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“The battery is the technology of our time."” - The Economist

The Battery Report summarizes what we consider to be the most significant developments in the battery industry in 2024. This
annual report seeks to provide a comprehensive and accessible overview of the current state of battery industry, research,
talent, and policy. We hope to catalyze in-depth conversations on the state of batteries and its trajectory into the future.

We Consider The Following Key Dimensions In Our Report:
Commercial milestones in battery development and manufacturing
2 ACADEMIA | Academic breakthroughs in fundamental battery science
3 TALENT | Supply, demand, and insights on talent working in the field
4 POLICY | Government targets, incentives, regulations, and their implications

5 PREDICTIONS | Trends we believe are likely to happen in the next 12 months

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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Industry Summary

2024 marked a year of continued growth and adaptation in the global battery industry. Global XEV sales climbed 25% to 17.7M units, with BEV demand up 14% while PHEV
demand surged 50%. For the first time, BEVs in China have reached price parity with fossil vehicles. This milestone comes as China continues to lead the world in EV market penetration,
with XEVs accounting for 45% of new car sales. Automakers globally are adapting their strategy, with Chinese automakers expanding into Europe and the Global South, while some
traditional OEMs cut back on EV targets and investments. The 'BESS Decade' continues to gain momentum with 55% year-on-year growth. Battery Energy Storage Systems (BESS) now
account for 15% of total battery deployments, up from 7% in 2020, highlighting its rapid adoption. New BESS installations in 2024 alone contributed over 45% of the current cumulative
global capacity of 150 GW / 363 GWh, underscoring BESS's significance as one of the most promising and fast-growing sectors in the battery industry landscape.

Battery prices at the pack level saw the largest drop since 2017, improving 20% from 2023 to a record low of $115/kWh. Global battery manufacturing capacity increased from 1.05 TWh to
1.45 TWh in 2024. Overcapacity across the battery supply chain drove cell prices to the unsustainably low level of $50/kWh for China-made LFP cells, resulting in involutionary
competition and investment pullback. New Chinese industrial policy aimed at phasing out low-quality capacity added further pressure. For battery producers navigating this challenging
pricing environment, current strategic focus include cost reduction, technological innovation, vertical integration, and diversification into overseas markets in search of higher profit
margins. China continues to dominate the supply chain, owning >80% of key cell components and cells.

The battery investment landscape in 2024 slowed, with fewer VC/PE deals due to higher interest rates and geopolitical tensions. While growth was supported by significant debt raises
and government funding—such as Northvolt ETT AB's €5 billion green offering and the US DOE’s $9.6 billion loan to BlueOval SK—the bankruptcy of Northvolt highlighted risks in the
sector, dampening investor confidence. Public market performance was mixed, with established battery OEMs benefiting from new product launches, while shares in EV startups,
charging infrastructure, and lithium companies underperformed. The US DOE supported the sector by investing over $3 billion into 25 projects to bolster domestic battery production and
supply chains in the United States.

Emerging technology trends in 2024 include the introduction of medium-nickel high-voltage NMC and high-compaction-density LFP cathodes. Significant strides were made in the
commercialization of dry electrode processing, LxFP, engineered silicon, and pre-lithiated anodes, all aimed at improving energy density, cost, and safety. Alternative cell chemistries,
such as Na-ion, solid-state batteries (SSB), sulfur, and Li-metal, also progressed toward commercialization. Notably, sodium-ion and semi-solid state products, primarily developed by
Chinese manufacturers, are now being integrated into commercial EVs and BESS systems.

Novel use cases such as EVTOL, marine, and data centers are achieving higher levels of technical readiness. Notably, artificial intelligence (Al) is quickly being deployed across the entire
value chain from materials discovery to fleet data analytics to accelerate the advancement of these technologies and is emerging as a new focus for commercial R&D and entrepreneurial
energy in the space.
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Industry Value Chain
Finance
Costs
Cell & Pack Manufacturing
Applications
Electric Vehicles (EV)
Battery Energy Storage Systems (BESS)
Other
Safety
Legal
Chemistry
Cathode
Anode
Electrolyte & Separator
Solid State
Lithium - Sulphur
Non-Lithium Chemistries
Supply Chain & Raw Materials
Recycling & Reuse
Software
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Notable Events January

=L northvolt RIVIAN cALB

BYD breaks ground on Northvolt raises $5B debt Rivian hires Jonas Reinke, CALB announces plan to build a
$1.4B Na-ion battery plantin | financing to enable expansion of ex-Porsche and Apple, to help $2.2B Li-ion battery factory in
Xuzhou, China. first circular gigafactory in the launch R2 and R3 EV platforms. Portugal.

western world.

WEEK 1 WEEK 2 WEEK 3 WEEK 4
Chile forms state-controlled entity Norwegian parliament approves legislation NASA and Archer Aviation partner on
with SQM to control domestic lithium that allows companies to apply for permits to advanced battery tech for eVTOLs.
production. prospect for minerals across 280,000 km? of

Norway's continental shelf in the Arctic.

@ L L @ (“h ARCHER

Source: Volta Foundation's This Week in Batteries Newsletter P.8


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.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://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://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/
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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e D @G Chem g SLeD
UK EV registrations reach Volkswagen to invest $1.8B more LG Chem signs $19B cathode BYD launches $15,000 EV with
TMM sold, sales for the in Brazil over the next five years. supply agreement with GM. 48 kWh pack, kicking off price
month rose 21%. war with fossil cars.

WEEK 1 WEEK 2 WEEK 3 WEEK 4
Cirba Solutions and EcoPro sign China forms Solid State Battery consortium ACC secures financing for three
MOQOU to produce pCAM and CAM in with 200+ members including CATL, BYD, European factories worth €4.4B.
North America. CALB, EVE Energy, Gotion, government

agencies, universities, research institutes, and
capital partners to drive commercialization of

- SSBs by 2030.
@érglitions EcoPro CATL =S4DO EVE® %

Source: Volta Foundation's This Week in Batteries Newsletter P.9


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.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.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://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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Notable Events March

I ~

SwD SK o QANO CATL SwD
BYD sales in India are up SK On announces plans to launch Nio and CATL partner to BYD launched ultra low-cost
314%, launches luxury EV in mass production of LFP batteries co-develop longer life batteries. ($9.7K) EV powered by 30 kWh of
India's market. from 2026. LFP Blade batteries.

WEEK 1 WEEK 2 WEEK 3 WEEK 4
Volvo Cars’ European EV sales grew Rivian postpones $5B EV factory Renault to offer remanufactured drives
31% y/oly. construction in Georgia. and batteries in after-sales with plans for

customers to be able to choose between
new original parts and remanufactured
components.

A
@ RIVIAN <()>RENAULT

Source: Volta Foundation’s This Week in Batteries Newsletter P.10


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.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://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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Notable Events April

. L .
@ LGEnergy Solution |JM — L D) ; @ LG Energy Solution
AM BATTERIES
LGES and General Motors BYD announces plans to launch AM Batteries and Zeon partner LGES to license out battery
joint venture begins next-gen Blade battery this year, to develop dry battery electrode patents to block tech
production at 2nd US improving the specific energy with novel binders. infringement.
battery plant in Tennessee. density (SED) from 140 Wh/kg to
190 Wh/kg for LFP.

WEEK 1 WEEK 2 WEEK 3 WEEK 4
CATL launches new Tianxing battery CATL unveils a ‘five-year zero degradation’ CATL unveils Shengxing PLUS LFP
with 1 million mile warranty and "TENER" stationary storage battery with 430 battery at 205 Wh/kg, capable of
15-year service life. Wh/L LFP cells and 6 MWh total capacity. charging at 4C with "1,000 km range”.

Source: Volta Foundation’s This Week in Batteries Newsletter P. M


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://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.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.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://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://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.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
https://www.catl.com/en/news/6232.html
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Notable Events May

& Y g
N\
@SES HYUNDAI KM Q ‘/, \, L y T E N
\\ 4
SES and Hyundai-Kia South Korea plans $7B push to Lyten begins shipping The Biden administration hikes tariffs
move forward to B Sample pivot EV battery industry away lithium-sulfur A sample cells to on selected Chinese imports, including
qualification phase. from China. automotive OEMs, including tariff on EV duties jumping to 102.5%
Stellantis and others. from 27.5%.
WEEK 1 WEEK 2 WEEK 3 WEEK 4
Factorial and LG Chem sign MOU to lon Storage Systems commissions one of GM invests $390MM Tulip Innovation launched a
develop SSBs. the largest SSB manufacturing facilities in in Kansas for new licensing program
the United States. next-gen Chevy Bolt aggregating patents related to
EV production. lithium-ion battery technology
(+] from LG Energy Solution, Ltd.
Fac%rial @ LG Chem I O N m (LG Energy Solution) and
g_ Panasonic Energy.

2 TULIP

Source: Volta Foundation's This Week in Batteries Newsletter


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.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://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://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.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.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.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.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
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
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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Notable Events June
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e ENERVENUE EVEEnergy

EnerVenue set to raise $515MM EVE Energy launched cylindrical cells

China plans $845MM Verkor secures more than $1.4B in
investment to develop SSBs green loans to complete its plant in for Ni-H batteries.
in a government-led project. northern France.
WEEK 1 WEEK 2 WEEK 3
Geely presents improved “Short BMW cancels $2B battery cells contract
Blade" LFP battery. with Northvolt.

= & northvolt

Source: Volta Foundation's This Week in Batteries Newsletter

with 6C charge rate.

WEEK 4

Gotion and InoBat to build $1.29B

Slovakia EV battery plant.

@ Gotion |NO Bat


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.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.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/

| NOTABLE EVENTS | JULY \/F | YOLTA
FOUNDATION

Notable Events July

& s> /IDDIONICS

Volkswagen announces BYD to build $1B EV plant in Addionics raises $39MM in its Turkey announces $5B for the
plan to invest up to $5B in Turkey, which will be able to Series B round led by GM production of electric vehicles and
Rivian starting with an initial produce 150,000 electric and Ventures. $4.5B for battery production.
investment of $1B. hybrid vehicles annually.
WEEK 1 WEEK 2 WEEK 3 WEEK 4
Sila Nanotechnologies raises Peak Energy raises $55MM Series-A to LGES announces new 4680 line in South
$375MM in a Series G round led by scale up production of Na-ion batteries. Korea, to begin mass production in
Sutter Hill Ventures. Q3/Q4 with 8 GWh capacity.
o _, .
% Sila PEAIK ENERGY @ LG Energy Solution

Source: Volta Foundation’s This Week in Batteries Newsletter P.14


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.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.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://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/
https://www.electrive.com/2024/07/29/turkey-plans-to-invest-billions-in-ev-and-battery-production/

| NOTABLE EVENTS | AUGUST Vi= ‘ VOLTA
FOUNDATION

Notable Events August

Uber §3Natron Energy Scuserc  northvolt Y
Uber partners with BYD, to Natron Energy announces Northvolt closes its subsidiary Volkswagen scales back plans for
offer 100,000 drivers lower $1.4B gigafactory in North Cuberg and pulls out of the battery cell plants in Europe,
prices and financing for Carolina. United States. North America.
EVs.
WEEK 1 WEEK 2 WEEK 3 WEEK 4
BMW to set up five new assembly CATL invests in EVTOL developer Mercedes-Benz Korea reveals issues

sites for high-voltage batteries. Autoflight. with batteries supplied by Farasis
following EV fire incident.

@ CATL AUTOFLIGHT Mercedes-Benz

Source: Volta Foundation's This Week in Batteries Newsletter


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.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.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.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://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://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/

| NOTABLE EVENTS | SEPTEMBER VF‘\/OLTA
FOUNDATION

Notable Events September

2401 A [rt] REDWOCD @ CATL

MercedesBenz ~ IFactorial MATERIALS
24M raises $87MM Series E Mercedes-Benz partners with BMW and Redwood Materials CATL shares that R&D spending
round at $1.3B valuation. Factorial to develop SSBs at establish partnership to recycle reached $2.6B in 2023,
450Wh/kg. Li-ion batteries in the U.S.A. employing 21,000 engineers.
WEEK 1 WEEK 2 WEEK 3 WEEK 4
Japan to fund up to $2.4B in new US DOE to award $3B to 25 projects for GM announces NACS access for its EVs,
support for domestic EV battery battery manufacturing sector including gaining access to 17,800 Tesla
production, bolstering EV plans of Groupl14, South32, Mitra Chem, and Form Superchargers.
Toyota, Nissan, Mazda, and Subaru. Energy.

U.S. DEPARTMENT OF gm
ENERGY —

Source: Volta Foundation's This Week in Batteries Newsletter


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.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
http://v
https://www.teslarati.com/gm-announces-nacs-access-but-charges-225-per-adapter/#google_vignette
https://www.teslarati.com/gm-announces-nacs-access-but-charges-225-per-adapter/#google_vignette
https://www.teslarati.com/gm-announces-nacs-access-but-charges-225-per-adapter/#google_vignette
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.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://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
https://finance.yahoo.com/news/us-award-3-billion-25-090344990.html

VOLTA
| NOTABLE EVENTS | OCTOBER VF‘

FOUNDATION
Notable Events October
T=ESLA gm RioTinto -4 CATL
lithium
Tesla plans 4 new batteries General Motors to retire “Ultium” Rio Tinto to acquire Arcadium Indonesia forms a joint venture
in 2026, including batteries branding, expands NMC pouch Lithium in $6.7B deal. with CATL to invest $1.2B in
for its robotaxis. cells to include LFP and prismatic battery production.
formats.

WEEK 1 WEEK 2 WEEK 3 WEEK 4
Enovix begins shipping cell samples Form Energy raises $405M Series F round, Lyten investing more than $1B to build
from its Malaysia fab's Agility Line. bringing its total funding raised to more than the world’s first Li-S gigafactory in

$1.2B. Nevada with up to 10 GWh/yr capacity.
ENCSVIX Ergerrm OLYTEN

Source: Volta Foundation’s This Week in Batteries Newsletter P.17


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.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.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
https://www.canarymedia.com/articles/long-duration-energy-storage/form-energy-raises-405m-for-its-100-hour-iron-air-batteries

| NOTABLE EVENTS | NOVEMBER VF‘\/OLTA
FOUNDATION

Notable Events November

LI CATL CLYTEN northvolt

BYD's quarterly sales of CATL adds 1000 new R&D staff to Lyten purchases the Northvolt files for bankruptcy;
BEVs overtake Tesla's for SSB program, begins trial manufacturing assets from Scania loans $100MM for
the first time. production of 20-Ah samples. Cuberg/Northvolt. bankruptcy process.
WEEK 1 WEEK 2 WEEK 3 WEEK 4
Volvo to take ownership of Northvolt BYD hits brakes on Canadian expansion CATL announces 2nd-gen sodium-ion %;EaetPosnaplant
battery JV. plans amid 100% tariffs on Chinese EVs. EV battery that works down to -40°C. for its proprietary

solid state battery

O technology.
VOoLvo L
— Lol ) CATL HONDA

Source: Volta Foundation's This Week in Batteries Newsletter


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://techcrunch.com/2024/11/13/lyten-buys-battery-manufacturing-assets-from-beleaguered-northvolt/
https://www.bloomberg.com/news/articles/2024-10-30/volvo-car-to-take-ownership-of-northvolt-battery-joint-venture
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.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.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
https://global.honda/en/newsroom/news/2024/c241121eng.html
https://global.honda/en/newsroom/news/2024/c241121eng.html
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.cnbc.com/2024/10/31/chinese-ev-maker-byds-quarterly-sales-overtook-teslas-for-the-first-time.html

| NOTABLE EVENTS | DECEMBER

Notable Events December

STELLAR

Stellantis CEO Carlos Tavares Stellantis and CATL to invest
resigns earlier than expected $4.3B to build an LFP plant in
due to falling U.S. sales without Spain.

naming a successaor.

gm @ LGEnergy Solution

GM sells its stake in a battery plant
in Lansing, Michigan to its JV
partner LGES at the same they
extend technology partnership.

WEEK 1 WEEK 2 WEEK 3
BYD launches sodium-ion BESS Coreshell launched commercial scale 60 Ah
battery based on the company'’s battery cells; employs low-cost metallurgical
Long Blade Battery technology. silicon in combination with lithium iron

phosphate (LFP) cathodes.
SO g

Source: Volta Foundation's This Week in Batteries Newsletter
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HYUNDAI

Hyundai announces the production of
solid state batteries by the end of 2025
and is planning mass production by
2030.

WEEK 4

The U.S. DOE announces a $7B
conditional commitment to StarPlus
Energy, a JV between FCA and Stellantis,

to build a battery factory in Indiana.

STELLEANTIS


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://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/#:~:text=MI)%20%2C%20opens%20new%20tab%20Chief,the%20first%20half%20of%202025.
https://www.reuters.com/business/autos-transportation/stellantis-ceo-carlos-tavares-resigns-source-2024-12-01/#:~:text=MI)%20%2C%20opens%20new%20tab%20Chief,the%20first%20half%20of%202025.
https://www.reuters.com/business/autos-transportation/stellantis-ceo-carlos-tavares-resigns-source-2024-12-01/#:~:text=MI)%20%2C%20opens%20new%20tab%20Chief,the%20first%20half%20of%202025.
https://www.reuters.com/business/autos-transportation/stellantis-ceo-carlos-tavares-resigns-source-2024-12-01/#:~:text=MI)%20%2C%20opens%20new%20tab%20Chief,the%20first%20half%20of%202025.
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.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.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/
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| OVERVIEW

VOLTA
FOUNDATION

Notable Events

Finance
Costs
Cell & Pack Manufacturing
Applications
Electric Vehicles (EV)
Battery Energy Storage Systems (BESS)
Other
Safety
Legal
Chemistry
Cathode
Anode
Electrolyte & Separator
Solid State
Lithium - Sulphur
Non-Lithium Chemistries
Supply Chain & Raw Materials
Recycling & Reuse
Software
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FOUNDATION
Incumbents And/Or Public Companies (>$1B Market Cap/Valuation)*
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Startup And/Or Small Companies (>$30M Valuation)*
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Startups And/Or University Spin Offs
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| INDUSTRY VALUE CHAIN | BATTERY BUSINESS DIRECTORY V| YOLTA
FOUNDATION

A Comprehensive Database of Battery Companies: The Battery Business Directory

VF | BATTERY BUSINESS DIRECTORY DIRECTORY ~ MAPVIEW  LOGIN  V/F[{Sibanion

° Fragmented Market: Difficulty identifying and
evaluating potential partners, suppliers, or customers

EXPLORE BATTERY DIRECTORY BUSINESSES AROUND THE WORLD dueto a fragmented and siloed gIObaI battery SUpply

Navigate the global battery business landscape through an interactive map view Cha|n
274 Search Results For: X
+ O Gities iforni i . . . . e .
Som | oottt Stes 0 e Inefficient Sourcing: Significant time wasted manually
.Countries. 4th State Energies f . : H
Riversice sourcing and vetting battery companies via trade

shows, personal networks, or unreliable sources.

AA Portable Power Corp.
Fontana

>

%
Galfornia, United States [}

Companies: 274 3 __ Advanced Powering Services Inc. ° Inconsistent Data Quality: Limited access to accurate,
. ot e iy ol g ik comprehensive, and regularly updated information on
U;?.’: N . S e p , g y up
2 o “ vanced Test Equipment Cor} i i
5 o & el i AdVanGed Tost Equipment Corp companies across the battery industry globally.
aTRucR o Advisian e il : H
j : ot ° Limited Visibility: Companies — especially startups or
| soutH specialized vendors — face challenges gaining
. AEM Components ey e . . N
Y pustR@ia O 7 sanDiego visibility and connecting with larger industry players
s — and investors.
Menlo Park

= Leaflet

The Battery Business Directory is the largest open-access database for companies operating across the global battery industry. The directory maps over 2,000 organizations
spanning 15 key supply-chain segments, providing comprehensive, reliable data that helps battery professionals discover potential partners, suppliers, and customers.

P. 25
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| INDUSTRY VALUE CHAIN | OVERCAPACITY IN VALUE CHAIN VF VOLTA
FOUNDATION

Overcapacity Across The Supply Chain Has Resulted In Intense Competition & Pullback Of
Investments

° In China, EV and industrial subsidies have been scaled back, and
new industry standards are aimed at culling low-quality capacity

° This has led to a crowded market and fierce competition in several
stages of the supply chain, with price wars being common and

= End-use demand
some companies producing despite no orders

m Production

Capacil . . . .
wacly ° In other industries - such as solar - this story eventually resulted in
a wave of consolidation

° In the rest of the world, capacity investments have overshot local
demand and many are now being cancelled, cut down, or delayed

850 1,150 1,400 2,300 1,000 1,950 650 1,000 s : . :
Ll G P e e 1. Embrace cost competition domestically & cut prices to retain

market share

. o ) 2. Focus on technical innovation and supply chain efficiencies to
E‘y) Battery cells LFP CAM Graphite AAM Ethhlum chemicals o el
optimize the cost and value of products
3. Expand overseas, where there is less competition, and an

opportunity to maximize profits to offset shrinking margins back

home
Source: Content & analysis provided courtesy of CRU Group (Distinguished Partner). For more information, visit https://www.crugroup.com. ‘Demand’ includes exports. P 26

There is a time lag from material and cell production to installation into end-use demand. Figures are rounded to the nearest 50. December 2024 data is partially estimated.
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| INDUSTRY VALUE CHAIN | WHO OWNS THE SUPPLY CHAIN VE | YOLA
FOUNDATION

China's Ownership Of The Supply Chain Extends Beyond Its Borders

Battery supply chain production by equity ownership, 2028, % ° China does not have significant geological deposits of
= Non-Chinese outside China o Chineseouleide China battery raw materials, but companies have invested in
| No e in China u i i i . . . .
_ . neseim s overseas operations and in processing capacity at
® ® ® § ¥ E 8 8 8 H % home
B .
o e  Thisis manifested as dominance in the midstream for
5 chemical intermediates and active materials
Lé
z . . . . . .
° Vertical integration is a strategic benefit as well as a
2 cost advantage
§
° Despite US FEOC rules prompting some operations to
Ltk Nl S| [ Nkl Cobe | {prode Prosuma et | GoA, BEY reduce their Chinese ownership stake, many
non-Chinese upstream and midstream projects have
2024 2026 . . . .
been curtailed in 2024, leaving the overall picture
ce N cel I unchanged
» Catode NS 0 o Cathoce NN N . . ) )
B avcce I | : e | e China's supply chain dominance has led to intensely
E soparctor I B Serocor [ competitive conditions that are squeezing
M e ————— non-Chinese producers
0% 25% 50% 75% 100% 0% 25% 50% 75% 100%
= China South Korea mJapan mEurope =US Rest of World
Source: Content & analysis provided courtesy of CRU Group (Distinguished Partner), BloombergNEF (Distinguished
m BloombergNEF Partner) ; Top chart shows production by ownership; bottom charts show capacity by location. P.27
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VOLTA
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VF

Chinese Manufacturers Are Chasing Profits Overseas And Market Potential For LFP

CURRENT STRATEGIC FOCUS OF MAJOR CHINESE BATTERY/P/CAM PRODUCERS

OVERSEAS SALES ARE SIGNIFICANTLY MORE PROFITABLE FOR CHINESE PRODUCERS

Battery Minimise scrutiny in e Develop products e Fast-charging Overseas share in total revenue,% Domestic vs overseas sales GPM in 2024 H1, %
producers US market via for energy storage, technology CATL 25% @—@ 30% Overseas
technology licensing PHEV and e Energy density Eve Energy 15% @—@ 22% Domestic
CATL model commercial vehicle improvement via Gotion 16% 0—@ 21%
BFEE Strengthen market chemistry and Farasis 308————@ 16%
svorT partnerships with structural changes CNGR 9% @ ® 27%
EVE OEMs in long-term e Financially support Easpring 16% @—@ 22%
tech. roadmap syppllers to secgre Huayou 1% 21%
high-tech materials
GEM 13% @@ 16%
p/CAM Construct pilot lines e Traditional NMC e High compaction BATTERY MAKERS EARN HIGHER PROFITS FROM ESS, BUT P/CAM BEARS THE LOSS
producers overseas to attract producers density LFP CAM
OEM and battery diversifying into e Mid-Ni high-voltage Battery producers’ GPM in 2024 H1, % p/CAM producers’ GPM in 2024 H1, %
CNGR customers LxFP despite low CAM for BEV and 0% £ss Autormotive 0% .
Lod] Acquire existing margins PHEV RS
ks projects and e Expand metal e Ultra high-Ni p/CAM
B ronan ) ) o ) : 20% 0% e
N TEcHNOLoGY environmental permits refining business to for solid-state
from brownfield sites consume raw batteries 0% =
materials e Continue LMFP 0% $
development CAIIE P R SRS N -10%
S R P R S
S <& X LFP NMC/NCA
& & & P
Source: Content & analysis provided courtesy of CRU Group (Distinguished Partner). For more information, visit https://www.crugroup.com. GPM = gross profit margin. Box BATTERY REPORT 2024 | p. 28

plot displays where 50% of the data points fall.
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| INDUSTRY VALUE CHAIN | STRATEGIC FOCUS VE | YOLA

FOUNDATION
. ' .
Korean and Japanese Companies’ Roles In The Battery Supply Chain
SK/JP COMPANIES HAVE BEEN RELYING ON SK/JP-SUPPLIED BEVs LAGGING CHINESE
. . . US IRA TO PROP UP THEIR PROFITS COMPETITORS
Accelerating vertical Integration
Operating profit SM Operating profit Global BEV sales, k units
- .. Margin (OPM) % 3000
- = LG Energy Solution . PPV o BEV's Without SKIJP-equipped .
e E w @ €y e aey . 10% batteries & cathodes
8%

e BEV's WITH SK/JP-equipped
8% 2,500 batteries & cathodes

4%

- OP excl. 45X z 2,000
-400 exe 0%
w0 e 15%

Bringing p/CAM production home

o . 200 0% 1,500
Diversifying technology portfolio o

-15%
200 15%

3 | o o 100
-600 -45%
150 i 20%

. . . . 100 500
Balancing US requirements & Chinese collaboration 0 15%

0 10%
'150 o 2020 2020 2021 2022 2023 2023 2024
Q123 Q2 Q3 Q4 Q124 Q2 Q3 Ql Q4 @ Q2 at Q4 @

m Source: Content & analysis provided courtesy of CRU Group (Distinguished Partner). For more information, visit https://www.crugroup.com. P. 29
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| INDUSTRY VALUE CHAIN | REGIONAL DIVERSIFICATION VE I\:/8|L_JTI\IADATION

Where Integrated Supply Chain Clusters Are Forming

Asian manufacturers are pivoting
their strategies to capture
overseas markets, where they
can command higher margins

OPPORTUNITIES RISKS °

North America:

Europe and North America
mainly downstream-focused

$H

= Close to end-use market Policy uncertainties

= |RA production tax credit

High labor, material
costs + capex

Insufficient skilled labor
(North America)

Mining industry less

° Europe and North America are
working to nurture a domestic
supply chain while adopting
policies to reduce reliance on

US-FTA countries:
= Politically close to the US

= Meets requirements for IRA EV

i T A ; wiling to move into )
tax credit 9
\" Morrocco, South Korea, & B midstream China

Indonesia to be top midstream = [Some] close mineral resources

producers outside China . .
~ \ Europe: e ° The higher costs and investment
~ \ - = Close to end-use market permitting risks are deterring larger

—— . S \ = Saving efforts to trace carbon High labor and energy overseas investments
: . emissions for Battery Passport costin some countries
N f P EU Rules of Origin regulations Bureaucratic delays ° Therefore, supply clusters are
'l / e converging on what are seen as
VV = Close to mineral resources SEY) ENEIEE like

ownership by US/EU

Long distance to EU/US
markets + tariffs

South Korea, Morocco, and

= Lower labor and energy costs

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

= More straightforward
environmental permitting

Indonesia, to supply the major
markets
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| INDUSTRY VALUE CHAIN | PROFITABILITY

Profitability Has Been Redistributed Across The Value Chain

60%

50%

40%

30%

20%

10%

0%

-10%

-20%

m Source: Content & analysis provided courtesy of CRU Group (Distinguished Partner). Profit margin data from CRU's compilation of company reports.
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VF

margins show
significant divergence in 2024 as prices hit the cost
levels of marginal producers.

continue to reap the benefits of
falling raw material prices.

While vertically integrated can
leverage profits from mining and refining to reduce
p/CAM prices, non-integrated producers are suffering
from the slowdown in demand for NMC and export
customers, and are losing market share. They are
increasingly reduced to a tolling role, with margins set
by battery makers.

LFP producers, especially non-integrated ones, are
suffering higher losses due to the intense competition
and strong bargaining power of battery producers.

Chinese p/CAM and battery producers generally have
higher margins than ex. China companies due to their
cost competitiveness.

p. 31
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| INDUSTRY VALUE CHAIN | ACQUISITIONS AND CONSOLIDATION VF VOLTA
FOUNDATION

Acquisitions And Consolidation

2024 saw significant industry consolidation and acquisition, driven by companies exiting markets, seeking buyers during financial struggles,
entering new sectors, expanding supply chains for critical materials, or boosting production capacities.

C’; A
|\O\IO O PRDTERRA RIOTlntO arcacium

lithium
Volvo Cars to fully acquire Volvo acquires Proterra's Rio Tinto acquires Arcadium
Novo Energy by invoking battery unit for battery pack Lithium for $6.7 billion to
redemption rights from manufacturing/ assembly bring in lithium business
Northvolt capacity.
> ELECTROCHEM' @ niLar ‘ METAL P+ pyre LITHIUM BDIMIEN
wrraLE oo || enerpoly @ A O DIMEND
Ultralife acquires Electrochem Enerpoly acquires Nilar to boost Arcadium Lithium acquires Pure Lithium acquires Dimien
Solutions to strengthen zinc-ion battery production Li-Metal's IP and physical assets focusing on vanadium
medical/industrial solutions. capabilities with Nilar's line. assets for $11 million cathode materials.
Ener n T ics, Inc. Amer:ccm - ™~
Sys_ [Lmentonc. | uomATSY @7 LionVelt AMES
EnerSys acquires Brentronics Komatsu acquires American LionVolt acquired AMTE
for military and industrial Battery Solutions. Power's battery cell
batteries. production line in Scotland

p.32
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https://electrochemsolutions.com/about/news-and-events/press-release-details/2024/Ultralife-Corporation-Completes-Acquisition-of-Electrochem-Solutions/default.aspx#:~:text=Ultralife%20Corporation%20Completes%20Acquisition%20of%20Electrochem%20Solutions,-11%2F01%2F2024&text=Ultralife%20Corporation%20completed%20its%20acquisition,Corporation%20on%20October%2031%2C%202024.
https://electrochemsolutions.com/about/news-and-events/press-release-details/2024/Ultralife-Corporation-Completes-Acquisition-of-Electrochem-Solutions/default.aspx#:~:text=Ultralife%20Corporation%20Completes%20Acquisition%20of%20Electrochem%20Solutions,-11%2F01%2F2024&text=Ultralife%20Corporation%20completed%20its%20acquisition,Corporation%20on%20October%2031%2C%202024.
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://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://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://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.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#:~:text=STOCKHOLM%2C%20SWEDEN%3A%20JULY%202024%20%2D,and%20promoting%20European%2Dled%20innovation.
https://www.enerpoly.com/article/enerpoly-acquires-cell-production-and-pack-assembly-lines#:~:text=STOCKHOLM%2C%20SWEDEN%3A%20JULY%202024%20%2D,and%20promoting%20European%2Dled%20innovation.
https://www.enerpoly.com/article/enerpoly-acquires-cell-production-and-pack-assembly-lines#:~:text=STOCKHOLM%2C%20SWEDEN%3A%20JULY%202024%20%2D,and%20promoting%20European%2Dled%20innovation.
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/
https://www.pv-magazine.com/2024/01/31/dutch-solid-state-battery-maker-acquires-scottish-factory/
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Company Bankruptcies
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In 2024, the battery industry faced significant financial challenges, leading to several notable bankruptcies and restructurings. Several
factors, lowering system prices and performance from China, including a growing difficulty to scale in the West and a challenging investment

environment.

northvolt

High production costs, quality issues,
access to specialist workforce, and
competition in the battery market (see

Deep Dive)

A VARTA

Decreased demand for
some of its battery
products and high debt
levels = restructuring

Note: Non-exhaustive list

”
\ redflow

Struggled with scalability and the costs
of their_Zn-Br flow battery technology
and competitiveness of Li ion batteries

OLORDSTOWN
Supply chain issues, Production hurdles,
production delays and lack of demand, and
recalls of their Ocean struggles to compete

with larger EV makers,
rebranded as Nu Ride

[zIAmbri

Filed for bankruptcy, blaming a
challenging fundraising environment
and thwarted plans to expand into
manufacturing.

SRITISH\VOLT"

Filed for bankruptcy in 2023 and
dissolved in 2024 due to insufficient

funding, poor strategic planning, and
lack of experience. Converted to a data
center.

[,V m ) (® LION ELECTRIC 7V ITALVOLT
Financial strains in Received creditor Failed due to financial
scaling operations led protection in Quebec instability, bureaucratic
to shut down and expected to file for hurdles, lack of
operations. bankruptcy protection in technical partnerships

the US and planning.
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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.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://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://investor.lordstownmotors.com/
https://www.sfgate.com/tech/article/moxion-power-shutdown-layoff-huelskamp-19605417.php
https://www.sfgate.com/tech/article/moxion-power-shutdown-layoff-huelskamp-19605417.php
https://www.varta-ag.com/en/about-varta/news-press/details/varta-ag-reaches-agreement-with-financial-creditors-and-strategic-investors
https://www.varta-ag.com/en/about-varta/news-press/details/varta-ag-reaches-agreement-with-financial-creditors-and-strategic-investors
https://www.varta-ag.com/en/about-varta/news-press/details/varta-ag-reaches-agreement-with-financial-creditors-and-strategic-investors
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://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://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://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.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/
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 Unpacking The Timeline Of Northvolt's Bankruptcy Proceedings

On November 21%, Northvolt AB filed for chapter 11 bankruptcy protection. The company remains in operation as the stakeholders continue

to work through a resolution

Announced « Northvolt's subsidiary ETT Appoints Markus
strateqic review of Expansion® files for bankruptcy Dangelmaier as CEO of
business e $300mm provide by undisclosed Northvolt ETT

investors to Northvolt AB as
rescue financing to give more
time to stabilize the company

BMW canceled « Northvolt AB files for Chapter 11 bankruptcy. «  Marketing medium term
order for EUR2bn Liquidity situation becomes dire with just a few financing to provide runway
of batteries weeks of liquid assets after restructuring.
* Peter Carlsson steps down as CEO « Northvolt owners vote to stay
e $100mm in debtor-in-possession financing operating while seeking
secured financial rescue
e Goldman Sachs Asset Management writes off * Norsk Hydro to buy remaining

~$900mm investment in Northvolt shares in battery recycler

from Northvolt

Sources: Bloomberg, company releases, Debtwire
Debt structures estimates per Bloomberg (01/19/2024) and company notices

Notable

Einancin:

Entity

Northvolt ETT

VOLTA
v F FOUNDATION

NORTHVOLT AB

Northvolt Drei

AB
$5bn EUR900mm in
non-recourse subsidies from
PF green German
loan® government
Debt Structure2
Northvolt AB Dec-23
(interest baring Debt) ($ in '000)
Termloan 1 424,468
Term loan 2 47,427
Termloan 3 707,605
Term loan 4 439,655
Convertible loan 1 371,314
Convertible loan 2 3,209,962
Convertible loan 3 244,796
Termloan 5 137,637
Totals 5,582,864

(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 Skellefted, Sweden

Non-recourse /
Limited recourse subs

Northvolt ETT > 20 Other
Expansion AB Entities
Equity Ownership@



https://www.greencarcongress.com/2024/06/20240621-bmw.html#:~:text=BMW%20has%20cancelled%20a%20long,developing%20next%2Dgeneration%20battery%20cells.
https://www.greencarcongress.com/2024/06/20240621-bmw.html#:~:text=BMW%20has%20cancelled%20a%20long,developing%20next%2Dgeneration%20battery%20cells.
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.reuters.com/technology/northvolt-files-chapter-11-bankruptcy-us-2024-11-21/#:~:text=Nov%2021%20(Reuters)%20%2D%20Northvolt%2C%20the%20Swedish,Western%20car%20makers'%20reliance%20on%20Chinese%20rivals.&text=It%20has%20$5.8%20billion%20in%20debts.
https://www.reuters.com/technology/northvolt-ceo-steps-down-2024-11-22/
https://theevreport.com/northvolt-chapter-11-new-financing-secured
https://www.reuters.com/business/goldman-funds-take-900-million-hit-northvolt-ft-reports-2024-11-23/
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/markets/deals/hydro-buys-remaining-shares-hydrovolt-northvolt-2025-01-13/#:~:text=STOCKHOLM%2C%20Jan%2013%20(Reuters),Norwegian%20crowns%20(%246.79%20million).
https://www.reuters.com/markets/deals/hydro-buys-remaining-shares-hydrovolt-northvolt-2025-01-13/#:~:text=STOCKHOLM%2C%20Jan%2013%20(Reuters),Norwegian%20crowns%20(%246.79%20million).
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norl:hvoll:ﬂ Northvolt Financials And Production Execution Issues

$15000.0M 100.00%

Ett
Construction

Aurora

$10000.0M
75.00%

Recycling Sodium-lon
Program
Hydrovolt
[ NV Launched [ EEIiLSRy l Y l
Systems

50.00%

NV,

3 Factories In Ett Production = Explosion at BMW €2B Order 25 0%
Development Delay Ett Factory Cancelled s

-$-5000.0M
First Cell First C_ustomer B
Delivery =
-$-10000.0M 0.00%
2018 2020 2022 2024
Year *No revenue or cash flow figures reported after 2023

B Cumulative Raised Cumulative Revenue [l Cumulative Cash Flow: Operations, Investments Cumlative Revenue Forcast

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

Source: Northvolt Sustainability Reports 2022 and 2023, Northvolt Production Numbers

Northvolt's ambitious expansion strategy in a
knowledge-constrained and capital-intensive industry
revealed critical missteps:

° A lack of focus on core business segments led to
overstretched resources and operational
inefficiencies.

° Each funding round was paired with a new
program or product launch, further diluting focus
and straining capacity.

° Severe labor shortages exacerbated challenges,
with only 200 staff managing three factories
under development.

° Loan structures with rising interest rates starting
in 2024 demanded disciplined execution, which
was hindered by competing priorities and
insufficient workforce support.
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https://www.reuters.com/markets/europe/northvolt-cut-1600-jobs-sweden-2024-09-23/#:~:text=But%20the%20Swedish%20company%20has,at%20risk%20of%20being%20postponed.
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northvolt & cuserc

The impact of Northvolt's Cuberg acquisition has been difficult to assess due to lack of purchase
northvok Sustainability and Annual Report 2022 prlce dlSC|OSUFe Untl| nOW
° Purchase price (“Cash consideration paid”) was USD$11.2 million cash, USD$14.8 million

The gooawill of SEK 186:8 m comprises the value of expected synergles arising from the acquisition. includin g debt assumption ("Fo rg iven notes”) of US D$3.6 million.
None of the goodwill recognized Is expected to be deductible for Income tax purposes.

From the date of the acquisition, Cuberg contributed SEK 12.6 m to net sales and SEK -522 m to . " . . " "
profit (loss) for the year. If Cuberg had been consolidated from January 1, 2021, they would have con- o EqUIty ( Shares |Ssuedl at falr Value ) and earn_OUt (Earn_OUt payment ) are non_CaSh
tributed with SEK 15.1m to net sales and SEK -58.1m to profit (loss) for the year. considerations

Purchase considerations

Shares issued, at fair value 137814 . - .

e T ° Annualized burn rate of USD$6.9 million for 2021 with a headcount of 56.

Earn-out payment 29483

Forgvennotes S5 ° Total cash losses to Northvolt from the Cuberg acquisition estimated to be USD$78 million
Total Consideration 292,906 ) R

PR——— from 202110 2024 when it was shut down months prior to the bankruptcy announcement.
Transaction costs of the acquisition -2700

i:t:::’:::mmmmsm f:io ° Cuberg failed to deliver a viable commercial product that could have been a category

Net cash flow on accuisiion 78756 leader; Cuberg failed to deliver on the promise of ‘drop-in’ li-metal production lines for
existing facilities and equipment; Cuberg failed to deliver on its advanced R&D initiative to
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 N (6] I’thVO |t S b roa d ero pe I’atl ons
therefore SEK 292.9 m. The value of the shares was established In the financing round completed
during 2021.
Transactlon 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.

Sources: Northvolt sustainability reports 2022, and 2023, and PitchBook. Exchange rate on March 10, 20211 SEK = 0.11791 USD p. 36


https://www.datocms-assets.com/38709/1684304946-northvolt_sustainability_and_annual_report_2022.pdf?dl=
https://www.datocms-assets.com/38709/1721213345-sustainability-annual-report-2024.pdf?dl=
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
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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SRITISHVOLT"

Founded in 2019, Britishvolt's gigafactory plans were doused when the company underestimated CAPEX and investor appetite. The
original plan was to build a 30GWh factory in Northumberland, UK and had $2.5 billion in funding promises in hand including a £100 million
commitment from the U.K. government.

Founders did not have electric Failure to meet milestones and Britishvolt went into administration in In April 2024, plans to restart plant
vehicle experience and did not excessive spending led to funding January 2023 and was acquired by construction failed and the
secure the £3.8 billion needed to difficulties: Construction was halted  Australia-based Recharge Industries Northumberland site was sold to the
complete the Northumberland in August 2022 and the U.K. the following month. Blackstone group, a US private equity
plant when the company broke government declined to advance firm, for £110 million to be redeveloped
ground in 2021. £30 million in funding in October into a data centre.

2022.

p. 37

Sources: Linked above to various news articles


https://www.wired.com/story/the-collapse-of-britishvolt/
https://www.wired.com/story/the-collapse-of-britishvolt/
https://www.wired.com/story/the-collapse-of-britishvolt/
https://www.whichev.net/2021/08/02/britishvolt-breaks-ground-on-2-6bn-project-to-create-uks-first-gigaplant/
https://www.whichev.net/2021/08/02/britishvolt-breaks-ground-on-2-6bn-project-to-create-uks-first-gigaplant/
https://www.bbc.com/news/business-63457813
https://www.bbc.com/news/business-63457813
https://www.bbc.com/news/business-63457813
https://www.bbc.com/news/business-63457813
https://www.bbc.com/news/business-63457813
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
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\{ VARTA

VARTA AG Approved A Financial Restructuring Plan, Secures Investment From Porsche

The 130-year-old German-based company became heavily indebted and began a financial reorganization under the German Corporation
Stabilization Act (StaRUG) in June 2024

e  Varta produces a wide variety of battery technologies that have seen declines in market demand but the company's subsidiary,
V4Drive, produces large format lithium-ion batteries used in some Porsche vehicles

e Asaresult of the reorganization, the company's shares were delisted from the Frankfurt stock exchange at zero value and its €485
million debt was reduced to €200 million

e  Alongtime investor in the company and Porsche AG invested €60 million with the latter gaining a 50% stake in Varta AG and a 70%
stake in the V4Drive subsidiary

Sources: Linked above to various news articles P. 38


https://www.varta-ag.com/en/about-varta/news-press/details/varta-ag-announces-financial-reorganization-with-starug-proceedings
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#:~:text=As%20already%20communicated%20on%20September,delisting%20of%20the%20Company's%20shares.
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#:~:text=As%20already%20communicated%20on%20September,delisting%20of%20the%20Company's%20shares.
https://newsroom.porsche.com/en/2024/company/porsche-varta-deepen-strategic-partnership-37095.html
https://newsroom.porsche.com/en/2024/company/porsche-varta-deepen-strategic-partnership-37095.html
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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

ESHE
éﬁgﬁf Contact us for a no-cost demo

Sponsored Content
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https://iontra.com/
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Notable Events
Industry Value Chain

Costs
Cell & Pack Manufacturing
Applications
Electric Vehicles (EV)
Battery Energy Storage Systems (BESS)
Other
Safety
Legal
Chemistry
Cathode
Anode
Electrolyte & Separator
Solid State
Lithium - Sulphur
Non-Lithium Chemistries
Supply Chain & Raw Materials
Recycling & Reuse
Software

P. 40
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Investment Landscape Overview

Battery investments encompass a wide wide array of sub verticals, including chemistries,
production equipment, software, battery facilities, and more. Throughout 2024, certain key trends
emerged:

SLOWER FUNDRAISING ENVIRONMENT
2024 saw a slower pace for VC/PE funding, driven by fewer megarounds, which were a dominant
feature from 2020 to 2023.

Large debt and grant funding supported the growth of battery infrastructure. Notable debt raises in
2024 included, Northvolt ETT AB's €5bn green offering in Jan, Verkor €1.3bn offering in May, and
ACC €4.4bn offering in Feb. Additionally, government loans and grant programs continue to
provide attractive terms for capital intensive investments. Notable transactions include the DOE's
$9.6bn loan to BlueOval SK, the €1.5bn EU grant to ProLogium, and the €900mm subsidy offered
by the german government / EU to Northvolt Drei.

Across 2024, the battery investment landscape has been shaped by macroeconomic factors
including the current interest rate environment, governmental support, and geopolitical tension.
Company specific tensions emerged as management teams focus on balance sheet health given
slower industry growth lead to weaker P&L.

VOLTA
\/F FOUNDATION

$10.78

$10.0B

VC FUNDING AMOUNT 5818

$8.0B

$1.98 $1.98

o L -

$730.8M  $891.9M
BN —_—

$152.5M  $295.1M

150 143

NUMBER OF VC ROUNDS e PP

100

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

M $0-1m (pre seed) [ $1-4m (seed) $4-15m (series A)
rounds) $250m+ (mega+) Annualised

$15-40m (series B) $40-100m (series C) [7 $100-250m (mega

(1) Annualised as of July 4th

Source: https://dealroom.co/quides/fbc-uk-battery-study-2024 P. 141


https://dealroom.co/guides/fbc-uk-battery-study-2024
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Climate Investors Begin Deploying Dry Powder

$86Bn of Investible Dry Powder for Climate

Dry powder and new Assets Under Management (AUM) by quarter,

2021-2024 YTD ($bn)

Q121 Q221 Q321 Q421 Q122 Q2'22 Q322 Q422 Q123

Q2'23 Q323

Q4'23

Dry powder

18

New AUM

Q124

Q224 Q324 Q424

VOLTA

VFE

The fundraising surge in 2022 allocated a large
amount of uninvested capital (aka 'dry powder’) to
climate focused investments. From 2022 through H1
2024, increasing dry powder indicated that

as climate-focused funds marketed newer
vintages. In Q3 2024, dry powder peaked at $93bn.
The environment shifted in Q4 as investors start to
deploy capital more quickly than it was being raised.

Investors have slowed the pace of deployment, with
the

. Recent funds benefit from lessons
learned through previous investments, resulting in
more rigorous due diligence processes and greater
selectivity in investment choices.

o
5|ghtI!ne Content & analysis provided courtesy of Sightline Climate (Distinguished Partner). For more information, visit https://www.sightlineclimate.com/

climate

FOUNDATION
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https://www.sightlineclimate.com/
https://www.sightlineclimate.com/
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2024 Battery Technology VC Investments

Sector (US$B) Stage (US$B)
53 5.0 49 5B 5.0 49
4.5 42 4.5 42
3.9 o
3.8 35 3.8 35
2.9 5 =
3.0 | 28 é 30 2.9 28 §
2.3 e 21 3 =
1.7 1.6 [ 2.3 21 Pl
15 11 14 17 16 8
0.9 15 14
" mll_.. |
3 0.7
- L D — 122 L1 [ T
H1'20 H2'20 H1'21 H2'21 H1'22 H2'22 H1'23 H2'23 H1'24 H2'24 . - ]
0o NN 0
== Battery Manufacturing ™ Battery Recycling ™ Solid-state Batteries ™ Battery Design H1'20 H2'20 HT'21 H2'21 HT22 H2'22 HT'23 H2'23 H1'24 H2'24
== Silicon Anode ™= Battery Management System ™= Battery A.nalytics Battery Chemistry Sead SerigsA SeriesB ™ Series C ™ SeriesD ™= Growth Other Deal Count
Batteries - General Deal Count
Unlike the precedent boom years, 2024's funding environment
, as battery-focused investments within the energy and prioritized , with
transportation space were deprioritized in favor of sectors like nuclear and many late-stage rounds blending venture, grants, and debt.
aviation. Macroeconomic and policy uncertainties further dampened
investment sentiment, including
si’ghtI!ne Content & analysis provided courtesy of Sightline Climate (Distinguished Partner). For more information, visit https://www.sightlineclimate.com/ P. 43
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5-Year Cumulative VC Capital Deployment In Battery Technology (By Sector)

10.78 3.88 9851M 2.38

Battery Repurposing

100%

80%

Battery Manufacturing Batteries - General

Battery Material Recycling

Solid-state Batteries
Battery Design

20%

0%
Battery Manufacturing Battery Recycling Batteries - General

o
3|ghtI!ne Content & analysis provided courtesy of Sightline Climate (Distinguished Partner). For more information, visit https://www.sightlineclimate.com/

climate

With rising geopolitical tensions and
trade restrictions on China's battery
supply chain, investments are
increasingly focused on

, further expanding the
largest sector in the battery value chain
pictured on the left.

Increased policy support, such as
regulations in the EU Battery
Regulation mandates and extended
producer responsibility (EPR)
frameworks, attracted additional capital
to in
addition to solely new cell
manufacturing.
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2024 Energy Storage Investments

Sector (US$B)

0.2
i
0.0 [—

H1'20 H2'20 H1'21 H2'21 H1'22 H2'22 H1'23 H2'23 H1'24 H2'24

1.4 28
1.2 - 24
10 1.0 0.9 20
=
0.8 U8 __ 45 3
(&)
0.6 05 05 12 T
& (=]
- 0.4 &
0.2
4
[ "

== | ong Duration Energy Storage ™= Mobile Energy Storage ™ Battery Energy Storage
== Grid-scale Energy Storage ™ Sodium lon Residential Energy Storage Zinc-Based Storage
Energy Storage - General Deal Count

, up 184% Yoy,
This resurgence was driven by growing

VOLTA
v F FOUNDATION

Stage (US$B)

1.4 28
1.2 24
10 1.0 0.9 20
0.8 C8_- 14 3
(&)
0.6 12 o
0.5 05 8
0.4 0.4 8
0.2 0.2
0.2 0.1 —_— - 4
—
0.0 0
H1'20 H2'20 H1'21 H2'21 H1'22 H2'22 H1'23 H2'23 H1'24 H2'24
Seed Series A SeriesB ™ SeriesC ™ SeriesD ™ Growth Other Deal Count

Venture capital funding in energy storage also saw a
, with Series C and growth-stage deals increasing,

while early-stage deal sizes remained relatively stable. Investors appear to
be prioritizing companies with clear commercial pathways.

si’ghtI!ne Content & analysis provided courtesy of Sightline Climate (Distinguished Partner). For more information, visit https://www.sightlineclimate.com/ p. 45
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5-Year Cumulative VC Capital Deployment In Energy Storage (By Sector)

2.98 921.4M 798.8M 329.5M 633.7M

100%
Thermal Storage

Mechanical Storage

, amounting to over $2B
in the period of 2020-2024 (>$1.2bn
to Form Energy alone).

o
60% &
3
123
3
Mobile Energy Storage Battery Energy Storage E Ene'rg);:::;lage
o
- Y alongside investments in
Electrochemical Storage 5 manufacturing and supply chain
localization. Increased interest in
LDES is largely a result of challenges
. faced by lithium cells in grid
’ hardening applications where battery
power may be required for >10
hours.
0%
Long Duration Energy Storage Mobile Energy Storage Battery Energy Storage Energy Storage
- General
si’ghtI!ne Content & analysis provided courtesy of Sightline Climate (Distinguished Partner). For more information, visit https://www.sightlineclimate.com/ P. 46
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Public Market Performance
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Constrained demand for EVs continues to drag on public market performance of battery companies

140% -

120% -

100% -

80% -

60% -

(% change from 1/1/2024)

40%

112.2% INCUMBENT BATTERY

94.9%

9, EV STARTUP
809%
54 8% LITHIUM

Jan-2024 Mar-2024

Categories

Slow Demand from EV OEMs
in 2024 with preference for
Hybrid EVs. Optimism from

new battery product launches

featuring higher energy
density and lower costs

SAMSUNG SDI

Key Drivers

@ LG Energy Solution

Constituents CATL

Mav-2024

LCE spot price is down ~30%
from the beginning of the year.
Softening Li demand has led
Miners to reduced CapEx
plans to right size P&L

A\ Albemarle

@Livent
SIGMA

LITHIOM

Etnnd:?d
o
PIEDMONT
\d

Jul-2024

Sep-2024 Nov-2024

EV Startup?

High CapEx for battery
factories and mixed customer
offtake terms

Operating below profitability
inflection point while battling
lower EV demand

o O RIVIAN _"L polestar
microvast™ dragonfly
.:. [y —§ §—]
P S SR
ENaVIX an'!npr‘.lus

Source: CaplQ(1/1/2025) Indexes are market cap weighted. (1) August 2024 Tritium acquired by Exicom ; (2) Fisker was delisted in March 2024

Jan-2025

Low utilization, unforeseen
maintenance issues, and poor
user experience

~chargepoit EVgo  blhk
wallbox #

FOUNDATION

p. 47



| FINANCE | PUBLIC MARKET | VE \F/SIL_JTI\IADATION

SPAC Performance
Slower growth for EV mobility, underperformance relative to management guidance, and sizable capital expenditures has

weighed on battery SPAC performance. All tracked battery stocks except one are trading at a discount to the $10 Par Value.
Across the tracked SPAC, companies are down ~33% FY2024 relative to the S&P which is up ~23%

& «
(Performance relive to par price) Ny ® B
o2 N (24 & . A
, - N 2 \4 v AL & j [ ) & A é é, :° N
S & QR & ¢ & &g Y N & o K % S O;
\/T RN & K S K3 § & @ 4/4‘ I 6" QO % (7] v\-l N (o)
o & 5 < S $ & f Qe & 246% 8§ £ Q . S N
F D - @ < a’ N y 7§ 5 S S8 e
S > o d W
é & 5 o £ & s & L

(30.6)%

56.6)% (56.0)%
P (71.8)% (66.7)% (61.2)%

' (79.9)% (76.0)%
Ry (93.7)% (93.4)% (886)%

(34.2)%

(77.8)%
., (88.0)%
(99.9)% (99.4)% (97.1)%

2022 2023 2024

2020 2021

Source: CaplQ(1/01/2025)
(1) Jan 2023, announced that Shell would acquire Volta (2)Nov 2023, Proterra sold to Volvo and Phoenix Motors (3) Dec 2024, Lion ELectric CCAA restructuring P. 48
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Select Dilutive And Non-Dilutive Transactions In 2024

i nin rdpt tiesrigna’l;a; s$773‘5': g] 8 et
e fSia e
§- 2| s EENOBEL DOEFederal c . CC €4.4B | Feb

B Li-Cycle $75m Jun
% s80m[Sep £557m Funds AUTOMOTIVE CELLS Co

) KoBold Metals p POWIN May
200 S
$491m 2 HITIE =R

powerdot [ voltera $100m | Aug

- ~$3B80 BlueOval SK
“L V(

Ts:j: €I\1I.:a35 7‘ $1.1B ~$906B | Dec

Feb IM MOTORS Mar

o) northvolt :
o~ NIO northvolt  ~¢€58] Jan

&) Alsym $78m
6‘( ;’82m|3ep $2'28 | Jan Jan

241 $87m

Note: Box sizes made by converting other currency to USD at 1/1/2025
Non-Dilutive The list is not comprehensive of all transaction in 2024 BATTERY REPORT 2024 | P. 49
(1) As of September 2024



https://finance.yahoo.com/news/24m-raises-87-million-series-164500656.html
https://www.globenewswire.com/news-release/2024/09/05/2941389/0/en/6K-Closes-82M-as-Part-of-Series-E-Fund-Raise-for-Expansion-of-Production-Capabilities.html
https://www.reuters.com/sustainability/sustainable-finance-reporting/swedens-northvolt-raises-5-bln-green-loan-expand-battery-factories-2024-01-16/
https://ir.nio.com/news-releases/news-release-details/nio-inc-announces-closing-us22-billion-strategic-equity
https://verkor.com/en/verkor-secures-over-1-3-billion-euros-through-a-green-loan-from-19-banking-entities/
https://investors.polestar.com/news-releases/news-release-details/polestar-secures-usd-1-billion-external-funding-business-outlook
https://ec.europa.eu/commission/presscorner/detail/en/ip_23_6823
https://www.zenobe.com/news-and-events/zenobe-secures-over-1-billion-of-green-debt-funding-since-2019-following-todays-announcement-of-landmark-410-million-electric-bus-financing-deal/
https://techcrunch.com/2024/12/12/archer-teams-up-with-anduril-and-raises-430-million-to-build-defense-aircraft/
https://formenergy.com/form-energy-secures-405m-in-series-f-financing-to-expand-iron-air-battery-business-and-operations/
https://techcrunch.com/2024/06/27/as-battery-startups-fail-sila-snaps-up-375m-in-new-funding/
https://powin.com/powin-secures-200-million-in-debt-capital-from-kkr-to-bolster-growth-and-innovation-in-energy-storage/
https://powerdot.eu/en/blog/powerdot-secures-e165-million-green-financing-to-accelerate-ev-charging-point-deployment
https://ascendelements.com/ascend-elements-raises-additional-162-million-to-build-sustainable-lithium-ion-battery-materials-in-united-states/
https://lilacsolutions.com/2024/02/lilac-solutions-announces-145-million-series-c-to-scale-lithium-supply-for-the-electric-vehicle-era/
https://www.flo.com/en-ca/press-release/flo-secures-136m-financing/
https://heartaerospace.com/newsroom/heart-aerospace-raises-107-million-in-series-b-funding/
https://powerdot.eu/en/blog/powerdot-secures-100-million-euros-in-capital-raise
https://www.volterapower.com/post/voltera-secures-first-of-its-kind-100-million-debt-facility-from-ing-and-investec
https://sigmalithiumresources.com/sigma-lithium-receives-binding-commitment-from-bndes-for-a-brl-487-million-16-year-loan-to-fully-fund-second-greentech-carbon-neutral-plant-in-brazil/
https://www.alsym.com/blog/were-excited-to-announce-a-78-million-funding-round-led-by-tata-ltd-and-general-catalyst/
https://investors.li-cycle.com/news/news-details/2024/Li-Cycle-Closes-75-Million-Strategic-Investment-from-Glencore/default.aspx
https://techcrunch.com/2024/10/07/ai-powered-critical-mineral-startup-kobold-metals-has-raised-491m-filings-reveal/
https://www.reuters.com/business/autos-transportation/im-motors-raises-11-bln-one-china-ev-brands-biggest-recent-deals-2024-03-01/
https://www.automotivedive.com/news/blueoval-sk-closes-doe-loan-9billion-ev-battery-joint-venture/735657/
https://www.greencarcongress.com/2024/02/20240214-acc.html
https://www.businesswire.com/news/home/20240110676731/en/NineDot-Energy-Raises-225-Million-in-Equity-Financing-to-Build-and-Operate-Distributed-Battery-Energy-Storage-Projects
https://www.startupticker.ch/en/news/energy-storage-start-up-terralayr-raises-chf67-million
https://sionpower.com/2024/sion-power-raises-75-million-to-commercialize-its-proprietary-licerion-technology-for-electric-vehicles/
https://www.businesswire.com/news/home/20241031872366/en
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DOE Federal Funds In Battery Technology
SELECT DOE LOANS IN THE BATTERY VALUE CHAIN®

YTD September 2024, the DOE has allocated
>$3B to battery technology in the form of

cagor®  $50m GROUPIE SKI US Inc. v TerraVelta A

grants/loans. ASCEND
Braskem) $50m ELEMENTS
The government grants and loans support the
entire battery supply chain, from mineral g SWA
extraction to recycling. Lithium
P :
The largest investment in 2024 by the DOE was 7 Trsgxmec.)s(s $225m
issued to BlueOval SK in the amount of $9.6B in
late December.? $145m
As of January 2025, there are over 160 DOE o8 FORGE 2 susties
applicants, across all sectors, seeking over ABTC 4 BAHERY Honeywell s

$200B in loan proceeds. $100m $126m $55m

@ér(?liytions Element (2

2o =
$67m

SEPARATION & COMPONENT
DAVVMATERISES PROCESSING MANUFACTURING
BATTERY

ﬁ;"j{gi;mm%membe, o BATTERY REPORT 2024 | P.50



https://techcrunch.com/2024/09/20/the-25-battery-tech-startups-that-just-got-a-piece-of-3b-in-federal-funds/
https://www.energy.gov/lpo/articles/doe-announces-963-billion-loan-blueoval-sk-further-expand-us-manufacturing-electric
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Private Capital Market Investors
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>$150bn of total private climate assets under management (AUM) across 300 Early-stage VCs, Corporate VCs, Growth Equity,
Infrastructure , and Private Equity funds since Jan 2021."

Early-Stage venture
investments into
pre-revenue / pre-product fit
companies
Seed - Series A

wc AN

Investment
Characteristic

A

NzZU

PARTNERS A‘(AANA
aiim  WliBaruch
3 s QClearSky

C cLosED ] Earthshot

€CAPITAL
COSYSTEM ENTREPRENEURIAL
NTECRITY = PARTNERS

Investor Base

e IE Keyframe
materijal |®/ Prelude Ventures
Impact

ITGERGLOBAL
RIVE RSIOHI- +WOLTA

o
Slghtl!ne (1) Sightline Climate (Distinguished Partner). For more information, visit

climate

Early-Stage investments.
Likely synergies with VC's
corporate parent. Corporate
VC helps in validating new
technologies

ABB iz o
P yo —
@ ¢ enNcie
B iventures ...
chevron
HITACHI
v‘ Inspire the Next
Technology ~ PORSCHE
Ventures  vewntues

HYUNDAI
craoLe @ LG
e
B= Microsoft

Climate Innovation Fund ¥+ syENSQO

@ Shell

Ventures  syensqo Ventures
woven

\‘ capital w

&TDK

TOYOTA

TDK VENTURES VENTURES

CLIMATZ Woaie
PLEDGE  vale Ventures

Revenue generating
companies pre-earnings with
revenue backlog
Series B — Series D

+cP%¢ Breakthrough

G- Energy BAILLIE GIFFORD
Decarbonization
Partners

e
IMKOCH

INVESTCORP

SoftBank Vision Fund == 77 = eliare

+\’OLTA w T.RowePrice

https://www.sightlineclimate.com

Control investments into
mature companies with
defined cash flow profile and
clear customer relationships

APOLLO

Clean Energy Transition

% Ara Partners
ARCLINE

CLEANHILL PARTNERS

*eCP

Asset heavy project based
financing supported by long
term offtake contract

Patient long term investors
with a national mandate to
progress climate sustainability

CPP|hvestments

Copenhagen Infrastructure Partners

I=ZQT

B GEN

KKR

climate-related 7N\
investment fund /\ D I /\
L

VISION

rivce TEMASEK

PARTNERS

il oy Lo
QATAR INVESTMENT AUTHORITY
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Funds Raised In The Last 4 Years - Financial VCs And Corporate VCs
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si’ghtllne Content and analysis provided courtesy of Sightline Climate (Distinguished Partner). For more information, visit_https://www.sightlineclimate.com/
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From 2021to 2024, the climate capital stack has matured, with
increasing specialization and diversity across funding stages.

significantly and now
dominate with $56B of deployable dry powder, focusing on low-risk,
mature technologies, reflecting a shift toward disciplined and
strategic capital allocation.

This across all stages ensures a more
robust climate tech ecosystem capable of addressing a wider range
of technological and scalability challenges.
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Funds Raised In The Last 4 Years - Growth Equity/PE And Infra
From 2021to 2024, the climate capital stack has matured, with increasing specialization and diversity across funding stages.

have consolidated, while have expanded significantly and now dominate with $56B
of deployable dry powder, focusing on low-risk, mature technologies, reflecting a shift toward disciplined and strategic capital allocation.

across all stages ensures a more robust climate tech ecosystem capable of addressing a wider range of

This
technological and scalability challenges.
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New Funds Raised In 2024
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More than $40bn of capital allocated towards climate and energy transitions announced in 2024, with 96 new funds, down 6% from 2023's record.

" ISQUARED CAPITAL
$1.2BN

Invests in Climate
Infrastructure

I=QT
€3.0BN

Invests in climate and
health

Brookfield
$5.0BN

Emerging markets
climate fund

N\

ARCTERN

VENTURES

$335MM

Early growth-stage
climate

THE ACCELERATOR VC

$306MM

Invest in deep tech and
hardware startups

aiga ==
$240MM

Sustainable
infrastructure

Note USDEUR converted at 1/1/2025

si

climate

Speedinvest
€350MM

Invests in tech and
climate startups

Decarbonization Partners
BlackRock | TEMASEK

$1.4BN

Invests in Climate debut
fund

TPG

$4.9BN

Focuses on climate tech
verticals

=Chevron

$300MM

Climate technologies

WELLINGTON
MANAGEMENT®

$385MM

Climate innovation

Ember
m Infrastructure
$500MM

Infrastructure solutions
across climate

g!’ltlgne (1) Sightline Climate (Distinguished Partner). For more information, visit https://www.sightlineclimate.com/

[EGENERATE
$1.5BN

Low-carbon
infrastructure

CLEAN ENERGY
. VENTURES
$305MM

decarbonization
solutions

verdane

€700MM

Invests in decarbonization
solutions

Brookfield
$10.0BN

Global energy transition
fund

€700MM
Decarbonization and
sustainability solutions
SOCIUM
VENTURZ=S
$300MM

Focuses climate tech
companies

verdane
€1.1BN

Focuses on digitization
and decarbonization

LSPW=R

Innovation and Investrment in Energy

$2.7BN

Invest in power and
energy infrastructure

ANeos Partners

$1.37BN

Renewable energy, grid, and
data centers
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https://isquaredcapital.com/cpt_news/i-squared-capital-signs-definitive-agreements-establishing-1-2-billion-dfc-climate-fund/
https://isquaredcapital.com/cpt_news/i-squared-capital-signs-definitive-agreements-establishing-1-2-billion-dfc-climate-fund/
https://betakit.com/climate-tech-vc-arctern-ventures-closes-450-million-cad-fund-iii-from-large-institutions/
https://betakit.com/climate-tech-vc-arctern-ventures-closes-450-million-cad-fund-iii-from-large-institutions/
https://www.esgtoday.com/generate-capital-raises-1-5-billion-for-sustainable-infrastructure-investments/
https://www.esgtoday.com/generate-capital-raises-1-5-billion-for-sustainable-infrastructure-investments/
https://bam.brookfield.com/press-releases/brookfield-announces-10-billion-first-closing-second-brookfield-global-transition
https://bam.brookfield.com/press-releases/brookfield-announces-10-billion-first-closing-second-brookfield-global-transition
https://impact-investor.com/verdanes-edda-iii-fund-closes-above-e1-1bn-target-level/
https://impact-investor.com/verdanes-edda-iii-fund-closes-above-e1-1bn-target-level/
https://www.chevron.com/newsroom/2021/q1/chevron-commits-300-million-toward-low-carbon-technology-investments
https://www.chevron.com/newsroom/2021/q1/chevron-commits-300-million-toward-low-carbon-technology-investments
https://www.lspower.com/ls-power-closes-oversubscribed-fund-v-at-2-7-billion/
https://www.lspower.com/ls-power-closes-oversubscribed-fund-v-at-2-7-billion/
https://www.prnewswire.com/news-releases/aiga-capital-partners-closes-inaugural-fund-with-over-240m-of-commitments-to-invest-in-sustainable-energy-infrastructure-302238208.html
https://www.prnewswire.com/news-releases/aiga-capital-partners-closes-inaugural-fund-with-over-240m-of-commitments-to-invest-in-sustainable-energy-infrastructure-302238208.html
https://www.neospartners.com/news-events/neos-partners-raises-1-point-three-seven-billion-fund-two-to-invest-in-the-energy-transition-and-critical-infrastructure-sectors
https://www.neospartners.com/news-events/neos-partners-raises-1-point-three-seven-billion-fund-two-to-invest-in-the-energy-transition-and-critical-infrastructure-sectors
https://www.axios.com/pro/climate-deals/2024/10/09/ember-infrastructure-500-million-fund-ii-h2o
https://www.axios.com/pro/climate-deals/2024/10/09/ember-infrastructure-500-million-fund-ii-h2o
https://verdane.com/verdane-closes-idun-ii-at-e700-million-hard-cap-to-back-companies-that-will-create-a-more-sustainable-future/
https://verdane.com/verdane-closes-idun-ii-at-e700-million-hard-cap-to-back-companies-that-will-create-a-more-sustainable-future/
https://www.finsmes.com/2024/10/socium-ventures-raises-second-300m-fund.html
https://www.finsmes.com/2024/10/socium-ventures-raises-second-300m-fund.html
https://www.newprivatemarkets.com/tpg-collects-nearly-5bn-for-second-private-equity-climate-fund/
https://www.newprivatemarkets.com/tpg-collects-nearly-5bn-for-second-private-equity-climate-fund/
https://bam.brookfield.com/press-releases/brookfield-raises-24-billion-catalytic-transition-fund-supported-anchor-commitment
https://bam.brookfield.com/press-releases/brookfield-raises-24-billion-catalytic-transition-fund-supported-anchor-commitment
https://www.reuters.com/business/blackrock-backed-decarbonization-partners-raises-14-bln-first-fund-2024-04-25/
https://www.reuters.com/business/blackrock-backed-decarbonization-partners-raises-14-bln-first-fund-2024-04-25/
https://www.prnewswire.com/news-releases/sosv-closes-306m-deep-tech-fund-for-human-and-planetary-health-302117896.html
https://www.prnewswire.com/news-releases/sosv-closes-306m-deep-tech-fund-for-human-and-planetary-health-302117896.html
https://www.esgtoday.com/wellington-management-raises-385-million-for-climate-tech-venture-fund/
https://www.esgtoday.com/wellington-management-raises-385-million-for-climate-tech-venture-fund/
https://www.loyensloeff.com/insights/news--events/news/eqt-future-closes-at-eur-3-billion-investing-in-sustainability-and-health/
https://www.loyensloeff.com/insights/news--events/news/eqt-future-closes-at-eur-3-billion-investing-in-sustainability-and-health/
https://cleanenergyventures.com/clean-energy-venture-capital/clean-energy-ventures-closes-305m-fund-ii/
https://cleanenergyventures.com/clean-energy-venture-capital/clean-energy-ventures-closes-305m-fund-ii/
https://www.speedinvest.com/blog/speedinvest-closes-oversubscribed-fourth-flagship-fund-at-eu350-million-eu50-million-above-target
https://www.speedinvest.com/blog/speedinvest-closes-oversubscribed-fourth-flagship-fund-at-eu350-million-eu50-million-above-target
https://www.esgtoday.com/eurazeo-raises-over-e700-million-for-transition-infrastructure-strategy-beating-initial-target-by-40/
https://www.esgtoday.com/eurazeo-raises-over-e700-million-for-transition-infrastructure-strategy-beating-initial-target-by-40/
https://www.sightlineclimate.com/
https://www.sightlineclimate.com/

| FINANCE | PRIVATE CAPITAL MARKETS |

2023 Mega Fund Private Capital Announcements...

Mega-funds ($500M+) account for ~19% of funds in 2023 by count, but constitute ~70% of total AUM

2023 Fund
Size

Mandate

APOLLO KKR Brookfield

Clean Energy Transition

$4bn

Invest into a diversified
global portfolio of yield
and hybrid investments

Focused on
decarbonization as an
overarching theme rather
than a specific asset class

Positioned to address the
significant gaps that exist
in the capital markets for
climate and transition
financing

Note: funding numbers are as of January 2024

Global Climate

N/A

Investment scope includes
scaling battery
technologies, EV fleet
electrification and EV
Charging, decarbonizing
agriculture and steel

The fund’'s mandate is
“climate” which
encompass
decarbonization of sectors
like transportation, food,
and industry

Emerging Markets Transition

>$1bn

Deploy capital exclusively
for emerging and
developing markets

Supporting the four key
pillars that underpin
COP28's Action Agenda:
Energy Transition,
Industrial Decarbonization,
Sustainable Living and
Climate Technologies

“TPG RISE

= CLIMATE

$7.3bn

Invests in energy transition,
green mobility, sustainable
fuels and sustainable
molecules, and Carbon
Solutions

Growth-stage investments
in innovative climate
solutions

Fund's performance fee
dependent on ability to
deliver on greenhouse gas
abatement goals

JUST
CLIMATE

[T~

$1.5bn

Focused on hard to abate
sectors which include
energy, mobility, industry
and buildings — in order to
generate outsized
emissions abatement in the
next decade

NCGP

$700mm

Provide growth capital to
companies that drive /
enable the growth of
renewable energy, the
electrification of transport,
the efficient use of energy
and resources and the
management/reduction of
carbon emissions

Focused on real assets
within the energy transition

VOLTA
FOUNDATION

VFE

Morgan

Stanley

1GT climate

$1bn

Focused on investments in
growth-stage companies
that will seek to collectively
avoid or remove one
gigaton of carbon
dioxide-equivalent (CO2e)
emissions from the Earth's
atmosphere
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...One Year Later And The Largest Climate Funds Of 2023 Have Begun Cautiously Deploying

Capital

All but one of the funds focused on climate investment have acquired an interest in a battery related investment

NGP

APOLLO

Clean Energy Transition

e PURMO

INVESTMENTS
GROUP

Battery Related Investment

KKR

Global Climate

Still Fundraising
ZENOBE

AVANTUS

Brookfield

Emerging Markets
Transition

Rebranded as
Catalytic
Transition Fund.
Targeting a $5bn
raise

(2) Represents TPG Rise Climate Fund Il

(3) Targeted $1bn, closed at $750mm

—\\ JUST
TPG RISE @ CLIMATE
CLIMATE by generation

Fund 2 7 MEVA ENERGY
/\
Intersect
» ersect N& CONTINUUM

ARBRE E-mobility

Fund 1
2024 investments o
£ Z Infinitum
BEIA ASCEND
ELEMENTS

Syre

X/ VOURITY

o
S|ghtI!ne Sources: Press Releases, Sightline Climate (Distinguished Partner); (1) Some fund sizes adjusted from the previously announced amount

climate

COINFINIUM

)
% CLOVERLEAF
(1])

)) PHYSICS X
)

zevrealty

Morgan
Stanley

1GT climate

ol Instagrid

®

Huel

everstre

ANALYTICS

p. 56


https://www.ctvc.co/dry-powder-for-climate-2023/
https://www.sightlineclimate.com/

VF

| OVERVIEW

VOLTA
FOUNDATION

Notable Events
Industry Value Chain
Finance

Cell & Pack Manufacturing
Applications
Electric Vehicles (EV)
Battery Energy Storage Systems (BESS)
Other
Safety
Legal
Chemistry
Cathode
Anode
Electrolyte & Separator
Solid State
Lithium - Sulphur
Non-Lithium Chemistries
Supply Chain & Raw Materials
Recycling & Reuse
Software

p. 57



| coSTS | SUMMARY

VOLTA
v F FOUNDATION

Section Summary - Cost Reduction Is Now Priority #1 Throughout The Battery Value Chain

The situation for battery manufacturing costs can currently be
characterised by three challenges that producers are facing
along the value chain:

/il across the entire supply chain,
m resulting in pullback of investments.

e efforts because of shrinking

AW margins and intensifying competition.

into new markets, driven by rising
protectionism and domestic competition.

Battery manufacturers and automakers are prioritising
cost reduction as the main survival mechanism in a
market with tight margins and intense price
competition.

Battery prices in China are now low enough to drive
profound demand, but only the lowest-cost producers
will survive.

New manufacturers in Europe and North America
face several barriers in basic manufacturing
efficiency and quality. Given this, the Western battery
industry continues to consist of the Asian
incumbents.

m Source: Content & analysis provided courtesy of CRU Group (Distinguished Partner). For more information, visit https://www.crugroup.com. p. 58
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| COSTS | 2024 CELL COSTS

Battery Manufacturing Costs Continue To Fall In 2024

Average production costs for China-made LFP cells ($/kWh, LHS), vs. Lithium price ($/kg, RHS)
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Average cell production costs have fallen
steeply since 2022, driven by plummeting
material prices, especially that of lithium
carbonate, CAM, and AAM.

Low material prices have been driven by
overcapacity and oversupply.

Initially cost reductions were driven by
incremental improvements in manufacturing
efficiency and cell design, but processes are
now so well-optimised that, for example, LFP
costs closely follow the price of lithium
carbonate.

Source: 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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| COSTS | OVERCAPACITY IN BATTERY INDUSTRY
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Battery Industry Overcapacity Has Led To Low Selling Prices And Shrinking Profit Margins

Lithium-ion battery cell manufacturing overcapacity ratio if planned factories are built, by market

800%
700%
600%
500%
400%
300%
200%
100%
0%
-100%

== China
South Korea
Europe
e US

’
Rest of World
/ . ===Clobal

2022 2023 2024 2025 2026 2027 2028 2029 2030

China LFP cell spot price and BNEF LFP cell calculated manufacturing cost

$/kilowatt-hour
140

120
100
80

60

40 BNEF calculated cell
manufacturing cost

| FP cell spot price

20

° Alongside falling production costs, average selling prices have fallen in 2024 for Chinese made batteries

° The driving factor behind this is the large overcapacity that has emerged, with more cells being produced than can be consumed

° This leads to manufacturers selling at or below production costs to maintain competitiveness and market share, pushing prices to new lows

BloombergNEF

Source: 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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| COSTS | BATTERY PACK PRICES VE VOLTA
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Battery Pack Prices See Largest Drop Since 2017

Average Li-ion battery pack prices dropped 20%
from 2023 to a record low of $115 /kWh in 2024.

Real 2024 $/kWh
806 e  Cell manufacturing overcapacity

715 e  Economies of scale and reductions in underlying

Pack N costs from incremental manufacturing improvements
230 such as yield/quality
463 . .
° Low raw material and component prices
153 356 ) _
- 266 ° Adoption of lower-cost LFP batteries
o 79 218 189 i
61 165 155 166 444 ° Slowdown in EV sales growth
Note: Prices vary widely across different countries and application
areas.
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
BloombergNEF Source: Content & analysis provided courtesy of BloombergNEF (Distinguished Partner). Note: historical prices have been updated to reflect real P. 61

2024 dollars. Weighted average survey value includes 343 data points from passenger cars, buses, commercial vehicles, and energy storage.
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| cosTs | SUPER-LOW PRODUCTION COSTS

How Are Chinese Manufacturers Achieving Super-Low Production Costs?

}

T F s o7

Vertical integration

Midstream price
pressure

Upstream cost reduction

Capex leverage

Technical innovation

Factory yields &
automation

Industrial ecosystem

Allows downstream companies to source materials at cost
price, ability to pass on any high cost of operations down the
value chain, and more control over technical specifications.

Intense competition in the midstream is leading to thinner
margins and cell manufacturers are pressuring cathode and
anode producers for lower prices.

Chinese refineries are some of the lowest cost operations
globally and have secured low-cost mineral resources. This
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
being made. Automation reduces labor costs and enables
higher yields.

Chinese companies tend to operate in integrated industrial
parks where there is always a consumer for byproducts or
waste from adjacent industries.

China LFP battery cell production cost
modelling, 2024 average, $/kWh
70 Labour
m Processing
60 Other
mAnode
50 m Cathode

- -
30

20
10
0
LD Other Tier 1
manufacturers

Source: 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

VOLTA
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In recent times, battery costs are
mitigated in three main areas:

1. Manufacturing
excellence

2. Supply chain efficiencies

3. Technical innovation

#1is the foundation for all

companies.

#2 and 3 give top manufacturers

an additional edge over rest of
the industry.
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| CcOSTS | HIGHER COSTS OUTSIDE CHINA \/E VoA
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Costs Are Higher Outside China, Partly Due To Inherent Disadvantages

Higher cost of production outside China

Modelled battery cell production costs for is influenced by:
BYD, LFP, 2024 average $/kWh

Average battery cell production costs,
NMC 811, 2024 $/kWh

m Processing ° Initially lower yields and factory

- S automation
Model parameters:
- e Differences in energy and labour

m Materials *

/PR ;
() - - Same yields, factory
il automation, material costs

margins

4 - No import tariffs or local : :
bremiums on materials ° nghgr margins commanded by
> Region-average energy suppliers
+26% +15% prices

- CAM and AAM made locally . .
° Import tariffs and local premiums

on raw materials
...all of which can be mitigated!

m Source: Content & analysis provided courtesy of CRU Group (Distinguished Partner). For more information, visit https://www.crugroup.com. pP. 63
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| cosTs | PATHWAYS TO COST-EFFECTIVENESS VE VOLTA
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Automation And Yields Critical For USA Cost-Competitiveness

Startup manufacturers are Modelled LFP battery cell manufacturing costs in USA, $/kWh
140 / up here due to low yields
m Cathode = Anode Other m Processin
120 [ 9
100 Assumptions:
= Korean battery company
= USA average energy prices
80 Ramp up = Synthetic graphite anode
to 94% = CAM made in Morrocco
60
40 3135 worklers/GWh $14 /kg Standard prismatic -
50 workers/GWh $1 Zl kg Bkla o
20
0
Base case Yields Automation Lithium price Cell format Optimised

la g L =

m Source: Content & analysis provided courtesy of CRU Group (Distinguished Partner). For more information, visit https://www.crugroup.com. P. 64
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| cosTs | PATHWAYS TO COST-EFFECTIVENESS \/F VOLTA
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Electricity Price And Automation Key For Factories In Europe

Startup manufacturers are
up here due to low yields

1

!

! Modelled LFP battery cell manufacturing costs in Europe, 2024 $/kWh
100 I
|

m Cathode ®Anode Other = Processing

80 . Assumptions:

= Chinese company
5 $0.21/kWh . = Europe average energy prices

$0.02 /kWh Synthetic graphite anode

315 workers/GWh E — CAM made in Morrocco
40 l i« 90% —
50 workers’lGWh  giade | $16 /kg 20% [
98% 1 !
20 $12 /kg 5%
0
Base case Lower electricity =~ Automated Optimise cell Improving yields Lower lithium CAM margin Optimised

price factories design price reduction

2 £ O kb = |~

m Source: Content & analysis provided courtesy of CRU Group (Distinguished Partner). For more information, visit https://www.crugroup.com. P. 65
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| cosTS | IMPORTANCE OF JOINT VENTURES

The Battery Conundrum - Joint Venture Or Go It Alone?

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

140 Fully US startup

Joint venture with Korean manufacturer

120 Joint venture with Chinese manufacturer

100

80

60
2024 2025 2026 2027 2028
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Battery manufacturing is very difficult, with low
scrap rates and high throughputs are needed to
be profitable.

So far, new manufacturers who chose to go it
alone have seldom survived.

Joint ventures with an experienced producer have
been the most successful strategy.

This is critical to rapidly
and increase customer confidence in the
quality and reliability of supply.

Although Chinese-origin companies are now
increasingly willing to work with local partners,
they —along with the Chinese government — are
making a concerted effort to avoid the leakage
of critical technical know-how.

Source: Content & analysis provided courtesy of CRU Group (Distinguished Partner). For more information, visit https://www.crugroup.com. Modeling an EV (power) cell P. 66

with synthetic graphite anode.
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| COSTS | LFP COSTS HAVE FURTHER ROOM TO FALL VF VOLTA
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LFP Production Costs Have Further Room To Fall

LFP BATTERY CELL MANUFACTURING COSTS IN CHINA, 2024 $/kWh

60
m Cathode mAnode Processing m Other
© W -
[ |
.
® —
30
20
10
0
Base case Lower Lower price Optimised Increase Halve utility Halve foil Double Halve Optimised
lithium anodes cell automation pricing price machine machine case
prices throughput price
Source: Content & analysis provided courtesy of CRU Group (Distinguished Partner). For more information, visit https://www.crugroup.com. Modeling an EV (power) cell P. 67

with synthetic graphite anode.
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| cosTS | CHEMISTRIES \/F | YOLTA
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LxFP Retains Cost Advantage Over Nickel-Rich Batteries

NMC 811 remains the most expensive chemistry compared to LxFP
80

o . o . : .
.Pm:;ssm Model parameters: and emerging NMC based chemistries, despite falling nickel and
9 Builtin China cobalt prices.
70 ® Anode Prismatic cell

m Cathode Synthetic graphite . . .
Medium-nickel high-voltage NMC has emerged as a lower-cost

alternative to high-nickel NMC while offering comparable energy
density.

The LxFP family, due to the absence of expensive raw materials and
more efficient lithium utilisation, are leading the way for low
production costs.

High-compaction-density LFP cathode material may enable cell
cost reductions of up to 3%, continuing the trend of incremental
improvements to incumbent chemistries.

NMC 811 NMC 631 High LFP LMFP
Voltage

m Source: Content & analysis provided courtesy of CRU Group (Distinguished Partner). For more information, visit https://www.crugroup.com. p. 68
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Battery Manufacturing Grows Further Into The Terawatt-Hour-Per-Year Era

1,490
GWh e There is still significant overcapacity and
—in the case of China- overproduction
1 5 TWh compared to demand
1,050 °
GWh North America e This is the reason for LFP's share being
59 O/ were LFP higher than in end-use demand
O batteries

e Much of the battery requirements are
imported from Asia as most gigafactories

@ China 4 5 were I%V in the pipeline outside China are still
batteries

ramping up

e The industry remains an oligopoly with

4 5 were made the top
2023 2024 in China

Source: Content & analysis provided courtesy of CRU Group (Distinguished Partner). For more information, visit https://www.crugroup.com. Battery P. 70
production data from CRU's primary data collection, national industry associations, and manufacturer reports. December 2024 data is partially estimated. :
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| CELL & PACK MANUFACTURING | PRODUCTION LOCALIZATION \/F | VOLTA
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China Is The Battery Export Hub But Production Is Localizing

Production Source

& ——2024: 1.2 TWh—

®
. () [}
China = =

Rest of World

Demand Destination

e

(=)

g

Much of Europe and North America's battery supply are currently

But of batteries between regions
over time. There will be increasing localisation of battery
production to where they are used, due to:

o  Trade policy - tariffs are increasing over time

o  Supply security — automotive industry aiming to avoid a
repeat of supply disruptions

o  Costand ESG - transporting bulky batteries across
regions is expensive and emissions-intensive

Although other regions are ramping up their production bases,
China will remain the largest battery producer.

Source: Content & analysis provided courtesy of CRU Group (Distinguished Partner). For more information, visit https://www.crugroup.com. Trade flows less than 1 GWh P 71
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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| CELL & PACK MANUFACTURING | GIGAFACTORY PLANTS |

Gigafactory Tracker - 1,372" GWh Of Capacity

1 ABF, Tucson, AZ,

2 Amprius Tech, Brighton, CO,

3 Electrovaya, Jamestown, NY,

4 AESC, Smyrna, TN, 3 GWh

5 AESC/BMW, KY,

6 AESC/Mercedes, Florence County, SC,

7 Ford/CATL, Marshall, Ml, (+20 GWh)*
9 Nanotech Energy, tbd, NV,

8 FREYR, Newnan, GA,

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

11 KORE Power, Buckeye, AZ, (+12 G\Wh)
12 LGES, Queen Creek, AZ,

13 LGES, Holland, MI, 5 GWh,

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

15 Ultium Cells, LGES/GM, Spring Hill, TN,
35 GWh
16 LGES/Honda, Jeffersonville, OH,

17 Panasonic, DeSoto, Kansas,
18 Panasonic/Tesla, NV, 37 GWh,

19 Samsung SDI/GM, New Carlisle, IN,

20 (2 plants) StarPlus Energy (Samsung
SDI/Stellantis), Kokomo, IN,

21 SK, Commerce, GA, 22 GWh

22 BlueOval (SK/Ford), Stanton, TN,

23 SK/Hyundai, Bartow County, GA,

24 Tesla, Fremont, CA, 10 GWh

25 Toyota, Greensboro, NC,

26 LGES/Hyundai, USA,

27 Ultium Cells, LGES/GM, Warren, OH, 41 GWh
29 Forge Battery, Raleigh, NC,
30 SAFT, Jacksonville, FL,

31 Tesla, Austin, TX, 6 GWh
32 ONE, Belleville, MI, 10 MWh
33 Gotion, Manteno, IL,

34 Lyten, San Jose, CA,

35 Lyten, Reno, NV,

36 (2 plants) BlueOval (SK/Ford), Glendale, KY,

37 Pomega, Waterboro, SC,

38 Amplify Cell Tech, Marshall county, MS,

39 Statevolt, near Salton Sea, CA, (+54 G\Wh)**
40 Lyten, San Leandro, CA,

41 LGES/Stellantis, Windsor, ON,

42 PowerCo, St. Thomas, ON,

43 Lion Electric, Joliet, QC, (+5 GWh)*

44 StromVolt, tbd, QC,

45 Northvolt Six, Montreal, QC,

46 BlueSolutions, Montreal, QC, 0.5 GWh
47 Molicel, Maple Ridge, BC, (+2.8 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

e North America has
experienced significant

growth in the last 2-3 years
due to IRA incentives

e Yet several projects are
struggling or remain elusive
due to financial and political
issues, including uncertainty
around the future of the IRA

5

Q)

%
®

BASIC FORMAT = Current Capacity GWh,
(+Additional Future Capacity GWh)
CONSTRUCTION AT RISK = (+Additional Future
Capacity GWh)*

CONSTRUCTION HALTED/BANKRUPTCY =

Capaci Vh)**
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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.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.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://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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Gigafactory Tracker - 1,504" GWh Of Capacity

1ACC, 13 GWh,
2 AESC,

3 Verkor/Renault,
4 Prologium,

5 Tiamat,

6 ACC, (+40 G\Wh)**

7 CATL, 14 GWh,

8 Leclanche, 4.5 GWh
9 Northvolt Drei,

10 SVOLT, (+24 G
11 SVOLT, (+16 (
12 Tesla, 50 GWh,

13 PowerCo,

14 Cellforce Group,
15 Customcells,

16 EAS, 0.5 GWh

h)**

)

17 ACC, (+40 G\Wh)**

18 ITALVOLT, (+45 GWh)*

19 FAAM, 0.35 GWh,

20 CALB,

21 Eurocell, (+1 GWh)*+

22 Northvolt, 16 GWh, (+44
GWh)*
23 NOVO (Volvo), (+50 GWh)*

24 CATL, 100 GWh
25 EVE Energy,
26 Samsung SDI, 40 GWh,

27 SK, 18 GWh,
28 Sunwoda,

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

32 Beyonder,

33 Finnish Minerals,

34 AESC,
35 PowerCo,
36 Basquevolt, unknown GWh

37 CATL/Stellantis,

38 AESC, 2 GWh,

39 Agratas/Tata,

40 Nanotech Energy,

41 Eve Energy, @

42 Gotion Inobat, 20 GWh, @

43 ElevenEs,

44 | GES, 90 GWh, @

45 MES,
46 siro, @ @@6?

47 Maxxen,

48 Pomega,2 GWh
49 Reap Battery,
50 Ottomotive,

51 Ampherr,

52 Vestel,

53 Inovat, @ @

54 Aspilsan, 0.2 GWh
® O 9
&
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According to the Battery Atlas,
current planned capacity
shrunk by 473 GWh

Several gigafactories have
been halted due to weakened
market demand, energy costs,
or organizational issues.
Germany, Sweden and Italy
have especially been affected

BASIC FORMAT = Current Capacity GWh,
(+Additional Future Capacity GWh)
CONSTRUCTION AT RISK = (+Additional Future
Capacity GWh)*

CONSTRUCTION HALTED/BANKRUPTCY =

>apaci Vh)**

P.73

*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 Batteriezellproduktion: Europa gerét ins Hintertreffen



https://battery-news.de/2024/12/13/batteriezellproduktion-in-europa/
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/#:~:text=The%20Nordic%20dreams%20of%20gigafactory%20production%20have,cell%20production%20and%20the%20loss%20of%20jobs.
https://rhomotion.com/news/norway-opens-europes-first-lfp-gigafactory-industry-update/#:~:text=Norwegian%20battery%20cell%20producer%2C%20Morrow,LFP%20factory%20in%20Arendal%2C%20Norway.
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/
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/
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Gigafactory Tracker - 437" GWh (+5,796 from China) of Capacity

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 Gotion, Vung Ang,

12 GPSC, Map Ta Phut,

13 Amita Technology / Eve, Bang Pakong,
14 NV Gotion, Rayong,

15 24M / Novo+, Rayong,

16 CATL, Karawang,
17 Hyundai/LGES, Karawang, 10 GWh

18 EVE Energy, Kedah,

19 Samsung SDI, Seremban, unknown GWh,

20 Enovix, Seremban,
21 Zhuhai CosMX Battery, Seremban,

22 Samsung SDI, Cheonan, unknown
GWh,

23 LGES, Ochang, 21 GWh

24 SK, Seosan, 5 GWh

25 Kumyang, Gijang,

26 Prime Planet, Himeji, Japan, unknown
GWh,

27 AESC, Kanagawa, 2.6 GWh

28 AESC, Ibaraki,

29 Panasonic, Osaka, 4 GWh

30 Panasonic, Uchida, 10 GWh

31 Panasonic, Asonaka,

32 Panasonic, Gunma,

33 Electrovaya Tech, Japan,

34 Nissan, Japan,

35 ProLogium, Taoyuan,

See "Chinese Gigafactory Plants” on the
following page.

BASIC FORMAT = Current Capacity GWh,
(+Additional Future Capacity GWh)

Source: All uncited factories are from Batterieproduktion, India 1, India 2, Thailand

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

Greater Asia is experiencing growth from:

e An emerging Indian market

e Chinese manufacturers localizing in
low-risk ASEAN countries to circumvent
trade barriers

e Japan and South Korea bolstering capacity
to keep up with domestic demand
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https://www.google.com/url?q=https://www.electrive.net/2024/12/19/lges-und-jsw-in-gespraechen-ueber-batterie-gigafabrik-in-indien/&sa=D&source=editors&ust=1737665513526701&usg=AOvVaw3lFjCLQgRRGfzSRjbpI4KV
https://www.google.com/url?q=https://www.mercomindia.com/mahanagar-gas-ibc-to-cell-gigafactory-in-bengaluru&sa=D&source=editors&ust=1737665513526523&usg=AOvVaw2Izg4zo-nQ68V53wUTcQn6
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.kedglobal.com/batteries/newsView/ked202207210012
https://www.koreaherald.com/article/3324835#:~:text=2024%2D02%2D12%2013:,as%20saying%20during%20the%20visit.
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://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
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/
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Gigafactory Tracker - 5,796° GWh Of Capacity

1Ningde, 253 GWh,

2 Yibin, 126 GWh,

3 Jining,

4 Luoyang, 30 GWh,

5 Changzhou, 118 GWh
6 Xiamen,

7 Guiyang, 30 GWh,

8 Yichun, 50 GWh

9 Zhaoging, 25 GWh
10 Guangzhou, 12 GWh,
11 Beijing,

12 Xining, 11 GWh

13 Xiamen, 20 GWh,

14 Changzhou, 32 GWh,
15 Hefei, 20 GWh,

16 Wuhan, 20 GWh,

17 Chengdu, 20 GWh,
18 Jiangmen, 35 GWh,
19 Meishan, 20 GWh

20 Nanjing, 139 GWh,

21 Nanning, 70 GWh
22 Xuzhou, 15 GWh,
23 Yantai,

24 Chongging, 35 GWh,
25 Changchun, 15 GWh,
26 Wuhu, 40 GWh

27 Guiyang, 25 GWh,
28 Zhengzhou,

29 Xi'an, 32 GWh

30 Yancheng, 30 GWh
31 Jinan, 30 GWh

32 Shaoxing, 15 GWh,
33 Wuhan, 12 GWh,

34 Xiangyang, 10 GWh,
35 Xining, 24 GWh

36 Taizhou, 22 GWh
37 Changsha, 10 GWh,
38 Bengbu, 10 GWh,
39 Chuzhou, 5 GWh,
40 Fuzhou, 15 GWh

41 Shenzhen, 14 GWh
42 Huizhou, 2 GWh

BASIC FORMAT = Current Capacity GWh,
(+Additional Future Capacity GWh)

Source: New Energy Terminal

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

China still dominates the battery industry, but

VOLTA
v F FOUNDATION

new projects have slowed due to overcapacity.
Companies like Gotion and Ganfeng mitigate this
by securing the upstream supply chain, while

others pivot to energy storage to offset the
weaker EV battery market.
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https://newenergyterminal.org/
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Gigafactory Tracker - 5,796° GWh Of Capacity

43 Hefei, 14 GWh,

44 Anqing, 30 GWh,
45 Liuzhou, 15 GWh,
46 Yichun, 10 GWh,
47 Nanjing, 28 GWh
48 Lu‘an, 15 GWh,

49 Tangshan, 10 GWh,
50 Chuzhou, 10 GWh,
51 Qingdao, 3 GWh

52 Changzhou, 18 GWh,
53 Chengdu, 31.5 GWh,
54 Huzhou, 15 GWh,

55 Dazhou,

56 Suining, 20 GWh,

57 Ma'anshan, 28 GWh
58 Shangrao, 24 GWh
59 Yancheng, 22 GWh
60 Nanjing, 15 GWh

61 Jinhua, 50 GWh

62 Nanchang, 36 GWh,
63 Zaozhuang, 24 GWh,
64 Yichang, 20 GWh,
65 Nanjing, 18 GWh,

66 Deyang, 20 GWh

Source: New Energy Terminal

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

67 Jingmen, 146 GWh,
68 Chengdu, 20 GWh,
69 Yancheng, 10 GWh,
70 Shenyang,

71 Huizhou, 24 GWh

72 Qujing, 23 GWh

73 Nantong, 10 GWh

74 Yuxi,

75 Changzhou, 7.5 GWh

76 Jiaxing, 12 GWh,
77 Wenzhou, 26 GWh,
78 Foshan, 15 GWh,
79 Chongging,

80 Liuzhou, 10 GWh,

81 Chonggqing, 28 GWh,
82 Xiamen, 45 GWh
83 Heze,

84 Shiyan, 20 GWh,
85 Ordos, 10.5 GWh,
86 Cangzhou, 10 GWh,
87 Wuxi, 5 GWh,

BASIC FORMAT = Current Capacity GWh,

(+Additional Future Capacity GWh)

88 Xiaogan, 60 GWh,
89 Yichang, 40 GWh,
90 Wuhan, 10 GWh,

91 Quzhou, 11 GWh,

92 Qingdao,

93 Ulangab,

94 Liuzhou, 10.5 GWh

95 Xuancheng,

96 Changzhou, 3 GWh,

97 Zhuhai, unknown GWh

98 Zhumadian, unknown GWh

99 Chonggqing,
100 Hohhot,

101 Xiangyang,
102 Xinyu, 13 GWh,
103 Dongguan,
104 Nanchang,

105 Ganzhou, 37 GWh,
106 Guangzhou, 15 GWh,
107 Zhenjiang, 24 GWh
108 Kunming,
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China still dominates the battery
industry, but new projects have slowed
due to overcapacity. Companies like
Gotion and Ganfeng mitigate this by
securing the upstream supply chain,
while others pivot to energy storage to
offset the weaker EV battery market.

109 Yangzhou, 8 GWh .

110 Hefei, 5 GWh, @

111 Xi'an, unknown GWh

12 Dalian, 15 GWh
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| CELL & PACK MANUFACTURING | GIGAFACTORY PLANTS |

Gigafactory Tracker - 5,796° GWh Of Capacity

113 Nanning, 5 GWh,
14 Jiaozuo, 11.5 GWh

115 Ganzhou, 12 GWh,
116 Quzhou, 24 GWh
117 Tangshan,

118 Yingtan, 5 GWh,
119 Xuancheng, 15 GWh
120 Yancheng, 6 GWh,
121 Yueyang,

122 Hangzhou,

123 Chongging,

124 Zhenjiang, 3 GWh,
125 Shangrao, 3 GWh,

126 Wuhu, 6.25 GWh,

127 Guangzhou, 12 GWh,

128 Chuzhou, 22 GWh,
129 Tianjin, 4 GWh,
130 Wuxi,

131 Qingdao, 4 GWh,

132 Changsha, 6 GWh,

Source: New Energy Terminal

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

133 Huzhou, 9 GWh,
134 Ma'anshan, 3 GWh,

135 Xiangyang, 2.8 GWh,
136 Taizhou, 2 GWh,

137 Wuhu, 4 GWh,

138 Chuzhou,

139 Nantong,

140 Changde, 4.5 GWh,
141 Dongying, 2 GWh,
142 Dali, 3 GWh,

143 Changsha,
144 Nantong, 5.7 GWh,
145 Zhuhai,

146 Yancheng, 5 GWh,

147 Taian, 2 GWh,

148 Chuzhou, 4 GWh,

149 Chuzhou, 5.6 GWh,
150 Suzhou, 2.2 GWh

151 Nanjing, 2 GWh,
152 Dalian, 1 GWh,
153 Shanggiu, 0.5 GWh

154 Zhengzhou, 4.5 GWh,
155 Fuzhou, 2 GWh,
156 Shenzhen, 3.5 GWh

157 Deyang,
158 Chonggqing,
159 Jiaxing, 2.5 GWh,

160 Mianyang, 6 GWh,
161 Yancheng,

162 Zhuhai,

163 Dali,

164 Nanjing,
165 Tianjin, 6.3 GWh,
166 Beijing, 0.5 GWh

167 Huzhou, 2 GWh,

168 Zibo, 6 GWh,

169 Beijjing,

170 Shenzhen,

171 Changzhou, 0.2 GWh

172 Chengdu,

173 Suzhou, 0.7 GWh,
174 Yichun, 1 GWh
175 Taizhou,

176 Shanghai,

177 Huainan,
178 Chongging, 0.2 GWh,

179 Chuzhou,
180 Beijing, 0.2 GWh,

(160)
(=)

BASIC FORMAT = Current Capacity GWh,
(+Additional Future Capacity GWh)
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China still dominates the battery
industry, but new projects have slowed
due to overcapacity. Companies like
Gotion and Ganfeng mitigate this by
securing the upstream supply chain,
while others pivot to energy storage to
offset the weaker EV battery market.
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Material Suppliers -
2024 Data

Source: Fraunhofer ISI - Tim Wicke, Researcher

Market Share Breakdown

Hunan Yuneng (LFP)
Dynanonic (NCM)
Hubei Wanrun
ECOPRO

Ronbay

LOPAL

Xiamen Tungsten
Ronbay

BYD

Tianjin B&M
Other

S

Electrolyte

BTR New Energy 100%
Kaijin

Zichen

Shanshan Group
XFH

Shinzoom

Posco

Resonac

Mitsubishi Chemical
Sinuo

Other

Cathode

Tinci

Shenzhen Capchem
Guotai-Huarong
BYD Cell

MU lonic Solutions
Enchem

Central Glass
Dongguan Shanshan
Soulbrain
Dongwha Etec
Other

D)

Separator

17.0%

B RoW

B Taiwan
B Germany
B Belgium
W USA

Japan

B Korea
B China

Electrolyte Separator
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VF

SEMCorp/JGP

Shenzhen Senior

Chinaly New Material

SKIET

Asahi

Mingzhu

Toray

® W-Scope
Celgard

® Ube Maxell
Other

in
the active materials market. The
cathode industry is
than others, with
many small players.
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https://www.isi.fraunhofer.de/en/competence-center/neue-technologien/mitarbeiter/wicke.html
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Major Equipment Manufacturers - USA

PROCESS AREA

Mixing
Coating
Calendaring
Slitting
Stack
Wind
Packaging
Filling
Formation
Degassing
Aging

Test / Grade

Sources: Ross, Wirtz Manufacturing, DURR, barryWehmiller, Delta ModTech, Owens Design, Convergix, Comau, Mpac, GROB, Coesia, PEC Corp, Digatron Systems - Non exhaustive list

Giflll  WIRTZ

Delta
ModTech

VOLTA
VF FOUNDATION

CONVERGIX M| MDA

v v v
v

v v v
v v v
(4
v v
v
v v v
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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#tissue%20https://www.deltamodtech.com/complete-battery-manufacturing-process/
https://www.durr.com/en/products/electromobility-battery/energy-storage
https://www.barrywehmiller.com/business#tissue
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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Major Equipment Manufacturers - South Korea

5 @cCls Pnt Awes Ay Tonwaera () Henwha @ANR (© woniK PNE GNF co.um.
roccssocs. [ e ey e N Y RN
Mixing
Coating v v v v v v v
Calendaring v v v v v v v
Slitting v v v v v v v
Stack v v v v v v v v v
Wind v v v v v v v v v
Packaging v v v v v v v v v
Filling v v v v v v v v v
Formation v v v v v
Degassing v v v v v v v v
Aging v v v v
Test / Grade v v v v v

Sources: TSI, CIS, KGA, PNT, mPlus, ETS, Cowin Tech Top Material, Hanwha Momentum, Hana Technoloay, WonikPNE, DA Technology, MOT, SNF - Non exhaustive list BATTERY REPORT 2024 | P. 80



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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Major Equipment Manufacturers - China

AutorICH ONGOAL MESNAC BHxBE  gEsEk KATOP Hymssn BOZHON  CHR
e e BN N N Y
Mixing
Coating v v v v v v v v
Calendaring v v v v v v v v
Slitting v v v v v v v v
Stack v v v v v
Wind v v v v v
Packaging v v v v v v
Filling v v v v v v
Formation v v v v v
Degassing v v v v
Aging v v v v
Test / Grade v v v v v

Sources: AutoRich, Ongoal Technoloay, Mesnac, GMK, Shanashui, Yinghe Technoloay, Lyric, LEAD, KATOP, Hymson, Bozhon, Hangke Tech, HYNN - Non exhaustive list BATTERY REPORT 2024 | P. 81



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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The Entire Battery Value Chain Must Now Be Knowledgeable Of Their Carbon Footprint (GWP)

Even small, private companies will have to know their GWP to be able to

posy
material acquisition &
pre-processing End of life
l cradle
roduction
P to End of life
" = gate
- Use
L} . :
Cradle L. . - L'fetl.m? g Distribution & Storage
to = distribution & . Emissions
storage .
rave =" AT
g ! Distribution & Storage Production
use Production
Material acquisition
; Material acquisition and pre-processing
and pre-processing
end-of-life e
==

Predecessor New Product

Source: GHG Institute (Scope 1-3, Scope 4) pP. 82


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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Evolution Of The Manufacturing Footprint

With early gigafactories, an angular factory design was often used to save space, but in the current production environment a linear design
is used to improve efficiency and scalability

il u v
0 Ll ERAr RS
(=] ’ _Iq_l: 0 . };ﬁ‘:‘
3 e
¢ I 4.) fl) é;“ {gg

1 B o = s
i = 3 \A‘ i} I I ﬂm ;\\, ﬁ\ =
AD HOC DESIGN - ANGULAR MATERIAL FLOW MODULAR DESIGN - SIMPLIFIED MATERIAL FLOW
Commissioned: 2011 Commissioned: 2024

5 GWh 20 GWh

Source: City of Holland, Michigan, USA p. 83
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Manufacturing Process Groups - Leading Edge 20 GWh Pouch Line

P

o Aua;

e  Many models and manufacturing metrics currently in use are based on early ‘GWh-scale’ factories using outdated estimates
e  Current generation (leading edge) facility metrics are now available based on LGES facility

Source: City of Holland, Michigan, USA P. 84
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Facility Metrics - 20 GWh Pouch, USA - 1,919’ X 502’

PROCESS AREA
Mixing
Coating
Calendaring
Slitting
Stack/Wind
Packaging
Filling
Formation
Degassing
Aging

Test / Grade / Ship

Source: VDMA , City of Holland (LGES)

96334

134867

48167

48167

115601

115601

96334

38534

48167

125234

96334

4817

6743

2408

2408

5780

5780

4817

1927

2408

6262

4817

10%

14%

5%

5%

12%

12%

10%

4%

5%

13%

10%

= 963,338 Square Feet

22 +/- 2°C

22 +/- 2°C

22 +/-2°C

22 +/[-2°C

22 +[- 2°C

22 +/- 2°C

22 +/-2°C

22 +/- 3°C

22 +/-3°C

22 +/- 3 (HT 30-50)°C

22 +/- 3°C

/
Semi-dry 5 to -5°C
Semi-dry 5 to -5°C
Semi-dry 5 to -5°C

Dry -40 to -50°C

Dry -40 to -50°C

Extra dry -50 to -70°C

/

/

VOLTA
v F FOUNDATION

ISO 8

ISO 7

ISO7-1SO 8

ISO7-1SO 8

Minimum ISO 7

Minimum ISO 7

Minimum ISO 7

/
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https://www.pem.rwth-aachen.de/global/show_document.asp?id=aaaaaaaaabdqbtk
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Manufacturing Process Map - Overview

Mixing
Cathode and
anode slurries
are made
Coating & Drying ;
Slurries are coated onto
the current collector ( )
P

Calendering

Electrodes are '
densified ] \ é
N

Slitting and Notching —
Electrodes are cut into
singulated segments

Cylindrical Battery
[ Winding - components are
wound into a jelly roll
Electrolyte is injected

Physical Inspection
CT and/or X-Ray
Formation

discharged

Aging

Batteries are charged and

Electrochemical
performance is monitored

Degassing
Gas in the battery is
removed (pouch &

. prismatic only)

Pouch Battery
Components are

laminated & stacked
Electrolyte is injected

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

Sources: LG Eneray; VDMA; Faraday Institution; Mastering Ramp-up of Battery Production, Fraunhofer

- Electrical

Inspection
ACIR andfor voltage
decay

VOLTA
v F FOUNDATION

CELL CAPACITY

Prismatic: 1-200+ Ah

Pouch: 1-100+ Ah
2170: 3-6 Ah
4680: 15-25 Ah

HUMANS/GWH
175 jobs created per GWh

SCRAP (RAMP UP)
15-30%
Scrap remains one of the key
issues, primarily due to electrode
production & lack of training

For solutions to improve yield and
reduce scarp, see software

solutions and QA/QC hardware

solutions
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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#:~:text=The%20manufacture%20of%20the%20lithium,cell%20assembly%20and%20cell%20finishing.
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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Manufacturing Process Map - 1. Electrode Production

COATING & DRYING

MIXING
Slurries are made
CHALLENGES by mixing active material, binder,
slurry quality (uneven and solvent
dispersion) The different combinations
between those three highly
affect coating & drying
CALENDARING
CHALLENGES Electrodes are densified to a
. target value
electrode waste; physical
damage to material Here it's important to
determine electrode
quality and density

of total pouch film cylindrical film scrap rate
manufacturing cost speed speed

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

Sources: LG Energy; BCG

Electrode slurries are coated onto the
current collector 54% cost of electrode
production

All other process steps depend on the
quality of this step.

¥ e

e

SLITTING &
NOTCHING

Electrodes are cut into
singulated segments

Uncoated areas are cut out
leaving the parts where tabs
will be grounded

VACUUM DRYING

Removes leftover solvent

VOLTA
VF FOUNDATION

CHALLENGES
processing time; utilization
loss; difficult to measure
quality & get quality metrics

CHALLENGES
edge quality (burr defects
often occur - dangerous),

difficult to inspect at speed;

tool wear; lowest OEE of any
process because it's
difficult to automate

CHALLENGES
processing time; footprint;
takes 12-24 hours

BATTERY REPORT 2024 | P. 87



https://inside.lgensol.com/en/2023/06/infographics4-how-to-make-a-battery-step-1-electrode-manufacturing/
https://www.bcg.com/publications/2018/future-battery-production-electric-vehicles
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Dry Electrode Technologies - Timeline of Manufacturing Deployments & Partnerships

In 2024, momentum behind dry electrode technology surged, as both established industry giants and ambitious newcomers pushed the
boundaries of next-generation battery innovations. From large-scale pilot lines to bold investments, new partnerships, and breakthrough

product launches, the year was anything but quiet—setting the stage for a fiercely competitive race to redefine the future of lithium-ion
production.

Dragonfly Energy announced
its dry electrode process was
validated through a third-party
assessment.

Note: non-exhaustive

LG Energy Solution plans
to complete a pilot line for
its dry electrode process
at the Ochang plant by the
end of this year and to
achieve series production
by 2028.

Tesla produced a Cybertruck
with in-house dry cathode and
dry anode 4680 cells — making
it an all dry electrode vehicle.

Sources: Dragonfly Energy, Korea Herald, Autoevolution, Samsung SDI, Anaphite, AM Batteries

Samsung SDI completed
the “Dry EV Line", a pilot
line for dry electrode
technology at the
Cheonan plant, and
started pilot production.

AM Batteries Inc. receives
investment from Shibaura
Machine Co., Ltd. (fka
Toshiba Machine) to scale
up dry spray process for
electrode production.

Anaphite raised $13.7M in
Series A to commercialize
their dry battery electrode
material preparation
process.

p. 88


https://dragonflyenergy.com/dragonfly-energys-domestic-battery-manufacturing-validated-for-cost-effectiveness-and-sustainability/
https://www.koreaherald.com/article/3457543
https://www.autoevolution.com/news/confirmed-tesla-built-the-first-cybertruck-using-dry-cathode-4680-cells-237891.html
https://news.samsungsdi.com/global/articleView?seq=196
https://www.anaphite.com/news
https://am-batteries.com/shibaura-machine-co-ltd-invests-in-u-s-battery-manufacturing-start-up-am-batteries-inc/
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Manufacturing Process Map - 2. Cell Assembly - Pouch

TAB WELDING CHALLENGES
Tabs are ultrasonically welded to foil damage; coating adhesion
the jelly roll '

CHALLENGES POUCH FORMING

corner cracking Making a case by pressing a film

of total speed scrap rate
manufacturing cost

ELECTROLYTE
LAMINATION & INJECTION | . CHALLENGES
. dosing and distribution accuracy of the
CHALLENGES STACKING/WINDING Filling the electrode pocket electrolyte in the cell; No electrolyte
positioning accuracy of anode & Lamination: laminating layers to maintain with el?““g‘g? through residues in the sealing seam; seal
cathode sheets (alignment); speed positional integrity metered dispensing integrity
(affects positioning) Stacking: stacking layers of electrode &
separator. Note that wound pouch cells also
exist.

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

Sources: LG Energy; BCG; RWTH PEM BATTERY REPORT 2024 | P.89


https://inside.lgensol.com/en/2023/07/infographics5-how-to-make-a-battery-step-2-cell-assembly-pouch-battery/
https://www.bcg.com/publications/2018/future-battery-production-electric-vehicles
https://www.pem.rwth-aachen.de/global/show_document.asp?id=aaaaaaaaabdqbtk
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Manufacturing Process Map - 2. Cell Assembly - Cylindrical

CHALLENGES
anode, cathode, separator
alignment; tabing, taping, cutting
accuracy; tab welding quality (can
introduce safety issues)

of total scrap rate
manufacturing cost
CHALLENGES

metal contamination

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

Sources: LG Eneray; BCG; RWTH PEM

WINDING & TAB WELDING

Winding the cathode, anode, and two separator rolls.
Welding the aluminum and

copper tabs onto the cathode and anode respectively.
SPEED: 30 parts/min

Cathode
Separator

ol

Jelly roll

ELECTROLYTE
INJECTION

Electrolyte is injected into the vacuumed
can. The can is pressurized to accelerate
electrolyte absorption

and then sealed

PHYSICAL
INSPECTION

Through CT and/or X-Ray, the
battery cell is analyzed to detect

potential defects.

TAB SHAPING & CANNING

The jelly roll is put in the cylindrical can

and then fixed through welding.

High-speed mechanical deformation process
SPEED: 300-600 parts/min

DEGASSING/
PRE-CHARGE

Optional process to
remove gas

VOLTA
v F FOUNDATION

CHALLENGES
electrolyte absorption due to
density; pooling of electrolyte

CHALLENGES

speed of analysis doesn't allow
real-time analysis

CHALLENGES
exhaust gas treatment
Avoiding residual gas during
sealing and folding steps
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https://inside.lgensol.com/en/2023/07/infographics5-how-to-make-a-battery-step-2-cell-assembly-pouch-battery/
https://www.bcg.com/publications/2018/future-battery-production-electric-vehicles
https://www.pem.rwth-aachen.de/global/show_document.asp?id=aaaaaaaaabdqbtk
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Manufacturing Process Map - 2. Cell Assembly - Prismatic

7-STACKING WOUND PRISMATIC
Wit o g g Roll the slitted cathode, anode, and CHALLENGES
inding the cathode, anode, and two separator together by controlling uneven stress, burr issues,
CHALLENGES separator rolls. Welding the aluminum and speed, tension, etc.
anode, cathode, separator peed, ' and powder loss
e + Sep copper tabs onto the cathode and anode SPEED: 30 parts/min
alignment respectively.
SPEED: 30 parts/min
PRE WELDING &
TRIMMING CHALLENGES
HOT PRESS The cathlqde a(ljnd adna;:lse tabldarg anode,;rgircnaé:?de tab
The hot press machine works on the a |gne' an welde
CHALLENGES principle of heat and pressure application to SPEED: 18-20 parts/min
throughput achieve a strong and reliable bond between
ggtéi%/ (CSVrT\;EEEe;:SIE) >10 seconds/unit ELECTROLYTE
' INJECTION CHALLENGES
Electrolyte is injected into the electrolyte :_ab.sorpti_on
vacuumed can. The can is pressurized due to density; pooling
to accelerate electrolyte absorption of electrolyte
and then sealed
of total msg;facturmg scrap rate —— PRE CHARGE &
CAP TO CAN WELDING ot oo | CHALLENGES
CHALLENGES ) performed and cell is kept for throughput and quality
cap to can alignment, The can to cap spot welding by Iaser_ source RT aging and followed by
missed laser welding spot | @d followed by complete laser welding of the formation & grading process

cap to can.

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

Sources: CATL, RWTH PEM BATTERY REPORT 2024 | P. 91


https://www.pem.rwth-aachen.de/global/show_document.asp?id=aaaaaaaaabdqbtk
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Stacking Versus Winding

involves stacking electrodes and separators into precise layers
that are atop one another to form a flat cell. These can be separate cut
layers or one continuous electrode as well. This process enables
, making it ideal for
applications requiring compact, , such as
electric vehicles (EVs) and aerospace systems.

or the jelly-roll process, involves rolling electrodes and separators
into a cylindrical or prismatic structure. It is widely adopted due to its
, making it suitable for in consumer
electronics and power tools.

Recent innovations include like laminated winding and Z
stacking, which combines stacking and winding to optimize energy density
while maintaining manufacturing efficiency.

Rolling
ey, )
Anode

processes has also
improved production
speeds, closing the gap
with winding techniques.”

%
Stacking e
|:’> S
Anode v

Separator

4
! Cathode

a) Winding; b) Stacking

(b)

f

Sources: Tycorun, Bonnen Batteries, Evaluating the Manufacturin

Stacking

Winding

Higher energy density
and thermal manage-
ment due to lower
internal resistance.

Less prone to swelling
& core collapse.

Customizable for
unique form factors, like
EVs & aerospace.

Improved packing
efficiency for
rectangular modules,
maximizing volume
utilization in packs.

Mature,
well-established
technology with lower
production costs.

High production speed
and scalability, ideal for
mass production.

uality of Lithium lon Pouch Batteries

Slower production
speed due to precision
layer alignment & index
motion.

Higher costs due to
complex manufacturing
equipment.

Limited scalability in

high-volume production.

Potential failure (burrs,
delamination, etc.) due
to additional cutting
required.

Slightly lower energy
density due to voids at
edges of rolled layers.

Packing efficiency is
lower for rectangular or
prismatic packs due to
cylindrical shapes.

Prone to localized
hotspots during high
discharge rates.

Rising demand for EVs
and stationary energy
storage systems
highlights stacking's
high-density benefits.

Advances in
automation and
robotics are making
stacking more
cost-competitive.

Popularity in passenger
& commercial EVs and
consumer electronics at
low cost supports
growth.

Innovations in thermal
management solutions
such as shutdown
separators could
address limitations in
heat dissipation.

VFE

Competing
technologies like hybrid
stacking-winding
techniques may reduce
its exclusivity in
precision.

Limited scalability
compared to winding
could deter adoption in
mass markets.

Emerging battery
formats, such as
solid-state cells, could
demand new
manufacturing
paradigms.

VOLTA
FOUNDATION

Fastest growing
solution with
companies like BYD
(Blade battery) and
Apple adopting it for
high C-rate
applications (due to
lower internal
resistance)

Most stable
technology with
companies like CATL
& Tesla and
commercial high
volume
manufacturers are
widely utilizing this
technique due to its
scalability and lower
cost.

p.92


https://www.tycorun.com/blogs/news/stacking-battery-vs-winding;%20https://exencell.com/blogs/stacking-vs-winding-battery-tech-comparison
https://www.bonnenbatteries.com/winding-vs-stacking-which-technology-works-best-for-lithium-ion-batteries/
https://www.researchgate.net/publication/359809456_Evaluating_the_Manufacturing_Quality_of_Lithium_Ion_Pouch_Batteries

TINDUSTRY | CELL & PACK MANUFACTURING | MANUFACTURING PROCESS MAPS

Manufacturing Process Map - 3. Formation

CHALLENGES

slow throughput due to long time required;
fire (most factory fires occur here)

CHARGING &
DISCHARGING

Electrochemical activation.
SEl is formed on the anode

AGING

Battery is stored at a consistent

of total time
manufacturing cost

CHALLENGES
residual gas inside the cell; seal quality;
throughput (a lot of additional CAPEX)

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

Sources: LG Eneray; BCG; RWTH PEM

temperature and humidity to allow for
corrosion mechanisms from potential
contamination

scrap rate

CHARGING,
DISCHARGING, & AGING
The previous processes are
repeated

DEGASSING
22222 f?rlr%ed during aging are QUAL'TY
cut off inside of a vacuum CONTROL

chamber (sacrificial gas bag).
End of line check -

capacity, resistance,
voltage, etc., and cosmetic

VOLTA
VF FOUNDATION

CHALLENGES

Process time, throughput;
factory footprint

CHALLENGES
throughput

CHALLENGES

cosmetic & variation in capacity;
yield
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https://inside.lgensol.com/en/2023/07/infographics-7-how-to-make-a-battery-step-3-formation/
https://www.bcg.com/publications/2018/future-battery-production-electric-vehicles
https://www.pem.rwth-aachen.de/global/show_document.asp?id=aaaaaaaaabdqbtk
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Manufacturing Process Map - 4. Pack Assembly

CONNECTING
CHALLENGES BATTERY CELLS
surface cleaning; weld quality; | Battery cells are connected after
cell to cell matching surface is cleaned
MODULARIZATION .
The cells are attached to the ensuring cable flexibility,
module case Battery cells handling
CHALLENGES PACK ASSEMBLY
damage due to placement The modules are put in the <>
(primarily pouch); large battery pack and connected
machinery required due to APPLY|NG BMS
module mass'& dimensions, CHALLENGES
safety at high voltages A Battery Management System correct wiring and integration
is applied to battery pack of the BMS
CHALLENGES FINAL FINAL TEST
: on wi INTEGRATION ‘ . CHALLENGES
battery pack integration with A series of electrical test testing sequence, results and
other components in EV or BESS | The battery packs are then used in including charge and accepted limits vary between
Electrical Vehicle (EV) and Battery discharge cycle are | manufacturers, resulting in lack
Energy Storage System (BESS) performed to ensure the of standardization
highest quality

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

Sources: LG Energy; RWTH PEM BATTERY REPORT 2024 | P.94


https://inside.lgensol.com/en/2023/08/infographics-8-how-to-make-a-battery-step-4-pack-process/
https://www.pem.rwth-aachen.de/global/show_document.asp?id=aaaaaaaaabdqbtk
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High Yield Production Is Challenging - Reducing Scrap Is Necessary To Compete With China

¥ (da
7% \day)
— :
Scrap Costs [per% scrap rate] ?\ ’ Start of Production
100% ! (SoP) Delay Profit Loss
96,1% e MiotTOW (2023)
* 40GWh/a, NMC811,

w— Gaines et al. (2023) Scrap sold at 70% cell price * %
w— Volta Foundnation Battery Report (2022) 1 - 1 M € per day
80% (average)

— Confidential

**40GWh/a
v ROIENG Berger AABC (2024)

VisiConsult (2023)
60% e @ Reported SoP Delay
Q 3-9 months

-~ 40% (typical)
£
% 7+ months
E (average)
g
S 20%
P : 3 3 » : All battery manufacturers will have to to
s match industry leader CATL. The available and developing technology sets of
Opieation should be the primary solution.

Source: Mastering Ramp-up of Battery Production, Fraunhofer (Both Figures) P. 95


https://publica-rest.fraunhofer.de/server/api/core/bitstreams/a05da13d-ff12-4b67-9f9b-40305e044c27/content
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Cell Manufacturing Issues - Electrode Manufacturing Is Difficult

Every step in battery production presents challenges, but some, like

The illustrates these critical areas, highlighting their

Produces most scrap
during ramp-up

Contamination occurs leading to cell
failure (most relevant for mass production)

02. 03. 04. 05.
Coating & Drying

20 meters Calendering Slitting Vacuum drying

[12. M.

10. 09. 08. 07. 06.
Aging Degassing, Filling 2, Closing Formation |Electrolyte | Packing and Ultrasonic Separating and
| | Filling 1 Laser Welding | Welding 2-Folding

‘ Low Risk of Defects Average Risk of Defects High Risk of Defects ‘ Very High Risk of Defects

DESCRIPTION

EFFECT

VOLTA
FOUNDATION

VFE

carry a significantly higher risk of defects.

MAJOR DEFECTS THAT CAN OCCUR DURING COATING AND
DRYING OF ELECTRODES

agglomerates

closely packed
clusters of the
solid components

mechanical
failure of the
separator;
localized
impedance rise
and capacity loss

pinholes

tiny holes or
missing spots in
the electrode
coating

can affect cell
performance due
to localized
regions where
capacity
balancing issues
occur, potential Li
plating

contamination

impurities of
foreign
substances

can cause fast
battery
degradation and
internal short
circuit (ISC), lead
to hi-pot failure (2)

Sources: Mastering Ramp-up of Battery Production, Fraunhofer (Both Figures but with internal edits*); (2) High-Potential Failure Analysis, Sotto; Detecting the foreign matter defect

in lithium-ion batteries|...], Pan et al.

oo

inhomogeneous heavy
coating load edges
Inhomoge- poor optimization

of the slot die on

n%%up?iccaoﬁag:g the cross-web
profile

heteroge-

neous porosity uneven

of electrodes; calendaring,
capacity leading to

balancing issues electrode
within cell, wrinkles, leading
Rotehtally to cell failure

plating

p. 96


https://publica-rest.fraunhofer.de/server/api/core/bitstreams/a05da13d-ff12-4b67-9f9b-40305e044c27/content
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Investing In QA/QC: - Hardware & Software In The Era Of Industry 4.0 To Improve Ramp Up & Yield

Industry 4.0 is the , driven by advancements in technology, data, and connectivity. Its
transformative potential lies in integrating cutting-edge tools and systems to create smarter, more efficient production environments.

HERE ARE SOME KEY MANUFACTURING QA/QC AREAS IMPACTED BY INDUSTRY 4.0 THAT EVERY MANUFACTURER SHOULD CONSIDER:

@ Sensors and hardware are now designed to be more @ Al/ML are driving the development of incredible inspection equipment & software

compact, accurate, and reliable, enabling broader, quicker that leverages predictive analytics to automate decision making, improving
data collection with greater precision. throughput and quality.

»
e
loT (Internet of Things) has enabled real-time data
collection, integration, and monitoring. It has also allowed
for adaptability (re-calibration for example).

Advanced equipment and software enable traceability across the production line,
key to accelerating ramp up and reducing scrap by identifying defects & yield issues
early.

IT'S ALL CONNECTED. EVERY PROCESS STEP AFFECTS THE NEXT. INTEGRATION AND TRACEABILITY IS KEY.

Other advanced industries like
semiconductor have embraced
this shift, investing billions into

QA/QC & advanced analytics
COATING CALENDAK: SLITTING/NOTCHING WINDING/STACKING FILLING FORMATION & AGING
Sources: The Rise of Industry 4.0 and its Impact on Metroloay, What are Industry 4.0, the Fourth Industrial Revolution, and 4IR? p. 97



https://www.mckinsey.com/featured-insights/mckinsey-explainers/what-are-industry-4-0-the-fourth-industrial-revolution-and-4ir
https://www.qualitymag.com/articles/98388-the-rise-of-industry-40-and-its-impact-on-metrology
https://www.mckinsey.com/featured-insights/mckinsey-explainers/what-are-industry-4-0-the-fourth-industrial-revolution-and-4ir
https://www.pdf.com/battery
#
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Some Core In-Line Measurements To Track Quality - Color Coded By Tool

= = = = =
i= = = ” d
Lt o srre e
i< ¢ ‘® a8 it
S —
MIXING COATING CALENDARING SLITTING/NOTCHING WINDING/STACKING FILLING FORMATION & AGING EOL

DELAMINATION
LID WELDING POSITION ALIGNMENT

17 FOIL/ ELECTRODE ALIGNMENT VOLTAGE SHRINK WRAP INSPECTION
e JHICKEESS CAN CRIMP PROFILE, DIAMETER
=z ELECTRODE s
& BURR INSPECTION TAB BENDING DEFECTS CAN SURFACE INSPECTION
= COAT WEIGHT THICKNESS DELTAV
& DIMENSIONAL TAB, TAPE POSITION CAN EDGE DEFECT INSPECTION COSMETIC DEFECTS
7 | FOREIGN PARTICLES m}’gg'E'::KT'](E)N MEASUREMENTS Sy
s VISCOSITY DEFECTS ACIR, DCIR MEASUREMENTS

Note: List is non-exhaustive HI-POT REJECTS
@ TYPICAL TOOL(S) USED
o
>
- LEAK DETECTOR ELECTRICAL SAFETY PRECISION a
5 OPTICAL VISCOMETER (USUALLY HELIUM) LASER SCANNER TESTER BALANGE CD EQUIPMENT X-RAY/CT
|C_) Note: List only highlights primary tool used

Source: research done on multiple tool providers and insights from manufacturing experts pP. 98
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QA/QC Technologies - High Resolution Electrode Inspection In-Line
9
In the past, electrode morphology has been key in R&D. But, not in manufacturing, largely due to il S e %
being nearly impossible. Now, manufacturers are A i —— z

, due to its impact on cell quality, and
Let's dive into why this is important and how it's done.

more than pretty pictures

- EXAMPLE METHOD

[%3
=
S
d
z
@
2
2
o
=
o
F A
z
@

Contamination: Causes fast battery degradation and internal short
circuit (ISC), leads to battery failure.

Optical Hardware Al/ML Engine

e Agglomerations and
contamination

Agglomerations: Causes defects in coating, leads to scrap.

o Larger Grains: Enables uniform lithium deposition, reduces dendrite
e Grain size, arrangement formation - Improves safety.

and uniformit
v Grain Arrangements: Helps ionic and electronic pathways,

. . o
e Surface roughness improves tortuosity. ’
Uniform Grain Size: Boosts energy/power density; non-uniformity Tami i
. . . e |-5 micron resolution
e Voids in electrode causes stress, cracks, and degradation. o Can operate at film speed o Instant image processing
structure ) . o Takes 50+ images/sec o Identifies and measures each
Defects & Voids: Increases resistance, weakens structure - Reduce e Lighting system to enable 3 image feature

T directional observations
o Defect progression efficiency and long-term performance.

(cracks, fractures) Read the papers linked below to find out more Provider example: pDFIS OLUTIONS"

Sources: PDE Solutions, High-Potential Failure Analysis, Sotto; Detecting the foreign matter defect in lithium-ion batteries|...], Pan et al.; The Impact of Li Grain Size on Coulombic Efficiency in Li Batteries,

Mehdi et al.; Particle size and zeta potential of electrode materials: better characterization, better performance, Anton Paar; Balancing particle properties for practical lithium-ion batteries, Zhang et al.;

Effect of the grain arrangements on the thermal stability of polycrystalline nickel-rich lithium-based battery cathodes, Hou; Identifying the Origins of Microstructural Defects Such as Cracking within P. 99
Ni-Rich NMC811 Cathode Particles for Lithium-lon Batteries, Heenan et al.; The influence of void space on ion transport in a composite cathode for all-solid-state batteries, Hlushkou et al.; Probing the

particle size dependence of nonhomogeneous degradation in nickel-rich cathodes for high-energy lithium-ion batteries, Song et al.


https://pdf.com/battery
https://pdf.com/battery
https://pdf.com/battery
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QA/QC Technologies - Terahertz

To date no sensor technology was capable of measuring coating density, coating thickness
and conductivity simultaneously, accurately and rapidly during the in-line coating process.
Terahertz sensors offer a solution that provide density, thickness and conductivity in

one measurement, allowing for real-time feedback and control.

e Density of the coating
e Thickness of the coating

e Conductivity of the
coating

e Electromagnetic
Wavelength T mm to 100
pm

e Currently deployed at US
battery manufacturer

Sources: Teraview

Density of the coating: The mass of active material per unit area
dictates the final capacity of the electrode and while higher coat
weights are desirable to increase energy density, they typically also
lower the power density.

Thickness of the coating: Ensuring the homogeneity of coating
thickness in the production process is one of the biggest challenges
in high volume manufacturing. Thicker electrodes contain a greater
amount of active materials, increasing energy density, but also have
greater diffusion distances, lowering power output, as well as
potentially causing uneven response across the electrode and
leading to quicker degradation.

Conductivity of the coating: High conductivity improves the
capacity at higher discharge rates, with more energy extracted from
the battery at a given time.

VOLTA
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|| single incident THz pulse
e B B
o
1
o
'
'
'
'

multiple reflecte

pulses

conductive coating
Metal substrate

Reflected THz pulses
from different layers

- EXAMPLE METHODS

1: Terahertz measure of coating density & thickness
Coating speed Drying time Gap
Coating gap Temperature Pressure
Web tension Airflow Speed
Temperature Temperature - Feedback

2: Feedback to via adjustment & control

Provider examples: LUNlAﬁ

p. 100
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https://teraview.com/battery/
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QA/QC Technologies - CT-Scanning Is Transforming Battery Manufacturing

A Computed Tomography (CT) Scan uses X-rays to create detailed 3D images of battery
components. The sample rotates while X-rays pass through it, capturing multiple 2D
projections. These projections are reconstructed into a full 3D model for internal analysis.

Unlike traditional 2D inspection, CT provides complete volumetric data over the battery
cell.

Nondesmae | Sitelo | et | spmly | e
Cycling & Storage X X V] X
Ultra High Precision Coulometry (UHPC) b 4 > 4 (V] X
(15) X V] X
OCV decay during formation b4 X
High Potential testing (HiPot) X
Dissection X X
Cross section X X X
In-line vision X
Acoustics X
2D X-ray imaging X
3D X-ray imaging (CT scanning)

SELECTION OF COMPANIES OFFERING BATTERY CT:

ecillum @ cLIMPSE RQYMA

ENACOM :Vfbattery nt lumafield

Sources: Table from "Battery Quality Control via High throughput CT Scanning”

iNnmnometry

EMERGING CT TECHNOLOGIES:

CT inspection for batteries must match the high
throughput of battery production. In 2024, new
techniques have emerged, using Al-supported
reconstruction algorithms, fast detectors, or
high-brightness X-ray sources.

As an effect of the increased scanning speed, CT
scanning of full cylindrical cells at high speed has
been developed - with throughputs approaching full
cellin-line CT.

With increasing scan speed, and in-line CT, extreme
data volumes will be generated (~50 GB/cell). To
manage this effectively, robust data management tools
are required for easy data access, storage, and
sharing. In response, new cloud based tools have
been developed to address these challenges.

I \I/
wq~ygute @
Technologies Nikon

UNICOMP
TECHUVALLEY

P. 101
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https://www.lumafield.com/article/ultra-fast-ct-scans-in-as-little-as-one-tenth-of-a-second
https://www.lumafield.com/article/ultra-fast-ct-scans-in-as-little-as-one-tenth-of-a-second
https://www.dectris.com/en/detectors/x-ray-detectors/
https://www.excillum.com/industries-markets/battery-inspection/
https://www.globenewswire.com/news-release/2024/10/07/2958876/0/en/VisiConsult-and-Glimpse-Partner-to-Launch-a-High-Resolution-Seconds-Long-Full-Cell-Scanning-Capability-for-the-Battery-Industry.html
https://www.globenewswire.com/news-release/2024/10/07/2958876/0/en/VisiConsult-and-Glimpse-Partner-to-Launch-a-High-Resolution-Seconds-Long-Full-Cell-Scanning-Capability-for-the-Battery-Industry.html
https://www.globenewswire.com/news-release/2024/10/07/2958876/0/en/VisiConsult-and-Glimpse-Partner-to-Launch-a-High-Resolution-Seconds-Long-Full-Cell-Scanning-Capability-for-the-Battery-Industry.html
https://glimp.se/
https://glimp.se/
https://www.nasa.gov/wp-content/uploads/2024/01/battery-quality-control-via-high-throughput-ct-scanning-peter-attia.pdf?emrc=677b3edff3816
https://www.excillum.com/brightness-as-key-performance-metric/
https://www.excillum.com/industries-markets/battery-inspection/
https://vcbattery.com/
https://www.roymatek.com/en/
https://exacom.tech/
http://www.innometry.com/en/mobile/
http://eng.techvalley.co.kr/
https://www.unicompxray.com/
https://glimp.se/
https://www.nasa.gov/wp-content/uploads/2024/01/battery-quality-control-via-high-throughput-ct-scanning-peter-attia.pdf?emrc=677b3edff3816
https://www.nature.com/articles/s41467-025-55861-7.epdf?sharing_token=j9je4LM8nJvkg6g2rLaUVNRgN0jAjWel9jnR3ZoTv0OsmIyOTMEzg-GAFRu0QQKqT9YeXUBGLIBUOBVZw8Rsht7dCTfn2frX8poLjPetBdYy3KgRHOl1zhZqUjhg8TehMmcugzTkQNjzjOd2XZE3ypEFXj7UNLlJTLZbyNMKjlA%3D
https://www.lumafield.com/
https://industry.nikon.com/en-gb/products/x-ray-ct/
https://www.bakerhughes.com/waygate-technologies/industrial-radiography-and-ct
https://www.zeiss.co.uk/metrology/products/systems/computed-tomography.html
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QA/QC Technologies - High Resolution-High Throughput Ultrasound

Ultrasound has emerged as a promising non-destructive testing approach for battery inspection. Factors
such as material properties, density, and porosity influence the interaction of ultrasonic waves with battery
materials. In lithium-ion batteries, wave propagation can be described using theories like Biot's theory for

fluid-saturated porous media or the slurry model for electrode coatings.

e In-line, high voxel count
imaging

e Software enabled
metrology

e Software enabled
electrical test (SoC)

e Typically operates on
frequencies between 1-10
MHz

e Currently deployed at US
and EU battery
manufacturers

Thickness & Density Measurement: Measures electrode thickness
and uniformity to maintain consistent performance.

Electrolyte Distribution Analysis: Evaluates the uniform distribution
of the electrolyte, critical for battery efficiency.

Adaptability to Various Battery Chemistries: Compatible with
lithium-ion, solid-state, and other emerging battery technologies.

Quality Control: Ensures proper alignment of components and
verifies manufacturing precision.

Data Integration: Provides data for process optimization and
feedback into manufacturing systems.

Defects & Voids: Increases resistance, weakens structure -

Sources: |mperial College London, Liminal Insights, Titan Advanced Energy Solutions

VOLTA

VF

- EXAMPLE METHODS

d

200
A1IMHZ 5 Mz prove

———7.5 MHz probe|

Amplitude (a.u.)
Amplitude (a.u.)

Gy
2, bty

o,

2 \ g
Shear /N [ 5 0 5 10 15 20

2 3
Time (us) Frequency (MHz)

Current collectors / \ f
cw A/
lo_ —— First packet

5 MHz probe
Second packet

418 MHz

{7 MHz

Amplitude (a.u)
Amplitude (a.u)

Second
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x5

B
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Repetitive unit Time (us) Frequency (MHz)

Provider examples:

TITAN liminal
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https://www.sciencedirect.com/science/article/pii/S2352152X22006016
https://www.liminalinsights.com/blog/demystifying-echostat-understanding-ultrasound-diagnostics-in-ev-battery-cell-inspection/
https://www.titanaes.com/post/ionsight-to-be-integrated-into-honeywell-s-battery-manufacturing-excellence-program

COME TOGETHER

Accelerate your journey to high-volume production with
scalable technology: closed-loop control, connected
quality management and a manufacturing execution
system designed for the battery industry.

Honeywell

Sponsored Content


https://process.honeywell.com/us/en/industries/sheet-manufacturing/lithium-ion-batteries

VF

| OVERVIEW

VOLTA
FOUNDATION

Notable Events

Industry Value Chain
Finance

Costs

Cell & Pack Manufacturing

Electric Vehicles (EV)
Battery Energy Storage Systems (BESS)
Other
Safety
Legal
Chemistry
Cathode
Anode
Electrolyte & Separator
Solid State
Lithium - Sulphur
Non-Lithium Chemistries
Supply Chain & Raw Materials
Recycling & Reuse
Software

p.104
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Applications Overview

Global EV demand remains intact. The growth
rate has slowed down, but this is not affecting
all markets and companies.

To adapt to this unprecedented change in the
automotive industry, automakers are prioritising
affordable and competitive vehicles.

BEV batteries are trending towards larger
form-factor cells, primarily prismatic formats.

Automakers are accelerating plans for
module-less pack architecture.

The market for battery energy storage systems
(BESS) is booming, with installations starting to take
more % of battery adoption in recent years.

Rapidly falling costs, coupled with policy and
technical innovations, have led to increasing BESS
adoption, led by grid-scale installation.

Grid-scale Li-ion systems have led the sector, but
rapid innovation abounds in other ESS sectors such
as Residential, C&l, VPP, V2G and LDES.

The industry has made improvements on safety but
continues to face challenges as codes, standards,
and public perceptions of BESS evolve.

VOLTA
v F FOUNDATION

Aviation companies are near market
readiness by using high-end Li-ion batteries.

New markets showing in off-highway EVs,
light-EVs, trucking, maritime battery market.

While e-bike sales dominate the
micro-mobility market, addressing fire risks
and safety standards is a priority.

Al data centers are consuming more batteries

to enable renewables integration, UPS, load
leveling, power quality, and other services.

P. 105
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EV Cell Production - Milestones And Alliances

& & | [

Agreement_to supply 1100,000 new EVs to Uber's
cylindrical cells for BEVs global platform

S CATL‘@ < | [9m

......

Partnership to support Joint venture for EV production

Investmgnt for develop. Hyundai EVs in China inUS
of Sodium-lon tech
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CATL
Joint venture to build LFP
battery plant in Spain (50GWh

projected capacity)

@\um

Extend 14 year partnership to
develop prismatic cells

LGEnergy Solution

Joint venture to supply 109 GWh
batteries for Ford commercial EVs

LG

zzzzzz

Joint venture to
develop Li-S batteries

, for EVs
CATL | R NIO @ | O N
LGEnergy Solution SUBARU LGEnergySolution | RIVIAN
Agreement to promote research Agreement to supply LFP pouch Joint establishment of new factory  Five year agreement to supply
for long-life batteries for power cells to Ampere-39 GWh capacity for battery production in Japan 67 GWh of 4695 batteries

swap stations

Source: News Articles Linked Above
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https://news.panasonic.com/global/press/en240906-4
https://www.catl.com/en/news/6228.html
https://www.catl.com/en/news/6238.html
https://lgensol.pl/en/lg-energy-solution-to-supply-lfp-ev-batteries-to-renault-groups-ampere/
https://www.byd.com/us/news-list/BYD-and-Uber-Partner-to-Accelerate-Global-EV-Transition
https://www.samsungsdi.com/sdi-now/sdi-news/3942.html
https://www.subaru.co.jp/news-en/2024_09_06_154205/
https://news.lgensol.com/company-news/press-releases/3297/
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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Global EV Demand Remains Positive But Battery Usage Slows Down

mBEV 17.7M (+25% YoY) = BEV g\?vf (+16% YoY)
747
PHEV PHEV 747 NN
14M
95
526
10M GWh
53
oM 288
GWh 652
El +14% YoY
474
7.4
oe
2021 2022 2023 2024 2021 2022 2023 2024

Source: Content & analysis provided courtesy of CRU Group (Distinguished Partner). For more information, visit hitps://www.crugroup.com.
*EV includes BEV, PHEV, EREV. Showing passenger cars and light commercial vehicles.
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https://www.crugroup.com
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EV Slowdown Is Not Uniform Across All Markets And Companies

BEV sales by region EV* penetration by region, % BEV market share, 2024

=8=_China

=@==Europe

==—North America
Rest of World

Chinese
legacy

‘ A0/, ) 39 17%
5% o 5
China Europe North America ;
2021 m2022 =m2023 2024 2020 2021 2022 2023 2024

Source: GlobalData Auto, CRU Group. *EV includes BEV, PHEV, EREV. Showing passenger cars and light commercial vehicles. P. 108


https://www.globaldata.com/industries-we-cover/automotive/
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Some OEMs Cut Back Ambitious EV Targets & Investments, While Others Reaffirm Commitments

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

BEV)

(Group now expects
PEVs to account for
~50% of total sales by
2030, instead of 2025
previously)

(Reduced BEV
production target,
from 300k in 2024

to 250k. 2025

target in doubt)

e
TOYOTA
(Lowered BEV
(Pushed back plans xo% production target by
launch a BEV from 2025 around 30%)
t0 2027 and plans to sell
ICE models well into
2030s)

H
i
1
i
i
1
i
: H | D
H I '=<

) =

g m (Delayed rollout of
-_— == two BEV models
GENESIS due to robust PHEV
demand)

(Delayed target of all

new models being ZEV
by 2025, with ZEV only
target by 2030 in doubt)

m Source: CRU Group, company announcements. PEV = BEV, PHEV, EREV

(Rethinking 2030 BEV
only target in Europe,
while expanding its
hybrid offering in
North America)

(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)

The slowdown in demand for some legacy
automakers has prompted them to reassess their
aggressive BEV targets and cut back on investment
plans, while other companies have reaffirmed their
commitments.

Some have pulled back on their hybrid lineups, and
others are lobbying policy makers to relax regulations.

The slowdown is seen as a relief providing them
more time to enhance their BEV capabilities and
competitiveness.

Held firm on its 2030 target for
EVs to be 70% of EU and 50% of
U.S. and China sales

@ Targeting 5.55 million annual
global sales by 2030, a 30%
HYUNDAL jncrease from 2023
Raised its 2024 sales target to 4
@ million, up from the previous
estimate of about 3.6 million

P. 109


https://www.hyundai.news/eu/articles/press-releases/hyundai-2024-ceo-investor-day.html
https://www.hyundai.news/eu/articles/press-releases/hyundai-2024-ceo-investor-day.html
https://www.hyundai.news/eu/articles/press-releases/hyundai-2024-ceo-investor-day.html
https://cnevpost.com/2024/09/10/byd-2024-sales-target-4-million/
https://cnevpost.com/2024/09/10/byd-2024-sales-target-4-million/
https://cnevpost.com/2024/09/10/byd-2024-sales-target-4-million/
https://www.crugroup.com/en/communities/thought-leadership/2024/will-bev-sales-in-europe-grow-next-year/
https://www.crugroup.com/en/contact-us/
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Automakers Pushing To Shorten EV Development Times

-50 M -40 M -30 M 20 M -10 M SOP
¢ 2 hd 2 2 * Shorter vehicle development
Established OEMSs with classical OEMA  47Mo. | | > .
high-quality development cycles : Tech. Spe. : : : | 50-60 months times provide many
CEME EiEC P For new battery advantages: Battery and BEV
oeme | Pl . ‘ j (Rlatom technology is changing rapidly
| Tech spec. | § and OEMs need to be able to
Established OEMs with updated OENE 3656 o, - p— make rapid changes, eg. switch
development cycles, existing 3 3 ToctSpec, ; 3 ! For new battery on to a new battery in the middle of
electronics platform OEME 30-36 Mo. | . : : | existing electronics a program life cycle.
| i Tech. Spec. ! ¢ . platform
OEM 7 36 Mo. 1 .
° 3 : Tm’s,m.i 3 { ; ﬁ0-48bmonthsI y Chinese and new EV players set
New OEMs with strong vertical New OEM 40 Mo. | I —— attery platiorms - the benchmark for
integration & market position 9 M. ‘; 5 3 | i development times: typically
0 OEMH 45Mo. | : 50— |135-24dm0mhs one year shorter, and less than
| ‘ ' ‘ iy half if using an off-the-shelf
) __I ;
@oemit  wswo | %Sm < " battery pack (OTS) pack solution.
New OEMs using off-the shelf 0 BERG  =id R, 3 5 3 TS i plattform
pack : : ! : PO :
_ Rl now New Paf:k, exist. I Off-the-shelf Strategy

electronics / cell Phase

Roland Source: Content & analysis provided courtesy of Roland Berger (Distinguished Partner). For more information, visit P. 110
Berger https://www.rolandberger.com/en/Insights/Global-Topics/Battery/. .



https://www.rolandberger.com/en/Insights/Global-Topics/Battery/
https://www.rolandberger.com/en/Insights/Global-Topics/Battery/
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BEV-ICE Price Parity Achieved In China, While The Rest Of World Catches Up

+43%

premium
compared to ICE

45,970

Elu)

BEV premium
but falling

H1 2024
H2 2023
H12023

rho

+75%

38,184

BEV premium
and rising

-5%‘_|
15640 )
N

ICE discount
and falling

Price parity not achieved [}
Price parity achieved -

motiocn BloombergNEF  Source: Main content provided by [1] Rho Motion, [2] BloombergNEF (Distinguished Partners)

EV priced lower than ICE EV priced higher than ICE
100%

2019 2020 2021 2022 2023 1Q 2024

Chinese OEMs have achieved price parity by a
combination of:

Underlying cost reductions

Intense price competition

Economies of scale

Local and national incentives for consumers

P.1M


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#:~:text=From%202009%20to%202023%2C%20we,eliminated%20it%20beginning%20in%202023.
https://rhomotion.com/research/ev-battery-quarterly-outlook/
https://about.bnef.com/contact/
https://rhomotion.com/
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There Is An Upcoming Wave Of Small, More Affordable, BEVs In Europe
N LA
{Mini — Mini gy =Le05n?o?o' 703
Nl gl [ —
oo [ 2024 __ 8,
(Renault -4 l]. :smao' Eroq ¢ )
@RENAULT' O

1 2025-

_______ <L o —mooal
------ : — J——
( Skoda - Epiq @ | Kia - EV2 I
12025- w0 [ P 12026- )
______ = | “—e o -
( VW - 1ID.2 SUV l 4 Renault = Twingo |
1 2026- @ 12026-  {Ynesaury
— ‘
upra — rRava or uma - |
1 2025— ===== ) 1 2024— <>
_______ —. -—— - - — -
______ & _——————
( VW -1ID.2 I I'Fiat - Panda |
12025- @ ) 1 2024~ )
rho o
mOhon Although not shown here, there are also affordable Chinese imported models on sale or planned. P. 112

Content & analysis provided courtesy of Rho Motion (Distinguished Partner). For more information, visit https://rhomotion.com/research/ev-production-guarterly-outlook/.
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Many OEMs Shifting Toward Plug-in Hybrids

900

800

700

600

PHEV sales, thousand units
World 22 kWh avg
e ChiiN@ @ 25 kWh avg
e EUrOpE @ 15 kWh avg
—N.Am <& 18KkWhavg.

1,000 Battery installations in vehicle production, GWh

800
600
400
200

0

PHEV

mBEV
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PHEVs are benefiting from more favorable pricing,
similar incentives to BEVs (China only), vehicle
variety, and increased driving range with bigger
packs

Series range-extender EVs are in a revival,
starting with Chinese and now US automakers.

EREVs constitute almost one third of PHEV battery
demand

EU regulations are encouraging OEMs to increase

2020 2021 2022 2023 2024 pack capacities, but the 2035 ZEV-only mandate
500 restricts PHEVs
400 XEV sales, milion units ° us QEI\/IS haye been leaning on thelr.hy.brld
vehicles offerings, and latest EPA emissions
300 14 BEV+14%, standards allow them greater flexibility in meeting
12 Yib average emissions targets using different
200 10 powertrains
8
100 \/\/\/‘N\/\/-/' 6 o PHEVs are propping up the battery demand
0 e il 4 growth rate in the short term, but on balance the
T T S R S S S SN 2 pivot to hybrids constitutes a net downgrade to
& & & & & & & & & 0 battery demand as pack capacities are much
N Y FFN Y F O 202220232024 202220232024 2022 2023 2024 smaller than BEVs
Source: Content & analysis provided courtesy of CRU Group (Distinguished Partner). For more information, visit https://www.crugroup.com. Range extender EVs (EREV) P. 113

included in the PHEV category.


https://www.crugroup.com
https://www.crugroup.com/en/contact-us/
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Revival Of Range Extender EVs (EREV)

EREVs are series plug-in hybrids - essentially a BEV carrying a small ICE engine to charge the battery when needed.
Both pure-play Chinese BEV markers and legacy automakers adjusting their powertrain strategy to include EREVs.

08/24 - Announcing new EREV models with 900 km total range, adjusting prior brand strategy
@ HYU n D HI Planned SOP before 2030

P 1/24 - Announcing new EREV models under their Firefly brand for Middle east, North Africa and Europe

o8 NIO Planned SOP 2026

-~ PENG 1/24 - Announcing new EREV model with 1,400 km total range & 430 km pure electric and 5C charging rate

N Planned SOP H2/2025

H ZEEKR 08/24 - Announcing new EREV models featuring a new electric-hybrid powertrain technology

Planned SOP H2/2025

@ xX130mi 09/24 - A leaked document of Bosch showing an EREV model - SUV with codename N3
Planned SOP 2026

M 05/24 - Announcing new EREV models with CATL battery (39 kWh) - total range 1,150 km & 245 km pure electric

Planned SOP 2026

AVANT R

STELLUANTIS 11/24 - Launching large models under the STLA Frame platform with 1,100 km range

Source: Hyundai, Nio, Peng, Zeekr, Xiaomi, Avatr, Stellantis P. 114


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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EU Hikes Tariffs On Chinese-made BEVs

New tariffs are impacting Chinese EV exports to the EU, encouraging localisation in the long term but hindering EV adoption in the short term,
although some manufacturers are absorbing the cost increase.

Manufacturers who cooperated but were o o o o o Total
not sampled 45.3% 31.3% 28.8% 27.0% 17.8% Tariff Production sales
@ - D] @wb O 2024: 1M M —— =
[T = LenmmoTOR @
= @ o

W) K2inx Qmo e

CHANGAN @W'9 ° 77 ™ WIS

> xP=ENG

China

RMiZEFERE]
uuuuuuuuuuuuuuuu e ZaN
@ CHERY 213% 18.8%
Great W: Additional
il AR Z tariff
N < AN EO Tariff
This rate is applied to S - %
manufacturers who did not Manufacturers ;E-EI; ' NAM
cooperate and were not who ’
sampled cooperated T=sLA
but were not
sampled
Rest of World

P. 115

rh
mgﬁon m Source: [1] Content & analysis provided courtesy of Rho Motion (Distinguished Partner), [2] CRU Group (Distinguished Partner)


https://rhomotion.com/research/ev-battery-quarterly-outlook/
https://www.crugroup.com/en/communities/thought-leadership/2024/eu-s-tariffs-on-china-made-bevs-will-have-widespread-impacts/
https://www.crugroup.com/en/contact-us/
https://rhomotion.com/
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Chinese OEMs' Responses To Additional EU BEV Tariffs

BYD - Szeged, Hungary ;— & —

Production to start H2 2025

SAIC - Gadlicia, 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.

e ——

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.

rho .
mOhon https://rhomotion.com/research/ev-production-quarterly-outlook/.

:

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.

Leapmotor - Tychy, Poland

LY

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.

NIO

Content & analysis provided courtesy of Rho Motion (Distinguished Partner). For more information, visit
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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
( ‘,)

1%
Great Wall

HONDA

—

v

TESLA

P. 116


https://rhomotion.com/research/ev-production-quarterly-outlook/
https://rhomotion.com/
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Chinese Automakers Expand Into Europe And The Global South

L] (SAIC)

LeAmmoTOR

@D <=2 GEELY

X

GEELY”

(SAIC)
<z

CHERY

®

vy
i
#

{
f

Source: Content & analysis provided courtesy of CRU Group (Distinguished Partner). Not an exhaustive list. Includes kit production. *Geely's presence in the US is through

'tg:u

7

GEELY
(SAIC) Wit
t ® O =

wnEE Kﬁﬂﬁ @_

T L

GEELY

»

LeAmmOTOR

Rising trade tariffs are
subduing export volumes 2>

2021 2022 2023 2024

its ownership of the Volvo brand, owned by Geely Group. BYD postponed plans its plans in Mexico in September 2024.
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Chinese companies are expediting
global expansion and leveraging
their cost advantages

Domestic competition and foreign
trade policies are prompting them to

, despite the higher
costs of production and supply chain
procurement

Europe has welcomed localization
but US has, generally speaking,
been against Chinese entry

Chinese OEMs are therefore
focusing on 'Global South' and third
countries, such as Hungary, Mexico,
Brazil, South East Asia

P. 117


https://www.crugroup.com/en/communities/thought-leadership/2024/eu-s-tariffs-on-china-made-bevs-will-have-widespread-impacts/
https://www.crugroup.com/en/contact-us/
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China's Subsidies For EV Companies Have Been Scaled Back

EWUS M China
V

W
BYD
SAIC

GM

Tesla

Great Wall -

Toyota -

Chongging Changan -
g |
Dongfeng .

Seres I
sac]

Nissan North America I
|

o 1B

Source: Bloomberg, Good Jobs First
Note: US data is for 2023. China data is for latest fiscal year.

For more on policy, see Policy Section.
Source: Bloomberg News
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B US M European M Chinese M Japanese M Korean Date WACC Weight of debt Cost of debt Cost of equity
Zhofiang Geoly I Kia RO TR 286% 209
—_— ] GM Mo I 22 5.38 112
- ] Geely | X I 450 1.99 10.9
Honda Wss I - 067 120
BMW Wss [ [ZE 2.32 10.8
&M [ ] Mercedes  [l5.2 B s - 236 109
Mercedes-Benz - SAIC . 54 - 61.4 1.82 10.3
Stellantis - vw 5] I 7o 7 263 12.4
Tesla - Source: Bloomberg
Note: WACC=weighted average cost of capital.
, . 1 I |
-20 ] 20 40 60%
2B $3B
Source: Bloomberg
Note: Shows the gap between five-year aggregate net income and five-year aggregate pre-tax income,
as a share of the pre-tax income figure. Five-year aggregates have been chosen to smooth out inter-year
volatility.
P. 118


https://www.bloomberg.com/opinion/articles/2024-11-03/china-can-t-cut-electric-vehicle-subsidies-it-isn-t-paying
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Automakers Accelerate Plans For Module-Less Pack Architecture

Cell-to-Pack and Cell-to-Body configurations offer benefits of increased energy density, less weight, and less component cost

[ ]
° They are often in combination with large-format cells
° The improved pack-level energy density has enabled LFP's suitability in the largest vehicles
° There are technical and end-of-life challenges to be managed, but cost reduction reduction has taken priority
c2c
XPENG @ - S
BYD @ SEPA 2.0 - . b SN
Platform 3.0 G6 f—— - Cell-to-Body —|
CATL/ ’
ZEEKR @
2P BYD @ @ Ford £
& Platform 2.0 SAIC/MG 009 Mach E STE‘I;)I;ANTIS ®
Mercedes ®
TESLA € L
Model Y BMW @
(NMC) New class
c2m
LUCID w @ GM
RIVIAN
—_— @& OO @@
2020 2021 2022 2023 2024 2025 2026 2027 2021 2022 2023 2024

S‘e’ll%rg i m Source: Main content provided by [1] Roland Berger (Distinguished Partner), [2] CRU Group (Distinguished Partner) P. 119


https://www.rolandberger.com/en/Insights/Global-Topics/Battery/
https://www.crugroup.com/en/contact-us/
https://www.rolandberger.com/en/Insights/Global-Topics/Battery/
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Innovations In EV

2 NIO

Battery Pack Architecture

@ [}

NIO ET7 rolls out with semi-solid state Mercedes & Factorial form a partnership

battery.

N
O@t/umScupe

QuantumScape starts B sample
production of SSBs.

r 4

SAKUU
‘g

Revolutionizes_cell
manufacturing with 3D
printing, producing
custom-shaped,
high-performance SSBs while
eliminating wet processes for
speed and scale.

to develop SSBs.

W

Honda unveils SSB
production line readiness.

Powder-to-electrode - directly applies
X dry electrode powder to current

AM BATTERIES collectors using advanced spray
technology.

Electrode-to-pack - integrating

24m electrodes directly into the battery pack,
bypassing conventional cell and module
assembly.

Xerotech

aSPen aerogels

T @
W & @ o

Aspen PyroThin - an insulating material
designed to prevent heat & fire spread in
packs. Used in GM Ultium platform &
contracts with Toyota, Scania & Audi.

Xerotech Hibernium -
‘ Scalable modules made with
A 21700 cells. 678 different
packs made with identical

modules that come in only 6
different sizes.

24n Impervio separator prevents
. . dendrite formation inside the

cell further enhancing safety.
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@ LG Chem

'Safety Reinforced Layer" a thin material
between the cathode and current collector,
increases electrical resistivity at elevated
temperatures, preventing shorts and
potential fires.

AsahiKASEI “uliy

Woven composites are advancing
enclosures, with companies like Asahi Kasei &
SABIC working on materials that enhance
thermal runaway protection & integrating
built-in cooling channels.

p. 120


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://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.technologyreview.com/2024/10/16/1105504/aerogel-ev-battery-fire/
https://www.nature.com/articles/s41467-024-52766-9
https://www.electricmotorengineering.com/batteries-with-3d-printing-here-is-the-success-of-sakuu/
https://www.electricmotorengineering.com/batteries-with-3d-printing-here-is-the-success-of-sakuu/
https://www.electricmotorengineering.com/batteries-with-3d-printing-here-is-the-success-of-sakuu/
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/#:~:text=The%2024M%20Unit%20Cell%20can,will%20deliver%20truly%20transformative%20solutions.%E2%80%9D
https://www.emobility-engineering.com/xerotech-battery-system/
https://www.compositesworld.com/products/composites-resins-portfolio-supports-ev-applications-sustainability
https://interestingengineering.com/energy/24m-technologies-lithium-battery
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Cell Formats - BEV Market Trending Towards Large-Format Cells, Primarily Prismatic

Cell format is influenced by chemistry and
vice versa - LFP is driving trend towards
prismatic

Prismatic is virtually the only format shared
between both chemistries today

2024
GWh

BEVs Chinese manufacturers are the market

leaders and they prefer prismatic -
middle-of-the-road solution between the
energy density of pouch vs. mechanical
robustness of cylindrical

2019 2020 2021 2022 2023 2024 C)

Source: Content & analysis provided courtesy of CRU Group (Distinguished Partner). For more information, visit https://www.crugroup.com. Note: ‘Nxx" includes NMC and P. 121
derivatives :


https://www.crugroup.com
https://www.crugroup.com/en/contact-us/
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Cell Formats By Battery Manufacturers Trending Towards Prismatic And Primary Contributors From Asia
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Sources for primary form factors: Added to company icons
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AUTOMOTIVE CELLS Co

=All, YALD, SUNWOMd, LULS,

Large and small icons denote prlmary and secondary cell preference respect\vely
*Prismatic cell icon used as best fit for blade battery representation
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https://www.catl.com/en/news/1016.html#:~:text=2022%2D09%2D09,be%20sourced%20from%20certified%20mines.
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#:~:text=Toshiba%20has%20prototyped%20a%20pouch,pack%2C%20up%20to%20electric%20vehicles.
https://technode.com/2024/05/20/chinas-gotion-unveils-new-batteries-global-expansion-on-track/#:~:text=Gotion%20is%20aiming%20to%20begin,at%20room%20temperature%2C%20said%20Gotion.
https://www.sae.org/news/2023/01/bmw-future-batteries---ulrich#:~:text=BMW's%20global%20plans%20envision%20six,sweeteners%20to%20keep%20business%20humming.
https://www.catl.com/en/uploads/1/file/public/202106/20210617132842_6pdubp7st7.pdf,%20https:/www.alibaba.com/product-detail/CATL-3-2V-20AH-Lifepo4-Battery_1600934161470.html
http://www.calbusainc.com/products
https://www.lgensol.com/en/business-automotive-battery
https://www.farasis-energy.com/app/uploads/2023/12/Broschure-Produktubersicht-Product-overview_2023_WEB_EUR-1.pdf
https://digitalassets.tesla.com/tesla-contents/image/upload/IR/2020-battery-day-presentation-deck
https://www.stellantis.com/en/news/press-releases/2021/september/stellantis-and-totalenergies-welcome-mercedes-benz-as-new-partner-of-acc
https://www.nissan-global.com/EN/INNOVATION/TECHNOLOGY/ARCHIVE/LI_ION_EV/
https://www.evebatteryusa.com/lithium-ion
https://www.svolt.cn/en/solution/passenger
https://www.skbatteryamerica.com/business/product.html
https://www.samsungsdi.com/business/index.html
https://www.global.toshiba/content/dam/toshiba/ww/products-solutions/battery/scib/pdf/ToshibaRechargeableBattery-en.pdf
https://energy.panasonic.com/na/business/products/lithium-ion
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Cell Formats By Vehicle Manufacturers Similar Trend As Battery Makers With More Distributed Market
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Sources for primary form factors: Added to company icons

Large and small icons denote primary and secondary cell preference respectively. T P.123
*Prismatic cell icon used as best fit for blade battery representation


https://en.byd.com/news/byds-new-blade-battery-set-to-redefine-ev-safety-standards/
https://global.geely.com/en/news/2024/geely-auto-unveils-new-short-blade-ev-battery-technology
https://www.toyota-battery.com/en/
https://global.honda/en/newsroom/news/2023/c230113beng.html
https://digitalassets.tesla.com/tesla-contents/image/upload/IR/2020-battery-day-presentation-deck
https://www.energy.gov/lpo/ultium-cells#:~:text=The%20cells%20manufactured%20by%20Ultium,more%20range%20at%20less%20cost.
https://www.stellantis.com/en/technology/electrification#:~:text=We%20have%20just%20extended%20our,components%20such%20as%20battery%20packs.
https://www.bmwgroup.com/en/news/general/2022/gen6.html
https://www.sae.org/news/2021/03/volkswagen-unified-cell-battery#:~:text=it%20appears%20VW%20intends%20to,of%20range%2Ddictating%20energy%20density.
https://group.mercedes-benz.com/innovation/digitalisation/industry-4-0/article-2.html#:~:text=Efficient%20and%20sustainable%20cell%20technologies&text=Mercedes%2DBenz%20relies%20on%20a,the%20use%20of%20new%20technologies.
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#:~:text=China's%20CATL%20has%20been%20supplying,its%20Shanghai%20plant%20since%202020.
https://media.ford.com/content/fordmedia/fna/us/en/news/2022/07/21/ford-battery-capacity-raw-materials-scale-evs.html#:~:text=Ford%20announced%20that%20Contemporary%20Amperex,is%20taking%20them%20even%20further.
https://news.gm.com/home.detail.html/Pages/news/us/en/2024/dec/1202-lgenergy.html#:~:text=General%20Motors%20and%20LG%20Energy,and%20manufacturing%20technologies%2C%20including%20packaging.
https://lyten.com/2024/05/08/lyten-ships-lithium-sulfur-battery-a-samples-for-automotive-consumer-electronics-and-military-customer-evaluation/#:~:text=SAN%20JOSE%2C%20Calif.%2C%20May,micromobility%2C%20defense%20and%20consumer%20electronics.
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/#:~:text=According%20to%20the%20information%20released,depending%20on%20the%20production%20year.&text=Additionally%2C%20Mercedes%2DBenz%20Korea%20has,growing%20trend%20in%20the%20industry.
https://www.thelec.net/news/articleView.html?idxno=2777#:~:text=Batteries%20made%20with%20SK%20Innovation,close%20ties%20with%20SK%20Innovation.
https://news.lgensol.com/company-news/press-releases/2964/#:~:text=The%20batteries%20will%20be%20manufactured,generation%20EV%20models%20from%20Ampere.
https://electrek.co/2024/09/26/saic-gm-catl-launch-lfp-battery-charge-200km-range-in-5-mins/
https://www.catl.com/en/news/962.html
https://corporate.ford.com/articles/electrification/ford-commits-to-manufacturing-batteries.html
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Chemistry Varies Significantly By Application And Region

P NCM other

rho . Content & analysis provided courtesy of Rho Motion (Distinguished Partner). For more information, visit P. 124
motion https://rhomotion.com/research/ev-production-quarterly-outlook/. Showing chemistry share on a sales basis in end-use demand. :


https://rhomotion.com/research/ev-production-quarterly-outlook/
https://rhomotion.com/
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Range And Efficiency Trends In US Market
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EV MY2025 Max EPA Range and Efficiency by OEM in US
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° The longest EPA-certified range for an EV is the Lucid Air sedan, rated
at 516 miles per charge.

4
° For the 2025 model year, the median range of all-electric vehicles
< (EVs) hit a record 283 miles per charge, an increase of 13 miles from
%— the previous year and over four times the median range of 2011
3§ models.
m
=
.
5 3 ° For the 2025 model year, EPA-rated combined city/highway
% consumption ranged from 1.49 to 4.17 miles per kilowatt-hour
% (mi/kWh).
2 ° Miles per kilowatt-hour (mi/kWh) are based on the EPA combined
! city/highway rating.
50 This page's range and efficiency values are estimated by the US
g = Environmental Protection Agency (EPA) method and cannot be directly
o compared with the WLTP and CLTC values in the following pages.
1]
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https://www.fueleconomy.gov/feg/ws/index.shtml#vehicle
https://www.epa.gov/greenvehicles/fuel-economy-and-ev-range-testing

Maximum Range (miles, WLTP)
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Range And Efficiency Trends In EU Market

EV MY2025 Max WLTP Range and Efficiency by OEM in Europe

400 Maximum Range (miles)

300

200

100

O = —— = e = -
DG ORNEZ NG L0 TN PEL I V0O TICASOETLT FERS V5L TTCc BTV E QN
B P SR B OO g B 82 e B B OR L e e 500 u S8R T oo RET T2t
mn=<a® &FOow ogcwmw ¢ 520 g9F € 2 Omi °5¥0J§°E;>~ 25<aoa+-8co
- 5 =0UEN Fodg eSHlao R Z§0 § Vg8 £ U=5AZRE5T < "Sef
é a 8 - ge€fX o 05 o ‘6 S © > % 00— =

o ° @
e c £ - ?
=
Manufacturers

Source: EV database

© Maximum Efficiency (mi/kWh)

Dacia

Dongfen
I\;fazdg

w N
[6,] o
(UMW/1w) AdusioiyT winuiXe

w
[S)

i
3

2.0

VOLTA
FOUNDATION

VF

° The longest range for an EV is the
Mercedes Benz EQS 450+ SUV, claimed at
690 kilometers (equivalent to 429 miles)
per charge

° OEMs in EU market claimed for efficiencies
between 1.93 to 4.54 miles per
kilowatt-hour (mi/kWh)

° Tesla's Model 3 showed the highest
efficiency of 4.54 mi/kWh

NOTE

Displayed range and efficiency values are based on Worldwide
Harmonised Light Vehicle Test Procedure (WLTP) and not
intended for direct comparison with US EPA-certified and CLTC
range and efficiency values. However, the original values are
converted from kilometers (km) to miles (mi) for consistency.
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https://www.vehicle-certification-agency.gov.uk/fuel-consumption-co2/the-worldwide-harmonised-light-vehicle-test-procedure/
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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Range Trends In China Market

EV MY2025 Max CLTC Range and Efficiency by OEM in China
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[ Maximum Range (miles, CLTC)
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Source: Manufacturer’s websites and media (data compilation)
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NIO ET7 has CLTC-certified range of 1050 kilometers (equivalent
to 652 miles) per charge for the model year 2025 and ranked as
the longest range.

ET7's 150kW battery introduces semi-solid-state to the market
EREVs (Extended Range EVs) are rapidly growing powertrain
technology in China. This hybrid system is operated by electric
power as regular BEVs with a small ICE present to recharge the
battery. Such system often greatly boosts the single-charge
driving range with smaller battery size (Electrek)

OEM coverage: This page focused on introducing Chinese OEMs and does not
cover all electric vehicles available in the Chinese market

Displayed range and efficiency values are based on CLTC (China Light-Dut
Vehicle Test Cycle) and not intended for direct comparison with US EPA and WLTP
range and efficiency values. However, the original values are converted from
kilometers (km) to miles (mi) for consistency
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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#:~:text=The%20CLTC%20range%20reaches%20630km,dissipation%20capabilities%20and%20safety%20guarantees.
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/#:~:text=The%20all%2Delectric%20model%20gets,miles%20(479%20km)%20range.
https://cnevpost.com/2025/01/06/leapmotor-launches-new-c16-variants/
https://www.hiphi.com/
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
https://dieselnet.com/standards/cycles/cltc.php
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Fast Charging Trends - North America
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The metric used to assess fast charging performance is range added in 10 and 20 min of fast charging. The number of vehicles

that can add >200 mi in 20 min is lower than their competitors from EU and especially China (see next slide).

EPA Range added after 10 min and 20 min of DC Fast Charging
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https://www.p3-group.com/wp-content/uploads/2024/04/P3CI-US23_Report.pdf
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Fast Charging Trends - Europe And Asia
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The metric used to assess fast charging performance is range added in 10 and 20 min of fast charging. The number of vehicles

that can add >300 km in 20 min is higher in China than in Europe.
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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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More Fast DC Chargers Installed, With China Leading Installations

China continues to roll out public charging infrastructure at a fast rate,
with over 3.26 million charge points installed by November 2024.
Approximately 47% of these are fast DC chargers

There is an overall trend across countries to faster DC speeds. This shift
is primarily driven by falling costs, higher demand for high-speed
charging, and increased profit potential.

China

EU & EFTA & UK

Slow: 682,000
126,000

US & Canada

9

Slow: 150,000
46,000

Slow: 1,468,000
Fast: 1,278,000

rho . Content & analysis provided courtesy of Rho Motion (Distinguished Partner). For more information, visit
motion hitps://rhomotion.com/research/ev-production-quarterly-outlook/.
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https://rhomotion.com/research/ev-production-quarterly-outlook/
https://rhomotion.com/
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Balance Of Fast And Slow Charging Infrastructure Vary By Country

NUMBER OF EVs TO CHARGING POINT RATIO BY COUNTRY, ‘ Size of bubble represents

% OF FASTING CHARGING, YTD 2024 pop iTion donsty popdianion
! per
40 .

35 Norway

30 there is a greater focus on
fewer but faster chargers.

25

High population density - - I
20 Focus on more points at lower Unique requirements
speeds. China has both the need for

: lots of points and faster points,
B Netherlands Belgium ® owing to its large fleet and lack
of access to private charging
10 .
South Kored China

0
0 5 10 15 20 25 30 35 40 45 50
EU&EFTA+ UK @ USA & Canada @ China @ Asia Pacific Other Share of fast charging, % (>22kw)
rho . Source: Content & analysis provided courtesy of Rho Motion (Distinguished Partner). For more information, isi
mOhon hitps://rhomotion.com/research/ev-charging-quarterly-outlook/. BATTERY REPORT 2024 I P.131



https://rhomotion.com/research/ev-charging-quarterly-outlook/
https://rhomotion.com/
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Penetration Of Artificial Intelligence In EV Value Chain

A notable trend in 2024 has been the penetration of Al across the entire value chain of a Lithium ion Battery

CELL MATERIALS DISCOVERY

ACCELERATED TESTING

MANUFACTURING PROCESS
OPTIMIZATION

BATTERY LIFETIME
PREDICTION

FLEET DATA ANALYSIS

Source: Company Announcements

Al models screen thousands of potential combinations & helps
predict material properties at the atomic scale, thereby aiding
discovery of novel materials for electrolytes, electrodes and
separators

Al accelerates testing protocols by simulating electrochemical
reactions in different material compositions, reducing reliance on

time intensive physical experiments

Al used to optimize electrode coating & drying process, which
may reduce time taken for cell ‘formation’ exponentially

Al models used to predict battery aging. A study by Stanford Energy
demonstrates a 9.1% error in life prediction using the first 100 cycles;
applied on a set of 124 LFP cells with life range of 150-2300 cycles

Al has been used for fleet analytics to optimize performance and to help

uncover key stress factors affecting battery health. Al can also detect
anomalies in battery packs thus preventing untimely aging
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@ DeepMind @mscqpe

JCESR @ camLine
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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://evchargingmag.com/camline-and-theion-revolutionize-battery-rd-with-ai?utm_source=chatgpt.com
https://www.industrie40award.com/the-winners/catl-site-ningde/
https://aionics.io/
https://aionics.io/
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Heavy Mobility Market Developments - Market Size & Demand Growth

° Global electric truck and bus production (>6t GVW) increased 56,000 units in 2024, from 94,000 units in 2023. The 60% increase was despite total
vehicle production falling 167,000 units

° China accounted for the majority of volume and growth, increasing by 49,700 units, 69% in 2024

Stringent CO? and GHG legislation in Europe, US and China, alongside falling TCO for heavy EVs, will see over 767,000 units produced in 2030

° Total battery demand in 2024 is estimated at 42 GWh, up from 26 GWh in 2023, excluding spares for swappable batteries swapping in China

CV Production by Type(000s)
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Source: KGP-GlobalData Global Commercial Vehicle Powertrain Forecast Q4 2024. EV Includes Battery Electric and Fuel Cell vehicles >6t GVW P. 133


http://www.kgpauto.com/
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Heavy Mobility Key Players - Battery Solutions & Partnerships

° In 2024, Heavy Truck EV batteries averaged 297 kWh, Medium Trucks averaged 222 kWh, and Heavy Bus averaged 254kWh
° LFP is the dominant chemistry as OEMs prioritise cycle life and cost
° Technology development will see battery life extending to over 1.6M miles
° CATL, which dominates the global market, announced its new TECTRANS LFP battery in 2024
° Other significant suppliers including Samsung SDI, Gotion and EVE. Notably in 2027 the new JV between Daimler Truck, Paccar, Accelera and EVE,
Amplify Cell Technologies, will start production at its new 21 GWh plant in Mississippi, USA
AVERAGE BATTERY SIZES BY END USE 2024 CATL TECTRANS AMPLIFY CELL TECHNOLOGIES
B EU B USA B china ° Durability up to 2.8m km (1.9m miles) ° Joint-venture between Daimler Truck
800 ° Charging up to 4C (70% SOC in 15 mins) (30%), PACCAR (30%), Accelera (30%)
. Range up to 500km and EVE (10%)
° 21GWh capacity plant to start production
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*Insufficient sample size for segments not shown

in 2027

[ohAMPLIFY
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CELL TECHNOLOGIES

MDT (Urban) HDT (Long-Haul) HDT (Regional City Bus
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Source: KGP xEV Model Database November 2024 P.134


http://www.kgpauto.com/
http://www.kgpauto.com/
https://www.catl.com/en/news/6288.html
https://amplifycelltech.com/#about
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Micro-Mobility Market Size & Demand Growth
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The micro-mobility market growth is mostly . McKinsey' estimates that the global micro-mobility market will reach about
$360 billion by 2030, up from about $175 billion in 2022, with Europe sharing most of that value. The US has also seen record high demand,
driven by ample incentive programs 2. Safety issues continue to be grappled with, spurring regulation 4.

The global micromobility market is expected to reach a value of about

$360 billion by 2030. 140
Value of micromobility market, ~360
by region, $ billion 10+ - Japan and Korea 120 |
M South America
- [ Africa and Middle East
M South Asia 100
North America

I Greater China
56

~175

Millions

61
7 —
[ O—
30 40
- e
20

2022 2030

: Figures may not sum to 100%, because of rounding.
IcKinsey analysis

Source: [1] McKinsey, [2] US DOE, [3] NYFD, [4] Safety Bulletin

U.S. Shared Micromobility Ridership by Type, 2010-2023
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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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Light Commercial Vehicles Market Size

i

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.

PHOM
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Anode loading measurement with Enhanced
Ultrasound technology.

g
|

» Metrology solutions are globally
sourced and free from proprietary
limitations

3
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» Process control system integrator

« Professional engineer partner o °

« Service & Engineering support team o o @

with geographic client reach

o

O EV @ Electric LCV salesshare O Electric car sales share

Connect with us: *EV = electric vehicle; LCV = light commercial vehicle where weight is less than 3.5 tonnes.
L3 In China, LCVs include small-sized buses, some light-duty trucks and mini trucks.
@ In www.quadplus.com (81 2) 724-2323 Latest available dataset until 2023

Sponsored Content Source: P. 136


https://www.iea.org/data-and-statistics/charts/electric-light-commercial-vehicle-sales-and-sales-shares-2018-2023
https://quadplus.com/?utm_source=volta&utm_medium=report&utm_campaign=battery2024
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Notable Events

Industry Value Chain
Finance

Costs

Cell & Pack Manufacturing

Electric Vehicles (EV)

Other
Safety
Legal
Chemistry
Cathode
Anode
Electrolyte & Separator
Solid State

Lithium - Sulphur
Non-Lithium Chemistries
Supply Chain & Raw Materials
Recycling & Reuse
Software
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Global BESS Deployments Soar

The "Decade of Energy Storage” continues to exceed expectations, with of new Battery Energy Storage Systems (BESS)
installed in 2024. This brought cumulative global BESS capacity to , led by Li-ion batteries which represented over 98%
of battery installations in 2024.
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rho Chart sources: Compiled by PowerSwitch, based on publicly available data from BNEF and Woodmac: 2020 (Cumulative), 2020, 2021, 2022, 2023, 2024 P.138

mOﬁon Li-ion fraction: Rho Motion (via Energy Storage News


https://about.bnef.com/blog/global-energy-storage-market-set-to-hit-one-terawatt-hour-by-2030/
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/#:~:text=Global%20energy%20storage%20deployment%20surged,grow%2027%2Dfold%20by%202030.
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/
https://rhomotion.com/
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Growth In BESS Power Additions Last Year Exceeded 55% YoY

80 e 2024 global BESS deployments of 69GW represent a
Buffer from 2023 deployments on a power basis
RoW
SSA
60 MERA e  Battery projects are surging around the globe, but
i EMEA dominated by a few key countries / regions: China (36GW),
Ig:?e'E“ym"e US(13GW), Europe(10GW) and Australia (2GW)
40 erman
M Canada
g Ib"éf"“’“e”“a e The Economist called grid-scale storage the
B Southeast Asia "fastest-growing energy technology” in 2024
20 [ Japan APAC
B Al
B Mainland China e The 2020s have continued to meet expectations that this

will be the decade of energy storage

|

|

I
1
Il
i

2015 2020

BloombergNEF  Source: Main content provided by BloombergNEF (Distinguished Partner). P. 139


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/
https://about.bnef.com/contact/
https://about.bnef.com/contact/
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BESS Share Of Battery Demand Has Doubled Since 2020

Global l
7%
8%
L2 13% 15%

2020 2021 2022 2023 2024

[ 3% BESS portables [l Other

e BESS deployments have grown more quickly than the battery industry as a whole

e BESS now make up of total battery deployments, up from in 2020

e Primary drivers in the surge are falling battery costs, government policy
incentives, and a massive uptick in investments in BESS technology and

projects

rh
mgﬁon Source: Main content provided by Rho Motion (Distinguished Partner)
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$75.66
Billion

In 2024 the value of the BESS market grew by over
to $90B

The utility-scale market comprises over 85% of this
market, with the remainder divided between residential
and commercial and industrial (C&l) installations

Li-ion is the market leader with over 98% of grid-scale
BESS deployments in 2024

Li-ion expected to overtake pumped hydro in terms of
power capacity in 2025

Utility markets drive approximately of the demand

p.140


https://www.fortunebusinessinsights.com/stationary-energy-storage-market-110450
https://www.energy-storage.news/global-bess-deployments-soared-53-in-2024/
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/
https://rhomotion.com/
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China And US Markets Lead In BESS Deployments

The US and China are the clear leaders when it comes
to BESS deployment:

° Collectively these two markets account for
approximately of all BESS projects in
2024, on a power basis

2024 China
New BESS
Capacity

2024 US
e  Mainland China's BESS installations were the New BESS
clear market leader in 2024. They added \ Capacity
for full-year 2024, up o

° U.S. energy storage deployments across all
segments are expected to reach
for full-year 2024, up 72% on a
GW-basis from 2023

BloombergNEF  Source: Data provided by BloombergNEF (Distinguished Partner). P. 141


https://www.utilitydive.com/news/us-battery-energy-storage-deployments-jump/729248/#:~:text=U.S.%20energy%20storage%20deployments%20across,year%20increase%2C%20the%20report%20said.
https://about.bnef.com/contact/
https://about.bnef.com/contact/
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Leaderboard - BESS Installations In The World by Interconnection Power

Individual BESS installations are growing ever
larger - as of November 2024, the largest
operational BESS is the Edwards & Sanborn
BESS in California, at 821 MW / 3,280 MWh

Many systems are built in several phases,
adjacent to one another, under separate
interconnection applications

While China leads the US in deployed BESS
capacity, the US leads in construction of large
individual projects, with 9 of the world’s 11
operational projects greater than 300MW

Currently there are multiple projects in
development that expect to break the 1 GW
barrier, but no system of this size has yet
become operational

Source: PowerSwitch, based on publicly available data from project developers..

‘vmrds & Sqnborne (821 7 3280)

Blythe/McCoy/Arfington (812 / 3248)

Moss Landmg (750 / 3000)
Nova (680 PEZA0) -
Desert Sunllghf (530 /.2120)

3>3OOMW Operational BESS

~=‘_,,

Desert Peak (425 / 1700)
Manatee (409 /900)
Gemini (380 / 1400)
Crimson (350 /:1400)
Bubkuk (336 305)
Ming Yang (320 / 640)
Gulfstar (306 / 611)

November 2024
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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

| APPLICATIONS | BESS | VF | F3bkbation

Storage Costs Fell Significantly In 2024

° One of the biggest drivers in today's storage market

are the rapidly falling costs of batteries $/kKWh in 2024 Real Dollars
e  Costs have fallen dramatically - according to BNEF _—
cost per kWh fell on average to in 2024,
and less than half of 600
the 2019 value 500
-40%
e In China, costs are falling even farther - a 400 = 356
December 2024 bid for 16 GWh of battery 300 i 282 275
enclosures + PCS in China had an average price of 200 165
100
° An uptick in prices in 2022 was driven by -
constrained supply, high Lithium prices and 0 2019 2020 2021 2022 2023 2024

lingering pandemic supply chain issues

Source: Includes content from BloombergNEF (Distinguished Partner).
BloombergNEF [1] This pricing is based on unit of usable energy capacity, including DC-block battery enclosures and power conversion system (PCS), but exclusive of EPC and grid P. 143
connection costs.


https://www.energy-storage.news/mind-blowing-bids-power-chinas-16gwh-bess-tender-state-owned-firms-market-share/
https://about.bnef.com/contact/
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Average Project Duration Continues To Rise

AVERAGE BESS DURATION (HOURS) BY REGION? GLOBAL AVERAGE PROJECT DURATION (HOURS)?
25
2.4
2.3
22
2.4

2.0

Duration (hours)

1.9

1.8

1.7

16

2020 2021 2022 2023 2024

° Storage duration is defined as the time to discharge a battery's rated energy at its rated power - C-Rate is the inverse of duration
Average duration of BESS Projects has increased 23% from 1.8 hours in 2020 to 2.4 hours in 2024
This is driven primarily by the shift from NVIC to LFP chemistry, as well the declining cost of energy storage on per-kWh-basis, as based on growing use cases and
markets that favor longer duration with derating factors

rho . Sources: [1] Rho Motion as discussed in Energy Storage News ; [2] Compiled by PowerSwitch, based on publicly available data from BNEF and Wood Mackenzie:
rpohon 2020 (Cumulative), 2020, 2021, 2022, 2023, 2024 BATTERY REPORT 2024 | P.144


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/#:~:text=Global%20energy%20storage%20deployment%20surged,grow%2027%2Dfold%20by%202030.
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://rhomotion.com/
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Key Players In BESS Cell And Integrated System

R

BESS projects are built up from cell to module to rack to integrated enclosure. A major trend in 2024

was cell manufacturers moving up the value chain to offer integrated systems, often competing with 2
the integrators who use the same cells. This slide shows the leading cell manufacturers and a _’ﬁ—’
integrators. Some companies that are both cell manufacturers and system integrators use both their

own cells as well as those from other cell manufacturers. Lioneel  Hatiarymodile — e

PLAYERS THAT ARE BOTH BESS
CELL MANUFACTURERS AND SYSTEM INTEGRATORS SRS

NESLC ,g eos CATL SaFT AES' ‘E}_@H‘ @ E%EE ll ENERGY VAULT

Enabling a Renewable World
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Leading Energy Storage Project Developers

BESS developers are the firms acquiring land, signing offtake agreements, procuring components, and
managing the EPC of the BESS project. The sector includes a mix of large and small firms, ranging
from multinational IPPs with broad generation profiles down to small companies with only a handful of
projects. This slide shows leading BESS project developers, classified per region where their largest
project is located - please note that some developers also operate in regions other than the one
mentioned.

DEVELOPERS IN

Jacciona GES @)zt A avanrus Alcemi O
: <seoF —
AXIUM Qypda Brookufleld QOclenera N eabies CNGIC N
RRRRRRRRRRRRRR lenewable . N
. Invener ’eé’ 'GIGA )
enel GRIDSTOR @HecsteErergy . . el " Grenergy o )
. - NExTera ¥ akaysha BW ESS N
@ intersect W KEYCAPTURE  E\EmGvzy
Power :.“. — ®A!!SI!{R- @ 4=S4
Orsted 5 PLUS:: RECUESER‘EY STATERA BW ENERGY
PNECATE POWER  FE wamsaamcamainsonr || oo
szv RWE -—SB Ew spearmint @ ENONY eeee® Zelestra
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DEVELOPERS IN
ASIA AND AFRICA

/% WA P‘;"’“g\ % f!f'EE.??,Eﬂ }s”ﬁ' Energy
HE =X GLOBELEQ
0 s
e oV g SCOtEC
g Industries Limited 'T'
) [7, e TATA
MASDAR “J Terra Solar TATA POWER

DEVELOPERS IN AUSTRALIA
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Nl lightsourcebp

Green Power

Neoen [12S
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Summary Of BESS Use Cases

BESS projects are versatile assets that can provide a vast array of
uses to any power grid (“grid-following"), or by generating their

own grid ("grid-forming”) either to off-grid locations or to

grid-connected locations choosing to island from the main grid. Ancillary
While BESS projects enable deeper penetration of renewable Services

energy on a grid, there are five leading use-cases that account for
most of the revenue earned by a project:

Roland
Berger

Ancillary Services: A range of services used to help
maintain grid stability, such as frequency response.
Renewables Integration: Helps ensure an efficient use of
energy produced from renewables

Grid Support: Managing transmission and distribution
network constraints

Resource Adequacy: Providing power capacity that can
be deployed in peak demand periods to ease strain on
grids

Energy Arbitrage: Storing energy when prices are low and
selling it when prices are high, maximizing profits

' Source: Includes content from Roland Berger (Distinguished Partner).

0-10
hours

10-36
hours

A
36-160
hours?

160+
hours
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Short duration: Durations up
to 10 hours

Inter-day LDES: Sometimes
called “diurnal”

Multi-day / week LDES:
Commonly called “seasonal”

Seasonal shifting: Generally
included in “seasonal”, but
distinct in that this does function
as a conventional, storable fuel

p.147


https://www.rolandberger.com/en/Insights/Global-Topics/Battery/
https://www.rolandberger.com/en/Insights/Global-Topics/Battery/
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Navigating Revenue Models - Contract vs. Merchant

BESS revenue models can be categorized as either contract-driven or merchant-driven, based on the operating strategy and risk tolerance.
The choice is influenced by the energy market where the BESS operates, as well as market conditions, financial goals, and the investor's risk
appetite. Regardless of the model, BESS systems offer the flexibility to provide multiple applications simultaneously, enabling operators to
stack revenues from diverse sources and align revenue strategies with evolving market opportunities. Most systems built in 2024 used some
combination of contract and merchant-driven revenue.

Revenue Stability
Market Exposure

Risk Level

Profit Potential

Key Revenue Streams

Investor Profile

Predictable income: long-term agreements with fixed rates
Limited exposure to price volatility

Lower risk with guaranteed payments
Consistent but lower returns
Tolling (fixed payments), Capacity, Energy Hedge

Risk-averse investors prioritizing stability

VOLTA
VF ‘ FOUNDATION

Variable income: earning fluctuate based on markets
Fully exposed to market dynamics

Higher risk due to market fluctuations
Potentially higher profits during favorable conditions
Energy Markets, Capacity Auctions, Ancillary Services

Investors with higher risk tolerance, seeking higher returns

p.148
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BESS Deployment Pathways

Based on their location and their
, BESS systems can be deployed in two ways:

° connected to the transmission or
distribution networks on the grid, or co-located with renewable
energy generation

° installed behind the utility meter,
typically owned/managed by and delivers energy to commercial,
industrial, or residential consumers directly

© — -

FEr Bslm A

Utility-Scale Utility-Scale Transmission
Generation Storage & Distribution Commercial  Industrial Residential

FRONT OF THE METER (FTM) BEHIND THE METER (BTM)
Market Share: 80% VS. Market Share: 20%
System Size: MWs to GWs System Size: 5kW to T0OMW

Source: NREL, Symtech Solar and Cervicorn Consulting
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BESS systems can also be deployed differently by

° connected to the main grid, support peak shaving and renewable
integration, with growing demand driven by renewable energy expansion
and grid resilience needs

° independent of the main power grid, provide power in remote
areas or as power backups, with trends toward increased adoption for rural
electrification and sustainable energy solutions

Note: Hybrid systems, capable of switching between on-grid and off-grid modes,
are gaining traction in intermittent grid and renewable energy scenarios.

o b

VS. System Size: Sub MW 414

P. 149


https://www.nrel.gov/docs/fy19osti/74426.pdf
https://www.symtechsolar.com/blog/exploring-the-differences-between-on-grid-off-grid-and-hybrid-battery-energy-storage-systems/
https://www.cervicornconsulting.com/battery-energy-storage-system-market

| APPLICATIONS | BESS | VE VOLTA

FOUNDATION

ESS Technology Bankability - Degradation, Cycle-life And Product Warranties / Guarantees

. Most BESS Manufacturers, together with EPC contractors, offer a ‘workmanship warranty’ that covers a period
following the system'’s reaching Commercial Operations Date (COD). Most commonly this warranty is valid for 1-3 years, covering initial defects
and component failures (short-term).

. Beyond COD, manufacturers typically offer performance guarantees for their systems under a separate Long Term

Service Agreement (LTSA). These guarantees allow for a certain level of guaranteed degradation, verified by a capacity test, conducted annually.

The most common terms for an LTSA are warranties:

o 7,200 cycles over 20 years (equivalent to 1 cycle per day), although some manufacturers are offering warranties up to 10,000 cycles over

25 years
o Typical degradation from 100% at COD to approximately 70% in year-20
o Typical round-trip efficiencies

o Guaranteed Availability of 97% or more, outside of the system’s scheduled maintenance hours

. Most LTSAs do not cover corrective maintenance, which is the result of an unexpected event in the system's operations,
although some contracts offer a higher-priced 'Extended Warranty' which does include a larger payment to account for corrective maintenance
work.

. Insurance is typical at several tiers of the project: manufacturers insure their expected degradation levels, EPC
contractors hold insurance policies to cover for unforeseeable issues in construction, and projects transition to operational project insurance once
the project has reached COD.

. All of the above policies, warranties, and guarantees have become more standardized in the industry, resulting in greater confidence
for finance of utility-scale energy storage projects; collectively this is a sign of the industry maturing and becoming more bankable.

Source: PowerSwitch, Norton Rose Fulbright, ACCURE, DNV, Energy Storage News P. 150



https://www.nortonrosefulbright.com/en/knowledge/publications/e295e9d2/the-bess-is-yet-to-come
https://www.accure.net/battery-knowledge/third-party-battery-warranty-management-benefits
https://www.dnv.com/article/energy-storage-capacity-warranties-beyond-the-fine-print-200339/
https://www.energy-storage.news/complexity-and-risk-of-bess-warranties-prohibitive-for-some-asset-owners/
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Utility-Scale BESS Products Converge Towards 20ft Enclosures With >5 MWh Capacity

° Early on the ESS industry had 40-foot containers; later this evolved to
‘cube’ products in 10-foot sizes, but the industry has now coalesced
around a single size: the 20-foot shipping container

CATL TENER 6.25

rLUENCE  Gridstack Pro 56 e  Driven by safety concerns and ease of shipping, each container has

gradually added more and more energy. Increasing energy density of the
il cells, larger format cells, and more efficient design have all contributed to
MC Cube T 6.4 etalels] !L this convergence. While some designs use traditional corrugated shipping
o containers, others have opted for proprietary enclosures.
° Nearly all enclosures feature integral liquid cooling, although some offer

€-STORAG=  solBank 3.0 50 air-cooling as an alternative.
° The industry is still divided among products that feature integral PCS units
p POWIN Pod 5.0 | in the enclosure (AC Block product) or those that require an external PCS
P (DC Block products). Notable leaders in AC Block are Tesla, Sungrow, and
_ . Wartsila.
SUNGROW PowerTitan 2.0 5.0
" 0 Quantum 3 5.0
WARTSILA * DC rated capacity for each project is as reported by manufacturer. Products enclosures are based on
20-foot containers. All products are DC block, with the exception of the PowerTitan 2.0 and Quantum3.
QY HYPER
[D] HYPER:  HyperBlock 5.0
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BESS Is Predominantly LFP-based, But Faces Limitations For Long Duration Applications

LEADING BESS CHEMISTRY

LFP has overtaken NMC as the dominant stationary
storage chemistry, accounting for over 80% of ESS today

Cathode share in battery energy storage systems, % GWh
100%

80% m Other

m Na-ion
60%

=LFP
40%

u NMCx
20%

0%
2020 2021 2022 2023 2024

during higher-price hours)

4

Li-ion is not cost effective

past 8 hours at current o
prices for either use case cost
effective

scenario, driving the below
investigation of alternative § | 68hrs
chemistries

(see LDES)

LIMITATIONS OF LI-BASED ESS FOR LONGER DURATIONS

Li-ion ESS is cost-effective for short durations in 2 use cases:
(1) Demand-supply matching from few seconds to 1 hr
(2) Energy arbitrage (i.e. buy energy/charge when it's cheap, sell/discharge

Li-ion
Cost Curve

Energy Storage
Value Curve

Li-ion uneconomic
beyond 6-8 hrs

~6-8 hrs

Duration (hrs)

m Source: Cathode chemistry chart from CRU Group (Distinguished Partner). cost effectiveness graphic from MCJ Newsletter.
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https://www.ldescouncil.com/assets/pdf/LDES-brochure-F3-HighRes.pdf
https://newsletter.mcj.vc/p/sidd-mallannagari
https://www.crugroup.com/en/communities/thought-leadership/2024/china-corners-the-battery-energy-storage-market/
https://newsletter.mcj.vc/p/sidd-mallannagari
https://www.crugroup.com/en/contact-us/
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Alternative Chemistries - Sodium-lon, Iron Air And Flow Batteries

Although Li-ion occupies approximately 98% of the BESS market, there are several competing chemistries vying to become leaders based on
improvements in cost, safety performance and duration. See more on these technologies in the Non-lithium Chemistries section.

Intended for , residential Intended for to stabilize grid Intended for to provide
storage, and lead-acid replacement & provide peak shifting/load shifting capability dispatchable capacity for seasonal storage

‘»iiigs.sa;;;ﬁ

iy

e BYD launched a BESS long blade Na-ion cell (90 Total global flow battery capacity increased to >40 GWh . Form Energy raised $405M in its Series F

Wh/kg) for large-scale grid applications . Large capacity additions were round. Upcoming 1.5 MW/150 MWh project with

e Hithium launched a sodium-ion cell specifically for made in Asia, including a 700 MWh project in Minnesota utility Great River Energy (GRE) in 2025.
utility-scale storage China. . EnerVenue raised $515M and

e CATL announced a combined Li-ion/ Na-ion battery ° 2 GWh in iron flow deployment was announced pilot project in Milwaukee for its 2-12hr
cell announced in California and >3 GWh in duration batteries

e DOE announced a $50m grant to advance research in Australia.

Na-ion battery cell technology

P. 153



https://vanitec.org/latest-from-vanitec/article/china-sees-surge-in-100mwh-vanadium-flow-battery-energy-storage-projects
https://www.linkedin.com/pulse/180ah-blade-nfpp-sodium-ion-battery-mass-launching-jerry-tuhlc/?trackingId=Zj8pU9YyTdmglN5%2FGy3NmQ%3D%3D
https://en.hithium.com/newsroom/latest/details/62.html
https://www.catl.com/en/news/6301.html
https://www.catl.com/en/news/6301.html
https://www.anl.gov/article/a-new-era-for-batteries-argonne-leads-50m-sodiumion-innovation-push
https://www.energy-storage.news/rongke-power-completes-grid-forming-175mw-700mwh-vanadium-flow-battery-in-china-worlds-largest/
https://www.pv-magazine.com/2024/07/30/california-state-grant-advances-2-gwh-iron-flow-battery-deployment-plans/
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Long-Duration Energy Storage (LDES) Technologies

Storage Round-trip Geographical

e Definitions of LDES vary, but are typically Teohnology Rt leadinese duration (hours) efficiency (%) footprint (kWh/m?)
considered within a range of 8 hours (0.125C) to i
100 hours (0.01C). ‘;:;2‘:;:8'“ Flow = omig ) 4-24+ j— 60-80% M 20-50
e LDES encompasses a wide range of technologies
including chemical, thermal, and mechanical, in Lithium-lon 1 90-95
addition to electrochemical (batteries) (LFP, NMC) Commercial (=1 pu— ee-00% -
e Battery LDES deployed as of 2024 is i 1
approximately 2GW, or 1% of total global Sodium-lon = , | 4-20 I 60-85% W 2-43
. arly commercial
deployed BESS capacity.
e Long Duration Storage Shot™, one of DOE's Zinc Air | i 10-100 - 40-45% W 2-43
Energy Earthshots™ that aims to reduce storage N commenie
costs by 90% for systems that deliver 10+ hours - P
H INC Bromine
of continuous power Flow o ol | 4-12 j— 60-70% | 2-43
e Although LDES has significant investment and
promise, Li-ion accounts for over 98% of storage Jron Ak ] 100 - 40-45% W 75-225
installed today, with a dominant position in Early commercial
bankability, RTE, and product offerings Non-Metal
chemical 1 j— 0-200 - 40-50% —
storage Emerging 300-1500
rho

motion  Source: Rho Motion ; LDES Council e



https://www.sciencedirect.com/science/article/pii/S2352152X22017753
https://www.energy-storage.news/global-bess-deployments-soared-53-in-2024/
https://www.ldescouncil.com/assets/pdf/2024LDESAnnualReport.pdf
https://rhomotion.com/
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Major Declines In Rate Of BESS Safety Incidents
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A May 2024 report from Electric Power Research Institute (EPRI)
performed the most comprehensive analysis of operational incidents in
operational BESS projects
An incident was defined as: "An occurrence caused by a BESS system or
component failure which resulted in increased safety risk. For lithium ion
BESS, this is typically a thermal risk such as fire or explosion."
occurred in 2024 (3in US, 1 JPN, 1 SGP)

The incidents highlight the

designed
Effective emergency response plans are crucial to mitigate the risks
associated with BESS incidents, these include:

o Evacuation procedures
o Air quality monitoring
o Public safety measures

VF

I Global BESS installed capacity [l Incidents by GW installed
200

150

100

50

Installed BESS Capacity in GW

2016 2017 2018 2019 2020 2021 2022 2023 2024E
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25

2.0

1.5

1.0

Incidents in # per GW

0.5

As the total installed BESS capacity has

grown exponentially, the number of incidents remain constant or drop

A rate of is reflected in the incident by
ration which is at its lowest since 2016 (0.03 incidents/GW installed)

Source: BNEF, EPRI, EPRI Wiki, Data for installed BESS capacity: 2016 to 2023 KEARNY, Electricity storage A booming sector of technology September 2024;

2024:Ener:

installed GW
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https://about.bnef.com/blog/2h-2023-energy-storage-market-outlook/
https://www.epri.com/research/products/000000003002030360
https://storagewiki.epri.com/index.php/BESS_Failure_Event_Database
https://www.energy-storage.news/global-surge-in-large-scale-energy-storage-deployments-predicted-this-year-by-energytrend/
https://www.epri.com/research/products/000000003002030360
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Control Issues And Integration Challenges Dominate Safety Incidents Rather than Direct Cell Failures

INCIDENTS BY TRIGGERING COMPONENT ROOT CAUSES OF INCIDENTS
W Cells/Modules W Design
[ Controls Manufacturing
- 8 (29%) W Integration, Assembly
& Construction
[l Operation

13 (46%)
10 (36%)

BOS = Balance of System

° Control issues are triggering many incidents: While only 11% of incidents were directly attributed to cell failures, many more were indirectly
caused by cell failures triggered through operation conditions outside of predefined safety windows due to control issues

° Issues happen early in the project lifecycle: In about = out of 4 cases, events happen during construction, commissioning or within the first 2
years of operation

° Integration remains challenging: Integration related issues are the most common root cause of incidents including wiring, coolant systems or
safety systems

Source: EP BATTERY REPORT 2024 | P. 156
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https://www.epri.com/research/products/000000003002030360
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ESS Safety - Large Scale Burn Testing a New Addition to Existing Fire Testing Standards

° This standard, developed by the private US-based accreditation agency UL Solutions, is the leading standard for fire
testing and nearly every major manufacturer has performed tests using this standard. It involves measuring the results of a
lab-controlled burn of various components of the system, starting with simplest and working up to the most complex:

o Cell-level: Combustion of a single battery cell, measuring the gases produced

o Module-level: Combustion of a collection of battery cells connected together

o Unit-level: A collection of battery modules connected together and installed inside a rack and/or an enclosure
o Installation-level: same setup as the unit test with additional fire suppression systems used

° These tests involved intentionally triggering thermal runaway events within entire BESS
enclosures to assess their ability to contain the fire and prevent propagation to adjacent enclosures.

These tests often exceed the current standard industry requirements outlined in NFPA 855 and UL 9540A
Preparations for the the upcoming CSA C800 standard, which will establish new safety benchmarks for large-scale testing of
energy storage systems in 2026

o The CSA C800 simulates real life incidents and provides insights into the worst-case fire performance which supports the
proper risk assessment

Source: Utilitydive, BatteryStandardsTable P. 157


https://www.utilitydive.com/spons/mitigating-environmental-and-community-impact-to-support-energy-storage-gro/732338/
https://batterystandards.info/tables
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ESS Safety - Codes And Standards
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The US DOE provides a template for authorities which aim to procure BESS and highlights the relevant codes and standards. The

template:

NFPA 68: This standard deals with In the context of BESS, this involves designing ventilation systems to

safely release pressure in the event of an explosion, preventing catastrophic failure.

NFPA 69: This standard focuses on such as those that detect and suppress explosions before they can cause significant
damage. For BESS, this involves installing fire suppression systems, gas detection systems, and other measures to prevent fires and explosions within the

battery modules.

NFPA 72: This standard covers For BESS, this involves installing fire alarms, smoke detectors, and other early warning
systems to detect fires and initiate appropriate responses, such as activating fire suppression systems or alerting personnel.

Other relevant codes and standards:

NFPA 70 National Electrical Code UL 9540A
Standard for the Installation of Stationary Energy Storage
NFPA 855 Systems IEEE 1547
UL 1642 Standard for Lithium Batteries
Batteries for Use in Light Electric Rail Applications and UL 1741
UL 1973 Stationary Applications
UL 62109-1
UL 9540 Energy Storage Systems and Equipment

As part of effort to reduce fire and improve safety,
(2) Decommissioning plan/guide.

Source: Energy.gov, Energy.gov

Test Method for Evaluating Thermal Runaway Fire Propagation in Battery
Energy Storage Systems

Standard for Interconnection and Interoperability of Distributed Energy
Resources with Associated Electrical 1 Power System Interfaces

Standard for Static Inverters and Charge, Converters, Controllers and
Interconnection System Equipment

Safety of power converters for use in photovoltaic power systems - Part 1:
General requirements

for ESS system installations: (1) Emergency response plan and
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https://www.energy.gov/sites/default/files/2023-07/bess-technical-specifications-2023.docx
https://www.energy.gov/femp/articles/lithium-ion-battery-storage-technical-specifications
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Regulatory Map For BESS Projects In Major Markets

RFP / AWARD

For regulated markets where there
are specific MW or MWh targets,
competitive RFPs are held for
projects, which are then awarded
via negotiated offtake agreements.

In deregulated markets, developers
perform interconnection studies and
must support the cost of network
upgrades incurred as a result of the
project. Offtake may be regulated
through government incentives or
contracts, or may be done on the
private market.

INTERCONNECTION

Whether from a competitive award,
or built to capture revenues in a
certain market, the grid must allow
for interconnection based on the
specific charge and discharge
requirements of the BESS. Typically
allowed based on application / study
by a utility, grid operator, or
regulator. Depending on the
arrangement the developer may be
required to fund some or all of the
upgrades required to the grid to
support the project.

FEDERAL / STATE /
PROVINCIAL / REGIONAL
PERMITS

Most projects have some national,
state, provincial, or regional
approval that must be granted - this
includes whatever planning or siting
committees must be consulted,
environmental approvals, and any
additional studies such as noise or
community approval. Electrical and
construction codes must be
followed.

Local Authorities Having Jurisdiction
(AHJs) enforce compliance with
national, state, and local codes.

VOLTA
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Based on the AHJ's interpretation of
the code, the project, and its key
components such as the BESS,
PCS, and controls system, must
meet certain requirements. At the
product level this may include UL
9540, UL 9540A, corresponding IEC
standards, and the projects must
meet project-level standards such
as NFPA 855.

P. 159
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Global Investments Surge In Battery Storage

A fivefold growth since 2018: Investments in battery storage have soared to meet the demands of electrification and renewable integration.

GLOBAL INVESTMENT IN EV BATTERIES i‘f:i'é?é"ﬁ‘.l'ﬁi‘il Mak plect
° Global investment in battery storage is expected to AND BATTERY STORAGE, 2018-2023 China
exceed $50 billion in 2024, with a 70% increase in oV batteri sattery st o e ne e
2023, led by the US and Europe 150 e orystorese Stte Poer vesment s chin

Huadian New Energy 56 China

° Total investment: $150 billion, with $115 billion in EV
batteries and $40 billion in energy storage

China Energy Investment 56 China

North America

Billion USD (2023, MER)
.
8

. Dominant regions: 90% of funding concentrated in e ey o O e
China’ Europe‘ and the US Solar Proponent 55 United States (Texas)
[ ST o Terra-Gen 24 United States (California)
l AES 2:9: European Union, India, Latin America, United States
Europe
L . ) . ) ) ) - W . . I En:ie‘ 6.3 Australia, European Union, Latin America, United States
° $6 billion funding for innovations like new chemistries e NEOEN a3 Austral; Corade; Ewropean Urion
. . 2018 2019 2020 2021 2022 2023 2018 2019 2020 2021 2022 2023 RWE 20 European Union, United States
and battery rec_yC“ng- TeChnOI_Ogy InveStment. China mEurope M United States M Other Enel 4.0 European Union, Latin A’merica,Uni(ed States
° 15% of funds directed to recycling and alternatives to IEA.CCBY40. o 20 European Union, United Kingdom
. . . Global Investment Growth in Battery Storage (2018-2023) Australia
lithium- Technology investment o Enerey - e
AGL Energy 15 Australia
CEP Energy 1.2 Australia

° China Energy Investment: 11.8 GW

capacity-Deployment _ wf Technology investments are driving
° NextEra Energy: 10.9 GW in the US.- Deployment § ol T innovation and sustainability, deployment
o Engie: Expanding across EU, US, and Latin America ! ] ! - investments are focusing on scaling and
with 6.3 GW planned- Deployment | i e o - - integration into existing energy systems.

Source: Batteries and Secure Energy Transitions World Energy Outlook Special Report, RechargeNews P. 160


https://www.iea.org/reports/batteries-and-secure-energy-transitions
https://www.rechargenews.com/wind/urgent-need-nextera-10gw-deals-among-largest-in-us-clean-power-history/2-1-1729769
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Al And Data Centers Are A Major Driver Of Power Demand And BESS Deployments

600
% OF 2030
ANNUAL ELECTRICITY
500 SCENARIO GROWTHRATE ~ CONSUMPTION
Low growth 37% 4.6%
400 | Moderate growth 5% 5.0%
High growth 10% 6.8%
Higher growth 15% 91%

N
o
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|

Average historical data

Electricity Consumption (TWh/y)
w
o
<]
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“Gen Al has accelerated the pace and scale of power demand more
than any other technology in the past two decades.”

° Power needs of data centers are expected to grow three times by the end of
the decade, going from between 3% of total U.S. power demand in 2024 to
9% in 2030

° In the 15% growth scenario, electricity demand for data centers in the US is
expected to increase to over 400 TWh/year, including significant BESS
installs

Source: McKinsey, EPRI, S&P Global
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“Geographic distribution of data centers is notably uneven, creating
localized grid stress.”

As of 2024, there were approximately 10,655 data centers globally, of which half
(5,381) were in the United States.

Limited grid capacity has resulted in data centers considering self generation,
mostly solar PV and battery storage

In the US, 15 states account for 80% of the national data center load with data
centers in VA consuming over 25% the total electricity available in the state.
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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
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Generative Al And Data Centers - Battery Market Size, Trends, and Competitive Landscape

Given the massive electricity consumption of data centers, there is a
growing push to ensure their operations are sustainable. As a result, major
hyperscalers like Google, Apple, and Meta have committed to using only
carbon-free energy by 2030, driving a significant shift away from diesel
generators. Increasingly, operators are turning to battery energy storage
systems (BESS) to reduce carbon footprints of data centers and Al
applications.

° Evolving Battery Chemistries: From legacy lead-acid to nickel-zinc
and lithium-ion, data center operators are exploring multiple options
to ensure high reliability.

° Uninterrupted Operations: Any downtime can be extremely costly,
pushing demand for robust energy storage solutions.

° Space Constraints: Facilities have limited footprints, making energy
density and efficiency critical in maximizing power capacity.

° Balancing Cost and Longevity: Operators carefully weigh factors
like durability, total cost of ownership, and ease of maintenance to
determine the best fit.

Source: McKinsey, EPRI, S&P Global, Global Market Insights

CAGR
5.3%

2023 2024 2025 2026 2027 2028 2029 2030 2031 2032

3.2

= LG Energy Solution

= Delta Electronics

» EnerSys

Eaton Corporation

56.0%

= Huawei Technologies
» Samsung SDI
= Leoch International

Technology
= Exide Technologies

A

= Others
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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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Second Life Batteries - Repurposing EV Batteries For BESS

Second life batteries are those that are used in applications after being
removed from EVs. They are either placed back into EVs, or
converted into stationary BESS products.

Second life use cases are challenging because while they have
reduced cost, the cells must be removed from the EV, tested,
incorporated into the new product, and re-sold. UL 1974 and
IEC 6330 are standards for Evaluation for Repurposing Batteries

The second-life EV batteries market is estimated at approximately
$2B in 2024, but is expected to grow quickly as EV market
penetration increases. Many automakers have started efforts to
commercialize second-life BESS applications from their vehicles.

NOTABLE 2024 SECOND LIFE CORPORATE ACTIVITIES:

° 's collaboration with 's startup
encore to repurpose EV batteries into energy storage systems

° and 's energy storage project in Germany utilises
batteries from electric cars.

° and partnered to recycle, repair, and
repurpose Nissan's EV batteries

Source: AD Little Second Life: Maximizing Life Cycle of EV Batteries
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https://www.adlittle.com/en/insights/viewpoints/second-life-maximizing-lifecycle-value-ev-batteries
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Commercial & Industrial (C&I) ESS - Market Trends

The C&I energy storage sector was estimated at $3B in 2023, with newly installed capacity reaching 2.4 GW / 4.9 GWh, or approximately 3% of the overall
market by power capacity. C&l is rising due to falling BESS costs, supportive government policies, rising costs for demands, and a trend of industrial facilities
building co-generation (and storage) on site together with new facilities (particularly among data centers).

TOP 5-TRENDS IN 2024 SHAPING FUTURE OF C& ENERGY STORAGE

1. Due to influx of many player entering the niche market for the C&lI space,
certifications bodies are increasing their grips on code & compliance such UL 9540A(edition 4) and 9540 ( edition
3), UL 1741 and 1741 SB, UL 5500 for remote software updates to counter cyber security threats for PCS,BMS and
EMS.

2. As in the utility-scale space, products with
higher lifespan provide higher edge on competition.

3. : Unlike utility-scale deployments, C&l requires greater customer engagement to explain its
value proposition and demonstrated return on investment to the offtaker, as the BESS it typically located on the
C&I customer's property. Rather than being funded directly by the offtaker, many C&l installations have instead
signed offtake agreements guaranteeing utility tariff savings, making the prospect less capital-intensive and more
attractive to potential customer.

4. As an added value stream, many C&l installations have used VPPs to add
increase the ROI of C&I BESS installations. Depending on the market, C&| BESS installations are able to aggregate
and optimize the BESS assets, allowing them to derive significantly greater revenue than if they were serving the
local offtaker only. See the VPP Slide later in this deck for more detail.

5. Effective C&I BESS must work closely with other energy
components like existing SCADA controls, PV controls (if applicable), and in conjunction with the grid and its
tariffs. Optimizing internal load versus external price curves to maximize profitability is key. Hence there is the
need to automate operation and maintenance to realize full system operation.

Source:https://energybase.com P.164


https://energybase.com/
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Residential ESS - Markets And Motivations

GWh CURRENT STATE
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All the leading markets
have introduced incentives to
promote the installation of
storages

Subsidies,
self-consumption incentives, and
time-varying tariffs create
economic benefits for battery
storage

The mature
residential PV market supported
the storage growth - especially in
Italy and Germany with an
PV+storage rate of 77% and 75%,
respectively. Contrary to the US
and Australia with PV+storage
rates of only 9% to 15%
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The main reason is to

reduce costs and save on electricity bills

Homeowners want to

increase solar self-supply

In regions with unreliable

grids or frequent power outages, batteries provide a

valuable backup power source, ensuring continued energy

supply during disruptions

% of customer storage requests

Bill savings

Solar self-supply

Resilience

0% 10% 20% 30% 40%

Source: EnergySage, BloombergNEF

BIoombergNEF Sources: BloomberaNEF (Distinguished Partner), Estimate 2024, USA: WoodMac, WoodMac, ESS-News and assuming similar growth in WoodMac;

Battery-Charts: GER; Review-energy: ITA

50%
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https://assets.bbhub.io/professional/sites/24/Scaling-the-Residential-Energy-Storage-Market.pdf
https://www.woodmac.com/press-releases/2024-press-releases/us-energy-storage-market-sets-q1-capacity-installation-record/
https://www.woodmac.com/press-releases/us-grid-scale-energy-storage-market-beats-q2-record/
https://www.ess-news.com/2024/12/13/us-energy-storage-monitor-grid-scale-residential-q3-2024/
https://www.woodmac.com/press-releases/2024-press-releases/us-energy-storage-market-breaks-installation-record-in-q4-2023/
https://battery-charts.rwth-aachen.de/
https://www.review-energy.com/almacenamiento/energy-storage-boom-in-italy-over-650-000-systems-connected-by-june-2024
https://about.bnef.com/contact/
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Residential ESS - Selected Residential Storage Companies

Established battery and solar manufacturers are entering the residential energy storage market.

Storage system providers are focusing on downstream activities like developing strong local installer networks, system integration and
advanced energy and battery management software.

: Battery manufacturers often rely on white-label partnerships with local integrators to gain market access.

As energy markets become more complex, there is a growing need for residential storage systems tailored to specific market
regulations and tariffs.
Senvices
Batt t ion &
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Darker shading represents core business
BloombergNEF Source: PV-Magazine, BloombergNEF (Distinguished Partner)
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https://www.pv-magazine.com/2024/11/27/solaredge-announces-closure-of-its-energy-storage-division/
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
https://about.bnef.com/contact/
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Virtual Power Plants (VPPs) can help reduce load on the grid, but its participation

is largely dependent on regional policies

A Virtual Power Plant (VPP, also known as a Distributed Power Plant) is the
coordinated charge or discharge of stationary energy storage assets to act as a
larger BESS asset on the grid. VPPs are typically deployed using large numbers of
residential- or C&I-scale battery products. These systems are often owned by third
parties and participate in programs where the coordinator compensates the battery
owners. In return, the coordinator manages the fleet of assets to participate in
large-scale markets, such as utility capacity markets, which individual assets cannot
access.

VPPs can provide grid services, ensure market participation by consumers, reduce
grid congestion and provide additional revenue streams for consumers who want to
participate in the energy transition. Since they are distributed assets, they do not
rely on time-consuming interconnection issues, and are desirable to utilities since
they are reducing demand across the grid without introducing additional
stresses at specific points.

The success of VPP is dependent on the regulatory, policy and market rules. A
positive example is the program which was launched by Tesla and PG&E. The
formed VPP delivered 100 MW of power in July 2024 which limited the need to
deploy fossil-fuel peaker plants. However, many utilities do not have markets or
market rules that allow for VPPs to participate in these locations.

Source: |EA, Guidehouse Insights

CPower Energy: 7 GW
Voltus: 7 GW

Up to 2024, the NA market contains
Enel NA: 5 GW

already 33GW

(incl. not only
batteries). Some of the top VPP
aggregators operating in this space are:

40 MW / September
2024 | Texas, US

O sonnen

Certain manufacturers of residential
BESS products have offered VPP
participation as a voluntary,
compensated program for their
users.

~ MW / July 2024 /
California, US

Some notable publicized examples
of the larger VPP deployments are
shown here:

MW / July 2024 /
California, US
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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.ev.energy/blog/ev-energy-leads-ev-virtual-power-plants-in-wood-mackenzie-market-report
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/
https://www.utilitydive.com/news/replicate-wattsmart-sonnen-ceo-aims-to-replicate-utah-success/711310/
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Vehicle-To-Grid (V2g) Tested In Pilot Programs, Faces Challenges To Scale

Vehicle to Grid ("V2G") is the

Grid Renewable
- There are resources * Day
currently ~40m EVs on the road globally (including PH