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Introduction
Batteries are essential technologies for twenty-first-century growth, security, and energy—
and they cut to the core of geopolitical ambitions for high-tech strategic autonomy. Lithium-
ion batteries are now endemic to the transition to electrified mobility, firming of renewable 
power, data center loads, a suite of consumer electronics, and the frontiers of warfare. Today, 
the battle for battery technology and supply chains is overwhelmingly dominated by China. 
In the years to come, this dynamic is likely to accelerate, with Chinese firms racing ahead 
to corner the next generation of products. This persistent theme in contemporary industrial 
policy—the scale of Chinese production, upstream integration, and advancements—has 
prompted some to suggest that the developed world should accept defeat and let Chinese 
industry corner this technology of the future. Doing so would be economically efficient, 
perhaps easing a rapid low-carbon transition. Conversely, others argue that the risks are 
too high to allow such geographic concentration of this technology in a country willing to 
wield export restrictions on key battery metals and production machinery. Giving up would 
risk economic security, defense industrial bases, and the durability of the long-term energy 
transition, given the lack of value-added capacity.

Undoubtedly, the developed world faces an industrial challenge: Continue to fight an 
expensive and technologically complex uphill battle to incubate an essential industry, or 
accept defeat (and with it, the penalties of latent strategic foresight and fragmented policy). 
Yet there is a nuanced path forward, one that recognizes the severe asymmetry of industrial 
power while identifying opportunities for countries and industries to cooperate toward a 
more balanced outlook in battery geopolitics. This paper presents that path, based on a 
holistic analysis of technology and the market, covering manufacturing capacity, trade, and 
investment, as well as a comparative look at emerging battery technologies by their patents 
and commercialization, how existing factories could be repurposed for them, and how they 
could affect mineral demand. Based on the analysis, it also offers recommendations for 
optimal cooperation and supply chain coordination between partner countries to develop 
some de-risking pathways. The following is part one of a series of papers produced in 
conjunction with the New Energy Industrial Strategy Center; the second paper will provide 
jurisdiction-level analyses on the battery strategies of China, the United States, Europe, 
South Korea, Japan, India, and Canada.
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Key Findings 
Partners in the Organisation of Economic Co-operation and Development (OECD)—
namely the United States, Europe (including the European Union and its member states, 
the United Kingdom, and Norway), South Korea, and Japan—should balance near- and 
long-term strategies that leverage each other’s strengths (for example, market access, legacy 
industries, and innovation ecosystems) to ensure that China’s dominance does not eclipse 
external competition and that some companies from other countries remain in the market. 
This will be a major challenge in a fractured global operating environment and will come 
with costs, but the approach is strategically sound. This does not mean cooperation with 
Chinese firms should be shunned; to the contrary, smart and tactful joint ventures in key 
technology verticals are a necessary part of this strategy under the right conditions.

•	 The United States and Europe will provide the essential playing field for diversifi-
cation because they have the largest battery markets outside of China. However, 
much of the current capacity is tied to incumbent nickel-cobalt supply lines, and it 
is important that the prospective capacity is developed as new battery chemistries, 
which could prevent technology lock-in and abate mineral supply risks in the long 
term. Policymakers should wield market access as a pragmatic tool for resilience and 
broader diversification; for example, partnering with Chinese firms for anode mate-
rials where few alternative producers exist while ensuring that other Asian players in 
battery cells continue to grow and innovate.  

•	 If the United States and Europe are committed to scaling domestic battery compa-
nies and indigenizing midstream materials, this will require coordinated support 
measures ranging from trade barriers and local-content rules to targeted subsidies 
that help cover operating costs during scaling (as well as a clear agenda to support 
factory efficiency). Efforts to bring new battery cells or materials to market might 
benefit from joint ventures with companies capable of delivering gigawatt-hour 
scale, which start-ups are currently struggling to achieve. Other approaches might 
target modestly sized commercial facilities or vertically integrated industrial clusters 
that draw in alternative buyers like defense manufacturers to help scale. 

•	 South Korea has the corporate prowess to produce and scale battery production, but 
it is at risk of falling further behind Chinese innovation in this domain. To buttress 
South Korea, the United States and Europe should prioritize opening their markets 
to South Korean conglomerates and focus diplomacy on battery innovation. They 
could do so by incentivizing joint ventures between innovative Western start-ups 
and South Korean champions, as well as providing opportunities for South Korean 
producers to diversify midstream active materials at home and in third markets.
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•	 Lithium-iron-phosphate (LFP) batteries, which have lower costs than nickel-cobalt 
based batteries and are overwhelmingly dominated by China, are the most pressing 
diversification priority for the OECD. Europe and the United States are scaling do-
mestic LFP cell capacity, but their outlook for midstream materials supply remains 
severely underdeveloped. Ensuring that Korean firms can scale LFP chemistries and 
material processes may help their position in global battery markets.  

•	 The OECD partners are at risk of falling behind China on sodium-ion tech-
nology, which can, ironically, abate mineral supply risks posed by China. Of 
all the next-generation chemistries on the horizon, Na-ion is the most likely to 
be cost-competitive, and it can be scaled easily within existing infrastructure. 
Concerted support measures are urgently needed to ensure that the few ex-China 
sodium firms can make it to market in the United States and Europe, where battery 
storage demand is robust. Korean and Japanese firms—who are severely behind on 
sodium-ion—are, again, important collaborators. 

•	 OECD countries are comparatively well positioned in silicon anode and lithium 
metal patents and early scale up. The priority today is silicon anode blends, which 
can enhance performance, reduce graphite demand, and have “drop-in” capabilities 
with existing battery manufacturing infrastructure. Lithium metal anode batteries 
remain longer-term and price-prohibitive today, but are emerging, especially in 
China. Innovative policy and collaboration efforts should prioritize niches where 
scale up is possible.

Historic Rise of Batteries
The modern rise of battery technologies tracked with the explosion of Japanese camcorders, 
but their development dates back to the energy crisis of the 1970s. Lithium-ion batteries 
have long been sought to commercially store energy through “intercalation”—the elec-
tro-chemical process of exchanging positively charged ions through an electrolyte between 
a positively charged cathode and negatively charged anode (known collectively as an elec-
trode).1 In the 1960s and 1970s, important prototypes were tested by NASA and American 
oil and auto majors.2 Some of these first iterations included sodium-based cathodes and 
lithium-metal anodes—breakthrough chemistries making their way to market today and 
part of this paper’s analysis.3 By the early 1980s, the lithium-ion chemistry met its match 
when researchers stabilized the intercalation process by adding a graphite anode and, later, a 
lithium-cobalt-based cathode.4 Once proven, a Japanese conglomerate acquired this technol-
ogy to power camcorders, an expensive product that could absorb the high battery cost to 
democratize filming the surrounding world.5  
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Starting in the 1990s and into the new millennia, lithium-ion batteries began to permeate 
across new products, including laptop computers and cell phones.6 It was not until 2010, 
however, that the first commercial-scale electric vehicle (EV) was rolled onto automobile 
assembly lines where lithium-ion batteries proved capable of fully replacing the internal 
combustion engine of the modern car.7 By 2017, the world’s first large-scale battery storage 
system—a 150-megawatt facility in South Australia—was deployed on the grid.8 Put 
into context, the use of lithium-ion technology in commercial-scale power and transport 
applications is still incredibly nascent; nuclear power plants, by comparison, have been 
operational on the power grid for nearly seventy-five years.9 As these applications matured 
in the late 2010s, the primacy of South Korean and Japanese firms gave way to Chinese 
producers, which dominated cell production by the end of the decade.10 The scale of growth 
during this time was nothing short of remarkable: In 2010, about 14 gigawatts per hour 
(GWh) of production capacity existed solely in Asia, jumping to a staggering 734 GWh 
globally in 2020.11

Today’s lithium-ion batteries are discretely powering revolutionary shifts in mobility, power, 
aviation, and defense markets. In 2025, about one quarter of global car sales were fully 
electric or plug-in hybrid—up from less than 1 percent a decade prior—with new models 
being sold to deliver benefits from five-minute charge times to over 500-mile-drive ranges.12 
On the grid, batteries are finally making renewable power reliable, as recently observed when 
deployed in conjunction with solar technologies to provide the first 24/7 renewable projects 
in the Gulf, collectively integrated as virtual power plants for backup power projects in 
California, or deployed with the grid-balancing ability to simulate the stabilizing properties 
of thermal power plants, as seen in Australia.13 Lithium-ion systems are also the backbone 
of the emerging trend to electrify maritime vessels and some short-range air travel vehicles, 
including EV vertical takeoff and landing aircraft (eVOTLs).14 Lastly, they are core to  
high-tech warfare, whether used in drones or in soldiers’ wearable radios and GPS.15 And  
of course, batteries remain increasingly omnipresent in the tech sector, including, for  
example, in everyday consumer electronics or to support the back-end stabilization of  
high-tech data centers.16 

Battery Tech and Market Trends
The lithium-ion battery is a complex product with various inputs and stages of assembly. 
The core part of making a battery is the electrode—the engine of the battery cell—which is 
manufactured in a multi-step industrial process (see figure 1). The electrode’s fabrication is 
technically demanding and requires specialized machinery to mix, coat, dry, and compress 
active materials into a precise and stable form onto copper and aluminum current collectors. 
Once the electrode is produced, it must be cut and assembled with other materials for the 
cell to function.17 Four key inputs are required to enable these processes: both cathode and 
anode active materials, which are the core demand-driving components for critical minerals 
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like lithium and graphite; the separator, a plastic film that prevents the cathode and anode 
from touching; and the electrolyte, a specialized liquid gel (though it can be, or include, a 
solid substance) that facilitates the movement of ions between the cathode and anode.18

The primary story in battery technology geopolitics is China’s unrivaled production capacity 
and corporate leadership. China’s supply-side prowess applies more acutely to upstream 
inputs—especially graphite and anode active materials—but its lead in downstream cell 

Figure 1. Lithium-ion Battery Is a Complex Product 

Source: LG Solutions, “A Better Life with Batteries.” https://inside.lgensol.com/en/2022/10/a-better-life-with-batteries-how-
to-make-a-�battery-step1-electrode-manufacturing/;  Liu et al., “Data-Science Based Full-Lifespan Management of Lithium-ion 
Battery” Springer, 2022. �https://link.springer.com/chapter/10.1007/978-3-031-01340-9_2.

Figure X. Lithium-ion Battery Is a Complex Product 

Source: LG Solutions, “A Better Life with Batteries.” https://inside.lgensol.com/en/2022/10/a-better-life-with-batteries-how-to-make-a-
battery-step1-electrode-manufacturing/;  Liu et al., “Data-Science Based Full-Lifespan Management of Lithium-ion Battery” Springer, 2022. 
https://link.springer.com/chapter/10.1007/978-3-031-01340-9_2.

Battery Parts and Intercalation Process 

MIXING

COATING

ROLL-PRESSING

SLITTING

NOTCHING

The Electrode Factory Line 
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production is also an important signifier of its dominance in the sector writ large.19 Over the 
next five years, most forecasts expect the supply chain to remain largely the same, with mar-
ginal progress in diversification, particularly in cathode active materials and lithium, which 
present more of a relative balance between ex-China corporations and country production.20 
Therefore, throughout this paper, battery cell factories are used as a proxy for battery-related 
industrial development because they are the most economically important value-added part 
of the supply chain, and their presence can dictate the emergence of geographic battery 
hubs.21 In sum, the cell facilities being developed today will likely define the primary battery 
ecosystems for decades to come, and their location is an essential metric for visualizing the 
physical emergence of the global battery market.

Although Chinese corporations lead across battery technology and supply chains, there 
is an importance nuance: Legacy producers, especially those from South Korea, still have 
an edge (see figure 2). In 2025, two Chinese firms dominated just over half of the global 
battery market, but three Korean firms and one Japanese conglomerate still sit in the top 
ten. Similarly, Korean firms still have a notable edge in the global production of nickel-
cobalt-manganese (NMC) CAM, an incumbent cathode product. Not listed in the graphic 
are additional conglomerates like European chemical giants and Japanese metal houses, 
both of which are also capable of producing and recycling these materials at scale.22 These 
are notable details often omitted in headlines that rightfully waive the alarm bells of single-
country dominance. But in the coming years, this diversified market is at risk 
of fading. 

Figure 2. Korean Firms are Contenders for Cell and NMC Cathode Production, but Not LFP

Sources: Author’s analysis based on data from “From Jan to Dec 2025, Global EV Battery Usage Posted 1,187GWh, a 31.7% YoY 
Growth,” SNE Research, February 4, 2026, https://www.sneresearch.com/en/insight/release_view/586/page/0; "LFP Dominates 
Cathode Market with 72% Share in 2025, Up 19% from 2023; Strong Momentum Projected to Continue This Year," SNE Research, 
June 17, 2026, https://www.sneresearch.com/en/insight/release_view/681/page/0
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Figure 3. 2030 Battery Cell Manufacturing Faces Oversupply (via China)

Source: Author’s analysis based on data from the Clean Investment Monitor, Rhodium Group and MIT Center for Energy and 
Environmental Policy, https://www.cleaninvestmentmonitor.org/; Michael Delgado et al., “Clean Investment Monitor: Global 
Electric Vehicles and Batteries,” Rhodium Group, June 18, 2025, https://rhg.com/research/global-clean-investment-monitor-
electric-vehicles-and-batteries/; Jakob Fleischmann et al., “The Hidden Trends in Battery Supply and Demand: A Regional 
Analysis,” McKinsey Center for Future Mobility, August 26, 2025, https://www.mckinsey.com/features/mckinsey-center-for-
future-mobility/our-insights/the-hidden-trends-in-battery-supply-and-demand-a-regional-analysis. Matthias Möhrke et al., 
“Battery Manufacturing 2030+: From Hype to Hard Truths,” Porsche Consulting, VDMA, Agora Strategy, and Fraunhofer ISI, 
November 2025, https://www.porsche-consulting.com/international/en/publication/battery-manufacturing-2030-hype-hard-
truths.

By 2030, China’s cell production will dominate in a likely oversupplied market (see figure 
3). Based on data provided by the Global Clean Investment Monitor, Chinese cell capacity 
could triple that of the OECD’s members combined, hitting at least 5,862 GWh based on 
current projects under construction, with an upper-bound potential of 6,720 GWh. These 
levels of Chinese industrial capacity could potentially surpass an upper-bound global cell 
demand at 5,100 GWh. By comparison, all OECD factories will hold a capacity of about 
1,881 GWh, with an upper-bound potential of only 2,422 GWh. The United States will 
claim about half of that capacity, and Europe will claim around 690 GWh while the rest 
will be split between Canada, South Korea, and Japan, in that order. Despite calls for 
attracting value-added industry from emerging markets (EMs) and developing markets 
(DMs), they will constitute the smallest fraction of cell production at about 217 GWh, split 
mostly between India and Indonesia. 

These trends of Chinese overcapacity (or “involution”) are endemic to China’s political 
economy, and they are already affecting trade flows of battery products, especially to Europe 
(see figure 4).23 By 2025, monthly Chinese battery exports totaled over $6 billion, nearly half 
of which was destined for the European market. Also notable, Asian imports tallied about 
$2 billion per month, driven mostly by India, Australia, and Japan, with decreasing—yet 
still significant—growth from South Korea. Lastly, North American imports were about $1 
billion per month, driven almost entirely by the United States. Of the jurisdictions observed 
in this analysis, only the United States and India have clearly started tariffs or duties on 
Chinese batteries, as well as varying forms of subsidies that target domestic production and 
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that might work to pull away demand from cheaper alternatives.24 While the EU is deliber-
ating its own local-content measures, the bloc’s recently adopted battery transparency rules 
are imposing specific transparency regulations that may, tangentially, incentivize more local 
measures.25

These trade dynamics are not just dictated by capacity but also cost; China’s batteries are, 
in varying degrees, cheaper than those of OECD competitors. Using the European single 
market as a proxy where tariffs on Chinese batteries do not exist, European battery cells 
face varying cost differentials with Chinese imports into the EU: nickel-manganese-cobalt 
(NMC) cells see a smaller cost difference (10 to 27 percent), but lithium-iron-phosphate 
(LFP) cells see a significant cost gap (24 to 50 percent) (see figure 5). This can primarily be 
attributed to access to cheaper materials, manufacturing equipment, and, most importantly, 
more efficient production, especially during ramp-up when factories produce high quantities 
of scrap.26 Production support in the form of ramp-up subsidies and trade barriers could help 
mitigate these challenges as producers scale.27 For LFP, closing the cost difference would re-
quire at least a 30-percent tariff rate or a U.S.-style $30 per kilowatt-hour (kWh) production 
tax credit (PTC), or perhaps some combination of the two. Imported electro-active materials 

Figure 4. Chinese Battery Exports Are Destined for Europe

Source: Carnegie analysis based on data from the China Cleantech Export Data tool, Ember, accessed January 2026, https://
ember-energy.org/data/china-cleantech-export-data/.
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from China yield small cost reductions, strengthening the security rationale for onshoring or 
nearshoring these components. It should be noted that these figures are not static and can be 
altered, whether by further Chinese innovation, depressed prices from dumping, or macro-
economic conditions outside the bounds of this research like currency manipulation. 

Cost-competitive Western batteries are critical to creating a more balanced playing field for 
global production. While the previously mentioned tools of statecraft may help incubate the 
sector, they are only part of the solution to develop competitive industries—this will require 
deep technical know-how to maximize factory output and resource efficiency. As with all 
unit economics, much of the cost of battery cells is dictated by factory throughput—the 
rate at which gigafactories can deliver cells relative to their theoretical maximum output. 
For newcomers to the market, this is a notable challenge, as observed with roughly 40 to 

Figure 5. Chinese LFP Costs are Difficult to Match, NMC Less So

Note: The cost of Chinese cells is reflective of prices observed in the European single market, not mainland China. Domestic 
Chinese cell prices can be far lower, ranging between 56-68 $/KWh for NMC and and 46-53 $/KWh for LFP. 

Source: Author’s analysis based on data from Wolfgang Bernhart and Dennis Gallus, “Two Outlooks for the Future of Battery 
Manufacturing in Europe,” Roland Berger, December 5, 2025, https://www.rolandberger.com/en/Insights/Publications/Two-
outlooks-for-the-future-of-battery-manufacturing-in-Europe.html; “The Future of Affordable EVs: Breakthroughs in Battery 
Pack Costs,” McKinsey Center for Future Mobility, January 2, 2026, https://www.mckinsey.com/features/mckinsey-center-
for-future-mobility/our-insights/the-future-of-affordable-evs-breakthroughs-in-battery-pack-costs; “The Falling Cost Gap 
Between EU and Chinese Batteries,” Transport & Environment, March 2026, https://www.transportenvironment.org/articles/the-
falling-cost-gap-between-eu-and-chinese-batteries.
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90 percent scrap rates from new battery cell operations and, accordingly, lower yields of 
functioning battery products.28 Policy could support engaging Asian expertise during  
ramp-up to advise on best practices and help incubate this knowledge at the local company 
and lab levels.

Critical political economy questions remain about enhancing battery cell production with 
automation. Bolstering factory efficiency and automation might become one of the most im-
portant levers countries can use to improve domestic battery competitiveness; evidence from 
China indicates that AI-powered process controls and digital twins can reduce scrap and 
improve yields.29 Yet doing so might detract from the social and political case for batteries 
as a labor transition from internal-combustion-engine parts production, even though it is 
likely to still require more jobs.30 As China moves toward a “dark factory” model, wherein 
automated robotics are increasingly present throughout assembly lines, Western competitors 
will be inclined to reduce costs and improve quality through automation as well.31 This is 
sound policy, but it entails important considerations for honest political narratives: battery 
production has immense strategic value and it will create jobs, but it may not drive the scale 
of labor renaissance in the long term. 

As China moves toward a “dark factory” model, wherein 
automated robotics are increasingly present throughout 
assembly lines, Western competitors will be inclined to 
reduce costs and improve quality through automation  
as well.

Other long-term factory-process innovations may reduce production costs, including more 
efficient materials processing and breakthroughs in fabrication. The most notable example is 
“dry coating,” which replaces the energy- and chemical-intensive process of binding active 
materials by rolling or spraying dry powders directly onto metal foil. This approach would 
cut three of the seven major steps in production and could substantially lower manufactur-
ing costs by up to 30 percent.32 These processes are coming to market in the United States, 
with America’s EV giant claiming commercial validation, while an array of other firms in the 
United States, South Korea, Europe, and China are also pursuing production.33 However, 
the outlook is inherently long term: these processes are unlikely to replace the majority of 
electrode assembly lines already being built with incumbent wet-coating systems, and they 
may prove especially beneficial to niche next-generation architectures like solid state, where 
such processes and cost reductions would be game-changing.34
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Battery Chemistry Analysis 
Battery chemistries are rapidly evolving. This analysis takes stock of six key battery chem-
istries: NMC, LFP, sodium-ion (Na-ion), silicon-anode (Si-anode), lithium metal battery 
(LMB), and lithium sulfur (Li-S). NMC and LFP are the primary sibling chemistries of the 
incumbent lithium-ion battery, while Na-ion might be described as its cousin: very similar in 
function and design but with some different materials.35 Throughout this analysis, Si-anode 
refers to high or majority blends of silicon in the graphite anode, not fully silicon-based 
designs which remain challenging. Lithium metal batteries replace the conventional graphite 
anode with pure lithium metal foil while lithium sulfur replaces the incumbent cathode 
with sulfur-based cathode active materials (CAM).36 As illustrated in later chapters, these 
chemistries are all either commercial or nearing commercial scale, receiving prominent 
investment and corporate backing. It should be noted that the selected chemistries are not 
perfect analogs to each other: some are complimentary, such as Si-anodes being deployed 
with nickel-based cathodes like NMC; others are prone to variants like LFP’s inclusion of 
manganese (LMFP); and some are being used in different types of cell architectures like 
LMB in both solid state and so-called liquid-solid state.37 Additional chemistries are being 
researched, such as aluminum-ion or lithium-air, but these six chemistries are the most 
important lithium-ion variants coming to market. 

Battery chemistries come with trade-offs in performance and material requirements (see 
figure 6). Chemistries have varying energy densities—electrical output based on size (watt 
hour per kilogram, or Wh/kg) and weight (watt hour per liter, or Wh/L)—as well as 
different critical raw material (CRM) requirements. This analysis takes the view of OECD 
countries who face similar CRM risks, most notable for graphite, nickel, and cobalt products 
dominated by China and less so for geographically and commercially diverse lithium.38 Of 
the incumbent technologies, LFP yields a lower energy density than NMC (though this gap 
is closing thanks to new LFP designs) but is less expensive because it does not require high-
cost CRMs like cobalt and nickel.39 Sodium-ion can require fewer, if any, CRMs, but yields 
a lower energy density, a notable trade-off for some mobility applications.40 The high-end 
battery family that enhances the anode, including silicon anode, lithium metal, and lithium 
sulfur, also boasts vastly higher energy densities with varying impact on CRMs. Although 
lithium metal batteries swap graphite anodes for lithium, they are observed to use high-nick-
el cathodes. While lithium sulfur yields a lower volumetric energy density (implying that the 
battery is larger) than lithium metal, it solely requires lithium for the anode and no CRMs 
in the cathode. Not listed in figure 6 are additional indicators related to lifespan and safety. 
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Figure 6. Emerging Battery Chemistries Offer New Trade-Offs

Source: Author’s analysis based on based on data from the Volta Foundation and industry reports. For full list of sources, please 
see Appendix I. For methodology of risk, please McBride, “Catching Up or Leaping Ahead?” Carnegie Endowment for International 
Peace, September 19, 2024, https://carnegieendowment.org/research/2024/09/energy-innovation-us-industrial-stature.

The LFP Priority
The most pressing question today for battery diversification is how to navigate Chinese 
advantage in LFP. The tech was originally pioneered in North America, before being sold 
off to Chinese firms who began using the lower energy density solution in electric buses.41 
Although initially written off as suboptimal to NMC batteries for their relatively low energy 
density, Chinese battery firms innovated this then niche and alternative chemistry, and 
by the early 2020s, LFP experienced an astronomical rise in production and market share 
due to cost reductions and increased energy densities now suitable for more applications, 

NMC/NCA LFP/LFMP Sodium-ion Silicon Anode
LMB  

(Various) Li-S

Critical  
Minerals

Gr, Li, Ni, Co, 
Al or Mg

Gr, Li, PO4, Fe 
(+Mg) (+Ni, Co) Li, Si (+Gr), Ni, Co Li, Ni, Co Li

OECD Supply 
Risk High High Low High Medium Low
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especially in the mobility sector.42 Today, LFP accounts for about half of the global lithi-
um-ion market and most of Chinese production.43 China dominates its geographic concen-
tration at around 98 percent of global production capacity—a staggering market share that 
triumphs over other strategic advanced industrial products like rare earth magnets, lithogra-
phy equipment, humanoid robots, or AI chips (see figure 7). 

An alternative, ex-China LFP supply chain is emerging. Starting in 2021, the battery 
investment boom in the United States and Europe was driven almost entirely by NMC 
technology. The result was twofold: NMC was viewed as the best way to deliver the longer 
driving ranges Western automobile consumers demanded, and it was the primary product 
offered by South Korean and Japanese heavyweights that became key industrial partners to 
American and European battery belts.44 Today, the United States is rapidly course-correct-
ing, with South Korean producers and American automakers racing to switch assembly to 
LFP to serve the burgeoning battery energy stationary storage (BESS) market and correlated 

Figure 7. LFP—the Battery Star Du Jour—Is Severely Concentrated

Source: Author’s analysis based on data from the International Energy Agency, TrendForce, ICAEW Library, Unitree, Omdia. 
For full list of sources, please see Appendix I.
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subsidy support that survived policy shifts.45 Similar trends are emerging in Europe, where 
Chinese and South Korean manufacturers are seeking to build domestic LFP capacity, likely 
in anticipation of Brussels’ increasing focus on supply chain resilience and localization. 

Europe leads North America and ex-China Asia LFP manufacturing capacity, but all of 
these regions are severely lacking specific cathode materials for truly domestic production 
(see figure 8). Based on an analysis of all projects in the pipeline, the United States boasts 
about 100 GWh of LFP cell capacity potential (primarily concentrated in Michigan). 
Europe’s LFP potential is at about 170 GWh (spread between Spain, Hungary, Serbia, 
Italy, and Poland). Additionally, LFP CAM facilities are underway in both Morocco and 
Germany, which are strategically placed for access to the European market. In Asia, South 
Korea is building its first LFP factories but at a relatively low scale (for example, 1 GWh 
compared to a Chinese LFP factory at about 50 GWh). Meanwhile, Indonesia has a 50 
GWh facility, and India intends to build a 40 GWh facility. Alongside LFP cathode fac-
tories underway in Canada and Finland, some companies in South Korea and Canada are 
pioneering novel techniques to more efficiently produce CAM.46

Critical questions remain about the efficacy of onshoring Chinese LFP production. Some 
argue that, given China’s immense lead in LFP, the most logical pathway to indigenize this 
technology is to grant Chinese manufacturers market access or, in a best case, share intellec-
tual property through joint ventures. After all, Chinese producers can deliver LFP capacity 
at a speed and scale that other Asian conglomerates—let alone European or American 
start-ups—cannot yet promise.47 But it remains unclear whether, when licensing technology, 
Chinese producers will grant access to the latest, high-performance, and most cost-effective 
LFP battery products, which boast extremely fast charge times and are estimated to be about 
four years ahead of competition.48 Export restrictions from the Chinese government suggest 
that battery giants are to develop lower-end factories abroad while maintaining best-in-
class production in mainland China.49 The concern, then, is that if Europe or the United 
States develops such facilities, they risk being uncompetitive against the latest Chinese LFP 
imports while locking the OECD into lower-quality technology. If Europe and the United 
States provide Korean heavyweights market access to produce LFP—which they are begin-
ning to do—it does not guarantee best-in-class gear either, but it does help Seoul’s champi-
ons avoid falling vastly behind Chinese competitors.

Both the United States and Europe have limited remaining battery cell capacity to achieve 
full battery self-sufficiency (presuming autarky is the goal), and using economic statecraft 
to strategically deploy those remaining factories will be important to long-term industrial 
outlooks. Similarly, American or European start-ups pursuing novel LFP cell or cathode 
processes might consider partnering with South Korean—or remaining Japanese—firms 
to deliver the speed and scale that they would otherwise struggle to achieve on their own. 
The solution may merit bringing in both South Korean and Chinese firms to help scale and 
indigenize LFP battery cell and cathode production, while preserving remaining domestic 
cell capacity for emerging breakthrough technologies in years to come.
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Figure 8. Ex-China LFP Is Slowly Emerging

Note: Some cell facilities will produce both NMC and LFP batteries so assumptions were made to gauge their split, typically about 
one quarter LFP to three quarter NMC. 
Source: Author’s analysis based on industry reports. For a full list of sources, please see Appendix I.
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Next-Gen Battery Adoption 
Technologies beyond Li-ion are beginning to enter the market. An assessment of patent, 
commercialization, and price trends underway indicates that sodium-ion and silicon-anode 
blends have reached commercial-scale and that lithium metal and sulfur may follow later 
this decade and in the early 2030s (especially solid-state lithium metal, which remains 
further from market).50 However, globally speaking, the results are more mixed. Sodium-ion, 
likely the most prevalent next-gen chemistry to achieve mass commercialization, is over-
whelmingly concentrated in China in terms of both patents and first-of-a-kind commercial 
factories. However, lithium metal batteries show greater levels of diversification potential, 
with China still in the lead but by a significantly smaller margin. For OECD countries, the 
present question is how to ensure that China’s lead on LFP is not repeated with sodium-ion 
and how to best position their lithium metal advancements given their relative niche in 
market. 

Notably, barring unforeseen breakthroughs, alternative chemistries like sodium-ion and 
lithium metal are unlikely to replace the lithium-ion incumbent in either the medium- or 
long-term. However, in the very long-term Na-ion could prove unpredictably disruptive 
especially if cost reductions and performance gains can be achieved. By 2030 China could 
have over 500 GWh over sodium-ion factories, more than the United States or Europe’s 
current lithium-ion capacity.51 Beyond forecasts, the CEO of China’s largest battery man-
ufacturer expects that sodium-ion could corner between 30 and 40 percent of the existing 
battery market and up to 50 percent of the affordable EV market.52 These are serious procla-
mations. However, for now, these emerging chemistries should be viewed as complementary 
or additive products that target specific demand segments, such as drones or eVTOLs for 
lithium metal and stationary storage or short-range vehicles for sodium-ion.53 A critical ques-
tion that may dictate the scale of their penetration is the extent to which these chemistries 
can be built with existing capital equipment, and this question is explored later in this paper 
through an analysis on these “drop-in” possibilities (hint: sodium-ion is a clear winner).

As a first proxy for commercial development, patent trends paint an optimistic outlook for 
battery innovation, reflecting a rapid rise in research and development (R&D) over the past 
decade. Next-generation technology is now outpacing incumbent patents approximately six 
to one (see figure 9). The analysis sums annual battery patent publications categorized by 
country of origin and chemistry but focuses on patent families with higher likelihood for 
commercialization (as opposed to all patents issued, many of which are unlikely to ever yield 
results). These patents have been filed in more than one jurisdiction, implying greater intel-
lectual property value to the inventor and, thus, greater commercial confidence. Findings 
indicate that LFP experienced a wave of innovation in the early 2010s, potentially impacting 
market growth today. Silicon anode has increased consistently since this time, while sodi-
um-ion saw a staggering jump in patenting since 2022, outpacing total lithium-ion patents 
at their peak in 2014. Lithium metal and lithium sulfur patents have been picking up pace 
since 2015 but have not experienced sodium-ion’s bursts of filing.
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Figure 9. Breakthrough Battery Patents are Outpacing Incumbents

Note: Included patents have patent family filings in at least two jurisdictions to filter for higher valued inventions. 
Source: Author’s analysis based on data from The Lens, Cambia, January 2026, https://www.lens.org/. For the methodology, 
please see Appendix II.

China’s lead in battery innovation is pronounced, but Europe has moved into second place 
in recent years, with the United States and South Korea shortly behind (see figure 10). It 
should be noted that when adjusted for all patents and not just the “high-integrity” ones 
that Carnegie’s analysis uses, China’s share of patents increases across the board, implying 
greater levels of basic R&D but possibly yielding fewer results of value. Importantly, the rise 
of China as the dominant country of battery patents dates back years: This trend began in 
the 2000s, challenging the Western narrative that China’s battery rise was due to technology 
transfer.54 While that is, of course, partially true, especially for LFP, Chinese battery R&D 
has been rising for decades.55 Today, however, China is responsible for about 43 percent of 
the total battery patents in 2024, while Europe holds 21 percent, the United States 18 per-
cent, South Korea 10 percent, and Japan with a surprisingly small 2 percent, but consistent 
with the country having an increasingly meager stature in this market. 
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Figure 10. China’s Battery Patent Rein Began in the 2000s, but Is Being Challenged

Note: Included patents have patent family filings in at least two jurisdictions to filter for higher valued inventions. 
Source: Author’s analysis based on data from The Lens, Cambia, January 2026, https://www.lens.org/. For the methodology, 
please see Appendix II.

Although China dominates lithium-ion and sodium-ion patents, high-energy density battery 
chemistries paint a more diversified outlook, split nearly evenly between China, the United 
States, Europe, and South Korea (see figure 11). When total patent filings are summed over 
the past twenty-five years, the results illustrate that Chinese domiciled entities own about 
half the world’s patents of these six strategic battery technologies. Regarding NMC, LFP, 
and Na-ion, China has about a 70 percent share. Notably, Europe is in second place for 
Li-ion and Na-ion intellectual property, even though its corporate market share is negligible 
and significantly smaller than South Korea’s, which has fewer patents.56 This dynamic is an 
important reminder that battery patent count does not guarantee a high-quality product, 
let alone scale-up. Remarkably, the United States leads China in lithium metal patents at 27 
percent versus 25 percent, with Europe and South Korea just behind. Despite the Japanese 
corporate push for lithium metal technology, they also lag significantly in patent count. 
Both lithium sulfur and silicon anode see a large share of Chinese innovation at about 40 
percent, with reasonable diversification from the other three important jurisdictions. 



     1 9

C
A
R
N
E
G
I
E
 
E
N
D
O
W
M
E
N
T
 
F
O
R
 
I
N
T
E
R
N
A
T
I
O
N
A
L
 
P
E
A
C
E

Figure 11. China Leads Li-ion + Na-ion, but Less So for High Energy Density Patents

Note: Included patents have patent family filings in at least two jurisdictions to filter for higher valued inventions. 
Source: Author’s analysis based on data from The Lens, Cambia, January 2026, https://www.lens.org/. For the methodology, 
please see Appendix II.

Although patents do not guarantee a prototype or pilot, similar commercialization trends 
and correlations are observed regarding geographical technology deployment. The analysis 
for this paper finds that over one hundred firms across the world, including both legacy 
manufacturers and start-ups, are working toward commercializing novel battery chemistries. 
This number only includes companies that have, at the very least, outlined plans to 
develop a pilot-scale production facility and, at the most, have already commercialized. 
Geographically, the number is split between 41 percent in China, 28 percent in the United 
States, 16 percent in Europe, 12 percent in South Korea, and just 6 percent in Japan. Of 
all the products observed, more than half of them were lithium metal (including the few 
lithium-sulfur projects), a third were oriented to silicon-anode (including both material 
producers and specialized cell companies), and 22 percent were sodium. This scan of 
corporate activity, while comprehensive, is nonexhaustive and should not be viewed as a 
proxy for production capacity, but rather a gauge of how effective R&D can be translated to 
commercial goals.

The trends are clear: sodium-ion is at full commercial-scale entirely in China, while silicon 
anode blends are being commercialized with more geographic diversity and lithium metal 
(including sulfur) will be coming to market later this decade with notable competitors 
across Asia and the West, yet with China nonetheless holding the lead. Figures 12 through 
14 track each of these chemistries’ developments by region through both pilot facilities and 
commercial-scale gigafactories. The gigafactories are categorized by commercial “start,” 
which refers to an actual facility with detailed information such as nameplate capacity or 
location, and by “planned,” which refers to a company’s public pledge to bring gigawatt-hour 
scale capacity online. In most instances, companies have released information on both pilot 
and commercial plans. 
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Sodium-ion is the most important story in this analysis: it is currently being commercialized 
at an impressive scale and entirely in mainland China (see figure 12). As of 2026, China has 
developed at least a dozen gigawatt-hour scale sodium-ion facilities, with a significant share 
of pilots emerging as far back as 2022. In contrast, as of this writing, South Korea has only 
one sodium pilot and commercial project, and Japan has not announced any to date.57 The 
United States has two sodium-ion developments moving toward commercialization, but one 
of its sodium hopes filed for bankruptcy in 2025.58 Europe is in a similar position, where one 
of its leading contenders announced it would no longer pursue the technology and the other 
aims for a 2029 commercialization.59 

These sodium-ion patent and commercial findings represent an enormous asymmetry that 
risks repeating the dynamics of China’s dominance in LFP. While those bearish on the 
technology have focused on sodium-ion’s legacy issues with low energy density and irregular 
voltage output, recent developments from leading Chinese battery giants illustrate that so-
dium-ion may yield improvements suitable for some transport applications, especially those 
in cold regions where Na-ion’s ability to withstand extreme temperatures is an advantage.60 

Figure 12. Sodium-ion Is China’s Game to Lose

Source: Author’s analysis based on industry reports. For a full list of citations, please see Appendix I.
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Already, Chinese automakers are rolling out EVs that feature Na-ion batteries.61 Furthermore 
and more importantly, sodium’s energy density is not an impediment for stationary storage 
deployment, which has emerged as an important growth driver for batteries in 2026 due to 
high renewable penetrations and backup needs for data centers.62 Currently, sodium-based 
BESS is being deployed in both China and the United States, where developers are viewing 
sodium’s thermal resilience as a pathway to market (lithium-ion battery storage packs require 
thermal control units, thus helping project economics).63 

Lithium metal—including lithium sulfur and both solid-state and liquid-solid state 
architectures—has a more diversified outlook, with China in the clear lead but other 
jurisdictions having notable industrial bases and aspirations (see figure 13). Note that, 
unlike sodium-ion, many lithium metal announcements are simply corporate start dates and 
do not include asset-level plans. Like with patents, the United States has developed more 
lithium metal pilot facilities than its Chinese counterparts, but as expected, it is significantly 
behind scaling to GWh production. By the end of the decade, China could have as much 
as fourteen lithium metal gigafactories if all corporate pledges are actualized, followed by 
six from South Korean chaebols, five from American companies, and four each from both 
European and Japanese firms. 

Figure 13. Lithium Metal Anode Outlook Is More Diversified

Source: Author’s analysis based on industry reports. For a full list of citations, please see Appendix II.
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Figure 14. Silicon Anodes Are Commercializing Globally

Source: Author’s analysis based on industry reports. For a full list of citations, please see Appendix II.

Much like sodium-ion, silicon anodes have fully entered the commercial market, but in a 
notably balanced way between China, South Korea, and the United States (see figure 14). 
This analysis for silicon anodes includes firms developing active anode materials (as well as 
some that also produce cells and upstream components), while the remaining 20 percent of 
firms included are specific players focused on advanced cells that can withstand the severe 
expansion of silicon as an active material. It should be noted that a few Chinese companies 
are pursuing majority silicon anodes with solid-state architectures while most in the United 
States, Europe, and South Korea are pursuing silicon-anode blends. In 2026, China leads 
with eight commercial-scale facilities, but South Korea is close behind with six plants (a 
remarkable point of South Korean advancement in this analysis). The United States has three 
commercial silicon facilities, while Europe has a similar scale of projects. By the end of the 
decade, notable levels of diversification in this vertical are possible.
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Market Challenges and Opportunities 
Despite the clear rise of the sodium-ion and lithium-metal variants, these technologies will 
face near-term challenges in competing with incumbent lithium-ion technologies. Both 
chemistries have varying degrees of potential to reduce costs and be produced with existing 
manufacturing equipment, which might expedite their ability to be mass-produced and, 
in turn, more quickly reap the economic rewards of scale and learning by doing. This is an 
essential point, given that, as illustrated at the beginning of this analysis, the global battery 
cell market faces structural challenges of oversupply from Chinese producers and the ruth-
less competition in how they operate. Exogenous changes to battery markets could, however, 
provide tailwinds to an unforeseen rise of next-generation technologies: On the supply side, 
increasing prices of lithium (which, as of this writing, are underway) might provide an 
opening for sodium-ion to compete due to cheap material costs.64 On the demand side, mass 
build-out of military-grade drones or eVTOLs might absorb the cost premium of lithium 
metal’s high energy density.65

Lithium-ion will see steady cost decreases by 2030, while sodium-ion could theoretically 
do the same, but lithium metal is likely to remain expensive (see figure 15). Since 2013, the 
price of lithium-ion battery packs has been reduced from $827 per kWh to $108 per kWh 
and could be reduced by another 50 percent by 2030. Today, sodium-ion is viewed as slight-
ly more expensive due to its lower energy density, resting as high as $124 per kWh, however, 
advances in process innovation could see this dropping to $50 per kWh, as illustrated.66 
However, whether it can outcompete the incumbent remains disputed in the literature.67 
Data on the outlook of lithium metal battery prices is scarcer, but implies that lithium metal 
solid-state batteries are vastly more expensive—as much as $157 per kWh at the pack level 
today. Japanese firms have announced ambitious goals to bring this cost down to $75 per 
wKh, but that price is still comparatively high to where lithium-ion might land later this 
decade. Note, however, that publicly available price data are not available for liquid-solid 
lithium metal (or lithium sulfur) batteries, which are coming to market sooner.

One core question is the extent to which these new chemistries can use existing manufac-
turing equipment or can be built on existing battery factory lines. First, it remains highly 
unlikely that gigafactories will be built at the same speed and scale witnessed between 2020 
and 2025: By the end of 2025, global investment flows in battery manufacturing began 
to wane and overall clean tech production investment was significantly down in 2025.68 If 
sodium-ion and lithium metal are to penetrate broader swaths of the battery market, they 
will need to contend with this reality and pragmatically corner entrance. Second, manufac-
turing equipment providers, essential to this ecosystem and not explored in this analysis, 
have developed their own economies of scale for lithium-ion machinery but do not yet have 
the same experience in machinery for novel battery designs, namely solid-state batteries that 
remain ultra niche.69 
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These “drop-in” trends are already being observed in battery markets and corporate strate-
gies. The world’s leading lithium-sulfur company has, for example, bought NMC production 
lines in Europe—some of which it plans to convert to produce its liquid-solid lithium sulfur 
technology (other notable lithium sulfur companies, although still at pilot scale, have made 
similar claims).70 Another American lithium metal firm views liquid-solid architectures as its 
entrance to market, given an 80-percent compatibility with incumbent factory gear.71 These 
trends, however, are most pronounced with Chinese sodium-ion and liquid-solid lithium 
metal batteries. Many Chinese firms producing sodium-ion specifically claim the 1 to 1 
transferability of lithium-ion manufacturing equipment.72 Several Chinese companies are 
focusing on liquid-solid-state lithium metal batteries that have similar compatibility with 
existing factories.73

When comparing how well chemistries can work with existing infrastructure, high sil-
icon-anode blends and sodium-ion illustrate high drop-in potential, while liquid-solid 
lithium metal has potential at the final cell level stage and a solid state requires new gear (see 
figure 16). Available peer-reviewed literature and industry reports show how these chem-
istries might be deployed in the existing supply chain by ascribing a ranking system from 
fully drop-in to requiring entirely new equipment. Silicon-anode blends require essentially 
the same process but need additional anode production lines. Given sodium-ion’s chemical 
similarities to lithium-ion, the chemistry can be produced on the same equipment lines, but 
they require retrofitting and fine-tuning. The lithium metal anode family becomes more 
complicated. First, producing lithium metal is a unique and challenging process that re-
quires entirely new equipment. For liquid-solid state LMBs, cell lines can likely be retrofitted 
but separator and electrolytes are novel. While most LMBs generally use similar cathodes to 
incumbents, lithium sulfur requires a new chemistry and manufacturing processes. Solid-
state lithium-metal batteries have similar cathodes—generally high nickel—but will require 
entirely new capital machinery for all other facets, including end stage cell production. 

Figure 15. Lock-In? Li-ion’s Cost Curves Might Impede Next-Gen Adoption

Source: Author’s analysis based on data from BloombergNEF, Energy Innovation, Porsche Consulting, Wood Mackenzie, IDTechEx, 
peer reviewed literature and industry reports. For a full list of citations, please Appendix I.
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Figure 16. Drop-In Compatibility of Lithium-ion Facilities with Next-Gen Tech

Note: Si-anode refers to high-silicon anode blends not majority silicon that require new architecture. Solid state battery scores 
refer to sulfidic solid-state architecture. Existing Li-ion capital equipment is largely incompatible with SSB manufacturing 
equipment where a new dedicated production system is required. 
Source: Author’s analysis based on peer-reviewed literature and industry reports. For a full list of citations, please Appendix I.

Many of these emerging chemistries require fewer minerals than the incumbents of today, 
and their adoption might impact future mineral demand, yielding mineral security divi-
dends. Modeling suggests that a high adoption of next-gen battery tech will reduce graphite 
and cobalt demand, and modestly increase lithium demand. These findings bode well for 
OECD jurisdictions like the United States and EU, which are developing domestic lithium 
but face challenges in diversifying sources of cobalt and especially graphite, which remains 
overwhelmingly produced in China. Furthermore, graphite has emerged as a key component 
of mineral weaponization by Beijing’s Ministry of Commerce. These results do not imply 
that sodium-ion and lithium metal variants can mitigate the severe vulnerabilities faced 
upstream where the graphite and anode market is essentially controlled by China. But 
they can, much like recycling, help abate the enormity of the challenge in the long term by 
gradually reducing demand growth. 

In the European market, next-generation battery adoption could yield significant annual 
reductions in graphite and cobalt demand by 2035 (see figure 17). Two scenarios for Europe 
in 2035 help illustrate the potential lowest and highest penetration in novel technologies: 
The incumbent scenario assumes that these new chemistries remain as niche as they were 
in 2030, while the next-gen scenario envisions the highest justifiable market penetration 
based on domestic trends and some mimicked current trends in China where sodium-ion 
is likely to achieve a 5-percent market share by end of the decade. Not included in the 
analysis is a higher uptake of silicon-anode blends, which are likely and would further 
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Figure 17. High Next-Gen Adoption Might Lower Mineral Vulnerabilities

Note: Analysis does not include higher uptake of silicon anode blends, which will decrease graphite demand as well. 
Source: Analysis produced by Jonas Goldman based on data from the Global Clean Investment Monitor, International Energy 
Agency, BloombergNEF and industry reports. See Annex for full methodology.

decrease graphite demand. The results are staggering: Graphite demand is cut by 25 percent 
and cobalt by 10 percent—arguably the two greatest geopolitical chokepoints of Europe’s 
battery-related CRMs. While it is estimated that lithium production will increase, it would 
be in smaller volumes and likely present an opportunity to redirect supply chains, especially 
given lithium’s more diversified outlook and novel production techniques like direct lithium 
extraction, a notable opportunity for the United States and Europe.74  

These next-generation chemistries are unlikely to materially change battery markets for at 
least the coming decade given the entrenchment of lithium-ion technologies. But, in the 
long term, they offer the opportunity to reduce CRM dependencies. After years of domestic 
policy and plurilateral mineral forums, OECD countries are failing to adequately diversify 
battery metals.75 While more muscular policy intervention is clearly needed to abate CRM 
risks, an all-hands-on-deck approach should be entertained in the long term. Support for 
recycling should continue but should not negate the importance of reducing long-term 
mineral demand through emerging battery chemistries, especially sodium-ion. It is not 
only sound geostrategy but also a novel nod to other traditional environmental challenges 
like preserving biodiversity against nickel mining, preventing social exploitation in cobalt 
mining, and reducing carbon-intensive graphite production.76 Not listed in the analysis are 
iron, manganese, and nickel which, depending on the sodium-ion cathode chemistry that 
emerges, could experience marginal degrees of growth.77
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Scenarios and Pathways to More 
Balanced Battery Markets
Battery geopolitics is at a crossroads: Western nations can choose to relinquish further 
market share and technological opportunities to China (and Chinese firms) or better coop-
erate with one another for a more diversified and feasible outlook. The latter option, while 
more costly and cumbersome, would yield more economically secure markets and, perhaps, 
a sustainable long-term energy transition. A potential single-source reliance on a critical 
decarbonization technology—also linked to national security applications—risks creating 
political points of friction. Though it might inflate costs, the price is likely worth paying and 
the pathway may not require drastic policy adjustments (current trends lean more toward 
protectionism in the United States and, increasingly, the EU). Even so, this pathway should 
not coincide with a push away from Chinese technology or firms. Western companies 
should be pragmatic—like Chinese companies were in the 2000s and 2010s—and willing 
to provide market access under the right conditions, such as technology transfer, and in the 
areas most vital, such as midstream active materials.78

Table 1 outlines two battery scenarios to illustrate the spectrum of pathways that potentially 
might occur by 2030: one where Chinese dominance unilaterally eclipses other competition 
and another where China remains the leading producer and innovator but the OECD actors 
discussed in this paper develop more durable industries, collaborative strategies, and key 
niches—whether in market share or technology specialization—to ensure continued growth. 

Table 1. Two Scenarios of Battery Geopolitics 

Unipolar Chinese Dominance Competitive Cooperation

Macro: OECD fragmentation and fiscal erosion; 
China expands aggressively 

Industrial policy: Support measures are frag-
mented between countries and too modest 

Foreign direct investment: Passive screening 
allowing unrestrained market access

Trade: Tariffs are mishandled and raise input 
prices for OECD cell producers

Innovation: R&D and innovation spending and 
science diplomacy between OECD members is 
cut; China eclipses next-gen technology

Supply chain: Active materials including silicon 
are overrun by Chinese production 

Macro: Coordinated allied industrial base with 
harmonized policy approach

Industrial policy: Local content rules and 
production incentives are enforced across 
jurisdictions 

Foreign direct investment: Targeted controls 
mandating joint ventures and technology trans-
fer in strategic areas 

Trade: Tariffs are nimble (tariff rate quotas), 
harmonized, and targeted on timelines 

Innovation: OECD coordinates on science 
diplomacy and Western start-ups partners with 
Japan and Korean conglomerates

Supply chain: Strategic joint ventures for active 
materials enacted with Asian firms 
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In 2026, evidence of both scenarios is unfolding. For example, some of America’s prominent 
next-gen battery start-ups have begun migrating to China to develop their technology given 
the policy challenges at home—highlighting concerns of a one-way technology transfer and 
absorption by Chinese industry.79 Back in mainland China, auto and battery companies are 
continuing to announce more impressive LFP variations as well as further developments into 
next-gen cell chemistries and the widespread roll out of futuristic applications like drones 
and eVTOLs.80 The U.S. environment for EVs has become unworkable due to policy chang-
es. As a result, the projected U.S. EV penetration for 2030 has now been downgraded from 
46 percent to 24 percent, with Western auto majors writing off tens of billions of dollars in 
stranded investment.81 In Europe, the collapse of the EU’s expected jurisdictional champion 
has sent tremors among policymakers now unsure about the viability of a domestic battery 
ecosystem.82

Conversely, other important U.S. battery firms have chosen to enter joint ventures with 
South Korean heavyweights, thus ensuring a strong industrial bond between U.S. and South 
Korean firms.83 The U.S. battery market, despite its freeze, is seeing burgeoning demand 
for BESS due to maintained subsidies and data center demand, and accordingly, a drive to 
achieve strong repositioning of South Korean producers into LFP.84 Others have begun to set 
up shop in Europe or pursue partnerships with European automakers.85 Meanwhile, the EU 
has released the Industrial Accelerator Act, which both creates local content requirements 
for battery cells and mandates foreign direct investment (FDI) restrictions analogous to the 
prescriptions of the second scenario.86 Although the story of Chinese expansion abroad has 
been well documented, journalists overstate the scale: regarding FDI for battery cell produc-
tion, the analysis for this paper shows that South Korean firms lead in expansion abroad for 
cell production (see figure 18). 
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Figure 18. South Korea Leads in Battery Cell Foreign Direct Investment

Notes: Includes facilities operating, under construction, and being planned without final investment decision. Company HQ refers 
to the headquarters of the corporation building in the cell facility, in some instances. 
Source: Analysis conducted by Daevan Mangalmurti based on data provided by the Clean Investment Monitor, Rhodium Group 
and MIT Center for Energy and Environmental Policy Research, https://www.cleaninvestmentmonitor.org/.

Pragmatic Policy Decisions
The United States and Europe will be the driving forces in market access outside of main-
land China. But with cell demand estimated to be about 1,000 GWh each by 2030, both 
markets may have overly hedged on NMC technology and need to use their remaining 
production capacity to effectively onshore LFP and carve small niches for the next-gen tech 
outlined in this paper’s analysis.87 Economic security rationales should align with what 
Brussels is spearheading on joint ventures that mandate technology transfer and workforce 
retraining by Chinese firms—no sharing, no market access.88 Further, both jurisdictions 
should work to ensure that South Korean and Japanese firms are major participants in LFP 
domestication, not just for cell capacity but also for active materials, which will remain 
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equally concentrated in China. Most importantly, efforts are urgently needed in strategic 
joint ventures for anode materials. Developing joint ventures with Chinese firms for anode 
production is a far greater priority than developing more cell factories with Chinese com-
panies: China has a unique corner on the anode market and absorbing their know-how is 
essential. Of additional note is the opportunity to scale Western anode supply chains that 
incorporate silicon blends, especially with South Korean firms that are well placed in this 
supply chain. 

The United States and Europe will need to make pragmatic choices about what to do 
with the arsenal of battery start-ups and scale-ups that they have incubated. Many of the 
innovative, small battery firms observed in this analysis will struggle to build factories at 
the competitive size of Asian heavyweights (Europe, for example, has seen a wave of freezes 
and failures from aspiring battery firms).89 This is a challenge for Brussels and Washington: 
Neither has the conglomerates with the budgets and battery know-how capable of absorbing 
these rising battery innovators facing a bearish investment climate. One option is to accept 
that allowing—if not outright supporting—these firms to partner with Korean and Japanese 
champions might be in the best long-term interest of both the success of their start-ups 
and diversified battery geopolitics. This will be a challenge. A joint-venture with Western 
start-ups would imply that Korean or Japanese firms might absorb European and American-
backed innovation. However, it is a strategic bargain which allows these firms to scale while 
ensuring that ex-China heavyweights have cutting edge, innovative tech. 

Another option might be to reframe expectations and purpose of scaling up. Over the past 
decade, Western policymakers wanted their start-ups to develop massive battery cell factories 
to feed EV demand.90 But today, Western automakers might not have the appetite or budgets 
to foot the bill.91 Instead, policymakers might turn to a strategy rooted in more modest scale 
but ubiquitous vertical integration, backed in part by strategic industries willing to absorb 
the cost premium like defense, aerospace, and telecom. In principle, this approach might 
reframe the goalpost of building a 40 GWh cell facility with, instead, building a 5 GWh 
hub with neighboring electro active material facilities and, eventually, co-located recycling. 
This place-based approach may yield dividends wherein communication within the supply 
chain can deliver easier access to inputs and cross pollination between buyers and sellers. It 
is also a sound means of taking stock of emerging battery clusters—such as in Georgia in 
the United States or France’s northern region—and leverage that success to bring other parts 
of the value chain on site. Demand is guaranteed and already this ensures that some supply 
chains can at least be de-risked, albeit not at the scale policymakers once thought possible. 

But OECD governments will need to walk and chew gum: de-risking a lithium-ion ecosys-
tem should not come at the expense of the novel next-gen systems on the horizon (the rise 
of LFP was somewhat unexpected and caught many off guard, so hedging is an important 
technology strategy). Sodium-ion is the clear and present priority. The U.S. and European 
governments should take its rise seriously and should invest in sodium R&D that prioritizes 
cathode materials that reduce mineral demand and also cell designs that have optimal 
drop-in capabilities. They might also consider supporting strategic ventures between the few 



     3 1

C
A
R
N
E
G
I
E
 
E
N
D
O
W
M
E
N
T
 
F
O
R
 
I
N
T
E
R
N
A
T
I
O
N
A
L
 
P
E
A
C
E

domestic start-ups pioneering this tech and Asian heavyweights that can scale Na-ion cell 
production, as well as indigenize midstream and upstream inputs for large-scale sodium-ion 
adoption. As the EU has recently engaged Japan’s and South Korea’s participation in its 
Horizon Europe innovation program, bolstering joint R&D in sodium-ion technology may 
be a sound strategy to ensure further innovation in what is an increasingly important part of 
battery markets.92 

For lithium metal and, especially, silicon anode chemistries, governments should ensure that 
niche demand areas—particularly those in defense sectors—help incubate supply chains 
and absorb the cost premiums. The United States has a notable arsenal of firms developing 
these technologies, but potentially faces stifled market access given the lack of EV demand. 
Meanwhile, South Korean and Japanese firms remain committed to scaling these technolo-
gies up. Western policymakers might consider extending demand-side agreements to build 
defense tech partnerships in OECD jurisdictions. Silicon anode blends remain the priority, 
given their clear market penetration and drop-in scalability. To spur near-term lithium metal 
ecosystems, policymakers might focus first on liquid-solid architectures, which, as this anal-
ysis reveals, can be built in incumbent cell lines while having a longer view for solid-state 
lines. Such trends are observed today in the Chinese market and provide a pathway forward. 

Conclusion 
None of this diversification strategy will be easy. An erratic U.S. policy environment, 
coupled with the war in the Middle East and related energy crisis, will make both mini-
lateral coordination and the economics of onshoring a serious challenge. But perseverance 
could go a long way. Despite China’s incredible rise as the world’s battery superpower, 
OECD countries and firms have one foot in the door. Smart policy can corner niches with 
optimal partners to ensure that the current imbalance does not deteriorate into an eclipse 
of all competition. This will require nimble and durable policymaking that spurs enhanced 
bilateral cooperation where possible and incentivizes corporate partnership. Energy storage 
will be a critical facet of any future ecosystem, whether high-tech or low-carbon. And, above 
all, a diversified and balanced outlook will require concerted political support at home and 
with partners abroad. 



3 2  		

﻿1 Robert C. Massé et al., “Energy storage through 
intercalation reactions: electrodes for rechargeable 
batteries,” National Science Review 4, no. 1 (2017): https://
academic.oup.com/nsr/article/4/1/26/2669335. 

﻿2 Joseph T. Kummer and Neill Weber, “A Sodium-Sulfur 
Secondary Battery,” 1967 Automotive Engineering 
Congress and Exposition, Detroit, MI, January 9, 1967, 
https://doi.org/10.4271/670179; M. S. Whittingham, 
“Electrical Energy Storage and Intercalation Chemistry,” 
Science 192, no. 4244: https://doi.org/10.1126/
science.192.4244.1126; R. G. Selim et al., “Research 
and Development of a High Capacity, Nonaqueous 
Secondary Battery,” NASA Final Report CR-54969, 
National Aeronautics and Space Administration, February 
1965, https://ntrs.nasa.gov/api/citations/19660025928/
downloads/19660025928.pdf. 

﻿3 Joseph T. Kummer and Neill Weber, “A Sodium-Sulfur 
Secondary Battery,” 1967 Automotive Engineering 
Congress and Exposition, Detroit, MI, January 9, 1967, 
https://doi.org/10.4271/670179; M. S. Whittingham, 
“Electrical Energy Storage and Intercalation Chemistry,” 
Science 192, no. 4244: https://doi.org/10.1126/
science.192.4244.1126.

﻿4 John B. Goodenough and Kyu-Sung Park, “The Li-Ion 
Rechargeable Battery: A Perspective,” Journal of the 
American Chemical Society 135, no. 4 (2013): https://pubs.
acs.org/doi/10.1021/ja3091438; Koichi Mizushima et al., 
“LixCoO2 (0<x<-1): A new cathode material for batteries 
of high energy density,” Materials Research Bulletin 15, no. 
6 (1980): https://www.sciencedirect.com/science/article/
abs/pii/0025540880900124?via%3Dihub. 

﻿5 John B. Goodenough and Kyu-Sung Park, “The Li-Ion 
Rechargeable Battery: A Perspective,” Journal of the 
American Chemical Society 135, no. 4 (2013): 1167–1176, 
https://doi.org/10.1021/ja3091438. 

﻿6 Pooya Parvizi et al., “From Present Innovations to 
Future Potential: The Promising Journey of Lithium-Ion 
Batteries,” Micromachines 16, no. 2 (2025): https://pmc.
ncbi.nlm.nih.gov/articles/PMC11857847/. 

﻿7 “History of the Electric Car,” Department of Energy, 
September 15, 2014, https://www.energy.gov/articles/
history-electric-car. 

﻿8 Arvind Rangarajan et al., “Assessing the impact of battery 
storage on Australian electricity markets,” Energy Economics 
120 (2023): https://www.sciencedirect.com/science/article/
pii/S0140988323000993. 

﻿9 “Outline of Nuclear Energy,” World Nuclear 
Association, March 15, 2026, https://world-nuclear.
org/information-library/current-and-future-generation/
outline-history-of-nuclear-energy. 

﻿10 Madeline Craig-Scheckman and Scott Moore, “Battling 
for Batteries: Li-ion Policy and Supply Chain Dynamics 
in the U.S. and China,” Kleinman Center for Energy 
Policy, October 28, 2025, https://kleinmanenergy.upenn.
edu/research/publications/battling-for-batteries-li-ion-
policy-and-supply-chain-dynamics-in-the-u-s-and-china/; 
“Executive Summary: National Blueprint for Lithium 
Batteries 2021-2030,” Federal Consortium for Advanced 
Batteries, June 2021, https://www.energy.gov/sites/default/
files/2021-06/FCAB%20National%20Blueprint%20
Lithium%20Batteries%200621_0.pdf. 

﻿11 Evan Hartley and Anya Sidhu, “The top five battery 
producers: past, present and future,” Benchmark 
Mineral Intelligence, February 18, 2026, https://source.
benchmarkminerals.com/article/the-top-five-battery-
producers-past-present-and-future; “Commissioned EV 
and energy storage lithium-ion battery cell production 
capacity by region, and associated annual investment, 
2010-2022,” International Energy Agency, https://www.iea.
org/data-and-statistics/charts/commissioned-ev-and-energy-
storage-lithium-ion-battery-cell-production-capacity-by-
region-and-associated-annual-investment-2010-2022. 

﻿12 “Executive Summary: Global EV Outlook 2025,” 
International Energy Agency, 2025, https://www.iea.org/
reports/global-ev-outlook-2025/executive-summary; “2015: 
the year electric vehicles went mainstream,” International 
Energy Agency, October 4, 2016, https://www.iea.org/
news/2015-the-year-electric-vehicles-went-mainstream; 
Ryan Felton “China Has Five-Minute EV Charging. 
America Is Trying to Catch Up,” Wall Street Journal, March 
17, 2026, https://www.wsj.com/business/autos/china-has-
five-minute-ev-charging-america-is-trying-to-catch-up-
ef7d707a; Drew Dorian, “2025 Lucid Air,” Car and Driver, 
https://www.caranddriver.com/lucid-motors/air-2025. 

﻿13 Sofia Bensaid et al., “CreditWeek: How Can Battery 
Storage Charge Up Gulf Nations› Renewable Energy 
Push?,” S&P Global, April 23, 2026, https://www.spglobal.
com/ratings/en/regulatory/article/creditweek-how-can-
battery-storage-charge-up-gulf-nations-renewable-energy-
push-s101682001; Paul Doherty, “Power to the People: 
California’s Biggest Battery Test Ever Just Changed the 
Game,” PG&E, August 4, 2025, https://www.pge.com/en/
newsroom/currents/future-of-energy/power-to-the-people-
-california-s-biggest-battery-test-ever-just.html; “Australia’s 

Notes

https://academic.oup.com/nsr/article/4/1/26/2669335
https://academic.oup.com/nsr/article/4/1/26/2669335
https://doi.org/10.4271/670179
https://doi.org/10.1126/science.192.4244.1126
https://doi.org/10.1126/science.192.4244.1126
https://ntrs.nasa.gov/api/citations/19660025928/downloads/19660025928.pdf
https://ntrs.nasa.gov/api/citations/19660025928/downloads/19660025928.pdf
https://doi.org/10.4271/670179
https://doi.org/10.1126/science.192.4244.1126
https://doi.org/10.1126/science.192.4244.1126
https://pubs.acs.org/doi/10.1021/ja3091438
https://pubs.acs.org/doi/10.1021/ja3091438
https://www.sciencedirect.com/science/article/abs/pii/0025540880900124?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/0025540880900124?via%3Dihub
https://doi.org/10.1021/ja3091438
https://pmc.ncbi.nlm.nih.gov/articles/PMC11857847/
https://pmc.ncbi.nlm.nih.gov/articles/PMC11857847/
https://www.energy.gov/articles/history-electric-car
https://www.energy.gov/articles/history-electric-car
https://www.sciencedirect.com/science/article/pii/S0140988323000993
https://www.sciencedirect.com/science/article/pii/S0140988323000993
https://world-nuclear.org/information-library/current-and-future-generation/outline-history-of-nuclear-energy
https://world-nuclear.org/information-library/current-and-future-generation/outline-history-of-nuclear-energy
https://world-nuclear.org/information-library/current-and-future-generation/outline-history-of-nuclear-energy
https://kleinmanenergy.upenn.edu/research/publications/battling-for-batteries-li-ion-policy-and-supply-chain-dynamics-in-the-u-s-and-china/
https://kleinmanenergy.upenn.edu/research/publications/battling-for-batteries-li-ion-policy-and-supply-chain-dynamics-in-the-u-s-and-china/
https://kleinmanenergy.upenn.edu/research/publications/battling-for-batteries-li-ion-policy-and-supply-chain-dynamics-in-the-u-s-and-china/
https://www.energy.gov/sites/default/files/2021-06/FCAB%20National%20Blueprint%20Lithium%20Batteries%200621_0.pdf
https://www.energy.gov/sites/default/files/2021-06/FCAB%20National%20Blueprint%20Lithium%20Batteries%200621_0.pdf
https://www.energy.gov/sites/default/files/2021-06/FCAB%20National%20Blueprint%20Lithium%20Batteries%200621_0.pdf
https://source.benchmarkminerals.com/article/the-top-five-battery-producers-past-present-and-future
https://source.benchmarkminerals.com/article/the-top-five-battery-producers-past-present-and-future
https://source.benchmarkminerals.com/article/the-top-five-battery-producers-past-present-and-future
https://www.iea.org/data-and-statistics/charts/commissioned-ev-and-energy-storage-lithium-ion-battery-cell-production-capacity-by-region-and-associated-annual-investment-2010-2022
https://www.iea.org/data-and-statistics/charts/commissioned-ev-and-energy-storage-lithium-ion-battery-cell-production-capacity-by-region-and-associated-annual-investment-2010-2022
https://www.iea.org/data-and-statistics/charts/commissioned-ev-and-energy-storage-lithium-ion-battery-cell-production-capacity-by-region-and-associated-annual-investment-2010-2022
https://www.iea.org/data-and-statistics/charts/commissioned-ev-and-energy-storage-lithium-ion-battery-cell-production-capacity-by-region-and-associated-annual-investment-2010-2022
https://www.iea.org/reports/global-ev-outlook-2025/executive-summary
https://www.iea.org/reports/global-ev-outlook-2025/executive-summary
https://www.iea.org/news/2015-the-year-electric-vehicles-went-mainstream
https://www.iea.org/news/2015-the-year-electric-vehicles-went-mainstream
https://www.wsj.com/business/autos/china-has-five-minute-ev-charging-america-is-trying-to-catch-up-ef7d707a
https://www.wsj.com/business/autos/china-has-five-minute-ev-charging-america-is-trying-to-catch-up-ef7d707a
https://www.wsj.com/business/autos/china-has-five-minute-ev-charging-america-is-trying-to-catch-up-ef7d707a
https://www.caranddriver.com/lucid-motors/air-2025
https://www.spglobal.com/ratings/en/regulatory/article/creditweek-how-can-battery-storage-charge-up-gulf-nations-renewable-energy-push-s101682001
https://www.spglobal.com/ratings/en/regulatory/article/creditweek-how-can-battery-storage-charge-up-gulf-nations-renewable-energy-push-s101682001
https://www.spglobal.com/ratings/en/regulatory/article/creditweek-how-can-battery-storage-charge-up-gulf-nations-renewable-energy-push-s101682001
https://www.spglobal.com/ratings/en/regulatory/article/creditweek-how-can-battery-storage-charge-up-gulf-nations-renewable-energy-push-s101682001
https://www.pge.com/en/newsroom/currents/future-of-energy/power-to-the-people--california-s-biggest-battery-test-ever-just.html
https://www.pge.com/en/newsroom/currents/future-of-energy/power-to-the-people--california-s-biggest-battery-test-ever-just.html
https://www.pge.com/en/newsroom/currents/future-of-energy/power-to-the-people--california-s-biggest-battery-test-ever-just.html


     3 3

C
A
R
N
E
G
I
E
 
E
N
D
O
W
M
E
N
T
 
F
O
R
 
I
N
T
E
R
N
A
T
I
O
N
A
L
 
P
E
A
C
E

Grid-Forming Battery Revolution: From Pilot Projects to 
Global Leadership,” ARENAWIRE, November 19, 2025, 
https://arena.gov.au/blog/australias-grid-forming-battery-
revolution-from-pilot-projects-to-global-leadership/. 

﻿14 Charles Morris, “Electrified shipping moves beyond the 
pilot phase: CATL’s batteries operating in 900 ships and 
vessels,” Charged EV Fleet & Infrastructure News, January 
9, 2026, https://chargedevs.com/newswire/electrified-
shipping-moves-beyond-the-pilot-phase-catls-batteries-
operating-in-900-ships-and-vessels/; Conor Grant, “The 
Age of Flying Cars Has Arrived,” Wall Street Journal, 
October 17, 2025, https://www.wsj.com/business/airlines/
the-age-of-flying-cars-has-arrived-dcffc420; Deni Ellis 
Behcard, “An electric air taxi passes its hardest test. When 
can passengers fly?,” Scientific American, April 25, 2026, 
https://www.scientificamerican.com/article/can-electric-air-
taxis-carry-passengers-vertical-aerospaces-vx4-just-cleared-
a-key-test/. 

﻿15 Lauren C. Williams, “Pentagon readies new battery strategy 
amid growing drone demands,” Defense One, August 18, 
2025, https://www.defenseone.com/technology/2025/08/
pentagon-readies-new-battery-strategy-amid-growing-
drone-demands/407502/. 

﻿16 Daniel Parr, “Li-ion Battery Market 2026-2036:  
Technologies, Players, Applications, Outlooks and  
Forecasts,” IDTechEx, https://
disasterdollardatabasedatadownload.netlify.app/disaster-
lookup; Conrad Nichols, “How Batteries’ Role in Data 
Centers Will Evolve & Impact on Technology,” IDTechEx, 
February 27, 2026, https://www.idtechex.com/en/research-
article/how-batteries-role-in-data-centers-will-evolve-and-
impact-on-technology/34438. 

﻿17 Kartal Arslan et al., “Current and future trends in 
lithium-ion battery electrode production machinery: 
A comprehensive review,” Applied Energy 402 Part B 
(2026): https://www.sciencedirect.com/science/article/pii/
S0306261925016988. 

﻿18 Jiale Xing et al., “A Review of Nonaqueous Electrolytes, 
Binders, and Separators for Lithium-Ion Batteries,” 
Electrochemical Energy Reviews 5 (2022): https://link.
springer.com/article/10.1007/s41918-022-00131-z. 

﻿19 “China Regains Number One Spot in BloombergNEF’s 
Global Lithium-Ion Battery Supply Chain Ranking,” press 
release, BloombergNEF, May 13, 2025, https://about.bnef.
com/insights/clean-energy/china-regains-number-one-
spot-in-bloombergnefs-global-lithium-ion-battery-supply-
chain-ranking/; Tim Greitemeier, “China’s hold on the 
lithium-ion battery supply chain: Prospects for competitive 
growth and sovereign control,” Journal of Power Sources 
Advances 32 (2025): https://www.sciencedirect.com/
science/article/pii/S2666248525000071. 

﻿20 Jakob Fleischmann, “Battery 2030: Resilient, sustainable, 
and circular,” McKinsey & Company, January 16, 2023, 
https://www.mckinsey.com/industries/automotive-and-
assembly/our-insights/battery-2030-resilient-sustainable-
and-circular; Jens Tübke, press release, Fraunhofer Research 
Institution for Battery Cell Production FFB, February 
18, 2025, https://www.ffb.fraunhofer.de/en/press/news/
Chinas_Dominanz_in_der_Batterielieferkette.html. 

﻿21 Ahmed Mehdi and Tom Moerenhout, “The IRA and 
the US Battery Supply Chain: Background and Key 
Drivers,” Center on Global Energy Policy at Columbia, 
June 8, 2023, https://www.energypolicy.columbia.edu/
publications/the-ira-and-the-us-battery-supply-chain-
background-and-key-drivers; Wei Zhao and Boy Luethje, 
“Manufacturing Competency from Local Clusters: Roots of 
the Competitive Advantage of the Chinese Electric Vehicle 
Battery Industry,” World Electric Vehicle Journal 16, no. 6 
(2025): https://www.mdpi.com/2032-6653/16/6/319. 

﻿22 “Battery Materials,” Umicore, accessed on June 1, 
2026, https://www.umicore.com/en/markets-products/
recycling-solutions/battery-materials/; “Materials Business,” 
Sumitomo Metal Mining, accessed on June 1, 2026, 
https://www.smm.co.jp/en/business/material/; “Battery 
Materials,” BASF, accessed on June 1, 2026, https://www.
basf.com/global/en/investors/calendar-and-publications/
factbook/segments/surface-technologies/battery-materials. 

﻿23 Scott Kennedy, “Involution and Industry Self-
Discipline: Echoes from the Past,” Center for Strategic 
and International Studies, September 17, 2025, 
https://www.csis.org/blogs/trustee-china-hand/
involution-and-industry-self-discipline-echoes-past. 

﻿24 Dhruva Gogol, “BriefCASE: The game of tariffs - US 
moves to stifle EV battery imports from mainland China,” 
S&P Global, May 29, 2024, https://www.spglobal.com/
automotive-insights/en/blogs/2024/5/briefcase-the-game-
of-tariffs-ev-battery-imports; April Bonner, “The ‘One, 
Big, Beautiful Bill Act’ brought changes, some clarity to 
US energy storage development,” Energy Storage News, 
October 1, 2025, https://www.energy-storage.news/the-
one-big-beautiful-bill-act-brought-changes-some-clarity-to-
us-energy-storage-development/; Prabhakar Sharma et al., 
“Assessing India›s incentive scheme to enhance the battery 
manufacturing ecosystem,” Institute for Energy Economics 
and Financial Analysis, January 22, 2026, https://ieefa.
org/resources/assessing-indias-incentive-scheme-enhance-
battery-manufacturing-ecosystem. 

﻿25 Andy Colthorpe, “EU ‘Made in Europe’ regulation 
welcomed but ‘will not remove dependency on China’,” 
Energy Storage News, March 9, 2026, https://www.energy-
storage.news/eu-made-in-europe-regulation-welcomed-
but-will-not-remove-dependency-on-china/; “Batteries 
Regulation Brief Overview,” Batteries European Partnership 
Association, August 31, 2023, https://bepassociation.eu/
batteries-regulation-brief-overview/. 

https://arena.gov.au/blog/australias-grid-forming-battery-revolution-from-pilot-projects-to-global-leadership/
https://arena.gov.au/blog/australias-grid-forming-battery-revolution-from-pilot-projects-to-global-leadership/
https://chargedevs.com/newswire/electrified-shipping-moves-beyond-the-pilot-phase-catls-batteries-operating-in-900-ships-and-vessels/
https://chargedevs.com/newswire/electrified-shipping-moves-beyond-the-pilot-phase-catls-batteries-operating-in-900-ships-and-vessels/
https://chargedevs.com/newswire/electrified-shipping-moves-beyond-the-pilot-phase-catls-batteries-operating-in-900-ships-and-vessels/
https://www.wsj.com/business/airlines/the-age-of-flying-cars-has-arrived-dcffc420
https://www.wsj.com/business/airlines/the-age-of-flying-cars-has-arrived-dcffc420
https://www.scientificamerican.com/article/can-electric-air-taxis-carry-passengers-vertical-aerospaces-vx4-just-cleared-a-key-test/
https://www.scientificamerican.com/article/can-electric-air-taxis-carry-passengers-vertical-aerospaces-vx4-just-cleared-a-key-test/
https://www.scientificamerican.com/article/can-electric-air-taxis-carry-passengers-vertical-aerospaces-vx4-just-cleared-a-key-test/
https://www.defenseone.com/technology/2025/08/pentagon-readies-new-battery-strategy-amid-growing-drone-demands/407502/
https://www.defenseone.com/technology/2025/08/pentagon-readies-new-battery-strategy-amid-growing-drone-demands/407502/
https://www.defenseone.com/technology/2025/08/pentagon-readies-new-battery-strategy-amid-growing-drone-demands/407502/
https://disasterdollardatabasedatadownload.netlify.app/disaster-lookup
https://disasterdollardatabasedatadownload.netlify.app/disaster-lookup
https://disasterdollardatabasedatadownload.netlify.app/disaster-lookup
https://www.idtechex.com/en/research-article/how-batteries-role-in-data-centers-will-evolve-and-impact-on-technology/34438
https://www.idtechex.com/en/research-article/how-batteries-role-in-data-centers-will-evolve-and-impact-on-technology/34438
https://www.idtechex.com/en/research-article/how-batteries-role-in-data-centers-will-evolve-and-impact-on-technology/34438
https://www.sciencedirect.com/science/article/pii/S0306261925016988
https://www.sciencedirect.com/science/article/pii/S0306261925016988
https://link.springer.com/article/10.1007/s41918-022-00131-z
https://link.springer.com/article/10.1007/s41918-022-00131-z
https://about.bnef.com/insights/clean-energy/china-regains-number-one-spot-in-bloombergnefs-global-lithium-ion-battery-supply-chain-ranking/
https://about.bnef.com/insights/clean-energy/china-regains-number-one-spot-in-bloombergnefs-global-lithium-ion-battery-supply-chain-ranking/
https://about.bnef.com/insights/clean-energy/china-regains-number-one-spot-in-bloombergnefs-global-lithium-ion-battery-supply-chain-ranking/
https://about.bnef.com/insights/clean-energy/china-regains-number-one-spot-in-bloombergnefs-global-lithium-ion-battery-supply-chain-ranking/
https://www.sciencedirect.com/science/article/pii/S2666248525000071
https://www.sciencedirect.com/science/article/pii/S2666248525000071
https://www.mckinsey.com/industries/automotive-and-assembly/our-insights/battery-2030-resilient-sustainable-and-circular
https://www.mckinsey.com/industries/automotive-and-assembly/our-insights/battery-2030-resilient-sustainable-and-circular
https://www.mckinsey.com/industries/automotive-and-assembly/our-insights/battery-2030-resilient-sustainable-and-circular
https://www.ffb.fraunhofer.de/en/press/news/Chinas_Dominanz_in_der_Batterielieferkette.html
https://www.ffb.fraunhofer.de/en/press/news/Chinas_Dominanz_in_der_Batterielieferkette.html
https://www.energypolicy.columbia.edu/publications/the-ira-and-the-us-battery-supply-chain-background-and-key-drivers
https://www.energypolicy.columbia.edu/publications/the-ira-and-the-us-battery-supply-chain-background-and-key-drivers
https://www.energypolicy.columbia.edu/publications/the-ira-and-the-us-battery-supply-chain-background-and-key-drivers
https://www.mdpi.com/2032-6653/16/6/319
https://www.umicore.com/en/markets-products/recycling-solutions/battery-materials/
https://www.umicore.com/en/markets-products/recycling-solutions/battery-materials/
https://www.smm.co.jp/en/business/material/
https://www.basf.com/global/en/investors/calendar-and-publications/factbook/segments/surface-technologies/battery-materials
https://www.basf.com/global/en/investors/calendar-and-publications/factbook/segments/surface-technologies/battery-materials
https://www.basf.com/global/en/investors/calendar-and-publications/factbook/segments/surface-technologies/battery-materials
https://www.csis.org/blogs/trustee-china-hand/involution-and-industry-self-discipline-echoes-past
https://www.csis.org/blogs/trustee-china-hand/involution-and-industry-self-discipline-echoes-past
https://www.spglobal.com/automotive-insights/en/blogs/2024/5/briefcase-the-game-of-tariffs-ev-battery-imports
https://www.spglobal.com/automotive-insights/en/blogs/2024/5/briefcase-the-game-of-tariffs-ev-battery-imports
https://www.spglobal.com/automotive-insights/en/blogs/2024/5/briefcase-the-game-of-tariffs-ev-battery-imports
https://www.energy-storage.news/the-one-big-beautiful-bill-act-brought-changes-some-clarity-to-us-energy-storage-development/
https://www.energy-storage.news/the-one-big-beautiful-bill-act-brought-changes-some-clarity-to-us-energy-storage-development/
https://www.energy-storage.news/the-one-big-beautiful-bill-act-brought-changes-some-clarity-to-us-energy-storage-development/
https://ieefa.org/resources/assessing-indias-incentive-scheme-enhance-battery-manufacturing-ecosystem
https://ieefa.org/resources/assessing-indias-incentive-scheme-enhance-battery-manufacturing-ecosystem
https://ieefa.org/resources/assessing-indias-incentive-scheme-enhance-battery-manufacturing-ecosystem
https://www.energy-storage.news/eu-made-in-europe-regulation-welcomed-but-will-not-remove-dependency-on-china/
https://www.energy-storage.news/eu-made-in-europe-regulation-welcomed-but-will-not-remove-dependency-on-china/
https://www.energy-storage.news/eu-made-in-europe-regulation-welcomed-but-will-not-remove-dependency-on-china/
https://bepassociation.eu/batteries-regulation-brief-overview/
https://bepassociation.eu/batteries-regulation-brief-overview/


3 4  		

﻿26 Maximilian Lechner et al., “Bridging the global cost gap 
in battery cell manufacturing – From locational factors 
to factory planning, and policy design,” Next Energy 11 
(2026): https://www.sciencedirect.com/science/article/pii/
S2949821X26000542. 

﻿27 Maximilian Lechner et al., “Bridging the global cost gap 
in battery cell manufacturing – From locational factors 
to factory planning, and policy design,” Next Energy 11 
(2026): https://www.sciencedirect.com/science/article/pii/
S2949821X26000542. 

﻿28 Aaruththiran Manoharan, “Optimizing lithium-ion 
battery manufacturing with digitalization and AI-
driven frameworks,” International Journal of Advanced 
Manufacturing Technology 142 (2026): https://link.springer.
com/article/10.1007/s00170-025-17129-8. 

﻿29 Aaruththiran Manoharan, “Optimizing lithium-ion 
battery manufacturing with digitalization and AI-
driven frameworks,” International Journal of Advanced 
Manufacturing Technology 142 (2026): https://link.springer.
com/article/10.1007/s00170-025-17129-8. 

﻿30 Andrew Weng et al., “Higher labor intensity in US 
automotive assembly plants after transitioning to 
electric vehicles,” Nature Communications 15 (2024), 
https://www.nature.com/articles/s41467-024-52435-x; 
Turner Cotterman, “The transition to electrified 
vehicles: Evaluating the labor demand of manufacturing 
conventional versus battery electric vehicle powertrains,” 
Energy Policy 188 (2024): https://www.sciencedirect.com/
science/article/pii/S0301421524000843. 

﻿31 Brian Spegele, “Robots and AI Are Already Remaking 
the Chinese Economy,” Wall Street Journal, November 
24, 2025, https://www.wsj.com/tech/ai/ai-robots-
china-manufacturing-89ae1b42; Sakshi Udavant, “Will 
the US ever have fully automated ‘dark factories’?,” 
Manufacturing Dive, September 16, 2025, https://www.
manufacturingdive.com/news/dark-factory-automation-
robotics-cobots-asia-us-cobot-hybrid/759193/. 

﻿32 Benjamin Schumm et al., “Dry Battery Electrode 
Technology: From Early Concepts to Industrial 
Applications,” Advanced Energy Materials 15, no. 
24 (2025): https://advanced.onlinelibrary.wiley.
com/doi/10.1002/aenm.202406011; Didi Bostock, 
“Revolutionising battery production: how dry electrode 
manufacturing promises to cut costs,” Benchmark 
Minerals Intelligence, November 1, 2024, https://
source.benchmarkminerals.com/article/revolutionising-
battery-production-how-dry-electrode-manufacturing-
promises-to-cut-costs; “[Battery Pioneer] Innovative Dry 
Electrode Process Enhancing Manufacturing Efficiency 
by Eliminating the Drying Step,” Battery Inside, February 
7, 2025, https://inside.lgensol.com/en/2025/02/
game-changer-battery-innovative-dry-electrode-process-
enhancing-manufacturing-efficiency-by-eliminating-the-
drying-step/. 

﻿33 “How Tesla’s Fully Dry 4680 Battery Finally Delivers on 
Eight Years of Promise,” Battery Tech Network, April 17, 
2026, https://battery-tech.net/how-teslas-fully-dry-4680-
battery-finally-delivers-on-eight-years-of-promise/; Andreas 
Groß and Stefan Ernst, “Sustainable and Affordable 
Batteries: PowerCo Develops ‘Gamechanger’ Technology 
for Cell Production,” press release, Volkswagen Group, 
June 16, 2023, https://www.volkswagen-group.com/
en/press-releases/sustainable-and-affordable-batteries-
powerco-develops-gamechanger-technology-for-cell-
production-17345; “[Battery Pioneer] Innovative Dry 
Electrode Process Enhancing Manufacturing Efficiency 
by Eliminating the Drying Step,” Battery Inside, February 
7, 2025, https://inside.lgensol.com/en/2025/02/
game-changer-battery-innovative-dry-electrode-process-
enhancing-manufacturing-efficiency-by-eliminating-the-
drying-step/. 

﻿34 Maria Gallucci, “3D Printed Solid-State Battery Rivals 
Lithium-Ion,” IEEE Spectrum, August 16, 2021, https://
spectrum.ieee.org/3d-printing-solid-state-battery-lithium-
ion; Peter Johnson, “Another big car brand is testing 
solid-state EV batteries, just not in the way you’d expect,” 
Electrek, August 22, 2025, https://electrek.co/2025/08/22/
another-big-car-brand-testing-solid-state-ev-batteries/. 

﻿35 Kudakwashe Chayambuka et al., “From Li-Ion 
Batteries toward Na-Ion Chemistries: Challenges and 
Opportunities,” Advanced Energy Materials 10, no. 
38 (2020): https://advanced.onlinelibrary.wiley.com/
doi/10.1002/aenm.202001310. 

﻿36 Ebrahim Feyzi, “A comprehensive review of silicon 
anodes for high-energy lithium-ion batteries: Challenges, 
latest developments, and perspectives,” Next Energy 5 
(2024): https://www.sciencedirect.com/science/article/pii/
S2949821X24000814; Ran Tian et al., “Design advanced 
lithium metal anode materials in high energy density 
lithium batteries,” Heliyon 10, no. 5 (2024): https://pmc.
ncbi.nlm.nih.gov/articles/PMC10915576/; Saeed Yari et 
al., “Performance benchmarking and analysis of lithium-
sulfur batteries for next-generation cell design,” Nature 
Communications 16 (2025): https://pmc.ncbi.nlm.nih.gov/
articles/PMC12214508/ 

﻿37 Gebrekidan Gebresilassie Eshetu et al., “Production 
of high-energy Li-ion batteries comprising silicon-
containing anodes and insertion-type cathodes,” Nature 
Communications 12 (2021): https://www.nature.com/
articles/s41467-021-25334-8; Zexuan Peng et al., 
“Progress on lithium manganese iron phosphate cathode 
materials,” Journal of Alloys and Compounds 1016 (2025): 
https://www.sciencedirect.com/science/article/abs/pii/
S0925838825004591; Hanyu Huo and Jürgen Janek, 
“Solid-state batteries: from ‘all-solid’ to ‘almost-solid’,” 
National Science Review 10, no. 6 (2023): https://academic.
oup.com/nsr/article/10/6/nwad098/7115328. 

https://www.sciencedirect.com/science/article/pii/S2949821X26000542
https://www.sciencedirect.com/science/article/pii/S2949821X26000542
https://www.sciencedirect.com/science/article/pii/S2949821X26000542
https://www.sciencedirect.com/science/article/pii/S2949821X26000542
https://link.springer.com/article/10.1007/s00170-025-17129-8
https://link.springer.com/article/10.1007/s00170-025-17129-8
https://link.springer.com/article/10.1007/s00170-025-17129-8
https://link.springer.com/article/10.1007/s00170-025-17129-8
https://www.nature.com/articles/s41467-024-52435-x
https://www.sciencedirect.com/science/article/pii/S0301421524000843
https://www.sciencedirect.com/science/article/pii/S0301421524000843
https://www.wsj.com/tech/ai/ai-robots-china-manufacturing-89ae1b42
https://www.wsj.com/tech/ai/ai-robots-china-manufacturing-89ae1b42
https://www.manufacturingdive.com/news/dark-factory-automation-robotics-cobots-asia-us-cobot-hybrid/759193/
https://www.manufacturingdive.com/news/dark-factory-automation-robotics-cobots-asia-us-cobot-hybrid/759193/
https://www.manufacturingdive.com/news/dark-factory-automation-robotics-cobots-asia-us-cobot-hybrid/759193/
https://advanced.onlinelibrary.wiley.com/doi/10.1002/aenm.202406011
https://advanced.onlinelibrary.wiley.com/doi/10.1002/aenm.202406011
https://source.benchmarkminerals.com/article/revolutionising-battery-production-how-dry-electrode-manufacturing-promises-to-cut-costs
https://source.benchmarkminerals.com/article/revolutionising-battery-production-how-dry-electrode-manufacturing-promises-to-cut-costs
https://source.benchmarkminerals.com/article/revolutionising-battery-production-how-dry-electrode-manufacturing-promises-to-cut-costs
https://source.benchmarkminerals.com/article/revolutionising-battery-production-how-dry-electrode-manufacturing-promises-to-cut-costs
https://inside.lgensol.com/en/2025/02/game-changer-battery-innovative-dry-electrode-process-enhancing-manufacturing-efficiency-by-eliminating-the-drying-step/
https://inside.lgensol.com/en/2025/02/game-changer-battery-innovative-dry-electrode-process-enhancing-manufacturing-efficiency-by-eliminating-the-drying-step/
https://inside.lgensol.com/en/2025/02/game-changer-battery-innovative-dry-electrode-process-enhancing-manufacturing-efficiency-by-eliminating-the-drying-step/
https://inside.lgensol.com/en/2025/02/game-changer-battery-innovative-dry-electrode-process-enhancing-manufacturing-efficiency-by-eliminating-the-drying-step/
https://battery-tech.net/how-teslas-fully-dry-4680-battery-finally-delivers-on-eight-years-of-promise/
https://battery-tech.net/how-teslas-fully-dry-4680-battery-finally-delivers-on-eight-years-of-promise/
https://www.volkswagen-group.com/en/press-releases/sustainable-and-affordable-batteries-powerco-develops-gamechanger-technology-for-cell-production-17345
https://www.volkswagen-group.com/en/press-releases/sustainable-and-affordable-batteries-powerco-develops-gamechanger-technology-for-cell-production-17345
https://www.volkswagen-group.com/en/press-releases/sustainable-and-affordable-batteries-powerco-develops-gamechanger-technology-for-cell-production-17345
https://www.volkswagen-group.com/en/press-releases/sustainable-and-affordable-batteries-powerco-develops-gamechanger-technology-for-cell-production-17345
https://inside.lgensol.com/en/2025/02/game-changer-battery-innovative-dry-electrode-process-enhancing-manufacturing-efficiency-by-eliminating-the-drying-step/
https://inside.lgensol.com/en/2025/02/game-changer-battery-innovative-dry-electrode-process-enhancing-manufacturing-efficiency-by-eliminating-the-drying-step/
https://inside.lgensol.com/en/2025/02/game-changer-battery-innovative-dry-electrode-process-enhancing-manufacturing-efficiency-by-eliminating-the-drying-step/
https://inside.lgensol.com/en/2025/02/game-changer-battery-innovative-dry-electrode-process-enhancing-manufacturing-efficiency-by-eliminating-the-drying-step/
https://spectrum.ieee.org/3d-printing-solid-state-battery-lithium-ion
https://spectrum.ieee.org/3d-printing-solid-state-battery-lithium-ion
https://spectrum.ieee.org/3d-printing-solid-state-battery-lithium-ion
https://electrek.co/2025/08/22/another-big-car-brand-testing-solid-state-ev-batteries/
https://electrek.co/2025/08/22/another-big-car-brand-testing-solid-state-ev-batteries/
https://advanced.onlinelibrary.wiley.com/doi/10.1002/aenm.202001310
https://advanced.onlinelibrary.wiley.com/doi/10.1002/aenm.202001310
https://www.sciencedirect.com/science/article/pii/S2949821X24000814
https://www.sciencedirect.com/science/article/pii/S2949821X24000814
https://pmc.ncbi.nlm.nih.gov/articles/PMC10915576/
https://pmc.ncbi.nlm.nih.gov/articles/PMC10915576/
https://pmc.ncbi.nlm.nih.gov/articles/PMC12214508/
https://pmc.ncbi.nlm.nih.gov/articles/PMC12214508/
https://www.nature.com/articles/s41467-021-25334-8
https://www.nature.com/articles/s41467-021-25334-8
https://www.sciencedirect.com/science/article/abs/pii/S0925838825004591
https://www.sciencedirect.com/science/article/abs/pii/S0925838825004591
https://academic.oup.com/nsr/article/10/6/nwad098/7115328
https://academic.oup.com/nsr/article/10/6/nwad098/7115328


     3 5

C
A
R
N
E
G
I
E
 
E
N
D
O
W
M
E
N
T
 
F
O
R
 
I
N
T
E
R
N
A
T
I
O
N
A
L
 
P
E
A
C
E

﻿38 Tim Greitemeier, “China›s hold on the lithium-ion battery 
supply chain: Prospects for competitive growth and 
sovereign control,” Journal of Power Sources Advances 32 
(2025): https://www.sciencedirect.com/science/article/pii/
S2666248525000071. 

﻿39 Solomon Evro et al., “Navigating battery choices: A 
comparative study of lithium iron phosphate and nickel 
manganese cobalt battery technologies,” Future Batteries 
4 (2024): https://www.sciencedirect.com/science/article/
pii/S2950264024000078; “How BYD’s Blade Battery 2.0 
Makes Five-Minute EV Charging a Reality,” Battery Tech 
Network, March 8, 2026, https://battery-tech.net/how-
byds-blade-battery-2-0-makes-five-minute-ev-charging-a-
reality/. 

﻿40 Carlos Ruiz et al., “Sodium-Ion Batteries A Technology 
Brief,” International Renewable Energy Agency, 2025, 
https://www.irena.org/-/media/Files/IRENA/Agency/
Publication/2025/Nov/IRENA_TEC_Sodium-ion_
batteries_2025.pdf. 

﻿41 Matt Blois, “Lithium iron phosphate comes to America,” 
C&E 101, no. 4 (2023): https://pubs.acs.org/doi/10.1021/
cen-10104-cover. 

﻿42 Daniel Yousefi and Azita Soleymani, “Circular Economy 
and Sustainability in Lithium-Ion Battery Development in 
China and the USA,” World Electric Vehicle Journal 16, no. 
10 (2025): https://www.mdpi.com/2032-6653/16/10/578; 

﻿43 Jakob Fleischmann et al., “The hidden trends in battery 
supply and demand: A regional analysis,” McKinsey & 
Company, August 26, 2025, https://www.mckinsey.com/
features/mckinsey-center-for-future-mobility/our-insights/
the-hidden-trends-in-battery-supply-and-demand-a-
regional-analysis; “Electric vehicle batteries,” International 
Energy Agency, 2025, https://www.iea.org/reports/
global-ev-outlook-2025/electric-vehicle-batteries. 

﻿44 Timo Möller et al., “The battery chemistries powering 
the future of electric vehicles,” McKinsey & Company, 
December 17, 2024, https://www.mckinsey.com/industries/
automotive-and-assembly/our-insights/the-battery-
chemistries-powering-the-future-of-electric-vehicles; Anaya 
Bhattacharya, “China charges ahead as South Korea’s battery 
giants lose their spark,” Rest of World, September 30, 2025, 
https://restofworld.org/2025/china-ev-battery-south-korea/. 

﻿45 Park Jae-hyuk, “LG, SK, Samsung eye US LFP battery 
production amid China’s dominance,” Korea Times, 
July 15, 2025, https://www.koreatimes.co.kr/business/
companies/20250715/korean-battery-giants-target-us-lfp-
battery-production-to-challenge-chinas-market-dominance. 

﻿46 “China’s CNGR to build battery CAM, LFP plant in 
Morocco,” Argus, September 20, 2023, https://www.
argusmedia.com/en/news-and-insights/latest-market-
news/2490989-china-s-cngr-to-build-battery-cam-lfp-
plant-in-morocco; “China’s Easpring builds lithium CAM 

facility in Finland,” Argus, April 30, 2025, https://www.
argusmedia.com/en/news-and-insights/latest-market-
news/2683370-china-s-easpring-builds-lithium-cam-
facility-in-finland; “Commercialization of Nano One’s 
One Pot Process for Lithium Iron Phosphate (LFP) 
Production,” Natural Resources Canada, April 14, 2026, 
https://natural-resources.canada.ca/funding-partnerships/
commercialization-nano-one-s-one-pot-process-lithium-
iron-phosphate-lfp-production; Chris Randall, “LG 
Chem produces cathodes without precursors,” Electrive, 
March 10, 2025, https://www.electrive.com/2025/03/10/
lg-chem-produces-cathodes-without-precursors/. 

﻿47 Ron Zheng and Shuai Shi, “China’s battery market: What’s 
happening and what OEMs and suppliers need to do,” 
Roland Berger, April 23, 2026, https://www.rolandberger.
com/en/Insights/Publications/China-s-battery-market-
What-s-happening-and-what-OEMs-and-suppliers-need-to-
do.html. 

﻿48 Ron Zheng and Shuai Shi, “China’s battery market: What’s 
happening and what OEMs and suppliers need to do,” 
Roland Berger, April 23, 2026, https://www.rolandberger.
com/en/Insights/Publications/China-s-battery-market-
What-s-happening-and-what-OEMs-and-suppliers-need-
to-do.html; Tim Urquhart, “CATL and BYD Battery Tech 
Could Disrupt the Global BEV Market,” S&P Global, April 
25, 2025, https://www.spglobal.com/automotive-insights/
en/blogs/2025/04/catl-byd-battery-tech-news. 

﻿49 Hilary Lau et al., “China imposes export controls on 
lithium-batteries and artificial graphite anode materials,” 
Herbert Smith Freehills Kramer, October 10, 2025, https://
www.hsfkramer.com/en_US/insights/2025-10/china-export-
controls-lithium-batteries-and-artificial-graphite-anode-
materials. 

﻿50 Adrian Leung, “China’s Battery Giants Expect Solid-State 
Battery Delays Beyond 2030, Push Back on Hype,” Car 
News China, November 13, 2025, https://carnewschina.
com/2025/11/13/chinas-battery-giants-expect-solid-state-
battery-delays-beyond-2030-push-back-on-hype/.

﻿51 Teo Lombardo et al., “Sodium-ion battery momentum 
grows, but challenges remain,” International Energy Agency, 
February 17, 2026, https://www.iea.org/commentaries/
sodium-ion-battery-momentum-grows-but-challenges-
remain; “Clean Investment Monitor,” Clean Investment 
Monitor, accessed on June 1, 2026, https://www.
cleaninvestmentmonitor.org/ 

﻿52 Isshu Kikuma, “Energy Storage Enters the 100-Gigawatt 
Era: Three Things to Know,” BloombergNEF, May 7, 2026, 
https://about.bnef.com/insights/clean-energy/energy-
storage-enters-the-100-gigawatt-era-three-things-to-know/; 
“CATL kicks off mass production of sodium batteries, 
ushering in a new era of ‘parallel development of sodium 
and lithium batteries’ in the new energy sector,” National  

https://www.sciencedirect.com/science/article/pii/S2666248525000071
https://www.sciencedirect.com/science/article/pii/S2666248525000071
https://www.sciencedirect.com/science/article/pii/S2950264024000078
https://www.sciencedirect.com/science/article/pii/S2950264024000078
https://battery-tech.net/how-byds-blade-battery-2-0-makes-five-minute-ev-charging-a-reality/
https://battery-tech.net/how-byds-blade-battery-2-0-makes-five-minute-ev-charging-a-reality/
https://battery-tech.net/how-byds-blade-battery-2-0-makes-five-minute-ev-charging-a-reality/
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2025/Nov/IRENA_TEC_Sodium-ion_batteries_2025.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2025/Nov/IRENA_TEC_Sodium-ion_batteries_2025.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2025/Nov/IRENA_TEC_Sodium-ion_batteries_2025.pdf
https://pubs.acs.org/doi/10.1021/cen-10104-cover
https://pubs.acs.org/doi/10.1021/cen-10104-cover
https://www.mdpi.com/2032-6653/16/10/578
https://www.mckinsey.com/features/mckinsey-center-for-future-mobility/our-insights/the-hidden-trends-in-battery-supply-and-demand-a-regional-analysis
https://www.mckinsey.com/features/mckinsey-center-for-future-mobility/our-insights/the-hidden-trends-in-battery-supply-and-demand-a-regional-analysis
https://www.mckinsey.com/features/mckinsey-center-for-future-mobility/our-insights/the-hidden-trends-in-battery-supply-and-demand-a-regional-analysis
https://www.mckinsey.com/features/mckinsey-center-for-future-mobility/our-insights/the-hidden-trends-in-battery-supply-and-demand-a-regional-analysis
https://www.iea.org/reports/global-ev-outlook-2025/electric-vehicle-batteries
https://www.iea.org/reports/global-ev-outlook-2025/electric-vehicle-batteries
https://www.mckinsey.com/industries/automotive-and-assembly/our-insights/the-battery-chemistries-powering-the-future-of-electric-vehicles
https://www.mckinsey.com/industries/automotive-and-assembly/our-insights/the-battery-chemistries-powering-the-future-of-electric-vehicles
https://www.mckinsey.com/industries/automotive-and-assembly/our-insights/the-battery-chemistries-powering-the-future-of-electric-vehicles
https://restofworld.org/2025/china-ev-battery-south-korea/
https://www.koreatimes.co.kr/business/companies/20250715/korean-battery-giants-target-us-lfp-battery-production-to-challenge-chinas-market-dominance
https://www.koreatimes.co.kr/business/companies/20250715/korean-battery-giants-target-us-lfp-battery-production-to-challenge-chinas-market-dominance
https://www.koreatimes.co.kr/business/companies/20250715/korean-battery-giants-target-us-lfp-battery-production-to-challenge-chinas-market-dominance
https://www.argusmedia.com/en/news-and-insights/latest-market-news/2490989-china-s-cngr-to-build-battery-cam-lfp-plant-in-morocco
https://www.argusmedia.com/en/news-and-insights/latest-market-news/2490989-china-s-cngr-to-build-battery-cam-lfp-plant-in-morocco
https://www.argusmedia.com/en/news-and-insights/latest-market-news/2490989-china-s-cngr-to-build-battery-cam-lfp-plant-in-morocco
https://www.argusmedia.com/en/news-and-insights/latest-market-news/2490989-china-s-cngr-to-build-battery-cam-lfp-plant-in-morocco
https://www.argusmedia.com/en/news-and-insights/latest-market-news/2683370-china-s-easpring-builds-lithium-cam-facility-in-finland
https://www.argusmedia.com/en/news-and-insights/latest-market-news/2683370-china-s-easpring-builds-lithium-cam-facility-in-finland
https://www.argusmedia.com/en/news-and-insights/latest-market-news/2683370-china-s-easpring-builds-lithium-cam-facility-in-finland
https://www.argusmedia.com/en/news-and-insights/latest-market-news/2683370-china-s-easpring-builds-lithium-cam-facility-in-finland
https://natural-resources.canada.ca/funding-partnerships/commercialization-nano-one-s-one-pot-process-lithium-iron-phosphate-lfp-production
https://natural-resources.canada.ca/funding-partnerships/commercialization-nano-one-s-one-pot-process-lithium-iron-phosphate-lfp-production
https://natural-resources.canada.ca/funding-partnerships/commercialization-nano-one-s-one-pot-process-lithium-iron-phosphate-lfp-production
https://www.electrive.com/2025/03/10/lg-chem-produces-cathodes-without-precursors/
https://www.electrive.com/2025/03/10/lg-chem-produces-cathodes-without-precursors/
https://www.rolandberger.com/en/Insights/Publications/China-s-battery-market-What-s-happening-and-what-OEMs-and-suppliers-need-to-do.html
https://www.rolandberger.com/en/Insights/Publications/China-s-battery-market-What-s-happening-and-what-OEMs-and-suppliers-need-to-do.html
https://www.rolandberger.com/en/Insights/Publications/China-s-battery-market-What-s-happening-and-what-OEMs-and-suppliers-need-to-do.html
https://www.rolandberger.com/en/Insights/Publications/China-s-battery-market-What-s-happening-and-what-OEMs-and-suppliers-need-to-do.html
https://www.rolandberger.com/en/Insights/Publications/China-s-battery-market-What-s-happening-and-what-OEMs-and-suppliers-need-to-do.html
https://www.rolandberger.com/en/Insights/Publications/China-s-battery-market-What-s-happening-and-what-OEMs-and-suppliers-need-to-do.html
https://www.rolandberger.com/en/Insights/Publications/China-s-battery-market-What-s-happening-and-what-OEMs-and-suppliers-need-to-do.html
https://www.rolandberger.com/en/Insights/Publications/China-s-battery-market-What-s-happening-and-what-OEMs-and-suppliers-need-to-do.html
https://www.spglobal.com/automotive-insights/en/blogs/2025/04/catl-byd-battery-tech-news
https://www.spglobal.com/automotive-insights/en/blogs/2025/04/catl-byd-battery-tech-news
https://www.hsfkramer.com/en_US/insights/2025-10/china-export-controls-lithium-batteries-and-artificial-graphite-anode-materials
https://www.hsfkramer.com/en_US/insights/2025-10/china-export-controls-lithium-batteries-and-artificial-graphite-anode-materials
https://www.hsfkramer.com/en_US/insights/2025-10/china-export-controls-lithium-batteries-and-artificial-graphite-anode-materials
https://www.hsfkramer.com/en_US/insights/2025-10/china-export-controls-lithium-batteries-and-artificial-graphite-anode-materials
https://carnewschina.com/2025/11/13/chinas-battery-giants-expect-solid-state-battery-delays-beyond-2030-push-back-on-hype/
https://carnewschina.com/2025/11/13/chinas-battery-giants-expect-solid-state-battery-delays-beyond-2030-push-back-on-hype/
https://carnewschina.com/2025/11/13/chinas-battery-giants-expect-solid-state-battery-delays-beyond-2030-push-back-on-hype/
https://www.iea.org/commentaries/sodium-ion-battery-momentum-grows-but-challenges-remain
https://www.iea.org/commentaries/sodium-ion-battery-momentum-grows-but-challenges-remain
https://www.iea.org/commentaries/sodium-ion-battery-momentum-grows-but-challenges-remain
https://www.cleaninvestmentmonitor.org/
https://www.cleaninvestmentmonitor.org/
https://about.bnef.com/insights/clean-energy/energy-storage-enters-the-100-gigawatt-era-three-things-to-know/
https://about.bnef.com/insights/clean-energy/energy-storage-enters-the-100-gigawatt-era-three-things-to-know/


3 6  			 

Business Daily, April 22, 2026, https://www.nbd.com.cn/
articles/2026-04-22/4352470.html; Phata Zhang, “CATL 
secures world’s largest sodium-ion battery order in major 
tech shift,” CNEVPost, April 27, 2026, https://cnevpost.
com/2026/04/27/catl-secures-worlds-largest-sodium-ion-
battery-order/; Wolfgang Bernhart et al., “Interview with 
CATL CEO Robin Zeng on global battery innovation,” 
Roland Berger, September 8, 2025, https://www.
rolandberger.com/en/Insights/Publications/Interview-with-
CATL-CEO-Robin-Zeng-on-global-battery-innovation.
html. 

﻿53 Maria Guerra, “Why Solid-State Batteries Matter for 
eVTOLs and Drones,” Battery Technology, May 28, 
2025, https://www.batterytechonline.com/materials/
why-solid-state-batteries-matter-for-evtols-and-drones; 
“About Sodium Batteries,” Battery Council International, 
accessed on June 1, 2026, https://batterycouncil.org/
battery-facts-and-applications/about-sodium-batteries/. 

﻿54 Stephen Ezell, “How Innovative Is China in the Electric 
Vehicle and Battery Industries?,” Information Technology 
and Innovation Foundation (ITIF), July 29, 2024, https://
itif.org/publications/2024/07/29/how-innovative-is-chi-
na-in-the-electric-vehicle-and-battery-industries/.

﻿55 Matt Blois, “Lithium Iron Phosphate Comes to America,” 
Chemical & Engineering News 101, no. 4 (January 30, 
2023), https://cen.acs.org/energy/energy-storage-/
Lithium-iron-phosphate-comes-to-America/101/i4.

﻿56 Matthew Bird, “Which companies control the lithium ion 
battery supply chain?,” Benchmark Minerals Intelligence, 
October 4, 2024, https://source.benchmarkminerals.com/
article/which-companies-control-the-lithium-ion-battery-
supply-chain-2. 

﻿57 “LG Energy Solution launches sodium-ion battery 
pilot production line,” Battery Industry, January 22, 
2026, https://batteryindustry.net/lg-energy-solution-
launches-sodium-ion-battery-pilot-production-line/; 
Zheng Xin, “Sinopec in sodium-ion battery deal 
with South Korean firm,” China Daily, November 4, 
2025, https://www.chinadaily.com.cn/a/202511/04/
WS69098ecaa310f215074b8e2f.html. 

﻿58 Tim De Chant, “Natron’s liquidation shows why the 
US isn’t ready to make its own batteries,” Tech Crunch, 
September 5, 2025, https://techcrunch.com/2025/09/05/
natrons-liquidation-shows-why-the-us-isnt-ready-to-make-
its-own-batteries/; 

﻿59 “Altris Secures New Funding and Appoints Christer 
Bergquist as CEO,” press release, Altris, November 5, 2025, 
https://www.altris.se/news/altris-secures-new-funding-and-
appoints-christer-bergquist-as-ceo. 

﻿60 Yan Zhao et al., “Sodium-Ion Battery at Low Temperature: 
Challenges and Strategies” Nanomaterials 14, no. 19 (2024): 
https://pmc.ncbi.nlm.nih.gov/articles/PMC11478248/; 
Tsegaye Sissay Tedla, “Advancements in sodium-ion batteries 

technology: A comprehensive review of recent development 
on materials, mechanisms, applications, and prospects for 
energy storage,” Energy Reports 14 (2025): https://www.
sciencedirect.com/science/article/pii/S2352484725005864; 
Teo Lombardo, “Sodium-ion battery momentum grows, but 
challenges remain,” International Energy Agency, February 
17, 2026, https://www.iea.org/commentaries/sodium-ion-
battery-momentum-grows-but-challenges-remain. 

﻿61 You Xiaoying, “In China, battery makers bet big on sodium 
in move away from critical minerals,” Reuters, March 16, 
2026, https://www.reuters.com/sustainability/climate-
energy/china-battery-makers-bet-big-sodium-move-away-
critical-minerals--ecmii-2026-03-16/. 

﻿62 Liubov Georges and Euan Sadden, “Battery storage to drive 
lithium demand growth globally,” S&P Global, January 8, 
2026, https://www.spglobal.com/energy/en/news-research/
latest-news/metals/010826-battery-storage-to-drive-lithium-
demand-growth-globally#:~:text=%22Due%20to%20
demand%20growing%20faster,the%20end%20of%20
the%20year.%22. 

﻿63 Marija Maisch, “Peak Energy announces operation of first 
large-scale sodium ion battery in US,” ESS News, September 
26, 2025, https://www.ess-news.com/2025/09/26/
peak-energy-announces-operation-of-first-large-scale-
sodium-ion-battery-in-us/; Shazan Siddiqi, “Sodium-ion: 
The Battery Built for Trade Resilience,” IDTechEx, April 
29, 2025, https://www.idtechex.com/en/research-article/
sodium-ion-the-battery-built-for-trade-resilience/33140. 

﻿64 Lucy Tang and Marco Loke, “China›s lithium prices 
at highest in two years on tight supply, demand 
growth,” S&P Global, April 27, 2026, https://www.
spglobal.com/energy/en/news-research/latest-news/
metals/042726-chinas-lithium-prices-at-highest-in-
two-years-on-tight-supply-demand-growth; “Sodium-
ion battery: a challenger to Li batteries,” Argus, 
February 1, 2026, https://www.argusmedia.com/en/
news-and-insights/market-opinion-and-analysis-blog/
sodium-ion-battery-market. 

﻿65 Michael Wayland, “EV battery startup pivots to 
defense industry amid Iran war, weak electric vehicle 
market,” CNBC, March 24, 2026, https://www.cnbc.
com/2026/03/24/ev-battery-startup-sion-power-defense-
drones.html; Maria Guerra, “Why Solid-State Batteries 
Matter for eVTOLs and Drones,” Battery Technology, May 
28, 2025, https://www.batterytechonline.com/materials/
why-solid-state-batteries-matter-for-evtols-and-drones. 

﻿66 Dominik Keiner, “Sodium-ion battery cost projections and 
their impact on the global energy system transition until 
2050,” Journal of Energy Storage 146 (2026): https://www.
sciencedirect.com/science/article/pii/S2352152X2504575X 

﻿67 Dominik Keiner, “Sodium-ion battery cost projections and 
their impact on the global energy system transition until 
2050,” Journal of Energy Storage 146 (2026): https://www.
sciencedirect.com/science/article/pii/S2352152X2504575X; 

https://www.nbd.com.cn/articles/2026-04-22/4352470.html
https://www.nbd.com.cn/articles/2026-04-22/4352470.html
https://cnevpost.com/2026/04/27/catl-secures-worlds-largest-sodium-ion-battery-order/
https://cnevpost.com/2026/04/27/catl-secures-worlds-largest-sodium-ion-battery-order/
https://cnevpost.com/2026/04/27/catl-secures-worlds-largest-sodium-ion-battery-order/
https://www.rolandberger.com/en/Insights/Publications/Interview-with-CATL-CEO-Robin-Zeng-on-global-battery-innovation.html
https://www.rolandberger.com/en/Insights/Publications/Interview-with-CATL-CEO-Robin-Zeng-on-global-battery-innovation.html
https://www.rolandberger.com/en/Insights/Publications/Interview-with-CATL-CEO-Robin-Zeng-on-global-battery-innovation.html
https://www.rolandberger.com/en/Insights/Publications/Interview-with-CATL-CEO-Robin-Zeng-on-global-battery-innovation.html
https://www.batterytechonline.com/materials/why-solid-state-batteries-matter-for-evtols-and-drones
https://www.batterytechonline.com/materials/why-solid-state-batteries-matter-for-evtols-and-drones
https://batterycouncil.org/battery-facts-and-applications/about-sodium-batteries/
https://batterycouncil.org/battery-facts-and-applications/about-sodium-batteries/
https://itif.org/publications/2024/07/29/how-innovative-is-china-in-the-electric-vehicle-and-battery
https://itif.org/publications/2024/07/29/how-innovative-is-china-in-the-electric-vehicle-and-battery
https://itif.org/publications/2024/07/29/how-innovative-is-china-in-the-electric-vehicle-and-battery
https://cen.acs.org/energy/energy-storage-/Lithium-iron-phosphate-comes-to-America/101/i4
https://cen.acs.org/energy/energy-storage-/Lithium-iron-phosphate-comes-to-America/101/i4
https://source.benchmarkminerals.com/article/which-companies-control-the-lithium-ion-battery-supply-chain-2
https://source.benchmarkminerals.com/article/which-companies-control-the-lithium-ion-battery-supply-chain-2
https://source.benchmarkminerals.com/article/which-companies-control-the-lithium-ion-battery-supply-chain-2
https://batteryindustry.net/lg-energy-solution-launches-sodium-ion-battery-pilot-production-line/
https://batteryindustry.net/lg-energy-solution-launches-sodium-ion-battery-pilot-production-line/
https://www.chinadaily.com.cn/a/202511/04/WS69098ecaa310f215074b8e2f.html
https://www.chinadaily.com.cn/a/202511/04/WS69098ecaa310f215074b8e2f.html
https://techcrunch.com/2025/09/05/natrons-liquidation-shows-why-the-us-isnt-ready-to-make-its-own-batteries/
https://techcrunch.com/2025/09/05/natrons-liquidation-shows-why-the-us-isnt-ready-to-make-its-own-batteries/
https://techcrunch.com/2025/09/05/natrons-liquidation-shows-why-the-us-isnt-ready-to-make-its-own-batteries/
https://www.altris.se/news/altris-secures-new-funding-and-appoints-christer-bergquist-as-ceo
https://www.altris.se/news/altris-secures-new-funding-and-appoints-christer-bergquist-as-ceo
https://pmc.ncbi.nlm.nih.gov/articles/PMC11478248/
https://www.sciencedirect.com/science/article/pii/S2352484725005864
https://www.sciencedirect.com/science/article/pii/S2352484725005864
https://www.iea.org/commentaries/sodium-ion-battery-momentum-grows-but-challenges-remain
https://www.iea.org/commentaries/sodium-ion-battery-momentum-grows-but-challenges-remain
https://www.reuters.com/sustainability/climate-energy/china-battery-makers-bet-big-sodium-move-away-critical-minerals--ecmii-2026-03-16/
https://www.reuters.com/sustainability/climate-energy/china-battery-makers-bet-big-sodium-move-away-critical-minerals--ecmii-2026-03-16/
https://www.reuters.com/sustainability/climate-energy/china-battery-makers-bet-big-sodium-move-away-critical-minerals--ecmii-2026-03-16/
https://www.ess-news.com/2025/09/26/peak-energy-announces-operation-of-first-large-scale-sodium-ion-battery-in-us/
https://www.ess-news.com/2025/09/26/peak-energy-announces-operation-of-first-large-scale-sodium-ion-battery-in-us/
https://www.ess-news.com/2025/09/26/peak-energy-announces-operation-of-first-large-scale-sodium-ion-battery-in-us/
https://www.idtechex.com/en/research-article/sodium-ion-the-battery-built-for-trade-resilience/33140
https://www.idtechex.com/en/research-article/sodium-ion-the-battery-built-for-trade-resilience/33140
https://www.spglobal.com/energy/en/news-research/latest-news/metals/042726-chinas-lithium-prices-at-highest-in-two-years-on-tight-supply-demand-growth
https://www.spglobal.com/energy/en/news-research/latest-news/metals/042726-chinas-lithium-prices-at-highest-in-two-years-on-tight-supply-demand-growth
https://www.spglobal.com/energy/en/news-research/latest-news/metals/042726-chinas-lithium-prices-at-highest-in-two-years-on-tight-supply-demand-growth
https://www.spglobal.com/energy/en/news-research/latest-news/metals/042726-chinas-lithium-prices-at-highest-in-two-years-on-tight-supply-demand-growth
https://www.argusmedia.com/en/news-and-insights/market-opinion-and-analysis-blog/sodium-ion-battery-market
https://www.argusmedia.com/en/news-and-insights/market-opinion-and-analysis-blog/sodium-ion-battery-market
https://www.argusmedia.com/en/news-and-insights/market-opinion-and-analysis-blog/sodium-ion-battery-market
https://www.cnbc.com/2026/03/24/ev-battery-startup-sion-power-defense-drones.html
https://www.cnbc.com/2026/03/24/ev-battery-startup-sion-power-defense-drones.html
https://www.cnbc.com/2026/03/24/ev-battery-startup-sion-power-defense-drones.html
https://www.batterytechonline.com/materials/why-solid-state-batteries-matter-for-evtols-and-drones
https://www.batterytechonline.com/materials/why-solid-state-batteries-matter-for-evtols-and-drones
https://www.sciencedirect.com/science/article/pii/S2352152X2504575X
https://www.sciencedirect.com/science/article/pii/S2352152X2504575X
https://www.sciencedirect.com/science/article/pii/S2352152X2504575X
https://www.sciencedirect.com/science/article/pii/S2352152X2504575X


     3 7

C
A
R
N
E
G
I
E
 
E
N
D
O
W
M
E
N
T
 
F
O
R
 
I
N
T
E
R
N
A
T
I
O
N
A
L
 
P
E
A
C
E

Adrian Yao et al., “Critically assessing sodium-ion 
technology roadmaps and scenarios for techno-economic 
competitiveness against lithium-ion batteries,” Nature 
Energy 10 (2025): https://www.nature.com/articles/
s41560-024-01701-9. 

﻿68 “Global,” Clean Investment Monitor, accessed on June 1, 
2026, https://www.cleaninvestmentmonitor.org/global. 

﻿69 “Will Your Next EV Use Solid-State Batteries?,” Lead 
Intelligent, January 26, 2026, https://www.leadintelligent.
com/en/will-your-next-ev-use-solid-state-batteries; Xiaoxi 
He, “How Solid-State Batteries Will Reshape Materials and 
Manufacturing,” IDTechEx, December 23, 2025, https://
www.idtechex.com/en/research-article/how-solid-state-
batteries-will-reshape-materials-and-manufacturing/34218. 

﻿70 Blathnaid O’Dea, “Lyten completes Northvolt acquisition: 
Set to manufacture lithium-sulfur batteries at gigascale and 
kickstart R&D in Sweden,” ESS News, February 27, 2026, 
https://www.ess-news.com/2026/02/27/lyten-completes-
northvolt-acquisition-set-to-manufacture-lithium-sulfur-
batteries-at-gigascale-and-kickstart-rd-in-sweden/; Andrea 
Hotter, “Lyten ties data centers to lithium-sulfur push using 
Northvolt assets, executive says,” Fastmarkets, April 29, 
2026, https://www.fastmarkets.com/insights/lyten-ties-data-
centers-to-lithium-sulfur-push-using-northvolt-assets/. 

﻿71 Lawrence Ulrich, “Karma Automotive Plans First 
U.S. EV With a Solid-State Battery,” IEEE Spectrum, 
February 24, 2026, https://spectrum.ieee.org/solid-state-
battery-2675273089; “Powering the Next Shift in Mobility 
& Intelligence: Solid-state batteries for eMobility, defense, 
and AI/robotics,” Factorial, accessed on June 1, 2026, 
https://factorialenergy.com/. 

﻿72 “CATL Unveils Its Latest Breakthrough Technology by 
Releasing Its First Generation of Sodium-ion Batteries,” 
press release, CATL, July 29, 2021, https://www.catl.
com/en/news/665.html; Dominik Keiner, “Sodium-ion 
battery cost projections and their impact on the global 
energy system transition until 2050,” Journal of Energy 
Storage 146 (2026): https://www.sciencedirect.com/science/
article/pii/S2352152X2504575X; “Farasis Energy Signs 
Strategic Agreement for Solid-State Batteries with JMEV; 
First SPS Battery for JMEV›s ‹ELIGHT› Model Rolls Off 
the Production Line,” Farasis Energy, September 29, 2024, 
https://en.farasis.com/content/details_32_236.html. 

﻿73 “Solid State Technology,” WELION Europe, accessed on 
June 1, 2026, https://welion-energy.com/Technology/; 
“SVOLT Achieves B-Sample Milestone for Semi-Solid-State 
Battery, Pioneering Mass Production with World’s First 
Membrane Transfer Tech,” Battery Energy Storage System, 
October 9, 2025, https://www.battery-energy-storage-
system.com/news/svolt-semi-solid-battery-b-sample.html. 

﻿74 Milo McBride et al., “Assessing the Policy Ecosystems and 
Scaling Pathways of Direct Lithium Extraction,” Center on 

Global Energy Policy at Columbia, May 19, 2025, https://
www.energypolicy.columbia.edu/publications/assessing-the-
policy-ecosystems-and-scaling-pathways-of-direct-lithium-
extraction/. 

﻿75 “OECD Inventory of Export Restrictions on Critical Raw 
Materials 2026 Monitoring the Use of Export Restrictions 
Amidst Growing Market and Policy Tensions,” OECD, 
2026, https://www.oecd.org/content/dam/oecd/en/
publications/reports/2026/04/oecd-inventory-of-export-
restrictions-on-critical-raw-materials-2026_2cedac0b/
d5ca8f62-en.pdf. 

﻿76 Jayden Hyman, Laura J. Sonter, Eve McDonald-Madden, 
et al., “Growing Nickel Supply from the Tropics Threatens 
Priority Conservation Areas,” Nature Ecology & Evolution 
(May 6, 2026), https://doi.org/10.1038/s41559-026-
03068-4; Emmanuel Umpula and Mark Dummett, 
“The Blood Cobalt Narrative: Addressing Human Rights 
Concerns or Scaremongering?,” Business and Human 
Rights Journal 9, no. 2 (June 2024): 308–314, https://
doi.org/10.1017/bhj.2024.4; Pushpendra, Elias Vollert, 
Dominic Bresser, and Marcel Weil, “Assessing the Critical 
Role of Graphite in the Carbon Footprint of Lithium-
Ion Battery Production,” Journal of Energy Storage 161 
(June 10, 2026): 121887, https://doi.org/10.1016/j.
est.2026.121887.

﻿77 Ricardo Alcántara, Carlos Pérez-Vicente, Pedro Lavela, 
José L. Tirado, and Antonio Medina, “Review and New 
Perspectives on Non-Layered Manganese Compounds as 
Electrode Material for Sodium-Ion Batteries,” Materials 16, 
no. 21 (October 30, 2023): 6970, https://doi.org/10.3390/
ma16216970.  

﻿78 Thomas J. Holmes, Ellen R. McGrattan, and Edward C. 
Prescott, “Quid Pro Quo: Technology Capital Transfers for 
Market Access in China,” Review of Economic Studies 82, no. 
3 (July 2015): 1154–1193, https://doi.org/10.1093/restud/
rdv008.

﻿79 Steve LeVine, “The Electric: Idle Chinese Plants 
Are Inviting Business With U.S. Battery Startups,” 
The Information, January 26, 2026, https://www.
theinformation.com/newsletters/the-electric/electric-idle-
chinese-plants-inviting-business-u-s-battery-startups. 

﻿80 Jana Inagaki and Wang Xueqiao, “China’s CATL says it has 
overtaken BYD on 5-minute EV charging time,” Financial 
Times, April 21, 2025, https://www.ft.com/content/
b4c868aa-28e7-4f35-8357-88e59a4fa9c2?syn-25a6b1a6=1. 

﻿81 Colin McKerracher et al., “Electric Vehicle Outlook 2025,” 
BloombergNEF, 2025, https://about.bnef.com/insights/
clean-transport/electric-vehicle-outlook/; Nate Rattner et 
al., “Detroit Automakers Take $50 Billion Hit as EV Bubble 
Bursts,” Wall Street Journal, February 13, 2026, https://
www.wsj.com/business/autos/detroit-automakers-take-50-
billion-hit-as-ev-bubble-bursts-06a97414. 

https://www.nature.com/articles/s41560-024-01701-9
https://www.nature.com/articles/s41560-024-01701-9
https://www.cleaninvestmentmonitor.org/global
https://www.leadintelligent.com/en/will-your-next-ev-use-solid-state-batteries
https://www.leadintelligent.com/en/will-your-next-ev-use-solid-state-batteries
https://www.idtechex.com/en/research-article/how-solid-state-batteries-will-reshape-materials-and-manufacturing/34218
https://www.idtechex.com/en/research-article/how-solid-state-batteries-will-reshape-materials-and-manufacturing/34218
https://www.idtechex.com/en/research-article/how-solid-state-batteries-will-reshape-materials-and-manufacturing/34218
https://www.ess-news.com/2026/02/27/lyten-completes-northvolt-acquisition-set-to-manufacture-lithium-sulfur-batteries-at-gigascale-and-kickstart-rd-in-sweden/
https://www.ess-news.com/2026/02/27/lyten-completes-northvolt-acquisition-set-to-manufacture-lithium-sulfur-batteries-at-gigascale-and-kickstart-rd-in-sweden/
https://www.ess-news.com/2026/02/27/lyten-completes-northvolt-acquisition-set-to-manufacture-lithium-sulfur-batteries-at-gigascale-and-kickstart-rd-in-sweden/
https://www.fastmarkets.com/insights/lyten-ties-data-centers-to-lithium-sulfur-push-using-northvolt-assets/
https://www.fastmarkets.com/insights/lyten-ties-data-centers-to-lithium-sulfur-push-using-northvolt-assets/
https://spectrum.ieee.org/solid-state-battery-2675273089
https://spectrum.ieee.org/solid-state-battery-2675273089
https://factorialenergy.com/
https://www.catl.com/en/news/665.html
https://www.catl.com/en/news/665.html
https://www.sciencedirect.com/science/article/pii/S2352152X2504575X
https://www.sciencedirect.com/science/article/pii/S2352152X2504575X
https://en.farasis.com/content/details_32_236.html
https://welion-energy.com/Technology/
https://www.battery-energy-storage-system.com/news/svolt-semi-solid-battery-b-sample.html
https://www.battery-energy-storage-system.com/news/svolt-semi-solid-battery-b-sample.html
https://www.energypolicy.columbia.edu/publications/assessing-the-policy-ecosystems-and-scaling-pathways-of-direct-lithium-extraction/
https://www.energypolicy.columbia.edu/publications/assessing-the-policy-ecosystems-and-scaling-pathways-of-direct-lithium-extraction/
https://www.energypolicy.columbia.edu/publications/assessing-the-policy-ecosystems-and-scaling-pathways-of-direct-lithium-extraction/
https://www.energypolicy.columbia.edu/publications/assessing-the-policy-ecosystems-and-scaling-pathways-of-direct-lithium-extraction/
https://www.oecd.org/content/dam/oecd/en/publications/reports/2026/04/oecd-inventory-of-export-restrictions-on-critical-raw-materials-2026_2cedac0b/d5ca8f62-en.pdf
https://www.oecd.org/content/dam/oecd/en/publications/reports/2026/04/oecd-inventory-of-export-restrictions-on-critical-raw-materials-2026_2cedac0b/d5ca8f62-en.pdf
https://www.oecd.org/content/dam/oecd/en/publications/reports/2026/04/oecd-inventory-of-export-restrictions-on-critical-raw-materials-2026_2cedac0b/d5ca8f62-en.pdf
https://www.oecd.org/content/dam/oecd/en/publications/reports/2026/04/oecd-inventory-of-export-restrictions-on-critical-raw-materials-2026_2cedac0b/d5ca8f62-en.pdf
https://doi.org/10.1038/s41559-026-03068-4
https://doi.org/10.1038/s41559-026-03068-4
https://doi.org/10.1017/bhj.2024.4
https://doi.org/10.1017/bhj.2024.4
https://doi.org/10.1016/j.est.2026.121887
https://doi.org/10.1016/j.est.2026.121887
https://doi.org/10.3390/ma16216970
https://doi.org/10.3390/ma16216970
https://doi.org/10.1093/restud/rdv008
https://doi.org/10.1093/restud/rdv008
https://www.theinformation.com/newsletters/the-electric/electric-idle-chinese-plants-inviting-business-u-s-battery-startups
https://www.theinformation.com/newsletters/the-electric/electric-idle-chinese-plants-inviting-business-u-s-battery-startups
https://www.theinformation.com/newsletters/the-electric/electric-idle-chinese-plants-inviting-business-u-s-battery-startups
https://www.ft.com/content/b4c868aa-28e7-4f35-8357-88e59a4fa9c2?syn-25a6b1a6=1
https://www.ft.com/content/b4c868aa-28e7-4f35-8357-88e59a4fa9c2?syn-25a6b1a6=1
https://about.bnef.com/insights/clean-transport/electric-vehicle-outlook/
https://about.bnef.com/insights/clean-transport/electric-vehicle-outlook/
https://www.wsj.com/business/autos/detroit-automakers-take-50-billion-hit-as-ev-bubble-bursts-06a97414
https://www.wsj.com/business/autos/detroit-automakers-take-50-billion-hit-as-ev-bubble-bursts-06a97414
https://www.wsj.com/business/autos/detroit-automakers-take-50-billion-hit-as-ev-bubble-bursts-06a97414


3 8  			 

﻿82 Richard Milne, “Northvolt failure raises stakes for 
Europe’s battery industry,” Financial Times, May 22, 2025, 
https://www.ft.com/content/63b16b6a-e143-4e2c-ac27-
5d3f7a89a41f?syn-25a6b1a6=1. 

﻿83 Nicole Willing, “POSCO Future M invests in US-based 
Factorial to develop all-solid-state batteries,” Charged 
Electric Vehicles Magazine, February 24, 2026, https://
chargedevs.com/newswire/posco-future-m-invests-in-us-
based-factorial-to-develop-all-solid-state-batteries/. 

﻿84 Park Jae-Hyuk, “LG, SK, Samsung eye US LFP battery 
production amid China’s dominance,” Korea Times, 
July 15, 2025, https://www.koreatimes.co.kr/business/
companies/20250715/korean-battery-giants-target-us-lfp-
battery-production-to-challenge-chinas-market-dominance. 

﻿85 Joyce Lee,”LG Energy Solution wins $1.4 bln order to 
supply Mercedes-Benz EV batteries,” Reuters, December 
7, 2025, https://www.reuters.com/world/asia-pacific/lg-
energy-solution-wins-14-bln-order-supply-mercedes-benz-
ev-batteries-2025-12-07/. 

﻿86 Directorate-General for Internal Market, Industry, 
Entrepreneurship and SMEs, “Industrial Accelerator 
Act,” European Commission, 4 March 2026, https://
single-market-economy.ec.europa.eu/publications/
industrial-accelerator-act_en. 

﻿87 Rhodium Group and MIT Center for Energy 
and Environmental Policy Research, https://www.
cleaninvestmentmonitor.org/.

﻿88 Jason Hewitt, Michael E. Leiter, and Wesley Lainé, 
“European Commission Proposes Industrial Accelerator 
Act: Prioritizing Strategic Sectors, ‹Made in EU› 
Requirements and FDI Controls,” Skadden, Arps, 
Slate, Meagher & Flom LLP, April 2026, https://
www.skadden.com/insights/publications/2026/04/
european-commission-proposes-industrial-accelerator-act.

﻿89 “Lessons from the failure of Northvolt,” The Economist, 
November 28, 2024, https://www.economist.com/
leaders/2024/11/28/lessons-from-the-failure-of-
northvolt; Anya Sidhu, “Morrow files for bankruptcy 
as European-owned cell capacity continues to fall,” 
Benchmark Minerals Intelligence, May 7, 2026, https://
source.benchmarkminerals.com/article/morrow-files-for-
bankruptcy-as-european-owned-cell-capacity-continues-to-
fall. 

﻿90 Energy Monitor, The Gigafactory Race: How Western 
Governments Bet Big on Battery Manufacturing (2023) 
https://www.energymonitor.ai/tech/batteries/gigafactory-
race-western-governments-battery-manufacturing/﻿

﻿91 “Detroit Automakers Take $50 Billion Hit as EV Bubble 
Bursts,” Wall Street Journal, February 13, 2026, https://
www.wsj.com/business/autos/detroit-automakers-take-50-
billion-hit-as-ev-bubble-bursts-06a97414; Julia Poliscanova, 
“Why European Automakers Could Miss Out on the 
Global EV Boom,” Transport & Environment, May 18, 
2026, https://www.transportenvironment.org/articles/why-
european-automakers-could-miss-out-on-global-ev-boom.

﻿92 Dennis Normile, “South Korea to Join the European 
Union’s Research Funding Program,” Science, June 10, 
2024, https://www.science.org/content/article/south-
korea-join-european-union-s-research-funding-program; 
David Matthews, “What Japan’s Association Means for 
Horizon Europe,” Science Business, January 8, 2026, 
https://sciencebusiness.net/news/horizon-europe/
what-japans-association-means-horizon-europe.

https://www.ft.com/content/63b16b6a-e143-4e2c-ac27-5d3f7a89a41f?syn-25a6b1a6=1
https://www.ft.com/content/63b16b6a-e143-4e2c-ac27-5d3f7a89a41f?syn-25a6b1a6=1
https://chargedevs.com/newswire/posco-future-m-invests-in-us-based-factorial-to-develop-all-solid-state-batteries/
https://chargedevs.com/newswire/posco-future-m-invests-in-us-based-factorial-to-develop-all-solid-state-batteries/
https://chargedevs.com/newswire/posco-future-m-invests-in-us-based-factorial-to-develop-all-solid-state-batteries/
https://www.koreatimes.co.kr/business/companies/20250715/korean-battery-giants-target-us-lfp-battery-production-to-challenge-chinas-market-dominance
https://www.koreatimes.co.kr/business/companies/20250715/korean-battery-giants-target-us-lfp-battery-production-to-challenge-chinas-market-dominance
https://www.koreatimes.co.kr/business/companies/20250715/korean-battery-giants-target-us-lfp-battery-production-to-challenge-chinas-market-dominance
https://www.reuters.com/world/asia-pacific/lg-energy-solution-wins-14-bln-order-supply-mercedes-benz-ev-batteries-2025-12-07/
https://www.reuters.com/world/asia-pacific/lg-energy-solution-wins-14-bln-order-supply-mercedes-benz-ev-batteries-2025-12-07/
https://www.reuters.com/world/asia-pacific/lg-energy-solution-wins-14-bln-order-supply-mercedes-benz-ev-batteries-2025-12-07/
https://single-market-economy.ec.europa.eu/publications/industrial-accelerator-act_en
https://single-market-economy.ec.europa.eu/publications/industrial-accelerator-act_en
https://single-market-economy.ec.europa.eu/publications/industrial-accelerator-act_en
https://www.cleaninvestmentmonitor.org/
https://www.cleaninvestmentmonitor.org/
https://www.skadden.com/insights/publications/2026/04/european-commission-proposes-industrial-accelerator-act
https://www.skadden.com/insights/publications/2026/04/european-commission-proposes-industrial-accelerator-act
https://www.skadden.com/insights/publications/2026/04/european-commission-proposes-industrial-accelerator-act
https://www.economist.com/leaders/2024/11/28/lessons-from-the-failure-of-northvolt
https://www.economist.com/leaders/2024/11/28/lessons-from-the-failure-of-northvolt
https://www.economist.com/leaders/2024/11/28/lessons-from-the-failure-of-northvolt
https://source.benchmarkminerals.com/article/morrow-files-for-bankruptcy-as-european-owned-cell-capacity-continues-to-fall
https://source.benchmarkminerals.com/article/morrow-files-for-bankruptcy-as-european-owned-cell-capacity-continues-to-fall
https://source.benchmarkminerals.com/article/morrow-files-for-bankruptcy-as-european-owned-cell-capacity-continues-to-fall
https://source.benchmarkminerals.com/article/morrow-files-for-bankruptcy-as-european-owned-cell-capacity-continues-to-fall
https://www.energymonitor.ai/tech/batteries/gigafactory-race-western-governments-battery-manufacturing/
https://www.energymonitor.ai/tech/batteries/gigafactory-race-western-governments-battery-manufacturing/
https://www.wsj.com/business/autos/detroit-automakers-take-50-billion-hit-as-ev-bubble-bursts-06a97414
https://www.wsj.com/business/autos/detroit-automakers-take-50-billion-hit-as-ev-bubble-bursts-06a97414
https://www.wsj.com/business/autos/detroit-automakers-take-50-billion-hit-as-ev-bubble-bursts-06a97414
https://www.transportenvironment.org/articles/why-european-automakers-could-miss-out-on-global-ev-boom
https://www.transportenvironment.org/articles/why-european-automakers-could-miss-out-on-global-ev-boom
https://www.science.org/content/article/south-korea-join-european-union-s-research-funding-program
https://www.science.org/content/article/south-korea-join-european-union-s-research-funding-program
https://sciencebusiness.net/news/horizon-europe/what-japans-association-means-horizon-europe
https://sciencebusiness.net/news/horizon-europe/what-japans-association-means-horizon-europe


CarnegieEndowment.org


	Introduction
	Key Findings 
	Historic Rise of Batteries
	Battery Tech and Market Trends
	Battery Chemistry Analysis 
	The LFP Priority
	Next-Gen Battery Adoption 
	Market Challenges and Opportunities 
	Scenarios and Pathways to More Balanced Battery Markets
	Pragmatic Policy Decisions
	Conclusion 
	Notes

