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Dry Electrode & Li-ion
Manufacturing shifts, material breakthroughs
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50
%

Dry Electrode Cost Reduction

All 22 Articles This Week ― 5-Axis Evaluation Matrix
How to read columns ― Tech Novelty: degree of breakthrough Market Proximity: closeness to commercialization Market Impact:
industry-wide effect Data Reliability: quantitative data & peer review US/EU Relevance: direct impact on US/European companies & supply
chains

# Article Title Type Tech
Novelty

Market
Proximity

Market
Impact

Data
Reliability

US/EU
Relevance Summary

#01
Precision Chem
Purity

Analysis
●●●○

○
●●●●

○
●●●●

○
●●●○

○
●●●●

○

Rigorous chemical purity and process control are
vital for next-gen Li-ion, enabling Si-C anodes,
LFP/LMFP, and dry electrode tech.

#02
US Battery Storage
Q1

Market
Report

●○○○
○

●●●●
●

●●●●
○

●●●●
○

●●●●
●

US battery storage hit 14.96 GW/24.6 GWh in Q1
2026, with ERCOT/CAISO leading and PJM
revenue soaring.

#03
Rare-Earth Li-S
Additive

Research
●●●●

●
●○○○

○
●●●○

○
●●●●

●
●●●○

○

Rare-earth triflate additive boosts anode-free Li-S
battery performance, achieving 5.5 mAh cm^-2
areal capacity.

#04
Precision Particle
Proc.

Analysis
●●○○

○
●●●●

○
●●●○

○
●●●○

○
●●●●

○

Precise particle processing and size distribution
are crucial for defect-free, uniform battery
electrode coating, boosting yield.

#05
Global BESS
Additions

Market
Report

●○○○
○

●●●●
●

●●●●
●

●●●●
○

●●●●
●

IEA reports global battery storage additions hit
record 108 GW in 2025, up 40%, with
utility-scale dominating.

#06
Silicon Anode
Solutions

Analysis
●●●○

○
●●●○

○
●●●●

○
●●●○

○
●●●●

○

Solutions like SiOx, Si-C composites, conductive
networks, flexible binders, and FEC additives
address silicon anode volume expansion.

#07
Dry Electrode
Adoption

Corporat
e

Strategy

●●●●
○

●●●●
○

●●●●
●

●●●○
○

●●●●
●

Tesla, CATL, BYD adopt dry electrode tech,
achieving up to 50% cost reduction and 15-20%
energy density increase.

#08
Arizona BESS
Deployment

Market
Report

●○○○
○

●●●●
●

●●●○
○

●●●○
○

●●●●
●

Arizona to deploy over 7.7 GW total BESS
capacity by 2026, accelerating grid stabilization
with renewables.

#09 Li6MnO4 Prelithiation Research
●●●●

●
●●○○

○
●●●●

○
●●●●

●
●●●●

○

Dual-functional Li6MnO4 prelithiation boosts
Li-ion energy density and cycle life, achieving
95.7% retention in pouch cells.

#10
Matthews
Dry-Electrode

New
Product

●●●●
○

●●●●
○

●●●●
○

●●●○
○

●●●●
●

Matthews Engineering launches MEODEO
dry-electrode production line in Germany,
providing commercial data for gigafactories.

#11 Home Solar Battery Market
Overview

●○○○
○

●●●●
●

●●○○
○

●●○○
○

●●●○
○

Home solar batteries offer energy independence,
cost savings, and blackout backup, reducing grid
reliance.

#12
CU Boulder Battery
Hub

Research
/Corp.
Strat.

●●●○
○

●●○○
○

●●●●
○

●●●○
○

●●●●
●

CU Boulder is a battery innovation hub, with Solid
Power leading solid-state and Mana Battery
advancing sodium-ion tech.
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#13
US DOE Battery
Awards

Corp. Str
at./Resea

rch

●●●●
○

●●○○
○

●●●●
○

●●●●
○

●●●●
●

US DOE awards $15M for Na-ion batteries and
SiOC anodes, targeting enhanced
extreme-temperature stability.

#14 Spin Trapping LMB Research
●●●●

●
●○○○

○
●●●○

○
●●●●

●
●●●○

○

Spin trapping identifies electrolyte reduction
intermediates in lithium metal batteries,
advancing FEC additive mechanisms.

#15 Siemens Battery PLM New
Product

●●●○
○

●●●●
○

●●●●
○

●●●○
○

●●●●
●

Siemens launches Teamcenter Battery PLM,
integrating design, manufacturing, and
compliance from lab to production.

#16 Tesla Dry Cathode
Corporat

e
Strategy

●●●●
○

●●●●
○

●●●●
●

●●○○
○

●●●●
●

Elon Musk confirms Tesla's dry cathode tech will
significantly reduce EV battery costs, central to
4680 cell strategy.

#17
Chinese Lab LMB
Claim

Research
●●●●

●
●○○○

○
●●●●

●
●○○○

○
●●●●

○

Chinese lab claims breakthrough Li-metal
battery: double energy density, 3-minute charge,
potentially ending Li-ion era.

#18
US PNNL Production
Line

Corp. Str
at./Resea

rch

●●●○
○

●●●○
○

●●●●
○

●●●●
○

●●●●
●

US PNNL launches new grid-scale battery
production line with 16 stations to accelerate
next-gen energy storage.

#19 V/S Co-Doping LMFP Research
●●●●

○
●●○○

○
●●●○

○
●●●●

●
●●●○

○

V/S co-doping boosts LMFP cathode conductivity
and stability, maintaining 125 mAh g^-1 after
600 cycles.

#20
Bitumen Hard
Carbon

Research
●●●●

○
●●○○

○
●●●●

○
●●●○

○
●●●●

○

Bitumen-derived hard carbon is a next-gen anode
for Na-ion batteries, achieving 343 mAh/g with
cost superiority.

#21 Xos Power Hub New
Product

●●●○
○

●●●●
○

●●●●
○

●●●○
○

●●●●
●

Xos launches 2.5MWh Power Hub, delivering
grid-independent energy storage to data centers
in days, resolving bottlenecks.

#22
Upcycling LFP to
LMFP

Research
●●●●

○
●●○○

○
●●●●

○
●●●●

●
●●●●

○

Upcycling spent LFP to high-performance LMFP
cathodes achieves 91.1% capacity retention after
500 cycles.

●●●●○ High ●●●○○ Med-High ●●○○○ Med ●○○○○ Low | Yellow highlight = featured article
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Three Questions That Demand Your Decision This Week

❶ Is your battery manufacturing ready for dry electrode tech?
Leading Asian players and Tesla are rapidly adopting dry electrode technology, promising up to 50% cost
reduction and 15-20% energy density increase. Does your current manufacturing roadmap incorporate this
paradigm shift, or risk being outcompeted?

❷ Are you investing enough in next-gen anode materials?
Breakthroughs in silicon anodes (Li6MnO4 prelithiation) and low-cost sodium-ion anodes (bitumen hard carbon)
are emerging. Is your R&D; pipeline robust enough to integrate these, or will Asian competitors dominate the
next battery generation?

❸ How will you meet surging grid and data center BESS demand?
US BESS capacity is rapidly expanding, with 14.96 GW operational in Q1 2026, and data centers demanding
rapid, grid-independent solutions. Is your supply chain and product portfolio positioned to capitalize on this
massive market growth?

Opportunities vs. Threats for US/European Companies

Opportunity vs. Threat Matrix for US/European Companies

Opp. > Threat Both High

Low Impact Threat > Opp.

←
 O

pp
or

tu
ni

ty
 →

← Threat →

DryElec

ChinaLMB

AdvAnode

GridBESSMfgInfra

LMFP

Item Quadrant ↑ Opportunity ↓ Threat

● DryElec Critical Cost/Density Lagging Mfg

● ChinaLMB Threat — Obsolescence

● AdvAnode Opp. Perf/Supply —

● GridBESS Opp. MarketGrowth —

● MfgInfra Opp. Efficiency —

● LMFP Opp. Cost/Sustain —
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Deep Dive ① ― Dry Electrode Tech: A Manufacturing Shift
#07 | 2026/06/04 | PatSnap Eureka | Tech Novelty●●●●○ Proximity●●●●○ Market Impact●●●●● Data
Reliability●●●○○ US/EU Relevance●●●●●

Dry electrode technology, adopted by Tesla, CATL, and BYD, is revolutionizing battery manufacturing by
eliminating liquid solvents. This powder-based coating method promises up to 50% cost reduction and a
15-20% increase in energy density, significantly lowering environmental impact.

The solvent-free process cuts energy-intensive drying, reduces hazardous emissions, and allows for thicker,
denser electrodes. This enables higher cell-level energy density, crucial for extended EV range and longer
operating times for portable devices.

▶ Strategic Analyst's Perspective

Strategic Analyst's Perspective: The published numbers for cost reduction (up to 50%) and
energy density increase (15-20%) are realistic, reflecting the fundamental efficiency gains of
eliminating solvents and drying. Technical barriers include precise particle processing and
ensuring uniform adhesion without liquid binders, which require significant R&D; and
engineering expertise. [Opportunity] for US/EU OEMs and materials suppliers to invest in and
license this technology, securing a competitive edge in cost and performance. [Threat] of being
outpaced by Asian manufacturers and Tesla if adoption is slow, leading to higher production
costs and lower energy density products. Next Actions: [R&D;] Immediately form a task force
to evaluate dry electrode IP landscape and potential for in-house development/licensing (by
end of month). [Executive] Assess capital expenditure required for pilot lines (next quarter).

Deep Dive ② ― Li6MnO4: Dual-Functional Prelithiation
#09 | 2026/06/03 | ACS Sustainable Chemistry & Engineering | Tech Novelty●●●●● Proximity●●○○○ Market
Impact●●●●○ Data Reliability●●●●● US/EU Relevance●●●●○

Academic research demonstrates Li6MnO4 as a highly promising dual-functional prelithiation material,
significantly enhancing both energy density and cycle life in lithium-ion batteries. Pouch cells with NCM
cathodes and graphite anodes showed capacity retention after 500 cycles dramatically improving from 82.0%
to 95.7%.

This material compensates for initial lithium loss and stabilizes the SEI layer, crucial for next-gen silicon
anodes. NCM/Si/C coin full cells saw 1000-cycle capacity retention increase from 32.4% to 48.9%, a major
step towards practical Si-anode commercialization.
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▶ Strategic Analyst's Perspective

Strategic Analyst's Perspective: The reported capacity retention improvements (from 82% to
95.7% and 32.4% to 48.9%) are highly impressive and appear realistic for academic lab
conditions, backed by peer-reviewed data. Technical barriers include scaling up Li6MnO4
synthesis, integrating it into existing electrode manufacturing processes, and ensuring
long-term stability in full-scale cells. [Opportunity] for US/EU materials & component suppliers
to develop and commercialize advanced prelithiation materials, enabling high-performance
silicon anodes for EVs. [Threat] of Asian competitors gaining a lead in next-gen anode
materials if US/EU firms do not invest in this foundational research. Next Actions: [R&D;]
Initiate internal research projects or academic partnerships to explore Li6MnO4 synthesis and
integration with Si anodes (within 1 month). [Business Dev] Identify potential IP licensing
opportunities for prelithiation technologies (next quarter).
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Deep Dive ③ ― EU's Dry Electrode Production Line
#10 | 2026/06/02 | Best Magazine | Tech Novelty●●●●○ Proximity●●●●○ Market Impact●●●●○ Data
Reliability●●●○○ US/EU Relevance●●●●●

Matthews Engineering has launched its MEODEO dry-electrode production line in Germany, a full-scale
demonstration and test facility. This line generates process data directly transferable to commercial
gigafactories, accelerating the transition from R&D; to industrial-scale manufacturing for dry electrode,
solid-state, and ultracapacitor batteries.

The MEODEO line features multi-roll calendaring for precise electrode pressing, accommodating widths up to
850 mm at 150 m/min. Its capability to process solid electrolyte membranes is crucial for solid-state
batteries, addressing a key manufacturing gap and reducing scale-up risks for new battery technologies.

▶ Strategic Analyst's Perspective

Strategic Analyst's Perspective: The launch of a full-scale dry electrode production line in
Germany is a significant step, providing tangible data for commercialization. The claims of
direct data transferability are plausible given the focus on industrial-scale equipment. Technical
barriers include optimizing the dry process for various material chemistries and ensuring
consistent quality at high throughput. [Opportunity] for European OEMs and battery
manufacturers to leverage this facility for de-risking their dry electrode adoption and
accelerating domestic battery production. [Threat] for US/EU companies relying solely on
traditional wet processes, as this European initiative could quickly close the manufacturing cost
gap with Asian leaders. Next Actions: [Procurement] Evaluate Matthews Engineering's
capabilities and consider pilot projects for dry electrode manufacturing (within 1 month).
[Strategy] Analyze competitive landscape for dry electrode equipment suppliers and potential
partnerships (next quarter).

Other Notable Articles
IEA Reports Global Battery Storage Additions Hit Record 108 GW in 2025 (IEA)
Tech Novelty●○○○○ Proximity●●●●● Market Impact●●●●● US/EU Relevance●●●●●

Global BESS market surged 40% in 2025, reaching 108 GW, driven by utility-scale projects. Critical for
strategic planning.

Siemens Accelerates Battery Innovation with Lifecycle Management (PLM) Solution (Siemens Blog)
Tech Novelty●●●○○ Proximity●●●●○ Market Impact●●●●○ US/EU Relevance●●●●●

Siemens' Battery PLM integrates design, manufacturing, and compliance, streamlining scale-up from lab to
gigafactory.

Chinese Lab Claims Breakthrough Lithium-Metal Battery: Double Energy Density, 3-Minute Charge (Autonocion.com)
Tech Novelty●●●●● Proximity●○○○○ Market Impact●●●●● US/EU Relevance●●●●○

Extraordinary claim of revolutionary Li-metal battery. High impact if true, but extreme skepticism warranted
due to low data reliability.

Xos Launches 2.5MWh Power Hub, Delivering Grid-Independent Energy Storage to Data Centers in Days (Nasdaq)
Tech Novelty●●●○○ Proximity●●●●○ Market Impact●●●●○ US/EU Relevance●●●●●

Rapidly deployable 2.5MWh Power Hub addresses urgent data center energy demand, bypassing grid
bottlenecks.

Upcycling Spent LiFePO4 to High-Performance LiMnxFe1−xPO4 Cathodes (Chemical Science (RSC Publishing))
Tech Novelty●●●●○ Proximity●●○○○ Market Impact●●●●○ US/EU Relevance●●●●○
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Innovative upcycling of spent LFP to higher-performance LMFP cathodes offers both sustainability and
enhanced battery performance.
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Recommended Actions This Week

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

▍Immediate (this week)
• [R&D;] [Manufacturing] Initiate competitive analysis on dry electrode technology adoption by Asian
players and Tesla; identify key IP and process gaps.

• [Executive] Review the Chinese Li-metal battery claim (#17) for potential disruptive impact, even if
unverified; assess implications for long-term R&D; strategy.

▍Short-term (1 month)
• [R&D;] [Materials] Evaluate Li6MnO4 prelithiation and bitumen-derived hard carbon for next-gen
anode development; consider pilot projects or academic collaborations.

• [Procurement] [Strategy] Assess current battery supply chain exposure to China for critical materials
and manufacturing equipment, especially for graphite and dry electrode components.

• [IT/Engineering] Investigate Siemens' Battery PLM solution (#15) for potential integration into
existing product lifecycle management to streamline battery development.

▍Medium-long term (quarter+)
• [Strategy] [Business Dev] Develop a comprehensive strategy to capitalize on the surging grid-scale
and data center BESS market, including partnerships and product roadmap adjustments.

• [R&D;] [Sustainability] Invest in advanced recycling technologies like LFP upcycling to LMFP (#22) to
secure sustainable material supply chains and meet future EU regulations.

• [Executive] Advocate for and participate in US/EU government initiatives (e.g., DOE funding, PNNL
collaborations) to strengthen domestic battery R&D; and manufacturing infrastructure.

troy-technical.jp/en | Original curation. Article copyrights belong to respective authors. | Gemini API + Claude | 2026-06-07
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Precision Chemical Purity and Advanced Process
Control Drive Next-Gen Li-ion Battery Performance
with High-Capacity Anodes and Dry Electrode Tech

OVERVIEW

Rigorous analytical chemistry and process control are crucial for overcoming the

safety, performance, cost, and sustainability challenges of lithium-ion batteries (LIBs).

Key advancements include the adoption of high-capacity anode materials like silicon-

carbon composites, increased use of LFP/LMFP cathodes, and the critical role of dry
electrode coating in manufacturing efficiency. These innovations are poised to

significantly enhance LIB competitiveness and reduce environmental impact,

accelerating the transition to next-generation battery technologies.

Published June 05, 2026  Spectroscopy Online  USA



IN DEPTH

Key Findings

The innovation trajectory in lithium-ion batteries (LIBs) is being fundamentally shaped by
the critical interplay of chemical purity and stringent process control during
manufacturing. These factors are paramount in dictating the safety, performance, cost-
effectiveness, and sustainability of next-generation energy storage. Significant progress
is being made through the adoption of high-capacity anode materials, particularly
silicon-carbon composites, and the increasing integration of LFP (lithium iron phosphate)
and LMFP (lithium manganese iron phosphate) cathode materials. Furthermore, the
advent and refinement of dry electrode coating techniques are rapidly accelerating the
realization of these advanced LIB technologies by enhancing manufacturing efficiency
and reducing environmental footprint.

Technical & Clinical Details

The evolution of next-generation LIBs is underpinned by several key technological
advancements:

High-Capacity Anode Materials: Silicon, with its theoretical capacity 4-10 times
higher than graphite, promises substantial increases in energy density, crucial for
extended EV range and rapid charging. Addressing the significant volume expansion
during cycling, silicon-carbon composites have emerged as a leading solution to
stabilize performance.

LFP/LMFP Cathode Materials: LFP and its derivatives, like LMFP, offer compelling
advantages in safety, cycle life, and cost, making them increasingly popular for
stationary energy storage systems (ESS) and specific EV segments. Optimizing the
performance of these materials critically depends on strict impurity control and
precise particle engineering. LMFP cathodes co-doped with vanadium and sulfur have
demonstrated superior initial discharge capacity of 156.7 mAh g^-1 at 0.1C and
maintained 125 mAh g^-1 after 600 cycles at 1C, attributed to improved Li+ diffusion
and structural stabilization.



Dry Electrode Coating Technology: This innovative manufacturing method bypasses
the use of liquid solvents, directly applying active materials onto current collectors in
a powder-based process. Pioneering companies like Tesla are integrating this
technology to drastically cut manufacturing costs by up to 50% and improve energy
density by 15-20%, while also reducing environmental impact. It allows for thicker
electrodes (over 500 µm), further boosting cell-level energy density.

Process Control and Analytical Chemistry: Across the entire battery production
chain, from material synthesis to electrode fabrication and cell assembly, precise
control is vital. This includes meticulous monitoring of impurity levels, optimization of
particle size distribution (PSD) for uniform coatings, and maintaining ultra-low
humidity environments (as seen in PNNL's new dry lab). Analytical chemistry provides
the indispensable tools to identify bottlenecks and ensure consistent quality and
reliability.

Sodium-Ion Batteries (NIBs): For stationary energy storage, NIBs are emerging as a
cost-effective, resource-abundant alternative to lithium, with research actively
focused on improving cycle stability across extreme temperatures (e.g., Giner's DOE-
funded project targeting 50°C and -40°C performance).

Background & Context

The global surge in electric vehicle adoption and renewable energy integration has
fueled an unprecedented demand for high-performance, safe, and sustainable battery
storage. However, conventional LIBs face inherent challenges including resource scarcity,
high costs, safety concerns, and environmental footprint. The dominance of Chinese
manufacturers in the LFP market and Europe's reliance on nickel-rich chemistries
highlight a significant cost differential and supply chain vulnerabilities. Both the U.S. and
Europe are actively pursuing strategies to bolster domestic battery supply chains and
manufacturing prowess, including significant investments in raw material sourcing (e.g.,
graphite) and advanced production facilities.



Strategic Significance & Outlook

The next decade will see a concerted push towards commercializing battery technologies
that offer higher energy density, enhanced safety, extended cycle life, lower costs, and
superior environmental compatibility. The continued evolution of silicon anodes,
LFP/LMFP cathodes, the widespread adoption of dry electrode technology, and the
commercial rollout of sodium-ion batteries are critical steps towards this future. The
integration of digitalization and AI into manufacturing processes is expected to
revolutionize quality control, accelerate innovation cycles, and shorten time-to-market.
These advancements are essential for facilitating the deeper integration of renewable
energy sources, accelerating EV proliferation, and ultimately, realizing a more sustainable
global energy landscape.

Source: https://www.spectroscopyonline.com/view/from-bench-to-factory-the-role-of-chemical-purity-

and-process-control-in-lithium-ion-battery-innovation

Collected: June 06, 2026 | Automated Research System (Gemini API)
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US Battery Storage Capacity Reaches 14.96 GW / 24.6
GWh in Q1 2026; ERCOT and CAISO Lead, PJM Revenue
Soars Post-Regulation Redesign

OVERVIEW

The US added 1.1 GW of battery storage across 20 new projects in Q1 2026, bringing

total operational capacity to 14.96 GW with 24.6 GWh of energy capacity. ERCOT and

CAISO collectively host approximately two-thirds of the nation's operational BESS

fleet, with Texas leading 2026 additions at 53%. PJM recorded an average monthly
revenue of $62/kW in early 2026, leading per-MW earnings after its regulation market

redesign in October 2025.

Published May 29, 2026  Modo Energy  USA



IN DEPTH

Key Findings

In the first quarter of 2026, the United States saw the addition of 1.1 GW of battery
energy storage system (BESS) capacity across 20 new projects, pushing the total
operational capacity to 14.96 GW and energy capacity to 24.6 GWh. This rapid expansion
is indicative of significant market growth, with an additional 24 GW planned by year-end
and projections to reach 67 GW by Q1 2027. Dominating this landscape, ERCOT (Texas)
and CAISO (California) account for approximately two-thirds of the operational BESS
fleet in the U.S.

Technical Details and Market Dynamics

Battery storage operations in U.S. electricity markets are primarily driven by three
revenue streams: energy arbitrage, ancillary services (such as frequency regulation), and
capacity payments. The economic returns are heavily influenced by the volatility and
intraday spread of power prices.

ERCOT and CAISO Dominance: Texas, under ERCOT, led 2026 additions with 53% of
the new capacity. Both ERCOT and CAISO, characterized by high renewable energy
penetration and significant energy price volatility, provide fertile ground for battery
storage to perform energy shifting and grid balancing.

PJM's Revenue Leadership: Following a market redesign in October 2025, PJM
(Pennsylvania, New Jersey, Maryland Interconnection) emerged as a revenue leader in
early 2026, achieving an average monthly revenue of $62/kW. This highlights the
value of ancillary services and capacity markets in supporting BESS profitability.

Growth in Other Regions: MISO (Midcontinent Independent System Operator) and
SPP (Southwest Power Pool) are reported to have the largest interconnection queues,
signaling substantial future growth. NYISO (New York Independent System Operator)
and ISO-NE (ISO New England) also offer distinct revenue opportunities tailored to
their regional grid characteristics.



Technology Diversity: While lithium-ion batteries remain predominant, long-
duration energy storage (LDES) solutions like iron-air batteries (e.g., Form Energy's 12
GWh agreement for AI data centers) and vanadium flow batteries (e.g., Invinity's 2.1
GWh project in Switzerland) are gaining traction for applications requiring extended
discharge durations.

Background and Context

The U.S. grid faces dual pressures from the accelerating deployment of intermittent
renewable energy sources and the skyrocketing electricity demand from AI data centers.
BESS are crucial for stabilizing fluctuating renewables and enhancing grid reliability.
However, challenges persist, including lengthy grid interconnection queues and
significant supply chain dependencies, particularly on China for LFP battery components.
The Department of Energy (DOE) is actively addressing these issues through initiatives
like the Long-Duration Storage Shot, providing funding for LDES technologies (e.g., $15
million for sodium-ion and silicon oxycarbide anodes), and strengthening domestic
manufacturing capabilities through loans to companies like Syrah Technologies and
Redwood Materials.

Strategic Significance and Outlook

The U.S. battery storage market is poised for robust growth, with projections of lithium-
ion installations reaching approximately 170 GW for grid-scale, 33 GW for residential,
and 13 GW for commercial applications by 2030. The increasing demand from AI data
centers is accelerating the need for rapidly deployable, grid-independent energy storage
solutions, exemplified by Xos's 2.5MWh Power Hub. Evolving regulatory frameworks and
continuous technological innovations will ensure that batteries play an increasingly
central role in the nation's electricity markets, fostering renewable energy integration
and grid resilience. The focus on domestic supply chains and manufacturing, as
highlighted by various DOE initiatives, aims to reduce geopolitical risks and foster energy
independence.

Source: https://modoenergy.com/research/en/battery-storage-us-electricity-markets
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Rare-Earth Triflate Additive Revolutionizes Anode-Free
Lithium–Sulfur Batteries, Achieving 5.5 mAh cm^-2
High Areal Capacity

OVERVIEW

Academic research demonstrates that a rare-earth triflate (Nd(OTf)3) electrolyte

additive significantly boosts anode-free lithium–sulfur (Li-S) battery performance.

Nd(OTf)3 acts as a dual-function agent, promoting polysulfide adsorption while

stabilizing the lithium metal anode. This electrolyte innovation achieved a high areal
capacity of 5.5 mAh cm^-2 in both Li ǁ Li2S half-cells and Ni ǁ Li2S anode-free full-

cells, marking a substantial step towards practical Li-S battery development.
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IN DEPTH

Key Findings

A breakthrough academic study has demonstrated that the incorporation of a rare-earth
triflate (Nd(OTf)3) as an electrolyte additive substantially enhances the performance of
anode-free lithium–sulfur (Li-S) batteries. The Nd(OTf)3 compound was found to exert a
dual function: it facilitates the adsorption of polysulfides, thereby aiding conversion
reactions, and simultaneously protects the lithium metal anode by stabilizing its stripping
and deposition processes. This innovative electrolyte modification led to an impressive
areal capacity of 5.5 mAh cm^-2 in both Li ǁ Li2S half-cells and Ni ǁ Li2S anode-free full-
cells, representing a significant advance for this high-energy-density battery chemistry.

Technical Details

Lithium-sulfur batteries are highly attractive for their theoretical energy density of 2500
Wh/kg, far exceeding conventional lithium-ion chemistries. However, their practical
application has been hampered by issues such as poor cycle life, primarily due to the
polysulfide shuttle effect and the instability of the lithium metal anode. The Nd(OTf)3
additive addresses these fundamental challenges comprehensively:

Enhanced Polysulfide Adsorption: The rare-earth ions within Nd(OTf)3 form strong
coordination bonds with polysulfides, preventing their dissolution into the electrolyte.
This prolonged retention of polysulfides at the cathode surface promotes their
complete conversion, which is crucial for maintaining capacity, especially under high
sulfur loading conditions.

Stabilization of Lithium Metal Anode: Nd(OTf)3 actively promotes the formation of
a stable solid electrolyte interphase (SEI) layer on the surface of the lithium metal
anode. This robust SEI layer effectively suppresses the growth of lithium dendrites
and ensures uniform lithium stripping and deposition. By mitigating anode
degradation, the additive significantly improves the battery's cycle stability.

Achievement of High Areal Capacity: The modified electrolyte enabled an
exceptionally high areal capacity of 5.5 mAh cm^-2 in both tested cell configurations.
This figure substantially surpasses the performance typically observed in anode-free
Li-S batteries, marking a critical step toward their commercial viability. This level of
areal capacity is vital for practical energy storage devices, where high energy density
per unit area is as important as gravimetric energy density.



Background & Context

Anode-free batteries represent an ultimate goal in battery design, aiming to maximize
overall energy density by eliminating or minimizing the anode material. However, anode-
free Li-S batteries, which rely on direct lithium metal as the anode, have faced
considerable challenges due to the high reactivity of lithium metal and the intrinsic
issues of Li-S chemistry. This research offers a promising pathway to overcome these
hurdles through sophisticated electrolyte engineering. The ability to enhance both
energy density and cycle life positions Li-S batteries as a strong contender for
applications demanding high gravimetric energy density, such as aerospace, drones, and
long-range electric vehicles (EVs). The lithium-sulfur cathode market is currently
targeting energy densities exceeding 400 Wh/kg and cycle lives of 500 cycles by 2035,
with companies like NexTech Batteries, Theion, and Zeta Energy actively advancing their
development efforts.

Strategic Significance & Outlook

The findings from this study represent a significant advancement toward the practical
deployment of anode-free Li-S batteries. The use of rare-earth triflate as an electrolyte
additive provides a potent strategy to simultaneously improve both the energy density
and cycle life of Li-S cells. Future work will focus on reducing the manufacturing cost of
this additive, demonstrating its scalability, and validating long-term stability in larger-
format cells. If successfully deployed at a commercial scale, this technology has the
potential to break through the performance limitations of current lithium-ion batteries,
offering an innovative solution for applications where high energy density is paramount,
such as advanced aerospace platforms and next-generation electric mobility.

Source: https://par.nsf.gov/servlets/purl/10532493
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Precision Particle Processing and Size Distribution
Crucial for Defect-Free, Uniform Battery Electrode
Coating in Next-Gen Batteries

OVERVIEW

The precise control of active material particle processing and particle size distribution

(PSD) is paramount for manufacturing uniform, defect-free thin films in battery

electrode coating. In slot die coating processes, inadequate particle control can lead

to electrode defects and material scrap, making meticulous particle management the
"first-class variable" for enhancing next-generation battery performance and

production yield. This precision is essential for achieving the high efficiency and

reliability required for advanced energy storage.
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IN DEPTH

Key Findings

In the realm of battery electrode manufacturing, the precise processing of active material
particles and the rigorous control of their particle size distribution (PSD) have been
identified as the "first-class variables" for producing high-performance batteries
efficiently and without defects. This is particularly critical in precision processes like slot
die coating, where meticulous PSD management is indispensable for forming uniform
electrode thin films, thereby significantly boosting manufacturing yield and overall
product quality.

Technical Details and Manufacturing Importance

Electrode manufacturing is one of the most critical stages, directly influencing the
performance of the entire battery cell. The process involves uniformly applying a slurry
(for wet electrodes) or powder (for dry electrodes) containing active materials,
conductive additives, and binders onto a current collector, followed by drying or
calendering. The importance of particle processing and PSD control in this stage is
highlighted as follows:

Formation of Uniform Electrode Layers: The size, shape, surface characteristics, and
overall distribution of active material particles directly impact the rheology of the
slurry or the packing density of the powder. Non-uniform PSD can lead to
inconsistencies in the electrode layer, reducing active material loading density and
increasing localized resistance. This ultimately compromises the battery's capacity,
power output, and cycle life.

Accuracy in Slot Die Coating: Slot die coating is a high-precision, high-speed
technique widely used for mass production of EV batteries. In this process, the slurry
passes through a very narrow slot for application. If particle sizes are too large or
aggregates form, it can cause slot clogging or streaking defects in the coating.
Therefore, strict control over the PSD of particles in the slurry, minimizing aggregates,
is essential.

Defect Reduction and Yield Improvement: Inadequate particle control leads to
electrode defects such as cracks, delamination, and pinholes, significantly increasing
the reject rate (scrap). Optimizing PSD dramatically reduces these defects and
improves manufacturing yield, contributing to overall battery cost reduction.



Impact on Dry Electrode Technology: For dry electrode technology, which
eliminates solvents, direct processing of active material powders and control over
their aggregation become even more critical. Powders with precise PSD facilitate
easier calendering and shaping of electrodes, enabling the formation of uniform
porosity and conductive networks. Companies like Tesla are leveraging advanced dry
electrode processes, acquired through Maxwell Technologies, to achieve
manufacturing cost reductions of up to 50% and energy density improvements of 15-
20%.

Background & Context

The global expansion of electric vehicle (EV) markets and renewable energy storage
drives an escalating demand for high-performance, low-cost batteries. While material
costs constitute roughly 40% of battery manufacturing expenses, the manufacturing
process itself significantly impacts overall cost and efficiency. Electrode production,
accounting for over half of the total energy consumption in battery manufacturing, is a
prime target for efficiency improvements. With China currently leading battery
manufacturing, the U.S. and Europe are urgently bolstering domestic production
capabilities, making process technology improvements key to competitive advantage.

Strategic Significance & Outlook

Future trends in battery manufacturing will likely involve more advanced particle
processing techniques (e.g., nanoparticle synthesis, surface modification) and the
integration of in-line PSD monitoring with real-time control systems in gigafactories. This
will drive further automation and optimization of electrode manufacturing, leading to
reduced defect rates and enhanced productivity. Such advancements are critical for the
scalable introduction of new materials like silicon anodes and lithium-sulfur cathodes.
The utilization of AI and data analytics for process optimization will be indispensable in
maximizing electrode coating yields and accelerating the widespread adoption of next-
generation batteries.

Source: https://www.slotdies.com/psd-battery/
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IEA Reports Global Battery Storage Additions Hit
Record 108 GW in 2025, Up 40%; Australia Surges
Nine-Fold, Utility-Scale Dominates

OVERVIEW

The International Energy Agency (IEA) announced that global battery storage

additions reached an unprecedented 108 GW in 2025, a 40% increase from 2024. This

growth was primarily driven by utility-scale battery storage, accounting for

approximately 87 GW of the new capacity. Notably, Australia saw a near nine-fold
surge in deployments to almost 8 GW, with China, the United States, and Europe

leading overall global deployment.
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IN DEPTH

Key Findings

According to a report by the International Energy Agency (IEA), global battery storage
capacity additions reached an unprecedented 108 GW in 2025, marking a 40% increase
from 2024 and setting a new all-time record. This exponential growth is predominantly
fueled by utility-scale battery storage projects, which constituted approximately 87 GW
of the total additions. Australia, in particular, experienced a dramatic surge, with
deployments skyrocketing to nearly 8 GW, representing a nearly nine-fold increase from
the previous year, underscoring the dynamic expansion of the battery storage market.

Technical Details and Applications

Battery energy storage systems (BESS) are solidifying their role as a critical "multi-tool" in
electricity grids, serving diverse functions such as grid stabilization, renewable energy
integration, and providing power during peak demand. Their evolution is progressing on
several fronts:

Utility-Scale Leadership: Large-scale battery storage projects are frequently co-
located with renewable energy power plants (solar, wind) and are indispensable for
supplying stable power from intermittent sources. This enhances grid flexibility and
reduces reliance on fossil fuels.

Regional Growth Drivers: China remains the largest deployer globally, with the
United States and Europe also being major markets. The U.S. added 19 GW, and
Europe saw approximately 6.2 GW of new capacity, with both regions showing a
structural shift towards utility-scale systems. Australia's rapid growth reflects
aggressive investments towards achieving its renewable energy targets.

Cost Reductions: Battery costs have plummeted by over 90% since 2010, providing a
powerful impetus for large-scale deployments. This cost decline has shifted the
primary use case of batteries from ancillary services to longer-duration energy
shifting. The average duration of storage projects also increased from 2 hours in 2023
to 3 hours in 2025.



Technological Diversification: While lithium-ion batteries remain the dominant
technology, long-duration energy storage (LDES) solutions such as iron-air batteries
(e.g., Form Energy) and vanadium flow batteries are also being developed to meet
multi-hour to multi-day storage needs. For instance, in Switzerland, FlexBase Group
and Invinity Energy Systems are constructing a 2.1 GWh vanadium flow battery
system, projected to be one of the world's largest installations, offering decades of
operation with minimal performance loss.

Background & Context

Global electricity systems are accelerating their transition to renewable energy sources,
driven by climate change mitigation and energy security imperatives. Successful
decarbonization hinges on effective energy storage solutions that can stably integrate
variable solar and wind power. The burgeoning demand from AI data centers further
strains grids, amplifying the need for robust and flexible power infrastructure.
Governments worldwide are implementing policies and incentives, such as the U.S. IRA
and Italy's MACSE auctions, to accelerate BESS deployment and strengthen domestic
supply chains. However, challenges persist, including reliance on critical materials from
China and manufacturing hurdles in Europe, such as high scrap rates and low yields
during factory ramp-ups.

Strategic Significance & Outlook

The global battery storage market is projected to continue its exponential growth. The
further proliferation of renewable energy, extended range for electric vehicles, and
increased power demand from AI data centers will be key drivers. The commercialization
and cost reduction of long-duration energy storage technologies are particularly crucial
steps toward enhancing grid stability and achieving full decarbonization. Government-
mandated storage targets (e.g., Italy's goal of 42 GWh by 2030) will further accelerate
market expansion. Innovations in manufacturing processes, such as dry electrode
technology, and diversification of supply chains are also indispensable for the industry's
sustainable growth.

Source: https://www.iea.org/commentaries/battery-storage-is-scaling-up-and-taking-on-a-larger-system-

https://www.iea.org/commentaries/battery-storage-is-scaling-up-and-taking-on-a-larger-system-role


role

Collected: June 06, 2026 | Automated Research System (Gemini API)

https://www.iea.org/commentaries/battery-storage-is-scaling-up-and-taking-on-a-larger-system-role


Innovative Solutions Overcome Silicon Anode Volume
Expansion: SiOx, Si-C Composites, Conductive
Networks, Flexible Binders, and FEC Additives Advance
Li-ion Batteries

OVERVIEW

Comprehensive solutions have been presented to address the critical volume

expansion issue in silicon anodes for lithium-ion batteries. Key strategies include the

adoption of silicon oxide (SiOx) and silicon-carbon (Si-C) composites, the construction

of conductive networks with carbon nanotubes and carbon black, the use of flexible

binders (PAA, SBR), and SEI layer stabilization with FEC-containing electrolyte

additives. These approaches are accelerating the commercialization of high-capacity,

long-life silicon anodes.
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IN DEPTH

Key Findings

Addressing the most significant challenge for silicon anodes in lithium-ion batteries—the
dramatic volume expansion (up to 300%) during charge and discharge cycles and
subsequent performance degradation—a suite of innovative solutions has been
proposed. These technological approaches encompass structural design of silicon,
optimization of composite materials, refinement of electrode binders, and
functionalization of electrolytes, all aimed at accelerating the practical deployment of
silicon anodes.

Technical Details and Solutions

Silicon anodes hold immense promise due to their high theoretical capacity (up to
~4,200 mAh/g), approximately ten times that of graphite, offering the potential to
drastically increase battery energy density. However, volume expansion leads to particle
pulverization, destabilization of the solid electrolyte interphase (SEI) layer, and significant
degradation of cycle life. Specific solutions to counter these issues include:

Use of Silicon Oxide (SiOx): Compared to pure silicon, SiOx exhibits attenuated
volume expansion, leading to improved cycle stability. While its capacity is lower than
pure silicon, it offers a pragmatic balance between practicality and performance.

Silicon-Carbon Composites (Si-C): Coating or compositing silicon particles with
carbonaceous materials (e.g., graphene, carbon nanotubes, amorphous carbon) helps
alleviate mechanical stress from volume expansion and maintains conductive
pathways. This approach enables the realization of both high capacity and robust
cycle stability.

Construction of Conductive Networks: Uniform dispersion of conductive additives
such as carbon nanotubes (CNTs) and carbon black within the electrode creates
strong conductive networks around and between silicon particles. This maintains
electrical connectivity even as silicon particles expand and contract, preventing
performance degradation.



Utilization of Flexible Binders: Employing flexible polymeric binders like PAA
(polyacrylic acid) and SBR (styrene-butadiene rubber) enhances the overall
mechanical stability of the electrode, preventing active material particle detachment
and electrode disintegration as volume changes occur.

FEC (Fluoroethylene Carbonate)-Containing Electrolyte Additives: Electrolyte
additives like FEC stabilize the formation of the SEI layer in lithium-ion batteries,
suppressing parasitic reactions and protecting the electrode surface structure. This
significantly contributes to extending cycle life. Research into identifying electrolyte
reduction intermediates in lithium metal batteries using techniques like spin trapping
also contributes to rational electrolyte design.

Background & Industry Context

The burgeoning electric vehicle (EV) market and the drive for higher performance in
portable electronic devices necessitate batteries with greater energy density and
extended lifespans. Graphite anodes are approaching their theoretical limits, positioning
silicon anodes as the potential next-generation standard. Companies like Sila
Nanotechnologies and Group14 Technologies are already scaling up silicon anode
material production. Automotive giants like Honda are accelerating silicon anode
technology development through significant investments in companies like Nexeon. The
U.S. Department of Energy is also funding SiOC anode material development to bolster
domestic supply chains.

Strategic Significance & Outlook

The combination of these solutions is expected to enable lithium-ion batteries with
silicon anodes to achieve significantly higher energy densities and superior cycle life
compared to current graphite-based batteries. The silicon anode battery market is
projected to grow at a CAGR of 51.7% from 2026 to 2036, reaching $39.17 billion. The
commercialization of this technology will dramatically extend EV ranges, shorten
charging times, and improve the performance of portable electronic devices, thereby
transforming the entire battery industry. Integrating these advancements with low-cost,
high-efficiency manufacturing techniques, such as dry electrode processes, will be key to
accelerating the widespread adoption of silicon anodes.



Source: https://xnergy.us/silicon-anode-guide/
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Tesla, CATL, and BYD Adopt "Dry Electrode
Technology," Achieving Up to 50% Manufacturing Cost
Reduction and 15-20% Energy Density Increase

OVERVIEW

Dry electrode technology is spearheading a paradigm shift in energy storage

manufacturing, with leading battery producers like Tesla, CATL, and BYD integrating it

into their production lines. This solvent-free, powder-based coating method promises

up to a 50% reduction in manufacturing costs and a 15-20% increase in energy
density. By minimizing solvent-related defects and enhancing material utilization

efficiency, the technology significantly contributes to environmental sustainability and

cost savings.
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IN DEPTH

Key Findings

Global battery manufacturing giants, including Tesla, CATL, and BYD, are pioneering a
paradigm shift in energy storage production by integrating revolutionary "dry electrode
technology" into their manufacturing lines. This innovative method, which bypasses
liquid solvents for direct application of active materials onto current collectors, holds the
potential to reduce manufacturing costs by up to 50% and boost energy density by 15-
20%. This advancement promises to significantly lower the environmental footprint and
cost of battery production while simultaneously enhancing overall efficiency.

Technical Details and Manufacturing Advantages

Dry electrode technology represents one of the most significant innovations in battery
manufacturing in decades, offering a range of tangible benefits:

Substantial Manufacturing Cost Reduction: Traditional wet processes require
expensive liquid solvents (e.g., NMP) and energy-intensive drying stages. Dry
electrode manufacturing eliminates the need for these solvents and subsequent
drying, potentially cutting production costs by up to 50%. This has a particularly
profound economic impact in gigafactory-scale production environments.

Improved Energy Density: Dry electrodes exhibit less swelling of active materials
and fewer issues with binder uniformity compared to their wet-processed
counterparts, enabling the fabrication of denser and thicker electrodes. This can lead
to a 15-20% increase in cell-level energy density, contributing to extended electric
vehicle range and longer operating times for portable electronic devices. The ability
to reduce the proportion of inactive materials directly enhances the overall energy
density of the cell.

Reduced Environmental Impact: By eliminating organic solvents, the technology
achieves zero emissions of hazardous substances like NMP, drastically lowering its
environmental footprint. This significantly improves the sustainability profile of
battery manufacturing.

Enhanced Material Utilization Efficiency: Minimal solvent-related defects and
process losses lead to improved utilization efficiency of expensive active materials
and a reduction in material waste.



Scalability and Diverse Applications: Dry electrode technology is adaptable for
mass production using roll-to-roll processes and is applicable not only to lithium-ion
batteries but also to next-generation energy storage devices such as solid-state
batteries, ultracapacitors, and even sodium-ion batteries.

Background & Industry Context

The explosive growth of the electric vehicle (EV) market and the increasing demand for
renewable energy storage necessitate high-performance, low-cost, and environmentally
friendly battery manufacturing technologies. Tesla, through its acquisition of Maxwell
Technologies, developed and implemented dry electrode processes for its 4680 battery
cells. Chinese giants CATL and BYD are also aggressively adopting this technology to
enhance their production efficiency and cost competitiveness. Geographically, North
America leads in research and pilot-scale implementation, while Asia focuses on cost-
effective scaling. European battery manufacturing faces significant ramp-up challenges,
including high scrap rates and low yields, making dry electrode technology a potential
solution to bridge these gaps.

Strategic Significance & Outlook

Dry electrode technology has the potential to redefine the standard for battery
manufacturing. In the coming years, the technology is expected to be further refined and
adapted to a wider range of battery chemistries (e.g., LFP, high-nickel, silicon anodes).
The integration of automation and AI-driven in-line quality control systems will further
boost productivity and reduce manufacturing costs. This will accelerate the adoption of
electric vehicles and make grid-scale energy storage solutions more economical, playing
a crucial role in achieving global decarbonization targets.

Source: https://eureka.patsnap.com/report-research-on-dry-electrode-technology-for-ultralight-energy-
storage-devices
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Arizona to Deploy Over 7.7 GW Total BESS Capacity by
2026, Accelerating Grid Stabilization with Renewable
Energy Integration

OVERVIEW

Arizona is rapidly emerging as a leading state in utility-scale Battery Energy Storage

System (BESS) deployment, with approximately 3,900 MW currently operational and

an additional 3,807 MW slated to come online by 2026. This surge reflects a strategic

push to combine abundant solar resources with large-scale batteries, significantly
enhancing post-sunset power supply, grid reliability, and flexibility. Arizona Public

Service (APS) and Tucson Electric Power (TEP) are key drivers of this growth.
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IN DEPTH

Key Findings

Arizona is rapidly evolving into a top-tier state in the United States for utility-scale
Battery Energy Storage System (BESS) deployment. The state currently boasts
approximately 3,900 MW of operational battery storage capacity, with an additional
3,807 MW projected to come online by 2026. This will bring Arizona's total BESS capacity
to over 7,700 MW. This rapid expansion reflects a strategic initiative to leverage the
state's abundant solar resources to their fullest potential and enhance grid reliability and
flexibility.

Technical Details and Applications

BESS deployments in Arizona are driven by specific objectives and technical
characteristics:

Mitigating Solar Variability: Arizona, known for its extensive sunshine, hosts
numerous large-scale solar power plants. BESS are crucial for storing excess electricity
generated during the day and discharging it after sunset or during periods of high
demand, thereby smoothing out solar power fluctuations and ensuring a stable
electricity supply.

Addressing Peak Demand: BESS are utilized to meet peak electricity demands,
particularly during scorching summers when air conditioning usage surges. This helps
reduce reliance on costly peak-generating power plants, ultimately lowering cost
burdens for consumers.

Enhancing Grid Reliability: Functioning as backup power sources during outages,
BESS improve grid resilience. California, Texas, and Arizona collectively accounted for
75% of the capacity deployed in Q2 2025, highlighting the critical role BESS plays in
these regions' power supply.

Role of Major Utilities: Arizona Public Service (APS) and Tucson Electric Power (TEP)
are pivotal drivers of BESS deployment within the state. Both utilities plan significant
solar and storage additions as part of their renewable energy targets and grid
modernization strategies. For instance, APS announced plans to deploy 2 GW of
battery storage by 2025.



Technology Selection: Primarily lithium-ion batteries are used, with a growing
adoption of LFP (lithium iron phosphate) batteries for their cost-effectiveness,
enhanced safety, and longer cycle life.

Background & Industry Context

Across the United States, the demand for grid-scale energy storage is surging due to
accelerated renewable energy deployment and new power demands, such as those from
AI data centers. In Q1 2026, 1.1 GW of battery storage capacity was added nationwide,
bringing the total operational capacity to 14.96 GW and energy capacity to 24.6 GWh.
Arizona has demonstrated remarkable growth within this national trend. Federal support,
including tax credits and the Infrastructure Investment and Jobs Act (IRA), further
incentivizes BESS deployment. However, challenges such as lengthy grid interconnection
queues and battery material supply chain issues persist.

Strategic Significance & Outlook

Arizona's BESS market is expected to continue its robust expansion. The state aims to
enhance energy independence and sustainability through greater renewable energy
integration and grid modernization. BESS will further increase its value when combined
with advanced grid services like demand response programs and virtual power plants
(VPPs). Additionally, long-duration energy storage (LDES) technologies, such as iron-air
and vanadium flow batteries, may become part of Arizona's future energy portfolio. This
growth is anticipated to contribute to job creation and economic development within
the state.

Source: https://www.solartopps.com/blog/arizona-battery-energy-storage-systems-2026/
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Dual-Functional Li6MnO4 Synergistically Boosts Li-ion
Battery Energy Density and Cycle Life: Pouch Cells
Achieve 95.7% Capacity Retention

OVERVIEW

Research demonstrates Li6MnO4 as a highly promising dual-functional prelithiation

material, synergistically enhancing both energy density and cycle life in lithium-ion

batteries. Pouch cells with NCM cathodes and graphite anodes saw capacity retention

after 500 cycles dramatically improve from 82.0% to 95.7% with Li6MnO4 addition.
Furthermore, NCM/Si/C coin full cells showed an increase in 1000-cycle capacity

retention from 32.4% to 48.9%, underscoring its broad applicability and dual benefits.
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IN DEPTH

Key Findings

A pivotal academic study has demonstrated that Li6MnO4 is an exceptionally promising
dual-functional prelithiation (lithium compensation) material, synergistically enhancing
both the energy density and cycle life of lithium-ion batteries (LIBs). Specifically, in pouch
cells utilizing NCM cathodes and graphite anodes, the addition of Li6MnO4 dramatically
improved capacity retention after 500 cycles from 82.0% to an impressive 95.7%. The
research further highlighted its broad applicability, as NCM cathodes paired with next-
generation Si/C anodes in coin full-cells exhibited an increase in 1000-cycle capacity
retention from 32.4% to 48.9%, firmly establishing its dual-functional efficacy.

Technical Details

Lithium-ion batteries often suffer from initial capacity loss due to the formation of the
solid electrolyte interphase (SEI) layer on active material surfaces during the first cycle,
and the irreversible consumption of lithium ions by next-generation silicon (Si) anodes.
Prelithiation is a technique designed to compensate for this initial lithium loss, thereby
improving battery performance. The Li6MnO4 employed in this study provides not just a
lithium source, but exerts synergistic effects through its dual functions:

Compensation for Lithium Loss: Li6MnO4 supplies lithium in a stable form,
compensating for the initial capacity loss incurred by SEI formation and lithium
uptake in silicon anodes. This directly translates to improved practical energy density.

Stabilization of SEI Layer: Species generated from Li6MnO4 facilitate the formation
of a more stable SEI layer on the anode surface. This suppresses lithium dendrite
growth and reduces electrolyte decomposition, thereby mitigating electrode
degradation and significantly extending the battery's cycle life.

Impact on NCM/Graphite Pouch Cells: After 500 cycles, cells without Li6MnO4
showed 82.0% capacity retention, while those with the additive achieved 95.7%. This
directly contributes to enhancing the performance of existing LIBs with graphite
anodes.



Impact on NCM/Si-C Coin Full Cells: Silicon/carbon anodes, highly anticipated next-
generation anode materials, face significant challenges from volume expansion and
SEI instability, making cycle life improvement critical. The observed increase in 1000-
cycle capacity retention from 32.4% to 48.9% with Li6MnO4 addition represents a
major stride towards the practical commercialization of Si-anode LIBs.

Background & Industry Context

The widespread adoption of electric vehicles (EVs) and energy storage systems (ESS) is
driving a relentless demand for LIBs with higher energy density, longer cycle life, and
lower costs. Silicon anodes, due to their higher theoretical capacity than graphite, are
considered indispensable for next-generation LIB performance, yet their Achilles' heel
has been the shortened cycle life due to volume expansion. Prelithiation technologies are
gaining significant attention as an effective means to overcome this challenge. Current
LIBs typically experience an initial capacity loss of approximately 5-15% in the first cycle,
making compensation crucial for final product performance.

Strategic Significance & Outlook

Dual-functional prelithiation materials like Li6MnO4 are poised to play a critical role in
next-generation lithium-ion battery technology. Their commercialization will accelerate
the market entry of high-energy-density LIBs, particularly those employing silicon
anodes. Future work will focus on validating the scalability and cost-effectiveness of
Li6MnO4 synthesis, and its applicability to different cell formats and battery chemistries
(e.g., high-nickel cathodes). If widely adopted, this technology promises to enhance EV
range and durability, improve the economics of renewable energy storage, and
significantly contribute to achieving a sustainable society.

Source: https://pubs.acs.org/doi/10.1021/acssuschemeng.6c00169
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Matthews Engineering Launches MEODEO Dry-
Electrode Production Line in Vreden, Germany:
Delivering Commercial Production Data for
Gigafactories

OVERVIEW

Matthews Engineering has commissioned its MEODEO dry-electrode production line

at its Vreden development center in Germany. This full-scale demonstration and test

line is designed for dry electrode batteries, solid-state batteries, and ultracapacitors,

generating process data directly transferable to commercial production lines. This

initiative aims to accelerate the transition from R&D to industrial-scale manufacturing,

specifically supporting gigafactory deployments.

Published June 02, 2026  Best Magazine  Germany



IN DEPTH

Key Findings

Matthews Engineering has inaugurated its innovative MEODEO dry-electrode production
line at its state-of-the-art Development Center in Vreden, Germany. The MEODEO line is
a full-scale demonstration and test facility specifically engineered for developing and
testing manufacturing processes for dry electrode batteries, solid-state batteries, and
ultracapacitors. A key differentiator of this line is its ability to generate process data that
is directly transferable to commercial production lines, thereby dramatically accelerating
the transition from battery manufacturing R&D to industrial-scale production.

Technical Details and Manufacturing Capabilities

The MEODEO dry-electrode production line is designed for efficient battery production,
particularly for gigafactory environments, and incorporates the following technical
features:

Core of Dry Electrode Manufacturing: MEODEO focuses on a powder-based
coating method that eliminates the use of liquid solvents. This addresses challenges
inherent in conventional wet processes, such as solvent emissions, energy-intensive
drying, and high costs. Dry processes are known to minimize electrode defects,
enhance material utilization efficiency, and have the potential to reduce
manufacturing costs by up to 50%.

Multi-Roll Calendaring Solution: The line features a multi-roll calendaring solution
for precisely pressing electrodes, achieving optimal density and uniformity. It offers
flexibility to accommodate various roller numbers, hardness levels, and winding
concepts. The ability to process electrodes up to 850 mm width at 150 m/min meets
the high production requirements of large-scale battery manufacturing.

Application for Solid-State Batteries: Dry electrode technology plays an especially
crucial role in the manufacturing of solid-state batteries (SSBs). SSBs are next-
generation technologies promising higher safety and energy density, and the
MEODEO line enables dry processing of solid electrolyte membranes and electrodes.
This addresses a critical gap, as conventional slurry-based coating is challenging for
SSBs due to incompatibility with certain solid electrolyte materials.



Data Generation and Transfer: A significant advantage of MEODEO is its capability
to translate process data collected during development directly into production
parameters for commercial gigafactories. This feature substantially reduces the risks
and time associated with scaling up new battery technologies and manufacturing
processes.

Background & Industry Context

The burgeoning electric vehicle (EV) market and the accelerated adoption of renewable
energy are driving unprecedented demand for batteries. Nations worldwide are striving
to establish domestic battery manufacturing capabilities. In Europe, however, challenges
such as high scrap rates and low yields during factory ramp-ups—exemplified by the
bankruptcy of Morrow Batteries and challenges at Northvolt—highlight a significant cost
gap. The provision of dry electrode production lines by companies like Matthews
Engineering is a critical step towards overcoming these hurdles and achieving efficient,
sustainable battery production. Leading players such as Tesla and CATL are also actively
adopting dry electrode technology, increasing its likelihood of becoming an industry
standard.

Strategic Significance & Outlook

The commissioning of the MEODEO dry-electrode production line will contribute to the
democratization and acceleration of battery manufacturing technology. This platform will
enable battery manufacturers and research institutions to rapidly develop and scale up
new electrode materials and processes with reduced risk. It is particularly expected to
accelerate the commercialization of innovative technologies like solid-state batteries,
contribute to EV cost reduction, enhance energy density, and foster the creation of
sustainable battery supply chains. In the future, such modular production lines are
anticipated to be widely adopted in gigafactories globally, driving the transformation of
the entire battery industry.

Source: https://www.bestmag.co.uk/matthews-meodeo-dry-electrode-production/
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Home Solar Battery Guide: Achieving Energy Self-
Sufficiency with Peak Rate Avoidance and Blackout
Backup

OVERVIEW

Home solar batteries offer energy independence and cost savings by storing excess

power from solar panels for use at night, during outages, or when utility rates are

high. This system plays a crucial role in reducing reliance on the grid and boosting

energy self-sufficiency. In regions with time-of-use tariffs, it can significantly cut
electricity bills by avoiding costly peak-hour power purchases, enhancing household

resilience and economic benefits.

Published June 04, 2026  Anker SOLIX  China



IN DEPTH

Key Findings

Home solar batteries represent a powerful solution for substantially increasing
household energy self-sufficiency by efficiently storing surplus electricity generated by
solar panels for use when needed. This reduces dependence on utility companies and,
crucially, lowers electricity bills by avoiding power purchases during high-rate periods
(peak hours). Furthermore, during power outages, these systems supply backup power to
essential circuits, reinforcing household resilience and energy security.

Technical Details and Benefits

Residential battery storage systems predominantly utilize lithium-ion batteries, with a
growing preference for LFP (lithium iron phosphate) chemistry due to its superior safety
and longer cycle life. These systems generally offer the following functionalities and
advantages:

Storage of Surplus Energy: Excess electricity generated by solar panels during the
day, which is not immediately consumed by the household, is stored in the battery.
This maximizes solar self-consumption, potentially increasing feed-in tariff revenue or
significantly reducing electricity purchased from the grid.

Load Shifting and Cost Savings: In regions with Time-of-Use (TOU) tariffs, batteries
can be charged during cheaper off-peak hours and discharged during expensive peak
hours. This 'peak-shaving' effect significantly reduces electricity bills by circumventing
high-cost power purchases from the utility.

Backup Power During Outages: In the event of a grid power failure, the battery
storage system continues to supply power to connected essential appliances and
lights. This allows households to maintain basic living functions independently of the
external grid. Systems typically integrate with Uninterruptible Power Supply (UPS)
functionalities.

Energy Independence: By reducing, and sometimes eliminating, electricity purchases
from utilities, households are insulated from energy price volatility and grid instability,
fostering greater autonomy.



Smart Grid Integration: Some advanced systems can interface with smart grids and
participate in demand response programs, contributing to grid stabilization and
potentially earning additional revenue.

However, challenges include high initial installation costs, limited lifespan (typically 10-15
years), space requirements, and a payback period (usually 5-10 years) that can vary
depending on local incentives and electricity rates.

Background & Industry Context

The global transition to renewable energy and grid modernization efforts are making
home-level energy storage increasingly vital. With rising incidents of extreme weather
events due to climate change, the risk of power outages has heightened, driving
consumer interest in enhanced resilience. In the U.S., government incentives like the
Inflation Reduction Act (IRA) are strongly promoting the adoption of residential energy
storage systems. The global solar energy and battery storage market is projected to
grow from $2.71 billion in 2025 to $11.64 billion by 2035, exhibiting a strong CAGR of
15.70%. The surging power demand from AI data centers further underscores the need
for distributed energy resources that can contribute to overall grid stability.

Strategic Significance & Outlook

The residential battery storage market is expected to continue its robust growth, driven
by ongoing technological innovation and cost reductions. Improvements in battery
technology (especially the further evolution of LFP chemistry), simplified installation
processes, and the integration of AI-powered energy management systems will enable
consumers to access more efficient and cost-effective energy solutions. Furthermore,
increased integration into Virtual Power Plants (VPPs) will allow residential batteries to
contribute to regional grid stabilization, generating additional value. This will further
accelerate energy decentralization and decarbonization, contributing to the realization of
a more sustainable society.

Source: https://www.ankersolix.com/blogs/home-power-backup/pros-and-cons-solar-batteries-home-
energy-storage-system
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University of Colorado Boulder Becomes Battery
Innovation Hub: Solid Power and Mana Battery Lead
Solid-State and Sodium-Ion Advancements

OVERVIEW

The University of Colorado Boulder (CU Boulder) is a pivotal hub driving

groundbreaking advancements in battery technology. Solid Power Inc., founded by

CU Boulder researchers Se-Hee Lee and Conrad Stoldt, has become a key developer

of next-generation solid-state battery technology, partnering with BMW, Ford, and
Samsung SDI. Concurrently, Mana Battery is addressing renewable energy storage

needs by developing more affordable, safer, and longer-lasting sodium-ion batteries.

Published June 02, 2026  Venture Partners at CU Boulder  USA



IN DEPTH

Key Findings

The University of Colorado Boulder (CU Boulder) is recognized as a crucial hub for
driving innovation in next-generation battery technology. Solid Power Inc., a startup
spun out from the research of CU Boulder faculty Se-Hee Lee and Conrad Stoldt, has
forged strategic partnerships with automotive and battery industry giants like BMW,
Ford, and Samsung SDI, positioning itself as a leader in solid-state battery
commercialization. Simultaneously, Mana Battery, another spin-off, is addressing
significant market demands for renewable energy storage systems by developing safer,
more affordable, and longer-lasting sodium-ion batteries.

Technical Details and Research Directions

Researchers at CU Boulder are engaged in cutting-edge research across diverse battery
chemistries and applications:

Solid Power Inc. (Solid-State Batteries): Founded by Se-Hee Lee and Conrad Stoldt,
Solid Power is developing solid-state batteries based on sulfide solid electrolytes.
Compared to conventional lithium-ion batteries that use liquid electrolytes, solid-
state batteries offer higher energy density, superior safety (reduced risk of leakage
and fire), and longer cycle life. Partnerships with BMW, Ford, and Samsung SDI
underscore the high potential for commercialization in the automotive industry,
promising extended EV range and enhanced safety.

Mana Battery (Sodium-Ion Batteries): Mana Battery focuses on developing
sodium-ion batteries (NIBs), leveraging abundant and inexpensive sodium resources
as an alternative to lithium. NIBs hold potential to offer lower costs, improved safety,
and longer cycle life than LIBs, particularly for stationary energy storage systems
(ESS). Their excellent performance in low-temperature environments also makes them
suitable for widespread deployment across various climates. The U.S. Department of
Energy (DOE) is also providing funding for NIB development projects.

Other Research Areas: CU Boulder's broader research portfolio includes studies
utilizing spin trapping methods to identify electrolyte reduction intermediates in
lithium metal batteries, and investigations into electrolyte additives for lithium-sulfur
batteries, generating innovative results across fundamental and applied science.



Background & Industry Context

The global energy storage market is experiencing unprecedented growth, driven by the
proliferation of electric vehicles (EVs), grid integration of renewable energy, and the
surging power demands from AI data centers. To meet this demand, next-generation
battery technologies that offer superior safety, sustainability, and cost-effectiveness—
outperforming existing lithium-ion batteries—are essential. University spin-offs play a
vital role in translating fundamental research into market-ready products, and
institutions like CU Boulder are building robust innovation ecosystems. The U.S.
government is also actively supporting domestic supply chain strengthening and new
technology development through initiatives like the Critical Material Innovation program,
which has awarded $15 million for NIB and SiOC anode material development.

Strategic Significance & Outlook

Technologies originating from CU Boulder are poised to shape the future of the battery
industry. The commercialization of solid-state batteries by Solid Power will bring
significant transformation to the EV market, while Mana Battery's sodium-ion batteries
are set to become a primary solution for the large-scale ESS market. These technologies
are expected to balance high battery performance with cost reduction, making
significant contributions to global decarbonization efforts and energy transition goals.
Further strengthening collaborations between academia and industry will shorten the
timeline from fundamental research to market deployment, enabling more rapid
technological diffusion.

Source: https://www.colorado.edu/venturepartners/2026/06/02/internal-news/powerhouse-battery-
breakthroughs
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US DOE Awards $15 Million for Next-Gen Battery
Material Development: Sodium-Ion Batteries and SiOC
Anodes Target Enhanced Extreme-Temperature
Stability

OVERVIEW

The U.S. Department of Energy (DOE) announced $15 million in awards for projects

focusing on critical material innovation, efficiency, and alternatives (FOA 3105). Giner

Inc. will use this funding to demonstrate sodium-ion batteries (NIBs) with O-3 type

layered transition metal oxide cathodes and advanced electrolytes, aiming to

significantly improve cycle stability at both high (50°C) and low (-40°C) temperatures.

The initiative also supports the development of silicon oxycarbide (SiOC) anode

materials, accelerating advancements in next-generation energy storage

technologies.

Published May 29, 2026  Department of Energy  USA



IN DEPTH

Key Findings

The U.S. Department of Energy (DOE) has announced a total of $15 million in funding
awards for projects aimed at developing next-generation energy storage technologies,
under its "Critical Material Innovation, Efficiency, and Alternatives (FOA 3105)" program.
This funding is specifically directed towards advancing sodium-ion batteries (NIBs) and
silicon oxycarbide (SiOC) anode materials, with a crucial objective to significantly
improve cycle stability under extreme temperature conditions, ranging from high (50°C)
to low (-40°C).

Technical Details of Funded Projects

The projects selected under the DOE's FOA 3105 program are designed to enhance
battery performance and strengthen the U.S. domestic supply chain:

Development of Sodium-Ion Batteries (NIBs) by Giner Inc.: Giner Inc. will focus on
demonstrating NIBs that integrate O-3 type layered transition metal oxide cathodes,
advanced electrolytes, and commercially available hard carbon anodes. A primary
objective of this project is to dramatically improve temperature stability, addressing
one of the most challenging environmental hurdles for batteries. Specifically, the goal
is to achieve high cycle stability at both elevated temperatures (50°C) and cryogenic
temperatures (-40°C). NIBs are considered a vital alternative technology for stationary
energy storage systems (ESS) due to their lower cost and reduced reliance on scarce
lithium resources. The commercialization of NIBs is accelerating, with companies like
CATL projected to ship GWh-level sodium-ion batteries in 2026.

Development of Silicon Oxycarbide (SiOC) Anode Materials: SiOC is a promising
anode material for next-generation lithium-ion batteries (LIBs), combining the high
theoretical capacity benefits of silicon with the stability inherent in carbon materials.
SiOC anodes have the potential to mitigate the significant volume expansion
characteristic of silicon while maintaining high energy density. The development of
this material is expected to contribute to extending the range of EVs and improving
their fast-charging capabilities.



These projects collectively aim to push the boundaries of battery chemistry, meeting the
stringent performance requirements for specific applications such as military use, grid
storage, and AI data centers.

Background & Industry Context

The United States is pursuing a national strategy to strengthen its domestic battery
material supply chain and reduce foreign dependence, driven by the growth of electric
vehicles (EVs) and energy storage systems. China currently dominates the supply chain
for many critical battery materials, including battery-grade graphite, and the U.S.
vulnerability in this sector has been highlighted in a Pentagon report. The DOE has made
significant investments in domestic manufacturing infrastructure, including a $102.1
million loan to Syrah Technologies for graphite manufacturing expansion and a
conditional $2 billion loan to Redwood Materials for a battery materials campus. The
development of alternative technologies like NIBs and SiOC is a critical means to achieve
these strategic goals.

Strategic Significance & Outlook

The $15 million in DOE funding will serve as a crucial catalyst for increasing the
technology readiness level (TRL) of NIBs and SiOC anode materials, paving their way
toward commercialization. If Giner Inc.'s project succeeds, NIBs could expand their
applicability as reliable energy storage solutions across a wide range of climatic
conditions. SiOC anodes are expected to accelerate the realization of high-energy-
density LIBs, contributing to the further development of the EV market. These
technological innovations are integral to enhancing U.S. energy security and accelerating
the transition to a clean energy economy.

Source: https://www.energy.gov/hgeo/project-selections-foa-3105-critical-material-innovation-efficiency-
and-alternatives-set-2
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Spin Trapping Identifies Electrolyte Reduction
Intermediates in Lithium Metal Batteries, Advancing
FEC Additive Mechanism Elucidation

OVERVIEW

A study utilized spin trapping to identify electrolyte reduction intermediates in lithium

metal batteries (LMBs), highlighting that an insufficient understanding of the SEI

organic phase hinders electrolyte and interface design improvements. This research

offers new insights into the long-debated reduction mechanisms of electrolyte
additives like FEC (fluoroethylene carbonate). Identifying these intermediates is crucial

for the rational design of novel solvents and additives, accelerating LMB

development.

Published June 03, 2026  Journal of the American Chemical Society  USA



IN DEPTH

Key Findings

Academic research has successfully identified the intermediate species generated during
electrolyte reduction in lithium metal batteries (LMBs) using an advanced analytical
technique known as spin trapping. This breakthrough discovery deepens our
understanding of the formation mechanisms of the solid electrolyte interphase (SEI)
organic phase, a critical determinant of LMB performance. Crucially, it provides concrete
evidence for long-standing debates surrounding the reduction pathways of widely used
electrolyte additives such as FEC (fluoroethylene carbonate), thereby paving the way for
the rational design of next-generation high-performance electrolytes.

Technical Details

Lithium metal batteries hold the promise of theoretical energy densities far surpassing
current lithium-ion batteries, making them highly anticipated as ultimate power sources
for applications like electric vehicles (EVs) and long-endurance drones. However, the high
reactivity of lithium metal and the uncontrolled growth of dendrites remain significant
safety and cycle life challenges. Forming a stable SEI layer, composed of electrolyte
decomposition products, is essential to mitigate these issues.

Application of Spin Trapping: This study employed spin trapping in conjunction
with Electron Paramagnetic Resonance (EPR) spectroscopy. This method captures
typically unstable and short-lived radical intermediates, converting them into stable
spin adducts, which allows for their structural identification. This enables the
elucidation of electrolyte reduction reaction mechanisms at a molecular level.

Elucidating FEC Reduction Mechanisms: FEC is a widely used additive for SEI
stabilization in LMBs, but its precise reduction mechanism has been a subject of
ongoing debate. The intermediates identified in this research provide detailed
insights into how FEC decomposes on the lithium metal surface to form a stable SEI.
This information is directly beneficial for developing more effective FEC alternatives or
novel additives.



Importance of the SEI Organic Phase: The SEI layer is a protective film that blocks
electron conduction between lithium metal and the electrolyte while allowing ion
conduction. Its composition and structure, particularly the nature of its organic phase,
significantly influence lithium dendrite suppression and cycle life. This research
provides key information for improving the design of this critical organic phase.

Background & Industry Context

Lithium metal batteries are believed to have the potential to double EV range and enable
3-minute charging, with a Chinese lab reportedly developing a battery close to this goal,
intensifying competition. However, their practical commercialization hinges on
overcoming fundamental safety and cycle life challenges. Optimizing the electrolyte and
SEI layer is at the forefront of solving these issues. Electrolyte additives are a cost-
effective method to fine-tune SEI properties, and understanding their mechanisms of
action is indispensable for accelerating the pace of battery technology innovation.

Strategic Significance & Outlook

The insights gained regarding electrolyte reduction intermediates will significantly
influence the electrolyte and interface design of next-generation LMBs. Future research is
expected to delve deeper into the dynamics of the identified intermediates and the
differences in intermediate generation across various electrolyte compositions. This will
enable the "rational" design of novel solvents and additives to form more efficient and
stable SEI layers, accelerating the commercialization of lithium metal batteries and
contributing to the realization of high-performance EVs and long-life portable devices.

Source: https://pubs.acs.org/doi/10.1021/jacs.6c04845
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Siemens Accelerates Battery Innovation with Lifecycle
Management (PLM) Solution, Integrating Design,
Manufacturing, and Compliance from Lab to
Production

OVERVIEW

Siemens launched its Teamcenter Battery Lifecycle Management solution, aiming to

accelerate innovation and reduce development risks by integrating battery design,

manufacturing, and compliance. The platform centrally manages the entire battery

product definition—from electrode and cell materials to modules, packs, and

containerized systems—as an Engineering Bill of Materials (EBOM). This streamlines

scale-up from lab to production, expediting market entry for advanced battery

technologies.
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IN DEPTH

Key Findings

Siemens has unveiled its Teamcenter Battery Lifecycle Management (Battery PLM)
solution, poised to revolutionize the battery product development process. This platform
aims to accelerate innovation and mitigate development risks by integrating battery
design, manufacturing, and compliance requirements within a single, unified
environment. A core strength of the solution is its ability to centrally manage the entire
battery product definition, from electrode and cell materials to cells, modules, packs, and
containerized systems, as an Engineering Bill of Materials (EBOM) throughout the entire
product lifecycle.

Technical Details and Functionality

Siemens' Battery PLM solution is meticulously designed to address the intricate
ecosystem of battery development:

Integrated Data Management: Traditional battery development often suffers from
data fragmentation across material scientists, engineers, manufacturing personnel,
and regulatory specialists. This PLM system manages all relevant data as a centralized
EBOM, enhancing cross-departmental collaboration and preventing information silos.
This enables real-time understanding of how design changes impact manufacturing
processes and compliance.

Digital Twin and Simulation: The solution facilitates the creation of a "digital twin"
of the physical battery product, enabling virtual environment simulations. This
capability reduces the number of physical prototypes required and shortens
development cycles. Through a wide range of simulations—from material selection
and cell structural design to thermal management and safety assessments—optimal
design parameters can be efficiently identified.

Seamless Manufacturing Integration: The platform tightly links design data with
manufacturing processes, including electrode production, cell assembly, and
module/pack integration. This allows for early assessment of Design for
Manufacturability (DFM) and proactive identification and resolution of production
challenges. The adoption of new manufacturing processes, such as dry electrode
technology and jelly roll winding techniques, can also be efficiently managed through
PLM.



Regulatory Compliance and Traceability: The solution supports compliance with
increasingly stringent battery-related regulations (e.g., EU Battery Regulation, FEOC
regulations). It ensures end-to-end traceability across the product lifecycle—from
material origins to manufacturing processes and end-of-life recycling—thereby
reducing compliance risks.

Enhanced Quality and Reliability: The integration of design and manufacturing
processes strengthens quality control and reduces defect rates. This ultimately
improves the reliability and safety of the final battery products.

Background & Industry Context

The explosive growth of the electric vehicle (EV) market and the surging demand for
renewable energy storage are driving an unprecedented pace of evolution in the battery
industry. However, this growth also presents challenges such as increasingly complex
material supply chains, technical bottlenecks, and tightening regulatory landscapes.
Scaling up laboratory discoveries to mass production has historically been a significant
barrier, consuming considerable time and cost. Leading industrial software companies
like Siemens are addressing this challenge by offering digitalization and PLM solutions to
enhance battery manufacturers' competitiveness.

Strategic Significance & Outlook

Siemens' Battery PLM solution is poised to become an indispensable tool for battery
manufacturers seeking to accelerate innovation and meet complex market demands. By
leveraging digital twins and PLM, battery development lead times can be significantly
shortened, and time-to-market dramatically expedited. This will enable the efficient
production of higher-performance, safer, and more sustainable batteries, contributing
substantially to EV adoption, grid decarbonization, and addressing the escalating power
demands of AI data centers. In the future, it is anticipated that closed-loop battery
manufacturing—from "mine to recycling"—can be managed within a single, integrated
digital platform.

Source: https://blog.siemens.com/2026/06/battery-plm-scaling-battery-innovation-from-lab-to-

https://blog.siemens.com/2026/06/battery-plm-scaling-battery-innovation-from-lab-to-production/


production/

Collected: June 06, 2026 | Automated Research System (Gemini API)

https://blog.siemens.com/2026/06/battery-plm-scaling-battery-innovation-from-lab-to-production/


Elon Musk Confirms Tesla Dry Cathode Tech to
"Significantly Reduce" EV Battery Costs, Central to
4680 Cell Strategy

OVERVIEW

Elon Musk has reconfirmed that Tesla's dry cathode battery technology has the

potential to "significantly reduce" electric vehicle (EV) battery manufacturing costs.

This technology is core to Tesla's 4680 battery cell strategy, aiming concurrently for

enhanced energy density, reduced manufacturing costs, improved structural
integration, and increased production scalability. The dry electrode process is

positioned as a critical breakthrough to boost competitiveness in the EV market.

Published June 01, 2026  EVTech.News  USA



IN DEPTH

Key Findings

Tesla CEO Elon Musk has reiterated that the company's dry cathode battery technology
holds the potential to "significantly reduce" the manufacturing costs of electric vehicle
(EV) batteries. This technology is a cornerstone of Tesla's innovative 4680 battery cell
strategy, aiming not only to lower costs but also to simultaneously achieve higher energy
density, simpler manufacturing processes, enhanced structural integration within battery
packs, and dramatically scaled production. This represents a critical breakthrough directly
impacting competitiveness in the EV market.

Technical Details and Process Innovation

Tesla's dry cathode technology employs a fundamentally different approach from
conventional wet electrode manufacturing processes, a development stemming from its
acquisition of Maxwell Technologies.

Solvent-Free Process: Traditional electrode manufacturing typically involves
dispersing active materials and binders in organic solvents like NMP (N-methyl-2-
pyrrolidone), coating this slurry, and then consuming substantial energy for drying.
The dry cathode process completely eliminates the use of these solvents and the
drying step. This is projected to reduce manufacturing costs by up to 50% and
dramatically lower energy consumption and environmental impact.

Enhanced Energy Density: The absence of solvents allows for the fabrication of
thicker, denser electrodes. This is expected to increase the proportion of active
material within the battery cell, leading to a 15-20% improvement in cell-level energy
density. This is crucial for extending the driving range of EVs.

Structural Integration with 4680 Cells: Dry cathode technology is intimately linked
with Tesla's larger 4680 cylindrical battery cells. The 4680 cells, with their tabless
design (integrating current collectors across the entire electrode) and structural
battery pack integration, reduce the overall weight of the battery pack itself while
enhancing the vehicle's structural integrity. Dry electrodes are a key enabler for this
integrated design.



Improved Production Scalability: The simplified process, compared to conventional
wet manufacturing, facilitates easier setup and scaling of production lines in large-
scale manufacturing facilities like gigafactories. This is an indispensable factor for
meeting the rapidly expanding demand for EVs.

Background & Industry Context

The global automotive industry is undergoing a historic transition from internal
combustion engine vehicles to electric vehicles, with batteries serving as the heart of this
transformation. Battery performance, cost, and manufacturing efficiency are key
determinants of EV adoption. Chinese battery manufacturers (e.g., CATL, BYD) are
aggressively adopting dry electrode technologies to enhance their cost competitiveness.
Tesla's integration of this technology into its in-house production is part of a strategy to
establish technological leadership in the EV market and increase supply chain
independence. Western nations are also focusing on innovative manufacturing
techniques like dry electrodes to reduce reliance on China for battery production and
strengthen domestic manufacturing capabilities.

Strategic Significance & Outlook

Tesla's dry cathode technology holds the potential for widespread impact across the EV
battery industry. As this technology matures and becomes even more efficient at scale, it
could significantly reduce EV purchase prices, narrowing the cost gap with gasoline
vehicles. This would accelerate EV adoption and contribute to global decarbonization
goals. Furthermore, the broader adoption of this technology by other battery
manufacturers could evolve industry-wide manufacturing standards, leading to more
performant and cost-effective batteries becoming commonplace. It is also noted that
this dry process could be applied to solid-state battery manufacturing in the future,
fostering further technological innovation.

Source: https://evtech.news/battery-technology/teslas-dry-cathode-battery-technology-could-
significantly-reduce-ev-battery-costs-elon-musk-confirms.html
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Chinese Lab Claims Breakthrough Lithium-Metal
Battery: Double Energy Density, 3-Minute Charge,
Potentially Ending Lithium-Ion Era

OVERVIEW

A Chinese research lab has announced the development of a groundbreaking lithium-

metal battery boasting twice the energy density of existing lithium-ion batteries and

capable of charging in just three minutes. Researchers state they achieved this ultra-

fast charging with a 20C charge rate and a 4.7V high-nickel cathode. If validated, this
achievement could revolutionize EV range and charging times, potentially signaling

the end of the lithium-ion era.

Published May 29, 2026  Autonocion.com  China



IN DEPTH

Key Findings

A Chinese research laboratory has announced a breakthrough in battery technology,
claiming the development of a revolutionary lithium-metal battery (LMB) that offers
double the energy density of existing lithium-ion batteries (LIBs) and can be fully
charged in a mere three minutes. The research team asserts that this unprecedented
fast-charging performance was achieved by combining an astonishing 20C charge rate
with a 4.7V high-nickel cathode. If successfully commercialized, this technology has the
potential to fundamentally revolutionize electric vehicle (EV) range and charging
experiences, thereby reshaping the existing paradigm of the battery industry.

Technical Details and Breakthrough Mechanisms

Lithium-metal batteries have long been considered the "holy grail" of next-generation
battery technology due to their theoretically much higher energy density (potentially
over 500 Wh/kg) compared to conventional LIBs using graphite anodes. However, safety
concerns arising from lithium metal anode dendrite growth (leading to short circuits and
fires) and short cycle life have been major barriers to commercialization. This research
breakthrough suggests a multi-faceted approach to resolving these challenges:

Double Energy Density: While existing LIBs typically offer around 250-300 Wh/kg,
this LMB is presumed to have achieved an energy density of at least 500 Wh/kg. This
would significantly extend EV driving ranges and enable smaller, lighter battery packs
for equivalent ranges.

3-Minute Charging (20C Rate): An exceptionally high charge rate of 20C means the
battery can be fully charged in just three minutes (60 minutes / 20C). This is a
dramatic improvement compared to current EVs, which often require 30 minutes or
more at fast-charging stations, offering convenience comparable to refueling a
gasoline car. This rapid charging is believed to be achieved through a combination of
highly efficient lithium-ion conduction, stable electrolyte and solid electrolyte
interphase (SEI) layers, and effective thermal management systems.

4.7V High-Nickel Cathode: High-nickel NMC (nickel-manganese-cobalt) cathodes
operating at high voltages offer high energy density and power output, but often face
challenges with cycle stability. Achieving stable operation at 4.7V suggests significant
advancements in cathode material and electrolyte interface stability.



Optimized Electrolyte and Interface Design: Stable electrolytes and controlled SEI
layers on the lithium metal anode surface are crucial for achieving both fast charging
and long cycle life. Fundamental research, such as the identification of electrolyte
reduction intermediates using spin trapping methods, likely contributes to such
electrolyte design.

Background & Industry Context

Addressing range anxiety and long charging times are critical for accelerating EV
adoption. This Chinese research directly tackles these two major obstacles, and if
successful, could be a "game-changer" that redraws the competitive landscape of the
battery industry. Currently, various approaches, including silicon anodes and dry
electrode technology, are being pursued to enhance LIB performance, but LMBs hold the
potential to surpass even these advancements. Western nations are also accelerating
domestic battery technology development and supply chain construction, but the pace
of Chinese R&D remains a formidable force.

Strategic Significance & Outlook

If the claims for this lithium-metal battery are independently verified and prove
reproducible at a commercial scale, the headline "the lithium-ion era is over" might
become a reality. EVs could achieve convenience on par with gasoline cars, dramatically
accelerating consumer adoption. However, demonstrating safety (especially the risk of
internal short circuits due to dendrite growth) and long-term cycle stability remains the
most critical challenge. Future R&D will focus on overcoming these hurdles and
establishing mass production techniques. This breakthrough is also expected to have
significant implications for aerospace, drone, and portable electronic device markets.

Source: https://www.autonocion.com/us/lithium-metal-battery-double-energy/
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US PNNL Launches New Grid-Scale Battery Production
Line: 16 Equipment Stations Accelerate Next-Gen
Energy Storage Tech

OVERVIEW

The U.S. Department of Energy's Pacific Northwest National Laboratory (PNNL) has

launched a new production line for manufacturing grid-scale batteries. This 1,400-

square-foot facility is equipped with 16 dedicated stations for producing prismatic

battery cells, enabling rapid testing of new energy storage technologies. Its ultralow-
humidity dry lab environment is critical for preventing battery degradation and

accelerating the transition from R&D to practical application.
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IN DEPTH

Key Findings

The U.S. Department of Energy's (DOE) Pacific Northwest National Laboratory (PNNL) has
commissioned a cutting-edge production line designed for the manufacturing and
testing of grid-scale batteries. This 1,400-square-foot facility features 16 dedicated
equipment stations capable of producing prismatic battery cells, which will enable the
rapid evaluation and scale-up of various new energy storage technologies. Critically, the
facility maintains an ultralow-humidity dry lab environment, essential for preventing
battery material degradation and playing a vital role in accelerating the transition from
research and development to commercialization.

Technical Details and Capabilities

PNNL's new production line is designed to accelerate the development and
commercialization of next-generation battery technologies by offering the following
capabilities:

Prismatic Battery Cell Manufacturing: The production line specializes in
manufacturing prismatic battery cells, a format widely adopted for both grid-scale
and electric vehicle (EV) applications. This facilitates a smoother transition from lab-
scale prototypes to practical, functional cells.

Comprehensive Equipment Suite: The 16 equipment stations encompass virtually all
stages of battery manufacturing, including active material mixing, electrode coating
(both wet and dry processes), cell assembly (stacking, winding), electrolyte filling,
sealing, formation, and testing. This end-to-end capability allows for integrated
development and testing from material formulation to final product assessment.

Dry Lab Environment: The facility is designed as a dry lab, maintaining an ultra-low
humidity environment with a dew point below -50°C. This is crucial for manufacturing
advanced lithium-ion batteries, especially lithium metal and solid-state batteries,
whose materials are highly sensitive to moisture. Humidity degrades battery
performance and shortens lifespan, making this environment indispensable for high-
quality battery development.



Technology Evaluation and Prototyping: Researchers can test new electrode
materials (e.g., silicon anodes, sodium-ion battery cathodes), electrolytes, and
separators in practical cell formats, evaluating their performance, safety, and cycle life.
This helps identify technological bottlenecks and accelerates improvement cycles.
PNNL also boasts flow battery prototyping capabilities and utilizes machine learning
models for performance prediction.

Strengthening Domestic Supply Chain: This facility directly contributes to the
national goal of building domestic battery manufacturing capabilities in the U.S. and
reducing reliance on foreign sources for critical battery materials (e.g., graphite,
lithium).

Background & Industry Context

The U.S. is strongly advocating for the establishment of domestic battery production
capacity, driven by the growth of the EV market and the integration of renewable energy.
A Pentagon report has also highlighted significant vulnerabilities in the U.S. reliance on
foreign sources for battery manufacturing equipment in military vehicles, drones, grid
storage, and AI data center applications. The DOE, through its Critical Material
Innovation program, funds the development of sodium-ion batteries (NIBs) and silicon
oxycarbide (SiOC) anode materials and leverages national lab manufacturing capabilities,
such as the Battery Manufacturing Facility (BMF) at Oak Ridge National Laboratory
(ORNL). PNNL's new production line is a critical component of these national initiatives.

Strategic Significance & Outlook

The operational launch of PNNL's grid-scale battery production line marks a pivotal step
in U.S. battery technology development and the strengthening of domestic
manufacturing capabilities. This facility will bridge the gap between fundamental
research and commercialization, enabling the rapid practical application of new battery
chemistries and manufacturing processes. It is expected to play an indispensable role in
testing and scaling up next-generation technologies, particularly long-duration energy
storage (LDES) and solid-state batteries, thereby contributing to EV adoption, grid
stabilization, and enhanced energy security. Furthermore, collaborations with other
national laboratories and industry partners will further accelerate the development of the
U.S. battery ecosystem.



Source: https://www.tomorrowsworldtoday.com/manufacturing/new-us-national-lab-production-line-will-
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V/S Co-Doping Synergistically Boosts Conductivity and
Stability of LiMn0.6Fe0.4PO4 Cathodes, Maintaining
125 mAh g^-1 After 600 Cycles

OVERVIEW

Research demonstrates that co-doping with vanadium and sulfur synergistically

enhances both the conductivity and stability of LiMn0.6Fe0.4PO4 (LMFP) cathodes.

The VS-LMFP cathode achieved an impressive initial discharge capacity of 156.7 mAh

g^-1 at 0.1C and maintained a high capacity of 125 mAh g^-1 after 600 cycles at 1C.
This performance improvement is attributed to the synergistic effects of V and S co-

doping, leading to enhanced Li+ diffusion kinetics, structural stabilization against

Jahn-Teller distortion, and reduced charge transfer resistance.
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IN DEPTH

Key Findings

Academic research has conclusively demonstrated that co-doping with vanadium (V) and
sulfur (S) dramatically enhances the electrochemical performance of LiMn0.6Fe0.4PO4
(LMFP) cathode materials for lithium-ion batteries (LIBs). Specifically, this VS-LMFP
cathode achieved an impressive initial discharge capacity of 156.7 mAh g^-1 at a low
rate of 0.1C. Furthermore, it successfully maintained a high capacity of 125 mAh g^-1
even after 600 cycles at a practical rate of 1C, showcasing remarkable rate performance
and long-term cycle stability.

Technical Details and Mechanism

LMFP is an attractive cathode material due to its promising features: high voltage
(approximately 4.1V vs Li/Li+), high safety, low cost, and good power characteristics.
However, its practical implementation has been hindered primarily by low electrical
conductivity and structural instability caused by the Jahn-Teller distortion associated with
manganese (Mn). The synergistic co-doping of V and S in this study provides a multi-
faceted solution to these challenges:

Improved Li+ Diffusion Kinetics: The introduction of V and S ions into the LMFP
crystal lattice optimizes the diffusion pathways for lithium ions (Li+), leading to
enhanced diffusion kinetics. This allows lithium ions to efficiently intercalate and de-
intercalate within the active material, particularly during fast charge/discharge (high-
rate performance).

Structural Stabilization Against Jahn-Teller Distortion: Manganese-containing
materials are prone to structural instabilities known as Jahn-Teller distortion during
cycling. The co-doping of V and S strengthens the interatomic bonds within the
crystal structure, suppressing this distortion and improving the overall structural
stability of the material. This mitigates electrode degradation and extends cycle life.

Reduced Charge Transfer Resistance: V and S doping also enhances the electronic
conductivity of the LMFP material. Improved electronic conduction pathways reduce
charge transfer resistance between active material particles and the current collector,
enabling more efficient electron exchange. This directly contributes to the battery's
overall power and efficiency.



Performance Metrics: The initial discharge capacity of 156.7 mAh g^-1 at 0.1C is a
high value, close to the theoretical capacity (approximately 170 mAh g^-1), indicating
high utilization efficiency of the active material. Maintaining 125 mAh g^-1 after 600
cycles at 1C, with a capacity retention exceeding 80% (125/156.7), is an excellent
result demonstrating long-term reliability.

Background & Industry Context

With the increasing demand for electric vehicles (EVs) and stationary energy storage
systems (ESS), high-performance, safe, and inexpensive cathode materials are
indispensable. Lithium iron phosphate (LFP) is already widely adopted, but for markets
demanding higher energy density, LMFP is emerging as a strong next candidate.
However, material engineering approaches to overcome the performance limitations of
LMFP have been a challenge. This research, using a straightforward V and S co-doping
method, addresses key weaknesses of LMFP, significantly paving the way for its
commercialization. Strategies like upcycling spent LiFePO4 (LFP) cathode material to
high-performance LMFP are also gaining attention from a resource circularity
perspective.

Strategic Significance & Outlook

The performance enhancement of LMFP cathodes through V and S co-doping represents
a significant breakthrough for high-performance lithium-ion batteries. Future challenges
will include validating the industrial scalability, cost-effectiveness, and long-term stability
of this doping technology across different cell formats. If commercialized, this
technology is expected to contribute to the realization of EV batteries and grid-scale ESS
with higher energy density and superior cycle stability, playing an indispensable role in
achieving global energy transition goals.

Source: https://pubs.acs.org/doi/abs/10.1021/acsaem.6c01108
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Bitumen-Derived Hard Carbon Emerges as Next-Gen
Anode Material: Achieving 343 mAh/g in Na-ion
Batteries with Cost Superiority over Li-ion

OVERVIEW

Bitumen-derived hard carbon is gaining significant attention as a next-generation

anode material for both lithium-ion (LIB) and sodium-ion batteries (NIB). Research

demonstrates this material can be produced at a significantly lower cost than

conventional graphite anodes for LIBs, achieving a high capacity of 343 mAh/g and an
81% initial coulombic efficiency for NIBs. This opens new avenues for developing

cost-effective, high-performance battery solutions.
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IN DEPTH

Key Findings

Hard carbon derived from asphalt is attracting significant attention as a next-generation
anode material for lithium-ion batteries (LIBs) and, particularly, for sodium-ion batteries
(NIBs). This material not only offers a decisive cost advantage over conventional graphite
anodes for LIBs but also has been experimentally demonstrated to achieve a high
specific capacity of 343 mAh/g and an 81% initial coulombic efficiency specifically for
NIB applications. This represents a crucial breakthrough towards realizing low-cost, high-
performance next-generation batteries.

Technical Details and Advantages

Hard carbon, characterized by its disordered structure, stores lithium and sodium ions
through different mechanisms than graphite. Asphalt (bitumen) is produced in large
quantities as a byproduct of petroleum refining and coal liquefaction, making it an
extremely inexpensive and abundant carbon source. Hard carbon derived from asphalt
offers several advantages:

Low-Cost Manufacturing: As asphalt is an industrial byproduct with low refining
costs, hard carbon anodes can be produced at significantly lower costs compared to
battery-grade graphite. This is critically important for enhancing the cost
competitiveness of entry-level electric vehicles (EVs) and large-scale stationary energy
storage systems (ESS).

Suitability for Sodium-Ion Batteries: Sodium ions have a larger ionic radius than
lithium ions, making intercalation into layered structures like graphite difficult. In
contrast, hard carbon, with its disordered layered structure and abundant nanopores,
can efficiently store sodium ions. Research has shown that hard carbon as an NIB
anode achieved a high capacity of 343 mAh/g and an 81% initial coulombic efficiency,
which are highly promising values for the practical application of NIBs.

Application in Lithium-Ion Batteries: Hard carbon can also be used as an anode
material for LIBs, potentially contributing to improved power output and low-
temperature characteristics. Its low volume change and excellent fast-charging
properties are also attractive.



Reduced Environmental Impact: Upcycling industrial byproducts into battery
materials contributes to waste reduction and supports the construction of sustainable
supply chains.

However, further improvements in initial coulombic efficiency and cycle life remain
challenges.

Background & Industry Context

Amid surging demand for lithium-ion batteries, issues such as the uneven distribution of
lithium resources, rising prices, and geopolitical risks associated with supply chains have
become prominent. Particularly, battery-grade graphite, essential for EV battery anodes,
is almost entirely supplied by China, prompting countries like the U.S. to expedite the
establishment of domestic supply chains. In this context, sodium-ion batteries as an
alternative to LIBs, and hard carbon as their anode material, are gaining global attention
from the perspectives of energy security and cost competitiveness. China's CATL has
announced plans to mass-produce and ship GWh-level sodium-ion batteries in 2026,
intending to enter the EV market.

Strategic Significance & Outlook

Bitumen-derived hard carbon anodes are poised to become a major driving force in
accelerating the adoption of low-cost, high-performance sodium-ion batteries. In the
future, optimizing material synthesis conditions and surface modification techniques are
expected to further improve initial coulombic efficiency and cycle life, leading to broader
adoption across various applications. This technology has the potential to complement
lithium-ion batteries in stationary energy storage systems, entry-level EVs, and grid
stabilization, significantly contributing to the realization of a decarbonized society.

Source: https://rahabitumen.com/oxidized-bitumen-battery-industry/
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Xos Launches 2.5MWh Power Hub, Delivering Grid-
Independent Energy Storage to Data Centers in Days,
Not Years, Resolving Multi-Year Bottlenecks

OVERVIEW

Xos has unveiled its 2.5 MWh "Power Hub" designed for data centers, a solution that

can deliver grid-independent energy storage in days rather than years, addressing

long-standing grid interconnection bottlenecks. With AI projected to nearly double

data center electricity consumption by 2030, this rapidly deployable product meets
the urgent demand for power supply, shifting from an emergency measure to a

strategic imperative for industrial operators.
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IN DEPTH

Key Findings

Xos has announced the launch of its innovative energy storage solution, the "2.5 MWh
Power Hub," specifically designed for data centers. This groundbreaking product aims to
resolve the multi-year grid interconnection bottlenecks that data centers have long
faced, providing grid-independent energy storage within days, not years. With global
data center electricity consumption projected to almost double by 2030 due to the rapid
advancement of AI, the Power Hub addresses the evolving power supply needs—from
emergency backup to a strategic necessity for industrial operators.

Technical Details and Operational Advantages

The Xos 2.5MWh Power Hub is engineered to tackle critical power supply challenges in
data centers and industrial facilities, incorporating the following technical features:

2.5 MWh Storage Capacity: The system offers 2.5 megawatt-hours (MWh) of energy
storage, capable of supplying substantial power to high-demand facilities such as AI
and hyperscale data centers. This capacity is well-suited for applications requiring
high energy density within limited physical footprints.

Grid-Independent Solution: The Power Hub is designed to operate without full
reliance on the existing power grid. This enables data centers to achieve stability and
predictability in their power supply, insulated from grid congestion, outages, or costly
peak utility rates.

Rapid Deployment: In contrast to traditional grid infrastructure expansions which
often take years, the Power Hub is touted as deployable within days. This is a crucial
advantage for quickly meeting the burgeoning power demands of AI data centers.

Peak Shaving and Demand Response: The system optimizes power demand from
the grid, minimizing electricity purchases during peak hours to reduce operational
costs. It can also participate in demand response programs, adjusting power delivery
as needed to support grid stability.

Scalability and Modularity: The system is designed with a modular architecture,
allowing for easy expansion of capacity as data center growth dictates. This flexibility
enables operators to adapt to future changes in power demand efficiently.



Background & Industry Context

The explosive growth of AI technology is imposing unprecedented power demands on
data center infrastructure. The IEA projects global data center electricity consumption to
increase from 460 TWh in 2022 to over 1000 TWh by 2030, with AI being the primary
driver. Grid bottlenecks are intensifying, particularly in regions like PJM, where data
center demand was reported to cost consumers $14.7 billion in 2025. In this context,
behind-the-meter generation and storage solutions have become an urgent strategic
necessity for data center operators. Long-duration energy storage (LDES) solutions, such
as Form Energy's iron-air batteries and ESS Tech's iron flow batteries, are also gaining
traction in this sector.

Strategic Significance & Outlook

The Xos 2.5MWh Power Hub offers a practical and rapid solution to the pressing power
supply challenges faced by AI data centers. The success of this product could accelerate
the adoption of distributed energy storage solutions not only for data centers but also
for other industrial facilities and grid-constrained regions. Moving forward, similar
rapidly deployable, "grid-independent" or "grid-enhancing" solutions are expected to
become mainstream, playing an indispensable role in improving power supply stability,
economics, and sustainability. This will build resilient power infrastructure capable of
supporting the continued advancement of AI and the growth of the digital economy.

Source: https://www.nasdaq.com/press-release/xos-launches-25mwh-power-hub-delivering-grid-
independent-energy-storage-data-centers
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Upcycling Spent LiFePO4 to High-Performance
LiMnxFe1−xPO4 Cathodes: Achieving 91.1% Capacity
Retention After 500 Cycles, Bridging Resource
Circularity and Enhanced Performance

OVERVIEW

A new strategy proposes upcycling spent LiFePO4 (LFP) cathode material into high-

performance LiMnxFe1−xPO4 (LMFP) cathodes. The regenerated LMFP cathode

demonstrated excellent specific capacity of 144.7 mAh g^-1 at 0.5C and high rate

capability of 120.5 mAh g^-1 at 5.0C. Crucially, it achieved an exceptionally high

capacity retention of 91.1% after 500 cycles at 1.0C, marking a groundbreaking

approach that combines effective resource utilization with enhanced battery

performance.
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IN DEPTH

Key Findings

Academic research has unveiled an innovative strategy for upcycling spent LiFePO4 (LFP)
cathode material into high-performance LiMnxFe1−xPO4 (LMFP) cathodes. This method
successfully yielded regenerated LMFP cathodes exhibiting superior electrochemical
properties, including a specific capacity of 144.7 mAh g^-1 at a 0.5C charge/discharge
rate and a high rate capability of 120.5 mAh g^-1 at 5.0C. Most notably, these cathodes
achieved an outstanding capacity retention of 91.1% after 500 cycles at a practical rate of
1.0C, demonstrating a groundbreaking approach that simultaneously addresses resource
utilization and high-performance battery development.

Technical Details and Performance Enhancement

LFP is widely used in electric vehicles (EVs) and stationary energy storage systems (ESS)
due to its excellent safety, cost-effectiveness, and long cycle life. However, its relatively
low voltage (around 3.4V vs Li/Li+) limits its applicability in high-energy-density
applications. LMFP, which incorporates manganese (Mn) into the LFP structure, aims to
increase the voltage to approximately 4.1V, thereby boosting energy density. The
introduction of Mn, however, often leads to challenges such as reduced conductivity and
structural instability (Jahn-Teller distortion). This upcycling strategy addresses these
issues through:

Activation of Mn Redox Platform: The process of converting LFP to LMFP ensures
uniform incorporation of Mn ions into the crystal structure, allowing stable utilization
of the Mn redox (oxidation-reduction) reactions. This leverages the inherent high-
voltage characteristics of LMFP, enabling high energy density.



Outstanding Electrochemical Performance:

Specific Capacity: The 144.7 mAh g^-1 at 0.5C is a high value, approaching
LMFP's theoretical capacity (around 170 mAh g^-1), indicating efficient utilization
of the active material.

Rate Capability: Maintaining 120.5 mAh g^-1 at a high rate of 5.0C suggests
applicability in fast charge/discharge applications, such as EVs and grid frequency
regulation.

Cycle Stability: A capacity retention of 91.1% after 500 cycles at 1.0C is an
excellent result demonstrating long-term reliability. This implies successful
suppression of Mn-related structural instability and significant retardation of
electrode degradation, achieving high performance comparable to V/S co-doped
LMFP cathodes that maintain 125 mAh g^-1 after 600 cycles.

Promotion of Resource Circularity: Converting spent LFP into more valuable LMFP
extends the lifecycle of critical battery materials, contributing to solving resource
depletion issues and reducing environmental impact.

Background & Industry Context

The rapid expansion of the battery industry underscores the growing importance of
sustainable supply and circularity of battery materials. Environmental impacts and
geopolitical risks associated with mining precious metals like lithium, cobalt, and nickel
are major concerns. While LFP is based on relatively inexpensive and abundant iron and
phosphorus, making it less resource-constrained, value recovery from spent batteries
remains crucial. This upcycling technology contributes to a circular economy by creating
value from waste while simultaneously providing high-performance next-generation
battery materials.



Strategic Significance & Outlook

The high-efficiency LMFP upcycling strategy from spent LFP holds significant promise for
both battery material sustainability and performance enhancement. Future challenges
will involve validating the industrial scalability, cost-effectiveness, and applicability of this
technology to diverse LFP waste streams. If widely adopted, this technology is expected
to reduce the environmental footprint of battery production and accelerate the
deployment of LMFP cathodes, contributing to enhanced EV performance and improved
economics for renewable energy storage.
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