talon Nickel
Ascend Elements $481 MM Sila Nanotechnologies | | {
Syrah Technologies $220 MM
ENTEK $200 MM e . I
a Ascend Elements Aoplied Matertals
Microvast $200 MM mm:an Bact:ery 0 lneorpouud
LA o
. $197 MM

Anovion LLC

Sl $178 MM Accelerating / Boosting Sval Tochnclomies LD I

Domestic Supply Chain 14
NOVONIX $150 MM For Battery Manufacturing: “Jm

Anticipated Pro je ct Location
Albemarle $150 MM

U.S. DEPARTMENT OF

Piedmont Lithium $142 MM QENERGY @ Cathode @ Anode @ Precursor @ Separator @ Processing @ Recycling
Anovion $117 MM DOE /25 1 T E A 3 0

Bl st Py e s SR RO M. SRUE: %‘%I EJRE. Cathode: IE#%; Anode: #ifl; Precursor: Hifk; Separator:

&M, Processing: MT; Recycling: [alli.
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https://www.energy.gov/articles/biden-harris-administration-awards-28-billion-supercharge-us-manufacturing-batteries
https://www.energy.gov/sites/default/files/2022-11/DOE%20BIL%20Battery%20FOA-2678%20Selectee%20Fact%20Sheets.pdf
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https://ised-isde.canada.ca/site/strategic-innovation-fund/en/nehttps:/ised-isde.canada.ca/site/strategic-innovation-fund/en/net-zero-accelerator-initiative#3t-zero-accelerator-initiative#3
https://www.canada.ca/content/dam/nrcan-rncan/site/critical-minerals/Critical-minerals-strategyDec09.pdf
https://www.reuters.com/world/americas/economic-slowdown-coming-canada-world-canada-financehttps:/www.reuters.com/world/americas/economic-slowdown-coming-canada-world-canada-finance-minister-2022-10-19/-minister-2022-10-19/
https://www.canada.ca/en/campaign/critical-minerals-in-canada/canada-critical-minerals-strategy-discussion-paper.html
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https://www.reuters.com/business/environment/us-green-subsidies-heighten-fears-german-industry-2022-11-28/
https://www.reuters.com/business/environment/us-green-subsidies-heighten-fears-german-industry-2022-11-28/
https://www.reuters.com/business/environment/us-green-subsidies-heighten-fears-german-industry-2022-11-28/
https://www.reuters.com/business/environment/us-green-subsidies-heighten-fears-german-industry-2022-11-28/
https://ec.europa.eu/info/funding-tenders/opportunities/portal/screen/opportunities/topic-details/innovfund-2022-lsc-03-manufacturing;callCode=null;freeTextSearchKeyword=energy%20storage;matchWholeText=true;typeCodes=0,1,2,8;statusCodes=31094502;programmePeriod=null;programCcm2Id=null;programDivisionCode=null;focusAreaCode=null;destination=null;mission=null;geographicalZonesCode=null;programmeDivisionProspect=null;startDateLte=null;startDateGte=null;crossCuttingPriorityCode=null;cpvCode=null;performanceOfDelivery=null;sortQuery=sortStatus;orderBy=asc;onlyTenders=false;topicListKey=topicSearchTablePageState
https://www.europarl.europa.eu/RegData/etudes/ATAG/2022/729285/EPRS_ATA(2022)729285_EN.pdf
https://www.europarl.europa.eu/news/en/press-room/20221205IPR60614/batteries-deal-on-new-eu-rules-for-design-production-and-waste-treatment
https://www.europarl.europa.eu/news/en/press-room/20221205IPR60614/batteries-deal-on-new-eu-rules-for-design-production-and-waste-treatment
https://www.slideshare.net/DesignTeam8/add-value-and-adhere-to-regulations-with-traceability-of-battery-supply-chain
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https://www.gov.uk/government/publications/cop26-declaration-zero-emission-cars-and-vans/cop26-declaration-on-accelerating-the-transition-to-100-zero-emission-cars-and-vans
https://www.gov.uk/government/consultations/consulting-on-ending-the-sale-of-new-petrol-diesel-and-hybrid-cars-and-vans/outcome/ending-the-sale-of-new-petrol-diesel-and-hybrid-cars-and-vans-government-response
https://www.ukib.org.uk/ev-infra-focus-charging-future
https://www.gov.uk/government/news/record-funding-uplift-for-uk-battery-research-and-development
https://www.greenfinanceinstitute.co.uk/programmes/cdrt/
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https://static.investindia.gov.in/2021-12/Final%20ACC%20PLI%20report.pdf
https://pib.gov.in/PressReleasePage.aspx?PRID=1846078
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https://www.csis.org/analysis/indonesias-battery-industrial-strategy
https://voi.id/en/economy/41121
https://www.ansto.gov.au/news/australia-charges-ahead-new-lithium-technology
https://www.epa.wa.gov.au/media-statements/copper-and-nickel-proposal-recommended-environmental-approval
https://storage.googleapis.com/converlens-au-industry/industry/p/prj2342ca7b5fb3e8e506a42/public_assets/australias-2023-critical-minerals-strategy-discussionpaper.pdf
https://fbicrc.com.au/wp-content/uploads/2022/03/Towards-2030-Australias-battery-powered-future-FINAL.pdf
https://esdnews.com.au/australia-and-us-join-forces-for-energy-transition/
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https://cnevpost.com/2022/09/26/china-extends-nev-purchase-tax-exemption-end-of-2023/
https://cnevpost.com/2022/09/26/china-extends-nev-purchase-tax-exemption-end-of-2023/
https://www.miit.gov.cn/zwgk/zcwj/wjfb/gg/art/2022/art_28668595a8cd4f46853f6b5b1562acda.html
https://www.miit.gov.cn/zwgk/zcwj/wjfb/gg/art/2022/art_28668595a8cd4f46853f6b5b1562acda.html
https://about.bnef.com/blog/chinas-battery-supply-chain-tops-bnef-ranking-for-third-consecutive-time-with-canada-a-close-second/
https://about.bnef.com/blog/chinas-battery-supply-chain-tops-bnef-ranking-for-third-consecutive-time-with-canada-a-close-second/
https://www.financialexpress.com/express-mobility/s-korea-launches-government-backed-battery-alliance-to-source-key-metals/2763262/
https://www.just-auto.com/news/south-korean-firms-join-forces-to-lead-the-global-ev-battery-market/
https://finance.yahoo.com/news/japan-calls-24-billion-investment-032233824.html
https://www.reuters.com/technology/japan-aims-20-share-global-battery-market-by-2030-2022-04-22/
https://www.reuters.com/technology/japan-aims-20-share-global-battery-market-by-2030-2022-04-22/
https://www.reuters.com/technology/japan-aims-20-share-global-battery-market-by-2030-2022-04-22/
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