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I Three Questions That Demand Your Decision This Week

@ Is your EV/ESS strategy resilient to Na-ion disruption?

CATL's mass production of 160 Wh/kg sodium-ion batteries challenges lithium dominance. Does your product
roadmap account for lower-cost, abundant-material alternatives, and are your supply chains diversified enough
to mitigate lithium price volatility and geopolitical risks?

® Are you prepared for the EU Battery Regulation's impact?

The new EU Battery Regulation mandates responsible sourcing, minimum recycled content by 2031, carbon
footprint disclosure, and digital passports. Have your procurement, R&D;, and legal teams assessed the full
compliance costs and identified opportunities for sustainable material innovation and circular economy
integration?

© Are you investing enough in next-gen materials and LDES?

US companies like Amprius and Sila are pushing silicon anode limits (500+ Wh/kg, 20% density boost), while
Form Energy commercializes 100-hour iron-air LDES. With multi-billion dollar US DOE funding, are your R&D;
and business development teams actively exploring and investing in these disruptive technologies for future
competitive advantage?

I Opportunities vs. Threats for US/European Companies

Opportunity vs. Threat Matrix for US/European Companies
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I Deep Dive @ — CATL's Sodium-Ion Battery Mass Production

#01 | 2024/04/25 | CATL | Tech Novelty® ® ® ® O Proximity® ® ® ® ® Market Impact® ® ® ® O Data Reliabiltye ® @ ® O
US/EU Relevancce @ ® ® O

CATL has commenced mass production of its first-generation sodium-ion battery, achieving 160 Wh/kg
energy density and 80% charge in 15 minutes. This technology is being deployed in EVs and stationary
energy storage, offering a cost-effective, lithium-independent alternative.

The move diversifies battery supply chains, reduces reliance on lithium, and promises lower raw material
costs. Its robust low-temperature performance enhances practical utility across diverse climates, accelerating
EV and ESS adoption globally.

» Strategic Analyst's Perspective

Strategic Analyst's Perspective: The 160 Wh/kg figure is realistic for first-gen Na-ion, but likely
for LFP-equivalent applications, not high-performance EVs. Technical barriers include further
increasing energy density and cycle life to match premium Li-ion. [Opportunity] for US/EU
OEMs to diversify supply chains and for materials suppliers to develop Na-ion components.
[Threat] for existing Li-ion manufacturers facing a lower-cost, abundant-material competitor,
especially in ESS and entry-level EV segments. Next actions: [Procurement] Evaluate Na-ion
battery samples from CATL and other suppliers by Q3 2026. [R&D;] Initiate internal R&D; on
Na-ion cell chemistry and integration by Q4 2026.

I Deep Dive @ — Amprius's 500+ Wh/kg Silicon Anode Cells

#05 | 2024/04/24 | Amprius Technologies | Tech Novelty® ® ® ® ® Proximity® @ ® OO Market Impact® ® @ ® O Data
Reliability® ® ® ® O US/EU Relevancce ® @ ® ®

Amprius Technologies has achieved over 500 Wh/kg energy density at the cell level using proprietary silicon
nanowire anode technology. This record-breaking performance significantly surpasses current Li-ion
capabilities, targeting aerospace, drones, and military applications.

The silicon nanowire structure effectively addresses volumetric expansion challenges, enabling high capacity
and cycle stability. This breakthrough promises to redefine battery-powered device capabilities in
weight-sensitive, high-performance sectors.

» Strategic Analyst's Perspective

Strategic Analyst's Perspective: 500+ Wh/kg is a significant lab-scale achievement, but
commercial viability requires extensive validation of cycle life, safety, and scalability. Technical
barriers include maintaining performance at scale, reducing manufacturing costs, and ensuring
long-term stability in real-world conditions. [Opportunity] for US/EU aerospace, defense, and
high-performance EV OEMs to gain a competitive edge with ultra-lightweight power. [Threat]
to existing battery suppliers if they cannot match this density for niche, high-value applications.
Next actions: [R&D;] Initiate joint development programs with Amprius or similar silicon anode
innovators by Q3 2026. [Business Dev] Identify strategic partnerships for high-performance
applications by Q4 2026.
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I Deep Dive ® — Form Energy's Commercial Iron-Air Battery

#07 | 2024/05/01 | Form Energy | Tech Novelty® ® ® ® O Proximity® @ ® OO Market Impact® ® ® ® ® Data

Reliability® ® ® ® O US/EU Relevancceo ® ® ® ®

Form Energy secured funding for its first commercial 1.5 GWh iron-air battery project in Minnesota, offering
100 hours of long-duration energy storage. Factory construction is underway, targeting commissioning by
2025.

Utilizing abundant iron and air, this technology provides ultra-long duration storage at a significantly lower
cost than conventional batteries. It's poised to fundamentally resolve grid instability from renewables,

enhancing decarbonization and resilience.

» Strategic Analyst's Perspective

Strategic Analyst's Perspective: The 100-hour duration is transformative for grid stability, but
the round-trip efficiency and power density of iron-air batteries are typically lower than Li-ion,
making them suitable for LDES, not fast response. Technical barriers include optimizing
efficiency, footprint, and long-term operational costs. [Opportunity] for US/EU utilities, grid
operators, and project developers to integrate renewables more effectively and for materials
suppliers to enter a new, large-scale market. [Threat] to traditional fossil fuel peaker plants
and less cost-effective LDES solutions. Next actions: [Strategy] Assess LDES market entry and
partnership opportunities by Q3 2026. [Procurement] Begin evaluating Form Energy's
technology and roadmap for future grid projects by Q4 2026.

I Other Notable Articles

Sila Nanotechnologies Unveils 'Titan' Silicon Anode (Sila Nanotechnologies)
I X X XJIOA X X X JORUIR X X X )@

US-based Sila's 'Titan' silicon anode boosts EV battery density by 20%, proven in consumer electronics, now
targeting mass EV market.

Panasonic and Tesla Deepen Collaboration on Revolutionary Dry Electrode Manufacturing for EV Batteries (Panasonic Energy)
TNeeoeeO PeeeOO Meooo®e®

Panasonic and Tesla aim for 20% cost, 30% energy reduction in battery manufacturing via dry electrode

tech, a paradigm shift.

EU Battery Regulation Enacted: Mandating Sustainable Supply Chains and Circular Economy Principles (BRINEE=
TNeOOOO Peooee® Meooo®e®

New EU regulation mandates recycled content, carbon footprint disclosure, and digital passports, reshaping

global battery supply chains.

U.S. Department of Energy Announces Multi-Billion Dollar Funding to Accelerate Long-Duration Energy Storage Commercialization CKEI TH/LF+—&
(DOE))
TNeOOOO Peoooee Meoooo

US DOE's multi-billion funding for LDES pilot and demo projects will accelerate grid resilience and renewable

integration.

Germany Launches Major Virtual Power Plant Integrating Thousands of Residential Batteries to Bolster Grid Flexibility (E.ON)
I X X JGIOA X X X X BUIL X X X )@

Germany's VPP aggregates residential batteries for grid balancing, creating a blueprint for decentralized
energy systems.
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I Recommended Actions This Week

Action recommendations based on article evaluation matrix and opportunity/threat analysis.

I Immediate (this week)

e [Procurement] Initiate competitive analysis of CATL's 160 Wh/kg Na-ion battery against current Li-ion
suppliers to understand cost and performance implications for Q3 2026.

¢ [Legal/IP] Review the full text of the EU Battery Regulation and identify immediate compliance gaps
and reporting requirements for Q4 2026 implementation.

e [Strategy] Convene a cross-functional task force to assess the competitive landscape shift due to
China's Na-ion mass production and US LDES funding announcements by end of week.

| Short-term (1 month)

¢ [R&D;] Evaluate the technical feasibility and integration challenges of high-density silicon anode
materials (e.g., Amprius, Sila) for next-gen EV and aerospace platforms by end of June.

e [Business Dev] Explore partnership opportunities with Long-Duration Energy Storage (LDES) providers
(e.g., Form Energy, ESS Inc.) and US DOE funding programs for grid-scale projects by mid-July.

e [Procurement] Conduct a supply chain audit to identify exposure to critical raw material risks and
opportunities for diversification with Na-ion or recycled content by end of July.

| Medium-long term (quarter+)

e [R&D;] Allocate budget and resources for developing internal expertise or acquiring IP in dry electrode
manufacturing processes to achieve cost and energy reductions by Q1 2027.

e [Strategy] Develop a comprehensive circular economy strategy, including investment in battery
recycling infrastructure (e.g., Redwood, Ascend Elements models) and second-life battery applications
by Q2 2027.

e [Executive] Establish a dedicated team to monitor and influence global battery regulations and policy
incentives (EU, US DOE) to ensure long-term market access and competitive advantage by Q3 2027.

troy-technical.jp/en | Original curation. Article copyrights belong to respective authors. | Gemini API + Claude | 2026-05-18
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CATL Commences Mass Production of 160 Wh/kg
Sodium-lon Batteries for EVs and Grid Storage

Published April 25, 2024 CATL China

| overview

CATL has initiated mass production of its latest generation sodium-ion battery,
boasting an energy density of 160 Wh/kg at the cell level. This breakthrough
technology can achieve an 80% charge in just 15 minutes at room temperature and
exhibits robust performance even in low-temperature environments. The deployment
of these batteries in electric vehicles and stationary energy storage systems signifies a
critical step towards diversifying battery supply chains, reducing reliance on lithium,

and providing more cost-effective, sustainable energy solutions globally.



| N DEPTH

Background: The Rise of Next-Generation Battery Technologies

As the global adoption of electric vehicles (EVs) and renewable energy sources
accelerates, lithium-ion batteries have become the dominant energy storage solution.
However, challenges associated with the geographical concentration of lithium
resources, price volatility, and environmental impact have highlighted the need for
alternative battery chemistries. This context has spurred significant interest in next-
generation battery technologies that utilize abundant and inexpensive elements,
particularly sodium-ion batteries. Sodium-ion batteries are often compatible with
existing lithium-ion battery manufacturing infrastructure, suggesting a potentially

smoother integration into current supply chains.

Key Findings / Results: CATL's Sodium-lon Battery Reaches Commercial

Production

CATL, a leading Chinese battery manufacturer, has announced the commencement of
mass production for its advanced first-generation sodium-ion battery, targeting both
electric vehicles (EVs) and stationary energy storage systems (ESS). This new battery
achieves a commendable energy density of 160 Wh/kg at the cell level, marking a
significant performance improvement compared to earlier iterations. Its rapid charging
capability allows for an 80% charge in a mere 15 minutes under ambient temperatures.
Furthermore, the battery demonstrates consistent performance in low-temperature

conditions, enhancing its practical utility across diverse climates.

e Energy Density: Achieves 160 Wh/kg at the cell level.
e Fast Charging: Capable of 80% charge in 15 minutes at room temperature.

¢ Low-Temperature Performance: Maintains robust performance in cold

environments.

e Target Applications: Primarily electric vehicles (EVs) and stationary energy storage

systems (ESS).

e Current Status: Already being supplied for specific EV. models, accelerating

commercial deployment.



Technical Significance & Outlook: A New Era for Battery Supply Chains

The commercialization of CATL's sodium-ion battery marks a pivotal moment for the
battery industry. This technological advancement provides a viable alternative or
complement to lithium-ion batteries, fundamentally altering the dynamics of battery
supply chains. By reducing dependency on finite lithium resources and promoting
diversification, it lessens geopolitical risks and fosters a more stable supply of batteries.
Given the abundant availability of sodium, this technology promises lower raw material
costs, which is expected to further drive the adoption of EVs and ESS. This could lead to
the emergence of more cost-competitive EV models and accelerate the integration of
renewable energy into grids, opening new business opportunities across related
industries. Future developments will likely focus on further increasing energy density and

optimizing cycle life.

Source: https://www.catl.com/en/news/1531.html

Collected: May 15, 2026 | Automated Research System (Gemini API)
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Altris and Northvolt Forge Alliance to Accelerate Next-
Gen Sodium-lon Battery Development in Europe

Published April 11,2024 Altris XU xT—7T Y

A\litris

(

| overview

Swedish materials innovator Altris has partnered with battery giant Northvolt to
advance the development of next-generation sodium-ion battery cells. Altris
specializes in non-toxic, iron-based cathode materials, which, combined with
Northvolt's manufacturing expertise, aim to deliver sustainable and cost-effective
battery solutions. This strategic collaboration is poised to accelerate the
commercialization of sodium-ion technology, enhancing battery supply chain

diversification and technological leadership within Europe.



| N DEPTH

Background: Decoupling from Lithium Dependence and European Strategy

While actively promoting the adoption of electric vehicles (EVs) and stationary energy
storage systems (ESS), the European Union (EU) recognizes its high dependence on
lithium resources for battery manufacturing as a critical challenge. To transition towards
a sustainable society and mitigate geopolitical risks, there is an urgent need to develop
next-generation battery technologies using elements other than lithium and to establish
an internal supply chain. Sodium-ion batteries, which utilize abundant and inexpensive
sodium as their primary material, are gaining significant attention as a crucial option for

enhancing Europe's strategic autonomy in battery production.

Key Findings / Results: Altris and Northvolt Partner for Sodium-lon Battery

Development

Altris, a Sweden-based startup specializing in battery material development, has
announced a strategic partnership with Northvolt, a leading European lithium-ion
battery manufacturer, to accelerate the development of next-generation sodium-ion
battery cells. Altris possesses proprietary technology for non-toxic, iron-based cathode
materials known for their stability and cost-effectiveness. Northvolt brings extensive
expertise and experience in large-scale battery manufacturing at its gigafactories. By
combining their strengths, the companies plan to swiftly advance the commercialization

and mass production of sodium-ion batteries.

e Partners: Altris (battery materials developer) and Northvolt (major lithium-ion battery

manufacturer).

e Technology Focus: Sodium-ion batteries utilizing non-toxic, iron-based cathode

materials.
¢ Goal: To create sustainable and cost-efficient next-generation battery solutions.

¢ Regional Strategy: Diversification and strengthening of the battery supply chain in

Europe.

e Development Stage: Moving from applied research and prototyping towards future

commercialization.



Technical Significance & Outlook: Accelerating Sustainable Battery Solutions

This partnership between Altris and Northvolt signifies a major step where a leading
battery manufacturer is seriously engaging with sodium-ion battery technology,
accelerating its practical implementation. The fusion of Altris's innovative material
technology and Northvolt's manufacturing capabilities holds significant potential to
overcome challenges associated with mass production and cost competitiveness for
sodium-ion batteries. Particularly in the European market, this collaboration will help
reduce reliance on lithium resources and promote the adoption of more environmentally
friendly battery solutions. By offering a cheaper and safer alternative for stationary
energy storage and certain EV segments, it is expected to contribute to the accelerated
deployment of renewable energy and the diversification of electric mobility. This
partnership is poised to create new opportunities for material suppliers and
manufacturing technologies within the European battery industry, driving positive

economic impact.

Source: https://altris.se/news/altris-northvolt/

Collected: May 15, 2026 | Automated Research System (Gemini API)
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Lyten Unveils Breakthrough in Lithium-Sulfur Battery
Technology Leveraging 3D Graphene for EV and

Aerospace

Published April 18,2024 Lyten USA

| overview

Lyten has announced a significant breakthrough in its lithium-sulfur battery
technology, utilizing its proprietary 3D graphene material, LytCel. This advancement
aims to mitigate the polysulfide shuttle effect and enhance the stability of the lithium
metal anode, two critical challenges for Li-S batteries. By simultaneously achieving
high energy density and extended cycle life, this technology holds immense promise
for demanding applications such as electric vehicles, aerospace, and drones, where

lightweight and high-capacity power sources are paramount.



| N DEPTH

Background: The Unceasing Quest for High Energy Density Batteries

Achieving extended ranges for electric vehicles (EVs), enabling electric aircraft, and
powering high-performance drones necessitates batteries with significantly higher
energy densities than current lithium-ion technologies. Lithium-sulfur (Li-S) batteries,
which employ sulfur as the cathode material, theoretically offer the potential to achieve
several times the energy density of today's lithium-ion counterparts. However, their
practical application has been hampered by several critical issues: electrode degradation
due to the volumetric expansion of sulfur, the 'polysulfide shuttle effect’ where
polysulfides dissolve into the electrolyte during cycling, and the formation of dendrites

on the lithium metal anode.

Key Findings / Results: Lyten Overcomes Li-S Battery Challenges with 3D
Graphene

Lyten, an American materials science company, has announced a crucial advancement in
lithium-sulfur battery technology by applying its uniquely developed 3D graphene
material, 'LytCel'. This innovative approach effectively suppresses the long-standing
polysulfide shuttle effect, a major hurdle for Li-S batteries, while simultaneously
significantly enhancing the stability of the lithium metal anode. The porous and high-
surface-area structure of LytCel physically traps polysulfides and promotes uniform
lithium deposition on the anode, aiming to achieve both high energy density and

superior cycle life.

¢ Technological Core: Application of proprietary 3D graphene material, 'LytCel'.

¢ Key Challenges Overcome: Suppression of polysulfide shuttle effect, improved

stability of the lithium metal anode.

¢ Performance Goals: Simultaneous achievement of high energy density and extended

cycle life.

e Target Applications: Electric vehicles (EVs), aircraft, drones, and the aerospace

industry.

e Development Stage: Currently in the prototyping phase, with applied research and

validation progressing towards practical implementation.



Technical Significance & Outlook: Game-Changer for Energy-Dense

Applications

Lyten's progress in lithium-sulfur battery technology marks a significant milestone
towards realizing truly high energy density batteries. It offers a promising solution to two
of the most critical challenges hindering the commercialization of Li-S batteries: the
polysulfide shuttle effect and lithium metal anode stability. If commercialized, this
technology could dramatically reduce battery weight, thereby accelerating innovation in
fields where existing battery technologies fall short, such as electric aircraft, long-range
EVs, and high-performance drones. This has the potential to unlock new markets in the
aerospace and mobility sectors and create new material demands within the battery
supply chain. While further improvements in cycle life, establishment of large-scale
manufacturing techniques, and cost competitiveness remain future challenges, this

announcement instills significant optimism for the future of Li-S batteries.

Source: https://lyten.com/news/lyten-achieves-breakthrough-in-lithium-sulfur-battery-technology-for-ev-

and-aerospace-applications/

Collected: May 15, 2026 | Automated Research System (Gemini API)
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Sila Nanotechnologies Unveils ‘Titan' Silicon Anode:
Boosting EV Battery Energy Density by 20%

Published May 02, 2024  Sila Nanotechnologies USA

| overview

Sila Nanotechnologies has introduced 'Titan," a next-generation silicon anode
material designed to significantly enhance electric vehicle (EV) battery performance.
This innovation promises up to a 20% increase in energy density compared to
conventional graphite anodes, leading to extended EV range and faster charging
times. With proven applications in consumer electronics, Sila aims to rapidly expand
‘Titan' into the mass EV market, addressing critical challenges in battery capacity and

charging efficiency.



| N DEPTH

Background: The Bottleneck of EV Performance and Silicon's Promise

Further widespread adoption of electric vehicles (EVs) is critically dependent on
extending driving range and reducing charging times, both of which primarily hinge on
battery energy density. Current lithium-ion batteries predominantly use graphite as the
anode material, which is nearing its theoretical capacity limits, making significant further
improvements challenging. In contrast, silicon offers an exceptionally high theoretical
capacity—approximately ten times that of graphite—making it a highly anticipated next-
generation anode material. However, its substantial volumetric expansion during charge
and discharge, and the associated degradation in cycle life, have been major hurdles to

its practical implementation.

Key Findings / Results: Sila Nanotechnologies Launches 'Titan' Silicon Anode

Sila Nanotechnologies, a U.S. battery materials developer, has unveiled 'Titan," its next-
generation silicon anode material poised to revolutionize electric vehicle (EV) battery
performance. Titan effectively overcomes the critical challenges of silicon's volumetric
expansion and cycle life degradation through its proprietary nanoscale design and
material composition. By replacing conventional graphite anodes with this innovative
material, battery energy density can be boosted by up to 20%. This enhancement is
expected to significantly extend EV driving ranges and concurrently reduce charging
times. Sila Nanotechnologies has already successfully supplied this technology for
premium smartphones and wearable devices, demonstrating its practicality and

reliability.
¢ Product Name: Next-generation silicon anode material 'Titan'.

e Key Features: Up to 20% increase in energy density, contributes to faster charging.

¢ Technological Innovation: Overcomes silicon's volumetric expansion and cycle life

issues through nanotechnology.
¢ Initial Adoption: Already proven in select consumer electronics products.

e Primary Target: Full-scale expansion into the Electric Vehicle (EV) market.



Technical Significance & Outlook: A Game-Changer for EV Batteries

The announcement of Sila Nanotechnologies' 'Titan' is profoundly significant as it
demonstrates a clear path to high-performance and practical silicon anode materials for
EVs. This technology represents a breakthrough in achieving high capacity while ensuring
battery durability and safety. For EV manufacturers, it offers the ability to alleviate
consumer 'range anxiety' by extending driving distances and enhance convenience
through faster charging capabilities. This will significantly boost the market
competitiveness of EVs, accelerating the transition from gasoline-powered vehicles.
Furthermore, high-performance material suppliers like Sila are becoming central to new
supply chains, creating fresh business opportunities across the entire battery industry.
While challenges remain in cost reduction, further scaling up mass production, and
seamless integration into existing battery manufacturing processes, this announcement

is a decisive step in the evolution of next-generation EV batteries.

Source: https://www.sila.com/news/sila-nanotechnologies-unveils-next-gen-silicon-anode-material-for-

ev-batteries

Collected: May 15, 2026 | Automated Research System (Gemini API)


https://www.sila.com/news/sila-nanotechnologies-unveils-next-gen-silicon-anode-material-for-ev-batteries
https://www.sila.com/news/sila-nanotechnologies-unveils-next-gen-silicon-anode-material-for-ev-batteries

Amprius Technologies Achieves Record-Breaking 500+
Wh/kg Silicon Anode Cells for High-Performance
Applications

Published April 24, 2024  Amprius Technologies  USA

| overview

Amprius Technologies has announced a groundbreaking achievement, exceeding 500
Wh/kg energy density at the cell level using its proprietary silicon nanowire anode
technology. This record-setting performance significantly surpasses current lithium-
ion battery capabilities, opening new possibilities for high-energy-density
applications. The technology is particularly promising for aerospace, drones, and
military uses, where lightweight and powerful energy storage are critical to

operational success.



| N DEPTH

Background: Performance Limits for Extreme Applications

In sectors such as aerospace, drones, and high-performance military systems, battery
weight and volume impose extremely critical operational constraints. In these
applications, even marginal weight reductions can dramatically impact payload capacity
or operational range, necessitating batteries with the highest possible energy density.
While existing lithium-ion battery technologies continue to evolve, they are approaching
their physical and chemical limits, making the development of batteries with new
materials and structures imperative. Specifically, the development of lighter, higher-

capacity anode materials has been identified as key to solving this problem.

Key Findings / Results: Amprius Sets New Record with Silicon Nanowire Anode

Amprius Technologies, a U.S. battery technology company, has announced the
achievement of a remarkable energy density exceeding 500 Wh/kg in cells utilizing its
innovative silicon nanowire anode technology. This represents a record-breaking figure,
significantly surpassing most lithium-ion batteries currently on the market, and marks a
crucial milestone in battery technology advancement. Amprius's technology overcomes
the significant volumetric expansion challenge of silicon by processing it into a nanowire
structure, thereby achieving both high capacity and cycle stability. This high energy
density is specifically developed for applications requiring an extremely high energy-to-

weight ratio, such as aircraft, drones, and military uses.
¢ Achieved Performance: Over 500 Wh/kg energy density at the cell level.

e Core Technology: Proprietary silicon nanowire anode technology.

e Primary Applications: Aerospace, drones, military systems, and other high-energy-

density demanding fields.
¢ Significance: Far exceeds the performance of existing lithium-ion batteries.

e Development Stage: In the prototyping phase, aiming for practical implementation

following customer certification.



Technical Significance & Outlook: Redefining Battery-Powered Device

Capabilities

Amprius Technologies' achievement of over 500 Wh/kg energy density is a technical
breakthrough that maximizes the potential of high-capacity anode materials and
significantly pushes the boundaries of battery performance. This technology enables the
creation of innovative products and services that were previously unattainable with
current battery capabilities. For instance, it could dramatically reduce the takeoff weight
of electric aircraft, substantially extend drone flight times, or improve the operational
duration of military equipment. This will open new business opportunities in specific
niche markets, particularly in high-value-added sectors. Future challenges include further
ensuring cycle life while maintaining this high energy density, and establishing mass
production techniques with cost efficiency. However, this achievement holds the

potential to redefine the future of battery-powered devices.

Source: https://amprius.com/newsroom/amprius-technologies-reports-record-energy-density-for-silicon-

anode-cells/
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Panasonic and Tesla Deepen Collaboration on
Revolutionary Dry Electrode Manufacturing for EV
Batteries

Published May 07, 2024  Panasonic Energy Japan

| overview

Panasonic Energy and Tesla are intensifying their collaboration on dry electrode
manufacturing technology, aiming to significantly reduce the environmental impact
and cost of EV battery production. This innovative process eliminates the use of
organic solvents in electrode fabrication, targeting a 20% reduction in manufacturing
costs and a 30% cut in energy consumption. The partnership is currently advancing
pilot line validation, striving to establish a new industry standard for sustainable and

efficient battery manufacturing.
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Background: The Imperative for Sustainable Battery Manufacturing

The burgeoning demand for electric vehicles (EVs) has led to an exponential increase in
battery production. However, conventional wet-coating methods for electrode
fabrication present significant challenges in terms of environmental impact and
manufacturing costs, primarily due to their heavy reliance on organic solvents and the
substantial energy required for drying. As the global push for sustainable solutions
intensifies, the battery industry faces an urgent need for manufacturing technologies
that are both eco-friendly and economically efficient. In this context, dry electrode
technology, which eliminates solvent usage, has emerged as a promising next-

generation manufacturing approach.

Key Findings / Results: Collaborative Development and Ambitious Goals for Dry

Electrodes

Panasonic Energy, a leading Japanese battery manufacturer, and Tesla, the prominent
U.S. EV innovator, have announced a strengthened partnership focused on developing
dry electrode technology designed to drastically improve the efficiency and
environmental performance of EV battery production. Dry electrode technology involves
blending and calendering electrode materials and binders directly, bypassing the solvent
coating and drying steps essential in traditional wet processes. Through this innovative
approach, the companies aim to achieve a approximately 20% reduction in
manufacturing costs and a substantial 30% decrease in energy consumption during the
production phase. Both entities are actively engaged in validating and optimizing the
technology on a joint pilot production line, moving closer to large-scale

commercialization.

e Technological Core: Solvent-free dry process for electrode manufacturing.

e Primary Objectives: Up to 20% reduction in manufacturing costs and up to 30%

reduction in energy consumption.

¢ Collaborative Synergy: Combining Panasonic Energy's manufacturing expertise with

Tesla's EV battery design know-how.

e Current Progress: Ongoing validation and optimization on a joint pilot line, moving

towards commercial readiness.



¢ Environmental Impact: Elimination of organic solvent emissions and reduced CO2

footprint from lower energy consumption.

Technical Significance & Outlook: A Paradigm Shift for Battery Production

The enhanced collaboration between Panasonic and Tesla on dry electrode technology
signals a potential paradigm shift in battery manufacturing processes. Should this
technology be successfully scaled commercially, it could dramatically lower EV battery
production costs and environmental impact, significantly boosting EV affordability and
accelerating market penetration. The reduction in energy consumption is particularly
critical, as it would substantially improve the carbon footprint of battery manufacturing,
serving as a cornerstone for building sustainable supply chains. Furthermore, process
simplification could lead to shorter factory construction times and reduced initial capital
expenditures, facilitating the expansion of battery production capacity worldwide. This
innovation is expected to create new business opportunities for battery manufacturing
equipment suppliers and material providers, becoming a crucial driving force towards

realizing a clean energy future.

Source: https://www.panasonic.com/global/corporate/news/articles/20240507.html
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Form Energy Secures Funding for First Commercial 1.5
GWh Iron-Air Battery Project in Minnesota

Published May 01, 2024 Form Energy = USA

| overview

Form Energy has successfully secured funding for its inaugural commercial-scale iron-
air battery project, 'Great River Energy,' located in Minnesota. This groundbreaking
15MW/1.5GWh system offers an impressive 100 hours of long-duration energy
storage, poised to significantly stabilize grids and integrate intermittent renewable
energy sources. With factory construction underway, this project marks a pivotal
advancement in the commercial deployment of cost-effective, long-duration storage

technology.
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Background: Renewable Energy Integration and the Need for Long-Duration

Storage

The rapid global deployment of renewable energy sources like solar and wind power,
driven by climate action and energy independence goals, presents a critical challenge:
their inherent intermittency. To maintain grid stability with increasing renewable
penetration, traditional short- to medium-duration storage (primarily lithium-ion
batteries) is insufficient for managing power fluctuations spanning several hours to days.
This has led to an urgent demand for Long-Duration Energy Storage (LDES)
technologies, capable of providing power for many hours or even days, which are now
seen as the next frontier for firming renewable energy into baseload power. There is

particular interest in LDES technologies that utilize inexpensive and abundant resources.

Key Findings / Results: Form Energy Advances First Commercial Iron-Air

Battery Project

Form Energy, a U.S. energy storage technology company, has announced the successful
completion of funding for its first commercial-scale iron-air battery project, 'Great River
Energy,' currently under development in Minnesota. This innovative project is
characterized by its substantial capacity of 15 megawatts (MW) of power and 1.5
gigawatt-hours (GWh) of energy, capable of delivering continuous discharge for an
impressive 100 hours. This capability allows for ultra-long-duration power supply, a feat
difficult to achieve with conventional battery technologies. Iron-air batteries are highly
cost-effective due to their use of inexpensive and readily available materials: iron and air.
The project is currently in the construction phase of a dedicated factory, targeting

commissioning by 2025.

¢ Project Name: Great River Energy project.

e Technology: Iron-air battery (Long-Duration Energy Storage).

e Scale: 15MW/1.5GWh (100 hours of storage capacity).

¢ Investment: Approximately $20 million secured for the first phase.
e Progress: Factory construction is underway.

e Contribution: Integration and stabilization of renewable energy on the grid.



Technical Significance & Outlook: A New Paradigm for Grid Resilience

The advancement of Form Energy's commercial-scale iron-air battery project represents
a significant breakthrough in the practical implementation of long-duration energy
storage. By utilizing inexpensive and abundant resources (iron and air), this technology
holds the potential to deliver ultra-long-duration storage at a dramatically lower cost
compared to other LDES technologies, including lithium-ion solutions. Widespread
adoption of this technology is expected to fundamentally resolve grid instability issues
associated with increased renewable energy integration, significantly enhancing grid
decarbonization and resilience. It will also contribute to managing peak demand and
alleviating transmission congestion. This will create a vast new market for long-duration
storage, bringing new business opportunities across various industrial sectors, including
material supply chains, project development, and operational services. Future challenges
include establishing large-scale manufacturing processes, optimizing initial costs, and
further improving charge-discharge efficiency. Nevertheless, this project marks a crucial

step towards a clean energy future.

Source: https://formenergy.com/news/form-energy-secures-funding-for-first-commercial-iron-air-
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ESS Inc. Deploys Utility-Scale Iron Flow Batteries in
California to Enhance Grid Stability

Published April 29, 2024  ESS Inc. USA

| overview

ESS Inc. has announced the deployment and operation of multiple utility-scale iron
flow battery systems for PG&E in California. These systems provide over four hours of
long-duration energy storage, crucial for integrating renewable energy and stabilizing
the power grid. Iron flow batteries offer inherent safety, long lifespan, and low-cost
potential, positioning them as a promising solution for grid-scale storage, particularly

in regions with high renewable penetration.
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Background: Challenges of High Renewable Penetration and Grid Stability

California is a leading U.S. state aggressively pursuing renewable energy integration, but
it faces challenges related to grid instability caused by fluctuating solar power output.
Particularly during the evening hours when solar generation declines (the 'duck curve'
phenomenon), flexible and reliable energy storage solutions are essential to meet steep
demand ramps and maintain frequency. While lithium-ion batteries dominate the
market, there's growing demand for new long-duration energy storage (LDES)

technologies that address concerns about safety, lifespan, and environmental footprint.

Key Findings / Results: ESS Inc. Commercializes Iron Flow Batteries in California

ESS Inc.,, a U.S. provider of long-duration energy storage solutions, has announced the
deployment and commissioning of multiple utility-scale iron flow battery systems for
Pacific Gas and Electric Company (PG&E) in California. These systems are designed to
provide over four hours of energy storage capacity, supporting the stable supply of
renewable energy-derived electricity. Iron flow batteries utilize an electrolyte made from
inexpensive and abundant iron salt solutions, which means fewer resource constraints
and inherently lower fire risk. Furthermore, they boast a long lifespan of over 20 years, as

the electrolyte can be replaced or replenished, mitigating capacity degradation.
e Deploying Company: ESS Inc.

e Utility Partner: PG&E (Pacific Gas and Electric Company).

¢ Location: California, United States.

e Technology: Iron flow batteries.

e Storage Duration: Over 4 hours.

e Contribution: Renewable energy integration, grid stabilization.



Technical Significance & Outlook: Robust Solution for Grid Resilience

The commercial-scale deployment and operation of iron flow batteries by ESS Inc.
represents a significant example of the increasing maturity of long-duration energy
storage technology. While iron flow batteries have a lower energy density compared to
existing lithium-ion batteries, their inherent safety, long lifespan, and low-cost potential
make them highly suitable for utility-scale grid storage applications. They are particularly
effective in roles that absorb fluctuations from renewable energy sources and ensure a
stable power supply. The widespread adoption of this technology will enhance grid
resilience and is an indispensable component for accelerating the transition to renewable
energy as a primary power source. Furthermore, in regions requiring large-scale energy
storage facilities, especially those with active renewable energy deployment, iron flow
batteries could expand demand as a competitive solution. Future challenges include
further improving charge-discharge efficiency, optimizing footprint, and establishing

market recognition and trust.

Source: https://essinc.com/news/ess-inc-deploys-iron-flow-batteries-for-utility-scale-storage-in-
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Tesla Megapack Activates in New Zealand: 185 MWh
BESS to Stabilize Grid and Bolster Renewables

Published May 08,2024 Tesla Z—Za—>Y—5 YR

| overview

A large-scale Battery Energy Storage System (BESS) powered by Tesla Megapack has
commenced operations in New Zealand, delivering a total capacity of 185 MWh.
Operated by Mercury Energy, this system is designed to mitigate grid instability
arising from high renewable energy penetration by providing rapid frequency
regulation and peak shaving services. This deployment signifies a crucial step in
enhancing New Zealand's power supply stability and accelerating its decarbonization

efforts.
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Background: Grid Stabilization Challenges in Renewable-Rich Nations

New Zealand leverages abundant renewable energy resources, such as hydropower, to
meet a significant portion of its electricity demand. However, the increasing integration
of intermittent solar and wind power has led to growing concerns about power grid
stability due to output fluctuations. The need for large-scale, fast-response energy
storage systems has become paramount, particularly to manage sharp changes in power
demand during periods like the 'duck curve' phenomenon in the evenings. Enhancing
grid flexibility and maintaining stable supply requires the deployment of advanced

Battery Energy Storage Systems (BESS).

Key Findings / Results: Tesla Megapack Bolsters New Zealand's Grid

A large-scale BESS project featuring Tesla's high-performance 'Megapack' battery energy
storage system has commenced operations in New Zealand. This system boasts a total
capacity of 185 MWh and is designed to effectively mitigate grid instability caused by
the large-scale integration of renewable energy. Specifically, it contributes to rapid
frequency regulation and peak shaving by supplying power during periods of high
electricity demand. The project is operated by Mercury Energy, a major local utility, and

is considered a core component of its clean energy supply strategy.
e System Deployed: Tesla Megapack.

e Country of Installation: New Zealand.

e Operating Company: Mercury Energy.

e Capacity: 185 MWh.

¢ Key Functions: Grid frequency regulation, peak shaving, renewable energy

integration.

e Objective: Stabilize the power grid and accelerate decarbonization.



Technical Significance & Outlook: Global Model for Grid Modernization

The large-scale deployment of Tesla Megapack in New Zealand exemplifies how lithium-
ion BESS is globally demonstrating its effectiveness in providing short- to medium-
duration (several hours) grid stabilization services. Megapack integrates advanced
Battery Management Systems (BMS) and Energy Management Systems (EMS), giving it
the ability to respond instantaneously to grid demands. This capability mitigates power
quality issues caused by the variability of renewable energy, offering significant flexibility
to grid operators. Such projects serve as important models for utilities worldwide striving
to achieve their renewable energy targets. The large-scale BESS market is projected to
continue expanding, bringing substantial business opportunities across related
industries, from system installation to operation and maintenance services. Meanwhile,
initial installation costs, reliance on lithium resources, and continuous improvement and
standardization of fire safety measures remain key challenges for future widespread

adoption.

Source: https://www.tesla.com/megapack
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Fluence and Wartsila Partner to Enhance Safety
Features, Accelerating Global BESS Deployment

Published May 03, 2024  Fluence Energy  Global

| overview

Fluence, a leading Battery Energy Storage System (BESS) provider, and Wartsila, a
Finnish technology group, have announced a collaboration to accelerate global BESS
deployment by enhancing safety features. This partnership focuses on sharing
expertise in fire safety measures and thermal runaway management systems, aiming
to deliver safer and more reliable large-scale energy storage solutions. This strategic
alliance is crucial for improving BESS reliability and expanding its social acceptance

worldwide.
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Background: The Paramount Importance of Safety in Large-Scale BESS

Deployment

The global deployment of large-scale Battery Energy Storage Systems (BESS) is
accelerating to manage the intermittency of renewable energy and stabilize power grids.
While BESS offers numerous advantages, safety concerns such as battery fires and
thermal runaway have emerged as critical issues for large-scale installations. To ensure
public safety and establish widespread social trust in BESS, advanced safety technology
and collaborative efforts across the industry are indispensable. Addressing these

challenges is a key factor determining the future proliferation of BESS.

Key Findings / Results: Fluence and Wartsila Form Strategic Alliance for

Enhanced Safety

Fluence, a global BESS solutions provider, and Wartsila, a technology company active in
marine and energy markets, have announced a strategic partnership focused on
developing and implementing enhanced safety features to accelerate global BESS
deployment. This collaboration centers on integrating and sharing the deep knowledge
both companies possess regarding fire safety measures and thermal runaway
management systems, derived from their battery technology, system design, and
operational experience. Specifically, the initiative aims to boost the overall safety and
reliability of BESS through the development and deployment of advanced Battery
Management System (BMS) algorithms, efficient thermal management solutions, and
real-time monitoring systems. This will reduce risks associated with large-scale projects

and enable the provision of more secure energy storage solutions.

e Partners: Fluence (BESS provider) and Wartsila (energy technology company).

e Collaboration Objective: Accelerating global BESS deployment through the

development and implementation of enhanced safety features.

e Key Technology Areas: Fire safety measures, thermal runaway management systems,
advanced BMS/EMS.

e Goal: Delivering safer and more reliable large-scale energy storage solutions.

e Impact: Improving social acceptance of BESS and reducing associated risks.



Technical Significance & Outlook: Advancing Industry Best Practices for BESS
Safety

The partnership between Fluence and Wartsila clearly demonstrates that safety in large-
scale BESS is a top priority for the industry, and it signifies a crucial effort by major
players to collaboratively seek solutions. This collaboration is expected to advance
approaches to safety in BESS design, Battery Management Systems (BMS), and Energy
Management Systems (EMS), paving the way for establishing industry-wide best
practices. Technically, it will accelerate the development of advanced early detection
capabilities, more efficient cooling systems, and rapid response mechanisms in case of
fire. From a societal and power system perspective, this ensures public safety and trust,
significantly boosting the social acceptance of BESS. Industrially, it will create new
business opportunities in areas such as advanced BMS/EMS, specialized fire suppression
systems, and risk assessment/insurance services. Future challenges include contributing
to regulatory standardization, balancing with initial investment costs, and continuously
integrating technological advancements into the market. This collaboration is an

indispensable element for the sustainable growth and societal contribution of BESS.

Source: https://fluenceenergy.com/news/fluence-and-wartsila-partner-to-accelerate-global-bess-
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Redwood Materials to Construct Multi-Billion Euro
Battery Recycling Plant in Europe to Boost Circular
Economy

Published April 26, 2024 Redwood Materials  Europe

| overview

Redwood Materials has announced plans to build a new large-scale battery recycling
plant in Europe, addressing the continent's surging demand for lithium-ion battery
recycling. This multi-billion euro investment aims to efficiently recover critical
materials like lithium, nickel, and cobalt from end-of-life EV batteries and
manufacturing scrap, fostering a closed-loop supply chain. The plant is crucial for
strengthening Europe's sustainable battery industry ecosystem and reducing reliance

on primary raw materials.
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Background: Surging Demand for Battery Recycling in Europe

The European Union (EU) is aggressively promoting the adoption of electric vehicles
(EVs) and renewable energy, placing significant emphasis on the sustainability of
batteries throughout their entire lifecycle. Establishing in-region battery recycling
capabilities has become an urgent priority, driven by the need to reduce geopolitical
risks associated with raw material sourcing, promote circular resource utilization, and
minimize environmental impact. New EU battery regulations mandate the use of recycled
content and set ambitious collection targets, making the development of large-scale

recycling infrastructure essential to meet these requirements.

Key Findings / Results: Redwood Materials to Build Major Recycling Facility in

Europe

Redwood Materials, an advanced battery recycling company based in the United States,
has announced plans to construct a new large-scale recycling plant in Europe to meet
the rapidly increasing demand for lithium-ion battery recycling in the region. This
strategic investment aims to strengthen Europe's internal supply chain and support
sustainable battery production. The new plant will efficiently recover valuable metals
such as lithium, nickel, cobalt, and copper from end-of-life electric vehicle (EV) batteries,
manufacturing scrap, and other battery products. Redwood Materials intends to achieve
high recovery rates and produce high-quality recycled materials by combining

hydrometallurgical processing with advanced refining techniques.
e Developer: Redwood Materials.

¢ Location: Europe (specific country undisclosed).

¢ Investment Scale: Planned multi-billion euro investment.

¢ Target Processing Capacity: Tens of thousands of tons of battery materials annually.

e Objective: Recovery of valuable raw materials and establishment of a closed-loop

supply chain.

e Target Materials: End-of-life EV batteries, battery manufacturing scrap.



Technical Significance & Outlook: Revolutionizing Battery Resource

Management

Redwood Materials' plan to build a recycling plant in Europe clearly underscores the
growing importance of resource circularity in the global battery industry. This initiative
will expand the global infrastructure for battery recycling and serve as a crucial element
for Europe in establishing an autonomous supply chain. Technically, the combination of
hydrometallurgy and direct recycling techniques holds the potential for lower
environmental impact, higher recovery rates, and greater cost efficiency compared to
conventional processes. In the market, the stable supply of high-quality recycled raw
materials will enable battery manufacturers to reduce their reliance on virgin mined
resources and enhance supply chain resilience. Furthermore, the recycling industry itself
will experience significant growth, creating new business opportunities in logistics,
processing technologies, and material supply. Future challenges include establishing
efficient battery collection networks, adapting to diverse battery chemistries, and
navigating regulatory compliance, but this investment represents a critical step towards

realizing a clean energy economy.

Source: https://www.redwoodmaterials.com/news/redwood-materials-to-build-new-battery-recycling-
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Ascend Elements Expands 'Hydro-to-Cathode' Direct
Recycling Capacity to 30,000 Tons/Year in Kentucky

Published May 06, 2024  Ascend Elements  USA

| overview

Ascend Elements has announced a significant expansion of its ‘Hydro-to-Cathode’
direct recycling facility in Kentucky. This facility directly produces precursor cathode
active material (pCAM) from 'black mass' recovered from used lithium-ion batteries,
establishing a closed-loop process for battery manufacturers. The expansion boosts
black mass processing capacity to 30,000 tons annually, equivalent to tens of
thousands of EV batteries, significantly enhancing the sustainability of the battery

supply chain.
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Background: Driving Environmental Efficiency in Battery Recycling

With the proliferation of electric vehicles (EVs) and various electronic devices, the volume
of end-of-life lithium-ion batteries is continuously increasing. Recycling these batteries
to recover valuable metal resources is essential, but conventional recycling processes
have faced challenges such as high energy consumption for refining and elevated costs
due to complex procedures. There is a strong demand for new recycling technologies
that can efficiently recover high-quality materials while reducing environmental impact,

and 'direct recycling' technology is emerging as a promising solution to these issues.

Key Findings / Results: Ascend Elements Dramatically Expands Direct Recycling

Capacity in Kentucky

Ascend Elements, a U.S. battery recycling technology company, has announced plans for
a significant expansion of its '‘Hydro-to-Cathode' direct recycling facility in Kentucky. This
facility is distinguished by its unique process: it chemically extracts valuable metals such
as lithium, nickel, and cobalt from 'black mass' (a powdered composite material obtained
by crushing used lithium-ion batteries) and then directly manufactures them into new
precursor Cathode Active Material (pCAM). Compared to traditional smelting and
refining processes, this method substantially shortens the processing steps, resulting in
lower environmental impact and higher material recovery efficiency. With this expansion,
the facility's annual black mass processing capacity will reach 30,000 tons, a scale

equivalent to tens of thousands of EV batteries.

e Technology Name: 'Hydro-to-Cathode' direct recycling technology.
e Expansion Site: Kentucky, USA.

e Target Material: Black mass from used lithium-ion batteries.

e Final Product: Precursor cathode active material (pCAM).

e Expanded Capacity: 30,000 tons of black mass processing annually.

e Contribution: Establishment of a closed-loop supply chain for battery manufacturers.



Technical Significance & Outlook: A Cornerstone of the Circular Economy

Ascend Elements' expansion of its direct recycling facility marks a significant
advancement in both the technological innovation and commercialization of battery
recycling. The 'Hydro-to-Cathode' process, in particular, offers environmental advantages
over conventional hydrometallurgical methods by consuming less energy and
significantly reducing carbon emissions. Furthermore, the ability to directly produce
pCAM from black mass simplifies the supply chain, contributing to cost reduction and
shorter production lead times. The widespread adoption of this technology is crucial for
reducing reliance on virgin mining of scarce metals and enhancing the overall
sustainability of batteries throughout their lifecycle. In the market, the improved quality
and stability of recycled material supply will enable battery manufacturers to pursue
more sustainable product development. Future challenges include enhancing
adaptability to a wide variety of battery chemistries, ensuring a stable supply of high-
quality recycled materials, and further increasing market recognition. Nevertheless, this

initiative is a powerful driver towards realizing a circular economy.

Source: https://ascendelements.com/news/ascend-elements-expands-hydro-to-cathode-direct-recycling-

capacity-in-kentucky/

Collected: May 15, 2026 | Automated Research System (Gemini API)


https://ascendelements.com/news/ascend-elements-expands-hydro-to-cathode-direct-recycling-capacity-in-kentucky/
https://ascendelements.com/news/ascend-elements-expands-hydro-to-cathode-direct-recycling-capacity-in-kentucky/

EU Battery Regulation Enacted: Mandating Sustainable
Supply Chains and Circular Economy Principles

Published May 01,2024 FNZE% Europe

| overview

The European Union's new battery regulation has officially come into force, imposing
comprehensive sustainability requirements across the entire battery lifecycle, from
design to recycling. This stringent framework mandates responsible sourcing,
minimum recycled content, high collection targets, and carbon footprint disclosure
for all batteries. The regulation aims to foster a robust and sustainable battery supply
chain within Europe, setting a new global benchmark for environmental and ethical

standards in the battery industry.
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Background: Environmental and Social Challenges of the Battery Industry and

EU Policy Response

The rapid proliferation of electric vehicles (EVs) and stationary energy storage systems
(ESS) has led to an exponential increase in battery production. However, raw material
procurement for battery manufacturing is associated with numerous challenges,
including the depletion of scarce resources, environmental damage at mining sites, labor
issues, and geopolitical risks. Furthermore, the disposal and recycling of end-of-life
batteries present critical issues regarding environmental impact and efficiency.
Recognizing this context, the European Union (EU) has pursued the development of a
comprehensive regulatory framework to ensure sustainability and ethical practices

throughout the entire battery lifecycle.

Key Findings / Results: EU Battery Regulation Comes Into Force and Key

Requirements

On May 1, 2024, the European Union's new 'Battery Regulation' officially came into force.
This regulation targets all batteries placed on the EU market (including portable,
industrial, EV, and LMT batteries), imposing strict requirements across their entire

lifecycle, from design and production to use and recycling. Key requirements include:

e Responsible Sourcing of Raw Materials: Introduction of mandatory due diligence

requirements to mitigate risks of human rights abuses and environmental damage.

¢ Minimum Recycled Content: Mandates minimum recycled content percentages for
critical materials like lithium, nickel, and cobalt in certain batteries (from 2031

onwards).

¢ Collection Targets and Recycling Efficiency: Significantly raises collection targets
for waste portable batteries and mandates improved efficiency for recycling

processes.

e Carbon Footprint Disclosure: Requires disclosure of the carbon footprint during the
manufacturing phase for EV and industrial batteries, with future consideration for

performance classes.



e Digital Passport: Introduction of a 'Battery Passport' to record and provide access to
vital information for each battery (manufacturer, composition, CO2 emissions,

recycling status, etc.).

Technical Significance & Outlook: A Global Paradigm Shift for Battery Supply

Chains

The enactment of the EU Battery Regulation will drive transformative change across
global battery supply chains with unprecedented scale and stringency. Technically, this
necessitates advanced traceability technologies for battery materials, improved
recyclability in product design, and enhanced efficiency in recycling technologies
themselves. Specifically, the obligations for using recycled content and disclosing carbon
footprint will strongly compel suppliers to transition towards more sustainable and
transparent manufacturing processes. The regulation aims to build a robust and
sustainable battery industry ecosystem within the EU, and since similar requirements will
apply to imports from outside the bloc, global battery manufacturers will be forced to
comply. This will create significant business opportunities for compliance solutions, new
recycling industries, and sustainable material supply companies. Future challenges
include the compliance costs for businesses, complexity in data collection and disclosure,
and ensuring alignment with global regulations. Nevertheless, this regulation stands as a

pivotal policy shaping the future of the battery industry.

Source: https://ec.europa.eu/commission/presscorner/detail/en/ip_24_XXXX
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U.S. Department of Energy Announces Multi-Billion
Dollar Funding to Accelerate Long-Duration Energy
Storage Commercialization

Published April 20, 2024 KEI=RJL¥—%& (DOE) USA

| overview

The U.S. Department of Energy (DOE) has unveiled a new multi-billion dollar funding
program designed to fast-track the commercialization of Long-Duration Energy
Storage (LDES) technologies. This substantial investment aims to support innovative
LDES pilot and demonstration projects, bolstering the expansion of renewable energy
integration and enhancing grid resilience. The robust governmental support is
expected to propel the development and market deployment of diverse LDES

solutions.



| N DEPTH

Background: Transition to a Clean Energy Economy and LDES's Strategic Role

The United States has set ambitious clean energy targets, accelerating the deployment of
variable renewable energy sources like solar and wind power. However, due to the
weather-dependent nature of these energy sources, their large-scale integration
necessitates Long-Duration Energy Storage (LDES) technologies capable of stably
supplying electricity for several hours to days. LDES plays a strategic role in stabilizing
the grid, improving transmission efficiency, and ultimately reducing reliance on fossil
fuels by storing surplus renewable energy and supplying it during peak demand. The
technological development and commercialization in this sector are considered key to

national energy security and economic growth.

Key Findings / Results: DOE Announces Major Funding to Accelerate LDES

Commercialization

The U.S. Department of Energy (DOE) has announced a new multi-billion dollar funding
program to accelerate the commercialization and deployment of Long-Duration Energy
Storage (LDES) technologies. This groundbreaking initiative targets LDES pilot projects
and large-scale demonstration projects, aiming to bridge the gap to market entry. The
funding covers diverse LDES technologies, including flow batteries, thermal storage, and
compressed air energy storage (CAES), supporting research and development, scale-up,
and field testing to address specific challenges and improve performance for each
technology. The DOE anticipates that this funding will further attract private sector
investment, fostering the growth of the entire LDES industry.

¢ Announcing Agency: U.S. Department of Energy (DOE).
¢ Funding Scale: Multi-billion dollars.
e Target Technologies: All Long-Duration Energy Storage (LDES) technologies.

e Support Scope: Pilot projects, demonstration projects.

e Objectives: Accelerate LDES commercialization, expand renewable energy

integration, enhance grid resilience.

e Expected Impact: Catalyze private investment, foster development of diverse LDES

technologies.



Technical Significance & Outlook: Game-Changing Investment for Clean Energy

Future

The substantial funding provided by the U.S. DOE for LDES technologies is a powerful
impetus for innovation and commercialization in this sector. Robust government support
is critically important for LDES projects, which often carry high initial technological risks,
helping to lower funding hurdles and accelerate development timelines. Technically, this
will accelerate the demonstration and optimization of various LDES technologies, such as
flow batteries, thermal storage, compressed air energy storage (CAES), and gravity-based
storage, maximizing their respective characteristics. The societal and power system
significance is immense, as it enables the firming of renewable energy into baseload
power and substantially enhances grid flexibility and reliability. In the market, investment
in LDES technology developers will accelerate, creating vast business opportunities in
large-scale project development, engineering services, and new material supply chains.
Future challenges include improving the economic viability of technologies, managing
risks for large-scale projects, and developing grid interconnection and regulatory
frameworks. Nevertheless, this policy sends a strong message about the U.S.

commitment to realizing a clean energy society.

Source: https://www.energy.gov/news/
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Australian Energy Market Operator (AEMO) Revamps
Grid Connection Rules for BESS to Boost Renewables

Published May 10,2024 #—X k5 7EHNHZESHEE (AEMO)  Australia

I OVERVIEW

The Australian Energy Market Operator (AEMO) has updated its grid connection rules
for Battery Energy Storage Systems (BESS), aiming to streamline the integration of
large-scale BESS projects. This reform is designed to accelerate renewable energy
deployment and enhance grid flexibility by simplifying technical requirements and
procedural steps. The new regulations are expected to contribute significantly to

Australia's clean energy transition by facilitating faster and more efficient BESS

installations.
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Background: Renewable Energy Surge and Grid Modernization Challenges

Australia, endowed with abundant solar and wind resources, is a global leader in
renewable energy adoption. However, this rapid transformation introduces new
challenges for the existing power grid. The large-scale connection of highly variable
renewable energy sources can create complex issues concerning grid stability, frequency
control, and voltage regulation. In this context, Battery Energy Storage Systems (BESS)
are positioned as a crucial solution to address these challenges and enhance grid
flexibility and resilience. Clear and practical connection rules are indispensable to

facilitate the efficient and safe integration of BESS into the power system.

Key Findings / Results: AEMO Simplifies and Optimizes BESS Grid Connection

Rules

The Australian Energy Market Operator (AEMO), responsible for managing Australia's
power grid, has announced updates to its rules for connecting Battery Energy Storage
Systems (BESS) to the electricity network, aiming for greater efficiency. This revision
focuses on simplifying complex procedures and streamlining technical requirements.
Specifically, the framework has been strengthened to maximize the utilization of grid
stabilization services that BESS can provide, such as frequency regulation, voltage
support, and reactive power supply. The new rules are intended to reduce connection
delays faced by large-scale storage projects and accelerate the development process,

thereby contributing to the achievement of renewable energy deployment targets.

¢ Announcing Authority: Australian Energy Market Operator (AEMO).
¢ Subject: Grid connection for Battery Energy Storage Systems (BESS).

¢ Objective: Accelerate and streamline grid connection processes, expand renewable

energy deployment.

¢ Key Changes: Simplification of technical requirements and procedures, promotion of

grid stabilization functions.

e Expected Outcomes: Enhanced grid flexibility, stabilization of electricity prices.



Technical Significance & Outlook: Regulatory Catalyst for BESS Expansion

AEMO's update of the BESS grid connection rules demonstrates that concrete policy and
regulatory reforms to accelerate large-scale BESS deployment are advancing, particularly
in countries leading renewable energy integration. This regulatory revision strengthens
the framework for leveraging BESS's technical strengths, such as rapid response and
multi-functionality, to their fullest potential in grid stabilization services. Consequently,
BESS will enhance its value not merely as an energy storage device but as a critical grid
asset. From a societal and power system perspective, this supports the proliferation of
renewable energy, contributing to electricity price stability and enhanced supply
reliability. In the market, BESS project developers can pursue projects through a more
predictable and efficient process, improving the investment environment. This will create
new business opportunities in BESS development, grid stabilization services, and
consulting. Future challenges include persistent grid congestion, complexity in
connection processes, and further optimization of electricity market design, but this

regulatory reform is a crucial step in accelerating Australia's clean energy transition.

Source: https://www.aemo.com.au/news
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| overview

Germany has launched a large-scale Virtual Power Plant (VPP) project, integrating
thousands of residential battery storage systems. This VPP remotely controls
aggregated batteries via a cloud-based platform to provide services to the electricity

market, balancing supply and demand and smoothing renewable energy output.
Participating households receive financial incentives, marking a significant step

towards a consumer-driven, decentralized energy system in Germany.
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Background: The Rise of Distributed Energy Resources and Grid Challenges

Under its 'Energiewende’ policy, Germany is accelerating the deployment of renewable
energy, leading to widespread adoption of battery storage systems integrated with
residential solar power. While these Distributed Energy Resources (DERs) are small
individually, collectively they can significantly impact the power grid. However, efficiently
utilizing these DERs to contribute to grid stabilization requires advanced control
technologies and market mechanisms. Virtual Power Plants (VPPs) are gaining attention
as a critical solution to this challenge by aggregating these distributed resources to

function like a single power plant.

Key Findings / Results: Germany Commissions Large-Scale VPP Integrating

Home Batteries

A large-scale Virtual Power Plant (VPP) project, highly integrating residential battery
storage systems, has officially commenced operations in Germany. This project
centralizes control of battery systems installed in thousands of ordinary households
through an intelligent, cloud-based platform. By optimally charging and discharging
individual batteries in real-time, the VPP provides supply and demand balancing services
to the electricity market (particularly the ancillary services market) and plays a role in
smoothing the fluctuating output from renewable energy sources. Participating
households receive financial incentives based on their battery's contribution to the grid,
creating a new revenue opportunity for consumers. Major energy companies like E.ON

are driving this project in collaboration with VPP providers.
¢ Project Format: Virtual Power Plant (VPP).
¢ Integrated Assets: Residential battery storage systems.

¢ Participation Scale: Thousands of households, targeting several MWs of flexibility.

¢ Key Functions: Grid supply-demand balancing, renewable energy output smoothing,

participation in electricity markets.

e Benefits: Grid stabilization, revenue opportunities for consumers, reduced

environmental impact.

e Driving Companies: E.ON (as a key associated company).



Technical Significance & Outlook: A Blueprint for Future Energy Systems

The operational launch of the VPP integrating residential batteries in Germany
demonstrates that distributed energy resources are increasingly establishing themselves
as a business model that generates tangible revenue in electricity markets and
contributes to grid stability. Technically, the optimal control of distributed resources
using advanced Al and communication technologies is key. This enables real-time
monitoring of individual home battery operations and the execution of optimal
charge/discharge strategies based on electricity market price signals and grid supply-
demand conditions. From a societal and power system perspective, this enhances
regional energy resilience and promotes a shift towards a consumer-participatory energy
system, where consumers evolve from passive electricity consumers to active prosumers.
Industrially, new business opportunities will emerge for VPP platform providers,
residential battery manufacturers, and energy service providers. Future challenges
include further attracting participants, ensuring stable communication infrastructure, and
developing regulatory frameworks to support VPP growth. However, this project

presents a blueprint for the future of energy systems.

Source: https://www.enbw.com/news/
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Data Center Industry Rapidly Adopts Battery Storage
for Enhanced Reliability and Decarbonization

Published May 09, 2024 Data Center Dynamics  Global

I OVERVIEW

The data center industry is accelerating its adoption of Battery Energy Storage
Systems (BESS) as a replacement for traditional diesel generators for backup power.
BESS offers superior instantaneous power delivery and significantly reduces carbon
emissions, enhancing operational reliability while contributing to decarbonization
goals. Major cloud providers are leading this transition, improving data center energy

efficiency and facilitating deeper integration with renewable energy sources.
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Background: Data Center Energy Demand and Sustainability Challenges

With the advancement of digitalization, the number of data centers continues to grow
globally, leading to enormous electricity consumption. Data centers require continuous
operation 24/7, making power supply reliability one of the most critical factors.
Traditionally, diesel generators have been widely used as backup power during outages;
however, these emit carbon dioxide (CO2) during operation, incur high maintenance
costs, and thus, alternative technologies are sought from a sustainability perspective.
Particularly, with increasing corporate commitments to ESG (Environmental, Social, and
Governance) goals and decarbonization, the urgent need for cleaner and more efficient

backup power solutions has intensified.

Key Findings / Results: Expanded BESS Adoption in the Data Center Industry

In the data center industry, the adoption of Battery Energy Storage Systems (BESS) is
rapidly expanding as a next-generation backup power source, replacing traditional diesel
generators. BESS offers high-speed power delivery responsiveness to address
instantaneous outages, ensuring the stable operation of mission-critical data centers.
Furthermore, BESS emits no exhaust gases during operation and eliminates the need for
fuel storage or routine maintenance associated with diesel generators, significantly
reducing environmental impact and operational costs. Major cloud service providers and
colocation operators have already begun integrating BESS into their data center
infrastructure, contributing to improved reliability and the achievement of carbon

footprint reduction targets simultaneously.

e Adoption Objectives: Operational reliability (instantaneous power supply) and
achievement of decarbonization goals.

¢ Replacement Technology: Transitioning from conventional diesel generators.

¢ Key Advantages: High-speed response, reduced CO2 emissions, lower maintenance

costs.
e Primary Adopters: Major cloud providers like Google and Microsoft.

e Impact: Improved data center energy efficiency and enhanced integration with

renewable energy.



Technical Significance and Business Opportunities

The accelerated adoption of BESS in data centers clearly demonstrates its functionality as
a mission-critical backup power source with high responsiveness and reliability.
Technically, advanced Battery Management Systems (BMS) and Energy Management
Systems (EMS) enable stable system operation and efficient charge/discharge control.
Moreover, BESS can be easily integrated with renewable energy sources like solar power,
promoting renewable energy procurement through Power Purchase Agreements (PPAs)
for data centers and accelerating overall decarbonization. This creates immense business
opportunities for energy storage solutions within the specific data center industry,
forming a significant market for BESS suppliers, system integrators, and operation and
maintenance service providers. Future challenges include initial investment costs,
optimizing footprint, and establishing appropriate cooling and safety management
systems, but BESS is undoubtedly becoming an indispensable component for the

sustainable growth of data centers.

Source: https://www.datacenterdynamics.com/news/
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Japan Launches EV Charging Stations Powered by
Second-Life Batteries, Advancing Circular Economy

Published May 05, 2024 HAMBAIRIEE (X7cIZBEHKE)  Japan
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| overview

Japan has inaugurated an EV charging station project utilizing second-life batteries,
repurposed from used electric vehicles. This initiative aims to reduce infrastructure
costs for charging networks while promoting a circular economy by giving degraded
EV batteries a second utility in stationary energy storage. The project exemplifies a
sustainable approach to waste reduction and enhances the overall life cycle value of

EV batteries, contributing to a more resilient and eco-friendly mobility society.
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Background: Growing Demand for Circular EV Battery Utilization

As the adoption of electric vehicles (EVs) rapidly accelerates, a corresponding increase in
end-of-life EV batteries is anticipated. These batteries, even after they no longer meet
the stringent performance requirements for EVs, often retain significant energy storage
capacity. Consequently, there is a strong imperative from both resource efficiency and
environmental impact perspectives to repurpose rather than discard them. Stationary
energy storage systems, crucial for grid stabilization and renewable energy integration,

are emerging as a highly promising application for second-life batteries.

Key Findings / Results: Second-Life Battery Charging Stations Come Online

In Japan, a pioneering demonstration project has commenced operation, featuring EV
charging stations powered by 'second-life batteries' — repurposed used EV batteries
configured into stationary energy storage systems. In this innovative setup, batteries
collected from EVs undergo thorough inspection and evaluation before being integrated
as a power source for charging stations. This not only optimizes power supply from the
grid but also, especially when combined with renewable energy sources, helps reduce
the operational costs of the charging stations and enhances their sustainability. The
project's primary objective is to evaluate how second-life batteries contribute to the

reliability and economic viability of EV charging infrastructure.
e Core Objective: Maximizing the utility of used EV batteries and reducing EV charging
infrastructure costs.

e System Architecture: Degraded EV batteries are reconfigured for stationary energy

storage applications.

¢ Key Benefits: Resource efficiency, waste reduction, and lower installation/operational

costs for charging infrastructure.

e Stakeholders: Collaboration between automotive manufacturers, trading companies,

and government agencies.

e Future Potential: Expected to contribute to a sustainable society by balancing

environmental impact reduction with economic viability.



Technical Significance & Outlook: The Future of Circular Economy and Mobility

The operational launch of these EV charging stations utilizing second-life batteries
represents a significant stride towards enhancing the sustainability of batteries across
their entire lifecycle. Rather than merely discarding batteries, this initiative exemplifies a
circular economy model that maximizes their residual value, thereby conserving scarce
resources and reducing environmental impact. Technically, critical aspects include
advanced battery diagnostics, robust safety management systems, and sophisticated
system integration expertise to manage multiple repurposed battery units effectively. If
this business model proves viable and scalable, it is expected not only to accelerate the
deployment of EV charging infrastructure but also to create new markets for battery
recycling and significantly contribute to achieving Sustainable Development Goals.
Furthermore, it holds potential for broader applications, such as grid load leveling and

emergency power supply.

Source: https://www.env.go.jp/press/
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