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https://electrek.co/2024/01/22/rivian-porsche-apple-vet-r2-r3-evs/
https://electrek.co/2024/01/22/rivian-porsche-apple-vet-r2-r3-evs/
https://electrek.co/2024/01/22/rivian-porsche-apple-vet-r2-r3-evs/
https://electrek.co/2024/01/05/byd-breaks-ground-first-sodium-ion-ev-battery-plant/
https://electrek.co/2024/01/05/byd-breaks-ground-first-sodium-ion-ev-battery-plant/
https://www.energy-storage.news/chile-forms-state-controlled-entity-with-sqm-to-control-domestic-lithium-production/
https://www.energy-storage.news/chile-forms-state-controlled-entity-with-sqm-to-control-domestic-lithium-production/
https://www.axios.com/2024/01/22/nasa-archer-aviation-battery-technology
https://www.axios.com/2024/01/22/nasa-archer-aviation-battery-technology
https://northvolt.com/articles/northvolt-financing-january2024/
https://northvolt.com/articles/northvolt-financing-january2024/
https://northvolt.com/articles/northvolt-financing-january2024/
https://www.barrons.com/news/china-s-calb-wants-lithium-battery-factory-in-portugal-483cf320
https://www.barrons.com/news/china-s-calb-wants-lithium-battery-factory-in-portugal-483cf320
https://fortune.com/europe/2024/01/13/norway-deep-sea-mining-environment-ev-makers-green-transition/
https://fortune.com/europe/2024/01/13/norway-deep-sea-mining-environment-ev-makers-green-transition/
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https://www.detroitnews.com/story/business/autos/general-motors/2024/02/07/gm-lg-chem-establish-19-billion-battery-supply-deal/72508406007/
https://www.detroitnews.com/story/business/autos/general-motors/2024/02/07/gm-lg-chem-establish-19-billion-battery-supply-deal/72508406007/
https://www.reuters.com/business/autos-transportation/uks-new-car-registrations-up-nearly-8-january-smmt-2024-02-05/
https://www.reuters.com/business/autos-transportation/uks-new-car-registrations-up-nearly-8-january-smmt-2024-02-05/
https://www.cirbasolutions.com/cirba-solutions-and-ecopro-innovating-the-closed-loop-circular-battery-economy/
https://www.cirbasolutions.com/cirba-solutions-and-ecopro-innovating-the-closed-loop-circular-battery-economy/
https://www.cirbasolutions.com/cirba-solutions-and-ecopro-innovating-the-closed-loop-circular-battery-economy/
https://www.reuters.com/business/autos-transportation/volkswagen-add-18-bln-brazil-investment-plan-local-media-2024-02-01/
https://www.reuters.com/business/autos-transportation/volkswagen-add-18-bln-brazil-investment-plan-local-media-2024-02-01/
https://electrek.co/2024/02/19/byd-launches-15k-qin-plus-ev-kicking-off-price-war-gas-cars/
https://electrek.co/2024/02/19/byd-launches-15k-qin-plus-ev-kicking-off-price-war-gas-cars/
https://electrek.co/2024/02/19/byd-launches-15k-qin-plus-ev-kicking-off-price-war-gas-cars/
https://asia.nikkei.com/Business/Technology/CATL-BYD-others-unite-in-China-for-solid-state-battery-breakthrough
https://asia.nikkei.com/Business/Technology/CATL-BYD-others-unite-in-China-for-solid-state-battery-breakthrough
https://asia.nikkei.com/Business/Technology/CATL-BYD-others-unite-in-China-for-solid-state-battery-breakthrough
https://asia.nikkei.com/Business/Technology/CATL-BYD-others-unite-in-China-for-solid-state-battery-breakthrough
https://www.bloomberg.com/news/articles/2024-02-08/mercedes-stellantis-battery-venture-raises-4-4-billion-in-debt-from-banks
https://www.bloomberg.com/news/articles/2024-02-08/mercedes-stellantis-battery-venture-raises-4-4-billion-in-debt-from-banks
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https://www.reuters.com/business/autos-transportation/china-ev-maker-nio-has-completed-40-million-battery-swaps-so-far-2024-03-14/
https://www.reuters.com/business/autos-transportation/china-ev-maker-nio-has-completed-40-million-battery-swaps-so-far-2024-03-14/
https://www.bloomberg.com/news/articles/2024-03-05/china-s-byd-brings-49-400-sedan-to-india-s-budding-ev-market
https://www.bloomberg.com/news/articles/2024-03-05/china-s-byd-brings-49-400-sedan-to-india-s-budding-ev-market
https://www.bloomberg.com/news/articles/2024-03-05/china-s-byd-brings-49-400-sedan-to-india-s-budding-ev-market
https://www.reuters.com/business/autos-transportation/volvo-cars-february-sales-volume-down-2-year-on-year-2024-03-05/
https://www.reuters.com/business/autos-transportation/volvo-cars-february-sales-volume-down-2-year-on-year-2024-03-05/
https://www.electrive.com/2024/03/21/renault-to-offer-remanufactured-drives-and-batteries-in-after-sales/
https://www.electrive.com/2024/03/21/renault-to-offer-remanufactured-drives-and-batteries-in-after-sales/
https://www.electrive.com/2024/03/21/renault-to-offer-remanufactured-drives-and-batteries-in-after-sales/
https://www.just-auto.com/news/sk-on-to-mass-produce-lfp-batteries/
https://www.just-auto.com/news/sk-on-to-mass-produce-lfp-batteries/
https://electrek.co/2024/03/22/byds-new-ev-starting-under-10000-stoking-fear-rivals/
https://electrek.co/2024/03/22/byds-new-ev-starting-under-10000-stoking-fear-rivals/
https://electrek.co/2024/03/22/byds-new-ev-starting-under-10000-stoking-fear-rivals/
https://www.nytimes.com/2024/03/07/business/economy/rivian-georgia-factory.html
https://www.nytimes.com/2024/03/07/business/economy/rivian-georgia-factory.html
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https://finance.yahoo.com/news/am-batteries-tokyo-based-zeon-140000380.html
https://finance.yahoo.com/news/am-batteries-tokyo-based-zeon-140000380.html
https://www.koreatimes.co.kr/www/tech/2025/01/129_371923.html
https://www.koreatimes.co.kr/www/tech/2025/01/129_371923.html
https://www.koreatimes.co.kr/www/tech/2025/01/129_371923.html
https://www.webpronews.com/catl-unveils-revolutionary-million-mile-battery-transforming-electric-vehicle-landscape/
https://www.webpronews.com/catl-unveils-revolutionary-million-mile-battery-transforming-electric-vehicle-landscape/
https://www.catl.com/en/news/6239.html
https://www.catl.com/en/news/6239.html
https://www.catl.com/en/news/6239.html
https://carnewschina.com/2024/04/08/byds-2nd-generation-blade-battery-to-launch-this-year/
https://carnewschina.com/2024/04/08/byds-2nd-generation-blade-battery-to-launch-this-year/
https://www.reuters.com/technology/lg-energy-solution-license-out-battery-patents-block-tech-infringement-exec-says-2024-04-24/
https://www.reuters.com/technology/lg-energy-solution-license-out-battery-patents-block-tech-infringement-exec-says-2024-04-24/
https://www.catl.com/en/news/6232.html
https://www.catl.com/en/news/6232.html
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https://www.businesswire.com/news/home/20240508725679/en/Lyten-Ships-Lithium-Sulfur-Battery-A-Samples-for-Automotive-Consumer-Electronics-and-Military-Customer-Evaluation
https://www.businesswire.com/news/home/20240508725679/en/Lyten-Ships-Lithium-Sulfur-Battery-A-Samples-for-Automotive-Consumer-Electronics-and-Military-Customer-Evaluation
https://www.businesswire.com/news/home/20240508725679/en/Lyten-Ships-Lithium-Sulfur-Battery-A-Samples-for-Automotive-Consumer-Electronics-and-Military-Customer-Evaluation
https://www.theinformation.com/articles/the-electric-in-a-deal-with-hyundai-ses-widens-lithium-metal-lead
https://www.theinformation.com/articles/the-electric-in-a-deal-with-hyundai-ses-widens-lithium-metal-lead
https://finance.yahoo.com/news/factorial-lg-chem-sign-mou-120000465.html
https://www.teslarati.com/gm-chevy-bolt-ev-production-investment/
https://www.teslarati.com/gm-chevy-bolt-ev-production-investment/
https://www.teslarati.com/gm-chevy-bolt-ev-production-investment/
https://www.wsj.com/business/south-korea-plans-7-billion-push-to-pivot-ev-battery-industry-away-from-china-1fa1f189
https://www.wsj.com/business/south-korea-plans-7-billion-push-to-pivot-ev-battery-industry-away-from-china-1fa1f189
https://www.whitehouse.gov/briefing-room/statements-releases/2024/05/14/fact-sheet-president-biden-takes-action-to-protect-american-workers-and-businesses-from-chinas-unfair-trade-practices/
https://www.whitehouse.gov/briefing-room/statements-releases/2024/05/14/fact-sheet-president-biden-takes-action-to-protect-american-workers-and-businesses-from-chinas-unfair-trade-practices/
https://www.whitehouse.gov/briefing-room/statements-releases/2024/05/14/fact-sheet-president-biden-takes-action-to-protect-american-workers-and-businesses-from-chinas-unfair-trade-practices/
https://www.prnewswire.com/news-releases/ion-storage-systems-commissions-one-of-the-countrys-largest-solid-state-battery-manufacturing-facilities-302136731.html
https://www.prnewswire.com/news-releases/ion-storage-systems-commissions-one-of-the-countrys-largest-solid-state-battery-manufacturing-facilities-302136731.html
https://www.businesswire.com/news/home/20240530193743/en/Tulip-Innovation-Launches-New-Patent-Licensing-Program-based-on-LG-Energy-Solution-and-Panasonic-Energy-Lithium-Ion-Battery-Technologies
https://www.businesswire.com/news/home/20240530193743/en/Tulip-Innovation-Launches-New-Patent-Licensing-Program-based-on-LG-Energy-Solution-and-Panasonic-Energy-Lithium-Ion-Battery-Technologies
https://www.businesswire.com/news/home/20240530193743/en/Tulip-Innovation-Launches-New-Patent-Licensing-Program-based-on-LG-Energy-Solution-and-Panasonic-Energy-Lithium-Ion-Battery-Technologies
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https://techcrunch.com/2024/06/07/novel-battery-manufacturer-enervenue-is-raising-515m-per-filing/
https://techcrunch.com/2024/06/07/novel-battery-manufacturer-enervenue-is-raising-515m-per-filing/
https://www.reuters.com/world/china/china-invest-more-than-830-mln-solid-state-battery-research-source-2024-05-29/
https://www.reuters.com/world/china/china-invest-more-than-830-mln-solid-state-battery-research-source-2024-05-29/
https://www.reuters.com/world/china/china-invest-more-than-830-mln-solid-state-battery-research-source-2024-05-29/
https://www.electrive.com/2024/06/29/geely-presents-improved-lfp-battery/
https://www.electrive.com/2024/06/29/geely-presents-improved-lfp-battery/
https://www.reuters.com/business/autos-transportation/chinas-gotion-partner-inobat-build-slovakia-ev-battery-plant-2024-06-20/
https://www.reuters.com/business/autos-transportation/chinas-gotion-partner-inobat-build-slovakia-ev-battery-plant-2024-06-20/
https://www.bloomberg.com/news/articles/2024-05-24/battery-startup-secures-another-1-3-billion-for-plant-in-france?srnd=green-new-energy
https://www.bloomberg.com/news/articles/2024-05-24/battery-startup-secures-another-1-3-billion-for-plant-in-france?srnd=green-new-energy
https://www.electrive.com/2024/06/20/eve-energy-presents-round-cells-with-6c-charge-rate/
https://www.reuters.com/business/autos-transportation/bmw-cancels-2-bln-contract-with-northvolt-says-handelsblatt-2024-06-20/
https://www.reuters.com/business/autos-transportation/bmw-cancels-2-bln-contract-with-northvolt-says-handelsblatt-2024-06-20/
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https://www.reuters.com/business/autos-transportation/gm-co-leads-39-mln-funding-ev-battery-materials-startup-addionics-2024-07-25/
https://www.reuters.com/business/autos-transportation/gm-co-leads-39-mln-funding-ev-battery-materials-startup-addionics-2024-07-25/
https://www.cnbc.com/2024/06/25/volkswagen-rivian-stake.html
https://www.cnbc.com/2024/06/25/volkswagen-rivian-stake.html
https://www.cnbc.com/2024/06/25/volkswagen-rivian-stake.html
https://www.silanano.com/press/press-releases/sila-raises-375m-to-deliver-titan-silicon-for-auto-series-production
https://www.silanano.com/press/press-releases/sila-raises-375m-to-deliver-titan-silicon-for-auto-series-production
https://www.silanano.com/press/press-releases/sila-raises-375m-to-deliver-titan-silicon-for-auto-series-production
https://www.teslarati.com/tesla-battery-supplier-lg-4680-cell-mass-production-update/
https://www.teslarati.com/tesla-battery-supplier-lg-4680-cell-mass-production-update/
https://www.teslarati.com/tesla-battery-supplier-lg-4680-cell-mass-production-update/
https://finance.yahoo.com/news/chinese-ev-giant-byd-build-094442524.html
https://finance.yahoo.com/news/chinese-ev-giant-byd-build-094442524.html
https://finance.yahoo.com/news/chinese-ev-giant-byd-build-094442524.html
https://www.mining.com/web/sodium-ion-battery-startup-peak-sparks-lithium-alternative/
https://www.mining.com/web/sodium-ion-battery-startup-peak-sparks-lithium-alternative/
https://www.electrive.com/2024/07/29/turkey-plans-to-invest-billions-in-ev-and-battery-production/
https://www.electrive.com/2024/07/29/turkey-plans-to-invest-billions-in-ev-and-battery-production/
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https://www.reuters.com/business/autos-transportation/battery-maker-northvolt-shift-rd-california-sweden-2024-08-20/
https://www.reuters.com/business/autos-transportation/battery-maker-northvolt-shift-rd-california-sweden-2024-08-20/
https://www.bloomberg.com/news/articles/2024-07-31/uber-partners-with-byd-on-putting-its-drivers-into-100-000-evs
https://www.bloomberg.com/news/articles/2024-07-31/uber-partners-with-byd-on-putting-its-drivers-into-100-000-evs
https://www.bloomberg.com/news/articles/2024-07-31/uber-partners-with-byd-on-putting-its-drivers-into-100-000-evs
https://www.reuters.com/business/autos-transportation/bmw-set-up-five-new-assembly-sites-high-voltage-batteries-2024-07-30/
https://www.reuters.com/business/autos-transportation/bmw-set-up-five-new-assembly-sites-high-voltage-batteries-2024-07-30/
https://www.scmp.com/news/asia/east-asia/article/3274293/mercedes-benz-korea-reveals-battery-supplier-list-calm-anger-fears-over-ev-fire
https://www.scmp.com/news/asia/east-asia/article/3274293/mercedes-benz-korea-reveals-battery-supplier-list-calm-anger-fears-over-ev-fire
https://www.businesswire.com/news/home/20240815622233/en/Natron-Energy-Announces-Plans-for-1.4-Billion-Giga-Scale-Sodium-Ion-Battery-Manufacturing-Facility-in-North-Carolina
https://www.businesswire.com/news/home/20240815622233/en/Natron-Energy-Announces-Plans-for-1.4-Billion-Giga-Scale-Sodium-Ion-Battery-Manufacturing-Facility-in-North-Carolina
https://europe.autonews.com/automakers/vw-scales-back-battery-cell-plant-plans-ev-sales-slump
https://europe.autonews.com/automakers/vw-scales-back-battery-cell-plant-plans-ev-sales-slump
https://www.autoflight.com/en/news/autoflight-and-catl/
https://www.autoflight.com/en/news/autoflight-and-catl/
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https://www.press.bmwgroup.com/usa/article/detail/T0445142EN_US/bmw-of-north-america-and-redwood-materials-establish-partnership-to-recycle-lithium-ion-batteries?language=en_US
https://www.press.bmwgroup.com/usa/article/detail/T0445142EN_US/bmw-of-north-america-and-redwood-materials-establish-partnership-to-recycle-lithium-ion-batteries?language=en_US
https://www.businesswire.com/news/home/20240905090017/en/24M-Raises-87-Million-in-Series-H-Preferred-Investment-Round
https://www.businesswire.com/news/home/20240905090017/en/24M-Raises-87-Million-in-Series-H-Preferred-Investment-Round
http://v/
http://v/
http://v/
https://www.teslarati.com/gm-announces-nacs-access-but-charges-225-per-adapter/
https://www.teslarati.com/gm-announces-nacs-access-but-charges-225-per-adapter/
https://www.reuters.com/business/autos-transportation/mercedes-teams-up-with-factorial-develop-solid-state-batteries-2024-09-10/
https://www.reuters.com/business/autos-transportation/mercedes-teams-up-with-factorial-develop-solid-state-batteries-2024-09-10/
https://www.catl.com/en/news/6256.html
https://www.catl.com/en/news/6256.html
https://finance.yahoo.com/news/us-award-3-billion-25-090344990.html
https://finance.yahoo.com/news/us-award-3-billion-25-090344990.html
https://finance.yahoo.com/news/us-award-3-billion-25-090344990.html
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https://www.cnbc.com/2024/10/09/mining-giant-rio-tinto-to-acquire-us-lithium-producer-arcadium-in-6point7-billion-deal.html
https://www.cnbc.com/2024/10/09/mining-giant-rio-tinto-to-acquire-us-lithium-producer-arcadium-in-6point7-billion-deal.html
https://www.theinformation.com/articles/tesla-plans-4-new-batteries-in-2026-including-for-a-robotaxi
https://www.theinformation.com/articles/tesla-plans-4-new-batteries-in-2026-including-for-a-robotaxi
https://www.theinformation.com/articles/tesla-plans-4-new-batteries-in-2026-including-for-a-robotaxi
https://ir.enovix.com/news-releases/news-release-details/enovix-begins-shipment-battery-cells-customers-malaysia-fab
https://ir.enovix.com/news-releases/news-release-details/enovix-begins-shipment-battery-cells-customers-malaysia-fab
https://www.businesswire.com/news/home/20241015561495/en/Lyten-Announces-Plans-to-Build-the-World%E2%80%99s-First-Lithium-Sulfur-Battery-Gigafactory-in-Nevada
https://www.businesswire.com/news/home/20241015561495/en/Lyten-Announces-Plans-to-Build-the-World%E2%80%99s-First-Lithium-Sulfur-Battery-Gigafactory-in-Nevada
https://www.businesswire.com/news/home/20241015561495/en/Lyten-Announces-Plans-to-Build-the-World%E2%80%99s-First-Lithium-Sulfur-Battery-Gigafactory-in-Nevada
https://www.theverge.com/2024/10/8/24265416/gm-ultium-ev-battery-platform-discontinued-lfp
https://www.theverge.com/2024/10/8/24265416/gm-ultium-ev-battery-platform-discontinued-lfp
https://www.mining.com/web/indonesia-forms-1-2-billion-battery-venture-with-chinas-catl/
https://www.mining.com/web/indonesia-forms-1-2-billion-battery-venture-with-chinas-catl/
https://www.canarymedia.com/articles/long-duration-energy-storage/form-energy-raises-405m-for-its-100-hour-iron-air-batteries
https://www.canarymedia.com/articles/long-duration-energy-storage/form-energy-raises-405m-for-its-100-hour-iron-air-batteries
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https://techcrunch.com/2024/11/13/lyten-buys-battery-manufacturing-assets-from-beleaguered-northvolt/
https://techcrunch.com/2024/11/13/lyten-buys-battery-manufacturing-assets-from-beleaguered-northvolt/
https://www.cnbc.com/2024/10/31/chinese-ev-maker-byds-quarterly-sales-overtook-teslas-for-the-first-time.html
https://www.cnbc.com/2024/10/31/chinese-ev-maker-byds-quarterly-sales-overtook-teslas-for-the-first-time.html
https://www.bloomberg.com/news/articles/2024-10-30/volvo-car-to-take-ownership-of-northvolt-battery-joint-venture
https://www.yahoo.com/news/catl-announces-2nd-gen-sodium-153600491.html?guccounter=1&guce_referrer=aHR0cHM6Ly93d3cuZ29vZ2xlLmNvbS8&guce_referrer_sig=AQAAAIdl5Vgj63epp0825FEHwGV9DxsmbHjhxwyCdlbyqADd3V0cVnuqBwuSaONMLBOhEBdXlU2XcpH4fWRdonBcKf069V_9c7rtpIIMIdb_mg0ogM5czqKKyRpu8AwdolSHmxkUjXLtc-COqowm4iVAFfSOGfpzJ8gUval6vmAzRDD0
https://www.yahoo.com/news/catl-announces-2nd-gen-sodium-153600491.html?guccounter=1&guce_referrer=aHR0cHM6Ly93d3cuZ29vZ2xlLmNvbS8&guce_referrer_sig=AQAAAIdl5Vgj63epp0825FEHwGV9DxsmbHjhxwyCdlbyqADd3V0cVnuqBwuSaONMLBOhEBdXlU2XcpH4fWRdonBcKf069V_9c7rtpIIMIdb_mg0ogM5czqKKyRpu8AwdolSHmxkUjXLtc-COqowm4iVAFfSOGfpzJ8gUval6vmAzRDD0
https://cnevpost.com/2024/11/06/catl-solid-state-batteries-begin-sample-validation-report/
https://cnevpost.com/2024/11/06/catl-solid-state-batteries-begin-sample-validation-report/
https://cnevpost.com/2024/11/06/catl-solid-state-batteries-begin-sample-validation-report/
https://www.reuters.com/technology/northvolt-files-chapter-11-bankruptcy-us-2024-11-21/
https://www.autonews.com/byd/anc-byd-canada-expansion-paused/
https://www.autonews.com/byd/anc-byd-canada-expansion-paused/
https://global.honda/en/newsroom/news/2024/c241121eng.html
https://global.honda/en/newsroom/news/2024/c241121eng.html
https://global.honda/en/newsroom/news/2024/c241121eng.html
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https://investor.gm.com/news-releases/news-release-details/gm-sell-stake-lansing-battery-cell-plant-partner-lg-energy
https://investor.gm.com/news-releases/news-release-details/gm-sell-stake-lansing-battery-cell-plant-partner-lg-energy
https://www.reuters.com/business/autos-transportation/stellantis-ceo-carlos-tavares-resigns-source-2024-12-01/
https://www.reuters.com/business/autos-transportation/stellantis-ceo-carlos-tavares-resigns-source-2024-12-01/
https://www.reuters.com/business/autos-transportation/stellantis-ceo-carlos-tavares-resigns-source-2024-12-01/
https://www.energy-storage.news/byd-launches-sodium-ion-grid-scale-bess-product/
https://www.energy-storage.news/byd-launches-sodium-ion-grid-scale-bess-product/
https://www.linkedin.com/redir/redirect?url=https%3A%2F%2Fwww%2Eenergy%2Egov%2Flpo%2Farticles%2Flpo-announces-conditional-commitment-starplus-energy-construct-lithium-ion-battery&urlhash=L2UD&trk=article-ssr-frontend-pulse_little-text-block
https://www.linkedin.com/redir/redirect?url=https%3A%2F%2Fwww%2Eenergy%2Egov%2Flpo%2Farticles%2Flpo-announces-conditional-commitment-starplus-energy-construct-lithium-ion-battery&urlhash=L2UD&trk=article-ssr-frontend-pulse_little-text-block
https://www.linkedin.com/redir/redirect?url=https%3A%2F%2Fwww%2Eenergy%2Egov%2Flpo%2Farticles%2Flpo-announces-conditional-commitment-starplus-energy-construct-lithium-ion-battery&urlhash=L2UD&trk=article-ssr-frontend-pulse_little-text-block
https://www.reuters.com/business/autos-transportation/stellantis-chinas-catl-invest-433-bln-ev-battery-factory-spain-2024-12-10/
https://www.reuters.com/business/autos-transportation/stellantis-chinas-catl-invest-433-bln-ev-battery-factory-spain-2024-12-10/
https://www.reuters.com/business/autos-transportation/stellantis-chinas-catl-invest-433-bln-ev-battery-factory-spain-2024-12-10/
https://electrek.co/2024/12/26/hyundais-all-solid-state-ev-batteries-on-verge-of-milestone/
https://electrek.co/2024/12/26/hyundais-all-solid-state-ev-batteries-on-verge-of-milestone/
https://theevreport.com/coreshell-launches-60-ah-battery-cells
https://theevreport.com/coreshell-launches-60-ah-battery-cells
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Streamlined, Next-Generation, Chemistry Agnostic Platform to Manufacturing
Manufacture Highly Cost-Efficient Batteries at Scale Today.
Key Benefits LFP NMC LCO NCA Graphite Silicon +More
~10% Patented Dual-Sided Dry Deposition Process
Lower Total CO2 Footprint .
Raw Material Powder Electrode Cell
o Intake Feedstock Prep Production Production
25% ,
Less Energy Used During Production
SRR |
20%+ o
Smaller Factory Footprint
$s
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Agnostic Powder Coating  Processing
- ’ S o ~ mng‘f)@‘f Learn more at
Sustainable 7 Uniform Optimized @) Less Waste \J dragonflyenergy.com
Okg of toxic solvent required. Distributes binder materials Enhances mechanical Reclaims electrode material .
and carbon conductors robustness and electrical during the dry coating

with active materials. conductivity. process. B batterycells@dragonflyenergy.com
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https://www.batterybusinessdirectory.org/

| AR ESE | s VF | ¥S5KbaTiON

N HERTREIT RIS T BRI = AR BRI

o 7thE, FEMNEAIDIANGERLER, it inESTERARRE 6

" End-use demand ® XSEFIFHBN, MBS TEREE, MSHRIREE, —Le\THE
= Production SR TR MR
Capacity

o TEEMHTIY, HRIUNTIY, XIEERESH T —RES
° %ﬁ%ﬁﬁiﬂ’i&& FRERACBH=IER, TS IREIEREGE. BliREL

850 1,150
GWh GWh

4> Battery celis

1,400 2,300

kt kt
t8|_F

1,000 1,950
kt kt

650 1,000

R 1. EERBERARS, LRSS THIH0ER

P CAM t8 Graphite AAM [ Lithium chemicals 2. LIFTHRARCIFAIMNHESER, LA maIpAtiiE
3. MmN, BRERFR, BSEAUFELUIGEERF LSRN

S&iB: Content & analysis provided courtesy of CRU Group (Distinguished Partner). For more information, visit https://www.crugroup.com.

LEAbATHE “BR BESHOAERN. MR SREEIEFSIEREN A BEER R, MEEIRYENSIAEREAIS0SN, 2024512 BrIEIEIERS .



| {7k ESE | HERE LR

PERXIHRN R ERER T HER

Battery supply chain production by equity owne

rship, 2028, %

®  Non-Chinese outside China ® Chinese outside China [11

m Non-Chinese in China ® Chinesein

China

Et8t8t8l:+)!a

: l
[0}
o
c
=
Q
5
p=4
Q
7}
Q
£
<
O
Lithium Nickel Cobalt Lithium  Nickel ~Cobalt Anode Precursor Cathode Cell BEV
Mining & Intermediates Refined Chemicals Active Materials Batteries & EVs
2024 2026

ey
g e—————1
Anoce N |
Separator I
Elecrote N

Components

col IS @
Catroce I
o I
Separtor N
Electoyte |

Components

0% 25% 50% 75% 100% 0% 25% 50% 75% 100%

= China South Korea = Japan

=Europe ®=US Rest of World

VOLTA
VF FOUNDATION

FEIREEERELEAIEREER, BATER
REINEEMERINI~8E

XRIMAEPFZ PEAF LSRR E S
Hbfz

EEBOIENRME, CEEEHRE

EEEFEOCHIM (R {FE—Letil iR DB R ERIAT
E&l:lﬁﬁﬂ, @ﬁ%EIEEPEIE’\JJ:ﬁ%DEP;E?IﬁEE2024
FAREIR, BRERREETN

PERIEAEE S SE T ERIRIRSIAE, 5
ETIFEESS

3ki&: Content & analysis provided courtesy of [1] CRU Group (Distinguished Partner), [2] BloombergNEF (Distinguished Partner) ; FE R EFrERKISHFE;
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Ejtl o EIERETIERAL o FRRMEE EEIE o RERERR Overseas share in total revenue,% Domestic vs overseas sales GPM in 2024 H1, %
T PN S s CATL 25% @—@ 30%  Overseas
FEEETHNEE AMNERRRET o BICHEREH Eve Eneray - e o
CATL  « SOEMEKRAR  HFR TGRSR Gotion 16% 9—8 21%
BFEH ZE EInsEE1E o ABTIFAt R LA Farasis 398—@ 16%
il (R CNGR %% &———@ 27%
EVE Easpring 16% @—@ 22%
Huayou 11% &—@ 21%
GEM 13% @@ 16%
IEmiEtﬁ&EﬂS o IEHINERREETTE o BRSTMEILETR o SECEELFPIFRH ERt ISR M ERER AP IMEESFIE, (BRI BIERIAERGERAK
e a5 . . .
EAR3|OEMANFB It REFGHE, HES # Battery producers’ GPM in 2024 H1, % p/CAM producers’ GPM in 2024 H1, %
CNGR = THGENBEREE o EATBEVAIPHEVAY o cos Atoretive oo, L
oA o WESEFFAAIEE o TRSBESUSI  hEEEERTE _
{T"Scﬁ."sm BB EIFoIIE EFERMR o ESRIERIZERIK 20% 0% e
PRRRFESEM os
o MRERBARRGRIKIETTR 0%
o‘i\V {9&0 & &@\ qg;\ o -10% $
& & C‘P@\& /&é" LFP NMC/NCA

3kiR: Content & analysis provided courtesy of Cru Group (Distinguished Partner). For more information, visit https://www.crugroup.com.
GPM = gross profit margin. Box plot displays where 50% of the data points fall.
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SEig: Content & analysis provided courtesy of Cru Group (Distinguished Partner). For more information, visit https://www.crugroup.com.
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Europe and North America
mainly downstream-focused

Ski&: Content & analysis provided courtesy of Cru Group (Distinguished Partner). For more information, visit https://www.crugroup.com.
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Morrocco, South Korea, &
Indonesia to be top midstream
producers outside China

ne

North America:
= Close to end-use market

= |RA production tax credit

US-FTA countries:

= Politically close to the US
= Meets requirements for IRA EV

tax credit

= [Some] close mineral resources

Europe:
= Close to end-use market

= Saving efforts to trace carbon
emissions for Battery Passport

= EU Rules of Origin regulations

Indonesia & Others:

= Close to mineral resources

= Lower labor and energy costs

= More straightforward
environmental permitting

XUBS:

Policy uncertainties
High labor, material
costs + capex
Insufficient skilled labor
(North America)

Mining industry less
willing to move into
midstream

Strict environmental
permitting

High labor and energy
costin some countries

Bureaucratic delays

Scrutiny on Chinese
ownership by US/EU

Long distance to EU/US
markets + tariffs
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Nickel producer
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Cobalt producer

oCMOC

@Tengyuan Cobalt

Huayou
@Jinchuan

®GEM
China Railways

@®Jervois

Lithium producer

eSalt Lake Shares
eoTiangi

@Youngy

@Sinomine

Yongxing
: ahua
Ganfeng

Huayou
‘Chen Xin

Jiangfe Motor

Precursor

.CNGR
.Huayou
GEM

- Ecopro Materials
Jiana

eFangyuan
@®Ananda

.Yacheng

Cathode

I China
[l ExChina

e@Easpring
Ronba)@
unanYuneng
.GEM
Ecopro BM
@Fulin Precision

@Zhenhua
eDynanonic

OL&F

Battery
GPM Y/Y change

-50% 50%

®CATL

@Samsung SDI

a Gotion

2 CALB

® Eve Energy
Farasis

@ LGES

Rept
SK Innovation

S&iB: Content & analysis provided courtesy of Cru Group (Distinguished Partner). For more information, visit https://www.crugroup.com.
Profit margin data from CRU" s compilation of company reports.
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2024F IE Y BERY L BEESKWN, HEREELTIRHMG, AUSEERFIKER, HEANFWEL. T RAEEMNEEERT A 88,
A A

Gnovo G © RioTinto -4

PROTERRA fthium.

FRR S E BT fTENorthvolt RBGRI M ProterrafJEg it ] L6725t Arcadium
HOEER S 2 Novo Energy A3 th 4RI /4R R S Lithium, LUESEERSS,
P AELi?I:SS::x Enerpolg c niLar ﬁ{vﬁﬁﬁ:ﬁ M ETAL PURE LITHIUM D!M|EN>
UltraLIFEYgElectrochem EnerpolyltiNilarL iR F #5758

Arcadium LithiumlA1100525; || PurelithiumilaDimieniif=,

Solutions, LUBEER/ TAMRRAE, || 460, FANIlarE™%. | wiLi-Meta SATRF=REnscyas, | SETRERE,

) || Bren-Tronicys, Inc. KOMA‘.S“ &gﬁ%&i” Li@nVOIt |>CIIO letec_r
EnerSysli{tyBrentronics A4

(MAKIAmerican Battery LionVolt{{tdAMTE Power?E
FERFN TV,

Solutions PSRBTk,


https://www.komatsu.com/en/newsroom/2023/komatsu-completes-acquisition-of-american-battery-solutions/
https://www.riotinto.com/en/news/releases/2024/rio-tinto-to-acquire-arcadium-lithium
https://www.riotinto.com/en/news/releases/2024/rio-tinto-to-acquire-arcadium-lithium
https://www.ttnews.com/articles/volvo-ownership-northvolt
https://www.ttnews.com/articles/volvo-ownership-northvolt
https://electrochemsolutions.com/about/news-and-events/press-release-details/2024/Ultralife-Corporation-Completes-Acquisition-of-Electrochem-Solutions/default.aspx
https://electrochemsolutions.com/about/news-and-events/press-release-details/2024/Ultralife-Corporation-Completes-Acquisition-of-Electrochem-Solutions/default.aspx
https://www.businesswire.com/news/home/20240930266814/en/Pure-Lithium-Expands-Strategic-Vanadium-Cathode-Technology-Portfolio-with-Asset-Acquisition-from-Private-US-Based-Dimien-Inc.
https://www.businesswire.com/news/home/20240930266814/en/Pure-Lithium-Expands-Strategic-Vanadium-Cathode-Technology-Portfolio-with-Asset-Acquisition-from-Private-US-Based-Dimien-Inc.
https://investor.enersys.com/news-releases/news-release-details/enersys-completes-acquisition-bren-tronics-expand-presence
https://investor.enersys.com/news-releases/news-release-details/enersys-completes-acquisition-bren-tronics-expand-presence
https://ir.arcadiumlithium.com/investors/news/news-details/2024/Arcadium-Lithium-Acquires-Li-Metals-Lithium-Metal-Business-to-Enhance-Production-Capabilities-and-Meet-Demand-for-Next-Generation-Battery-Materials/default.aspx
https://ir.arcadiumlithium.com/investors/news/news-details/2024/Arcadium-Lithium-Acquires-Li-Metals-Lithium-Metal-Business-to-Enhance-Production-Capabilities-and-Meet-Demand-for-Next-Generation-Battery-Materials/default.aspx
https://www.volvogroup.com/en/news-and-media/news/2024/feb/volvo-completes-acquisition-of-battery-business-from-proterra-inc--and-proterra-operating-company.html
https://www.volvogroup.com/en/news-and-media/news/2024/feb/volvo-completes-acquisition-of-battery-business-from-proterra-inc--and-proterra-operating-company.html
https://www.enerpoly.com/article/enerpoly-acquires-cell-production-and-pack-assembly-lines
https://www.enerpoly.com/article/enerpoly-acquires-cell-production-and-pack-assembly-lines
https://www.pv-magazine.com/2024/01/31/dutch-solid-state-battery-maker-acquires-scottish-factory/
https://www.pv-magazine.com/2024/01/31/dutch-solid-state-battery-maker-acquires-scottish-factory/
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https://www.energy-storage.news/flow-battery-maker-redflow-out-of-business-with-administrators-unable-to-find-buyer/
https://www.energy-storage.news/flow-battery-maker-redflow-out-of-business-with-administrators-unable-to-find-buyer/
https://www.electrifying.com/blog/article/fisker-finally-goes-bust-what-happened-and-what-it-means-to-owners
https://investor.lordstownmotors.com/
https://investor.lordstownmotors.com/
https://investor.lordstownmotors.com/
https://investor.lordstownmotors.com/
https://www.varta-ag.com/en/about-varta/news-press/details/varta-ag-reaches-agreement-with-financial-creditors-and-strategic-investors
https://ambri.com/ambri-successfully-completes-sale-and-emerges-from-chapter-11/
https://ambri.com/ambri-successfully-completes-sale-and-emerges-from-chapter-11/
https://ir.thelionelectric.com/English/news/news-details/2024/LION-ELECTRIC-OBTAINS-CREDITOR-PROTECTION-UNDER-CCAA/default.aspx
https://ir.thelionelectric.com/English/news/news-details/2024/LION-ELECTRIC-OBTAINS-CREDITOR-PROTECTION-UNDER-CCAA/default.aspx
https://www.ey.com/en_uk/administrations/pbvadministration
https://www.ey.com/en_uk/administrations/pbvadministration
https://www.ey.com/en_uk/administrations/pbvadministration
https://www.bestmag.co.uk/italvolt-gives-up-on-italy-gigafactory-sets-up-in-uae/
https://www.bestmag.co.uk/italvolt-gives-up-on-italy-gigafactory-sets-up-in-uae/
https://www.bestmag.co.uk/italvolt-gives-up-on-italy-gigafactory-sets-up-in-uae/
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northvolt #iENorthvoltiF 2 rrgatas
Northvolt ABF11H21HEIER R, NaifEics, FI@EBRER"EESHSKERGE

Northvolt AB
TBEY
EEUSHHTHEE | - NorthvofFRTETTHEOSRE | EaDEl FHERERY HIRBZRENE
"‘“ﬁ r= S Pt
== il NorthvoltETTEIE FEHVTE ﬁ NorthvoltE T Northvolt Northvolt ETT | | > 20/NEHfsz
« $3MZHXRIRERIREEIRMS A Drei Expansion AB IS
Northvolt ABYE/RBIRELE, LME
EATEZHERE K ssozmaEY SREVEEBAT
i PREEKERO FIZERTTHM
EIEE TN{E20 NorthvoltABER{EHEF=, RaNERRANEM™IR, (F | - e e PRSI AR
{ZERTT e T e DANES i inveiisstiad HHESTHE, cx @
o BB RRHHE ITEIRS +  Northvolt RS FRIG B ENEE Northvolt AB Dec-23
. </m _— = =<k & (interest baring Debt) ($ in '000)
$1 SEUFES AISERIE BT SKASSFED Term loan 1 424,468
- BEErEENEITHE~$9{Z3INorthvolthyig & o {BEKEASMENorthvoltf Term loan 2 47,427
N . o Termloan 3 707,605
it USRS TR AR {3 Termloan 4 439,655
Convertible loan 1 371,314
Convertible loan 2 3,209,962
Convertible loan 3 244,796
Termloan5 137,637
Totals 5,582,864

3Eif&: Bloomberg, company releases, Debtwire

RESEMHERETEH (2024F18190) RATAE.

(1) non-recourse indicates that in the event of default at the entity level, the lender do not have the authority to pursue collateral from the parent company
( Northvolt AB) ;

(2) Per of the 2023 annual report filing ; (3) Northvolt's flagship battery gigafactory located in Skelleftea, Sweden


https://www.greencarcongress.com/2024/06/20240621-bmw.html
https://www.greencarcongress.com/2024/06/20240621-bmw.html
https://www.reuters.com/technology/swedens-northvolt-setbacks-trigger-strategic-review-2024-07-02/
https://www.reuters.com/technology/swedens-northvolt-setbacks-trigger-strategic-review-2024-07-02/
https://northvolt.com/articles/subsidiary-filing/
https://northvolt.com/articles/subsidiary-filing/
https://www.bnnbloomberg.ca/investing/2024/10/17/northvolt-nears-300-million-rescue-package-to-stay-afloat/
https://www.bnnbloomberg.ca/investing/2024/10/17/northvolt-nears-300-million-rescue-package-to-stay-afloat/
https://www.bnnbloomberg.ca/investing/2024/10/17/northvolt-nears-300-million-rescue-package-to-stay-afloat/
https://www.reuters.com/technology/northvolt-files-chapter-11-bankruptcy-us-2024-11-21/
https://www.reuters.com/technology/northvolt-files-chapter-11-bankruptcy-us-2024-11-21/
https://www.reuters.com/technology/northvolt-ceo-steps-down-2024-11-22/
https://www.reuters.com/technology/northvolt-ceo-steps-down-2024-11-22/
https://www.reuters.com/technology/northvolt-ceo-steps-down-2024-11-22/
https://ceoworld.biz/2024/12/03/northvolt-appoints-markus-dangelmaier-as-ceo-amid-financial-restructuring/
https://ceoworld.biz/2024/12/03/northvolt-appoints-markus-dangelmaier-as-ceo-amid-financial-restructuring/
https://www.bnnbloomberg.ca/investing/2025/01/07/bankrupt-northvolt-seeks-investors-nod-to-keep-making-batteries/
https://www.bnnbloomberg.ca/investing/2025/01/07/bankrupt-northvolt-seeks-investors-nod-to-keep-making-batteries/
https://www.reuters.com/business/northvolt-remain-operation-while-seeking-financial-rescue-2025-01-08/
https://www.reuters.com/business/northvolt-remain-operation-while-seeking-financial-rescue-2025-01-08/
https://www.reuters.com/markets/deals/hydro-buys-remaining-shares-hydrovolt-northvolt-2025-01-13/
https://www.reuters.com/markets/deals/hydro-buys-remaining-shares-hydrovolt-northvolt-2025-01-13/
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northvolt Northvoltlt & 4= H#4TIa5k

$15000.0M 100.00%

NorthvolttE— PRI PRATE A SRR T PRI O ZhZIRT
KIS REE T RERIR:

Aurora

$10000.0M
75.00%

o HROSTEERE T SR E A MR ER
EET.

[ Nortgj\:'/olt):'.:. ]

NV,

50.00%

o EHRMREMHEESHINMBSTRAT, H—THERE
------- — _ TR S,
' . o TEEMSIOEHRINBITHMLE, RBE2008RITHEE
[ wwrs ][ yN— ] ~~o. e
-$-10000.0M 0.00%
2018 2020 2022 2024
N o W2024EETHE, R LFHOSTEER AT

B Cumulative Raised Cumulative Revenue [l Cumulative Cash Flow: Operations, Investments Cumlative Revenue Forcast 1 15EEa:ﬁﬁﬁﬁ%$lﬁfﬂ%‘ﬁ]jji*%z:ﬂﬁ'ﬁggwﬂﬁ%

== == Cumulative Cash Flow: Operations, Investments (Projected) [l % Planned Production
°

SEE: Northvolt Sustainability Reports 2022 and 2023, Northvolt Production Numbers
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northvolt & cuserc

et Sustanatilty and fanual Roper 2022 BIIE, BTHEWENTEHE, NorthvoltllCubergfIs/im—E LA :

o WX ( "EIEIAMNT ) MN2065ETHE, BEHRSER ( "RERER" ) A914805%T,

The goodwill of SEK 186.8 m comprises the value of expected synergles arising from the acquisition. H |:F| 3 6075%775 ?ﬂ 1%%0
None of the goodwill recognized Is expected to be deductible for Income tax purposes. -

Fi the date of the ition, Cube! itributed SEK 126 m t sal nd SEK -52.2 m ~j— S S kS
pz:: erss)e;:r(t)ne ye;cﬁl(‘;lbg]g h:d bfeiogo:sglldaled from JaT\uzr;i ZSC?;S tiey would naver(g)vg ° HQ*R ( "Dlﬁfﬁ{ﬁ{ﬁﬁ??ﬂgﬂﬁ{ﬁ" ) ﬂ]uﬁfﬁiﬁ' ( Ml&fﬁiﬁ'" ) jgfl Efm@sﬁ”ﬂ,

tributed with SEK 151 m to net sales and SEK -58.1m to profit (loss) for the year.

Purchasecondderaions o 2021FRIFMHIEMKN69053ET, RTAEA56A.

S e o M20215ZI20245, Northvolt EIICUbergiiF=E SIS IRt 9780057, kil
e v ERF=A SR A BXA,

Analysis of cash flows on acquisition

o o CuberqAFHEITHRINFR, FAMPLEREEMMSE; CubergRasiINTIEIRM
e ISR BMEEAE BB EMEE, CubergRAEERSCHATIAAITRI$INorthvolt

Net cash acquired with the subsidiary 19240

et cas i o acition a0 B ZIEERESIT.

The falr value of the shares Is calculated with reference to the falr value of the shares of Northvolt AB
at the date of acquisition, which was March 5, 2021. The falr value of the considerations given was
therefore SEK 292.9 m. The value of the shares was established In the financing round completed
during 2021.

Transaction costs Incurred as a result of the acquisition of Cuberg of SEK 17 m and SEK 1 m were

recorded In other external expenses In the consolidated statement of profit or loss for the year ended
2020 and 2021, respectively.

3B Northvolt sustainability reports 2022, and 2023, and PitchBook. Exchange rate on March 10, 2021 1 SEK = 0.11791 USD


https://www.google.com/url?q=https://www.theinformation.com/articles/the-electric-the-death-of-cuberg-reflects-a-battery-industry-shakeout&sa=D&source=editors&ust=1737422387454305&usg=AOvVaw1Rj46K9BOw55SGgeLWHrFh
https://www.google.com/url?q=https://www.theinformation.com/articles/the-electric-the-death-of-cuberg-reflects-a-battery-industry-shakeout&sa=D&source=editors&ust=1737422387454305&usg=AOvVaw1Rj46K9BOw55SGgeLWHrFh
https://www.google.com/url?q=https://www.theinformation.com/articles/the-electric-the-death-of-cuberg-reflects-a-battery-industry-shakeout&sa=D&source=editors&ust=1737422387454305&usg=AOvVaw1Rj46K9BOw55SGgeLWHrFh
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FXIZTF20195, BritishvoRATRIER T/ HHIE AR T BAHIRZENIFRMEIHEE. SO HREREERB=2E—E30GWhiI T
I, FBRE T SERBREEBNE ZEBERRN25ETREHIS.

B NIRBREMERE, HARE FEOXFBERMCTETHEN RS  EZEREIBAT FE1HHANE 20245F4F , BET #i8ANtH

2021 F BN TR HRIRSSRGERRMA EE: @EigF20225:85EE, ®E feEfE TABHGRARITAIRecharge ERE=MXEIT] M1 ZHES T

=TJ ATEHIL38IZR =, BURE2022410 Bin4aizRkfT£3 Industriesi14, ; 123 :
FHHHEE.

S&iB: Linked above to various news articles


https://www.reuters.com/markets/deals/australias-recharge-industries-buys-failed-battery-firm-britishvolt-2023-02-27/
https://www.reuters.com/markets/deals/australias-recharge-industries-buys-failed-battery-firm-britishvolt-2023-02-27/
https://www.reuters.com/markets/deals/australias-recharge-industries-buys-failed-battery-firm-britishvolt-2023-02-27/
https://www.bbc.com/news/articles/cw4rx2zxy7wo
https://www.bbc.com/news/articles/cw4rx2zxy7wo
https://www.bbc.com/news/articles/cw4rx2zxy7wo
https://www.bbc.com/news/articles/cw4rx2zxy7wo
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\{ VARTA

VARTA AGHLET —TIASEEITL, K15 T (RITTEAZE

XRAET130FNEEATRERE, HF202456IREEEATHATEE (StaRUG) FHAISEA
o Vartat PSR, THEREN T, EIZATNFATVAD ivetF T — LAt A TSRS Tt
o MTEA, AINREEXRZEIFZERUSNMERT, BHEEASSZESHOEAZ

J5EIR1E T Varta AG 50%R98%{5F0VADrive /2 &70%B98& (%

3&i: Linked above to various news articles


https://www.varta-ag.com/en/about-varta/news-press/details/varta-ag-announces-financial-reorganization-with-starug-proceedings
https://www.eqs-news.com/news/adhoc/varta-ag-varta-ag-announces-approval-of-the-restructuring-plan-according-to-starug-by-the-majority-of-the-groups/2173601
https://newsroom.porsche.com/en/2024/company/porsche-varta-deepen-strategic-partnership-37095.html

7 iOI']

SAY HELLO

TO YOUR BATTERY'S BEST PERFORMANCE

IONTIC, the world’s most advanced charging
chip doubles the charge speed and cycle life
for most Li-ion batteries.

Backed by 7M+ hours of cycling data
Validated by third parties
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Contact us for a no-cost demo
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S&iB: Content & analysis provided courtesy of CRU Group (Distinguished Partner). For more information, visit https://www.crugroup.com
LCE = Lithium Carbonate Equivalent.
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Lithium-ion battery cell manufacturing overcapacity ratio if planned factories are built, by market
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China LFP cell spot price and BNEF LFP cell calculated manufacturing cost
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S&B: Main content provided by BloombergNEF (Distinguished Partner), ICCSino (LFP cell spot price). Cell cost and price is based on a prismatic cell and excludes taxes.
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SgiE: Content & analysis provided courtesy of BloombergNEF (Distinguished Partner). Note: historical prices have been updated to reflect real 2024 dollars.

Weighted average survey value includes 343 data points from passenger cars, buses, commercial vehicles, and energy storage.
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Allows downstream companies to source materials at cost

China LFP battery cell production cost
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Midstream price margins and cell manufacturers are pressuring cathode and = Processing 1 f‘EU ‘iﬁﬂ
pressure anode producers for lower prices. 60 Other . = L
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Capex leverage

Technical innovation

Factory yields &

mitigates the largest cost component for battery cells.

Economies of scale in the downstream (battery/EV) enables
lower unit Capex, cheaper financing in the upstream
(mining/refining) and hedges investment risk.

Chinese companies prioritise scaling up and incrementally
optimising proven technologies vs. exploring disruptive tech.

Yields and production processes have been so well
optimised that only incremental improvements are now
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automation being made. Automation reduces labor costs and enables
higher yields. 0
L Other Tier 1
Chinese companies tend to operate in integrated industrial 34D manufacturers

Industrial ecosystem

parks where there is always a consumer for byproducts or
waste from adjacent industries.

S&iE: Content & analysis provided courtesy of CRU Group (Distinguished Partner). For more information, visit https://www.crugroup.com.
Model is showing an EV (power) cell, prismatic, synthetic graphite anode
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Average battery cell production costs, Modelled battery cell production costs for
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SRiE: Content & analysis provided courtesy of CRU Group (Distinguished Partner). For more information, visit https://www.crugroup.com.
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Modelled LFP battery cell manufacturing costs in USA, $/kWh
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SkiE: Content & analysis provided courtesy of CRU Group (Distinguished Partner). For more information, visit https://www.crugroup.com.
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! Modelled LFP battery cell manufacturing costs in Europe, 2024 $/kWh
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SkiE: Content & analysis provided courtesy of CRU Group (Distinguished Partner). For more information, visit https://www.crugroup.com.
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SEiB: Content & analysis provided courtesy of CRU Group (Distinguished Partner). For more information, visit https://www.crugroup.com.

Scenarios for LFP battery cell average manufacturing costs in USA, $/kWh

Fully US startup

Joint venture with Korean manufacturer

Joint venture with Chinese manufacturer
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Modeling an EV (power) cell with synthetic graphite anode.
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Ski&: Content & analysis provided courtesy of

CRU Group (Distinguished Partner). For more information, visit https://www.crugroup.com.

Modeling an EV (power) cell with synthetic graphite anode.
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S&iB: Content & analysis provided courtesy of CRU Group (Distinguished Partner). For more information, visit https://www.crugroup.com.
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3Eig: Content & analysis provided courtesy of CRU Group (Distinguished Partner). For more information, visit
Battery production data from CRU’ s primary data collection, national industry associations, and manufacturer reports. December 2024 data is partially estimated.
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SEIR: Content & analysis provided courtesy of CRU Group (Distinguished Partner). For more information, visit
Trade flows less than 1 GWh are not shown. ‘Demand Destination’ refers to where the battery is installed. Total GWh represents end-use demand and does not show
overproduction of battery cells.
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1 ABF, Tucson, AZ, (+15 GWh)

2 Amprius Tech, Brighton, CO, (+5 GWh)

3 Electrovaya, Jamestown, NY, (+1 GWh)

4 j= AESC, Smyrn, TN, 3 GWh

5 jt= AESC/=EL, KY, (+30 GWh)

6 ims= AESC/HEEE{=HR, Florence, SC, (+30
GWh)

7 1855/5=091X, Marshall, MI, (+20 GWh)

9 YEKRIREIR, 52 NV, (+6 GWh)

8 FREYR, Newnan, GA, (+34 GWh)

10 IM3NY, Endicott, NY, 1 GWh, (+37

GWh)

11 KORE Power, Buckeye, AZ, (+12 GWh)

12 LGES, Queen Creek, AZ, (+53 GWh)

13 LGES, Holland, MI, 5 GWh, (+20 GWh)

14 Ultium Cells, LGES/GM, Lansing, M,

(+50 GWh)

15 Ultium Cells, LGES/GM, Spring Hill,

TN, 35 GWh

16 LGES/ZH, Jeffersonville, OH, (+40

GWh)

17 #»°F, DeSoto, Kansas, (+30 GWh)

18 N T/ASHRRL NV, 37 GWh, (+73 GWh)

19 =ESDI/iBFES4E, New Carlisle, IN,

(+27-36 GWh)
20 2\TJ~) StarPlus Energy (=2SDI/Hf

SR, ENSELYNRIRIE, (+33 GWh
& +34 GWh)

*total includes future & current capacities; excludes plants with halted construction; takes the highest of future capacity ranges

(if range exists)
**note: sodium-ion excluded

21 SK, FRaMElL, 22 GWh

22 B|U€OV3| (SK/{Es), HRGNFENEREER, (+45 GWh)
23 SK/AX, FRATMESER, (+35 GWh)

24 S8R, DDNFREESREE, 10 GWh

25 =M, JtRERYNUESMEREED, (+30 GWh)

26 LGES/IYX, =H, (+30 GWh)

27 Ultium Cells, LGES/iBRISE, BZEMXE, 41
GWh

29 Forge Battery, Jt-REBSRGWNBF], (1-3 GWh)

30 SAFT, HEEIXMNATUAER, (+5 GWh
31 #%Hﬁﬁ ﬁﬁj‘ TX, 6 GWh ( 0
32 ONE, I/R4E/R, MI, 10 MWh +20 GWh @

Yo @@%

33 EHTERL, SRE IL, (+40 GWh

34 Lyten, Zfa7g, CA, (+0.2 GWh)

35 Lyten, Bi# NV, (+10 GWh)

36 (277/") BlueOval BlueOvaI (SK/AEHRD), 1&1SHUR, KY,

37 Pomega, i&4FHHE], SC, (+6 GWh)

38 Amplify Cell Tech O8URE, MS, (+21 GWh)
39 Statevolt, EFENEH, CA, (+54 GWh)**

40 Lyten, %Uﬁfﬁg CA, (+6-10 GWh)

41 LGES/HRS=35HR, &P, LABEE, (+49.5 GWh)
42 PowerOn, ZEEHF, ZAREE, (+90 GWh)
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43 Lion Electric, 755, BHEE, (+5 GWh) B, = SnEE GWh, (+EORER GWh)
44 StromVolt, 15, BHtF,_ (+10 GWh) BIgRBE = (+8 REBE GWh)*
45 Northvolt Six, %‘—#:—E%UZT\', ’é;“ﬁ%, (+60 GWh) EREE/E = (+TUNSERE GWh)*

46 Bluesolutions, S45FI/R, BHtFe, 0.5 GWh
47 Molicel, Wi, FHIEEHCELTE, (+2.8 GWh)**
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https://electrovaya.com/wp-content/uploads/2023/06/Battery-Technology-Analyst-Day-May-2023.pdf
https://www.marklines.com/en/news/280011
https://cnevpost.com/2022/10/20/envision-aesc-signs-deal-to-supply-batteries-to-bmw/
https://www.electrive.com/2022/12/07/envision-aesc-to-build-another-battery-plant-in-south-carolina/
https://www.freep.com/story/money/cars/ford/2023/11/21/ford-marshall-electric-vehicle-battery-plant-reduce-plans-jobs/71664207007/
https://michiganadvance.com/2025/01/11/chinese-company-involved-in-fords-marshall-ev-battery-plant-added-to-pentagon-blacklist/
https://ir.freyrbattery.com/ir-news/press-releases/news-details/2022/FREYR-Battery-Announces-Plans-for-U.S.-Gigafactory-in-Georgia/default.aspx
https://im3ny.com/wp-content/uploads/2022/11/Production_Begins_i_M3_NY_45be4d8efc.pdf
https://www.adelaidenow.com.au/subscribe/news/1/?sourceCode=AAWEB_WRE170_a_GGL&dest=https%3A%2F%2Fwww.adelaidenow.com.au%2Fbusiness%2Fmagnis-in-search-to-reveal-details-of-battery-factory-im3ny-debt-takeover%2Fnews-story%2F70127d145659b482d978aa67add5968f&memtype=anonymous&mode=premium&v21=GROUPA-Segment-1-NOSCORE
https://korepower.com/media/kore-power-receives-conditional-commitment-for-850-million-from-the-us-department-of-energy-for-the-koreplex
https://www.queencreekaz.gov/Home/Components/News/News/13041/13
https://news.lgensol.com/company-news/supplementary-stories/681/
https://www.ultiumcell.com/our-locations/lansing-mi
https://www.kedglobal.com/batteries/newsView/ked202406040017
https://www.kedglobal.com/batteries/newsView/ked202406040017
https://lgeshonda.com/lges-honda-battery-plant-in-ohio-reaches-another-major-construction-milestone/
https://www.kcur.org/politics-elections-and-government/2025-01-17/the-first-ev-batteries-will-come-out-of-kansas-massive-panasonic-plant-this-spring
https://www.tesla.com/blog/continuing-our-investment-nevada
https://www.samsungsdi.com/sdi-now/sdi-news/3942.html
https://www.autocarpro.in/news-international/new-steyr-plus-tractor-range-nominated-for-farm-machine-2024-award-117241
https://www.autocarpro.in/news-international/new-steyr-plus-tractor-range-nominated-for-farm-machine-2024-award-117241
https://eng.sk.com/news/sk-on-and-hyundai-motor-bolster-support-for-u-s-evs-with-georgia-battery-plant
https://www.businesskorea.co.kr/news/articleView.html?idxno=221211&utm_source=chatgpt.com
https://eng.sk.com/news/sk-on-and-hyundai-motor-bolster-support-for-u-s-evs-with-georgia-battery-plant
https://insideevs.com/news/706223/tesla-annual-vehicle-capacity-2023q4/
https://www.newsobserver.com/news/business/article281336783.html
https://www.hyundainews.com/en-us/releases/3920
https://www.ultiumcell.com/our-locations/warren-oh
https://www.ultiumcell.com/our-locations/warren-oh
https://www.forgenano.com/forge-battery-to-receive-100m-from-u-s-department-of-energy-to-expand-production-capacity-of-north-carolina-lithium-ion-battery-gigafactory/
https://saft.com/en/media-resources/press-releases/saft-gears-li-ion-battery-production-americas-support-boom-ess-demand
https://insideevs.com/news/713173/tesla-texas-4680-battery-production-record/
https://electrek.co/2023/10/11/tesla-4680-battery-cell-production-breakthrough/
https://one.ai/manufacturing
http://static.cninfo.com.cn/finalpage/2024-04-20/1219700973.PDF
https://www.google.com/url?q=https://www.electrive.net/2024/10/16/lyten-will-gigafabrik-in-nevada-bauen/&sa=D&source=editors&ust=1737665513520658&usg=AOvVaw1WEJfuScOoIlwqGKc1Ga9S
https://www.blueovalsk.com/kentucky?utm_source=chatgpt.com
https://www.blueovalsk.com/kentucky?utm_source=chatgpt.com
https://www.google.com/url?q=https://tr.pomega.com/en/news-blog/detail/pomega-energy-storage-technologies-laid-the-foundation-for-its-new-lithium-ion-battery-facility&sa=D&source=editors&ust=1737665512675909&usg=AOvVaw3bkS5Fh_63eTIe_Rr0IEMQ
https://amplifycelltech.com/
https://statevolt.com/manufacturing/imperial-valley-gigafactory/
https://blog.stellantisnorthamerica.com/2023/12/19/new-nextstar-energy-ev-battery-plant-celebrates-topping-out-ceremony-as-construction-reaches-30-per-cent-completion/
https://www.vw.ca/en/electric-vehicles/ev-hub/ev-news/st-thomas-gigafactory.html
https://ir.thelionelectric.com/English/news/news-details/2023/LION-ELECTRIC-INAUGURATES-ITS-BATTERY-MANUFACTURING-FACTORY-FOR-MEDIUM-AND-HEAVY-DUTY-VEHICLES/default.aspx
https://abc7chicago.com/post/lion-electric-suspends-operations-channahon-plant-joliet-bus-maker-announces-hundred-layoffs/15619343/
https://www.electrive.com/2021/10/06/stromvolt-americas-announces-battery-plant-plans-for-canada/
https://www.electrive.com/2021/10/06/stromvolt-americas-announces-battery-plant-plans-for-canada/
https://insideevs.com/news/689042/northvolt-60gwh-battery-gigafactory-canada/
https://electricautonomy.ca/ev-supply-chain/batteries/2023-11-21/blue-solutions-solid-state-battery-technology/
https://www.biv.com/news/e-one-moli-energys-1b-bc-battery-plant-expansion-stalled-9907167
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1 ACC, 13 GWh,
2 imR/EE,

3 Verkor/&Eig,
4 1E8,

5 Tiamat,,

6 ACC, (+40 GWh)**

7 FERHE, 14 GWh,

8 Leclanche, 4.5 GWh

9 Northvolt Drei,

10 $2ESBEYE, (+24 GWh)**
11 $ERER, (+16 GWh)**
12 458747, 50 GWh,

13 PowerCo,

14 Cellforce Group,

15 Customcells,

16 EAS, 0.5 GWh

17 ACC, (+40 GWh)**

18 ITALVOLT, (+45 GWh)**

19 FAAM, 0.35 GWh,

20 FEUFRAR

21 Eurocell, (+1 GWh)**

22 Northvolt, 16 GWh, (+44

GWh)*

23 NOVO (GR/RiK), (+50 GWh)*

24 SERHL, 100 GWh
25 {Z45¢8RE,

26 =£5DI, 40 GWh,
27 SK, 18 GWh,

28 fREDE,

29 Elinor,
30 FREYR, (+29 GWh)**
31 Morrow,

32 Beyonder,

33 Finnish Minerals,

34 x5 AESC,
35 PowerCo,
36 Basquevolt, k%1 GWh

37 TR/ HS =44,

38 1= AESC, 2 GWh,

R T473 GWh

39 Agratas/Tata,

40 YOKRHEEE, (+ o HTFHIZHBENFIR. BERMAL
A1 {zeniERE @ FaERIERE, JUEEBRT B
WEE, BE. WEIEAFIL
42 EFSR! Inobat, HZEIRm

43 ElevenEs, @

44 LGES, 90 GWh,

45 MES,
46 Siro, @ @GG?

BFEN = BiSE GWh, (+Fi ks

2 GWh)

BN = (+FMRRSE GWh)*

47 M BiREE/ /T = (+BUMRRBE GWh)*
axxen,

48 Pomega, 2 GWh

49 Reap Battery,

50 Ottomotive,

51 Ampherr, ,
52 Vestel, @@
53 Inovat, @ @
54 Aspilsan, 0.2 GWh

)
D@

*total includes future & current capacities; excludes plants with halted construction; takes the highest of

future capacity ranges (if range exists)

**note: sodium-ion excluded

Source: All uncited factories are from


https://www.google.com/url?q=https://www.ipcei-batteries.eu/fileadmin/Images/accompanying-research/publications/2024-05-BZF_Kurzinfo_Marktanalyse_Q2_engl.pdf&sa=D&source=editors&ust=1737665513607928&usg=AOvVaw2KYc626IQ85UdI5eHhgGyR
https://techxplore.com/news/2024-06-car-battery-maker-acc-halts.html
https://cnevpost.com/2024/10/25/svolt-suspends-battery-factory-projects-germany-report/
https://cnevpost.com/2024/10/25/svolt-suspends-battery-factory-projects-germany-report/
https://www.reuters.com/business/autos-transportation/tesla-requests-approval-revamp-german-plant-application-documents-2023-07-19/
https://www.reuters.com/business/autos-transportation/volkswagens-german-battery-plant-stay-half-capacity-amid-cost-pressures-2024-09-06
https://techxplore.com/news/2024-06-car-battery-maker-acc-halts.html
https://www.bestmag.co.uk/italvolt-gives-up-on-italy-gigafactory-sets-up-in-uae/
https://faam.com/en/teverola-1-and-teverola-2/
https://bits-chips.com/article/groningen-battery-plant-put-on-ice/
https://www.google.com/url?q=https://en.sunwoda.com/article/575/9.html&sa=D&source=editors&ust=1737665513447786&usg=AOvVaw3f8jh131m-pZnjZsGKA_xm
https://www.bestmag.co.uk/freyr-battery-pauses-cell-production-to-lay-off-staff/
https://rhomotion.com/news/norway-opens-europes-first-lfp-gigafactory-industry-update/
https://basquevolt.com/en/news/news/basquevolt-launches-its-cell-sample-manufacturing-plant-for-next-generation-batteries
https://committees.parliament.uk/writtenevidence/118506/html/
https://nanotechenergy.com/about-us/press-release/nanotech-energy-inc-reveals-plans-for-new-1bn-uk-gigafactory/?ref=evinfocus.com
https://www.electrive.com/2024/03/25/eve-energy-considers-building-battery-factory-in-coventry/
http://static.cninfo.com.cn/finalpage/2024-04-20/1219700973.PDF
https://gibenergy.com/
https://www.intellinews.com/bnegreen-elevenes-opens-europe-s-first-lfp-battery-cell-factory-in-serbia-s-subotica-276807/
https://www.powerprogress.com/news/siro-begins-battery-production-in-turkey/8028621.article
https://maxxen.com.tr/en/maxxen-hithium-press-conference
https://tr.pomega.com/en/about-us
https://balkangreenenergynews.com/yeo-technology-to-open-reap-battery-gigafactory-in-turkey-in-2024/
https://www.linkedin.com/posts/ampherr_nmc-lto-lfp-activity-7195768667698040832-fHmM
https://www.aspilsan.com/en/aspilsan-enerji-lithium-ion-battery-production-facility-machine-systems-came-to-turkiye/
https://battery-news.de/2024/12/13/batteriezellproduktion-in-europa/
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BT #gIRE - 437GWh (+5,7963k =+ E) AYF~RE

1 Reliance, Gujarat,

2 Amara Raja, Telangana,

3 Exide, Karnataka,

4 Godi, Hyderabad,

5 OLA, Tamil Nadu,

6 TATA, Gujarat,

7 Lucas TVS / 24M, Thervoy Kandigai,
8 Cyngi, Telangana,

9 JSW/LGES, India,

10 Mahanagar/IBC Inc., Bengaluru,

11 @7} Vung Ang,

12 GPSC, Map Ta Phut,

13 Amita Technology / Eve, Bang Pakong,
14 NV ETER], 3658,

15 24M/Novo+, 3KE,

16 &R, Karawang,
17 BYL/LGES, Karawang,

18 {Z45:28%, Kedah,

19 =ESDI, Seremban, %0 GWh,
20 Enovix, Seremban,

21 IREE=, Seremban,

*total includes future & current capacities
**note: sodium-ion excluded

22 =2SDI, Cheonan, &0 GWh,

23 LGES, Ochang, 21 GWh
24 SK, Seosan, 5 GWh
25 Kumyang, Gijang,

26 Prime Planet, Himeji, B, ZR&0
GWh,

27 it& AESC, Kanagawa, 2.6 GWh
28 jt& AESC, Ibaraki,

29 AT, KPR, 4 GWh

30 ¥AF, Uchida, 10 GWh

31 #\F, Asonaka,

32T, B,

33 Electrovaya Tech, B7,

34 Hr= BHA,

35 188, HHiz

BFEUT— "FEFER T

BAHER - LS8 GWh, (VRS R
GWh)

Source: All uncited factories are from
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https://www.google.com/url?q=https://mddb.apec.org/Documents/2022/AD/AD2/22_ad2_012.pdf&sa=D&source=editors&ust=1737665513526591&usg=AOvVaw2RtaI_dShlGcTaKcGZ0_iv
https://www.google.com/url?q=https://www.manufacturingdive.com/news/us-based-enovix-to-build-12b-battery-manufacturing-facility-in-malaysia/700738/&sa=D&source=editors&ust=1737665513526657&usg=AOvVaw2XdDfa1uvkfj0O92QxLV7f
https://www.reuters.com/business/autos-transportation/hyundai-motor-lg-energy-solution-launch-indonesias-first-ev-battery-plant-2024-07-03/
https://www.google.com/url?q=https://www.evebattery.com/en/news-1251&sa=D&source=editors&ust=1737665513526624&usg=AOvVaw212c5nGCdDWYyAQS5D5E_F
https://www.google.com/url?q=https://www.evebattery.com/en/news-1251&sa=D&source=editors&ust=1737665513526624&usg=AOvVaw212c5nGCdDWYyAQS5D5E_F
https://www.kedglobal.com/batteries/newsView/ked202207210012
https://www.koreaherald.com/article/3324835
https://www.kedglobal.com/batteries/newsView/ked202207210012
https://www.google.com/url?q=https://www.manufacturingdive.com/news/us-based-enovix-to-build-12b-battery-manufacturing-facility-in-malaysia/700738/&sa=D&source=editors&ust=1737665513526657&usg=AOvVaw2XdDfa1uvkfj0O92QxLV7f
https://www.google.com/url?q=https://www.mida.gov.my/media-release/zhuhai-cosmx-announces-rm1-billion-investment-for-first-manufacturing-plant-in-kedah-malaysia/&sa=D&source=editors&ust=1737665513526681&usg=AOvVaw2Jm1EOlMH87HggSTvbAT9h
https://www.spglobal.com/commodity-insights/en/news-research/latest-news/energy-transition/042722-lg-energy-aims-to-more-than-double-battery-capacity-to-520-gwhyear-by-2025
https://www.google.com/url?q=http://www.kyc.co.kr/eng/02/03.php&sa=D&source=editors&ust=1737665513526716&usg=AOvVaw2uwp7mI0-WscjsUoF_9Fck
https://www.p2enesol.com/wp-content/uploads/2024/09/20240906_NR_NextGenerationBatteriesAtHimeji-EN.pdf
https://www.google.com/url?q=https://www.japantimes.co.jp/business/2024/09/06/companies/batteries-production-subsidies/&sa=D&source=editors&ust=1737665513526734&usg=AOvVaw2bpF4U8pcO6QfVE9_5B3PG
https://electrovaya.com/wp-content/uploads/2025/01/ELVA-Investor-Presentation_Website_01-07-2025_Final_v2.pptx-14.pdf
https://www.electrive.com/2025/01/22/nissan-reveals-location-of-new-lfp-battery-factory/
https://battery-news.de/batterieproduktion-asien/
https://www.linkedin.com/posts/himanshu-bhatt-6b544a19_manufacturing-gigafactories-batterymanufacturing-activity-7085935063288156160-SGyD/
https://www.google.com/url?q=https://e-vehicleinfo.com/top-lithium-ion-battery-gigafactory-in-india/&sa=D&source=editors&ust=1737665513526570&usg=AOvVaw0_AthDqtJ_IVrn4BW8NOTx
https://www.google.com/url?q=https://www.nationthailand.com/business/corporate/40037092&sa=D&source=editors&ust=1737665513526606&usg=AOvVaw03bXNjl8qpT7Q6D368Kx6x
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R T BiIRERER - 5796 GWhAJF=gE | 58 1 3B £ 3

154E, 253 GWh, (+
2 HE, 126 GWh,
35T,

4 7&PH, 30 GWh,

5 &/, 118 GWh
657,

7 $PBH, 30 GWh,

8 H#, 50 GWh

9 2%, 25 GWh
10 J7H, 12 GWHh,
114t

12 /&5, 11 GWh

13 8], 20 GWh,
14 EM, 32 GWh,
15 5B, 20 GWh,
16 EHiX, 20 GWh,
17 B&B, 20 GWh,
18T, 35 GWh,
19 #1lI, 20 GWh

20 97, 139 GWh,

KR

*total includes future & current capacities
**note: sodium-ion excluded

21 &7, 70 GWh
22 &M, 15 GWh,
23 @8,

24 EX, 35 GWh,
25 K&, 15 GWh,
26 T, 40 GWh
27 £=PH, 25 GWh,
28 FBM,

29 F8%, 32 GWh
30 #h¥g, 30 GWh
31 %8, 30 GWh
32 3%, 15 GWh,
33 HiX, 12 GWh,
34 Z[H, 10 GWh,
35 FAT, 24 GWh
36 &/, 22 GWh
37 &b, 10 GWh,
38 1R, 10 GWh,
39 &M, 5 GWh,
40 @M, 15 GWh
41 35191, 14 GWh
42 =M, 2 GWh

PEBAE ST, ERTFREIH, HREM ()
HRCHE. GETSH RN TEITH

R NSRRI ERERI R, oSt SN TAE

IR LU SRR AE Ve T .

BEa - Havai GWh, (ke @)



https://newenergyterminal.org/
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BRI FRIRIRER - 5796 GWh BYF=gE

43 AL, 14 GWh,
44 %%, 30 GWh,
45 1P, 15 GWh,
46 HZ, 10 GWh,
47 F95, 28 GWh
48 X%, 15 GWh,
49 E=1l1, 10 GWh,
50 &1, 10 GWh,
51 %53, 3 GWh

52 &/, 18 GWh,
53 fEB, 31.5 GWh,
54 31, 15 GWh,
55 3K,

56 %5, 20 GWh,
57 283111, 28 GWh
58 1%, 24 GWh
59 £hifk, 22 GWh
60 F55%, 15 GWh

61 £% 50 GWh
62 8, 36 GWh,
63 Z[E, 24 GWh,
64 55, 20 GWh,
65 F=, 18 GWh,
66 =FH, 20 GWh

KR

67 37, 146 GWh,
68 piEB, 20 GWh,
69 bk, 10 GWh,
70 70A,

71 =M, 24 GWh
72 g, 23 GWh
73 FEi@, 10 GWh
74 £Z,

75 EM, 7.5 GWh

76 2234, 12 GWh,
77 8, 26 GWh,
78 {1, 15 GWh,
79 E,

80 HPJH, 10 GWh,

81 &k, 28 GWh,
82 [FJ, 45GWh
83 5Ei%,

84 +1E, 20 GWh,

85 Ep/RZH, 10.5 GWh,
86 /&M, 10 GWh,

87 &%, 5 GWh,

. . GWh)
*total includes future & current capacities

**note: sodium-ion excluded

88 %, 60 GWh,
89 HE, 40 GWh,
90 EHiX, 10 GWh,

91 #5, 11 GWh,
92 53,

93 =215,

94 P, 10.5 GWh
95 =i,

96 &1, 3 GWh,

97 X8, RF GWh
98 IF5JE, 5Rk%1 GWh

99 EFX,

100 IFFIER,

101 2,

102 R, 13 GWh,
103 R,

104 FEE,

105 &1, 37 GWh,
106 /), 15 GWh,
107 $8/T, 24 GWh
108 E85,

EFER = HpiFE GWh, (+FMkEE

VOLTA
v F FOUNDATION

PERAESE T, (BRTFREIH,
FHENHREENE. GEFSRERE
SRR A BT BRI R E AR
X—ERR, MmEMLENEERRERFAELUR
THRERATEN IR 3.

109 #%M, 8 GWh
Pa

110 &HE, 5 GWh, @

111 7%, 5551 GWh

112 Xi% 15 GWh



https://newenergyterminal.org/
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BRI FRIRIRER - 5796 GWh BY~=gE

113 &7, 5 GWh,
114 ££4F 11.5 GWh

115 881, 12 GWh,
116 &M, 24 GWh
117 5L,
118 E5=, 5 GWh,
119 =15, 15 GWh
120 #45, 6 GWh,
121 IR,
122 7,
123 F[X,
124 48T, 3 GWh,
125 £i%, 3 GWh,

126 i, 6.25 GWh,

127 M, 12 GWh,

128 M, 22 GWh,
129 X, 4 GWh,
130 %5,

131 55, 4 GWh,

132 Kb, 6 GWh,

*total includes future & current capacities
**note: sodium-ion excluded

133 31, 9 GWh,
134 5#1l1, 3 GWh,

135 220, 2.8 GWh,
136 &M, 2 GWh,

137 54, 4 GWh,

138 i,

139 FEiE,

140 E4&, 4.5 GWh,
141 K%, 2 GWh,
142 X318, 3 GWh,

143 Kb,
144 75i8, 5.7 GWh,
145 3,

146 b, 5 GWh,

147 =&, 2 GWh,

148 &M, 4 GWh,

149 &M, 5.6 GWh,
150 75, 2.2 GWh

151 B, 2 GWh,
152 Xi%, 1 GWh,
153 &k, 0.5 GWh

154 B, 4.5 GWh,
155 g/, 2 GWh,
156 &4, 3.5 GWh

157 £5fA,
158 Efk,
159 &3¢, 2.5 GWh,

160 Z5fH, 6 GWh,
161 Thifk,
162 %Ki,
163 KT,

164 55,
165 XiE, 6.3 GWh,
166 1t5T, 0.5 GWh

167 M, 2 GWh,
168 &, 6 GWh,
169 b,

170 F:I,

171 EM, 0.2 GWh
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HEGAESEM T, ERTF8EIR,
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172 &R, RAVEVERjtETIA.

173 71, 0.7 GWh,

174 5%, 1 GWh

175 &M,

176 Lif,

177 &rg,
178 &K, 0.2 GWh,

179 M,
180 1t53, 0.2 GWh,

(160
(9

EAER = LaiSE GWh, (+EkE R
GWh)


https://newenergyterminal.org/
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B Taiwan
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https://www.isi.fraunhofer.de/en/competence-center/neue-technologien/mitarbeiter/wicke.html
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- Owens Design bowenmites @SR coesla

T2,
ax
i v v v v v
RIE v v v v v
Pl v v v v v
HE v v v v v v v
B v v v
A% v v v v v v v v
TR v v v v v
Rk v v v
S v v
Z v v v
Wi / DRk v v

S&iF: Ross, Wirtz Manufacturing, DURR, barryWehmiller, Delta ModTech, Owens Design, Convergix, Comau, Mpac, GROB, Coesia, PEC Corp, Digatron Systems - IFi#R5I=
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https://www.mixers.com/products/%20https:/www.cpeg.com/industries-served/lithium-battery-processing/%20https:/www.dec-group.net/batteries-manufacturing%20https:/coperion.com/en/industries/batteries%20https:/www.ikaprocess.com/en/Industry/Battery-cells-cip-10-2.html
https://www.wirtzusa.com/%20https:/www.durr.com/en/products/electromobility-battery/energy-storage%20https:/www.barrywehmiller.com/business
https://www.durr.com/en/products/electromobility-battery/energy-storage
https://www.barrywehmiller.com/business
https://www.deltamodtech.com/complete-battery-manufacturing-process/
https://www.owensdesign.com/custom-automation-design-engineering-manufacturing-industry/battery-equipment-automation/
https://convergixautomation.com/industries-we-serve/
https://www.comau.com/en/our-offer/systems/battery-manufacturing-and-assembly/
https://mpac-group.com/products/
https://www.grobgroup.com/en/products/product-range/electromobility/batteries/
https://www.coesia.com/en/exhibitions/visit-coesia-at-the-battery-show-north-america-
https://www.peccorp.com/
https://www.digatronsystems.com/
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FEIRTEHIER - FHE

5 @cls Pnt Mo Ao Otosro  @ANA Owonone o
Sl L L L L Lo el e L Lo | e
&K
Gt v v v v v v v
iRE v v v v v v v
St v v v v v v v
W= v v v v v v v v v
bS] v v v v v v v v v
AE v v v v v v v v v
R v v v v v v v v v
18457 v v v v
BS v v v v v v v
Z v v v v
Wiz / DRk v v v v v

Sources: ISL, CIS, KGA, PNT, mPlus, ETS, Cowin Tech Top Material, Hanwha Momentum, Hana Technology, WonikPNE, DA Technology, MOT, SNE - Non exhaustive list HthiRes 2024 | 800


https://taesungind.co.kr/
http://www.cisro.co.kr/en/main.html
https://www.kga-i.com/en
https://www.epnt.co.kr/en/application/lithium-ion-battery/
https://mplusi.co.kr/eng/product/secondaryCell
https://mplusi.co.kr/eng/product/secondaryCell
https://www.topbattery.co.kr/en/
https://www.hanwha.com/companies/hanwha-momentum.do
https://www.hn-tech.co.kr/2022en/bbs/board.php?bo_table=0801
http://www.pnesolution.com/eng/main/
http://www.dat21.co.kr/en/products/business/index.php
http://www.motfa.com/en/m22.php?cate=1&tab=1
https://www.snf21.com/en/?c=221
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&K

bai] v v v v v v v v

iRE v v v v v v v v

bawl] v v v v v v v v

b3 =] v v v v v

E53 v v v v v

AE v v v v v v

=i v v v v v v

18457 v v v v

S v v v

Z v v v v
W / 2% v v v v v

Sources: AutoRich, Ongoal Technology, Mesnac, GMK, Shangshui, Yinghe Technology, Lyric, LEAD, KATOP, Hymson, Bozhon, Hangke Tech, HYNN - Non exhaustive list Hithikes 2024 | REIR


https://www.rich-sys.com/en/about.html
https://en.ongoaltech.com/
https://en.mesnac.com/strategic-emerging.html
https://www.chinagmk.com/product
https://www.ss-smartech.com/en/products
http://en.yhwins.com/
https://en.lyric-robot.com/
https://www.leadintelligent.com/en/
https://www.katopauto.com/
https://global.hymson.com/en/application-scenario-solution/power-battery/17
https://www.bozhontech.com/
http://www.chr-group.net/EN/
https://www.hynn.com.cn/en/
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https://ghginstitute.org/2023/05/10/exploring-life-cycle-assessment-resources-help-for-your-scope-3-ghg-accounting/
https://www.teamenergy.com/discover/blog/understanding-scope-4-emissions/
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S&iB: City of Holland, Michigan, USA
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K& VDA, City of Holland (LGES)

ER (FHAER)

96334

134867

48167

48167

115601

115601

96334

38534

48167

125234

96334

EF/GWh (EAZER)

4817

6743

2408

2408

5780

5780

4817

1927

2408

6262

4817

R %

10%

14%

5%

5%

12%

12%

10%

4%

5%

13%

10%

= 963,338 JF/HER

22 +/-2°C
22 +/-2°C
22 +/-2°C
22 +/-2°C
22 +/-2°C
22 +/-2°C
22 +/-2°C
22 +/- 3°C
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22 +/- 3 (HT 30-50)°C

22 +/-3°C

i

FFIE 53 -5°C
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& -40 7 -50°C
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https://www.pem.rwth-aachen.de/global/show_document.asp?id=aaaaaaaaabdqbtk
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Cylindrical Battery
" Winding - components are

wound into a jelly roll

Electrolyte is injected

Mixing
Cathode and
anode slurries

are made

Coating & Drying
Slurries are coated onto
the current collector

Physical Inspection
CT and/or X-Ray

Calendering Formation
Electrodes are Batteries are charged and
discharged

Aging
Electrochemical
performance is monitored

Degassing
Gas in the battery is
removed (pouch &

prismatic only)
Electrical

Uy
Inspection

h ACIR andfor voltage
decay

Slitting and Notching
Electrodes are cut into
singulated segments

Pouch Battery
Components are

laminated & stacked
Electrolyte is injected

*Graphics courtesy of LG Energy Solution. Reproduced with permission.

S&R: LG Energy; VDMA; Earaday Institution; Mastering Ramp-up of Battery Production, Fraunhofer
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HEIhAE
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®e: 1-100+ Ah
21700: 3-6 Ah
4680: 15-25 Ah

BAXH
$55-127E/5/GWh

A7/ GWh
2 GWh lli& 175 NIRRT

REL (1800)

15-30%
REMDARKEIRE, £2EH
FEEREF TGRS

BXIES 2R RS
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https://inside.lgensol.com/en/2023/06/infographics-3-battery-making-at-a-glance/
https://vdma.org/documents/34570/35405938/Production+Process+of+a+Lithium-Ion+Battery+Cell.pdf/8e47a492-e838-f851-02c2-83e3b7db6307?t=1677224901365
https://www.faraday.ac.uk/wp-content/uploads/2022/06/2040-Gigafactory-Report_2022_Final_spreads.pdf
https://publica-rest.fraunhofer.de/server/api/core/bitstreams/a05da13d-ff12-4b67-9f9b-40305e044c27/content
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https://www.google.com/url?sa=t&source=web&rct=j&opi=89978449&url=https://news.lgensol.com/company-news/press-releases/3351/&ved=2ahUKEwi_uIH6mbyKAxWjO0QIHSzWGkwQFnoECCAQAQ&usg=AOvVaw33ANRwP6YX0x6wQmN7oPwG
https://investor.gm.com/news-releases/news-release-details/gm-and-lg-energy-solution-extend-battery-technology-partnership
https://www.stellantis.com/en/news/press-releases/2024/december/stellantis-and-zeta-energy-announce-agreement-to-develop-lithium-sulfur-ev-batteries
https://www.stellantis.com/en/news/press-releases/2024/december/stellantis-and-calt-to-invest-up-to-4-1-billion-in-joint-venture-for-large-scale-lfp-battery-plant-in-spain
https://www.stellantis.com/en/news/press-releases/2024/january/stellantis-ventures-invests-in-tiamat-and-affordable-sodium-ion-battery-technology
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BEV market share, 2024

Chinese
legacy

Legacy auto


https://www.crugroup.com/

| BZF | EBaliSE |

O EN BIRE VR BIRSIRE,

(Aim to sell 50% to
60% PEV in 2025,
instead of 50%

A
vorvo

(Group now expects
PEVs to account for
~50% of total sales by

BB AR

BEV) T 2030, instead of 2025 Mercedes-Benz
U previously) !
TOYOTA i
(Lowered BEV A
(Pushed back plans to% production target by vouve)  _____._.
launch a BEV from 2025 around 30%)

t0 2027 and plans to sell -
ICE models well into H
2030s) i

| 2024 | | 2025 | | 2026| | 2027] | 2028 | | 2030
T
H
i
(Rethinking 2030 BEV H

(Reduced BEV
production target,
from 300k in 2024

to 250K. 2025

target in doubt)

==

GENESIS

(Delayed target of all
new models being ZEV
by 2025, with ZEV only
target by 2030 in doubt)

, IS, PEV = BEV, PHEV, EREV

only target in Europe,
3 while expanding its
'\\ hybrid offering in
North America)
(Delayed rollout of
two BEV models

due to robust PHEV

demand)

(Scaled back 80% BEV
target by 2030, although
has flexibility to meet
target if demand picks
up)

(Brand now expects PEV
to account for at least
90%, with MHEV (48V)
making up the rest)

(Delayed BEV model
to 2026/2027, while
pushing full BEV line-
up out to 2035,
instead of 2030)
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https://www.crugroup.com/en/communities/thought-leadership/2024/will-bev-sales-in-europe-grow-next-year/
https://www.hyundai.news/eu/articles/press-releases/hyundai-2024-ceo-investor-day.html
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premium
compared to ICE
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BEV premium
but falling BEV premium ICE discount
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https://rhomotion.com/research/ev-battery-quarterly-outlook/
https://carnegieendowment.org/research/2024/10/winning-the-battery-race-how-the-united-states-can-leapfrog-china-to-dominate-next-generation-battery-technologies?lang=en
https://www.csis.org/blogs/trustee-china-hand/chinese-ev-dilemma-subsidized-yet-striking
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https://www.electrive.net/2024/08/28/hyundai-und-genesis-schaerfen-fokus-auf-vollhybride/
https://www.electrive.net/2024/11/04/nio-erwaegt-range-extender-fuer-firefly-modelle/
https://www.electrive.net/2024/11/04/nio-erwaegt-range-extender-fuer-firefly-modelle/
https://cnevpost.com/2024/08/21/zeekr-to-launch-hybrid-model-h2-2025/
https://x.com/JonLutz69/status/1838835474225352863
https://www.electrive.net/2024/08/23/avatr-ergaenzt-angebot-um-range-extender/
https://www.electrive.net/2024/11/20/stellantis-launcht-neue-pickup-plattform-stla-frame/
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https://www.crugroup.com/en/communities/thought-leadership/2024/eu-s-tariffs-on-china-made-bevs-will-have-widespread-impacts/
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BYD - Szeged, Hungary = —

Production to start H2 2025

SAIC - Galicia, Spain @

Said to be considering
establishing a plant in Spain,
which aims to start
production in 2027. The OEM
is also said to be considering
Hungary and Czechia.

:

Chery - Barcelona, Spain <Z ~>
CHERY

Chery will begin production in

Spain before the end of 2024.

The capacity of 150,000 does not

meet Chery’s long-term

ambition, the OEM is looking for

a second European site. Europe.

WES5HTERho Motion (ZRHEFIkE) 12{it. WRESER, ERHIR

Leapmotor - Tychy, Poland

Xiaopeng Motor P&

Currently looking for
a production site in

Geely

GEELY

Will utilise Volvo, LEVC, and Lotus
factories to appropriately arrange
production capacity for EU region.

P

Started assembly of the TO3 at a
Stellantis facility.

LT

The EV5 is currently produced in
China; however, production is set to
begin in Slovakia from 2025

Kia - Zilina, Slovakia

~

Will consider a European
plant if annual sales in
the region reach 100,000.
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Potential opportunities to circumvent
the tariffs

SAIC is considering importing BEVs from
Thailand, where is currently produces
the MG-4.

Issues with this strategy

For the vehicle to count as Thai, 40% of
its components must be local to meet
the product origin requirements. The
exact tariff on Thai made vehicles
entering Europe is unknown given the
lack of precedent and trade
agreement, although SAIC said it
expects a tariff of 10-20%.

Other OEMs that could pursue a

similar strategy
(@)

T (%)
HONDA Great Wall

T=ESLA
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Rising trade tariffs are
subduing export volumes 2>
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W US M China B US M European M Chinese M Japanese M Korean Date WACC Weight of debt Cost of debt Cost of equity
o I sA0 | Tesa  EEes |15 476 129
SAIC - Honda ] Hyundai [l o1 [ [N 3.13 217
ov [ Toyota ] Toyota [ EX I 2s 2 0.67 14.6
GM 70 722 538 11.2
rest o [l o I - E—
ww ] Geely Mes I +5.0 1.99 10.9
Toyota - Honda . 55 - 571 0.67 12.0
Chonggqing Changan - BMW | X I - 2 232 10.8
GAC . GM - Mercedes  [l5.2 I -6 2.36 10.9
pongreng ] Mercedes-Benz I sAIC W5 .. 182 103
seres ] Stellantis ] vw P I 75 7 263 124
BAIC I Tesla - Source: Bloomberg
Ford Note: WACC=weighted average cost of capital.
or¢
Nissan North America I - | | |
| |
-20 0 20 40 60%
(o] 1B 2B $3B
Source: Bloomberg
Source: Bloomberg, Good Jobs First Note: Shows the gap between five-year aggregate net income and five-year aggregate pre-tax income,
Note: US data is for 2023. China data is for latest fiscal year. as a share of the pre-tax income figure. Five-year aggregates have been chosen to smooth out inter-year
volatility.
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https://www.bloomberg.com/opinion/articles/2024-11-03/china-can-t-cut-electric-vehicle-subsidies-it-isn-t-paying
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https://www.reuters.com/business/autos-transportation/mercedes-teams-up-with-factorial-develop-solid-state-batteries-2024-09-10/
https://electrek.co/2024/06/17/nio-semi-solid-state-ev-battery-maker-ramps-output-621-mi-et7/
https://interestingengineering.com/energy/anode-less-solid-state-battery-quantumscape
https://electrek.co/2024/11/20/honda-teases-all-solid-state-ev-batteries-new-demo-line/
https://www.nature.com/articles/s41467-024-52766-9
https://am-batteries.com/am-batteries-ships-first-rolls-of-electrodes-to-make-evs-more-affordable
https://chargedevs.com/newswire/24ms-electrode-to-pack-tech-does-away-with-cells-and-modules/
https://www.emobility-engineering.com/xerotech-battery-system/
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https://www.catl.com/en/news/1016.html
https://cnevpost.com/2023/04/07/calb-unveils-new-battery-tech-u-type-structure/
https://en.sunwoda.com/upload/portal/20240829/3a8de07f7a46712094d28a6426a3aeaf.pdf
https://www.lgensol.com/en/business-mobility-battery
https://www.global.toshiba/ww/technology/corporate/rdc/rd/topics/23/2311-02.html
https://technode.com/2024/05/20/chinas-gotion-unveils-new-batteries-global-expansion-on-track/
https://www.sae.org/news/2023/01/bmw-future-batteries---ulrich
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https://www.farasis-energy.com/en/farasis-plans-30-gwh-cell-factory-in-ganzhou/
https://www.catl.com/en/news/6238.html
https://www.enevate.com/press-release-enevate-battery-technology-advances-next-generation-power-cells-for-the-power-tool-market/
https://global.honda/en/newsroom/news/2022/c220829eng.html
https://www.nasdaq.com/articles/where-does-tesla-get-its-lithium-updated-2024
https://media.ford.com/content/fordmedia/fna/us/en/news/2022/07/21/ford-battery-capacity-raw-materials-scale-evs.html
https://news.gm.com/home.detail.html/Pages/news/us/en/2024/dec/1202-lgenergy.html
https://lyten.com/2024/05/08/lyten-ships-lithium-sulfur-battery-a-samples-for-automotive-consumer-electronics-and-military-customer-evaluation/
https://www.press.bmwgroup.com/global/article/detail/T0403470EN/more-performance-co2-reduced-production-significantly-lower-costs:-bmw-group-to-use-innovative-round-bmw-battery-cells-in-neue-klasse-from-2025?language=en
https://www.chosun.com/english/industry-en/2024/08/13/NU7SVFR3HNGQZJJNX7LENSGGY4/
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https://www.vehicle-certification-agency.gov.uk/fuel-consumption-co2/the-worldwide-harmonised-light-vehicle-test-procedure/
https://ev-database.org/
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https://docs.google.com/spreadsheets/d/1Baxrlyel8bwo4NZV4n2ZdYxD30SywC75/edit?usp=sharing&ouid=105376274652985031870&rtpof=true&sd=true
https://www.nio.com/et7
https://www.immotors.com/global/en/vehicle_config/l6
https://www.zeekrlife.com/global/vehicles/009
https://electrek.co/2024/09/18/kia-ev5-shows-promise-china-brand-sales-top-20000-again/
https://www.arenaev.com/sales_of_tesla_model_x_plaid_and_model_s_plaid_in_china_to_begin_soon-news-841.php
https://www.xpeng.com/x9
https://www.bydauto.com.cn/pc/carDetail/config?id=126&networkType=dynasty
https://carnewschina.com/2023/12/27/baics-arcfox-alpha-t5-all-electric-suv-with-catl-battery-and-660-km-range-launched-price-starts-at-21800-usd/
https://www.hyundai.co.kr/news/CONT0000000000125558
https://www.mi.com/global/discover/article?id=3768
https://electrek.co/2024/12/09/toyota-opens-bz3x-suv-pre-orders-china-under-14000/
https://electrek.co/2025/01/10/mazda-unveils-new-ev-europe-6e-340-mi-range/
https://cnevpost.com/2024/08/25/neta-launches-neta-s-shooting-brake/
https://fordreamauto.com/cars/aion-s-2025/
https://media.gm.com/media/cn/en/wuling/news.detail.html/content/Pages/news/cn/en/2023/Mar/0329-wuling.html
https://electrek.co/2024/04/15/nio-shows-off-new-et7-150-kwh-semi-solid-state-ev-battery/
https://dieselnet.com/standards/cycles/cltc.php
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https://www.p3-group.com/wp-content/uploads/2024/04/P3CI-US23_Report.pdf
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https://www.p3-group.com/en/p3-updates/p3-charging-index-2024/
https://www.p3-group.com/en/p3-updates/p3-charging-index-asia/
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https://rhomotion.com/research/ev-production-quarterly-outlook/
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https://rhomotion.com/research/ev-charging-quarterly-outlook/
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https://www.nature.com/articles/s41560-019-0356-8
https://www.automotiveworld.com/news-releases/monolith-and-nio-europe-start-first-ever-collaboration-on-ai-driven-anomaly-detection-for-ev-batteries/
https://www.webwire.com/ViewPressRel.asp?aId=320895
https://azure.microsoft.com/en-us/blog/quantum/2024/01/09/unlocking-a-new-era-for-scientific-discovery-with-ai-how-microsofts-ai-screened-over-32-million-candidates-to-find-a-better-battery/
https://evchargingmag.com/camline-and-theion-revolutionize-battery-rd-with-ai?utm_source=chatgpt.com
https://www.industrie40award.com/the-winners/catl-site-ningde/
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http://www.kgpauto.com/
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http://www.kgpauto.com/
http://www.kgpauto.com/
https://www.catl.com/en/news/6288.html
https://amplifycelltech.com/
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The global micromobility market is expected to reach a value of about

$360 billion by 2030.

Value of micromobility market, ~360

by region, $ billion 10+ ;
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Note: Figures may not sum to 100%, because of rounding.
Source: McKinsey analysis
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U.S. Shared Micromobility Ridership by Type, 2010-2023

Dockless Scooters
Dockless Bikes
u Station-based Bikes
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https://www.mckinsey.com/industries/automotive-and-assembly/our-insights/spotlight-on-mobility-trends
https://www.mckinsey.com/industries/automotive-and-assembly/our-insights/spotlight-on-mobility-trends
https://www.energy.gov/eere/vehicles/articles/fotw-1366-october-28-2024-shared-micromobility-ridership-was-evenly-split
https://www.nyc.gov/site/fdny/news/Y40203/fdny-warns-lithium-ion-batteries-now-leading-cause-fires-fire-deaths-new-york?utm_source=chatgpt.com
https://www.nyc.gov/assets/fdny/downloads/pdf/codes/2023-2024-fep-annual-bulletin.pdf?utm_source=chatgpt.com
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The Future of Lithium Cell Electrode Metrology

Cathode Basis Weight (Loading), Thickness, and Density

measurements are achieved using advanced Terahertz technology.
Single sensor provides precise net coating measurements with
the added capability to determine top and bottom coating balance.
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https://www.iea.org/data-and-statistics/charts/electric-light-commercial-vehicle-sales-and-sales-shares-2018-2023
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https://about.bnef.com/blog/global-energy-storage-market-set-to-hit-one-terawatt-hour-by-2030/
https://www.woodmac.com/news/opinion/tracking-the-trajectory-of-the-global-energy-storage-market/
https://www.woodmac.com/news/opinion/the-growth-and-growth-of-the-global-energy-storage-market/
https://about.bnef.com/blog/1h-2023-energy-storage-market-outlook/
https://about.bnef.com/blog/global-energy-storage-market-records-biggest-jump-yet/
https://about.bnef.com/blog/headwinds-in-largest-energy-storage-markets-wont-deter-growth/
https://www.energy-storage.news/global-bess-deployments-soared-53-in-2024/
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https://about.bnef.com/contact/
https://www.economist.com/the-world-ahead/2024/11/20/grid-scale-storage-is-the-fastest-growing-energy-technology
https://www.economist.com/the-world-ahead/2024/11/20/grid-scale-storage-is-the-fastest-growing-energy-technology
https://www.pv-magazine.com/2021/11/18/the-energy-storage-decade-has-arrived-says-bnef/
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https://www.energy-storage.news/global-bess-deployments-soared-53-in-2024/
https://www.linkedin.com/posts/mlkubik_energystorage-batteries-activity-7195671484004974593-nijT?utm_source=share&utm_medium=member_desktop
https://rhomotion.com/research/battery-energy-stationary-storage-quarterly-outlook/
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https://www.linkedin.com/posts/drew-lebowitz-p-e-3bbb6215_bess-lithiumion-energystorage-activity-7265804635804708865-Orvl?utm_source=share&utm_medium=member_desktop
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https://www.energy-storage.news/global-bess-deployments-soared-53-in-2024/
https://about.bnef.com/blog/global-energy-storage-market-set-to-hit-one-terawatt-hour-by-2030/
https://www.woodmac.com/news/opinion/tracking-the-trajectory-of-the-global-energy-storage-market/
https://www.woodmac.com/news/opinion/the-growth-and-growth-of-the-global-energy-storage-market/
https://about.bnef.com/blog/1h-2023-energy-storage-market-outlook/
https://about.bnef.com/blog/global-energy-storage-market-records-biggest-jump-yet/
https://about.bnef.com/blog/headwinds-in-largest-energy-storage-markets-wont-deter-growth/
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https://www.spglobal.com/marketintelligence/en/news-insights/latest-news-headlines/us-energy-storage-developers-plan-10-gw-of-additions-in-2022-38-gw-through-2024-70558674
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https://www.mckinsey.com/industries/private-capital/our-insights/how-data-centers-and-the-energy-sector-can-sate-ais-hunger-for-power
https://www.bing.com/ck/a?!&&p=86b515c9b53fafc3f2b44a1789f64757572e11dc57cc286ddde14b19669e6c76JmltdHM9MTczNjQ2NzIwMA&ptn=3&ver=2&hsh=4&fclid=03687aef-8293-6849-1846-690883016938&psq=epri+powering+intelligence&u=a1aHR0cHM6Ly9yZXN0c2VydmljZS5lcHJpLmNvbS9wdWJsaWNkb3dubG9hZC8wMDAwMDAwMDMwMDIwMjg5MDUvMC9Qcm9kdWN0&ntb=1
https://www.spglobal.com/marketintelligence/en/news-insights/latest-news-headlines/us-energy-storage-developers-plan-10-gw-of-additions-in-2022-38-gw-through-2024-70558674
https://www.gminsights.com/industry-analysis/data-center-battery-market
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https://www.adlittle.com/en/insights/viewpoints/second-life-maximizing-lifecycle-value-ev-batteries
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https://www.pv-magazine.com/2024/11/27/solaredge-announces-closure-of-its-energy-storage-division/
https://assets.bbhub.io/professional/sites/24/Scaling-the-Residential-Energy-Storage-Market.pdf
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https://iea.blob.core.windows.net/assets/cb39c1bf-d2b3-446d-8c35-aae6b1f3a4a0/BatteriesandSecureEnergyTransitions.pdf
https://guidehouseinsights.com/reports/vpp-applications-for-managed-ev-charging-platforms
https://www.prnewswire.com/news-releases/wood-mackenzie-confirms-cpower-as-the-virtual-power-plant-markets-ci-leader-for-second-year-in-a-row-with-most-flexible-capacity-in-the-us-302225719.html
https://www.globenewswire.com/news-release/2024/08/20/2932767/0/en/Voltus-Again-Recognized-as-a-Leading-Virtual-Power-Plant-Aggregator-in-2024-Wood-Mackenzie-VPP-Report.html
https://www.enelnorthamerica.com/about-us/newsroom/search-press/press/2024/08/virtual-power-plant
https://electrek.co/2024/07/12/teslas-california-virtual-power-plant-delivers-100-mw-to-help-the-grid/
https://www.utilitydive.com/news/any-utility-today-can-have-a-vpp-program-sunrun-virtual-power-plant-head/718137/
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https://www.mdpi.com/energies/energies-15-00589/article_deploy/html/images/energies-15-00589-g001.png
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https://www.iea.org/reports/batteries-and-secure-energy-transitions
https://www.dnv.com/article/energy-storage-capacity-warranties-beyond-the-fine-print-200339/
https://www.esmap.org/sites/default/files/ESP/ESP%20Learning%20Academy/%281%29%20WG1_Warranties_Jan2021.pdf
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2022 2023 2024 2025 2026 2027 2028 2029 2030 2034 2035 2036

Base for All Projects

Base ITC* 6% 6% 6% 6% 6% 6% 6% 6% 6% 6% 6% 6%| 4.50% 3% 0%
Bonus for Meeting Dcms™ 2% 2% 2% 2% 2% 2% 2% 2% 2% 2% 2%| 1.50% 1% 0%
Bonus for Siting in “EC” 2% 2% 2% 2% 2% 2% 2% 2% 2% 2% 2%| 1.50% 1% 0%
Adders for Projects that Meet Labor Requirements

Base ITC* 24% 24% 24% 24% 24% 24% 24% 24% 24% 24% 24% 24% 18% 12% 0%
Bonus for Meeting Dcms™ 8% 8% 8% 8% 8% 8% 8% 8% 8% 8% 8% 6% 4% 0%
Bonus for Siting in “EC” 8% 8% 8% 8% 8% 8% 8% 8% 8% 8% 8% 6% 4% 0%
Allocated Low-Income Bonus for Projects Under 5 MWac***

Base ITC* 10% 10% 10% 10% 10% 10% 10% 10% 10% 10% 10%| 7.50% 5% 0%
Bonus for Meeting Dcms™* 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 15% 10% 0%
Bonus for Siting in “EC”
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https://www.energy.gov/eere/water/inflation-reduction-act-tax-credit-opportunities-hydropower-and-marine-energy
https://www.congress.gov/bill/117th-congress/house-bill/5376
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https://www.energy.gov/eere/solar/federal-solar-tax-credits-businesses
https://www.congress.gov/bill/117th-congress/house-bill/5376
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APC MPC Grid-scale | Distributed
BESS BESS

Battery Pack/ | Cells 52.0 26.9
Module Packaging 5.6 13.4

Production 8.013 2913
Inverter/ Printed Circuit Board | 1.4 54
Converter Assemblies

Thermal Management | 0.4

System for Inverter

Electrical Parts 0.5 -

Enclosure & Skids 0.4 1.0

Production 1.913 4.3
Battery Enclosure 14.8 22.8
Container/
Housing Battery Management | 7.4 10.1

System

Thermal Management| 5.6 10.1

System for Battery

Container/Housing

Production 2.0 3113
Steel or iron | - Steel/lron
reinforcing Product
products in
foundation
Total - 100 100



https://www.irs.gov/pub/irs-drop/n-24-41.pdf
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https://modoenergy.com/research/ercot-battery-energy-storage-interconnection-queue-gis-report-development-timeline-full-interconnection-study-interconnection-agreement
https://www.cisa.gov/sites/default/files/2024-06/DRAFT_NIAC_Addressing%20the%20Critical%20Shortage%20of%20Power%20Transformers%20to%20Ensure%20Reliability%20of%20the%20U.S.%20Grid_Report_06052024_508c.pdf
https://modoenergy.com/research/ercot-battery-energy-storage-system-buildout-2024-delay-times-new-capacity-commercially-operational
https://blog.fluenceenergy.com/common-energy-storage-project-deployment-challenges
https://www.accure.net/battery-knowledge/bess-commissioning-challenges
https://www.twaice.com/whitepaper/battery-energy-storage-system-safety
https://www.ihiterrasun.com/posts/battery-energy-storage-system-bess-commissioning-reaching-cod-safely-and-efficiently

1370k | #hik

VF

VOLTA
FOUNDATION

EEEMG

TN EE

ot

7% 3

i SH;tha ks

v
EBESE (EV)
FEIBEREZR S (BESS)
Hiftb

7L

e

HREFR
IE#R
7tk
ERRR SRR
B
-
e

HRsE SR

Bl SEBEFIAB

R4

BB 2024 |

2173\



. VOLTA
| BZA | Ain=s | VF | FESuNDpATION

R ISEERE NEPE T hinEs

SekEs A (FAM) BR4GH 2 sl (AAM) B— MEES SRS SsrRiEE R ARRR, SIEER 5
eVTOL&KIT2E/m . {§eVTOL, eCTOLFeSTOL®{TEEHY S
LR AR ES AR,
—= TR, BE2024588, WTUMBADIKEINZET, HApA80%REET o
ZShiB(UAM)FIRAN. SRR S aE R 2 52023 F M3 HZETTRaiEY, Bt 2,
R 2021 S AN EK S B R a5 NI%. : g
Value of deals, $ billion c e e ! ! ! \! E ? o! ; ? :
7 6.8 M Supersonic évﬁ\é « &¢%°\90 D@OOQ/\ \Q&\V ég“é? & $0Qé6<06 c\\é /\;&6\ v@?eq @‘:‘S:\
—— I Regional < é\;\é) * C\(‘y Q’\\C’V\’ ° A"J\; \>~‘°\§\
6 air mobility & «
. N - B LB RIS RORTER,
. Sl . R—XBENREEABUSER, URERSY, TEENaNE. X
’ — Wuooar — BI04 BRI HNNAT, AERSHRS SRS,
., 3.0 ] mobility/eVTOL
) = . s = REATIMIBN: EIOERA . S MRER
I = ,
too07 0.6 0.6  — .
= e == Il -

0
Pre-2017 2017 2018 2019 2020 2021 2022 2023 2024 YTD


https://www.mckinsey.com/industries/aerospace-and-defense/our-insights/future-air-mobility-blog/bridging-the-gap-how-future-air-mobility-can-adapt-to-decreased-funding
https://aamrealityindex.com/aam-reality-index
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https://news.archer.com/archer-receives-faa-part-135-certification-to-begin-operating-commerical-airline
https://www.aaminsights.com/2024/06/25/one-step-closer-to-harmonized-evtol-certification-the-faa-and-easa-release-and-updated-guidance-on-certification-criteria-for-evtol/
https://www.aaminsights.com/2024/06/25/one-step-closer-to-harmonized-evtol-certification-the-faa-and-easa-release-and-updated-guidance-on-certification-criteria-for-evtol/
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https://www.csagroup.org/article/making-sense-regulations-medical-device-batteries/?utm_source=chatgpt.com
https://www.reuters.com/business/healthcare-pharmaceuticals/abbott-slightly-raises-profit-forecast-strong-medical-device-sales-2024-10-16/?utm_source=chatgpt.com
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mDisposable mPrefiled ™ E-Liquid

*Sales data do from vape shops or online retailers; and devices sold iquids were excluded (9.5% of total dolar sales in 2022). Unit sales
‘were standardized to reflect the most common package size for each product type. A standardized unit was equal to five prefilied cartridges, one disposable device, or one e-liquid bottle.



https://www.fortunebusinessinsights.com/consumer-battery-market-105526
https://www.cdcfoundation.org/Issue34-MonthlyECigaretteSalesDataBrief_12.31.2023.pdf?inline=&utm_source=chatgpt.com
https://www.cell.com/joule/fulltext/S2542-4351(23)00482-8?_returnURL=https://linkinghub.elsevier.com/retrieve/pii/S2542435123004828?showall%3Dtrue
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https://www.kpbs.org/news/public-safety/2024/05/28/otay-mesa-battery-storage-fire-stokes-residents-fear-of-similar-facility-in-north-county?utm_source=chatgpt.com
https://www.carscoops.com/2024/05/byd-reportedly-sees-10th-showroom-fire-since-2021-as-another-store-burns-down-in-china/
https://en.wikipedia.org/wiki/Hwaseong_battery_factory_fire
https://www.theverge.com/2024/9/27/24256161/los-angeles-overturned-truck-battery-fire-lithium-ion-port-bridge-closed
http://news4jax.com/news/local/2024/10/02/patronis-confirms-16-lithium-ion-battery-fires-related-to-hurricane-helene-storm-surge/
https://fox2now.com/news/missouri/fire-emerges-at-fredericktown-mo-plant-evacuations-ordered/
https://storagewiki.epri.com/index.php/BESS_Failure_Incident_Database
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Operational

Failures from regular
operating conditions
and/or external
environmental factors

Defects in an
element of the
BESS system

Manufacturing

Integration, Assembly  ————

& Construction

* Component/
sub-system
incompatibility
or
commissioning
inadequacies

Insufficient engineering
to withstand operational
stresses or reasonably
foreseen misuse

Design

Operational

Over charging,
overheating, high-SOC,
extreme weather (heat,
humidity)

Manufacturing

Cell-level defects,
incorrect physical

tolerances (components),

missing/misassembled
parts

ERLARARERES.
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Construction

Faulty HVAC, Cooling System,
Transformers, DC/AC wiring,
Fire suppression controls

Design

Non compliance to regulatory

standards (UL, IECC, NFPA),
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https://www.epri.com/research/products/000000003002030360
https://www.ul.com/insights/lithium-ion-battery-incident-reporting
https://www.epri.com/research/products/000000003002030360
https://www.mdpi.com/2571-6255/6/10/389
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https://info.cea3.com/hubfs/CEA%20BESS%20Quality%20Risks%20Report.pdf
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https://www.nyserda.ny.gov/All-Programs/Energy-Storage-Program/New-York-Inter-Agency-Fire-Safety-Working-Group
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https://www.faa.gov/hazmat/resources/lithium_batteries/incidents
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Vehicle Faults
* Batteryfaults

* Internal Electrical Faults
* Component Faults Unknown

29% ﬁ.
M. Y ' Vehicles
Faults

Factors

* Charger/charging failure

* Operation out of spec

* Poor system-integration
(balancing)

Faults

7%
\. Human
External )

Factors

ERimEl]

S8R [1) Tohic MZ M Martin-Gomez C.Open Res Fur, [2) ZhangZ. Dong. B Wang. | Wang. Y. He X Fnerg Technol, [3] EV.ire Safe Bithi e 2024 | R


https://pmc.ncbi.nlm.nih.gov/articles/PMC10873543/
https://onlinelibrary.wiley.com/doi/abs/10.1002/ente.202400931
https://www.evfiresafe.com/_files/ugd/8b9ad1_1e058681d2e447fdbe00fce9c46d4ec8.pdf

Research
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o
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Looking for a

trusted global expert
in battery research?

The Electrochemical Safety Research Institute (ESRI) is part of UL
Research Institutes, a nonprofit organization with 130 years of expertise
in safety science. We work to advance the safer design and
deployment of energy storage and energy generation through science.

Thermal Runaway & Fire Suppression | New Battery Materials |
Hydrogen Fuel Safety | Lithium-ion Battery Recycling

Scan to learn more about
our research and
collaboration opportunities

1 UL.org/ESRI

NFP.ElectrochemicalSafety@UL.org

Electrochemical
Safety
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Location*

67 unknown

Charging Vapour cloud explosion

Of total vapour cloud explosion
incidents. 2 unknown.

7
lY )
70N
Y 1

Of total EV battery fire incidents:

17
7 S Underground / 80 p A
< enclosed spaces EV connected | < 14
to energised ? > Underground /
173 2 o charging g
Outside & parked o

enclosed space
5 o 10 6
155 Efv disconnected - © Open air
Outside & driving rom energised
/ u \ charging within e lf

60 minutes of
incident


https://www.evfiresafe.com/_files/ugd/8b9ad1_1e058681d2e447fdbe00fce9c46d4ec8.pdf
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https://worldwide.espacenet.com/patent/
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https://volta.foundation/battery-report-2023
https://docs.google.com/spreadsheets/d/1BmUIc7glVppOUBByrKPAhSImwjPMJMecZis9XyAKiG8/edit?usp=sharing
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500 Wh/kg: E. KRB BABIFTHIRIXE B IR

USA Battery 500
USCAR

Japan Rising Il (now Rising III)
Battery 2030 EU

100

RiEE + 95 + REW

ESBINe ;. ERIRY AR 2020FF1H1H (BRAR3.0

800 1000 1200

600
Wh/L rgy density / Wh L

519911
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https://www.energy.gov/eere/articles/battery500-progress-update
https://uscar.org/
https://www.rising.saci.kyoto-u.ac.jp/en/
https://battery2030.eu/
https://volta.foundation/battery-report-2023
https://docs.google.com/spreadsheets/d/1BmUIc7glVppOUBByrKPAhSImwjPMJMecZis9XyAKiG8/edit?usp=sharing

- pa— VOLTA
| R | EE (1/2) VF | FEQUNDATION

ergy Dens g (cell leve 180-200 | 250-300 | 250-280 | 160-205 | 190-230 | 100-150 | 150-165 | 325-350 | 130-160
0 e ergy Dens ell leve 400-700 | 650-800 | 600-750 | 250-400 | 400-580 | 300-400 | 400-650 150-300 450-650 BiF
4
BO0% 750 1500 1000 3000 2000 500 750 500 400 500 300 iy
der aging (Qua Avg Avg Avg Good Avg Low Poor Low Avg Avg - Avg 3
&
Discharge (%/Mo 1.00% 2.50% 0.50% 1.00% 2.00% - 5.00% - - 1.00% 2
arge Rate Capab Qua Avg Avg Avg Avg Avg Avg Avg Good Avg Low Low Avg =
Discharge Rate Capab Qua Good Avg Avg Avg Avg Good Avg Good **Avg Avg Avg Avg 1
Avg Low Low Avg Avg Avg Low Low Good Poor **Poor **Avg
o s . e e e *High handling | manufacturing
ossible Fo actors and allenges No Issue | Nolssue | Nolssue | Nolssue | Nolssue | Nolssue | Nolssue Swelling* No Issue e Challenges | NO Issue
ominal Voltage 36 37 356 . 5 38 47 |35(5-| 3137 37 37 2.4
oltage Range (3.0-45) | (2.5-4.3)| (3.0-4.3) 3 65) 4'0) (3-43) [(3.0-5.0) 4.2) (1.5-4.2) [(25-4.2) | (25-4.2) | (15-3)
ode Spe apa Ah/g 274 215 200 170 160 148 147 215 170 215 215 1675
g emperature Operation (60 Qua Low Avg Low Good Good Low Low Avg Good Low **xLow Good
0 emperature Operatio 0 Qua Poor Good Good Poor Avg Avg Avg Good Poor Low **Low Poor
0 or Cos 0 Good Avg Avg Low Low Low Avg Avg Poor **Avg **Avg Low

* BRIEARSL, FRMBIR AR AT LA R th M BESE T AR ARSI

* IR RN AR AT ALk,

FRCA " AFRETERMIVEER, (BiBrLEh

BXRESHFMESFRR, BhE: )


https://docs.google.com/spreadsheets/d/1BmUIc7glVppOUBByrKPAhSImwjPMJMecZis9XyAKiG8/edit?usp=sharing
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Market Size and Priority Lithium lon s"ii',"‘"' Lm":ln ;‘:{:
Applications Matched to Preferred Performance 2024

Metrics Market Priority Priority Priority

in Billion N #2 #3

HighNi  NaMOx HighNi HighNi

LMFP

LCO Lithium  Lithium

uUsD Metal  Metal
Planes 426.42 Safety Whikg Power Reliability Poor Low Low Poor Poor Poor Poor Good Poor Low | **Good
evToL 110 Power Whikg Safety Reliability Poor Avg Avg Poor Poor Poor Poor Good Poor **Good
Aerospace | .\ Earth Orbit Satellites 1290 | ovele Life |Whikg | Reliability |safety R g Avg e Ly el Rl Low | Avg [ESEi**Good EESl
Medium Earth Orbit Satellites 47..44 Cycle Life | Wh/kg Reliability |Safety Avg Avg g Avg Ly ol bt Avg Avg R 9 | rAve
Geostationary Orbit Satellites 1724 |cycle Life |Whikg | Reliability |Safety Avg Avg Avg Avg Low Poor Poor Low Avg Poor | xxAvg | x*Avg
Moped 68.64 WhiL Cost g?slr:harge Cycle Life Low Avg Avg Good Good Low Low Avg Avg Poor [ **Poor | Poor EH
Motorcycle 84 WhiL Cost Cycle Life g?s"charge Low Avg Avg Low Low Low Poor Good Low Avg **Avg Low 4
Sports Car 8915  |Wh/kg Wh/L Power Cycle Life Avg Good Good Avg Avg Poor Poor Good Poor Low |**Good| Poor SF-j&J
Automotive Sedan 235.9 Cost WhiL Cycle Life |§.e'f Low Avg Avg Avg Good Poor Avg Poor Avg Poor | **Low Low 3
Self
Sports Utility Vehicle S Cycle Life | Discharge |Iaa Avg Avg Avg Good T (Il Avg ECoNN| Avo [[BCSHN| *+Low | Low B
Heavy Duty Trucks 215.54  |Wh/L Wh/kg Cycle Life |Cost Poor Low Low Low Low Poor Poor Avg Poor *xAvg | **Low | **Avg
Self
Industrial Trucks 2472 |whjkg  |cycle Life |Cost Discharge | Poor Ll Hen Lo Leio Poor Poor Avg Poor | xxAvg | *xLow |**Good 2
Computers & Tablets 44876 |Wh/L Safety Reliability |Cost Good Avg Low Avg Avg Low Good Low Low Poor | **Poor | **Poor i
Consumer Smart Phones & Watches 56612 (wh/L Safety Reliability |Cost Good Avg Low Avg Avg Low Good Low Low Poor | **Poor | **Poor
Electronics  power Tools & Gardening 39,5 |Power Cost Safety Reliability | Good Poor Low Avg Avg Low Good Low Low | Poor [ *#*Poor | **Poor 1
E-Bikes 48.7 |Cost Wh/kg Safety Reliability Avg Avg Avg Avg Good Avg Good Low Good Poor | **Poor | **Good
Grid Storage (Balancing) 751 Cost Cycle Life |Reliability |Safety Good Low Low Good Poor Poor Poor Poor Good Poor | **Poor | **Good
Residential Storage + Smart Grid 376 Reliability |Safety Cost Cycle Life Avg Low Low Good Good Avg Avg Poor *xAvg | **Avg
Self
Defibrillators mis4 Safety Reliability |Power Discharge Avg — — Avg — Avg e Sood *+Avg |
Medical Surgical Tools 14.26  [safety Reliability |Power Cycle Life Avg Low Low Avg Avg Avg Low Good *xAvg | **Poor
Revices Pacemakers 4.4 Safety Reliability | Cycle Life rsf" Low Low Low Avg Avg Low Low Poor Poor Poor [ **Good | **Poor
Monitoring Devices 22548 |Cycle Life |Cost Safety Reliability Low Low Low Good Low Low Avg Poor Good Poor | **Poor | **Poor
Infantry Reliability |Safety Whikg g?s"charge Poor Avg Avg Poor Low Poor Poor Good Poor Poor | **Good | **Good
Military Backup Power 309.77 |Reliability [Safety Wh/kg Wh/L Poor Avg Avg Poor Low Poor Poor Good Poor Poor | **Good | **Good
Missiles Power Wh/kg Wh/L Reliability Good Avg Avg Low Low Low Poor Good Poor | **Good | **Good | **Good
Drones Power Wh/kg Wh/L Reliability Good Avg Avg Low Low Low Poor Good Poor [ #**Good | **Good | **Good

* PRIEMRSL, BRI AT LIS ER it BES S = AR R AT
TRCA " BTPRETERMIEE, BiREmILEit

BXESFMEEFRER, Hha:


https://docs.google.com/spreadsheets/d/1BmUIc7glVppOUBByrKPAhSImwjPMJMecZis9XyAKiG8/edit?usp=sharing
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https://www.redwoodmaterials.com/resources/cathode-and-anode/
https://www.anl.gov/argonne-scientific-publications
https://www.nature.com/articles/s41467-020-15355-0
https://volta.foundation/battery-report-2023
https://docs.google.com/spreadsheets/d/1BmUIc7glVppOUBByrKPAhSImwjPMJMecZis9XyAKiG8/edit?usp=sharing
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https://www.ufinebattery.com/blog/lithium-sulfur-battery-vs-lithium-metal-battery-what-is-the-difference/
https://volta.foundation/battery-report-2023
https://docs.google.com/spreadsheets/d/1BmUIc7glVppOUBByrKPAhSImwjPMJMecZis9XyAKiG8/edit?usp=sharing
https://docs.google.com/spreadsheets/d/1BmUIc7glVppOUBByrKPAhSImwjPMJMecZis9XyAKiG8/edit?usp=sharing
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https://mtixtl.com/collections/cathode
https://www.msesupplies.com/products/mse-pro-single-crystal-nmc-532-cathode-powder-500g-lithium-nickel-manganese-cobalt-oxide-lini-sub-0-5-sub-mn-sub-0-3-sub-co-sub-0-2-sub-o-sub-2-sub
https://finance.sina.cn/2022-06-15/detail-imizmscu6988066.d.html
https://www.metal.com/Lithium%20Battery%20Cathode%20Precursor%20and%20Material
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https://www.sciencedirect.com/science/article/pii/S1369702115003181
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https://www.sciencedirect.com/science/article/pii/S2405844023111765
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https://www.greencarcongress.com/2024/05/20240530-optiq.html
https://www.greencarcongress.com/2024/05/20240530-optiq.html
https://www.greencarcongress.com/2024/05/20240530-optiq.html
https://swarajyamag.com/economy/a-giant-leap-for-ev-ambitions-hyundai-and-lg-energy-unveil-indonesias-first-battery-cell-factory
https://swarajyamag.com/economy/a-giant-leap-for-ev-ambitions-hyundai-and-lg-energy-unveil-indonesias-first-battery-cell-factory
https://swarajyamag.com/economy/a-giant-leap-for-ev-ambitions-hyundai-and-lg-energy-unveil-indonesias-first-battery-cell-factory
https://swarajyamag.com/economy/a-giant-leap-for-ev-ambitions-hyundai-and-lg-energy-unveil-indonesias-first-battery-cell-factory
https://www.koreatimes.co.kr/www/tech/2024/11/129_370640.html
https://www.koreatimes.co.kr/www/tech/2024/11/129_370640.html
https://www.koreatimes.co.kr/www/tech/2024/11/129_370640.html
https://www.koreatimes.co.kr/www/tech/2024/11/129_370640.html
https://www.ultiumcell.com/newsroom/News/2024/12/05/Ultium-Cells-Celebrates-100-Millionth-Battery-Cell-Produced-at-Warren-Ohio-Facility-
https://www.ultiumcell.com/newsroom/News/2024/12/05/Ultium-Cells-Celebrates-100-Millionth-Battery-Cell-Produced-at-Warren-Ohio-Facility-
https://www.lgcorp.com/media/release/27326
https://www.lgcorp.com/media/release/27326
https://www.lgcorp.com/media/release/27326
https://www.lgcorp.com/media/release/27326
https://www.lgcorp.com/media/release/27326
https://news.lgensol.com/insights/from-our-experts/3151/
https://www.koreatimes.co.kr/www/tech/2024/11/129_370640.html
https://news.lgensol.com/insights/from-our-experts/3151/
https://news.lgensol.com/insights/from-our-experts/3151/
https://news.lgensol.com/insights/from-our-experts/3151/
https://news.lgensol.com/insights/from-our-experts/3151/
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https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/lithium-cobalt-oxide
https://offgridtech.org/tech-updates-online/2021/lithium-iron-phosphate-batteries-pros-and-cons/
https://www.grepow.com/blog/lithium-iron-phosphate-vs-lithium-cobalt-oxide-battery-monday.html
https://www.sciencedirect.com/science/article/abs/pii/S0921344922000520
https://globaledge.msu.edu/blog/post/57136/congos-cobalt-controversy
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https://nanotechenergy.com/built-for-success-delving-into-the-18650-battery-cells-ready-for-production-at-chico-2/
https://nanotechenergy.com/built-for-success-delving-into-the-18650-battery-cells-ready-for-production-at-chico-2/
https://nanotechenergy.com/built-for-success-delving-into-the-18650-battery-cells-ready-for-production-at-chico-2/
https://nanotechenergy.com/built-for-success-delving-into-the-18650-battery-cells-ready-for-production-at-chico-2/
https://nanotechenergy.com/built-for-success-delving-into-the-18650-battery-cells-ready-for-production-at-chico-2/
https://www.apple.com/newsroom/2023/04/apple-will-use-100-percent-recycled-cobalt-in-batteries-by-2025/
https://www.apple.com/newsroom/2023/04/apple-will-use-100-percent-recycled-cobalt-in-batteries-by-2025/
https://www.apple.com/newsroom/2023/04/apple-will-use-100-percent-recycled-cobalt-in-batteries-by-2025/
https://www.uniladtech.com/science/news/japanese-discover-rare-minerals-worth-26-billion-051643-20241119
https://www.uniladtech.com/science/news/japanese-discover-rare-minerals-worth-26-billion-051643-20241119
https://www.uniladtech.com/science/news/japanese-discover-rare-minerals-worth-26-billion-051643-20241119
https://cobaltblueholdings.com/news/cobalt-blue-and-ecocycle-sign-mou-to-advance-black-mass-to-critical-minerals-processing/
https://cobaltblueholdings.com/news/cobalt-blue-and-ecocycle-sign-mou-to-advance-black-mass-to-critical-minerals-processing/
https://cobaltblueholdings.com/news/cobalt-blue-and-ecocycle-sign-mou-to-advance-black-mass-to-critical-minerals-processing/
https://cobaltblueholdings.com/news/cobalt-blue-and-ecocycle-sign-mou-to-advance-black-mass-to-critical-minerals-processing/
https://cobaltblueholdings.com/news/cobalt-blue-and-ecocycle-sign-mou-to-advance-black-mass-to-critical-minerals-processing/
https://www.prnewswire.com/in/news-releases/ateios-systems-unveils-raicore-electrode-to-build-the-worlds-first-pfa-free-high-performance-lco-battery-302192467.html
https://www.prnewswire.com/in/news-releases/ateios-systems-unveils-raicore-electrode-to-build-the-worlds-first-pfa-free-high-performance-lco-battery-302192467.html
https://www.prnewswire.com/in/news-releases/ateios-systems-unveils-raicore-electrode-to-build-the-worlds-first-pfa-free-high-performance-lco-battery-302192467.html
https://gsyuasa-lp.com/PDFS/EaglePicher%20Technologies%20Awards%20GYLP%20Contract%20to%20deliver%20LSE112%20cells.pdf
https://gsyuasa-lp.com/PDFS/EaglePicher%20Technologies%20Awards%20GYLP%20Contract%20to%20deliver%20LSE112%20cells.pdf
https://gsyuasa-lp.com/PDFS/EaglePicher%20Technologies%20Awards%20GYLP%20Contract%20to%20deliver%20LSE112%20cells.pdf
https://gsyuasa-lp.com/PDFS/EaglePicher%20Technologies%20Awards%20GYLP%20Contract%20to%20deliver%20LSE112%20cells.pdf
https://investors.metals.co/news-releases/news-release-details/tmc-and-sgs-produce-world-first-cobalt-sulfate-deep-seafloor?utm_source=chatgpt.com
https://investors.metals.co/news-releases/news-release-details/tmc-and-sgs-produce-world-first-cobalt-sulfate-deep-seafloor?utm_source=chatgpt.com
https://investors.metals.co/news-releases/news-release-details/tmc-and-sgs-produce-world-first-cobalt-sulfate-deep-seafloor?utm_source=chatgpt.com
https://www.wric.com/business/press-releases/ein-presswire/770751457/ateios-systems-partners-with-multiple-battery-assemblers-to-achieve-gwh-capacity-of-batteries-with-raicore-inside/
https://www.wric.com/business/press-releases/ein-presswire/770751457/ateios-systems-partners-with-multiple-battery-assemblers-to-achieve-gwh-capacity-of-batteries-with-raicore-inside/
https://www.wric.com/business/press-releases/ein-presswire/770751457/ateios-systems-partners-with-multiple-battery-assemblers-to-achieve-gwh-capacity-of-batteries-with-raicore-inside/
https://www.binghamton.edu/news/story/5287/ateios
https://www.binghamton.edu/news/story/5287/ateios
https://www.binghamton.edu/news/story/5287/ateios
https://www.electrabmc.com/news-releases/news/electra-announces-20-million-strategic-investment-proposal
https://www.electrabmc.com/news-releases/news/electra-announces-20-million-strategic-investment-proposal
https://www.electrabmc.com/news-releases/news/electra-announces-20-million-strategic-investment-proposal
https://www.electrabmc.com/news-releases/news/electra-announces-20-million-strategic-investment-proposal
https://www.listcorp.com/asx/cob/cobalt-blue-holdings-limited/news/cob-to-progress-cobalt-nickel-refinery-project-in-2024-2962567.html?utm_source=chatgpt.com
https://www.listcorp.com/asx/cob/cobalt-blue-holdings-limited/news/cob-to-progress-cobalt-nickel-refinery-project-in-2024-2962567.html?utm_source=chatgpt.com
https://www.listcorp.com/asx/cob/cobalt-blue-holdings-limited/news/cob-to-progress-cobalt-nickel-refinery-project-in-2024-2962567.html?utm_source=chatgpt.com
https://www.listcorp.com/asx/cob/cobalt-blue-holdings-limited/news/cob-to-progress-cobalt-nickel-refinery-project-in-2024-2962567.html?utm_source=chatgpt.com
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BEALRESE. BBEELCOELAHEEBF =M. TANARAIRGIEBRITEHNIEERRER
B EPHREZETR,
g
(Z=7T/)
BB (mAh/g) 42 16,182.32
44 16,617.55
AR R E (V) 3.91 3.92 3.94 3.97 403
445 17,1616
teaEE (Wh/kg) 4573 607.6 669.6 7335 885.9
4.48 17,639.15
LLAEE (Wh/L) 2299 2552 2812 3081 3721 45 18,062.3
110 % 1% 10% 9.5% 21% 453 20,888.55
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https://www.sciencedirect.com/science/article/pii/S2095495622003679
https://www.metal.com/Lithium%20Battery%20Cathode%20Precursor%20and%20Material
https://news.smm.cn/news/102182434
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https://volta.foundation/battery-report-2023
https://www.nature.com/articles/s41467-020-15355-0
https://docs.google.com/spreadsheets/d/1BmUIc7glVppOUBByrKPAhSImwjPMJMecZis9XyAKiG8/edit?usp=sharing
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https://www.stellantis.com/en/news/press-releases/2024/december/stellantis-and-calt-to-invest-up-to-4-1-billion-in-joint-venture-for-large-scale-lfp-battery-plant-in-spain
https://www.stellantis.com/en/news/press-releases/2024/december/stellantis-and-calt-to-invest-up-to-4-1-billion-in-joint-venture-for-large-scale-lfp-battery-plant-in-spain
https://www.stellantis.com/en/news/press-releases/2024/december/stellantis-and-calt-to-invest-up-to-4-1-billion-in-joint-venture-for-large-scale-lfp-battery-plant-in-spain
https://www.stellantis.com/en/news/press-releases/2024/december/stellantis-and-calt-to-invest-up-to-4-1-billion-in-joint-venture-for-large-scale-lfp-battery-plant-in-spain
https://firstphosphate.com/mou-to-produce-lfp-cathode/
https://firstphosphate.com/mou-to-produce-lfp-cathode/
https://firstphosphate.com/mou-to-produce-lfp-cathode/
https://firstphosphate.com/mou-to-produce-lfp-cathode/
https://www.adamasintel.com/hunan-yuneng-to-biuld-50-ktpa-lfp-cam-plant-spain/
https://www.adamasintel.com/hunan-yuneng-to-biuld-50-ktpa-lfp-cam-plant-spain/
https://www.adamasintel.com/hunan-yuneng-to-biuld-50-ktpa-lfp-cam-plant-spain/
https://www.mining.com/first-phosphate-selects-quebec-site-for-10000-tonne-iron-phosphate-plant/
https://www.mining.com/first-phosphate-selects-quebec-site-for-10000-tonne-iron-phosphate-plant/
https://www.mining.com/first-phosphate-selects-quebec-site-for-10000-tonne-iron-phosphate-plant/
https://www.mining.com/first-phosphate-selects-quebec-site-for-10000-tonne-iron-phosphate-plant/
https://www.mining.com/first-phosphate-selects-quebec-site-for-10000-tonne-iron-phosphate-plant/
https://ford.shorthandstories.com/BlueOvalBatteryParkMichigan/index.html
https://ford.shorthandstories.com/BlueOvalBatteryParkMichigan/index.html
https://ford.shorthandstories.com/BlueOvalBatteryParkMichigan/index.html
https://ford.shorthandstories.com/BlueOvalBatteryParkMichigan/index.html
https://www.aesc-group.com/en/item/668bf854f7fe5a27254fcc59/
https://www.aesc-group.com/en/item/668bf854f7fe5a27254fcc59/
https://www.aesc-group.com/en/item/668bf854f7fe5a27254fcc59/
https://www.argusmedia.com/en/news-and-insights/latest-market-news/2545490-korea-s-sk-on-to-start-lfp-battery-mass-output-by-2026
https://www.argusmedia.com/en/news-and-insights/latest-market-news/2545490-korea-s-sk-on-to-start-lfp-battery-mass-output-by-2026
https://www.argusmedia.com/en/news-and-insights/latest-market-news/2560463-china-s-lopal-starts-first-indonesian-lfp-battery-plant
https://www.argusmedia.com/en/news-and-insights/latest-market-news/2560463-china-s-lopal-starts-first-indonesian-lfp-battery-plant
https://www.argusmedia.com/en/news-and-insights/latest-market-news/2560463-china-s-lopal-starts-first-indonesian-lfp-battery-plant
https://renewablesnow.com/news/aussie-chinese-jv-opens-philippines-first-lfp-battery-gigafactory-870159/
https://renewablesnow.com/news/aussie-chinese-jv-opens-philippines-first-lfp-battery-gigafactory-870159/
https://renewablesnow.com/news/aussie-chinese-jv-opens-philippines-first-lfp-battery-gigafactory-870159/
https://renewablesnow.com/news/aussie-chinese-jv-opens-philippines-first-lfp-battery-gigafactory-870159/
https://renewablesnow.com/news/aussie-chinese-jv-opens-philippines-first-lfp-battery-gigafactory-870159/
https://www.reuters.com/technology/gotion-high-tech-morocco-gigafactory-start-production-2026-2024-06-07/
https://www.reuters.com/technology/gotion-high-tech-morocco-gigafactory-start-production-2026-2024-06-07/
https://www.reuters.com/technology/gotion-high-tech-morocco-gigafactory-start-production-2026-2024-06-07/
https://www.reuters.com/technology/gotion-high-tech-morocco-gigafactory-start-production-2026-2024-06-07/
https://www.reuters.com/technology/gotion-high-tech-morocco-gigafactory-start-production-2026-2024-06-07/
https://projectblue.com/blue/news-analysis/778/lg-energy-solutions-commits-to-lfp-in-its-future-
https://projectblue.com/blue/news-analysis/778/lg-energy-solutions-commits-to-lfp-in-its-future-
https://projectblue.com/blue/news-analysis/778/lg-energy-solutions-commits-to-lfp-in-its-future-
https://projectblue.com/blue/news-analysis/778/lg-energy-solutions-commits-to-lfp-in-its-future-
https://projectblue.com/blue/news-analysis/778/lg-energy-solutions-commits-to-lfp-in-its-future-
https://www.reuters.com/technology/norways-morrow-batteries-opens-factory-plans-first-deliveries-by-year-end-2024-08-16/
https://www.reuters.com/technology/norways-morrow-batteries-opens-factory-plans-first-deliveries-by-year-end-2024-08-16/
https://www.reuters.com/technology/norways-morrow-batteries-opens-factory-plans-first-deliveries-by-year-end-2024-08-16/
https://www.reuters.com/technology/norways-morrow-batteries-opens-factory-plans-first-deliveries-by-year-end-2024-08-16/
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LMFPEREIMn/Fett =R (RERea/E,  BEBZE)

LFP (0% Mn) 20% Mn* 40% Mn
3.4V 3.44V 3.48V

161.0 mAh/g 161.7 mAh/g 157.4 mAh/g
534.9 Wh/kg 553.5 Wh/kg 557.0 Wh/kg

Theoretical Capacity
(mAh/g)

60% &
3.64V

142.4 mAh/g
515.8 Wh/kg
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Cell Voltage (V)

Conductivity (S/cm) Liion diffusion (cm2/s)

mLiFePO4 m LiMnPO4

80% $& LMP (100%Mn)
3.96V 3.95V

126.3 mAh/g 63.0 mAh/g
459.9 Wh/kg 230.6 Wh/kg

*20% §&: LiMng,FeysPO4
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https://chargedevs.com/newswire/integrals-power-begins-distributing-samples-of-uk-made-lfp-and-lmfp-battery-cathode-materials/
https://chargedevs.com/newswire/integrals-power-begins-distributing-samples-of-uk-made-lfp-and-lmfp-battery-cathode-materials/
https://chargedevs.com/newswire/integrals-power-begins-distributing-samples-of-uk-made-lfp-and-lmfp-battery-cathode-materials/
https://chargedevs.com/newswire/integrals-power-begins-distributing-samples-of-uk-made-lfp-and-lmfp-battery-cathode-materials/
https://batterytechassociation.org/siat-partners-with-cpdc-to-launch-innovative-second-generation-lmfp-paste-with-phosphazene-enhancing-battery-safety/
https://batterytechassociation.org/siat-partners-with-cpdc-to-launch-innovative-second-generation-lmfp-paste-with-phosphazene-enhancing-battery-safety/
https://batterytechassociation.org/siat-partners-with-cpdc-to-launch-innovative-second-generation-lmfp-paste-with-phosphazene-enhancing-battery-safety/
https://batterytechassociation.org/siat-partners-with-cpdc-to-launch-innovative-second-generation-lmfp-paste-with-phosphazene-enhancing-battery-safety/
https://electrek.co/2024/07/16/tesla-might-have-figured-out-longer-lasting-manganese-rich-batteries/
https://www.electrive.com/2024/02/29/230105/
https://www.electrive.com/2024/02/29/230105/
https://www.electrive.com/2024/02/29/230105/
https://www.electrive.com/2024/02/29/230105/
https://www.electrive.com/2024/02/29/230105/
https://pushevs.com/2024/04/09/byd-will-launch-its-second-generation-blade-battery-this-year/
https://pushevs.com/2024/04/09/byd-will-launch-its-second-generation-blade-battery-this-year/
https://pushevs.com/2024/04/09/byd-will-launch-its-second-generation-blade-battery-this-year/
https://pushevs.com/2024/04/09/byd-will-launch-its-second-generation-blade-battery-this-year/
https://pushevs.com/2024/04/09/byd-will-launch-its-second-generation-blade-battery-this-year/
https://evreporter.com/lohum-to-produce-lmfp-li-ion-batteries-appoints-chaitanya-sharma/
https://evreporter.com/lohum-to-produce-lmfp-li-ion-batteries-appoints-chaitanya-sharma/
https://evreporter.com/lohum-to-produce-lmfp-li-ion-batteries-appoints-chaitanya-sharma/
https://evreporter.com/lohum-to-produce-lmfp-li-ion-batteries-appoints-chaitanya-sharma/
https://evreporter.com/lohum-to-produce-lmfp-li-ion-batteries-appoints-chaitanya-sharma/
https://www.mining.com/firebird-fully-permitted-to-operate-manganese-plant-in-china/
https://www.mining.com/firebird-fully-permitted-to-operate-manganese-plant-in-china/
https://www.mining.com/firebird-fully-permitted-to-operate-manganese-plant-in-china/
https://www.mining.com/firebird-fully-permitted-to-operate-manganese-plant-in-china/
https://www.mining.com/firebird-fully-permitted-to-operate-manganese-plant-in-china/
https://www.prnewswire.com/news-releases/wildcat-and-austin-elements-partner-to-close-the-loop-on-lfplmfp-battery-recycling-302203014.html
https://www.prnewswire.com/news-releases/wildcat-and-austin-elements-partner-to-close-the-loop-on-lfplmfp-battery-recycling-302203014.html
https://www.prnewswire.com/news-releases/mitra-chem-and-saint-gobain-ceramics-enter-a-strategic-partnership-to-commercialize-ira-compliant-lmfp-cathodes-with-a-low-wastewater-manufacturing-process-302083244.html
https://www.prnewswire.com/news-releases/mitra-chem-and-saint-gobain-ceramics-enter-a-strategic-partnership-to-commercialize-ira-compliant-lmfp-cathodes-with-a-low-wastewater-manufacturing-process-302083244.html
https://www.prnewswire.com/news-releases/mitra-chem-and-saint-gobain-ceramics-enter-a-strategic-partnership-to-commercialize-ira-compliant-lmfp-cathodes-with-a-low-wastewater-manufacturing-process-302083244.html
https://www.prnewswire.com/news-releases/mitra-chem-and-saint-gobain-ceramics-enter-a-strategic-partnership-to-commercialize-ira-compliant-lmfp-cathodes-with-a-low-wastewater-manufacturing-process-302083244.html
https://auto.economictimes.indiatimes.com/news/two-wheelers/jitendra-ev-launches-new-variants-of-primo-series-e-scooters-at-prices-from-inr-79999/110326631
https://auto.economictimes.indiatimes.com/news/two-wheelers/jitendra-ev-launches-new-variants-of-primo-series-e-scooters-at-prices-from-inr-79999/110326631
https://auto.economictimes.indiatimes.com/news/two-wheelers/jitendra-ev-launches-new-variants-of-primo-series-e-scooters-at-prices-from-inr-79999/110326631
https://news.metal.com/newscontent/102812047
https://news.metal.com/newscontent/102812047
https://news.metal.com/newscontent/102812047
https://news.metal.com/newscontent/102812047
https://www.reptbattero.com/en/news/rui-pu-lanjun-debuted-at-the-paris-motor-show-and-launched-the-world-s-first-lmfp-top-battery-to-pro/
https://www.reptbattero.com/en/news/rui-pu-lanjun-debuted-at-the-paris-motor-show-and-launched-the-world-s-first-lmfp-top-battery-to-pro/
https://www.reptbattero.com/en/news/rui-pu-lanjun-debuted-at-the-paris-motor-show-and-launched-the-world-s-first-lmfp-top-battery-to-pro/
https://www.reptbattero.com/en/news/rui-pu-lanjun-debuted-at-the-paris-motor-show-and-launched-the-world-s-first-lmfp-top-battery-to-pro/
https://news.metal.com/newscontent/103085648/Ronbay-Technology-Completes-10000-mt-LMFP-Solid-State-Capacity-Project-Eyes-Overseas-Expansion
https://news.metal.com/newscontent/103085648/Ronbay-Technology-Completes-10000-mt-LMFP-Solid-State-Capacity-Project-Eyes-Overseas-Expansion
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| EBE | TEAR | VE ‘ VOLTA

FOUNDATION
LMO (LiMn,0,) REBAEHAFEENL
32e sites (0)
IS FAEE T E R TALEELMO CAMMAE: e ‘"
sites (Min**/Mn**)
J NET R RSIARREG, BIESEMER
SR (Tiv) B (Mn*) |, FAER (S*) BR&E (07) . Xiy5iAEd "é
R ERE - RN TRISESN, HERBRONRESH P RFSERTENL. o Yo
= ® Tetrahedral 8a sites (Li*)
J BRIgT—IEF, REAEESESHELIEEEEFMn* (Flg0n = 1: Na+ ir’ 4
g K+, 8¢ n=2: Mg? & Sr**) B8 (Li*) , B—M13f%cEM m+ (1 ‘ = = .
B35 AP*) BE (Mn*) , HREBEFSHFIXK (40 F 8k CI8l SO*) & oM: OT QL o0 Os
& (07) , #lLi(1+a)MbMn(2-c)M’ cO(4-d)Xef, LABNIRERBEAL O e iy
MRS RSE RS (2],
. BN BTE, WHEFEEP™), EmfE, & _—
&7 IMOIERE B ESTHES 7 HA R, WEMeE TR, WHEK s LMO  cationsies ”
BittEd., BIEIRTEZIE+ZME, BINTHEESE, MRS TREEE /

[3]. @‘W &[ @W /
. &’ " B nterstitials
®

Anion sites
(0)

kR [1] i [2] i [3]


https://pubs.rsc.org/en/content/articlelanding/2024/ma/d3ma01187a
https://patents.google.com/patent/WO2024147993A1
https://www.tytlabs.co.jp/en/cms/news/news-20240327-1419.html
https://pubs.rsc.org/en/content/articlelanding/2024/ma/d3ma01187a
https://pubs.rsc.org/en/content/articlelanding/2024/ma/d3ma01187a
https://pubs.rsc.org/en/content/articlelanding/2024/ma/d3ma01187a

|2 | ER |

AEHIMEFIETshipi Borwa
TREGHEEREN A, FRER
iﬁﬂ%ﬁﬁﬁ%ﬁﬁé&MnMﬂﬂ"ﬁi

S JUPITERMINESLTD
SEXEER 1R A=
tEV%,tﬁfmﬁltT =254
SEREEZAYE 2
SRFERNB86%
- . °
manganese Qcalix

kiR biAEHMEENE

Calix Ltd. F=—FFrEAILMO
TEtR, RACalixiNyReeA,
CXL LMO/Li€BER¥aE
#110mAh/g, S00MBIRER

R AT SRR
e et
i

HMS R SR LXMO™
REBCHIREMREEEE,
BT 1000 R FEEERE IR
R, (RIFPARTER>80%

AEFREREEREY =8
EE R SESHIE,
BIETREEREENLR, 1’
{581 13002 BT

e ABERRAEEIR

@V BB TALENT NEW ENERGY

GIYANI

METALS CORP.

1SHR SRISEEL "ISEELE
EtEME” e, BEE
FRIEIR G A AP RASEIARE

SRR BHE1 SERY FAE
, BFERESHIKgwakwelll,
BT

ASEE FKEETENEEER
e R EMER AR
&I ROFA, BitR 20255

FHAEF

N
“===_" FiREBIRD METALS

LLLLL

SOUTH32 $£15$166MEE
AERERRER, FRTFIERISEA0
JHHermosa ClarkIig, LA
SRRSO R R

VOLTA
FOUNDATION

VF

Mn Battery Minerals
Pty Ltd itXIpkALEK

SEEEmERE—IKEY)

L=

BIREREIRSERIFLIHA
HEARBt R SEE R L B9
iR

GIYANI

METALS CORP.


https://www.jupitermines.com/cproot/1193/3/240131_JMS%20Quarterly%20Activities%20Report%20-%20Q2%20Dec%202023_bjr_vfinal.pdf
https://www.jupitermines.com/cproot/1193/3/240131_JMS%20Quarterly%20Activities%20Report%20-%20Q2%20Dec%202023_bjr_vfinal.pdf
https://www.jupitermines.com/cproot/1193/3/240131_JMS%20Quarterly%20Activities%20Report%20-%20Q2%20Dec%202023_bjr_vfinal.pdf
https://www.jupitermines.com/cproot/1193/3/240131_JMS%20Quarterly%20Activities%20Report%20-%20Q2%20Dec%202023_bjr_vfinal.pdf
https://www.miningweekly.com/article/progress-continues-to-be-made-at-giyanis-demo-plant-commissioning-2024-11-14
https://www.miningweekly.com/article/progress-continues-to-be-made-at-giyanis-demo-plant-commissioning-2024-11-14
https://www.miningweekly.com/article/progress-continues-to-be-made-at-giyanis-demo-plant-commissioning-2024-11-14
https://electrek.co/2024/07/16/tesla-might-have-figured-out-longer-lasting-manganese-rich-batteries/
https://electrek.co/2024/07/16/tesla-might-have-figured-out-longer-lasting-manganese-rich-batteries/
https://electrek.co/2024/07/16/tesla-might-have-figured-out-longer-lasting-manganese-rich-batteries/
https://projectblue.com/blue/news-analysis/786/ghana-unveils-plans-for-a-us$450m-jv-manganese-refinery-project-with-tmi
https://projectblue.com/blue/news-analysis/786/ghana-unveils-plans-for-a-us$450m-jv-manganese-refinery-project-with-tmi
https://projectblue.com/blue/news-analysis/786/ghana-unveils-plans-for-a-us$450m-jv-manganese-refinery-project-with-tmi
https://projectblue.com/blue/news-analysis/786/ghana-unveils-plans-for-a-us$450m-jv-manganese-refinery-project-with-tmi
https://www.innovationnewsnetwork.com/manganese-x-energy-refining-high-purity-manganese-for-the-future/43967/
https://www.innovationnewsnetwork.com/manganese-x-energy-refining-high-purity-manganese-for-the-future/43967/
https://www.innovationnewsnetwork.com/manganese-x-energy-refining-high-purity-manganese-for-the-future/43967/
https://www.reuters.com/markets/commodities/botswana-licences-its-first-manganese-mining-project-2024-09-18/?utm_source=chatgpt.com
https://www.reuters.com/markets/commodities/botswana-licences-its-first-manganese-mining-project-2024-09-18/?utm_source=chatgpt.com
https://www.reuters.com/markets/commodities/botswana-licences-its-first-manganese-mining-project-2024-09-18/?utm_source=chatgpt.com
https://www.south32.net/news-media/latest-news/us-doe-grant-for-clark-battery-grade-manganese
https://www.south32.net/news-media/latest-news/us-doe-grant-for-clark-battery-grade-manganese
https://www.south32.net/news-media/latest-news/us-doe-grant-for-clark-battery-grade-manganese
https://www.south32.net/news-media/latest-news/us-doe-grant-for-clark-battery-grade-manganese
https://www.mining.com/firebird-fully-permitted-to-operate-manganese-plant-in-china/
https://www.mining.com/firebird-fully-permitted-to-operate-manganese-plant-in-china/
https://www.mining.com/firebird-fully-permitted-to-operate-manganese-plant-in-china/
https://electrek.co/2024/04/03/new-solid-state-battery-cell-claims-industry-records-1300-mile-range/
https://electrek.co/2024/04/03/new-solid-state-battery-cell-claims-industry-records-1300-mile-range/
https://electrek.co/2024/04/03/new-solid-state-battery-cell-claims-industry-records-1300-mile-range/
https://electrek.co/2024/04/03/new-solid-state-battery-cell-claims-industry-records-1300-mile-range/
https://pubs.rsc.org/en/content/articlelanding/2024/ma/d3ma01187a
https://pubs.rsc.org/en/content/articlelanding/2024/ma/d3ma01187a
https://pubs.rsc.org/en/content/articlelanding/2024/ma/d3ma01187a
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https://pubs.rsc.org/en/content/articlelanding/2024/ma/d3ma01187a
https://resdevgroup.com.au/businesses/mn-battery-minerals/
https://resdevgroup.com.au/businesses/mn-battery-minerals/
https://resdevgroup.com.au/businesses/mn-battery-minerals/
https://resdevgroup.com.au/businesses/mn-battery-minerals/
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LMNO5SLMO

e TELMNOSLMO#EELH, ZEPDHRE

o BESINRFESTERNWEREE, NMEINTEBAEERE

o LMNORMHLESHIRLEZRE, EHE7E180-200 Wh/kgZ[a], TILMORIREE
BEED, 59140-160 Wh/kg

e LMNORUEILEBFEH4.7 V, TILMORE;IEEEERA.2 V

e 5LMO#ELL, LMNOTE(KE M A%

LMO LMNO
LMOSFHINiI/MnLEER EositueaE, s, BB
LMO (0% Ni) 30% Ni 50% Ni 70% Ni 80% Ni LNO (100% Ni)
40V 4.3V 4.7V 4.8V 4.9V 4.4V
120.0 mAh/g 170.0 mAh/g 200.0 mAh/g 220.0 mAh/g 230.0 mAh/g 250.0 mAh/g
180.0 Wh/kg 230.0 Wh/kg 300.0 Wh/kg 330.0 Wh/kg 360.0 Wh/kg 380.0 Wh/kg

I K. Mukai&, RSC Adv., 2013, 3, 11634-11639 EBLithiRes 2024 | 52297
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https://www.topsoe.com/hubfs/DOWNLOADS/DOWNLOADS%20-%20Articles/Inno17%20TOPSOE01%2028290%20pro.pdf?hsLang=en
https://www.topsoe.com/hubfs/DOWNLOADS/DOWNLOADS%20-%20Articles/Inno17%20TOPSOE01%2028290%20pro.pdf?hsLang=en
https://www.topsoe.com/hubfs/DOWNLOADS/DOWNLOADS%20-%20Articles/Inno17%20TOPSOE01%2028290%20pro.pdf?hsLang=en
https://www.3believe.eu/news/recycling-cells-with-lnmo-cathodes/
https://www.3believe.eu/news/recycling-cells-with-lnmo-cathodes/
https://www.irec.cat/press-society/news/towards-innovative-and-sustainable-high-voltage-li-ion-cells-for-next-generation-batteries/
https://www.irec.cat/press-society/news/towards-innovative-and-sustainable-high-voltage-li-ion-cells-for-next-generation-batteries/
https://cordis.europa.eu/project/id/101147688
https://cordis.europa.eu/project/id/101147688
https://cordis.europa.eu/project/id/101147688
https://cordis.europa.eu/project/id/101147688
https://news.morrowbatteries.com/pressreleases/morrow-batteries-opens-norways-largest-battery-research-centre-in-southern-norway-3258466
https://news.morrowbatteries.com/pressreleases/morrow-batteries-opens-norways-largest-battery-research-centre-in-southern-norway-3258466
https://news.morrowbatteries.com/pressreleases/morrow-batteries-opens-norways-largest-battery-research-centre-in-southern-norway-3258466
https://www.echiontech.com/news/whitepaper
https://www.echiontech.com/news/whitepaper
https://www.echiontech.com/news/whitepaper
https://nanoone.ca/news/nano-one-secures-its-11th-new-patent-in-2024/
https://nanoone.ca/news/nano-one-secures-its-11th-new-patent-in-2024/
https://nanoone.ca/news/nano-one-secures-its-11th-new-patent-in-2024/
https://south8.com/news/south-8-demonstrates-lithium-nickel-manganese-oxide-lnmo-battery-electrolyte/
https://south8.com/news/south-8-demonstrates-lithium-nickel-manganese-oxide-lnmo-battery-electrolyte/
https://south8.com/news/south-8-demonstrates-lithium-nickel-manganese-oxide-lnmo-battery-electrolyte/
https://south8.com/news/south-8-demonstrates-lithium-nickel-manganese-oxide-lnmo-battery-electrolyte/
https://news.morrowbatteries.com/pressreleases/innovation-norway-grants-nok-1-dot-5-billion-loan-facility-to-morrow-batteries-asa-3361196
https://news.morrowbatteries.com/pressreleases/innovation-norway-grants-nok-1-dot-5-billion-loan-facility-to-morrow-batteries-asa-3361196
https://news.morrowbatteries.com/pressreleases/innovation-norway-grants-nok-1-dot-5-billion-loan-facility-to-morrow-batteries-asa-3361196
https://news.morrowbatteries.com/pressreleases/innovation-norway-grants-nok-1-dot-5-billion-loan-facility-to-morrow-batteries-asa-3361196
https://www.echiontech.com/news/morrow
https://www.echiontech.com/news/morrow
https://www.echiontech.com/news/morrow
https://www.irec.cat/press-society/news/final-results-and-reflections-from-cobra-project/
https://www.irec.cat/press-society/news/final-results-and-reflections-from-cobra-project/
https://www.irec.cat/press-society/news/final-results-and-reflections-from-cobra-project/
https://south8.com/news/south-8-ligas-liquefied-gas-electrolyte-named-to-times-list-of-the-best-inventions-2024/
https://south8.com/news/south-8-ligas-liquefied-gas-electrolyte-named-to-times-list-of-the-best-inventions-2024/
https://south8.com/news/south-8-ligas-liquefied-gas-electrolyte-named-to-times-list-of-the-best-inventions-2024/
https://south8.com/news/south-8-ligas-liquefied-gas-electrolyte-named-to-times-list-of-the-best-inventions-2024/
https://south8.com/news/south-8-ligas-liquefied-gas-electrolyte-named-to-times-list-of-the-best-inventions-2024/

Prototype Cell Fabrication Comprehensive Cell Testing
Custom__ Electrode Fabrication

Cell Disassembly, Analytical Services, and Reporting
Third Party Evaluation and Due Diligence
Expert Reports, Testimony, and Independent Testing

info@spectrapowerlic.com [
www.spectrapowerllc.com
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https://www.ufinebattery.com/blog/cathode-and-anode-of-the-battery/
https://source.benchmarkminerals.com/article/which-companies-control-the-lithium-ion-battery-supply-chain-2
https://volta.foundation/battery-report-2023
https://docs.google.com/spreadsheets/d/1BmUIc7glVppOUBByrKPAhSImwjPMJMecZis9XyAKiG8/edit?usp=sharing
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https://volta.foundation/battery-report-2023
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https://www.ufinebattery.com/blog/cathode-and-anode-of-the-battery/
https://volta.foundation/battery-report-2023
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https://www.teslarati.com/panasonic-energy-synthetic-graphite-ev-battery/
https://www.teslarati.com/panasonic-energy-synthetic-graphite-ev-battery/
https://www.automotivelogistics.media/battery-supply-chain/nmg-to-supply-gm-with-graphite-anode-material-for-ev-battery-production/45235.article
https://www.automotivelogistics.media/battery-supply-chain/nmg-to-supply-gm-with-graphite-anode-material-for-ev-battery-production/45235.article
https://projectblue.com/blue/news-analysis/785/posco-diversifies-graphite-supply-for-battery-anodes
https://www.miningnewsnorth.com/story/2024/08/02/news/graphite-one-links-alaska-to-ev-industry/8622.html
https://www.miningnewsnorth.com/story/2024/08/02/news/graphite-one-links-alaska-to-ev-industry/8622.html
https://www.reuters.com/business/autos-transportation/automakers-win-extension-use-chinese-graphite-ev-tax-credits-2024-05-03/
https://www.reuters.com/business/autos-transportation/automakers-win-extension-use-chinese-graphite-ev-tax-credits-2024-05-03/
https://upcatalyst.com/up-catalyst-secures-additional-e2-3-million-to-accelerate-scale-up-of-battery-raw-material-production-from-co2-emissions/
https://upcatalyst.com/up-catalyst-secures-additional-e2-3-million-to-accelerate-scale-up-of-battery-raw-material-production-from-co2-emissions/
https://upcatalyst.com/up-catalyst-secures-additional-e2-3-million-to-accelerate-scale-up-of-battery-raw-material-production-from-co2-emissions/
https://www.northerngraphite.com/northern-graphite-and-rain-carbon-announces-agreement-to-jointly-develop-natural-graphite-battery-anode-material/
https://www.northerngraphite.com/northern-graphite-and-rain-carbon-announces-agreement-to-jointly-develop-natural-graphite-battery-anode-material/
https://upcatalyst.com/up-catalyst-sets-a-new-industry-standard-for-low-emission-high-purity-carbon-nanotubes-and-battery-grade-graphite/
https://upcatalyst.com/up-catalyst-sets-a-new-industry-standard-for-low-emission-high-purity-carbon-nanotubes-and-battery-grade-graphite/
https://upcatalyst.com/up-catalyst-sets-a-new-industry-standard-for-low-emission-high-purity-carbon-nanotubes-and-battery-grade-graphite/
https://www.novonixgroup.com/novonix-and-powerco-agreement/
https://www.novonixgroup.com/novonix-and-powerco-agreement/
https://www.novonixgroup.com/novonix-and-stellantis-sign-binding-offtake-agreement/
https://www.novonixgroup.com/novonix-and-stellantis-sign-binding-offtake-agreement/
https://hamburg-business.com/en/news/aurubis-and-talga-develop-battery-recycling-for-graphite
https://hamburg-business.com/en/news/aurubis-and-talga-develop-battery-recycling-for-graphite
https://hamburg-business.com/en/news/aurubis-and-talga-develop-battery-recycling-for-graphite
https://www.urbix.inc/post/urbix-graphite-processing-facility-selected-by-us-doe-for-125-million-funding-negotiation
https://www.urbix.inc/post/urbix-graphite-processing-facility-selected-by-us-doe-for-125-million-funding-negotiation
https://www.urbix.inc/post/urbix-graphite-processing-facility-selected-by-us-doe-for-125-million-funding-negotiation
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https://www.oaepublish.com/articles/energymater.2023.24
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https://link.springer.com/article/10.1007/s41918-024-00230-z
https://pubs.rsc.org/en/content/articlelanding/2020/cs/c9cs00636b
https://www.oaepublish.com/articles/energymater.2023.24
https://volta.foundation/battery-report-2023
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https://www.reuters.com/technology/battery-startup-sion-power-raises-75-mln-funding-round-led-by-lg-energy-2024-01-24/
https://www.businesswire.com/news/home/20240513532541/en/Adden-Energy-Announces-World%E2%80%99s-Fastest-Lithium-Metal-Battery-Has-Achieved-Breakthrough-Low-Temperature-Performance
https://finance.yahoo.com/news/li-metal-announces-intention-voluntarily-223000405.html
https://pv-magazine-usa.com/2024/11/18/californian-lithium-sulfur-battery-maker-lightens-the-load-for-northvolt/
https://ir.quantumscape.com/resources/press-releases/news-details/2024/PowerCo-and-QuantumScape-Announce-Landmark-Agreement-to-Industrialize-Solid-State-Batteries/default.aspx
https://ir.quantumscape.com/resources/press-releases/news-details/2024/PowerCo-and-QuantumScape-Announce-Landmark-Agreement-to-Industrialize-Solid-State-Batteries/default.aspx
https://sustainability.stanford.edu/news/first-closeups-how-lithium-metal-electrode-ages
https://www.businesswire.com/news/home/20240424554153/en/SES-AI-Hyundai-Motor-and-Kia-Agree-to-Enter-the-Next-Phase-of-Their-Joint-Development-Contract
https://lyten.com/2024/10/15/lyten-announces-plans-to-build-the-worlds-first-lithium-sulfur-battery-gigafactory-in-nevada/
https://skinnonews.com/global/archives/18283
https://24-m.com/eternalyte-press-release/
https://investors.ses.ai/news/news-details/2024/SES-AIs-100-Ah-Li-Metal-Is-First-to-Successfully-Pass-the-Global-Electric-Vehicle-EV-Safety-Standard-Test-GB38031-2020/default.aspx
https://www.reuters.com/business/autos-transportation/battery-maker-northvolt-shift-rd-california-sweden-2024-08-20/
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https://www.sciencedirect.com/science/article/abs/pii/S0378775323000356
https://www.nature.com/articles/srep08085
https://www.researchgate.net/publication/370563732_Recent_advances_of_SiOx-based_anodes_for_sustainable_lithium-ion_batteries
https://www.researchgate.net/publication/370563732_Recent_advances_of_SiOx-based_anodes_for_sustainable_lithium-ion_batteries
https://zenodo.org/records/1197134
https://www.sciencedirect.com/science/article/pii/S2666523922000253
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SiO, (quartz) Metallurgical-grade silicon (MGS) Silane
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Carbothermic U HCl then H Chemical vapor *
reduction reduction with H, S| deposition (CVD) P —— Conducting, semiconducting Semiconductor
Hu") I\H - and insulating properties
H [

Si and SiO, thin films
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n Si Charge
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Ball milling 2
u Si
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Vaporization/condensation & ball milling Si and Si02 sio Discharge
1 SiOx
Li-ion battery
Smelting quartz to produce MGS Si anode materials


https://www.nature.com/articles/srep05623
https://zenodo.org/records/1197134
https://zenodo.org/records/1197134
https://www.sciencedirect.com/science/article/pii/S2666523922000253
https://magazine.elkem.com/material-science-insights/from-quartz-to-silicon-to-silicones
https://www.sciencedirect.com/science/article/abs/pii/S0378775323000356
https://www.sciencedirect.com/science/article/abs/pii/S0378775323000356
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https://www.anthroenergy.com/technology
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https://www.celgard.com/storage/components/celgard-battery-separator-brochure_2026.pdf
https://sepiontechnologies.com/transition-metal-blocking/
https://www.mdpi.com/1420-3049/26/2/478
https://www.businesswire.com/news/home/20240910403110/en/24M-Unveils-New-Test-Data-for-the-24M-Impervio%E2%84%A2-Battery-Separator-Highlighting-Breakthrough-Innovation-to-Reduce-Battery-Fires
https://volta.foundation/battery-report-2023
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Control 1 006 - Surface Area Primary Pore size
} —SEPION 1 670 m/g 0.8 nm
Celgard® DuraWet‘"‘_ -
g:;::\:;dr Wettability H ~——SEPION 2 480 m?g 0.8 nm
Control 2 ' —SEPION3 500 m?g 1.4 nm
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electrolyte absorption

Control 1 and 2 21 N
separators are

4 0.01 A
representative of
ceramic coated and 55

Pore Size Distribution [cc/g/A]

non-coated polyolefin 0 2 4 6 8 10
(wet/dry) microporous Pore Width [nm]
membranes.
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https://sepiontechnologies.com/transition-metal-blocking/
https://www.businesswire.com/news/home/20240910403110/en/24M-Unveils-New-Test-Data-for-the-24M-Impervio%E2%84%A2-Battery-Separator-Highlighting-Breakthrough-Innovation-to-Reduce-Battery-Fires
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https://www.bestmag.co.uk/sk-innovation-exploring-canada-for-separator-plant-report/
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https://www.businesswire.com/news/home/20240910403110/en/24M-Unveils-New-Test-Data-for-the-24M-Impervio%E2%84%A2-Battery-Separator-Highlighting-Breakthrough-Innovation-to-Reduce-Battery-Fires
https://www.businesswire.com/news/home/20240910403110/en/24M-Unveils-New-Test-Data-for-the-24M-Impervio%E2%84%A2-Battery-Separator-Highlighting-Breakthrough-Innovation-to-Reduce-Battery-Fires
https://www.businesswire.com/news/home/20240910403110/en/24M-Unveils-New-Test-Data-for-the-24M-Impervio%E2%84%A2-Battery-Separator-Highlighting-Breakthrough-Innovation-to-Reduce-Battery-Fires
https://www.asahi-kasei.com/news/2024/e241118.html
https://www.asahi-kasei.com/news/2024/e241118.html
https://www.asahi-kasei.com/news/2024/e241118.html
https://www.asahi-kasei.com/news/2024/e241118.html
https://www.reuters.com/business/autos-transportation/entek-gets-conditional-12-billion-us-loan-ev-battery-separator-plant-2024-07-09/
https://www.reuters.com/business/autos-transportation/entek-gets-conditional-12-billion-us-loan-ev-battery-separator-plant-2024-07-09/
https://www.reuters.com/business/autos-transportation/entek-gets-conditional-12-billion-us-loan-ev-battery-separator-plant-2024-07-09/
https://www.reuters.com/business/autos-transportation/entek-gets-conditional-12-billion-us-loan-ev-battery-separator-plant-2024-07-09/
https://ir.noco-noco.com/news-releases/news-release-details/noco-noco-and-neogen-forge-strategic-partnership-unleash-x
https://ir.noco-noco.com/news-releases/news-release-details/noco-noco-and-neogen-forge-strategic-partnership-unleash-x
https://ir.noco-noco.com/news-releases/news-release-details/noco-noco-and-neogen-forge-strategic-partnership-unleash-x
https://ir.noco-noco.com/news-releases/news-release-details/noco-noco-and-neogen-forge-strategic-partnership-unleash-x
https://global.honda/en/newsroom/news/2024/c240425beng.html
https://global.honda/en/newsroom/news/2024/c240425beng.html
https://global.honda/en/newsroom/news/2024/c240425beng.html
https://www.businesswire.com/news/home/20241002491036/en/Sepion-Technologies-Secures-17.5-Million-to-Build-Advanced-Battery-Separator-Manufacturing-Facility
https://www.businesswire.com/news/home/20241002491036/en/Sepion-Technologies-Secures-17.5-Million-to-Build-Advanced-Battery-Separator-Manufacturing-Facility
https://www.businesswire.com/news/home/20241002491036/en/Sepion-Technologies-Secures-17.5-Million-to-Build-Advanced-Battery-Separator-Manufacturing-Facility
https://www.businesswire.com/news/home/20241002491036/en/Sepion-Technologies-Secures-17.5-Million-to-Build-Advanced-Battery-Separator-Manufacturing-Facility
https://www.eenewseurope.com/en/prologium-details-solid-state-battery-as-it-readies-production/
https://www.eenewseurope.com/en/prologium-details-solid-state-battery-as-it-readies-production/
https://www.eenewseurope.com/en/prologium-details-solid-state-battery-as-it-readies-production/
https://ir.quantumscape.com/resources/press-releases/news-details/2024/QuantumScape-Releases-Next-Generation-Solid-State-Battery-Separator-Equipment-Cobra/default.aspx
https://ir.quantumscape.com/resources/press-releases/news-details/2024/QuantumScape-Releases-Next-Generation-Solid-State-Battery-Separator-Equipment-Cobra/default.aspx
https://ir.quantumscape.com/resources/press-releases/news-details/2024/QuantumScape-Releases-Next-Generation-Solid-State-Battery-Separator-Equipment-Cobra/default.aspx
https://microporous.net/press-release-trent-capital-partners-has-purchased-full-control-of-the-business/
https://microporous.net/press-release-trent-capital-partners-has-purchased-full-control-of-the-business/
https://www.energytrend.com/news/20240808-48141.html
https://www.energytrend.com/news/20240808-48141.html
https://www.energytrend.com/news/20240808-48141.html
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Solid electrolyte types

e OXiles e Sulphides »Polymers

lonic conductivity

COSt (Cheapness) ,mm—— Li metal compatibility

Processability Suitability as Separator

Thermal Stability Interface Mechanical Stability
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https://www.reuters.com/business/autos-transportation/stellantis-zeta-energy-agree-jointly-develop-lithium-sulfur-ev-batteries-2024-12-05/
https://www.anl.gov/article/unlocking-the-potential-of-lithiumsulfur-batteries?utm
https://www.ufinebattery.com/blog/lithium-sulfur-battery-vs-lithium-metal-battery-what-is-the-difference/
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https://www.marketresearchfuture.com/reports/nickel-manganese-cobalt-battery-market-25825
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https://www.anl.gov/article/unlocking-the-potential-of-lithiumsulfur-batteries?utm
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LITHIUM-SULFUR

Let's Electrify Everything

Weight Matters Supply Chain Matters

50% lighter weight than Complete supply chain independence
lithium-ion. Comes in cylindrical from China. No nickel. No Cobalt.
and pouch formats. No Manganese. No Graphite.

NMC

LFP

o

Temperature Matters

Performance improves by >20% at

Nickel

high temperatures.

- L
- -—— [

Co Li

Phosphorus

Mg

Cathode Weight

100 kWh Battery

Oxygen 106 kg

Iron

100 150

Kilograms

(LY TEN

Cost Matters

Made from abundantly available,
low-cost materials.

Co = Cobalt
Li = Lithium
Mg = Manganese

L 204 kg

200 250

lyten.com
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https://www.greencarcongress.com/2023/10/20231030-tiamat.html
https://natron.energy/files/bluepack_critical_datasheet_rev_3.1-1729858597.pdf
https://natron.energy/products/bluetray-4000
https://www.evlithium.com/LiFePO4-Battery/10000cycles-280ah-lifepo4-battery-cell.html
https://selianenergy.com/products/18650-lifepo4-3-2v-2000mah-rechargeable-battery-for-diy-12v-24v-48v-battery-pack-flashlight-power-bank?variant=44044512723177&country=US&currency=USD&utm_medium=product_sync&utm_source=google&utm_content=sag_organic&utm_campaign=sag_organic&com_cvv=8fb3d522dc163aeadb66e08cd7450cbbdddc64c6cf2e8891f6d48747c6d56d2c
https://ecoteardown.top/wp-content/uploads/2024/01/SIB-50160118-75Ah-75Ah-3.0V-Sodium-ion-Na-ion-Prismatic-Battery-Cell-Specification-Datasheet.pdf
https://ecoteardown.top/wp-content/uploads/2024/01/PARAGONAGE46145-19Ah-3.0V-Sodium-ion-Na-ion-Cylindrical-Battery-Cell-Specification-Datasheet.pdf
https://ecoteardown.top/wp-content/uploads/2024/01/PARAGONAGE32140-10Ah-3.0V-Sodium-ion-Na-ion-Cylindrical-Battery-Cell-Specification-Datasheet.pdf
https://www.evlithium.com/hot-lithium-battery/210ah-prismatic-sodium-ion-battery-for-sale.html
https://wis-tek.com/products/sodium-ion-battery-cells-for-sale-3-1v-210ah-eve-lf210k
https://ogsolarstore.com/products/sodium-ion-cells-3-1v-battery-cell
https://ogsolarstore.com/products/sodium-ion-cells-3-1v-battery-cell
https://www.sunpowernewenergy.com/product/18650-na-ion-battery-nnr1/
https://www.gobelpower.com/29v-200ah-na-sodium-ion-battery-cell_p140.html
http://cetcsolarenergy.com/b&r/sodium-ion_battery.html
https://srikobatteries.com/product/sodium-ion-46145-3-0v-18ah-54wh-5c-rechargeable-battery/
https://sodiumbattery.com/products/3-6v-50ah-sodium-ion-cell-high-performance
https://sodiumbattery.com/products/3-6v-20ah-sodium-ion-cell-ms-sib-p12141240yn-20ah
https://www.linkedin.com/pulse/latest-nfpp-sib-cathode-material-research-update-jerry-jjgzc/?trackingId=M1hkjBPplgPAZK/aIvhhXA%3D%3D
https://www.linkedin.com/posts/jerry-wan-sodium-ion-battery-069b41105_highstar-nacp71173208-160e3-nfpp-3v-160ah-activity-7237103550915342336-O5k7?utm_source=share&utm_medium=member_desktop
https://drive.google.com/file/d/1GnuM-ek2kvQSMosKs9tfJwMQeh_ByHeb/view?usp=sharing
https://drive.google.com/file/d/15b_faItA70_TLEHyivFm2WysCGdVx7QF/view?usp=sharing
https://drive.google.com/file/d/1M-EakwHVfF8n_cuuGBhLpVhKjQFX1F1N/view?usp=sharing
https://www.linkedin.com/pulse/180ah-blade-nfpp-sodium-ion-battery-mass-launching-jerry-tuhlc/?trackingId=lS2/MXroEUvMQ0vfPC5E5w%3D%3D
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Sodium : 26 Billion Tons

Lithium : 15 Million Tons
.
Portugal 0.06M [
Turkey 0.98 China 1.00M
Us 238, A Ethiopia 0.48
Brazil 0.10M Zlmb.ahvwe 0.23M
chile 8.60M @ Botswana 0.48 Australia 2.80M

Argentina 1.70M

$150 to $300/t $15,000 to $80,000/t

Sodium Carbonate Lithium Carbonate
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https://www.statista.com/statistics/1074019/sodium-carbonate-reserves-worldwide-by-country/
https://carnewschina.com/2023/04/20/catl-and-byd-sodium-ion-batteries-will-be-put-into-a-mass-produced-car-in-q4-2023/
https://www.nature.com/articles/s41560-020-00748-8
https://onlinelibrary.wiley.com/doi/abs/10.1002/aenm.202001274
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https://electrek.co/2024/01/05/byd-breaks-ground-first-sodium-ion-ev-battery-plant/
https://electrek.co/2024/01/05/byd-breaks-ground-first-sodium-ion-ev-battery-plant/
https://electrek.co/2024/01/05/byd-breaks-ground-first-sodium-ion-ev-battery-plant/
https://electrek.co/2024/01/05/byd-breaks-ground-first-sodium-ion-ev-battery-plant/
https://www.energy-storage.news/first-half-world-largest-200mwh-sodium-ion-project-comes-online-china/
https://www.energy-storage.news/first-half-world-largest-200mwh-sodium-ion-project-comes-online-china/
https://www.energy-storage.news/first-half-world-largest-200mwh-sodium-ion-project-comes-online-china/
https://www.energy-storage.news/first-half-world-largest-200mwh-sodium-ion-project-comes-online-china/
https://www.farasis-energy.com/en/the-worlds-first-ev-powered-by-farasis-energys-sodium-ion-batteries-rolls-off-the-assembly-line/
https://www.farasis-energy.com/en/the-worlds-first-ev-powered-by-farasis-energys-sodium-ion-batteries-rolls-off-the-assembly-line/
https://www.farasis-energy.com/en/the-worlds-first-ev-powered-by-farasis-energys-sodium-ion-batteries-rolls-off-the-assembly-line/
https://www.farasis-energy.com/en/the-worlds-first-ev-powered-by-farasis-energys-sodium-ion-batteries-rolls-off-the-assembly-line/
https://www.electrive.com/2024/02/22/jac-yiwei-starts-first-exports-electric-cars-with-sodium-ion-batteries/
https://www.electrive.com/2024/02/22/jac-yiwei-starts-first-exports-electric-cars-with-sodium-ion-batteries/
https://www.electrive.com/2024/02/22/jac-yiwei-starts-first-exports-electric-cars-with-sodium-ion-batteries/
https://www.businesswire.com/news/home/20240815622233/en/Natron-Energy-Announces-Plans-for-1.4-Billion-Giga-Scale-Sodium-Ion-Battery-Manufacturing-Facility-in-North-Carolina
https://www.businesswire.com/news/home/20240815622233/en/Natron-Energy-Announces-Plans-for-1.4-Billion-Giga-Scale-Sodium-Ion-Battery-Manufacturing-Facility-in-North-Carolina
https://www.businesswire.com/news/home/20240815622233/en/Natron-Energy-Announces-Plans-for-1.4-Billion-Giga-Scale-Sodium-Ion-Battery-Manufacturing-Facility-in-North-Carolina
https://www.businesswire.com/news/home/20240815622233/en/Natron-Energy-Announces-Plans-for-1.4-Billion-Giga-Scale-Sodium-Ion-Battery-Manufacturing-Facility-in-North-Carolina
https://www.catl.com/en/news/6301.html
https://www.catl.com/en/news/6301.html
https://www.catl.com/en/news/6301.html
https://www.catl.com/en/news/6301.html
https://carnewschina.com/2023/04/16/catls-sodium-ion-batteries-will-debut-in-chery-auto-evs/
https://carnewschina.com/2023/04/16/catls-sodium-ion-batteries-will-debut-in-chery-auto-evs/
https://carnewschina.com/2023/04/16/catls-sodium-ion-batteries-will-debut-in-chery-auto-evs/
https://www.kedglobal.com/batteries/newsView/ked202406200013
https://www.kedglobal.com/batteries/newsView/ked202406200013
https://www.kedglobal.com/batteries/newsView/ked202406200013
https://www.anl.gov/article/a-new-era-for-batteries-argonne-leads-50m-sodiumion-innovation-push
https://www.anl.gov/article/a-new-era-for-batteries-argonne-leads-50m-sodiumion-innovation-push
https://www.anl.gov/article/a-new-era-for-batteries-argonne-leads-50m-sodiumion-innovation-push
https://www.anl.gov/article/a-new-era-for-batteries-argonne-leads-50m-sodiumion-innovation-push
https://www.energy-storage.news/byd-launches-sodium-ion-grid-scale-bess-product/
https://www.energy-storage.news/byd-launches-sodium-ion-grid-scale-bess-product/
https://www.energy-storage.news/byd-launches-sodium-ion-grid-scale-bess-product/
https://www.stellantis.com/en/news/press-releases/2024/january/stellantis-ventures-invests-in-tiamat-and-affordable-sodium-ion-battery-technology
https://www.stellantis.com/en/news/press-releases/2024/january/stellantis-ventures-invests-in-tiamat-and-affordable-sodium-ion-battery-technology
https://www.stellantis.com/en/news/press-releases/2024/january/stellantis-ventures-invests-in-tiamat-and-affordable-sodium-ion-battery-technology
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EE: 1.:1.Yao, A. Benson, S.M., Chueh, W.C. How quickly can sodium-ion learn? Assessing scenarios for technoeconomic competitiveness against lithium-ion batteries. #5280
arXiv::2403.13759v3 (2024). ; 2. Shanghai Metals Market (SMM). Metals.com. ; 3. Omenya, A. Sodium-lon Battery Development. DOE-OE Peer Review (2024). ; 4. Lee, J. Low Cost BitiiReE 2024 | 20U
Sodium-lon Battery to Enable Grid Scale Energy Storage: Prussian Blue-Derived Cathode and Complete Battery Integration; 2013.
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“’" 3 Cell Type Onset Temp Vent Temp Peak Temp Peak
I °C) (°C) (°C) Temperature n _ Max Temperature
Rate (°Cimin) estructive method  Cell Type o Thermal Runaway Onset Observable response
Li-NCA 87 112 620 7,867 - Na-ion 216.5 191 mm Vent, smoke, sparks['\olempressure release I
E Li-FP 90 153 276 7.2 . Li-ion 981 188 mm No observable effect
Na-VPF 51 %8 300° 0.14 Na-ion 167.9 6.67 mm Vent, smoke, sparks, lid pop
E Na- NMF1 87 134 442 5,607 Crush - -
ek Na-VPE Na- NMF2 147 125 287 2528 Li-ion 296.3 9.71 mm Vent, smoke, sparks, lid pop
< Na-NMF1 Na-tmCN 177 96 300" 018 Na-fon 1328 N/A Vent, smoke, electrolyte leaklswellmg
—v»— Na-NMF 2| External Short Circuit
4— Na-tmCN *300 °C is safety cutoff temp. Liler o N/A Swelling
_:_ t::;i/\ Thermal Ramp Na-ion 4301 271.1°C Vent, LE leak
T Y T Y . = )8 Rachel Carter, Gordon Waller, Connor Jacob, Dillon Li-ion 398.1 269.1°C Vent, LE leak
100 200 300 400 500 600 700 Hayman 7] Corey Love, FEEFEHFLIRE
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Effect of shorting Faradion 0.9 Ah Na-ion cellat 0 vV

O Baseline cell: Not shorted
¢¢ Six months short at 0 V
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https://spj.science.org/doi/10.34133/2021/9798460?permanently=true
https://www.linkedin.com/pulse/sodium-battery-technical-analysis-hina-nacr32140-mp10-blice-hu-ydpqc/
https://www.linkedin.com/pulse/highstar-sib-publish-day-jerry-wan/
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Allegro Energy $11.1 GranthamE&&
CleanTech Strategies LLC $5.0
CMBIu Energy $31.5 EIEME SEEIRER
e-Zinc $31.0 Evok Innovations
ESS, Inc $115.0 EXIM MMIA, B EFFFFAA
Form Energy $475.0
Invinity Energy Systems $29.7
NextEra Energy Resources Development $49.1
Noon Energy $8.8
Redflow $39.0
Redox One $40.0 Tharisa
RedoxBlox $74.5 Khosla Ventures, JIF{ERIIEEEZ RS, Prelude Ventures
Stryten Energy $5.0
VRB Energy $55.0 Shaxi Red Sun Co. Ltd.
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https://www.allegro.energy/news/australian-redox-flow-battery-manufacturer-ramps-up-capacity
https://www.energy.gov/oe/articles/doe-awards-15m-launch-innovations-long-duration-energy-storage-earthshot
https://www.cmblu.com/en/press-and-media/30-mio-funding-greece/
https://www.e-zinc.ca/pressrelease/e-zinc-secures-usd-31m-in-series-a2-financing-to-advance-commercialization-initiatives/
https://essinc.com/ess-celebrates-50m-manufacturing-expansion-at-oregon-headquarters-funded-by-u-s-export-import-banks-make-more-in-america-initiative/
https://www.pv-magazine-australia.com/2024/09/25/65-million-boost-for-queensland-long-duration-battery-manufacturing-plant/
https://www.energy.gov/sites/default/files/2024-07/FactSheet_LDESAward_Xcel_7.15.24.pdf
https://formenergy.com/form-energy-secures-405m-in-series-f-financing-to-expand-iron-air-battery-business-and-operations/
https://www.energy.gov/sites/default/files/2024-11/Factsheet_LDES_Dairyland_11.18.24.pdf
https://www.energy.gov/sites/default/files/2024-07/FactSheet_LDESAward_NextEra_PhaseOne.pdf
https://www.utilitydive.com/news/california-cec-long-duration-energy-storage-redflow-noon-redoxblox/719264/
https://www.utilitydive.com/news/california-cec-long-duration-energy-storage-redflow-noon-redoxblox/719264/
https://www.energy.gov/sites/default/files/2024-09/FactSheet_LDESAward_ChargeBliss_PhaseOne_9.4.24.pdf
https://www.redoxone.com/pdf/media/2408-redoxone-swissbatterydays-final.pdf
https://www.businesswire.com/news/home/20240111260321/en/RedoxBlox-Receives-25M-to-Demonstrate-Its-Pioneering-Long-Duration-Thermochemical-Energy-Storage-Technology
https://www.utilitydive.com/news/california-cec-long-duration-energy-storage-redflow-noon-redoxblox/719264/
https://www.globenewswire.com/news-release/2024/10/30/2971544/0/en/Redoxblox-Closes-40-7-Million-Series-A-to-Support-Industrial-Decarbonization-and-Grid-Storage-with-Next-Gen-Thermochemical-Energy-Storage-System.html
https://www.stryten.com/stryten-energy-awarded-doe-make-it-prize-phase-2-funding/
https://vrbenergy.com/ivanhoe-electrics-vrb-energy-subsidiary-secures-55-million-investment/
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https://urbanelectricpower.com/2024/04/04/long-duration-energy-storage-nyserda-awards-nearly-15-million-to-four-demonstration-projects/
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https://www.globenewswire.com/news-release/2024/12/19/2999855/0/en/Eos-Energy-and-FlexGen-Partner-to-Accelerate-a-Fully-Integrated-American-Made-Stationary-Storage-Solution-for-Long-Duration-Storage-Applications.html
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https://zincfive.com/news/vertiv-and-zincfive-collaborate-to-deliver-safe-and-reliable-nickel-zinc-battery-energy-storage-for-data-center-ups-in-north-america-and-emea/
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https://zincfive.com/news/kohler-uninterruptible-power-and-zincfive-team-up-to-deliver-safe-sustainable-nickel-zinc-energy-storage-solutions-for-data-centers/
https://enzinc.com/enzinc-opens-critical-battery-component-manufacturing-center-to-meet-growing-customer-demand/
https://enzinc.com/enzinc-opens-critical-battery-component-manufacturing-center-to-meet-growing-customer-demand/
https://zincfive.com/
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https://www.energy.gov/sites/default/files/2024-02/Technology%20Strategy%20Assessment%20-%20Zinc%20Batteries_rev.pdf
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https://www.eose.com/eos-energy-and-pine-gate-renewables-sign-agreement-to-expand-existing-relationship/
https://www.eose.com/eos-energy-and-pine-gate-renewables-sign-agreement-to-expand-existing-relationship/
https://urbanelectricpower.com/2024/07/29/oced-has-awarded-the-ldes-stored-project-led-by-urban-electric-power-uep-in-collaboration-with-the-new-york-power-authority-and-epri/
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https://urbanelectricpower.com/2024/04/29/dhs-announces-first-winners-awards-835000-clean-power-for-hours-challenge-in-celebration-of-earth-day-2024/
https://www.eose.com/eos-energy-successfully-launches-commercial-production-on-first-state-of-the-art-manufacturing-line/
https://www.eose.com/eos-energy-successfully-launches-commercial-production-on-first-state-of-the-art-manufacturing-line/
https://zincfive.com/news/kohler-uninterruptible-power-and-zincfive-team-up-to-deliver-safe-sustainable-nickel-zinc-energy-storage-solutions-for-data-centers/
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https://zincfive.com/news/vertiv-and-zincfive-collaborate-to-deliver-safe-and-reliable-nickel-zinc-battery-energy-storage-for-data-center-ups-in-north-america-and-emea/
https://www.eose.com/eos-energy-announces-expansion-of-existing-project-with-indian-energy-and-the-california-energy-commission/
https://www.eose.com/eos-energy-announces-expansion-of-existing-project-with-indian-energy-and-the-california-energy-commission/
https://investors.eose.com/news-releases/news-release-details/eos-energy-secures-400-mwh-order-international-electric-power
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https://www.eose.com/eos-energy-signs-agreement-with-city-utilities-of-springfield-missouri-to-provide-216-mwh-of-energy-storage/
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https://www.eose.com/eos-energy-signs-agreement-with-city-utilities-of-springfield-missouri-to-provide-216-mwh-of-energy-storage/
https://new.abb.com/news/detail/115662/abb-introduces-innovative-nickel-zinc-battery-for-leading-data-center-ups-solution
https://new.abb.com/news/detail/115662/abb-introduces-innovative-nickel-zinc-battery-for-leading-data-center-ups-solution
https://new.abb.com/news/detail/115662/abb-introduces-innovative-nickel-zinc-battery-for-leading-data-center-ups-solution
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https://www.aesirtec.com/celgard-and-aesir-technologies-form-strategic-alliance
https://www.hzlindia.com/media_press_releases/hindustan-zinc-and-us-based-aesir-technologies-join-hands-for-developing-zinc-batteries/
https://www.aesirtec.com/vedanta-nico-and-aesir-technologies-partner-to-revolutionize-ev-battery-technology-with-nickel-zinc-batteries
https://www.zincbatteryinitiative.com/e-zinc-raises-31-million-for-pilot-manufacturing-plant/
https://www.enerpoly.com/article/enerpoly-acquires-cell-production-and-pack-assembly-lines
https://www.enerpoly.com/article/enerpoly-opens-worlds-first-zinc-ion-battery-megafactory-sweden
https://enzinc.com/enzinc-opens-critical-battery-component-manufacturing-center-to-meet-growing-customer-demand/
https://www.eose.com/eos-energy-enterprises-and-tetra-technologies-inc-extend-partnership-expanding-electrolyte-production-capacity/
https://www.eose.com/eos-energy-successfully-launches-commercial-production-on-first-state-of-the-art-manufacturing-line/
https://www.eose.com/eos-energy-signs-mou-with-wabash-to-dramatically-accelerate-the-supply-chain-ecosystem-for-american-made-energy-storage-solutions/
https://www.eose.com/eos-energy-enterprises-join-forces-with-sabic-specialties-to-produce-a-specialty-light-weight-conductive-composite-thermoplastic-for-eos-z3tm-battery/
https://www.energy.gov/technologytransitions/articles/doe-awards-15-million-prize-winners-domestic-clean-energy
https://zincfive.com/news/zincfive-accelerates-investment-in-u-s-manufacturing/
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https://www.energy.gov/oe/articles/doe-awards-15m-launch-innovations-long-duration-energy-storage-earthshot
https://urbanelectricpower.com/2024/04/29/dhs-announces-first-winners-awards-835000-clean-power-for-hours-challenge-in-celebration-of-earth-day-2024/
https://www.utilitydive.com/news/california-cec-long-duration-energy-storage-redflow-noon-redoxblox/719264/
https://www.eose.com/eos-energy-announces-strategic-investment-of-up-to-315-5-million-from-cerberus-to-propel-eos-expansion-and-path-to-profitability/
https://www.energy.gov/sites/default/files/2024-07/FactSheet_LDESAward_NextEra_PhaseOne.pdf
https://www.energy.gov/sites/default/files/2024-09/FactSheet_LDESAward_ChargeBliss_PhaseOne_9.4.24.pdf
https://www.energy.gov/articles/biden-harris-administration-announces-3035-million-loan-guarantee-eos-energy-enterprises-0
https://enzinc.com/enzinc-secures-8-million-in-series-a-funding-to-drive-innovation-in-renewable-energy-storage/
https://www.energy.ca.gov/news/2024-12/cec-awards-42-million-grant-long-duration-energy-storage-project-camp-pendleton
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Battery chemical prices, DAP China, ‘000 RMB/t, indexed to Dec-22
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Surplus supply continues ...which pressures margins for ...which results in
to weigh on prices... the highest-cost mines curtailments to mining supply
Lithium market balance and price, kt LCE & $/t LCE Value-adjusted cash mining costs*, $ /dmt conc. Realised mine curtailments, kt LCE, as of Dec-24
= Balance Price mAug-Nov '24 m Before Aug '24
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Indonesia Nickel Production and Global Market Share
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Refined cobalt market balance & price,
kt and $/Ib Co
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Very little supply outside the Chinese-controlled DRC-Indo-China triumvirate
Additional mine supply, kt Co Additional refined supply, kt Co
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M Natural anode material ™ Synthetic anode material

KON [
CRUSHING/
GRINDINGI SUPER
JUMBO
FLOATING/
DRYING

PETROLEUM N RAW
COKE MATERIAL

Breaking, Pressing or
milling, mixing extruding

B

i

5 CARBONIZED
PRODUCT

COATED
SPHERICAL
GRAPHITE JReid
purity
needed for :
anode materials

Purification,
shaping
and coating

BATTERY
ANODES

/" Machining,

SYNTHETIC /M .
GRAPHITE /_shaping, sanding,
PRODUCTS polishing, pl..lrlﬁcatlon
Baking and coating
graphitizing at
high temperatures

VOLTA
v F FOUNDATION

HBII85%HIFE M EFEA

g&;*g% (FBSEL) EF-RAER, BRABCERERETS
=,

ara %Hm%ﬁ%ﬂ?ﬁﬁ:ﬂﬂﬂ’ﬂ MREMZEIBRR, BARE

BRAET RS ETEETRAREN .

GRAECNEEMRNH, BENaSPERRAERES
{EF.

HREEFIES5-96%RIE, BARURTATTICH M.


https://www.spglobal.com/marketintelligence/en/news-insights/latest-news-headlines/graphite-emissions-fuel-search-for-solutions-along-ev-supply-chain-69599516
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Abundant feedstock and low energy
prices keep Chinese costs low

Average synthetic graphite AAM production
cost, China, nominal, $/kg

u Labour, capital costs, maintance

m Energy & processing

Needle coke

2017 2020 2023
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...but geopolitics and higher costs
ex.China pose a risk to supply & prices

Production share in SG anode supply chain, 2024

mChina = ex.China

Synthetic graphite A2

!

Synthetic graphite

anode 95%

. AAM = iRENE. RETNEE.
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Synthetic Graphite Cost Curve 2024 (C1 cost), Unit: $/t
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Morrocco, South Korea, &
Indonesia to be top midstream
producers outside China

g

65%
integrated
with pCAM
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pCAM/CAM/AAMEE,  "SEMPCAM' BUERIIRIABIEREAAN =STHTIRR.

AL

North America:
= Close to end-use market

= |RA production tax credit

US-FTA countries:
Politically close to the US

Meets requirements for IRA EV
tax credit

Moroccois close to phosphate
resources

Europe:
= Close to end-use market

= Saving efforts to trace carbon
emissions for Battery Passport

EU Rules of Origin regulations

Indonesia & Others:
= Close to mineral resources
= Lower labor and energy costs

= More straightforward
environmental permitting

. (REREERIN

Policy uncertainties

High labor, material
costs + capex

Insufficient skilled labor
(North America)

Mining industry less
willing to move into
midstream

Strict environmental
permitting

High labor and energy
costin some countries

Bureaucratic delays

Scrutiny on Chinese
ownership by US/EU

Long distance to EU/US
markets + tariffs
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Open - "Buy & sell”

@
« Recyclers buy batteries or get even get paid to take batterie

(esp. for LFP) from OEM networks and/or independent collectors

+ Some recyclers buy additional black mass from independent
shredders

* Recyclers sell recycled materials/metals in open market (e.g.,
to refiners or P-CAM/CAM producers)

+ Exposure of recyclers to fluctuating raw materials prices

Independent
mech. recycler <$

OEM
networks ‘s

o Pre-processing S Hydr:r-gny\elall ‘s' rm?::(:t

Collectors {$

M Recyclers 3rd parties

KR RIBS5HHHRoland Berger (RHETEkEE) Rt MTESER, BHE

Closed - "Recycling-as-a-Service (RaaS)" @

* Recyclers become service providers and charge cell
manufacturers or OEMs a fee to recycle the material
— Cell manufacturers or OEMs own the inputs (scrap, EoL batteries)
and outputs (recycled materials) of the recycling process
— Raas is usually applied in closed loop partnerships
* While Raa$S has already been introduced in China, it is not yet
widely adopted in EU and NA as it requires:
— Large capacity installations (esp. for hydrometallurgy)
— Steady stream of sufficient volumes to ensure asset utilization
— Established closed loop partnerships & reverse logistic networks

"The service business model works in China, but it has not been

widely introduced into Europe & North America — Likely to be
adopted more by the end of the decade"
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https://www.rolandberger.com/en/Insights/Global-Topics/Battery/
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Rest of Asia
I Rest of World
B Process scrap

End of life scrap

Chinese scrap European scrap
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https://rhomotion.com/research/battery-recycling-quarterly-outlook/
https://www.youtube.com/watch?v=a-G9fM6gK1w
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S -3 Within the EU, the critical raw materials act (CRMA) and the EU battery
%i*/ B Ij\] El\J IE qii;i regulation have been implemented, outlining critical mineral recycling rates,

recovery targets in the near- to mid-term.

The European Union (EU) is expected to disclose its updated European
Waste List in early 2025, for waste battery and battery intermediate
classification.

Alongside the planned black mass import
relaxation within China, The Chinese Ministry of
Industry and Information Technology (MIIT)
implemented the "Industry Standard Conditions
for Comprehensive Utilisation of Waste Power
Batteries for New Energy Vehicles". This not
only encourages reliable recycling practices to
keep battery materials within the Chinese supply
chain, but also encourages collaboration
between industries to meet these requirements.

+ The US Environmental Protection Agency (EPA
is responsible for the definition of battery waste,
black mass and other battery intermediates within
the US. Currently:

* Lithium ion batteries are managed under
the universal waste regulations until they
reach a facility for recycling.

« Black mass currently falls under state and
local solid waste regulations.

Recyclers are expected to continually develop
their recycling technologies/equipment for all
parts of the battery and enhance recycling
efficiency.

+ The Department of Energy (DOE) has funded
recycling capacity buildout through several
initiatives as part of the Inflation Reduction Act in
recent years.

$ =33 #3207
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Impact of recycled content and recycled premium on cell production cost,

2024, % $/kWh

EU Battery Regulation target

2031 2036
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Nickel 6% 15%
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I(;:?ti:l;?ate 2R
suprate S50
Sjs::te $6.3 /kg

SkiR: ABHMDTEHCRUER CRIEGIEKE) 124t MBESES,

N
o
X

Recycled material premium

30%

40%

50%

LFP
2031

-0.1%

0.0%

0.0%

0.0%

0.1%

0.2%

0.2%

0.3%

0.4%

LFP
2036

-0.2%

-0.1%

0.0%

0.1%

0.2%

0.3%

0.5%

0.7%

0.8%

B

2031

INTY

BT ELR

NMC 811 NMC 811

2036

-0.2% -

-0.1%

0.0%

0.1%

0.2%

0.4%

0.7%

0.9%

1.1%

-0.3%
0.0%
0.2%
0.5%
1.0%
1.5%

2.0%

abuels wniwaid Aoy

VOLTA
v F ‘ FOUNDATION

R R FE It A B R SR BR B (s FR RV RIS B S (R BR AR AT 4
R HIER MRt SRS IR SR RRHRIRERIEES
B, TRMEERER BRI

PR, SIBRBUREIS AR ARSI T BT AR, X TREEREREE (LFP)
IR (NMC) |, EARBHRERESZ RN,
RUMBIERS IR EEMIBEER AR (LFP) ROZFIE. ErRIEMARIEY
EXRENME, XATRERESZI X ARSI IR ER AR (LFP)
[EKBEDFEF-IRER T,

RABERIBREEAEMERRINE (LFP) EWuH T, MISHRIBREEET
wFEliErE. A, BMEE WeEE RIBIRT,


https://www.crugroup.com/

EIROSEE -

| EMYSHBRIA | T

£EK95%H9F=

RE(E R

VOLTA
FOUNDATION

VF

TATEIAS B

EoL Battel Manufacturin,
pacldmodulerlyeell scrap ¢ E}ﬁl\\\ﬂyjj? *‘I‘Emlﬁ {E{EEKHFESZ?JIEFF Eﬁtm
' MEEWEES, ETZREESSH
=] b ==
/ ) N TICERPIBRERKNEEEINE M, GEEKTERASS
: Thermal and i
H o Cu, Al, Fe ;
i p";g:::‘ﬁ:t post-shredding !
| Pretreatment / g DISMANTLING, RE-LITHIATION PROCESSES Cathode recovery
o CRUSHING & SIEVING
Black mass = : = < ¢ No scaled-up
g 5 Solid-state Synthesis Electrochemical @ s
@
: v ‘\\ 9 ‘-' !'s
Py _ \ s Hydrothermal Chemical 0 Energy usage
' v l A P | DISMANTLING SEPARATION CATHODE Higher
i o LEACHING
Alloy (Ni, Co, Cu) Stag (Mn, A, L) —» Used (','L::;"e'“ Hydrometallurgy 8 |, CRUSHING & fon PR PRODUCTION :';i;f,r;:; e
- - emical
v v v 2 SIEVIC i Exchange precipitation
& . H .@ Process flows
Hydr Hydr 9y Battery-grade 3 Y SOIenT more complex
metal salts e.g. 3 ya 55\ Extraction Electrolysis
v v Li,COs, L, S04, = S
Battery-grade Battery-grade NiSO,, CoSO,
mgtal salts e.g. metal salts e.g.
NiSO,, CoSO, Li,CO5, Mn,SO, / > (OPTIONAL) SMELTER SLAG CATHODE Flexibility with
Material recovery 4l | DISMANTLING, o HYDROMET. PRODUCTION eedstock
) =8l | CRUSHING & - (Optional) )
= SIEVING Dp @ Low recycling
2 . efficiency
Legend - 3 n MIXED
Input Pretreatment Intermediate r’::’:?,:f}l, Product [ ALLOY @ @ Energy usage
IEA. CC BY 4.0.
Note: EoL = end of life; Cu = copper; Al = aluminium; Fe = iron; Ni = nickel; Co = cobalt; Mn = manganese; Li = lithium;

NiSO; = nickel sulphate; CoSOx = cobalt sulphate; Li,CO; = lithium carbonate; Mn,SO, = manganese sulphate; Li;SO, =

lithium sulphate:



https://www.iea.org/reports/recycling-of-critical-minerals
https://www.linkedin.com/in/malene-fumany-85714683/

iTde | EMSETIA |

Comminution (shredding)

Most bateries currently
enter comminution and
shredding proc

In many recycling
ioh brine
discharge or ohmic

discharge

Manual disassembly

A

Some recyclers

st e {

the recycling process

whole-pack
shredding.

tost packs are
disassembled nto
smler unis|
comminution in
mallershroddors.

The!
cylindrical colls

-
B S
o —
disassembly. before shredding.
e
e 2
P,
| ] ——— st

environment,and

eryogenic
shredding are

herisk

o

Elecuolye Paymeric Mued  Copper  Aluminum
Greds | bock  aweds aweds

| recycle in the fuure.

Disassembly (robotics, automation)

iboratory-scale recycling processes focus on
either disassembly of cells for cleaner
separation, or taking shredded material and
applying more-
techniques that are currently used by
isassembly a scal
approaches o recycling inthe futur.

Currenty,the dsmanting o bottery
packs takes, mal scal. To be
i ke o

be automated, m tobots
disassembly is challenging given the
Vainy of bater packs on he maret

*

Ltype,
chemistry and pack
configuration must be Digital biveprints,
identified before a pack ‘ombedded sensing
can ba disassembio: and data exc
ould aid the future
automation’
batery testing and
disassembly.

Cell designs with

as pouch,
prismatic and
blade cells) lend
themselves to
disassembly.

Delamination

-

SeE: Ma, X, Meng, Z. Bellonia, M.V, £ §BE 7 EB th[a| i fY5E?

AR

a Pyrometaliurgical

D,
or
Black mass Crushed spent LIBs.
(optional) l
+ Elscriyis
< s ain
S e Smelting
(-1000°C)"
Environmental issu
ission
0
<.
cece

Slag(s)  Alloy(s)

Hydrometallurgical
process (<200 °C)*

lts
« Alsalts

Environmental issues.
« Wastewater

2. Roasting process with additives"
Reducing agents: carbon &
) [, oraluminium foil &
Roasting{ +
Salts: chlorination &
ulfation &
or nitration &

3. Novel heating devices
Heating equipment

EI5%) HATI

TEWGIRE

Leaching (<200 °C)*

ions. Y

Black mass. Leachate and graphite ‘.
Loss Final products for graphite .
+Hectrolyte ik Graphite
inder « Purification and sinte (structure recovery) 3
Environmentalissues | Leachate
« Wastewater «Metalchioride solution » Metal nitrate solution —
“HF g . < Metal
Leachate
Hniioss = e
« Sulfuric acid * D2EHPA = in
o Phoseians «PCBBA - Dowex Ma195
e o * Cyanex 272
B | eepoae | Finatproak
w Final products
i M salts < Mnsalts
Metal «Cosalts —. | +Cosalts
solution « Nisalts * Nisalts.
Precipitation" Electrochemical deposition
Precipitant
+ Hydroxide Electrodes
ions ~—Electrochemical cell
Metal
* Oxalate Electrolyte recovery
Final products
(Li,Ni,Mn, Co, Fe) « Mn metal
| « Hydrotide +Cometal | Environmental
tetal « Oxalate « Nimetal eiee
solution |« Carbonate ‘Wastewater
Improvements
1. Organicacid 2 Bclaching 5 Alateaching
< Gitic acid « Bocteri monia
« Oxalic acid *Bomgalmetabolies + Sodum mycroxde
 Acetic acid
« Formic acid
* indicates a commercialized process
methods.
 meth 1deat [l 10 100 IO I oferior
Technology readiness. L 1
Complexity
Presorting of batteries required

Quality of recovered materials
Quantity of recovered materials.
Waste generation

Energy usage

Sustainability

VF

FaEGSTE

V4 snode catvace
4 % = materis others
€ BT e K
=
Fr—
=
» Current collector (acid washing) bicanon
o
R | ok,
T
e (s
D
LT e - iy
M Lotes Bl ¥ maons
. .
a Directrecyeling. b Directupcycling

Molton-salt method
A

Lisat  Sinter wash

Relihiation

rogenerie
thode
i

L} Ll

w e

‘Seloctve leaching

Lesching -+
ondouhien, ~ g
agentl) -

Molten-sit method

i =SS
» Lithium sulfate and lithium hydroxide » Formic acid * Lithium carbonate
Potassium nitrate and potassium chloride + Onalic acid ’M": lthium
S | S | BT
it [
—
o
- .
e o
e R
b
el m salts. £
R o e
iins et i
N
e o
=
‘Lithium hydroxide . [c mlM"N"l ——— a
Lithium hydroxide (c m‘mllmil
ety U beroide
2 '-“"‘“"‘ ""“"“' » Lithium carbonate Environmental issues
i
s
e = IE

FHIRE 2024 |

Usst 8+
ot 8+ (0]

VOLTA
FOUNDATION

© Hydrometallurgy-based upeycling
Olg

Black mass
Shedding
and siewng

Leaching agents 4
~Hydrochioric acid Leaching
Nt scid agent
©Sulfuric acid

* Phosphoricacid
Loss ching and
<Electrolye impurties removal
“Binder

ot
Puriicationand
sinter (stucture

recorery)

Leachate
+Vital chiorde
Graphite

s
Tivste Transiton
 otal phosphate.

Solution withdesired
compo
ietatchioride
Solution
« Vtal sutate
Adjst the
solution o of NG

o

inort atmosph
+ Nirogen gas-

Lom
moniasoluion
ey

Procursor
< Taneiton metal
hydoside

o rosds
Lithiom carbonte

Final products
« Upcyclod NMC.
cmbode

28323


https://www.nature.com/articles/s44359-024-00010-4

170k | EMYSBRIA | DREmER

IREERERM - A

o VIR EIEEEIbEAK, 1RRFNEME, 2
R EREwE, SRERATIIERERR
RN A=,

o ERIERGEERTE0-80%AIRBIRE (
SoH) RIIANGER. EBLXME, MREERIL
I, XA REEERRAICIER T ERAfE
A, BlNTEEEfEsER S+

o —ETXRGEmEEBSEEEHNE (EV) F, R
—NEEE LRI A R R E R E PRI NS
/ER,  XAMRERFRI SIS

SRR [Dlechbx

VOLTA
v F FOUNDATION

: Repurposing

©

Testing and
sorting

1

2LB stationary
energy storage
(pack-level)

2LB lower power
electromobility
applications

2LB stationary
energy storage
Testing and
First life extension Operation sorting
in new EVs w Reassembly
IDTechEx [Ems

—

iR 2024 | F324m


https://www.idtechex.com/en/research-article/the-second-life-ev-battery-market-to-reach-us-4-2b-in-value-by-2035/32294
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Second-life lithium-ion battery supply could surpass 200 gigawatt-hours per
year by 2030.

Utility-scale lithium-ion battery demand and second-life Second-life EV battery supply by
EV' battery supply,” gigawatt-hours/year (GWh/y) geography (base case”), GWh/y
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1 ton of battery-grade lithium can come from:

Brine
750 tons

Ore
250 tons

. Spent lithium-ion batteries Using from spent batteri
28tons has potential to decrease:

(9 Costs by 40%
1 ton of battery-grade cobalt can come from: o Energy use by 82%

I ::: - @ Wateruse by 77%

Spent lithium-ion batteries @ SO, emissions by 91%
5o 15 tons

*Assumes a direct recycling method


https://www.energy.gov/sites/default/files/2021-06/FCAB%20National%20Blueprint%20Lithium%20Batteries%200621_0.pdf
https://www3.weforum.org/docs/GBA_EOL_baseline_Circular_Energy_Storage.pdf
https://www.mckinsey.com/industries/automotive-and-assembly/our-insights/second-life-ev-batteries-the-newest-value-pool-in-energy-storage
https://www.sciencedirect.com/science/article/pii/S254243511930474X
https://evmagazine.com/technology/second-life-ev-batteries-pioneering-sustainability-growth
https://www.systemiq.earth/wp-content/uploads/2023/11/Systemiq_Sustainable_Battery_Recycling_Full_Study_WEB-1.pdf
https://thebatterypass.eu/assets/images/content-guidance/pdf/2023_Battery_Passport_EOL_Analysis.pdf
https://recellcenter.org/2020/06/23/recell-center-could-save-costly-nickel-and-cobalt-transform-battery-recycling-worldwide/
https://www.iea.org/reports/recycling-of-critical-minerals/executive-summary
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https://www.ipa.fraunhofer.de/en/press-media/press_releases/new-technologies-for-the-disassembly-of-electric-vehicle-batteries-and-motors.html
https://www.pem.rwth-aachen.de/go/id/bdowgm/lidx/1
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Battery researchers have a problem...

Predicting battery failure

Theodore Grether-Murray - Follow
8minread - Oct 25,2023
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https://www.bigdatawire.com/author/alex/
https://medium.com/@grethermurray.theodore/battery-researchers-have-a-problem-2ccd5e06cec2
https://www.monolithai.com/ev-battery-validation-ai-study
https://drive.google.com/file/d/11-fG8w1ByxTITgvmffBoFpx_rtvxmEBm/view?usp=sharing
https://www.anaconda.com/lp/state-of-data-science-report-2023
https://drive.google.com/file/d/1103p_j73LR4o3MMQz0E5FF7QzpbdSNsS/view?usp=sharing
https://www.bigdatawire.com/2020/07/06/data-prep-still-dominates-data-scientists-time-survey-finds/
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https://www.batteryarchive.org/
https://www.sciencedirect.com/science/article/pii/S2542435122004093
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https://bpxstandard.com/
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https://semiengineering.com/knowledge_centers/test/data-analytics/
https://aws.amazon.com/what-is/data-lake/
https://averroes.ai/blog/fault-detection-classification-system-fdc-explained
https://www.pdf.com/products/exensio-analytics-platform/products/exensio-battery/
https://precog.co/glossary/process-control/
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Table 1| Set of ASSB assembly parameters

and N=23| n=23 n=33 n=33
S o Parameter Unit
o ° A
e Pressures p, and compression times t, used to process MPa and min
“’0' o ° each cell component x (separator, positive electrode,

0 £ S ‘.‘.. .-" negative electrode)
@ ® o .,' Compression profile at each step, that is, how fast the pressure was

& > o applied and released
° P .
e ° o M Cycling pressure p.,..,, including if and how it was controlled  MPa
s = ‘. t. during cell cycling

e . . Atomic In-to-Li ratio in the negative alloy electrode™ at%

. o

% :0 Positive electroactive material (CAM) loading mgcm?
.
* ° Initial open circuit voltage £, V vs Li/Li
2 L L Resttime t,... before cycling minorh
Initial charge Initial discharge 1st discharge 50th discharge
(0.05C) (0.05C) (010 (0.10) Parameters that should be consistently reported together with ASSB cell cycling data.
Charge
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1 1 1 05
3 6 5 3
1510395 1810395 1810395 1510395
<20 <30 <4 <4

30 36.5 145 267
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Fig. 5. Sketch of the storage for

the phase combination of Li;TiO2 and
current collector. Increased Li activity (ai;)
increases bulk storage and boundary storage
(but to a lesser degree) and decreases the
space charge width (indicated by dashed
lines). If N-ST is replaced by Ru, the degree of
interfacial storage is enhanced, whereas the
bulk storage stays the same. Because of the
high electronic concentration in electronic
conductor, the screening is negligible.
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Scale up, the abilty to keep up with and foresee researctyindustry trends and directions, \anguage abilities (Chinese, Korean, Japanese) to lea from the bigger battery markets Design for Rehablhty Test Agile, Innovative, Communication design, manufacturing, and testing Electrochemistry, Process, Data Analysis Scientific Observation, Data Analyss, ability to contribute to a
team Data analysis; research and experimentation; presentation skills data science, manufact gtg, pouch cels Techvica Knowledige Softwere Etreprenership B, Safety, and process engineer [cll knowledge] lectrical knowledge / orgarisational sls/ pise Manfactuting scale-up Knowecige, Research, Analytical Power MATLAB optimisation 1; COMSOL 2.kl 1 -
Engineering (R&D and Mature Products), Skil 2 - Producl Pricing/Cost Erpmeermg, Skl 3 - Stratagic Partnership softviare/programming, patery chemistry cesin ' esting Veterial Synhesis Meterial Characterzation,Data Anayss Long termvision and planning sl Procuctknontedge People commnication Leadersh Project Planning: Wenufactring Basics fatre
andyss teno-ecpromic anayss ¢ Y, ch cyding experience, clectrode fabricaton experience, SEM handison expenen(e building cells; materials research for dry procsces interciscipinary collaboration Battety Health Extmation Algor thi Rattery Feld Systerms Engineeting, Battery Cost andl Estietion Expertse
Design process test Battery code and standarcls, Battery products strateay and managemer and operation, s integraton instead ofvertialty Technial background, customer elationsh, indushy unde g Data analysis, statistics, communication Creativity: problem solving: eye for detail Cormmunication, presentation, abstraction
Analysis, engineering, business skills small molecule development for liquid electrolyte 1. e Batlery pack S(ale performance P safety (oncepL 3. Faiure analys\s and feedback to desig persondl kils techrical . grid knowledge Process Engineering, Equipment Engineering and scale up for production Skilled battery techs Supply Chain,
Embedded Systems, Unit Economics Unk Cell design; Cell manufacturing; Pack design Manufacturing Experience, Industria hysics; Engmeenng Systems, modelin ndlools supply chan el fbricaton Sl 1: Good knouledge about snce of batteries Skl 2 Failary ith new approaches suh as Al and ectine Leaming, Sl 3
Networking and communicaion sdis Cell design cell manufacturing processramp-up attey simion and anaytics irong manufaclunng nglnoniede, T i e plann in the indusry, end consumer market knowiedge troubleshooting, leaming, communication Modelling; Tesnnge/:igomhns Electrochemical analysis, resilience, adaptability rawmaterials value chain, long term
safety and dircr econy Creatity materalescence electiocherristy Market ict Knowledge on New Techriologies, Strong Work Ethic Fundamental electrochemi edlge, Miaterial Charocterization, Data analysis and i ign of (Dof);  leadersip Skl 1 Appliation/ntegration
Engineering. Skill 2: Systems Engineering. Skill 3 Marke(m&Nelworkmg funcitsing sk assesament analytics chemlslrxenegonanon Hctrochermistry. s aysi, etaPresentation Relisic rojec planning cll woking principle knowedge, customer margernert wships between processes; Understanding of Deviation; QS Critical Vineral
commercial expertise Manufacturing, cell and testin | think that polymer science fundamentals are under appreciated in the battery space Adaptability, Resilience, Creativity Patience; dexterity; statistical analysls el design, Chermistry, Manuiaaunng and automation engineering. Straleg\( Growth, B2B Lead Gen, D2C Growth Marketing Technical, Problem solving and Management
1, Hectrochenisty 2 Cathode materialssyrthess 3 Metalurgyelectiochenical analsi;data analysi logical thinking Test bench ntegraton, pac-level assembly AL Electrochernical Experts Safety testing Battery modelling, testing and maintenance, battery safety cross-functional work, bsuiness/tech junction Sales
“electrochemistry fundamentals; Al methods; interdiscipinarys* Scientist, Al/ML, Supply Chain ain Ggafactory manfacturing e experience liowing ho o virk with ASan corpanies (chricaly, (ul(urally, o rmltldlsc\p\lnary engineering (knowmg how to speak the arguage of other paris of bateries) System engineering basics Innovation, comperhensive understanding
contineous seeking for additional knowledge cell modeling ; political maneuvering; networking Data evaluationystatistics skills; genuine people skill; entrepeneurial mindset Creative engineering, clear inary thinker Design, Therm, Packaging Battery safety experience — un erslandmg houto minirize potenta aires/TR Bttery

tSysterrs, Batery Niodelng Battery Cha%g Battery Thermol ContolsProcess sale-p Electrolyte developrment, Electochenical dataanalyss Engineering supply chan project levelopment Battery b et  Goiommarket operince: thermal wnagement Technical expertis bosic pemistry knowledae and communication il Menufacturing
excallance; supply chain logisics managgmes erial Characterization; Programming; Harcware Knowledge sales, energy market architecture, puiblic speaking Prodict development, business development, sales & marketing Complex problem solving, manage preassure, innovation 1, 2, Marketing, NahTacnursbity, Losderaryp gl Pror knowiedge oF ndustry Sk
abilty o formite effective procedres sl 3 ﬂexlbihly B, design of experment, pouch cal b experience Skil 1 - Problemsolving kil Subject Mttt Bxpertise Merket Research Contnercia NegotiationsFare protecto manufacturing technician Software skills, commercial/technical expertise, systerns based approaches Skill : basic chemistry
and dectiochemisty knoviccge ical design; skill3:clear Material DX Battey manufocturing ks capabiltes o quicklybuld prototype simuation slsBattery energy storage systes electrical engineering eterals knoniedg: esearch experience unders'andmgpf basic science Chemistry Materials knowdedge, pymon leadership 1) Bas\c
understanding of a battery 2) Batter nﬁnufactunng 3) tteryfallures Mandain,Presetation s Veetrology project aitical thinking; Bxperence with deposition echviques; Experience ith bateres, Bperence with naging teciques Charactrizstiontesfing e and electrical Work
and planming,acvanced problem soing methods,core engineering methods (GDA, an offer ‘racitional {aok) NEnUfachiting experience: falure analyss pack Qesign battery rmanagement systems Tesing validation Cell Productions Cell Design; Siralahion Marnufactur e Vel Scence Deta "Analytics Process Engineering Product, Controls & Automation P
ebclretip, chermistry,dota analysis SKII - abilty o think ideper em\yto e problems th cut acros the acadentic reas of st Sl 2 - abit Glecirca engineeiing. et sciencs, manfacturing Coding; Elecrocherisiry knowledge Advanced ranufacturing; supply chers call developrment Deta aralyss, presentation, coding strong team work skils and tercuiturl

competence,know howin data scence frustration tolerance :-) software engineering (as opposed to data science) strategy networking eadership crativity knowiedge, methodology Neterias Scence Knowledge, Engineering cathode fabrication Process development; statistics; electrochemistry Electrochemistry, Materials Science, Critical Thinking data analysis Manufacturing
n(% software; reliability Materials Science, electrocheistry, process enginecing CeII quallly supplier negotiation, battery SOC Manufacturing, El e, Team b ildng Ccmputer Science, Hachronics Modeling: The abilty fo improve the process; software automation [Critical thinking), [Problem solving], [Team work] [multlh ualism 1] [product design 2]

[rmrke(mg 3] Teadership, honesty, economics Motivation, Innovation, Al Coordinated BMS 7 cell strategy. Battery case manufacturing, Battery case cover malenals 15026262, FUSA, awayperserveran(e adaptabl iy, attenion to detai rtegration o bigger picure, understands ing numbers (ena\s (haracterlzatlon ski to pilot scale-up ability;

processing/properties understancin Manufacturing experience; Under erstanding technology from lab 0o product understanding ket seqrrerts stry data analysls/dala saenoe e good of sc.entmc findings [cell chem\str%] | systers engincering) Cortrol eng meer process engineer, manufacturing

engineer Systems level thinking; batfery data understanding; voice of customer Electrochemistry and battery chemistry; BMS; ling [Fu Banery Chemslry and Cell Design and i [ngh Vo\ume Manufacturing Process and Equipmer [Accurate Cost and Time Planning fcr \Im to Mant ing] Open minded, technical expert,

negotiator Leadership Communication Empathy Curiosity; Perseverance; Teamwork Data analysis, coding, Critical lh\nkmg, data visualisation and analysis; depth and breadth (oghether Progranmmghmljecvochem\s( » mechanical design Skill1: Firmware Ccntmls develoy menL Skl\l2 Battery Testing; Skil3: Cell Testing; Sk\ll4 Test. P\Fehne meiedge Skill4: Chargi 0r{;g Test Knowledge

data analysis; quality control; hands-on know-how Electrochemistry funclamentals [Process Engeneenng] [Chernical Engineering]; [Electrode Fabrication] Skill 1: systems approach with scientific methodologies; skill 2 both chemistry and engineering process R&D; skill safe&(est:x;; ‘and mitigation analysis Material Synthesis; Cell design; cell modeling Mass production related

skilssuch as the knowledge o setup the producton ine, the knoniedge of howto improve the yield in the short time frame and how to find the best match between the equipment and raw materials Simulations; Electrical Circuits; Test Plan Design Lean Manufacturing for Cell Production; Sohware engineering, product merketing ket optimization experts Prod

management [Battery ellln%] [proﬁcl management] [market knowledge] “Fundamental knowledge of the electrochemical kinetics”, *Experience”, *Global economic status” Project management; operations experience (in commercial sized manufacturing plant, scale up experience communication, power el edg

communication; experience [technical knowledge beyond a very specialized field]; [market kmMedge beyond cherry-picked studies and forecasts] | can make cathodes and anode materialsJor Ly JNay and Zinc-ion batteries Reactor / Scale- -up engineers, equipment engineers interdisciplinary (mechanical + ectrica Sk, high voltage deslgn knowledge, excellent general design

skills Soft Skl Problem solving; colldbration manufaa uring Data science, process engineering, failure analysis deep work, expenmemal design reasoning chernisty, elctrocherristry and fabrication (1) han-on experencein battery manufacturing at the MP scale (2) Difference between testing for R&D vs production, (3) how to balance between "science experiment” vs

“sor the customer cares about' Mechanical design "Communication; couaborauomeam Work;Al") data analysis, eleclmchemst? , manufacturing engineer Battery Integration, Practical Thinking, Regeneration of electric power 1. PLC programiting in depth knowledge of battery management system T ik

decision JMP (data analysis, experimental design), CAD, pro{/la management Electrolyte development; Simulation and battery design . fhcation Speaﬁcaum Brocurament SOH, predictio; thermal management: BMVS Materials science expertise, battery managemment system (BMS), and data analysis Manufacturing, Data science, Fectrochem: knowledge flexibility in thinking;

strategic actior;, endurance Manufacturi g Manufacturi nufacturing Technical understanding, result oriented, drive Cell knowledge, battery project experience with big OEM, supply chain foresight; adaptibility, resilience Scale up engincering lnnovation, project menagerme, teamwork [manufaclunr?] desion-to-costh [system |n(egral\on [Ability to forecast price

rende) Tachnalogy trende] data science nowledge; Al bsed algorithrn capabity, batiery GeSign expertise Thermodyhamics, coding, uesstimeting Skil 1. Battery material desigh for he igh storage Capaciy leciro-thermal Smulaton S01d-SoNd Interfacal Chetmistry. SO polymer Slectiolyte Leading 8 fechnical tearm with emetional intaligence, fallre analysis standardized in

residential battery industry(honesty versus marketing, could help clear up issues to standardlze sexual harassment trainings for technical managers Technclogy transier Cell reliability ana%s.s Process englneenng e\ectro(hemsly process engmeenng BMS [Crm(al thlnkmg] [Market-driven thinking]; [Strategic analytical capability] Innovation; Business Development, Cross-cultural

nders anding Predicting battery deterioration and Tailure Artificial i Analytical 1t System Integ uring reoy ecydli lexibility, Knowledge, Qualification “Clear commmcauon with chinese suppliers”;"understanding agemg f

atteries’"system thinking for fast charging" “Bplaining complecthings in a siple vay; data handling and manlpulatlon, production process knowledge data analysus elecmca engmeenng programmnq( |ntenance englneer; skmed production operators, sk.ned process engineers Electrochei edge about real bateres; programing for data

Understandlng of manufacturing and data visualization Electrical/power electronics ysters development, next generation modeli '(Je nd porods continuum modeling), leadershipy s polyvalence Cell Modeling; High Power Electrical Engineering; Mechanical Engmeenng Problem solving, communiication Technical o b Fexiblity; market

knowledge Automation and Al integration into the manufacturing process; handling hazardous materials and chemical engineering Pilot line operation and scaling; testing prctoco\ ustomer Creativity; i arity; Technical project agement; Business acumen Coding; modelling; cell assembly Pragmatismy cost analysis;

Chinese language Techvica witing orv\\?lmerm economic analysi, Industial engineering & design for manufacturability Hollistic understanding, material, batter requlations dormain expertise,abilfy fo construct B willngness to keep up with industy developments Curiosity teamspirit Data Scence; Cell physis,metaliurgy Fundamental mateialsscence knowiedge:

indamental materials processing knowledge; data science applied to materials science. All types of battery manufacturing expertise (from cathode active material to formation), failure analysis for yield improvement in mant - Communication, ing things done, working under pressure safety; cost optimization; economy of scale Equipment design, process
apumzanon facility design and implementation Lean manufacturing, Robotics, Logistics Induslry experience; data frocessmg / data analysis; vendor management batt e;¥pack ‘design, systems en meermg CrooenCional ool *Battery design’, "Cell research’, "BMS" eleclrochem\suy background, materials science, data analysis Lean six sigma; Electrochemist

Presentation/documentation "Data Driven Decision Making’, "IOT Base Decision Making", "Communication soft Skils™ battery testing resus i re time efficient battery testing methodologies; interaction between chemists and engineers Modeling/simulation, algorithms, testing material synthesis, material analysis, electrochemistry [CAD Skill]; Tprodudtion
experience}; [project managernent] Data Analysis; Leaderships Fast-paced learning [Basic electrochemistr scaling tech1iology; bettery recyciing battery manUfacturing Quaity; Logistics “[Analysis}{ch \ me(hanlca\ engineéring, chemical engineering High volume mandfacturing experience:
experence with high volume manfacturing ook - how they work how o pect them Digitd Arcitecture for a battery factory. MES/SCADA R&D enineers Modelng experierce, guantiat analysls C of cell design and end to end process i process c mprehensive cell safety evaluation really needs to include.
rtrols oriented ition] (¢ ref Sefety) Testng lectical Engincering Town Panning C e Diverse Mindset, nterdisclinaty Communictions Fubnc Engagement Electrolyte, Testing Protocol, New Materials (endurance) (problem solv\ng binking’ Tspecuahst knoviedge) Open Minded, Future problem solves,
pasionate about decarbonizaion communication, dlgl(al | technical Aralytica s al Understanding Gross department collaboration process iprovemert,eficentrecord keeping /data etry Understand the btte ryproductlon process, Have electrod erstand merket dynamics and influences” [Competences vithin the specific
Ranufactunng processes] [Emission/effluent abatément systers and environmental control Curious. level piable Sufoce anlysi - Material Domain ing and cat nferpretation data scnce battry recycing expertse Py eccnom/ pe Cunoslty Agm ; Patience knowdedge in Serad emistry, material chermistry,
<yatem design [Cheristry} {Battery rranagement systems] Product & system design] Persuasion; Synihesis of dvers inforration Producion keiow. how [global sratecic view]real conprormise for acion aganet imatic change] material, lectrochemmistry. lectne Momufaciuring, Upscaling, cell design integratior
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Battery Manufacturing / Scale-up / Process Engineering
Business Skills / Marketing / Strategy / Market Knowledge
Innovation / Creativity / Problem Solving

174 -

Soft Skills (e.g., Flexibility, Adaptability, Resilience)
Battery Chemistry / Electrochemistry

Battery Testing / Failure Analysis / Quality Control
Data Science / Data Analysis / Al / Machine Learning
Materials Science and Characterization

Project Management / Leadership / Teamwork
Battery Design

Communication / Presentation Skills / Language Skills
Safety / Standards / Regulations / Compliance
Interdisciplinary / Cross-functional Collaboration
Modeling / Simulation / Computational Tools

Battery Management Systems (BMS)

Research and Development / New Materials

Supply Chain / Logistics / Procurement

Electrical Engineering / Power Electronics
Programming / Software Development

Environmental Knowledge / Sustainability / Recycling [l 10 All elements displayed 4

Total responses: 1138

Thermal Management i 7 Total respondents: 468

LLM3, 2025/01/06 11:55:51

. .
0 50 100 150 200
Counts
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- L4248y, Pangea Talent Solutions
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b l I Battery Manufacturing / Scale-up / Process Engineering
R Battery Chemistry / Electrochemistry
1 Data Science / Data Analysis / Al / Machine Learning
1 Business Skills / Marketing / Strategy / Market Knowledge
1 Soft Skills (e.g., Flexibility, Adaptability, Resilience)
1 Battery Testing / Failure Analysis / Quality Control

Battery Manufacturing / Scale-up / Process Engineering
Business Skills / Marketing / Strategy / Market Knowledge
Innovation / Creativity / Problem Solving

Soft Skills (e.g., Flexibility, Adaptability, Resilience)
Battery Chemistry / Electrochemistry

Battery Testing / Failure Analysis / Quality Control

Data Science / Data Analysis / Al / Machine Learning
Materials Science and Characterization

Project Management / Leadership / Teamwork

Battery Design

Communication / Presentation Skills / Language Skills
Safety / Standards / Regulations / Compliance
Interdisciplinary / Cross-functional Collaboration
Modeling / Simulation / Computational Tools

Battery Management Systems (BMS)

Research and Development / New Materials

Supply Chain / Logistics / Procurement

1 Materials Science and Characterization
1 Project Management / Leadership / Teamwork
1 Battery Design
1 Communication / Presentation Skills / Language Skills
1 Modeling / Simulation / Computational Tools
1 Interdisciplinary / Cross-functional Collaboration
1 Safety / Standards / Regulations / Compliance
1 Electrical Engineering / Power Electronics
23 1 Battery Management Systems (BMS)
23 1 Programming / Software Development

Electrical Engineering / Power Electronics 23 1 Supply Chain / Logistics / Procurement 60 1
Programming / Software Development 22 1 Research and Development / New Materials 56 1
Environmental Knowledge / Sustainability / Recyclin 10 All elements displayed 4 i inabili i 29 All elements displayed 4

ge / y/ ycling Total responses: 1138 Environmental Knowledge / Sustainability / Recycling Total responses: 2503
Thermal Management J§ 7 Total respondents: 468 Thermal Management [li| 19 Total respondents: 1000

LLM3, 2025/01/06 11:55:51 LLM3, 2025/01/12 22:01:52

0 50 100 150 200 0 100 200 300
Counts Counts
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ege&i S,. Strategic thinking, design, method, for Cmanwty Guriosity reaii, innovaton, Andlytial Thinking Seif- leamng elf- fon iy, sient
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BREGZTENNITABRNERRER "Kixse" | MARRAREE
TERER, LR AR R R A? "
(RIERRR TNESHREIRNSREE)

B—— ) — WARZHENEEE TFS. R, AB. WS, EZERIEN
Curiosity / Willingness to Learn / Continuous Learning k 6

Problem-Solving / Critical Thinking / Analytical Thinking Be/Jo

Communication / Presentation / Public Speaking

Leadership / Management / Team Management

Personal Attributes (Passion / Motivation / Ambition etc.)

Adaptability / Flexibility / Resilience

Networking / Relationship Building

Battery / Electrochemistry Knowledge

Experience / Hands-on Skills

Hard Work / Persistence / Tenacity / Grit

Materials Science / Chemistry / Solid State Chemistry

Business Acumen / Commercial Understanding

Strategic Thinking / Vision

Technical Skills - Specific Domains

Programming / Coding / Data Analysis

Engineering Skills / Fundamentals

Creativity / Innovation / Innovative Thinking

Interdisciplinary / Cross-functional Knowledge

Rt/ EBICFHER 58
RRIEHERSE 11
KBS RERFE 5514
IRASHERSE15

26 All elements displayed
e I~

Marketing / Sales / Business Development °ie ay
Analytical Tools / Software Skills il Total respondents: 414

LLM3, 2024/12/3118:32:34

0 20 40 60 80 100 120
Counts

FUAEHIER (BAZEERE) |, HREMTF2025FFhR .
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N

16%
ZipEPRRERINIRE BoRpEPEEZIEE)IImE —WEFHERR "EEFNEMAR BRE
RIS T RABREI B—RITIERIMAIKHE.
RAIE)IF I EBFE IEUE) IR B (38R D BEEIRAEE

FHETIER (BEAAEERS) , ZREMTT2025FFhRT.
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EE—RATERRIRERMER - fhbk. €UF. 2. 3. UK
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Challenge and innovation
Learning and skills development
Career growth opportunities
Sustainability and impact
Desirable work location

1 SEERRRE: #kik. elF. 2. FIFRIS,
1 ILEEEERFE. TIRtmMFraHHES (L

Supportive team and environment
Work-life balance

Competitive salary and benefits
Autonomy and independence
Hybrid/remote work

Job security

11/52 elements displayed |
Total responses: 2601
Total respondents: 685

200 300 400 500
Counts

0 100

FUAEHIER (BAZEERE) |, HREMTF2025FFhR .
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| feel good about what I'm working on

7 8% & X I IETE NS T ER R, feel good about my career path

66%RIZITE I IVER A R R _ ¢

56% BB ERIBAIMTIESATEFMEBENHE 1 foelgood about my worcife blance

65% BIRILHERTHEERIAE.

|1 Strongly Agree
[ Agree
Neutral
[ Disagree
M Strongly Disagree

| feel valued by those around me

ATNETHRE (DA EERE) | BRETT2025FER R, it 2024 | 55448
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EERMNSEESNTEREEEX, BTIFSEEFERIEE
NUMBENECEANSNTEREIRE, A1 — GEESERNE, NTIESETPERTEE,

VIR RN RB75%RIATTIERI T EREHE RS EXM N TS E S HEREIRET.
"R RIEAEMI TEREHE" "BNBRN T ESEEFERE#HE"
Entry / 18% 21%
17% 24%
. 15% 28%
Senior (n=27) (n = 50) -
. 12% 36%
Director/VP (n=8) . (n=23) - : i:::engly Agree
Neutral
Executive I (;8:/;) - [ Disagree
M Strongly Disagree
FRABTEE (BEATEERE) | BIRETI T 2025 E R, EHRE 2024 | 449

ABEN: NV/ER: 2508, Rl fRENE; S%: ASNEME, €5 MSARNE; S RHERRE, Db/ASE: EEERRS.
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BEMTIE0. BENRM

TR (N = 665)

| am confident in my ability to find my next job in the industry

REZE (72%) WITWRIGEXNECKE T TENENREE o
L, IXERBEIIX B SRRKEEFIIZIT WX BE LG R THFKEE (n=109)
IR
| want to stay with my company for at least 12 more months
20% 1 9%
REBTINTHNSELEATINN, MBEANZANASH (B U =69
90%) EEHEEWATIHKIZ I RIR R IFRUSE.... . 2hENTH
R4iEeEt, | am satisfied with my current job stability
- AN ZFIRE i 20% 12%
““7k ﬁd\tu' Stratlv Group _ (n i 131) (n ) 79)
[ Strongly Agree My company has a good reputation in the industry
[ Agree
[ Disagree (n = 166)
[l Strongly Disagree

FRABHHE (BUATLERE) | RS F 20255 K7, HLithiR s 2024 | #4500
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FEMAB-FM, (BZEFREENBENZIERIHIZY

FAENSERATIWAIARKRIFRERE, 80%HIARIA TFIRAIEE.

2AM, RBS1%BRIFENT MM EREEHEI TIFX R, XATRERAXIT
FRT . BE3HIEENERmEREIL.

34%RIFAEXST B CrERR AT ER B B AT B RIBERIF PSS E
, BRREETHBESTIHREZ BB EELR,

A3%HFEFRTE SRR ANENIZ IR IR, XK T HAE
MR RS EEERTHIZSE,

1 Strongly Agree
[ Agree
Neutral
¥l Disagree
[l Strongly Disagree

FRABTER (BEATEERS) |, HREBHT2025FF PR M.
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kEZFERRE (N = 79)

| am optimistic about the future of the battery industry

10% 8%
(n=8) « ()

After graduating, | will find a job

28%
(n=22)

By the time | graduate, | will have learned the skills needed to find a job

24%
(n=19)

After graduating, | know what role(s) to apply to

25%
FEithiRes 2024 | FATR
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NIREWALIIHIN B ESHEE
® GA%IN Y RREWATIEESHINS, XEFEIIRI-FREAILL.
® [ XAAERMT MBBRIORIS. IO ERMNEE. ATRTEIES. B8R Entry /

Developing
RIS FHEBIR SRR S [IX—RFK,
Career
FRHRERV A A RYR AN
® MUk (57%) . BR (53%) FIER (59%) REIBRHUXISHIRAEIUH B4R, Senior
® FE: XUEHATRESHET. EIFIFMESIREE. ATERLGIESH YRR ERE, Expert
BRINASHREARRER A RS, LURDRTREK.
Manager
SEIRAZ KB E
® 27%HNIBEEASHIE—IXMUHIR(E, Director/VP
0 iz SRRERHHEEEANSENY. HEESHARRE, XtoTseREEE(IREIEM
RRSE, FERBIRRRER. Executive

FRABTER (BUATEERS) |, HREBHT2025FF PR,
BBEN: NVER: 2508, Rl fRE0E; S%: ASNEME,; € MSARNE,; £ RHERLE, Db/ASE: EESRRS.
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RERESESHIHIIENS? "

[ True
[ False

FEithiRes 2024 | 452
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VOLTA
FOUNDATION

VF

FREMA—IAENE/\KERRR, ENEREFEMAS—T2aEaERE

o

R ASEEIER R A S]?

"MRERIMNRE), BIRRHE—EREIRN, RS
BERZFRREZEIAN? “

|

Challenge and innovation

350 1
313 1
250 1

Learning and skills development
Career growth opportunities
Sustainability and impact
Desirable work location
Supportive team and environment
Work-life balance

Competitive salary and benefits
utonomy and independence
Hybrid/remote work

Job security

11/52 elements displayed |
Total responses: 2601
Total respondents: 685 J

130

200 300 400 500

Counts

0 100

ARABTHED (BEAFETERE) | XRERTF20255FFh 4,
AREEN: NV/ERE: 25W8,; R RERE, af:

MS/NEME,; TR NSARMA, £ REEREE, QW/EIDE: B

Salary, bonuses

Career growth opportunities
447 .
358 4
349 J

Company culture

Work location flexibility
Job stability

Vacation time

Equity

Total hours worked
Visa sponsorship
Perks

Parental leave

300 400 600

Counts

200
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ASER TR E N ARBEER

IRERTAR T ZDN? "

100%- S — el
90%- M Entry / Developing
, 80% B Career ~5E40/\F
g 70% M Senior
& 6% W Expert } ~ A5/ NG
e 50%) I Manager
g7 M Director/VP —
2 40%- B Executive >SS0\
3 30%
20%-
10%- "BRTIIENEE RBEZHEYW “REAIETSNE? " X
0% — —|IRRAOEIE. HERRMERER (B0, 118/128) HEEASEEN
2025 30 35 40 45 50 55 60 65 70 75 80 8 90 95 TofHm. AEANEENEREZHEY "RUOASEERATNER
Hours Worked Per Week # EREMEB? " X—aSREL,

FRHETIER (BEAAEERS) , ZREMTT2025FF K.
ABEN: NV/ER: 2508, Rl fRENE; S%: ASENE; € MSARNE; £ RHERLE, Dh/ASE: EEERRS.
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90%
80%
70%
60%
50%
40%
30%
20%
10%

Individual
Contributor

Cumulative Percentage

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

Leadership

Cumulative Percentage

VOLTA
FOUNDATION

VF

IRERTI{ET ZDNg? "

—

A

25 30 35 40 45 50 55 60 65 70 75 80 85 90 95
Hours Worked Per Week

FRAEHES (BMAZEERE) |, HREMTF2025FFH 5.

SIS
W FUEEEN/A8)
B 7k

ShEL/ IR
KR

(B) 50%A0TSE S TFBE 50/
15%E0RSE BA TR 65/t
"BRETIFNGE REZHEY RERAIETSO0? " X—ARERE

%, HERBER (flan, 118/128) HBIEASEERES M. AEKEN
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RASE CHRRMLERSE T HE?

=5 Z —HIARSIERIFEN S JRIEREEAFT

=HZ—ARBECHRIE.
=R RIS IATF K R(EE.

200 HRSERPUEC AT AE R B TR AR AR A T A BRI

EERAE 2R,

FRABTER (AT EERS) |, HREBHT2025FF PR,
RBEN: NVER: 2508, Rl fRE0E; 8% RS/NENE; €K MSARWE;

[ Strongly Disagree
" Disagree
Neutral
[ Agree
M Strongly Agree

2 RHERNE, SI/EISH: EESRRS.

VOLTA

VF

"SEAMREHEL, ARG T

Entry / 24%
Developing (n=23)
c 32%
areer (n = 35)
Seni 29%
enior (n = 48)
33%
M 25%
anager (n=24)

254561

EHRE 2024 |

FOUNDATION
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FEERZ AR
PASETTIHRY P EE AN

United States ~ Germany Canada United France Sweden India
Kingdom
$97K 82K
Entry / (n =47) (n=6) $49K $40K $48K $42K
Developing (n=2) (n=6) (n=1) (n=6) ($10§)
- - . s N n=
$130K .
(n = 63) 78K 53K $62K 54K
Career (n=6) (i =6) (n=7) (i =3) (ﬁt“;) $10K
(n=8)
$142K
(n = 83) $102K $79K $74K
i =12 - - $55K $61K
Senior - -(“ ) (n=5) (n=8) n=7) (n=4) <ﬁ1 o
$170K .
(n = 40) $93K 104K $99K
Expert (n=2) n=3) (n=9) (ﬁej 'f) (ﬁej 'g) s27K
e -
$175K s
(n = 40) $98K 105K $78K $76K 72K
Manager (n=5) (n =6) (n=8) (n=2) (ﬁ =1) ($18Ié)
n=
$185K $214K
, =27 $111K $111K (n =6) $144K
Director/VP (n ) (n=3) (n=4) (n = 3) (ﬁg: I;) $26K
(n=2)

FRNETIER (BEAAEERS) , ZREMTT2025FF K.

VOLTA
v F FOUNDATION

ARMAIEER: (1XPRSEE)

PASETTHH R EERIN
CA Mi MA NY >
$114K
- 87K $93K $90K $88K
Entry / (n =20) (ﬁ = 4) (n=4) (n=1) (n=2)

Developing

E

$141K $134K $130K

$110K

SISIK §127k $130K  $122K  g1q3K

Senior G220 (=9 (=9 (=0 ﬂ
$186K  $200K

18 it $150K  $140K
= =3

Expert 0218 Lo (igfg) (n=1) (n=2)

$190K
(n=15)

$192K
(n=3)

$155K $153K

(=5 (n=4)  $105K

(n=2)

Manager

!

$187K  S196K  qionc  $200K

(n=9) (n=4) (n=1) (n=1) ?;152'()

Director/VP

BBEN: NVER: 2508, Rl fRE0E; S%: ASNEME,; € MSARNE,; £ RHERLE, Db/ASE: EESRRS.
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United States

a
%]
2
= 200K
©
Individual &
Contributor 8
S 100K
®©
>
c
&
0K
)
%]
=)
= 200K
K
©
Leadership ﬁ
2]
3 100K
©
>
=
<
0K
20 40 60
Age

FRAEHER (BAZEERE) , HREMTF2025FFHA .

Canada

60

United Kingdom

20

40
Age

60

20

Germany

40

Age

60

Sweden

FHETE)
20 40
Age

60

VOLTA
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EXE, MARERERIF
BRETFER, H#H—F
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TEERMN,  FrREE LAY
IBKmEAEE, RIRWY
SERR IR RAXAYER
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S E TR R ES SR

80%HI5E 14
TT%89%
70%H95E 14
67% Lzt
56% RSBt
57% B9LziE
67% HISEM
61% K9t

SANREREMARNET, BIAMUREEL
it IEECUFT, BENEA, FHEZIRE.,

I

XA IEFENSFRI T EREHE

XA AR A R R

XN T ESE R REHR

REIFERIAEMMEA)

NS Ere =18 -BYEHI
AMEIAT A DEFSRC

FRATTIED (BEASEERS) , ZREWTT2025FFhRT.

[ Strongly Agree

M Strongly Disagree

VOLTA
v F FOUNDATION

"| feel good about what I'm working on"

14%
L

"| feel good about my career path"

20%
Men (n = 165)

28%
Women (n=57)

"l feel good about my work-life balance”

27%
(n = 216)

29%

"| feel valued by those around me"

—_ o

Women (n23°£°6)
HEitiiR s 2024 | AT
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MEESRERMAYIEIN, B TbE
N ARRE RS RGN, BEFIN22% THEEI15%, TRIEER3 AT,

B ST TS RIIEI, N21% FIEEI9%, THRIBEAST M ES A, = \'\IAVirr]nen
AIRE/RA.: Developing & 22% 78%
Entry (n=21) (n=75)
(1) WIBEXRIR: THEEFBINEE, sk ErESEREIR, T
SRS A AR, coror [ DD i
Q) BBfE: B, TIESEETEOTE, RERUESLIE - -
FEISRERAL Senior RN e 123)
TR 15% 85%
Expert ygyn (n=82)

RO, BIESITHIEIFISERFERNBER, TLASHES

BTt RIS &AL

BUBFEEME, RAEHILUEREATENEREN, FHHENNSE

Manager

/,\3z . 12% 88%
HNERNF, Director/VP g (n = 57)
E ti 9% 91%
Xecutive (n 5 4) (n = 39)

FRABTER (AT EERS) |, HREBHT2025FF PR,
BBEN: NVER: 2508, Rl fRE0E; S%: ASNEME,; € MSARNE,; £ RHERLE, Db/ASE: EESRRS.
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Entry / Developing Career Senior Expert Manager Director/VP
*SOOK .
o *
\%’ I I L]
>200K B
o
©
w
o) ;
8 °
8 100K é ; % $
0K - -
- $190K $200K
o $185K $180K $188K
& 200K s1aak $140K s1aak S150K(n=33) G (n=30) (1=10) (=23) A
=) $115K (n 44) (n=16) (n =67) (n=12)
39 (n=32) $78K
= 100K (n=16)
S
o)
= 0K .

Men Women Men Women| Men Women| Men Women| Men Women Men Women

FRAEHES (BAZEERE) |, HREMTF2025FFH K.
ABEN: NV/RR: 2508, Rl GENE; 8% ASNEME, €5 MSANNE; £F: RHERRE, Qb/ASH: EEERNS.

VOLTA
v F FOUNDATION

NI/ RS, ZHHIFIIRRIELSS
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X—RMEEZIUTEEE, pE<0.05 (L*
tE) . AEENERTABRHRIES
(APMESLRARBRE) .

fELLERR25th, 50thf075thE DL,
/ﬁimETHFB,% wmESEE. HBRTHREN
$ORIRZINE. (XBIEBRTEERRIZILE. X
PREE. 1 3% "ANIVERRE" K775
RSN, ERmETEE. BEEES
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Career

Senior

Entry / Developing
» 300K~
o *
3 ' '
> 200K~
i
©
(2]
o)
®
8 100K é %
0K
Pl
©
S 200K~
=) 115K
§ Q (ﬁ =32) $78K
c< 100K - (n=16)
g
i}
= 0K

133K $140K
(?] = 44) (n = 16)

' Men Women Men Women

$150K
(?: &7) (0=12)

Men Women

FAETIER (BEAAEERS) , ZREMTT2025FFhRT.
ABEN: NV/ER: 2508, Rl fRENE; s%: ASEME; €5 MSARNE; £ RHERLE, Dh/ASE: EEERRS.

“BSHIERRABLL, FEAR(T

Entry / Developing Career Senior

Men Women  Men Women Men Women |
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ENV/KERR, IS
FHEMELSSE(E30%.

BRE15%RIZLIEANA "S53
HARfEEL, FeRIFrEmm(E.

1 Disagree or Strongly Disagree
Neutral
M Agree or Strongly Agree
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Entry /
Developing Career Senior Expert Manager Director/VP Executive
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ARRBTES (BEATEERS) | ZREHTF2025FF 4.
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2eaeRee 2024 20245E10810H
: WOMEN IN . Ny
FrOlCIEHSFE A TEAEUFIMETIE

CONFERENCE

Women in Battery Meet-up
(@Future Battery Forum 2024

O- 20245 5— 40- 2024456 O 202455E= O 20244550
== == ==

=E
Gender -
: THE BA: TERY SHOW
(E:glrjnall#%tee NORTH AMERICA
BATTERY 2024F7H26H 2024F1185H
2030 S B

F2025%, FATHSHEETHESHES, GRERIAIFEIESNAMEITE, ERREER)IRO, AIEERRE R RS HNES.


https://battery2030.eu/news/happenings-events/women-in-battery-research-pioneering-innovation-and-equality/
https://events.stanford.edu/event/women-batteries-conference
https://events.stanford.edu/event/women-batteries-conference
https://tbsm24.mapyourshow.com/8_0/sessions/session-details.cfm?scheduleid=319
https://www.futurebattery.eu/women-in-battery
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https://www.uscis.gov/working-in-the-united-states/h-1b-specialty-occupations
https://h1bdata.info/index.php?em=sila&job=&city=&year=2023
https://github.com/wengandrew/battery-report/releases/tag/br-2024
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https://www.uscis.gov/working-in-the-united-states/h-1b-specialty-occupations
https://h1bdata.info/index.php?em=sila&job=&city=&year=2023
https://github.com/wengandrew/battery-report/releases/tag/br-2024
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https://www.uscis.gov/working-in-the-united-states/h-1b-specialty-occupations
https://h1bdata.info/index.php?em=sila&job=&city=&year=2023
https://github.com/wengandrew/battery-report/releases/tag/br-2024
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https://www.uscis.gov/working-in-the-united-states/h-1b-specialty-occupations
https://h1bdata.info/index.php?em=sila&job=&city=&year=2023
https://github.com/wengandrew/battery-report/releases/tag/br-2024
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https://www.uscis.gov/working-in-the-united-states/h-1b-specialty-occupations
https://h1bdata.info/index.php?em=sila&job=&city=&year=2023
https://github.com/wengandrew/battery-report/releases/tag/br-2024
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https://www.uscis.gov/working-in-the-united-states/h-1b-specialty-occupations
https://h1bdata.info/index.php?em=sila&job=&city=&year=2023
https://github.com/wengandrew/battery-report/releases/tag/br-2024
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https://www.youtube.com/watch?v=yyp-GydAHfM
https://www.billywu.xyz/videos-batteries
https://www.youtube.com/watch?v=DBLHaLhyo2w
https://www.youtube.com/watch?v=4-1psMHSpKs
https://www.youtube.com/@AcrosstheNanoverse
mailto:mxh@eiiai.foundation
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https://nexus.engin.umich.edu/pro-ed/battery-cell-mfg/
https://www.udemy.com/course/li-ion-battery-manufacturing-fundamentals/

3AT |HBERR | HtXHEEEFRR |

BRIBERETRE

- it EERS

VOLTA
VF ‘ FOUNDATION

TR -K5TH, &L

% | B%E | BEFY

University of Colorado
Colorado Springs

UCCS

% | 2% | BEFY

udemy

152k | $13.99 | BEES

MZBPFFIG BTG BTG
XFBMSLHAUTIAERANS, AFELSME, Wi | | BEERE ERSETRE, HlCourseraE EETABEHSERITBMS, BRI
HARMEER, BTIERATRE, . FIUARSER TR A R R EE AR BB ER B AES TM 3242488 ESCH
EBith. HRIBHFTERZ.
EEHEFERENIHERRLAMBBFRIFERETHRIB? R, BFEM mxh@eiiaicom

KR SHEELTS



https://ofb.net/~ania/Anias-BMS-Course/
https://www.coursera.org/specializations/algorithms-for-battery-management-systems
https://www.udemy.com/course/ev-bms-advanced/?srsltid=AfmBOoqehIGwMuYbSt9r_cMzFLLIvPA1mGp_OvdzNzUb-cJjld-nQu8B&couponCode=24T1MT11625BUS
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https://electrochemistry.uoregon.edu/education/electrochemistry-video-lectures/
https://electrochemistry.uoregon.edu/education/electrochemistry-video-lectures/
https://www.electrochem.org/battery-education-content?utm_source=Informz&utm_medium=Email&utm_campaign=ECS%20Website&_zs=s1ltn1&_zl=tXhx9
https://www.electrochem.org/battery-education-content?utm_source=Informz&utm_medium=Email&utm_campaign=ECS%20Website&_zs=s1ltn1&_zl=tXhx9
https://ocw.mit.edu/courses/10-626-electrochemical-energy-systems-spring-2014/pages/lecture-notes/
https://ocw.mit.edu/courses/10-626-electrochemical-energy-systems-spring-2014/pages/lecture-notes/
https://nanohub.org/courses/IMSB
https://nanohub.org/courses/IMSB
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https://bicindiana.com/educational-series/
https://soteriabig.com/product/battery-technician-program/
https://www.innoenergy.com/skillsinstitute/services/battery/ev-technician/
https://nenybatteryacademy.catalog.instructure.com/courses/battery-technician-program-path
https://www.mwtec.org/battery-technician
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https://soteriabig.com/product/battery-safety/
https://nescacademy.nasa.gov/video/906674b21ca844319f98aa087b2ff6e31d
https://nescacademy.nasa.gov/video/906674b21ca844319f98aa087b2ff6e31d
https://www.dgfi.unsw.edu.au/just-launched-free-battery-safety-short-course-online-self-paced
https://www.isri.org/battery-safety-courses
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https://www.battery.mba/
https://lntedutech.com/ev/
https://www.renac.de/trainings-services/trainings/ready-made-trainings/product/battery-energy-storage-systems-for-grid
https://www.innoenergy.com/skillsinstitute/services/sample-courses/
https://www.sae.org/learn/professional-development/sae-innoenergy-battery-academy/ev-batteries-courses
https://newenergynewyork.com/battery-academy/
https://www.batterybusinessclub.com/battery-training/
https://www.coursera.org/
https://bicindiana.com/educational-series/
https://soteriabig.com/battery-courses/
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https://www.electrochem.org/webinars
https://www.faraday.ac.uk/events/
https://www.andrew.cmu.edu/user/venkatv/bmws.html
https://rigaku.com/industries/environment-and-energy/batteries/battery-webinars
https://www.advancedbatteriesresearch.com/webinars
https://physicsworld.com/l/webinars/
https://battery2030.eu/news/excellence-seminars/
https://www.fastmarkets.com/webinars/
https://www.crugroup.com/en/communities/webinars/
https://www.benchmarkminerals.com/events/webinars
https://www.benchmarkminerals.com/events/webinars
https://www.voltaiq.com/advanced-battery-analytics-series
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https://www.reuters.com/world/china/china-issues-draft-rules-regulate-booming-lithium-battery-expansion-2024-05-08/
https://www.reuters.com/world/china/china-issues-draft-rules-regulate-booming-lithium-battery-expansion-2024-05-08/
https://www.eenews.net/articles/doe-floats-3b-to-boost-ev-grid-batteries-2/
https://www.eenews.net/articles/doe-floats-3b-to-boost-ev-grid-batteries-2/
https://globalnews.ca/news/10956704/canada-ev-rebates-program-paused/
https://globalnews.ca/news/10956704/canada-ev-rebates-program-paused/
https://www.whitehouse.gov/briefing-room/statements-releases/2024/05/14/fact-sheet-president-biden-takes-action-to-protect-american-workers-and-businesses-from-chinas-unfair-trade-practices/
https://globalnews.ca/news/10787673/canada-tariffs-chinese-evs/
https://www.trade.gov/usmca-auto-report
https://ar.usembassy.gov/us-and-argentina-sign-memorandum-of-understanding-to-strengthen-cooperation-on-critical-minerals/
https://ar.usembassy.gov/us-and-argentina-sign-memorandum-of-understanding-to-strengthen-cooperation-on-critical-minerals/
https://www.europarl.europa.eu/RegData/etudes/BRIE/2024/766253/EPRS_BRI(2024)766253_EN.pdf
https://ec.europa.eu/commission/presscorner/detail/en/statement_24_6201
https://www.technologyreview.com/2024/09/23/1104247/ending-ev-subsidies/
https://www.technologyreview.com/2024/09/23/1104247/ending-ev-subsidies/
https://www.reuters.com/business/autos-transportation/china-automakers-pivot-hybrids-europe-counter-ev-tariffs-2024-12-05/
https://www.reuters.com/business/autos-transportation/china-automakers-pivot-hybrids-europe-counter-ev-tariffs-2024-12-05/
https://www.reuters.com/business/autos-transportation/china-automakers-pivot-hybrids-europe-counter-ev-tariffs-2024-12-05/
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https://apnews.com/article/ev-batteries-lithium-biden-harris-china-3eaa57b34878a23dd55fe167eb8095f2
https://www.atic-ts.com/south-koreas-ministry-of-land-infrastructure-and-transport-to-mandate-disclosure-of-ev-battery-information/
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Raw materials >> Components >> Cell

- _
— D —
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Critical Battery electrode Battery cells Battery modules EV tax credit Critical minerals
minerals active materials production tax production tax $7,500 production tax credit
production tax production tax credit credit
credit credit Battery electrode
; E"‘t“gy tsttoraged't active materials
investment tax credi i i
10% of costs 10% of costs $35/kWh $10/kWh production tax credit
o .
g A'L(’batie3%';§d't) Recycled materials
g_ 10% ¢ indirectly through EV

tax credit
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https://about.bnef.com/contact/
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Tariff Changes Sec 301 for items from China Tariffs on Electric
Limited import Vehicles will have very
- ________________________ 3100% X BOWIOH pIorF\)ned little impact on
expectations.
Biggest impact — Chinese NCM
(Ev) »m 2024 potentially replaceable, LFP harder Just 0.76% of BEVs sold in the US in 2023 were
made in China. There are no major plans from
. . Chinese OEMSs to enter the US market due to the
(_r;c\)/r)w % 2026 BESSC:TiI|ohr;tr2nri(;r\1llgfgeth)F2F%gets expectation that punitive measures could and
9 & would be taken to prevent any serious entry. A
r strategy proved by this new policy.
Grng:{ite —— 2026 T USA BEV unit
sales 2023
Dominated by
Perm. - = China and
Magnets m—p 2026 sitical for EV » A 2024 —  0.76%
production
Crit. = = l
L Il Made in China Made Elsewhere ¢

o)

KR ABSHHrEHRho Motion (ARHEVFkEE) 124,
MFESER, BHHE


https://rhomotion.com/research/ev-battery-quarterly-outlook/

4 HER | 463 | ==E |

VOLTA
v F FOUNDATION

SEE301 5K DRI B AR Rt R s AYS2 D

Rationale

+ Tariff increases in response to perceived unfair
Chinese trade practices, overcapacity, and
excess production.

* Being tough on China and incentivising and
protecting domestic manufacturing, addressing
and remedying human rights abuses.

Timeline and next steps Potential consequences
«  Announced tariff increases for 2024 are * US supply localisation * Supply chain adjustments and
effective from 27 September 2024 (*onshoring’) tariff circumvention
« Announced tariff increases for 2026, effective *+ Ex-China supply diversification * Slower EV adoption: climate and
and increasing US ex-China EV customers affected

from 1January 2026 )
dependencies

* De-facto blocking EV imports
» Chinese retaliation (tariffs, export from China
restrictions, trade investigations)

Other critical minerals (including cobalt and

From EVs i-i i o
September tm\ ) @ LiHon EV batteries -‘“,‘ manganese ores and concentrates)
2024 e 27.5% —— 100% (+2.5% MFN Tariff) o o \ 4
7.5% 25% 0% o5%
From i
Natural Graphite
January ‘ X Permanent Magnets t8 P Natural and Synthetic Graphite Anodes

s . 0% — 25% 0% ———— 25% Now 0 259,

o (]

KR WESHITEREET WBR CREGIEKE) =24,
MFESER, HiHE
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Cell price in the US, USD/kWh

Il LFP cell
7.5% tariff 25% tariff
$/kwh
150 -
100 4 L
L 2
50 A

" 2024 China LFP (previous) 2024 China LFP (current)

WES5HTERho Motion (ZRHEFIEE) 12t

MFEESER, Bk

35% tariff

2025 China LFP (new)

60% tariff

2025 China LFP (Potential)

Shipping & distribution Tariff i IRA Production Tax Credit 4 Potential range

0% tariff

Domestic US NCM
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"SNEISSESLK”  (Foreign Entity of Concern, FEOC) &#IMEAEIRA

FEOCHIN B RI{:EM Bz RIS (30D

Critical minerals/
battery components
sourced from non- —
Chinese entity outside
China

Yes

—
. -7> B
No

* Indicative assessment

* Case-by-case analysis
needed to assess
Chinese involvement in
foreign assets

Critical minerals/
battery components
sourced from non-
Chinese entity in China

—

Critical minerals/

battery components
sourced from Chinese
entity in China

Critical minerals/battery
components sourced
from companies outside
China with Chinese

control

v

<25%
CBROEH] = RELTEITERIRFY, AR BPLOSTR BLTa (EFEL R LHIRF, IRAIE TG, (RIRREBECHINAR, HIHLE. (EEE R XL X E IR EHIF.

KR RBESOTTHREET SR CREGIFKE) =4t

3 =3 4941
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(IRA) REZRRFTHHEIEER (AMP) ASXFEEFTHiFdE, RN HREERE

Scope
9 - Battery manufacturers can claim as much as $10/kWh for domestic battery module production
4 and $35/kWh for domestic battery cell production (or $45/kWh if modules do not use battery Examples of mining projects with corresponding processing facilities
cells). (integrated projects)

« Domestic producers can claim as much as 10% credit of the costs incurred due to producing
electrode active materials and 50 critical minerals (i.e. 10% for mining and 10% for refining, see

below).
Timeline
X « While the credit phases out for battery component production by 2032, critical mineral Halleck Creek
projects are not subject to the ph it, which is significant in the context of intense Thacker Pass

competition with subsidised Chinese producers, a low-price environment and domestic

VP o
permitting issues.

7 ® Bear Lodge
7 Thefinalules willbecome effective on 27 December 2024, Rhyolite Ridge
Eligibility of critical mineral projects (mining and refinin
9 Yy proj ( 9 9) Coosa-Kellyton
Qiiﬁ * While the draft rules did not consider raw material extraction costs as production costs, resulting in *
financial support for some mineral processing activities but no mining, the final October 2024 rules SouthEast-
include extraction costs. BamaStar

« Only minerals being refined qualify, meaning that d tic mining projects alone are not eligible
for the credit; they must have corresponding processing operations. As a result, domestic
processing and integrated projects (see examples on the map) can qualify.

Lithium

No FEOC restrictions and Trump 2.0. factor .
. ‘ « Under the final rule, no FEOC and strict sourcing rules are included, unlike the IRA Section 30D EV, *
tax credits. This means parts of eligible components may be sourced ex-US for local production to ¥
qualify. However, stringent sourcing and FEOC requirements may be added under the next
Trump Administration.

e @ Graphite

@ Rare Earths

KR RBESOITHEET R CREGIFKEE) =4t
WRESER, B .
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US weighing pricing support mechanism

« The Biden Administration considers setting a price floor to pay the difference
when market prices fall below that threshold for critical minerals produced by
US projects.

« The main goal of this initiative is to create an attractive and reassuring business
environment for investors, given the volatile market and the current low-price
environment caused by Chinese oversupply.

Joint EU Critical Raw Materials purchasing platform

+ This platform would leverage Europe's market power by centralising EU27
demand for the joint purchasing of critical raw materials and coordinating
negotiations with producing countries.

« It would help to localise market demand, address market volatility, and manage
future EU strategic stockpiling.

Lithium Carbonate (Battery), EXW China Nickel Sulphate, EXW China
Cobalt Sulphate, EXW China == Manganese Sulphate, EXW China
e Natural Graphite 94-95%, -100 mesh, FOB China = Synthetic Graphite Pre calcinated pet coke, DDP China
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2019 - 2031

2021 - 2027

2023 - 2025

2020 - 2030
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https://batterieseurope.eu/wp-content/uploads/2024/07/Overview-of-International-RDI-Battery-Funding-and-Global-Benchmarks-for-Battery-KPIs-June-2024.pdf
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https://bepassociation.eu/horizon-europe-batteries-partnership-sets-out-new-vision-for-research-funding/
https://clerens.eu/wp-content/uploads/2024/11/Battery-Innovation-Days.pdf
https://clerens.eu/wp-content/uploads/2024/11/3-HF-BOEDT-EIB-2024-BID.pdf
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https://www.spiegel.de/auto/elektroautos-bundesregierung-plant-mit-foerderstopp-fuer-deutsche-batterieforschung-a-4fe4867a-5cd7-4d25-935b-933fd89ad211
https://www.rvo.nl/subsidies-financiering/scb
https://www.reuters.com/business/autos-transportation/spain-grants-146-million-subsidy-stellantis-potential-ev-battery-plant-2024-10-08/
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https://eur-lex.europa.eu/eli/reg/2023/1542/oj/eng
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https://thebatterypass.eu/assets/images/value-assessment/pdf/2024_BatteryPassport_Value_Assessment.pdf
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ZIEHE 300MPa YA ESLE:
E>2.58g/cc.

0.1CH ¥ E>160mAh/g
BRECHER>97%
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>2.38g/cc

0.1CENREEEHEE>90%,

0.1C A¥EE>155mAh/g,

0.1C S45E8E>3.85V,
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® IRSCEE > 2.1g/cc
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2023 Exports $301 M $7,825 M $14 M
Growth since 2020 2.5x 2.5x 0.3x*
Growth to 2028 250 - 450 kt/y LCE 100 - 180 kt/y LCE 0 - 60 kt/y LCE
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Disclaimer: The views expressed herein are solely those of the authors, and have not been reviewed or approved by any other organization, agency, employer or company.
The primary purpose of this work is to educate and inform. The Content is for entertainment and informational purposes only and you should not construe any such
information as investment, financial, or other advice. Data and information is from publicly available sources and often self-reported by the companies. The authors declare
no conflicts of interest in producing this report.
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