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ABSTRACT

Based on a program to develop a zero-emission electric vehicle (EV) launched in 1990, between
1996 and 1999 General Motors (GM) produced 1,117 EV1s, leasing them to selected customers.
In October 2000, however, having ceased the production of EV1s, GM sold its EV battery joint
venture with Energy Conversion Devices to Texaco. Then, from April 2003, GM began to reclaim
the EV1s from their users and literally crushed them out of existence. Recognizing the opening
created by GM’s destruction of the EV1, in July 2003, Martin Eberhard and Marc Tarpenning
founded Tesla. Ten months later, Elon Musk became Tesla’s main financial backer and chairman,
investing $6.35 million of the $7.5 million raised in Tesla’s first round of venture funding. Flash
forward 15 years to 2019, when Tesla sold 367,656 battery electric vehicles (BEVs) worldwide,
with 51.5 percent delivered outside the United States, including 42,715 BEVs produced and sold
in China. Tesla’s success signaled that the United States was positioned to become the leader of
the global EV transition. That apparent lead was short-lived. China-based BYD, which sold just
147,185 BEVs in 2019, delivered 2,256,714 BEVs in 2025, compared with Tesla’s 1,636,129.
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BYD also sold 2,288,709 plug-in hybrids (PHEVs), compared with Tesla’s zero, and the Chinese
company could claim global leadership in both types of EV. Moreover, inside every vehicle BYD
delivered in 2025 was a BYD battery, making the company the world’s second largest EV battery
maker. BYD’s 16.4 percent share of the global EV battery market was less than half the 39.1
percent share of China-based CATL, a pure-play battery maker, but far surpassed Korea-based LG
Energy Solution, in third place with a 9.3 percent share. Japan-based Panasonic, which supplies
the batteries for Tesla’s EVs produced in the United States, had 3.9 percent of the global EV battery
market in 2025. Asia is home to all the leading EV battery companies, while the United States can
claim no major EV battery maker. This paper documents the rise to global dominance of the Asian
EV battery companies, focusing on Panasonic, LG Energy Solution, BYD, and CATL. Building
on the contents of this paper, we are currently deploying the “theory of innovative enterprise” to
explain fully, in future papers, the sources of competitive advantage of the Asian battery makers
and the reasons why the United States has fallen so far behind in the development and production
of this critical technology.
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The EV transition: China’s race to lose

On January 4, 1990, Roger Smith, CEO of General Motors, announced at the Los Angeles auto
show that his company was about to launch a program to develop a zero-emission electric vehicle
(EV), known as Impact.! The choice of name for the sporty, two-door concept EV quickly provided
late-night comedians with a gag line—Johnny Carson quipped that Ford was producing a
competitor called “Whiplash”.? On Earth Day, April 22, 1990, Smith took the even bolder step of
claiming that, within the decade, GM would mass produce 25,000 Impacts per year. The California
Air Resources Board (CARB) took GM’s announcement seriously, using it in September 1990 to
justify establishing a mandate that required leading car manufacturers to include zero-emission
vehicles as at least two percent of their car units sold in the State by 1998, five percent by 2001,
and ten percent by 2003.3 GM, in other words, was spearheading an EV transition that was sure to
transform both the auto industry and significantly reduce the deleterious impact of fossil fuels on
the global environment.

Robert Stempel, Smith’s successor as GM CEO as of August 1990, was an ardent champion of the
Impact project. An engineer, he was the first genuine “car guy” to lead GM since the 1950s. In
1973-1975, Stempel had made his mark in mid-career by overseeing GM’s transition to catalytic
converters on all its cars, a technological advance that reduced air pollution while also requiring
that the national fuel supply be transitioned to the use of unleaded gas. After a decade of losing
market share to the Japanese as, under Smith, GM had wasted $90 billion on top-down automation,
the new CEO understood that the company needed to secure the commitment of its shop-floor
labor force to improve the quality and lower the cost of its current line of cars. Profits from these
internal-combustion engine (ICE) vehicles could then provide the company with the financial
commitment to invest the billions of dollars required to develop the Impact, the first step in GM’s
strategy to become the global leader in the EV transition that could take place in the first decades
of the 21% century.

To set the stage for the organizational integration of GM’s blue-collar workers into an effective
strategy of manufacturing innovation, in a contract with the United Auto Workers (UAW) in
September 1990, Stempel committed $4 billion to a job-guarantee program that was essential to
securing the cooperation of GM’s labor force in adopting Japanese manufacturing methods—
which American observers had begun to call “lean” production—be it for internal-combustion-
engine (ICE) vehicles in the here-and-now or EVs in the post-millennium decades.* During the
1980s, GM had already found proof of the importance of employment security to car innovation
at both NUMMI, its California-based small-car joint venture (JV) with Toyota, and Saturn, its
wholly owned Japanese-style subsidiary in Tennessee, which had started shipping its cars to
customers in 1990.5

In the year and a half following the agreement with the UAW, however, economic recession stalled
the demand for cars, leaving GM with $9.5 billion in total losses (before extraordinary items) in
1990-1992. In October 1992, Stempel was forced to resign, with a finance guy, Jack Smith, taking
his place as CEO. From that point forward, GM became a company bent on “maximizing
shareholder value”, with only a minimal commitment to its Impact EV project.®



In 1993, the Impact team struck a compromise to ensure that the program would not be cancelled
outright. GM’s head of the Impact program, Kenneth Baker, offered GM’s top managers an option
to fund 50-100 hand-built Impacts and initiate a partnership with Ford and Chrysler to defray R&D
costs. By forming “TeamUSA”, as Baker called it, GM, Ford, and Chrysler could respond, at the
lowest possible cost, to the California zero-emission mandate and potential Japanese competition.’
Calling the TeamUSA collaboration “EV3”, the Big Three established a unified front to develop
EV technology while also securing subsidies from the Department of Energy that greatly reduced
R&D costs that the automakers had begun to absorb. In 1991, as a precursor to gaining government
support, the three companies formed the U.S. Advanced Battery Consortium (USABC), which
remains in existence today.

In 1993, however, first Chrysler withdrew from TeamUSA, thus transforming the collaboration
from EV3 to EV2, then Ford left, leaving GM to go it alone with the Impact. Subsequently, GM
dropped Impact as the car’s name, adopting instead EV1. With the caption “Teamwork in Action”,
the cover of GM’s 1995 Annual Report displays, front and back, a picture of about 400 GM
employees semi-circled around their shiny red EV1. The message: GM was positioned to become
the first major car company to mass produce a battery electric vehicle (BEV). Beginning in 1996,
GM put a total of 1,117 EV1s on the road. Bearing the GM badge, the company leased the EV1s
to select, often high-profile, customers through its Saturn dealerships.®

From April 2003, GM began to reclaim the EV1s from their users and, as graphicly documented
in the 2006 film, Who Killed the Electric Car?,’ GM literally crushed almost all the EV1s that it
had produced from 1996 to 1999 out of existence. In fact, however, the EV1 project had already
been extinguished on October 10, 2000, when, GM sold to Texaco (among the largest U.S.-based
petroleum companies) its 60 percent stake in the GM Ovonic EV battery JV with Energy
Conversion Devices (ECD). The JV had been supplying innovative nickel metal hydride (NiMH)
batteries to the second-generation EV1 (produced in 1999). With Ovonic NiMH batteries on board,
the EV1 had a range on one charge of about 200 miles, compared to the 100-mile range when
equipped with lead-acid batteries that powered the first-generation EV1s. In exiting GM Ovonic,
GM in effect reduced the scope of NiMH batteries to small-format uses only, which limited their
use to consumer electronics and hybrid-vehicle applications rather than the large-format batteries
required for BEVs.!? Over the next two decades, lithium-ion (Li-ion) supplanted NiMH as the
battery of choice in most consumer electronics and EV applications. GM’s leadership in the EV
transition with its 1990 Impact project, is now remembered as one of the company’s most
egregious failures.

GM’s deliberate exit from the incipient EV industry left open the opportunity for a competitor to
emerge as a first-mover in mass producing an EV. On July 1, 2003, the challenge was taken up by
Martin Eberhard and Marc Tarpenning, who founded Tesla as a BEV company in California. Elon
Musk invested in the fledgling company in February 2004, making himself chairman of the board
as of April 2004. After ousting CEO Eberhard in late 2007, Musk became Tesla CEO in early
2008. Over the next decade, Tesla emerged as the pioneer and leader in the production of BEVs,
including winning permission from the Chinese government to be the first wholly owned foreign
car company permitted to mass produce in the PRC, thus playing a key role in sparking the global
EV transition.!" But Tesla has not innovated in the most critical component of the EV: the
rechargeable battery—which is one important reason why in 2025 Tesla’s unit BEV sales were



only 72.5 percent of those of the global BEV leader, China-based BYD.!? Moreover, in 2025, in
addition to 2,256,714 BEVs, BYD sold 2,288,709 plug-in hybrid electric vehicles (PHEVs),
placing it well ahead of Tesla which delivered 1,654,667 BEVs and zero PHEVs.

Not only the world’s largest BEV and PHEV manufacturer, in 2025 BYD was also the world’s
second-largest EV battery producer, with 16.4 percent of the global market, behind China-based
CATL, a pure-play battery maker with 39.1 percent.!*> The next eight EV battery companies in
2025 were Korea-based LG Energy Solution (9.3 percent), China-based CALB (5.3 percent),
China-based Gotion High Tech (4.5 percent), Korea-based SK On (3.7 percent), Japan-based
Panasonic (3.5 percent), China-based Eve Energy (2.6 percent), Korea-based Samsung SDI (2.4
percent), and China-based Svolt (2.4 percent). In 2014, Panasonic and Tesla kicked off the current
EV battery race by building the first “Gigafactory”—a direct response to the limitations posed by
global Li-ion production capacity at that time, which had been built for a booming portable
electronics sector. Tesla remains dependent on Asian firms for its batteries and has so far failed in
its efforts to mass produce high-quality batteries on its own.!*

This paper is the introduction to a book project undertaken by the Academic-Industry Research
Network (AIRnet), funded thus far by the Institute for New Economic Thinking (INET), to analyze
the role of corporate financialization in the failure of U.S. businesses to lead in EV batteries. The
case of EV batteries is another example of U.S. loss of global leadership in a critical technology.
Other examples include the failure of Cisco Systems!'® to become a global competitor in 5G
communications and Internet of Things; the failure of Intel'® to lead in advanced semiconductor
fabrication; and the failure of Boeing!” to produce safer, more efficient commercial planes. Our
project seeks to explain why, despite the historical market, technology, and competitive advantages
of companies operating in the United States, the nation lacks a major EV battery manufacturer—
and why Asian companies based in Japan, South Korea, and, especially, China became world
leaders.

In section two, we discuss the innovation challenges presented by EVs by focusing on Li-ion
battery cells as a key EV component. We describe how dominant Li-ion cell chemistries such as
NMC, NCA, and LFP present performance tradeoffs regarding range, safety, and cost, and how
their mass production has driven a massive decline in battery prices. We then highlight the critical
role played by the U.S. government in funding R&D for EV battery development, through agencies
such as the Department of Energy (DoE) and government-business partnerships such as the
USABC. Without the complementary investments of the U.S. government in technology and
market development, no EV transition would be occurring today.

In section three, we describe Sony’s emergence as the first-mover in rechargeable Li-ion batteries,
transferring technology from the West to Japan. After explaining why Sony did not become a
leader in EV batteries, we turn to the rise of four companies that did: Panasonic in Japan, LG
Energy Solution (LGES) in South Korea, BYD in China and CATL in China. We apply the theory
of innovative enterprise (TIE) to the construction of business histories of the four companies,
focusing on the ways in which strategic control, organizational integration, and financial
commitment permitted them to develop capabilities that established them as major players in
consumer electronics as a precursor to capturing dominant shares of the growing global EV battery
market.



In the final section, we highlight key roles of the social conditions of innovative enterprise in the
emergence of the Asian companies as global leaders in the EV battery industry. We then assert,
citing some of our previous publications and drawing on research-in-progress on the subject, that
the pervasive scourge of corporate financialization has undermined U.S. capabilities to produce
EV batteries and attempts to implement “U.S. Industrial Policy”. The case of EV batteries goes
well beyond the success or failure of a particular industrial sector. It is paradigmatic of the deep
political, economic, and cultural problems that plague the U.S. economy and society today.

Innovation challenges

We define innovation as the production of higher-quality, lower-cost products than were
previously available. In the case of rechargeable batteries, “higher-quality” refers to specific
energy, specific power, duty cycle, charge rates, and safety as important factors in what may be
deemed innovative. “Low-cost” batteries result from scale and, for a given battery chemistry,
sufficient resource availability. As the highest-cost component of a modern EV with the greatest
impact on the EV’s range, safety, duty cycle, and convenience, automakers have a strong interest
in investing in innovative batteries as a key source of competitive advantage.

Today’s EVs use Li-ion cells that are comprised of anodes, cathodes, a separator, and an
electrolyte, packaged using cylindrical, prismatic, or pouch form factors. Cylindrical or “jelly roll”
batteries are the most recognizable form factor, packaging battery components into tubular metal
cases of various sizes, with a 16850 Li-ion battery resembling, for example, the common “AA”
single-use battery. The prismatic form factor stacks the battery components into rigid rectangular
cases of various sizes, which may also be metal, resembling the lead-acid battery in a typical
automobile. Pouch batteries also stack the key components together, but within a laminate bag (or
“pouch”) that is more flexible, lighter in weight, and potentially more space efficient.

Li-ion battery anodes are typically carbon-based materials such as graphite. Cathodes, on the other
hand, are distinguished by a variety of material combinations. Current dominant cathodes for EV
batteries are lithium nickel manganese cobalt oxide (NCM), lithium nickel cobalt aluminum oxide
(NCA), and lithium iron phosphate (LFP). Each commercially successful Li-ion battery chemistry
thus far has underpinned progress in the global EV transition. Each chemistry, however, makes
tradeoffs in terms of performance (range, charging rates, discharging rates, duty cycle), safety, and
cost. Figure 1 illustrates these differences as a performance envelope.

Between 2020 and 2025, the EV transition was accelerating, with sales of EVs increasing from
about 3.0 million to 20.7 million, equal in 2025 to about 23 percent of the global auto market.!®
China-based BYD surpassed U.S.-based Tesla as the #1 EV producer in 2025, with 2.3 million
BEYV sales versus Tesla’s 1.7 million, and, with PHEVs included, 4.6 million EV sales overall,
equal to about 22 percent of the global EV market. As a vertically integrated automobile company,
BYD manufactures its own batteries, which have helped position LFP as a dominant chemistry.
Tesla has relied, as have other automakers, on securing access to battery technologies through a
growing number of strategic alliances or supplier relationships with Asian companies. Tesla
initially partnered with Japan’s Panasonic to supply Li-ion cells for EVs produced for U.S. and
European markets. Upon setting up manufacturing in Shanghai, China in 2019, Tesla selected



CATL and, more recently, BYD to supply batteries for the EVs that it produces in China or at its
new gigafactory in Germany. As Tesla and other “Western” automakers have outsourced battery
cells, battery producers have greatly expanded supply, with the cost of batteries plummeting.

Figure 1: Types of Lithium-ion cathodes
Cathodes dominant in consumer electronics

LITHIUM COBALT OXIDE LITHIUM MANGANESE OXIDE LITHIUM TITANIUM OXIDE
LCO

LMO LTO

Lithium Cobalt Oxide cathodes
are a popular choice for laptops,
smartphones, and digital cameras.

Cathodes dominant in EVs

LITHIUM NICKEL MANGANESE LITHIUM NICKEL COBALT
COBALT OXIDE ALUMINUM OXIDE L TRIOM IRON EHOSERATE
LFP

NMC NCA

NMC batteries are named after different ratios Nickel-based cathodes like LFP batteries are used in energy
of minerals in the cathode. For example. the NMC and NCA offer high specific storage systems and short-range
NMC811 cathode comprises 80% nickel, 10% energy, making them ideal for EVs for their unmatched safety
manganese, and 10% cobalt, along with lithium. long-range EVs. and long lifespans.

Adapted from: Govind Bhutada, Christina Kostandi, and Clayton Wadsworth, “The Six Major Types of Lithium-ion
Batteries: A Visual Comparison,” Visual Capitalist, April 18, 2023.

As Li-ion batteries were produced for a booming portable electronics revolution, roughly, between
1991-2007, the cost of battery cells fell by an order of magnitude. Figure 2 illustrates the dramatic
decline in Li-ion battery prices more generally over the last 34 years. As the new era of Li-ion
powered EVs began, with Tesla and BYD acting as first-movers from about 2008, it set the stage
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for prices of Li-ion battery cells to fall by another order of magnitude, as BEV and PHEV
production accelerated. As battery producers gained experience, some diversified into electric grid
energy storage—greatly expanding the potential extent of the market for Li-ion batteries, while
creating opportunities for new innovative chemistries, like Sodium-ion batteries, to gain a
foothold. Battery innovation, in other words, is foundational for not only a broader transformation
of transportation technologies, but also transitioning electric grids toward expanded utilization of
zero-emission sources of renewable energy.

Figure 2: Cost of Li-ion battery cells, 1991-2024, with insert for 2008-2024
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Source: “Price of lithium-ion battery cells,” Our World in Data, November 19, 2025.

The stunning success of the rechargeable Li-ion battery led to recognition in 2019 of the pioneering
research of three scientists, sharing in a Nobel prize for fundamental contributions that “laid the
foundation of a wireless, fossil fuel-free society, and are of the greatest benefit to humankind.”!”
Two of the researchers, Stanley Whittingham and Akira Yoshino, made their key discoveries in
the corporate labs of chemical companies; respectively, U.S.-based Exxon (now Exxon Mobil) and
Japan-based Asahi Kasei. Whittingham was awarded the prize for establishing the “intercalation”
principle of the batteries in the early 1970s—in essence demonstrating their ability to be
rechargeable. Yoshino discovered a viable carbon anode for the battery. The third researcher, John
B. Goodenough, identified viable cathodes over the course of a long career within university
labs—first at Oxford University in the United Kingdom and then in the United States at the
University of Texas, Austin.

Each of their contributions made it possible for Sony, the Japanese consumer-electronics giant, to
produce the first commercially available rechargeable Li-ion batteries in 1991.2° Although Sony
claimed to have discovered a viable chemistry through its own trial-and-error efforts carried out
in the 1980s,?! it nevertheless had to license its right to produce the first lithium cobalt oxide (LCO)
batteries from the Atomic Energy Research Establishment (AERE) of the U.K., which had
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purchased the rights to the cathode in turn from a disinterested University of Oxford and a
bamboozled John Goodenough (who, given his contributions to the science of lithium batteries
probably should have died fabulously rich rather than merely fabulously renowned).

Rechargeable Li-ion batteries are superior to the lead acid, nickel cadmium, and nickel metal
hydride batteries that preceded them, capable of storing and delivering more power per unit weight.
As such, the devices into which they have been integrated can be smaller, lighter, more powerful,
and longer lasting. By the 1990s, Sony, Matsushita (which changed the corporation’s name to
Panasonic in 2008),22 LG Chem?3, ATL,** and BYD were able to pluck the world’s best battery
chemistries off the proverbial shelf, the critical R&D having been completed in university,
government, and corporate labs, in some cases decades earlier.

The foundational research carried out by the Nobel laureates Whittingham and Goodenough was
supported in part by the U.S. government,?® which has for decades allocated billions of dollars to
the development of batteries, powertrains, and a market for EVs, using a variety of policy tools.
Among them are pollution emission standards set by the Clean Air Act of 1970 and the
establishment of the Corporate Average Fuel Economy (CAFE) standard in 1975, which have
functioned as “‘sticks”—setting emission and fuel economy targets that require investment by
automakers in improved vehicle technologies.

In response to the oil embargo of 1973, Congress passed the Electric and Hybrid Vehicle Research,
Development, and Demonstration Act, providing $160 million (about $1.2 billion in 2025 dollars)
to facilitate development of electric vehicles and hybrids. The Department of Energy (DoE),
formed in 1977, has provided $13.1 billion ($20.0 billion in 2025 dollars) in R&D funding for
vehicle technologies since 1978.26

A large portion of the R&D funding supported business-government partnerships for innovative
battery production. In January 1990, as we noted above, GM unveiled a prototype EV called the
“Impact”, at the time signaling its intention to begin an EV transition. In September 1990,
responding to GM’s proclamation that a mass-production EV was now imminent, California
required that a condition for each of seven major automakers to sell cars in California was that two
percent of their sales had to be zero-emission vehicles (ZEV) by 1998, escalating to ten percent by
2003.

In 1991, GM, Ford, and Chrysler set up the U.S. Advanced Battery Consortium (USABC) to fund
R&D for innovative EV batteries. Following the Energy Policy Act of 1992, the USABC became
a business-government partnership, the DoE contributing half the group’s annual budget, with seed
funding in its first year of $94.5 million.?” From 1991 through 2013, the DoE’s $971 million
investment in battery R&D directly supported the commercialization of hybrids and EVs using
advanced NiMH and Li-ion batteries.?® Under the 2009 American Recovery and Reinvestment Act
(ARRA), the DoE set up ARPA-e, modeled after DARPA, to fund radical energy innovations.
Since its inception in 2009, ARPA-¢ has allocated $5.2 billion in R&D funding ($6.5 billion 2025
dollars), of which over $1 billion has supported advanced electric-vehicle powertrain and battery
research as well as commercial scale-up activities.



The 1992 Energy Policy Act provided a ten-percent tax credit toward the purchase of an EV
(capped at $4,000) to facilitate the formation of a market for EVs. The 2009 ARRA revised the
EV tax credit to provide a maximum of $7,500 (or 30 percent of the purchase price), but only for
the first 200,000 units of a model sold by an EV manufacturer (whereupon a phaseout began).
Under the Inflation Reduction Act (IRA) of 2022, consumers could also receive up to $4,000 on
used EVs priced up to $25,000. The $7,500 and $4,000 credits are contingent on household income
and EV price caps, with qualifying EVs also subject to new domestic content requirements.

The ARRA and IRA both subsidized battery manufacturing. Under the ARRA, the advanced
technology vehicles manufacturing loan program provided $465 million to Tesla and $1.4 billion
to Nissan to support EV production. Another $2.4 billion was provided to Li-ion battery startup
A123 Systems and Johnson Controls to support domestic battery manufacturing. The IRA provides
a maximum $45/kWh credit for battery cells and battery packs made in the U.S., with a ten percent
credit for battery mineral processing, and a 30 percent credit for investment in battery
manufacturing, recycling, and processing centers (as well as energy storage systems). The
manufacturing credits are a key reason why the U.S. has, since 2022, recorded $141 billion in
battery-related project investments, led by several major automakers and foreign battery
companies with which they have partnered.?’

Notwithstanding government efforts since the 1970s to invest in battery R&D and to institute
policies that promote investment in vehicle electrification as a strategy for energy “independence”
or pollution mitigation, the U.S. finds itself in “catch-up mode”. The production of high-quality,
low-cost rechargeable batteries is critical to the success of the EV transition. Yet the U.S. has failed
to spawn a company with the capability to supply batteries for the 1.3-1.5 million EVs (BEVs and
PHEVs) sold in the U.S. in 2025, let alone enough to electrify, hypothetically, the other 15 million
ICE vehicles sold in the U.S. market that same year.*® In their efforts to secure access to state-of-
the-art batteries, the U.S.’s major automakers have instead turned to global battery leaders LGES,
SK On, Panasonic, and CATL, seeking to establish U.S.-based manufacturing of battery cells via
entry into JVs or licensing agreements with foreign partners.’!

Companies based in the U.S. and abroad face two key barriers as they seek to gain strategic control
over present and future innovations in battery technology. The first is political. Following the re-
election of Donald Trump in 2024, policies intended to promote EV sales and the “onshoring” of
EV-battery production were either cancelled or revised, causing companies to put clean-tech
investments, including battery production plans, on hold.*> The $7,500 tax credit for new EV
purchases and $4,000 tax credit for used EV purchases introduced by the IRA were canceled in
September 2025 after passage of the Trump Administration’s One Big Beautiful Bill Act.
Subsidies that reward manufacturers for domestic production of rechargeable batteries were
largely left alone, but the administration can deny “prohibited foreign entities” from access to the
credits. At present, “foreign entities” with ties to China, Russia, Iran, or North Korea are precluded
from access to U.S. subsidies. The value of any subsidy is, however, dependent on robust and
growing EV sales, which have been dampened by the loss of available tax credits.®

The second barrier is ideological. As important as industrial policy has been to U.S. companies
seeking to compete in clean technologies, the actions of the last two presidential administrations
have been far less decisive than the innovation strategies of U.S.-based businesses over the last



several decades. As we argue in our book-in-progress on corporate financialization in the United
States, the U.S. companies that might have played bigger roles in establishing a lithium-battery
supply chain instead adopted the fallacious ideology that “maximizing shareholder value” is the
foundation of the most efficient economy. As a result, there are no major EV battery producers in
the United States.

The Asian competitors
The pioneers: Sony and Asahi Kasei

Sony’s entry into batteries began in 1975, when it commenced a 50:50 JV with U.S.-based Union
Carbide, at that time the world leader in consumer batteries. Union Carbide gained access to the
Japanese market, boosted by the brand recognition of Sony, which distributed Union Carbide’s
battery cells under the “SonyEveready” trademark. Sony expanded its role in the JV by
establishing a battery manufacturing facility in Koriyama, Japan in 1977, where it began making
silver oxide coin batteries, to which it added alkaline coin batteries in 1979 and lithium coin
batteries in 1982.3% In 1979, Sony launched a revolution in portable electronics by releasing its
innovative “Walkman” portable cassette player, which epitomized the company’s success in
developing and miniaturizing complex consumer electronics devices. However, the appetite for
batteries in devices such as the Walkman was a prompt for battery makers like Sony to create non-
toxic (mercury-free) alkaline batteries or rechargeable alternatives that would allow a shift away
from nickel cadmium batteries, particularly as the Japanese public became concerned about their
impacts on health and the environment.

In the 1980s, according to Sony’s corporate history, it began to push Union Carbide’s management
to invest in rechargeable Li-ion battery technology, not only to reduce battery waste but to enable
development of more innovative portable electronics products. In late 1985, however, following a
tragic industrial accident in 1984 at one of its plants in Bhopal, India, Union Carbide became
embroiled in a hostile takeover bid by Samuel Heyman’s GAF conglomerate.*® This attack led
directly to the sale of Union Carbide’s consumer products division, which included its world-
leading battery business. Keizaburo Tozawa, an architect of the SonyEveready JV, who became
Sony’s chairman in 1984, flew to the U.S. after the news to negotiate a buyout. In March 1986,
Sony completed the purchase for $12 million, agreeing to drop the SonyEveready brand and
manufacture batteries under “Sony Energytec” going forward.?’

Under Tozawa, Sony committed to developing its own rechargeable Li-ion battery, pursuing
development via six independent R&D groups, while benefitting from a shared R&D effort into
which it entered with Japan’s Asahi Kasei. Akira Yoshino, an employee of Asahi Kasei and future
Nobel Prize winner, discovered that using petroleum coke (soft carbon) as an anode and
Goodenough’s LCO as a cathode produced a viable rechargeable Li-ion battery. To maximize
secrecy, Isao Kuribayashi and Akira Yoshino flew to New York seeking pilot battery production
plant equipment. From there they went to Boston to have prototype samples produced by Battery
Engineering, Inc. in “a converted truck garage next door to an auto body shop”.*® Led by Nikola
Marincic, a chemical engineer who had worked for GTE and Duracell, Battery Engineering could
produce specialized batteries on-site with a staff of four PhDs and several assemblers. By late
1986, Asahi Kasei had working prototypes of size C “jellyroll” Li-ion batteries produced by
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Battery Engineering that had been lab tested as well as cleared by the U.S. Department of
Transportation for air transport.

As a chemical firm with no electronics segment that might consume its internal production, Asahi
Kasei showed its prototypes to Sony in January 1987, hoping to make it a large customer. Over
subsequent months the companies set up cooperative R&D activities, with each company’s
employees allowed to move freely to and from each other’s labs. Notwithstanding their
collaborations, Sony claimed in its official history that it had made the critical breakthrough by
means of its own dogged in-house battery R&D efforts, which yielded a virtually identical battery
chemistry to that developed by Asahi Kasei.*

Sony then succeeded in beating Asahi Kasei to market, commercializing the first rechargeable Li-
ion batteries in 1991, after purchasing a license to produce the LCO cathode from the U.K.’s
AERE, and combining it with a license for Asahi Kasei’s carbon anode. Without an exclusive
license from either grantor, Sony possessed no control over the intellectual property behind the
revolutionary battery. Sony was quickly followed by other Japanese firms, beginning with A&T,
an Asahi Kasei-Toshiba JV (1992), Sanyo (1993), and Matsushita (1994), all fierce competitors in
Sony’s main business segment of consumer electronics.

In 1992, Yoshio Nichi, who joined Sony in 1966 and served as general manager of its Li-ion
battery team, decided to focus the company’s R&D on the anode chemistry of its new battery,
innovating by integrating “hard” carbons that significantly improved their performance. However,
in 1993, Sony was beaten to the market by Sanyo, which was first to integrate a graphite anode,
significantly improving the battery’s energy density. As noted below, and notwithstanding Sony’s
efforts, Sanyo by 1999 replaced Sony as the world leader in Li-ion batteries.

Driving Sony’s decision to commercialize the world’s first rechargeable Li-ion battery in 1991
was a vertical-integration strategy that viewed battery innovation as a key source of competitive
advantage in consumer electronics products. The batteries were first used for its “Handicam”, a
video recording device for consumers that weighed well under two pounds and fit comfortably
into one’s hand. The product, first released in 1989, was made “lighter and more compact”, as
Sony wrote in its 1993 Annual Report, by a “newly developed” Li-ion battery.*?

Shortly after the battery’s commercial debut in 1992, Sony was approached by Nissan to
collaborate on development of a BEV. In 1996, Nissan unveiled its “Prairie Joy” EV, the world’s
first Li-ion powered BEV, which was, however, limited to 30 units produced for fleet sales and
sold only under lease. The Prairie Joy was succeeded by Nissan’s “Altra” in 1998, a second BEV
powered by Sony battery packs that was limited to just 200 unit sales.*!

While the EV industry did not take off in the 1990s, a boom in mobile electronics was underway.
In 1995 Sony began external sales by its Li-ion battery operations to meet “surging demand”,*?
driven increasingly by cellphone and computer manufacturers eager to design smaller, more
powerful devices using Sony’s batteries. Sony booked aggregate battery sales under “Others”, a
subsegment of its core “Electronics” business segment, which, at 909 billion yen in 1995 (about
$10.2 billion), exceeded its 899 billion yen audio electronics segment.** Another reason for the
blowout success of the segment at that time, it should be noted, was the release of the “Playstation”
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video game system, which used (for the time) high-capacity CD-ROM discs that Sony had
pioneered with Netherlands-based Philips in 1986.

Sony’s international expansion in battery manufacturing was in part a response to the boom in
cellular mobile phones as well as pressure to continue reducing costs. In 2000, Sony spent $23
million to set up a battery plant in Wuxi China, to supply up to 24 million Li-polymer batteries
annually to China’s mobile phone market.** The same year, Sony allocated $12.2 million to add
production lines for 8.4 million batteries annually for the North American market produced by its
Nuevo Laredo, Mexico plant, which had capacity for 1.2 million units installed in 1999.%° As it
expanded its battery manufacturing footprint, Sony also formally entered the mobile phone
business via a 50:50 JV with Sweden’s Ericsson in 2001, which it later bought out in 2012 for
about $1.5 billion.*®

By 2004, Sony manufactured prismatic, cylindrical, and pouch-type Li-ion batteries, integrating
them into its mobile electronics devices across multiple product lines, which included mobile
phones, “VAIO” laptop PCs, “Cybershot” cameras, and video recorders.*’ Sony also recognized
that yet more opportunities to sell batteries existed wherever NiMH batteries were found, such as
in power tools and electric shavers.

In 2006, however, Sony’s battery business became subject to a global recall of 10 million batteries
sold to Dell, Apple, and Lenovo for their laptop PCs, which led Sony to book a $343 million
provision for battery replacements in 2008.*® Despite the setback, Sony continued to grow its
international manufacturing footprint, in 2008 building a $150 million plant in Singapore, capable
of producing 96 million mobile phone batteries.*’

As competition intensified, with South Korean and Chinese companies emerging to compete with
Sony’s battery and consumer electronics segments, Sony sought new applications for its Li-ion
batteries. In 2009, Sony launched an LFP “Fortelion” battery,’® and in 2011 announced its LFP-
based energy storage modules as a “new pillar” of its battery business, providing large
organizations with a valuable new backup and load-leveling power source.’! After licensing the
patents from the LiFePO+C consortium, Sony formed a JV called “Esstalion” with consortium
member Hydro-Québec to integrate batteries into renewable power systems as backup and load-
leveling solutions.

Sony’s first non-Japanese CEO, Howard Stringer (2005-2012), was in office when, in 2007, the
company booked record profits of $3.7 billion. The beginning of the “Great Recession” in 2008,
however, marked a turning point at Sony, which recorded $12 billion in net losses through 2012.
Stringer used the crisis to get Sony out of some of its consumer electronics business lines in which
it was no longer competitive, and to rationalize the company’s operations, ultimately reducing the
worldwide headcount 19 percent from 180,500 employees in 2007 to 146,300 employees in 2012.
Under his successor, Kazuo Hirai (2012-2018), Sony returned to profitability in 2015. The
company was now well on its way to completing its transformation from a consumer electronics
giant into a company dominated by profits from its Playstation gaming products, music business,
and motion pictures.

Sony’s television business, which had out-innovated and devastated U.S.-based RCA’s in the
1970s, found itself struggling to compete with South Korean challengers Samsung and LG in wide-
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screen LCDs. As Stringer was stepping down as CEO of Sony, the company’s consumer
electronics segment had shrunk from $64 billion to $39 billion in annual sales. LCD TVs
contributed to a $2.9 billion operating loss in Sony’s consumer electronics segment in 2012, the
corporation posting its worst-ever net loss of $5.7 billion that year. Sony faced challenges on other
fronts, such as the introduction of the iPhone (and later Samsung Galaxy) smartphones, which
outcompeted Sony’s own mobile phone products.

With virtually all of Sony’s group profits since its 1991 introduction of Li-ion batteries wiped out
from the onset and aftermath of the Great Recession, Sony brought in Hirai as Sony’s next CEO.
Under a strategy he called “One Sony”, Hirai continued to oversee employment loss at the
company, the headcount falling from 146,300 in 2012 to 117,300 in 2017. In 2013 Hirai changed
Sony’s segment reporting, with Mobile Communications, Gaming, and Home Entertainment &
Sound as Sony’s lead segments.

In 2013, as Sony booked a small profit, its financial performance improving, Daniel Loeb, of the
U.S.-based hedge fund Third Point began his first “activist” campaign against the company.
Taking advantage of Sony’s depressed stock price, Loeb accumulated 6.3 percent of its outstanding
shares, later upping his stake to 7.0 percent. He publicly argued that Sony should spin-out part of
its music and motion picture business, and use the proceeds to re-invest in its electronics
businesses.’? Sony’s board of directors ultimately rejected Loeb’s proposal, Hirai saying that
“should we require capital, or in the event of unanticipated events, our priority would be to raise
it without selling a portion of an asset fundamental to our growth strategy, and without
unnecessarily burdening Sony's ability to execute our business strategy for both entertainment and
electronics.”?

While the hedge fund failed to budge Sony’s strategys, it likely gave its management another reason
to re-consider their commitment to batteries, particularly as it became clear that competitors like
Panasonic and LG Chem were breaking, in a big way, into EVs. Sony’s former partner, Nissan,
had already formed the Automotive Energy Supply Corporation (AESC) in 2007 with Nissan
taking a controlling 51 percent interest, while NEC and its subsidiary NEC Tokin held the
remaining 49 percent. The partners invested $362 million initially, and later an additional $1
billion, to build a plant capable of supplying lithium manganese oxide (LMO) batteries for 200,000
EVs.>*

In 2014, Hirai sold off the Sony Vaio PC business and spun off its struggling TV and home audio
business into a JV controlled by China’s TCL. Along with falling sales in its mobile phone and
digital camera businesses as well as destruction of its portable audio devices, Sony was rapidly
shedding internal demand for its own batteries and was subject to intense competition for external
sales by major South Korean and Chinese firms. In 2017, Sony sold its battery business to Murata
Manufacturing Co. for 17.5 billion yen (about $156 million), Murata offering jobs to 8,500 Sony
employees (about seven percent of Sony’s global employment). After a 26-year run, Sony was out
of the battery business, for much the same reason it had entered—as its position in consumer
electronics shifted, Sony faced technological, market, and competitive uncertainties emerging
from multiple directions that challenged its central role in the digital revolution that it had helped
bring into the modern world.
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Sony transferred Li-ion technology to Japan, but failed, ultimately, to become a leader in
rechargeable EV batteries. While Sony served as the first-mover, the Japanese companies most
significant to the EV transition were Panasonic and Sanyo, which Panasonic acquired in 2009. We
will now document the development of four Asian companies, beginning with the oldest,
Panasonic, the only Japanese company to appear among the global top ten EV battery producers
in 2025. From there, we will go to South Korea to document the growth of battery producer LG
Energy Solution (LGES), the #3 EV battery producer in 2025. We then shift our focus to China to
record the emergence of global leadership by BYD, #2, and CATL, #1.

Panasonic

As set out in the introduction to this paper, in 2025 Japan’s Panasonic was, with 3.5 percent of the
global market, the seventh largest EV battery maker in the world. We include the case of Panasonic
here because it is the only non-Chinese or non-Korean company in the top ten list and because
Panasonic is a global leader because of its partnership with Tesla, which began in 2006.

Founded in 1918 by Konosuke Matsushita as the Matsushita Electric Housewares Manufacturing
Works, the keiretsu was renamed Panasonic in 2008. The oldest of the leading companies,
Panasonic has been producing batteries since 1931. The company produced Li-ion batteries in the
1980s and, from 1994, rechargeable Li-ion batteries. In 1996, Matsushita and Toyota set up the
Panasonic EV Energy Co. as a JV to develop NiMH batteries for Toyota’s hybrid electric vehicles
(HEVs).>® In contrast to PHEVs, HEVSs generally use smaller batteries that are charged by the on-
board ICE engine, which uses electric motors to boost the overall fuel economy of the vehicle
rather than provide a means of electric-only propulsion.

Panasonic EV Energy supplied NiMH batteries for the Toyota Prius HEV, which debuted in Japan
in October 1997. The Prius was an important vehicle for Toyota, which, like other automakers,
was responding to the California “ZEV mandate”. After extensive lobbying by the Detroit “Big
Three” in 1998, the California authorities made a significant revision to its ZEV mandate,
permitting “Super Ultra-Low Emission Vehicles” (SULEV) to qualify for “partial ZEV” credits
(PZEV). The rule-making opened the door for non-BEVs to meet California’s new emission
standards.

Sales of the Prius in the U.S. began in July 2000. The Prius was the world’s first mass-produced
HEV, and a great success for Toyota, which celebrated its three millionth unit sale in 2013.5¢ At
the time it was released in the U.S. market, the Prius qualified as a SULEV, with each unit sold
contributing to its share of the California ZEV mandate.

The success of the Panasonic-Toyota HEV drew the attention of Energy Conversion Devices
(ECD), founded by Stanford Ovshinsky with his future wife Iris Dibney as Energy Conversion
Labs in 1960, whose innovations yielded key NiMH battery patents. In 1994 GM entered a JV
with ECD called GM Ovonic, with a 60 percent controlling share. In 2000, GM sold its interest in
GM Ovonic to Texaco, which merged with Chevron in October 2001. The new JV, eventually
called “Cobasys”, filed a patent infringement suit in 2001 against Toyota and Matsushita. Upon
losing the patent-infringement case in 2004, Matsushita was forced to pay $10 million for
consumer-electronics related violations, while Panasonic EV Energy, Toyota, and Matsushita paid
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$20 million for the NiMH batteries used in its HEVs. They were also on the hook for payment of
royalties to Cobasys for use of NiMH battery technology going forward.

While Matsushita invested in NiMH technology, it continued to invest in Li-ion batteries, most
dramatically by acquiring Sanyo. In 2004, the Chuetsu Earthquake in Japan caused $837 million
in damages to Sanyo’s semiconductor plant in Niigata.’” The unexpected costs damaged Sanyo’s
already weakened financial position. Its struggling semiconductor and consumer electronics
segments were among the reasons why, in January 2006, Sanyo accepted a $2.6 billion “bailout”
from a Goldman Sachs-led consortium, which acquired 70.5 percent of Sanyo’s outstanding
shares.”® About a year later, Sanyo’s president Toshimasa Lue “stepped down,” putting an end to
60 years of Lue family-control.>® In December 2009, Panasonic spent $4.6 billion to gain a
controlling stake in Sanyo, via a tender offer made to the controlling consortium. In 2011,
Panasonic spent an additional $9.4 billion in a share-exchange to complete its purchase of Sanyo
as well as the Panasonic electric works, making each of them into wholly owned subsidiaries.°
With Sanyo, Panasonic took strategic control over a world leader in both NiMH and Li-ion
rechargeable batteries.

Sanyo began making NiMH rechargeable batteries in the 1990s. In 2000, the company acquired
the NiMH battery business of Toshiba. In 2005, Sanyo released the innovative “Eneloop” NiMH
batteries, which greatly reduced self-discharge rates of the batteries. The Eneloop batteries were
now superior to alternative NiMH batteries available on the market and competitive with the Li-
ion rechargeables then available. To gain approval for the acquisition, in fact, Panasonic had to
agree to shed some of its NiMH battery assets to Fujitsu, or it would have otherwise exercised a
near monopoly over that battery type.

Sanyo produced primary Li-ion batteries in the 1970s and entered the rechargeable Li-ion battery
business in 1993, two years after Sony. However, by 1999, Sanyo had supplanted Sony to become
the global leader in rechargeable Li-ion batteries, with a 41 percent global market share in the early
2000s. Sanyo’s battery fortunes improved greatly when Nokia, a key customer, replaced Motorola
as the world leader in mobile phones.

The Panasonic-combination was able to challenge the rising dominance of newcomers Samsung
Electronics and LG Chem in the rechargeable Li-ion battery race.®! The Sanyo acquisition
complimented Panasonic’s broader innovation strategy, which was to transform the company into
the “green innovation” leader in electronics in the future, which meant competing for leadership
in Li-ion battery, solar photovoltaic energy (for which Panasonic had Sanyo’s HIT solar PV
technology), and energy storage products.5?

In November 2010, five months after Tesla netted $189 million from its initial public offering
(IPO), Panasonic invested $30 million in the California BEV start-up. At the time, Tesla stated
that it would collaborate with Panasonic on advanced EV battery development as it also invested
in the development and manufacturing of the Model S, its second-generation BEV.% Tesla had
already purchased Panasonic’s batteries by the millions for its first BEV, the Roadster, which
benefitted from the development in 2006 of Panasonic’s high-performing NCA Li-ion batteries.
Panasonic was seeking additional partners in EVs that year, committing $1 billion to expanding
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its Li-ion manufacturing and R&D in Japan, with plans for high-volume manufacture of its newest
3.4 amp hour rechargeable Li-ion battery by 2012.%

Panasonic’s partnership with Tesla was more consequential to the company’s battery business than
its tie-up with Toyota. Tesla both drove Panasonic’s expanded investment in Li-ion batteries and
served to highlight its need to find additional EV partners to support its innovation strategy going
forward. As a startup, while investing in its first EV, the Roadster, Tesla selected Panasonic’s Li-
ion batteries because they believed they were the best performing batteries in the world at that
time. Each Roadster used 6,831 16850 Li-ion cells, but the entire 2008-2012 production run of the
Roadster amounted to just 2,500 units. In 2012, however, Tesla released its second-generation
product, the Model S BEV, which in 2013 alone sold 22,442 units before peaking in 2017 at 54,715
units.

At the time, Tesla knew it was working toward a third-generation EV that depended upon the ready
availability of mass-produced Li-ion batteries, the unit cost of which would fall as more EVs were
sold. But, in 2013, Tesla’s projected target of 500,000 EVs by 2020 would have consumed the
world’s output of Li-ion batteries.®> Recognizing that a shortage of rechargeable Li-ion batteries
would slow, if not stop, Tesla’s growth, Tesla began pressuring Panasonic to partner in
construction of its first “Gigafactory”.

In October 2013, Panasonic had signed a three-year agreement to supply 1.8 billion battery cells
to Tesla through 2017, which required that it expand its cell manufacturing in Japan.®® In June
2014, Tesla increased pressure on Panasonic by breaking ground on its own 5.4-million square
foot battery facility in Sparks, Nevada. Shortly thereafter, Tesla executives Elon Musk and J. B.
Straubel succeeded in persuading Panasonic’s new president Kazuhiro Tsuga to co-invest in the
Sparks facility. Gigafactory Nevada was central to Tesla’s plans to produce a lower-cost EV by
driving down the unit cost of Tesla’s most expensive component—battery cells—by 30 percent.

Panasonic entered the “vanguard” of the modern EV transition on July 31, 2014, by agreeing to
partner with Tesla to supply skilled personnel and battery lines for Gigafactory Nevada. With
battery cell output capacity of 35 GWh (and, given additional investment, up to 50 GWh), the
facility opened in 2016.57 It cost $5.4 billion, financed by a $2.0 billion investment by Panasonic,
an issue of $2.1 billion in convertible debt by Tesla, and a $1.4 billion incentive package from the
State of Nevada.®®

The Gigafactory was split in half, with Panasonic operating the battery cell manufacturing lines,
and Tesla assembling the cells into battery packs for its EVs. Panasonic dramatically increased its
own capital expenditures for the Gigafactory. During FY2015, Panasonic reported that a big jump
in planned capital spending for 2016 was underway (spending increasing by a factor of 1.5), with
about 97.2 billion yen (or $787 million) allocated as part of its share of the costs of the Gigafactory
(to which Panasonic eventually contributed $1.6 billion).®® Panasonic had to dispatch hundreds of
its own engineers and managers to set up the battery lines and to train local labor to run them.”® At
peak capacity, Panasonic trained and employed 4,000 people at Gigafactory Nevada.”! Crucially,
Panasonic made these risky investments in plant equipment and people without a guarantee that
Tesla would succeed in generating EV sales sufficient to absorb the 400,000 to 500,000 unit output
of the factory.
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Through the construction of the Gigafactory, Panasonic and Tesla sought to neutralize the
possibility that a supply shortage could undermine the production or price targets of Tesla’s third-
generation mass-market EV. By securing Panasonic’s cooperation to double global manufacturing
capacity for rechargeable Li-ion cells ahead of realized demand—with global production of Li-ion
batteries then totaling approximately 34 GWh—Panasonic made a massive financial commitment
to an innovation strategy that left it uniquely exposed to Tesla’s ability to execute on its high-
volume BEV objectives.”

The partnership was conducive to innovation. The Tesla-Panasonic JV developed and began
producing larger form factor Li-ion batteries, beginning with the 2170 cells’? that entered
production in 2017 for the company’s new Model 3, and later Model Y. The batteries were also
used in Tesla’s Powerwall product (which, notably, competed with Panasonic’s own energy
storage business).

Panasonic’s relationship with Tesla was damaged, however, as the EV maker struggled through
“production hell” in 2017 and 2018 in its attempt to ramp production of the Model 3, nearly going
bankrupt in the process. The Model 3 (and its close cousin, the Y) were BEVs on which Panasonic
had, in effect, staked its own future as a “green innovator”. As Tesla struggled to execute on its
production targets, Panasonic's losses mounted. In 2019, after reporting a $180 million loss driven
by Tesla’s production problems, Panasonic refused to finance a planned 54 percent expansion of
the Gigafactory, to 54 GWh, and to invest in battery production lines for Tesla’s Gigafactory in
Shanghai, China.”

In the background of the conflict was Panasonic’s yielding, by virtue of the JV structure, strategic
control to Tesla’s management, led by CEO Elon Musk. His top-down micromanagement style
conflicted with Panasonic’s approach to problem solving, which was premised on significantly
more employee engagement. Improving manufacturing yield was an organizational problem that
required Tesla’s cooperation. But Panasonic’s management had discovered that Musk was
potentially volatile and unreliable—even telling a Wall Street Journal reporter about their concern
with Musk having smoked marijuana in an interview with Joe Rogan the year before.”> Panasonic
CEO Kazuhiro Tsuga told the Wall Street Journal that “propping up profitability,” was “the
number one priority” for Panasonic, adding that “Elon makes these repeated price-cut requests,
and one time I told him we would consider a complete withdrawal of my people and facilities from
the Gigafactory in response.””® Having shared in the risk and uncertainty of its own and Tesla’s
innovation strategy, Panasonic wanted higher prices for the batteries it supplied to Tesla as it
became, eventually, profitable.

During “battery day” in 2020, Tesla announced it was working on a new, larger 4680 battery cell,
which, along with other planned innovations, would drive its battery costs down 50 percent. Tesla
began an in-house 4680 cell production ramp in Q42023 for Tesla’s Cybertruck, which, compared
to its prior BEVs, was a sales flop.”” In 2022, Panasonic announced it was building new battery
lines at its Wakayama, Japan plant, to provide a commercial source in Japan for its large 4680 EV
battery cells. Panasonic’s $704 million”® commitment to the Wakayama plant was made also to
establish it as the “mother” of its battery cell and manufacturing process R&D investments that,
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once successful, could be integrated into its foreign plants.” Panasonic announced in September
2024 that it had achieved manufacturing readiness at its Wakayama, Japan facility.®°

In 2022, Panasonic revealed its decision to build on the success of Gigafactory Nevada by investing
$4 billion to open a wholly-owned 32 GWh battery factory in De Soto, Kansas. It commenced
operations in July 2025.3! The investment was matched by $829 million®? in subsidies that, along
with subsidies created by the Inflation Reduction Act (IRA) of 2022, provide billions of dollars
more in financial support on condition that Panasonic (like other battery manufacturers not
included on foreign entity lists) can find customers to absorb its battery cell output. In its 2024
Annual Report, Panasonic claimed that its Kansas plant would boast 30 percent higher productivity
than its shared Tesla plant in Nevada as Panasonic applied its cumulative learning and experience
to its new plant design.®* Key to boosting the plant’s “competitiveness” according to Panasonic
was dealing with high labor turnover, “especially in North America,” by setting up “manufacturing
that can be done by less experienced operators.”®* Panasonic also took a direct role in financing
worker development outside its plant, willing to pay tuition and instructor salaries at community
colleges in Kansas close to the new facility.®®

Though it faces significant competition, Panasonic intends to be a dominant player in the EV
battery space, with stated goals of boosting the performance of its batteries significantly to 1,000
Wh/L and investing in 200 GWh of production capacity by 2030.%6 In 2022, Japan’s MITI deemed
EV batteries a strategic industry, and began making new subsidies available to companies that
invested in domestic production. Panasonic responded by entering new supply partnerships. In
September 2024, it announced an agreement to supply batteries to Japan’s Subaru, allocating $3.3
billion to develop a new 16 GWh plant in Gunma prefecture, which will begin operations in 2028.%
The same day, Panasonic announced it would expand its Osaka plants by up to 6.5 GWh by 2030
(to reach approximately 10 GWh of annual output), via a $550 million investment made to meet
demand from supply partner Mazda. Each investment will be matched by up to $1.2 billion in
subsidies from the Japanese government.8

In 2016, as Panasonic was in the process of bringing Gigafactory Nevada online, it entered China
via a 50:50 JV with Dalian Levear Electric Co. In 2018, Panasonic began to manufacture prismatic
Li-ion batteries at the 500-employee Dalian plant for both export and sale on China’s EV market.*
In 2020, Panasonic entered, as the non-controlling partner, a 49:51 JV with Toyota called “Prime
Planet Energy & Solutions”, to develop and sell prismatic and next-generation battery cells,
utilizing the Dalian plant, which had grown to 2,400 employees.*

In 2024, Prime Planet Energy & Solutions announced it was building a 30 GWh battery plant in
Japan, expanding Toyota’s access to innovative batteries.”! While Panasonic and Toyota continue
to cooperate through the Prime Planet JV to produce EV batteries in Japan, the U.S., and China,
Toyota in 2025 announced it was buying out Panasonic’s share of their previous JV, the Primeearth
EV Energy Co., that had been set up originally in 1996 to support its innovative HEVs. The now
wholly-owned entity was renamed the “Toyota Battery Co.”.°? In 2022, Toyota broke ground on
its first U.S.-based EV battery plant in North Carolina.”® In November 2025, Toyota announced it
had begun production at the $13.9 billion EV battery plant, which at full output will employ
5,000.%4
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Toyota’s investment in EV battery manufacturing, both via a JV and through the Toyota Battery
Co., is a clear indication of a strategy to begin competing seriously for the EV market, while
making a commitment to asserting greater control over its battery technology and supply. In 2025,
Toyota was once again the world’s largest automaker, selling 10.5 million vehicles worldwide,
which included sales of 4.9 million electrified vehicles, the overwhelming majority of which—4.4
million—are, however, HEVs.” In the U.S., Toyota sold 2.5 million vehicles, with over 1.2 million
sales of electrified vehicles (HEV, PHEV, or BEVs).”® The massive North Carolina plant, in other
words, is just the first of several EV battery plants that could be needed to fully electrify Toyota’s
vehicle lineup.

Toyota is not the only JV partner that, having benefitted from a relationship with Panasonic, is
attempting to break free of dependence on outside EV battery suppliers. Tesla has, since 2019, via
its acquisition of Maxwell, sought to utilize a dry electrode battery manufacturing process to
reduce the cost of battery cells it intended to produce in-house at Gigafactory Texas for its new
Cybertruck EV. The manufacturing process was one of several innovations mentioned during
Tesla’s 2020 battery day that were expected to significantly lower the cost or increase the
performance of Tesla’s batteries. In early 2026, Tesla succeeded, at long last, in implementing its
dry electrode process successfully. However, the cells it has produced in-house have thus far
proven to be inferior to those it was outsourcing—delivering less energy density, slower recharge
rates, and, given poor sales of the Cybertruck (for which Tesla hoped to produce 250,000 units
annually—it sold 20,237 in 2025%7), likely doing so at higher costs.”® Tesla’s struggles have left
Panasonic’s own investments in 4680 cells hanging, as it continues to delay production as it awaits
an order from Tesla for the cells it also raced to develop after Battery Day in 2020.%

With at least 109 GWh of battery capacity online (73 GWh in the U.S. and 36 GWh or more
planned in Japan), Panasonic is more than halfway toward its goal of reaching 200 GWh by 2030.
But faced with a downturn in demand for EV batteries, given stagnant sales growth since FY2023
from its largest customer, Tesla, Panasonic needs EV partners that can absorb its increased output.
Panasonic has sales agreements with Lucid (2022), Hexagon Purus (2023), Mazda (2024), and
Subaru (2024).

Like other battery makers, Panasonic has also hedged the risk that EV market growth could slow,
or stall by focusing its efforts on Energy Storage Systems that can backup power systems at
industrial, commercial, or residential sites. It could also find success providing Energy Storage
Systems for Al data centers.!% Panasonic’s commitment to “green innovation” has shown it to be
an entrepreneurial, and adaptive, company. In 2021, for example, Panasonic acquired Arizona-
based Blue Yonder for $7.1 billion, giving Panasonic powerful Al software that provides real-time
coordination of factory and supply chain operations.

Up to this point, Tesla’s mass production of EVs has been critical to the growth of Panasonic’s EV
battery business, and Panasonic has used its success with Tesla to underwrite its broader strategy
of leading in clean technology. What was a blessing, however, could become a curse as the
commitment to the EV transition has faltered in the United States, Panasonic’s key market.
Panasonic’s $4 billion Kansas plant is well under half its maximum capacity, as it awaits either a
significant new customer or a turnaround in the U.S. market. As with LG Energy Solution, our
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next company under review, Panasonic must continue to invest in innovation to ensure it is a
battery supplier of choice.

LG Energy Solution

The third largest rechargeable Li-ion battery producer, LG Energy Solution (LGES), stands out as
the sole firm in our list of leaders with roots in the chemical industry. LGES was established in
December 2020 as a spinoff of LG Chem, South Korea’s largest chemical company and one of the
largest in the world. LG was founded in 1947 by Koo In-hwoi as the Lak Hui (pronounced
“Lucky”) Chemical Industrial Corporation.!®" Over the next several decades, Lucky Chemical
expanded into personal hygiene products, plastics, consumer electronics (under the “Goldstar”
brand), petrochemicals, and mobile phones. Lucky Chemical listed on the Korean Exchange in
1969 and was renamed Lucky Goldstar (Geumseong) in 1983. In 1995, Lucky Goldstar was
shortened to “LG”. The LG Corporation was formed in 2003 as the lead holding company for LG
Chemical and LG Electronics. At the end of 2024, the combined group had over 270,000
employees and $134 billion in revenues.'”” In December 2025, LGES employed 32,760
worldwide, and $16.6 billion in sales—making the company about a third of the size of world EV
battery leader CATL by employment and a fifth by sales.!%

LG Chem began R&D efforts in Li-ion batteries in 1992, entered a phase of development in 1996,
and then succeeded in mass production of Li-ion batteries in 1999, establishing itself as South
Korea’s pioneer in producing rechargeable Li-ion batteries.!** Even as it was scaling up its battery
business for portable electronics, LG Chem viewed EVs as a major business opportunity. Given
the momentum building up at the time around EVs in the U.S., the success of which hinged on the
availability of innovative batteries, LG Chem focused on battery R&D by investing $3 million in
Compact Power in March of 2001, a JV based in Colorado focused on li-polymer battery
technology.

Compact Power was led by CEO Daniel Rivers, an ex-program manager for GM’s ill-fated EV1
BEV.!1% In 2002, months before GM began crushing its EV1s, Rivers was part of an effort to
demonstrate the superiority of Li-ion batteries by using them for Compact Power’s Electric Racer
2, which set a record for EVs competing in Colorado’s Pikes Peak international hill climb race.!%
With Rivers, LG Chem sought to develop and manufacture “next-generation lithium-ion polymer
battery technology” for EVs, which LG Chem described at the time as “a fledgling market that’s
expected to take a major step forward toward becoming a mainstream part of the U.S. auto
industry.”107

As LG Chem began investing in EV batteries, they actively competed with Japanese battery
suppliers in portable electronics. LG Chem built its third Li-ion battery production line in 2001,
reaching a capacity for 36 million battery cells produced annually.!% In the years that followed,
LG was able to grow its battery business in part by making batteries for its own mobile phones
and electronics, while supplying customers like Apple, Nokia, Motorola, and HP.

However, LG’s battery business was, at times in its early years, a money loser for the company.
In 2001 and in 2005, LG executives wanted to get the company out of batteries entirely. At a
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meeting in April 2001 with the newly installed CEO, Ki-Ho No, some senior executives
recommended termination of the EV battery program, given its cost during difficult times and the
superior capabilities of the Japanese.!” Fortunately, Chairman Koo Bon-moo, the top-ranking
member of the family that had founded the LG chaebol, intervened at the meeting in favor of
confronting uncertainty, saying: “Do not give up, look further into the future, and focus harder on
investment and R&D. I believe it is right for us to continue the battery business. Let’s start again
with the conviction that we can succeed.”!!°

Another significant bump in the road, that could have threatened LG’s commitment to its fledgling
battery business was a recall in 2005 of defective LG Li-ion batteries. The recall affected 128,000
Apple laptops, which resulted in a $25.2 million loss in LG’s otherwise profitable Information and
Electronic Materials segment.!!! In its 2005 Annual Report, LG also referred to a “strategic
misstep”—a focus on high-end products when “the low-price notebook PC market took off
globally.”!'? Even so, in 2005 LG Chem was the world’s third largest Li-ion battery producer.

In 2004, LG Chem attracted $4.6 million from the USABC (the U.S. business-government battery
consortium, mentioned earlier), which the company used to develop its Li-ion polymer battery for
hybrid vehicles.!!® That year LG Chem also expanded its battery production footprint, establishing
a plant in Nanjing China, where it expected demand for batteries to expand rapidly.!'* LG Chem
added a production site in Holland, Michigan, in 2012 and Poland in 2017.

In 2005, LG Chem moved Compact Power’s headquarters from Colorado to Troy, Michigan, after
announcing that it would make an $18 million investment in R&D and manufacturing near the
geographic center of automotive R&D in the United States.!!> Now positioned more closely to
GM’s technical center in Warren, Ford’s engineering center in Dearborn, and Chrysler’s
headquarters in Auburn Hills, LG Chem appointed Dr. Prabhakar Patil as Compact Power’s new
CEO. Patil was a 27-year veteran of Ford who had led its Escape hybrid EV development
program. !

In 2007, LG Chem’s EV business got its big break by winning a competition against a crowded
field of 13 companies for a contract to make batteries for GM’s planned “Volt” PHEV.!!” GM
determined that LG Chem’s “flat cell” Li-polymer design and LMO battery chemistry offered
superior packaging, thermal performance, and energy density compared to runner-up U.S.-based
startup A123’s cylindrical LFP batteries.!'® Upon winning the battery contract, Peter Kim, CEO
of LG Chem made clear the implications of the victory, saying, “we now are a global player.”!!

In January 2008, Compact Power received a new round of USABC R&D funding, this time for
$12.9 million. As it worked to become a major EV battery supplier, LG Chem decided to complete
its buyout of its JV with Compact Power in 2008. LG Chem became the sole supplier for the Volt
prior to its 2010 commercial debut, even as GM, in the interim, navigated a State-led bankruptcy
re-organization. The battery developed for the production version of the Volt used a blended nickel
cobalt manganese (NCM)-nickel manganese oxide (NMO) cathode, and was packaged in pouch
form, mirroring the standard design of li-polymer batteries that LG Chem produced for various
portable electronics.
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By 2011, LG Chem had transformed GM’s vote of confidence in its batteries into signed deals
with ten other leading automakers, including Renault, Ford, and Volvo.!?* As an indication of its
growing Li-ion battery business, and as shown in Table 1, LG Chem broke off “Batteries” from
its Information and Electronic Materials segment in 2012, revealing it had booked about $2.2
billion in revenue, equal to about 11 percent of the company’s annual total. In 2014, GM unveiled
its “Bolt”, a mass-market BEV. In an “unprecedented” move, according to GM’s Mark Reuss, LG
Chem then played an expanded as well as key role in developing the Bolt, serving not only as a
battery cell supplier but as the lead designer, engineer, and tester of the battery system, while
supplying other electronic components for the BEV.!2! LG Chem’s capabilities enabled GM to
develop and release the Bolt in late 2016, beating Tesla’s third-generation BEV, the Model 3, to
market, matching its price target of $35,000.!2

Table 1: LG Chem battery segment growth, 2000-2025 (millions $)*

IT &
Electronic | IT & EM Battery Batteries

Total Materials Op. Op. Energy ES Op. | as % of
Year | revenues rev. income Batteries income Solutions = income @ total rev
2000 4,793 515 22
2001 2,799 132 17)
2002 4,345 362 54
2003 4,758 586 81
2004 6,224 1,053 38
2005 7,253 1,239 (24)
2006 9,724 1,673 51
2007 11,621 2,296 165
2008 11,509 2,453 411
2009 10,744 3,280 391
2010 17,138 4,242 519
2011 20,818 4,603 443 2,049 106 10%
2012 20,657 2,904 387 2,200 34 11%
2013 21,142 2,763 346 2,351 30 11%
2014 21,456 2,239 88 2,695 62 13%
2015 17,867 2,783 104 2,783 0 16%
2016 17,820 3,072 (43) 17%
2017 22,761 4,039 26 18%
2018 25,637 5,912 190 23%
2019 23,463 7,163 (390) 31%
2020 25,476 10,473 (140) 41%
2021 37,208 15,551 621 42%
2022 39,467 19,807 941 50%
2023 42,280 25,764 1,655 61%
2024 35,718 18,783 422 53%
2025 32,315 16,646 947 52%

Source: LG Chem and LG Energy Solutions annual reports, various years.

* For the years 2000-2010, LG Chem’s battery sales were included in its IT and Electronic Materials
segment. Starting in 2012, “Batteries” became a standalone reportable segment. In 2015, LG Chem’s
battery business was included as part of its new “Energy Solutions” segment, which combined mobile,
auto, and electric storage battery products.
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In the process of developing the Volt, and later the Bolt, LG licensed rights to the NCM cathode
from the U.S. Department of Energy’s Argonne National Laboratory, and for the Bolt, 3M’s NCM
patents as well.!?* With the Chevy Bolt becoming one of the bestselling BEVs in the U.S., LG’s
battery business, now reported under “Energy Solutions”, doubled to $4 billion. In December
2020, as revenues climbed to $10.5 billion, LG Chem spun off the division as “LG Energy
Solution” (LGES). In January 2022, LGES completed the largest IPO in South Korean history,
raising $10.7 billion, and establishing it as one of South Korea’s most valuable listed companies.!?*

In the interim, however, disaster struck. Manufacturing defects in the Bolt’s battery packs created
fire hazards, leading to a recall that began in November 2020. By the summer of 2021, the recall
had been extended to each and every one of the 141,000 Bolt BEVs that had been produced since
2017.'%5 LG Chem ultimately lost about $2 billion over the course of the recall, but EV sales were
beginning to boom, and the company was able to absorb its losses while generating positive
operating income. Notwithstanding the fact that the pouches themselves were not to blame, the
recall set the stage for LG Chem to begin to invest as well in cylindrical and prismatic battery form
factors as they became essential to emerging “cell to pack™ designs that demarcated more advanced
BEV platforms from earlier iterations.'2¢

With operating profits, and ample cash from its IPO, LGES sought to expand its investment in
battery manufacturing and technology. After its spinoff from LG Chem in 2020, LGES entered a
50:50 JV with GM to build their own “gigafactory”, capable of producing 30 GWh of GM-branded
“Ultium” cells (sufficient for about 500,000 EVs), in Warren, Ohio. LGES committed about $1
billion toward the $2.3 billion cost, the plant opening in 2022.!%7 The move represented a major
scaling up of LGES’s EV battery business, its Holland, Michigan plant previously being capable
of about 5 GWh of annual output.'?® In 2021, LGES and GM announced a second Ultium plant in
Spring Hill, Tennessee. Requiring another $2.3 billion financial commitment, the plant entered
production in 2024. In 2022, LGES announced a third battery plant under its JV with GM in
Lansing, Michigan, representing another $2.6 billion commitment to produce EV batteries. With
a combined output of over 130 GWh, the LGES-GM JV had the capacity to produce about two
million BEVs annually.

LG Chem’s willingness to co-invest in so much EV battery capacity was, no doubt, related in part
to GM’s declaration in 2021 that it would produce nothing but electric vehicles by 2035.12° GM’s
goal reflected China’s stated policy, announced in October 2020, to transition its automobile
market to “new energy vehicles” (hybrids and electrics) by 2035.13° Having sold 6.8 million
vehicles in 2020 (including 2.9 million in China), GM’s management thought that, in an all-EV
world, it would easily be able to absorb LG Chem’s battery output.

At the same time that GM CEO Mary Barra was claiming to be all in on EVs, however, she and
her executive team were carrying out record stock buybacks, well in excess of the amounts being
allocated to the new EV plants.!3! In late 2023 alone, GM did a $10 billion “accelerated” share
repurchase equal to 25 percent of the company’s outstanding shares, even as it continued to lose
market share in China, GM’s most important growth market in the 2010s. In 2017, China sales
peaked at 4.0-million units, equal to 45 percent of GM’s worldwide sales.!3? By 2023, however,
GM’s auto sales in China had plummeted to 2.1 million, 34 percent of its worldwide sales.!3?
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GM’s loss of market share in China reflected its failure to keep up with the rapid EV transition
and fierce competition underway there. Under these adverse circumstances, in part of GM’s own
creation, with the downturn in the U.S. EV market in 2024, it was not surprising that GM opted to
sell its share of the Lansing, Michigan plant to LGES for $2 billion.!3* GM’s actions repeatedly
belie CEO Barra’s oft-repeated statements that GM is committed to the EV transition. Since the
late 1990s, GM has undermined its commitment to the EV transition by doing billions upon
billions of dollars of stock buybacks.!3?

Luckily, LGES has courted customers from all over the world. Upon taking complete control of
the Lansing plant, LGES signed an agreement to reallocate the plant’s battery output to Toyota,
which gave LGES a $1.5 billion order.'*® LGES has also supplied Li-ion batteries to, or entered
JVs with, Tesla in China, Rivian, Hyundai, Kia, Ford, Stellantis, Mercedes, and Honda. Aside
from its expanding EV battery business, LGES notably began producing “Energy Storage
Solution” (ESS) products in 2015, with gigafactory-scale production sites in China, the U.S., and
Korea. In 2026, for example, Tesla entered an agreement to purchase $4.6 billion in LFP cells for
its Megapack 3 energy storage product from LGES, another boon for its now wholly-owned
Lansing plant.!3’

In 2023, LGES published its “road to 540 GWh”, announcing an intention to supply batteries for
6.75 million EVs annually by 2025.!%% In 2025, LGES completed an expansion of its Holland,
Michigan factory for about $1.4 billion, which will now make LFP batteries for its ESS products
and which raised its total global rechargeable Li-ion battery capacity to about 500 GWh.!3® That
same year, it inked an agreement to supply 20 GWh of NCMA batteries to Toyota annually, and
announced that it would invest $3 billion to expand production in Michigan for Toyota’s U.S. BEV
offerings.!*® At the end of 2025, LGES had $18.4 billion in total revenues and 32,760
employees.!*! With close to $1 billion in annual operating profits, a unique capability to produce
all three of the major battery form factors, and supplier relationships with most of the major auto
producers of the world, including Tesla (in China), GM, VW, and the Hyundai Motor Group,
LGES’ success reflects its commitment to innovation that has not abated when challenged by
significant setbacks or uncertainty.

BYD

Founded in 1995, BYD was launched to produce rechargeable batteries for the mobile electronics
industry. By 2002, BYD was the world’s second largest producer of Li-ion batteries, after Japan’s
Sanyo. From the start, BYD pursued a vertical integration strategy, which included, in 2003, the
purchase of a State-owned automobile company. Its current position as the second largest EV
battery producer in the world is integrally related to its recent emergence as the world’s leading
manufacturer of EVs.

The CEO of BYD from its founding to the present has been Chuanfu Wang. One of eight children
from a poor peasant family, Wang was only 29 years old when he launched the company in
Shenzhen (home also to China’s Huawei, TenCent, and DJI). The young entrepreneur may have
been “building his dreams” when he set up shop to produce Li-ion batteries but in fact the company
only began suggesting that BYD was an acronym for “Build Your Dreams” once it was producing
cars, with the slogan debuting at the Beijing International Automotive Exhibition in November
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2006.!4? Insofar as the availability of very high-quality and very low-cost (and hence very low-
priced) cars that run on electricity can fulfill people’s fantasies, by the third decade of the 21*
century, under Wang’s continuous leadership, the battery company that he had founded in 1995
had grown into its adopted long-form name.

A gifted student, Wang earned a bachelor's degree in metallurgical physical chemistry in 1987
from Central South Industrial University in Hunan, China, and a master’s degree in 1990 from the
Beijing General Research Institute of Non-Ferrous Metals. After graduating, he stayed on at the
Beijing Institute, working on rechargeable battery research.!*® Just three years after joining the
Institute, Wang became vice supervisor of research.'** In 1993, the Beijing Institute set up the
Shenzhen-based Bi Ge Battery Company, and made Wang its general manager, while he retained
his position at the Institute.

Wang’s co-founders of BYD Industries were Xiangyang Lu and Zuo-quan Xia. Lu was Wang’s
cousin, investing in BYD after a career in banking that stretched from 1978 to 1992. In 1993, he
founded Guangzhou Rongjie Investment Company Limited, which he used to invest $300,000 in
BYD in exchange for 31.1 percent of BYD’s shares (as disclosed in its prospectus for its [PO on
the Hong Kong Stock Exchange in 2002). Lu became vice chairman of BYD, a non-executive
position that he has held to the present.!*> Prior to joining BYD as an executive director in 2001,
Xia’s work experiences were also in finance. In 1995, Xia put up $47,100 to become BYD’s third
co-founder, holding 10 percent of BYD’s shares outstanding in 1997. At the founding in 1995, the
remainder of BYD Industries’ shares were held by the State-owned Shenzhen Metallurgical and
Mining Corporation (SMMC), with 64.4 percent of the shares, and Shenzhen Lidasi Company
Limited, which held 4.5 percent of the total shares.

In 1997, SMMC sold its shares in BYD to Guangzhou Rongjie, boosting Lu’s total shareholding
to 65.5 percent. The remainder of the shares went to Wang, who now held 20 percent of BYD’s
shares, with Xia holding 10 percent and Shenzhen Lidasi 4.5 percent. In January 1998, BYD
increased its registered share capital by 25.5 million RMB (about $3 million), out of contributions
made by Lu (16.55 million RMB), Wang (6.40 million RMB), and Xia (2.55 million RMB). In
1998, the founders established a separate entity, Shenzhen BYD Lithium Battery Co. After further
internal restructuring of ownership, designed to give Wang a higher proportion of shares as well
as to provide shares to managers, the distribution of BYD shareholding after the IPO was Wang
28.9 percent, Lu 12.1 percent, Guangzhou Rongjie 8.6 percent, Xia 6.3 percent, management
shareholders 17.0 percent, others 2.1 percent, and public shareholders 25.0 percent.!46

In 2011, BYD did an IPO on the Shenzhen Stock Exchange, further diluting the shareholdings of
the founders. By 2025, dilution left Wang with 17 percent of BYD’s shares, Lu 13 percent, and
Xia 3 percent.!#’ Each of BYD’s founders remains on the company’s board of directors, which is
otherwise populated by three other independent directors, for which they receive an annual fee of
$44,500. At no time from the company’s founding in 1995 has there been a threat to Wang’s
strategic control.

From the beginning, Wang has used his strategic control to advance BYD’s innovation strategy.

In the early years, BYD obtained and reverse-engineered assorted types of foreign rechargeable
batteries.!*® Whereas the Japanese firms ran highly automated production systems, BYD initially
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relied upon labor-intensive methods to produce similar quality batteries at a lower cost. BYD found
success focusing, at first, on nickel cadmium and, after licensing the intellectual property from
U.S.-based Energy Conversion Devices,'* NiMH rechargeable batteries produced for and sold to
local firms in Shenzhen; for example, for electronic toys. On the strength of its sales of NiCd and
NiMH batteries, by 1997, BYD had grown to 1,000 employees, including 20 in R&D, and had
begun attracting business from foreign companies. Wang then reinvested BYD’s profits and set
his R&D employees to work applying the same labor-intensive methods to develop Li-ion
batteries.

After tearing down world-leader Sanyo’s Li-ion cells, Wang opted to reformulate the battery
chemistry to reduce its sensitivity to humidity, eliminating some of the need for investment in the
large dry rooms which made Japan’s batteries more expensive.!>° BYD’s labor-intensive process
not only saved costs but also became a basis for product innovation and factory automation. In
1998, BYD set up BYD Lithium to officially enter the Li-ion battery business. With its new Li-
ion batteries, BYD moved into rechargeable battery state-of-the-art.

In 2000 and 2002, BYD succeeded in winning contracts to supply batteries to Motorola and Nokia,
then the world leaders in mobile phones, propelling BYD to 17,000 employees by 2002.!5! With
prismatic-battery contracts from Motorola and Nokia in hand, BYD did an IPO on the Hong Kong
Stock Exchange in 2002, raising $180 million.!>? In 2003, Motorola comprised 60 percent of
BYD’s rechargeable battery business, up from 30 percent in 2002.!33

Motorola did not just order batteries from BYD. It sent its own engineers into China to upgrade
the quality of BYD’s operations, until BYD earned Motorola’s renowned “Six Sigma” designation
for 99.9999 percent defect-free production.!>* Motorola’s investment was important to BYD’s
cost-reduction strategy in the early 2000s, as well as testament to the importance of the Chinese
mobile phone market to the American company.

By the early 2000s, BYD had secured a top-three spot in market share in each of its NiCd, NiMH,
and Li-ion battery segments, a fact that had not gone unnoticed by its major Japanese rivals, global
leaders in Li-ion batteries who were determined to prove that BYD had stolen its success. When
BYD procured contracts to supply batteries to Motorola and Nokia, it took business away from
Sanyo.!> In 2002, Sanyo filed a patent infringement case against BYD in U.S. court. That was
followed by a second lawsuit, filed by Sony in 2003 in Japanese court, which meant that the
number one and number two largest Li-ion battery producers in the world were going after BYD
as the third largest.!>® If the lawsuits of the Japanese companies had prevailed, it would have
destroyed BYD’s ability to sell batteries outside of China. However, BYD triumphed in court
against Sanyo in March 2005 and Sony in December 2005.

In 2003, as BYD was fending off Japan’s Li-ion battery leaders in court, it began moving into
mobile phone manufacturing. In 2005, BYD succeeded in attracting assembly work from Motorola
and Nokia, damaging direct-competitor Foxconn, which depended on the two mobile phone
companies for over 90 percent of its revenues. In 2006, Foxconn filed a lawsuit in Shenzhen against
BYD, alleging it had built its mobile phone manufacturing business by actively recruiting its
engineers and managers, and engaging them in industrial espionage, stealing trade secrets and IP.
Foxconn filed a second suit in Hong Kong civil court in 2007.!%7 The lawsuits led to conviction
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and prison sentences for four individuals—one Foxconn employee and three BYD employees
recruited from Foxconn. However, Foxconn abruptly dropped its suit in 2008, when it was revealed
that they had fabricated as well as destroyed evidence after bribing agency officials and employees
involved in the lawsuit.

BYD’s successful defense against Japan’s leading Li-ion battery manufacturers and its averting of
criminal prosecution in its conflict with Foxconn were significant. The victories offered proof that
BYD’s success was the result of its investment in collective and cumulative learning to develop
internal production methods that yielded batteries or mobile phone devices of similar quality to its
competitors at lower prices—in other words, innovation.

With the lawsuits behind it by 2008, BYD’s battery and mobile electronic assembly business
continued to grow. By 2011, BYD supplied batteries to not only mobile phone makers Nokia and
Motorola, but also China’s leading communications equipment companies, Huawei and ZTE. As
the years passed, the list of customers grew to include Dell, Microsoft, Bosch, TTi, Ecovacs,
iRobot, Apple, Samsung, HTC, Lenovo, HP, Toshiba, Asus, Xiaomi, and Vivo.!8

In January 2003, BYD acquired a 77 percent stake in State-owned Xi'an Qinchuan Automobile,
permitting it to enter the rapidly growing and hyper-competitive auto business in China. BYD’s
stock price was battered by the decision, but automobile manufacturing was Wang’s next step in
his evolving innovation strategy, which was to leverage BYD’s expertise in batteries to produce
innovative EVs. To learn how to make autos, BYD applied the same approach it had taken with
batteries—reverse engineering products that were best-in-class. Wang and his engineering teams
tore down a Toyota Corolla, and at one point his personal Mercedes Benz S-Class, to learn about
their assembly and quality.!>® Having mastered battery and mobile electronic manufacturing, Wang
would later say that “a mobile phone is more difficult to make than a car,” which Wang described
as “just a pile of iron and steel”.!6°

Building ICE vehicles was nevertheless a precursor to BYD’s development of EVs. In 2005, BYD
released its first vehicle, the F3 (a product loosely based on what BYD learned tearing down a
Toyota Corolla).'®! In 2008, it released the world’s first Li-ion powered plug-in hybrid (PHEV), a
variant of the F3 called the F3DM, an achievement notably two years ahead of GM’s first PHEV,
the Volt, and four years ahead of Toyota’s PHEV version of its bestselling Prius. In 2010, as
BYD’s ICE sales peaked at about 520,000 (see Table 2, below), it released its first BEV, the €6,
as a taxi in Shenzhen and also abroad.'®?

It should be noted that three months after BYD made the decision in January 2003 to enter the
automobile industry for the purpose of producing EVs using the batteries that it would develop,
GM had definitively terminated its EV1 program—repossessing the leased EV1 and crushing
them—with no plans for a successor EV. GM’s decision to exit the incipient industry, in turn,
inspired Martin Eberhard and Marc Tarpenning to found Tesla in July 2003, and in 2004 Elon
Musk joined the company, becoming its chairman after putting $6.5 million into its first funding
round.
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Table 2: BYD unit auto sales and percent New Energy Vehicles (NEVs), 2006-2025

BYD NEVs as(BYD NEVs as
BYD NEVs as % of total | % total NEV
BYD Total BYD NEV % of total |BEVs as % of| auto market | market in

Year auto sales Sales BYD sales BYD NEVs in China China
2006 55,038

2007 85,942

2008 170,000

2009 450,000

2010 520,000

2011 437,000

2012 420,000

2013 470,000 3,096 0.7 0.0 17.5
2014 373,000 27,867 7.5 0.1 37.3
2015 380,000 58,000 15.3 0.2 17.5
2016 422,000 96,000 22.7 0.3 18.9
2017 355,000 110,000 31.0 0.4 14.2
2018 520,687 247,811 47.6 41.7 0.9 19.7
2019 461,399 229,506 49.7 64.1 0.9 19.0
2020 426,972 189,689 44 .4 69.0 0.7 13.9
2021 740,131 603,783 81.6 53.1 2.3 17.1
2022 1,868,543 1,863,494 99.7 48.9 6.9 27.1
2023 3,024,417 3,024,417 100.0 52.1 10.0 31.9
2024 4,272,145 4,272,145 100.0 41.3 13.6 33.2
2025 4,602,436 4,602,436 100.0 49.0 13.4 27.9

Sources: BYD Annual Reports, various years; BYD voluntary production and sales volume disclosures, various years.
BYD NEYV sales for 2013 and 2014, and vehicle sales in China for 2006 are estimates based on disclosures
in Annual Reports.

Though BYD was a first mover in PHEVs and BEVs, the F3DM sold relatively poorly. Its batteries
were expensive, and charging infrastructure in China at the time was not widespread. The strategy
of producing taxis, and later buses, permitted BYD to generate revenues from its R&D investment
in EVs while continuing to develop its battery and powertrain technologies. PHEVs still play an
important role as a bridge technology for China’s EV consumers as rapid charging infrastructure
spreads. Since 2022, hybrids have comprised approximately 50 percent of BYD’s unit sales.

Around 2008, Li Lu, an investment manager who had begun buying shares of BYD in 2002, touted
the company to Charlie Munger, who pitched buying shares in BYD to his long-time investment
partner, Warren Buffett.!> Wang was, according to Munger, a modern-day Thomas Edison-Jack
Welch hybrid, noting that “Edison was good at solving technological difficulty. Welch was good
at getting what he needed to succeed. Wang Chuan-Fu also has these qualities.”!®* Buffett
dispatched David Sokol to investigate the company. Sokol was at the time CEO of MidAmerican
Energy Holdings, Berkshire Hathaway’s utility energy business. With Sokol’s approval of the
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purchase, in 2008 BYD agreed to sell Berkshire 9.89 percent of its treasury H-shares for $232
million. When interviewed, Sokol was clear that Berkshire was placing its bet on BYD’s battery
business, not its growing auto business, stating, “the only part that played into [the investment
decision] was the battery technology,” adding, “whether or not they can manufacture their own
cars isn't that relevant to us, because we see their real expertise is in the development of the
batteries, the motors, the control systems.”!%

Berkshire initially asked for 25 percent of BYD’s shares. Buffett took it as a “good sign” that
Wang rejected the proposal as it indicated he “didn’t want to sell his company”.'® Though BYD
gave Berkshire’s Sokol a board seat as a condition of the transaction, Wang retained 28 percent of
BYD’s voting control overall, and, with his co-founders Lu and Xia included, 54 percent. Apart
from the funding it received, BYD benefitted from the publicity that attracting Berkshire Hathaway
as an investor created.'®’

During FY2009, BYD’s $3.1 billion in revenues from its auto segment surpassed those of its
handset components and assembly business segment for the first time (53 percent versus 36
percent). On June 11, 2011, BYD completed a second IPO on the Shenzhen Stock Exchange,
raising an additional $219 million to invest in batteries, a dedicated R&D facility in Shenzhen for
its auto business, and its expanding auto business more generally.'®® That same year, the company
opened its U.S. headquarters in Los Angeles, California. Struggling to gain a foothold for EV sales
in the U.S. market, in 2013, BYD pivoted to producing electric buses, opening a plant in Lancaster,
California. In 2015, BYD began producing electric buses in the U.K.

BYD sold 55,038 vehicles in 2006, which grew to 520,000 in 2010, when BYD had 5.0 percent of
China’s auto market. BYD lagged far behind Volkswagen and GM, whose JVs with domestic
automakers produced millions of vehicles annually and dominated the Chinese market. Creating a
new opportunity for BYD was the growth of China’s “new energy vehicle” (NEV) market, which
began its meteoric rise in 2013, with sales of NEVs in China soaring from about 23,100 in 2013
to 1.3 million in 2018. With sales of 470,000 vehicles of all types in 2013, BYD’s share of the
total Chinese car market slipped to about two percent. BYD’s market share declined further
through 2017, as it began producing EVs at scale. In 2022 BYD announced it would cease
producing ICE vehicles entirely, completing its transition to 100 percent EVs more than a decade
ahead of China’s official 2035 mandate. In 2023, BYD completed its EV transition profitably, its
finances supported in part by its electronics segment, State subsidies, asset sales, and sales of raw
scrap.

In 2024, BYD’s sales of 4.2 million EVs were equal to 33.2 percent of China’s NEV market and
13.6 percent of its total auto market. BYD’s blew past VW, which reported sales of 2.9 million
units in 2024, as China’s best-selling auto brand for 2024, while also surpassing GM, whose sales
in China declined significantly.!®

In 2024, BYD became the largest EV company in the world, with 4.27 million combined EV unit
sales, its 1.76 million BEVs falling just short of Tesla’s 1.79 million.!”® In 2025, however, BYD
became the world leader in BEV sales as well, with 2.3 million BEVs versus Tesla’s 1.6 million.!'”!
With 4.6 million EVs sold in 2025, BYD was the world’s largest EV maker and the world’s 6th
largest auto manufacturer globally, bumping Ford into the number seven spot.!7?
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Tesla has sought to protect its lofty stock market valuation by claiming a competitive advantage
in batteries, self-driving, Al, and robotics. In BYD, it faces a direct competitor on all fronts. In
March 2020, BYD released its “Blade” LFP battery, which features an innovative “cell to pack”
design. The Blade battery has closed much of the performance gap with rival battery chemistries,
while permitting Wang to demonstrate, for a global audience, the ability to drive nails through the
battery cells without them bursting into flames.!”?

Six years later, on March 5, 2026, the company announced Blade battery 2.0, boasting a new Li-
ion manganese phosphate chemistry, improving energy density by five percent, and significantly
improving its rate of recharge. According to BYD, the Blade battery 2.0 can charge from ten
percent to 70 percent in five minutes, or to 97 percent in nine minutes. In extreme cold, it can be
recharged from 20 percent to 97 percent in just 12 minutes.!’* To ensure that BYD buyers benefit
from their extreme recharging capabilities, BYD also announced that it was beginning to build out
thousands of FLASH rapid charging stations, which can deliver 1.5 megawatts into its EVs. While
BYD has improved upon its battery technology, it has expanded its EV product offerings to
compete at all price points, from the low-end of the market all the way up to ultra-luxury and ultra
high-performance segments of the market.

In 2023, BYD announced the release of its “God’s Eye” self-driving technology, which combines
visual and lidar detection hardware with in-house software and electronics developed for the
system. In 2026, BYD took an additional step of announcing that it would insure its customers of
God’s Eye 5.0, its most advanced technology, for one year against accidents related to the use of
its system, for which BYD charges about $1,770.!7° Like other automakers, BYD has been
developing humanoid robots since 2022, and has, since about 2021, begun building “lights out”
factories—plants with near 100 percent automation rates that can produce an EV in minutes,
significantly reducing costs.!”®

In 2021, BYD began its push to sell NEVs around the world, beginning with Norway. In 2022, it
entered Brazil and made plans to manufacture there in 2023. Even as it has ramped up production
abroad, BYD’s exports have exploded. In 2023, exports of EVs were 242,765. BYD exported
1,046,086 EVs in 2025, and 972,794 EVs in the first half of 2026, BYD’s innovations are already
starting to change the global auto industry in markets outside of China.!”’

To support its global expansion, BYD announced in 2022 that it was allocating $687 million to
begin building a fleet of EV transport ships to reduce its shipping costs and remove a key
bottleneck preventing it from meeting demand for its products worldwide.!”® In 2024, it sailed its
first two roll-on, roll-off (ro-ro) ships, the Explorer No.1 and the Changzhou, each of which can
carry 7,000 EVs.!” The BYD Shenzhen transports up to 9.200 EVs. 1%

The decision to build a fleet of transport ships occurred as BYD’s EV sales more than doubled to
1.9 million units, generating $48.3 billion in revenue, equal to 77 percent of its total revenue and
making its auto segment dominant. BYD’s electronic components and assembly business added
another $14.7 billion. For its efforts over the course of 2024, BYD booked $107 billion in total
revenue, $5.6 billion in net income, and employed 968,900 people, more than General Motors had
at its peak in 1979.!8! During 2025, BYD had 4.6 million in overall EV sales, booking $112 billion
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in revenue and $585 million in net income. Meanwhile, its automation strategy drove employment
down to 869,600.

With its rapid growth, deep vertical integration, and commitment to retaining and reinvesting
earnings in innovation, BYD is no doubt one of the Chinese firms that Tesla CEO Elon Musk had
in mind when, in 2024, he said that “frankly, I think, if there are not trade barriers established, they
will pretty much demolish most other companies in the world.”!8? This statement represents an
about-face from derisive comments Musk made about BYD 13 years earlier.!®* Wang could
respond to Musk’s current prognosis by saying “it’s the Blade battery, stupid.”

Contemporary Amperex Technology Limited (CATL)

By far, the world leader in EV batteries is CATL. Headquartered in Ningde, China, CATL is the
EV battery business spun off from Amperex Technology Limited (ATL) in 2011. ATL was co-
founded in 1999 by Shaokang Liang, Tang-Hua Chen (1944-2010) and Yuqun Zeng (aka Robin
Zeng).

Chen was born in China, raised in Taiwan, and educated in the U.S., earning an MS in chemistry
at the University of Arizona and a PhD in physical chemistry at the University of California,
Berkeley. He joined IBM in 1973, working on disk drives, before leaving in 1982 to work for
several startup companies, including his own consulting company. In 1995, he returned to China
by joining SAE Magnetic, a subsidiary of Japan-based TDK, located in Hong Kong, with
operations in Dongguan, China.'®* SAE Magnetic was a maker of components for hard disk drives.

Born near Ningde in 1968, Zeng received a bachelor’s degree in engineering from Shanghai Jiao
Tong University in 1989. Following his graduation, he left secure employment at a State-owned
company after just three months to join SAE Magnetic, rising to the position of director of
engineering. While working there, he earned a master’s in electronics and information engineering
from the South China University of Technology in 2001 and a PhD in condensed matter physics
from the Chinese Academy of Sciences in 2006.

Shaokang Liang was an employee of SAE Magnetic before it was acquired by TDK in 1986. With
a master’s degree in engineering from the University of Hong Kong, Liang rose through the ranks
to become SAE Magnetic’s CEO. TDK, founded in Tokyo, Japan, in 1935 is a storied enterprise
that diversified from its roots in magnetic materials into electronic and recording media. With
Liang’s help, it developed a globally dominant hard disk drive head business.

In the late 1990s, as the market for mobile devices was booming, Liang convinced Chen and
Zeng—each having spent a decade or more at SAE Magnetic—to leave to establish a battery
startup.'®> In July 1999, the trio co-founded Amperex Technology Limited (ATL) as a rechargeable
Li-ion battery company, with Liang assuming the role of chairman, Chen appointed as the
company’s first president and CEO, and Zeng, then only 31 years old, becoming executive vice
president.!3® Liang retained his position as SAE Magnetic’s CEO.

ATL’s innovation strategy was to produce Li-ion batteries for mobile electronics. The group
utilized $1 million, about 40 percent of their $2.5 million startup funds, to obtain a license for a
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rechargeable Li-ion polymer battery from U.S.-based Telcordia (formerly Bellcore), the research
consortium of the regional Bell operating companies in the U.S.!8” Li-ion polymer batteries had
several key advantages. Firstly, they promised greater energy density. Also, with their flexible
“pouch” form factors, and semi-solid electrolytes, they could be significantly thinner than the
“AA”-sized 16850 or prismatic cells then in use. With customizable dimensions, Li-polymer
batteries gave electronic device makers significant new design flexibility. The Li-polymer battery
became the basis for ATL’s successful push into rechargeable Li-ion production after Zeng, over
the course of just two weeks, solved the problem of the battery swelling by tweaking the
electrolyte. As a result, ATL became the first company to successfully commercialize Li-polymer
batteries based on the Bellcore patent, having outsmarted 20 other Bellcore licensees, including
Sony and Panasonic, which had up to that point been unsuccessful in overcoming the same
swelling problem. !

With the technical problem of the Li-polymer battery solved, ATL turned to production. Within
three months, the company had implemented a low-cost, labor-intensive manufacturing process
and was generating profits from the sale of its new battery.!®® With new market opportunities, ATL
needed cash to scale its operations. In 1999, ATL completed its Series A funding round, raising
$1.6 million from the Asia Pacific Fund of Hambrecht & Quist (H&Q), a prominent Silicon Valley
venture capital company.!'®° In return for the funding, H&Q gained two of ATL’s five board seats
and a 48 percent equity stake.!"!

In December 2001, China entered the World Trade Organization, which increased the confidence
of foreign financial companies that, should they want to exit their investment in an unlisted Chinese
firm, a buyer for their shares could be found. In June 2003, with growing battery orders, ATL
completed a series B funding round, attracting $22.5 million from U.S.-based Carlyle private
equity group and $7.5 million from the U.K.-based 3i group.!®> Upon completing its acquisition
of ATL’s shares, Carlyle’s Gabriel Li described ATL as a low-cost manufacturer supplying global
multinationals “at the cutting-edge of battery production,” with “thinner and safer” batteries that

offered “10-20% more higher [sic] energy density”.!

In 2004, ATL’s reputation for producing high-quality, low-cost Li-polymer batteries attracted
Apple as a major customer, which placed an order for 18 million batteries.!** At the time, Apple
was struggling to procure enough batteries to keep up with demand for its iPod, a portable music
player for which sales had exploded from 939,000 units in 2003 to 4.4 million units in 2004, and
then 22.5 million units in 2005.'°> The iPod was a hit product that provides an example of
interdependence of innovation in rechargeable batteries and consumer electronics at the time. The
iPod used a proprietary variation of the superior “MP3” music compression algorithm developed
in 1997, which it called AAC, a miniaturized hard disk drive, and ATL’s new lithium-polymer
battery. The battery allowed for a significantly smaller, thinner, and lighter device than had been
possible with portable cassette or CD players that had been available since the 1970s and 1980s,
while offering all-day battery life.

As ATL’s battery business generated profits, the founders decided they wanted TDK to buy them
out. In May 2005, TDK purchased all the shares of the venture capitalists, private equity investors,
and founders for about $100 million.!”® With this change in control, the company became a
subsidiary of TDK, with Chen and Zeng retained as senior executives to run the ATL division.
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At the time that the sale to TDK was completed, Chen and Zeng had overseen ATL’s growth to
3,000 employees. Zeng had simultaneously upgraded his own technical expertise by finishing (as
mentioned above) his master’s degree in 2001 and PhD in 2006. ATL’s rapid growth benefitted
from TDK’s superior financial resources and expertise in materials science, and TDK benefited
from the willingness of Zeng to stay on as senior vice president and general manager of TDK’s
battery business,!” with Chen serving as vice chairman and Shilin Huang, who had long served as
Zeng’s “right hand man”, as director of R&D and vice president.!”® TDK reported that the
acquisition of ATL was made “for the purpose of obtaining an operating base on which to develop
the Company’s materials technology”, viewing Li-ion batteries as a significant business
opportunity.’®® And it was; batteries became TDK’s largest segment by revenue in 2018.2% In fact,
in 2022, incoming President Noboru Saito noted that TDK’s efforts to rebalance its earnings
generation from its operating segments was making progress after years of becoming “highly
dependent” on the battery business.?"!

Apple was a key ATL customer, procuring its batteries as it developed other hit products—the
iPhone, introduced in 2007, and the iPad, introduced in 2010.2°2 Apple also procured batteries
from Samsung SDI, but in 2011, when Samsung Electronics developed a mobile phone that was a
major competitor to Apple’s iPhone, Apple began shifting its battery manufacturing away from
Samsung SDI, further strengthening ATL’s relationship as a key supplier of batteries to the
American company.2?® Apple sold over 125 million iPhones in 2012, driving revenues of TDK’s
ATL division to increase by almost 60 percent from the previous year.2* In 2016, ATL added
Samsung—then the world’s largest smartphone maker, with over 309 million unit sales (compared
to Apple’s 212 million unit sales)—to its customer base.?%

As ATL built up its mobile electronics battery business, becoming the leader in market share, it
was approached by EV makers interested in integrating Li-ion batteries into their electric
powertrains. In 2006, under the direction of Zeng and Huang, ATL began doing R&D into EV
batteries, seeking licenses for new battery chemistries from the United States. In 2008, the
company established an official EV R&D battery research division. In the same year, ATL
supplied LFP batteries for electric buses used during the Beijing Olympics.?®® With the
development of its “Ten Cities, Thousand Vehicles” policy in 2009, China’s EV policy makers,
led by Wan Gang, a former researcher and engineer for Audi who had returned to China in 2000,
were positioning batteries and EVs as strategic technologies, investing billions of dollars into the
establishment of a domestic industry. By investing in EV battery R&D, ATL’s leaders were
aligning with Chinese government policy to transition China’s booming automobile industry from
ICE vehicles to EVs.

On December 12, 2010, Chen died, halting plans for ATL to file for an IPO in the U.S., as the
smartphone market, and ATL’s battery business, continued to boom.?°” Five months later, in April
2011, China’s National Development and Reform Commission (NDRC) signaled through its
“Foreign Investment Catalogue” that it was contemplating a prohibition on foreign-owned battery
makers from operating in China’s market. In late 2011, the NDRC determined that foreign EV
battery makers would be restricted to 50 percent ownership, which stymied ATL’s ambitions to
produce batteries for a Chinese EV market because it was majority-owned by Japan-based TDK.
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As a direct response to this problem, in December 2011, Zeng and Huang spun out ATL’s nascent
EV battery business as Contemporary Amperex Technology Limited (CATL), with 85 percent of
its shares held by the Chinese entity and 15 percent by TDK. With this structure, CATL would be
able to operate in the world’s largest automobile market. With the support of generous subsidies
from the Chinese government, CATL also had the potential to become the world’s largest EV
battery maker. Zeng and Huang provided significant financial resources to the new venture,
establishing themselves as dominant shareholders. A key executive recruited from outside CATL
was Bob Gaylen, a battery industry veteran and ex-GM employee of 21 years, including during its
ill-fated EV1 program in the 1990s. Gaylen was named chief technology officer, a position that he
would hold for eight years.?%

The LCO cathodes and Li-polymer battery technology that ATL had mastered, however, were not
suitable for EVs. CATL had to search for a new chemistry. NMC batteries were, at the time, a
risky bet, given patent infringement cases lodged by its key patent holders, 3M and the U.S.
Department of Energy’s Argonne National Laboratory.?? NCA chemistry would require, and most
likely not receive, cooperation from Japanese patent holders Sumitomo and Panasonic. CATL
opted, initially, to rely upon lithium iron phosphate (LFP) batteries to provide the technological
foundation for their push to make innovative EV batteries.

CATL’s decision to use LFP chemistry benefitted from the prior successful move of the Chinese
Battery Industry Association (CBIA) to block enforcement of foundational LFP patents, held
abroad, controlled by the LiFePO+C consortium in Canada. In 2011, the CBIA, comprised of
BYD, ATL, BAK, Lishen, Gotion, and Pulead, all of which had invested in LFP batteries in the
mid-2000s, convinced Chinese officials to invalidate the patents. The LiFePO+C consortium tried,
and then failed, to collect royalties on its intellectual property. China’s domestic firms were banned
from exporting LFP batteries for ten years, after which time key LFP patents either expired or were
set to expire.2!°

On paper, LFP came with disadvantages, namely, lower energy density relative to NMC or NCA
batteries. But LFP batteries also had advantages. The chemistry was innately safer, offered a long
duty cycle, could be charged to 100 percent routinely with less damage to its future capacity, and,
making use of relatively abundant raw materials, was relatively low cost.

In 2012, CATL was approached by BMW, the German luxury-vehicle producer. BMW had
commenced a JV with China’s Brilliance Auto to produce an EV, but (like other automakers) was
seeking a Chinese supplier of EV batteries. Recognizing that CATL was run by the same persons
who had proven capable of meeting Apple’s exacting quality standards for ATL, BMW shared an
800-page technical document with the startup, and dispatched its engineers to partner with, and
help oversee, CATL’s investment in EV battery manufacturing. Over the next two years, CATL
learned to meet BMW’s technical and quality standards, which Zeng, in 2016, noted was an
important contribution to CATL’s rapid growth as an EV battery producer.?!!

In March 2015, China’s Ministry of Industry and Information Technology (MIIT) issued the
“Standard Conditions for the Automobile Power Storage Battery Industry”. A “voluntary” list of
recommended component suppliers for EV producers, foreign and domestic, it became known as
the “white list”. In effect, access to the billions of yuan being spent by the Chinese government to
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foster a market for EVs required selection of a domestic battery supplier. The white list ended on
June 21, 2019, but it succeeded in establishing a “wall” that prevented dominant foreign Li-ion
battery firms at the time—LG Chem, Samsung SDI, or Panasonic, for example—from establishing
strong operations in China, in some cases even when investments in new facilities were already
underway.?!? The end of the white list opened the Chinese EV market to foreign competition, most
significantly by allowing Tesla to set up a wholly-owned gigafactory in Shanghai. But by that
point, selection of CATL or BYD as a battery supplier by Tesla was partly preferential. It was no
longer “required”.

Given the restrictions put into place by China’s policy makers, CATL needed to break its ties to
TDK. Once more, TDK accommodated CATL—this time by selling its 15 percent stake in the
company in 2015 for an undisclosed amount,?!* so that CATL could qualify as a wholly owned
domestic battery supplier and therefore benefit from government subsidies. As the leading “pure
play” producer of EV batteries, CATL was a prime benefactor of China’s preferential treatment,
in 2017 emerging—with the white list in place—as the world’s largest EV battery maker, a title it
has since held for a decade.

On June 11, 2018, CATL completed its IPO on the Shenzhen Stock Exchange, raising $850 million
(which also revealed Zeng to be the largest stockholder with 26 percent of the company’s shares,
while Huang held 12 percent).?!* CATL completed a second TPO on the Hong Kong Stock
Exchange in 2025, raising a massive $4.6 billion and cementing Zeng as one of the world’s richest
persons.?’> In 2021, TDK and CATL announced the formation of a JV, with each sharing
technology for the purpose of addressing “medium” sized rechargeable battery opportunities in,
for example, electric motorcycles and residential energy storage systems.?!6

In 2024, CATL reported that it had 37.9 percent of the global market for EV batteries, with $50.5
billion in revenues, $7 billion in net income, and over 100,000 employees, including over 20,000
in R&D.?!7 In the five years from 2020 through 2024, it expanded its battery manufacturing
capacity from 69.1 GWh to 676 GWh—enough batteries for about nine million BEVs. CATL’s
innovations in batteries have driven the cost of EV batteries well below the cost believed to provide
“parity” with ICE vehicles, while improving their range and safety.

CATL has also transitioned from consuming battery patents to authoring them, filing over 35,000
during 2020-2024 as it spent $11.8 billion on R&D.?!® Its latest generation EV batteries exploit
multiple battery chemistries, while increasing their safety and enabling, in some cases, 12C rapid
charging rates—granting them the ability to rapid charge an EV in minutes, or about the same
amount of time one would spend at a gas pump.2!” CATL has also expanded into energy storage
systems, materials and recycling, and mineral extraction and refining. CATL is driving the battery
frontier by commercializing new chemistries such as Sodium-ion, better suited for colder climates
or grid power storage, and dual-chemistry battery packs that can be optimized for different
applications.??°

As with BYD, CATL’s operations have become more automated over time, and now include so-
called “lights out” factories, which are nearly 100-percent automated and can be run 24/7.22! In
2018, CATL began expanding its operations outside of China, announcing a factory in Erfurt,
Germany, to supply European automakers. In 2022, CATL expanded into Indonesia and Hungary,
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while also announcing a strategic supply agreement with Ford.??? Subsequently, Ford faced
pushback from U.S. lawmakers, even as it restructured its agreement with CATL as a technology
license, meant to permit Ford to invest in a $3-billion LFP battery plant in the U.S., while
qualifying for billions of dollars in available U.S. subsidies.??* In 2025, CATL broke ground on a
battery factory in Zaragoza, Spain, the result of a JV into which it entered with Stellantis.?>* A
vertically integrated powerhouse, CATL’s innovations are likely to continue to underpin the global
EV transition, and preserve and possibly even extend the company’s place as the world’s leading
EV battery company.

Global leadership in the EV transition?

In 2019, when John Goodenough, Stanley Whittingham, and Akira Yoshino received the Nobel
Prize in Chemistry for their contributions to the development of rechargeable Li-ion batteries, it
looked as if the United States was at the forefront of the EV transition. Even though, back in 2000,
GM had made the deliberate decision to cease production of its pioneering EV1, the mantle in the
U.S. was picked up by Tesla, which in 2019 succeeded in mass producing, largely for the U.S.
market, 367,656 of its BEV Models S, X, 3, and Y. From the perspective of 2026, however, it is
clear that leadership in the EV transition has shifted to China, and especially to BYD in cars that
use its own batteries and CATL in batteries.

Batteries are the core technology of the EV transition. Coming into the 1990s, the United States
led the world in battery science and engineering,?*> and possessed the world’s largest automobile
market. Despite those two key facts, the United States does not at the time of this writing have a
major EV battery producer. The global leaders in EV batteries are all based in Asia. In this paper,
we have documented the rise of four of them, one in Japan, one in South Korea, and two in China.
The next step in our project, which is the focus of a forthcoming paper, is the systematic application
of the “Theory of Innovative Enterprise” (TIE) to explain how these companies became leaders.?2

TIE focuses on three social conditions of innovative enterprise—strategic control, organizational
integration, and financial commitment—that must be analyzed to understand the success or failure
of a business corporation in producing the higher-quality, lower-cost products that can give it a
sustained competitive advantage. Strategic control requires that corporate resource-allocation
decisions be exercised by senior managers who, in the face of technological, market, and
competitive uncertainty, have the ability and the incentive to invest in innovation. Organizational
integration entails large numbers of people working in a complex hierarchical and functional
division of labor to engage collectively in the organizational learning that can generate higher-
quality products and processes. Financial commitment mobilizes money to sustain cumulative
learning processes that are both uncertain and collective until they can generate financial returns
by selling high-quality, low-cost products.

Our research for this paper makes it clear that strategic control has varied across these four
companies, grounded in part in different socioeconomic institutions in the three countries in which
they are based. Japan’s Panasonic exemplifies the operation of a well-established managerial
corporation, where the people who are in positions of making major resource-allocation decisions
are lifetime employees who have risen through the managerial hierarchy. The same is true at LGES
in South Korea, except that, as we have indicated in this paper, ultimate decision-making power
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lies with members of the family that founded and continue to control the chaebol. In the cases of
both BYD and CATL, from their founding to the present, strategic control has resided with the
original entrepreneurs, Chuanfu Wang at BYD and Yuqun (Robin) Zeng at CATL, who continue
to occupy the top positions at their now massive business corporations. Through higher education
and work experience, each of them had already by their late 20s acquired impressive capabilities
in batteries. Over the decades, their leadership of these companies has deepened their abilities to
run them as innovative enterprises. They are among the wealthiest people in China, but, by all
accounts, as CEOs of their companies, Wang and Zeng remain committed to investing in battery
innovation.

In a world where there is a demand for talent on global labor markets, the key challenge that
confronts organizational integration is attracting, retaining, and motivating personnel who can
engage in the company’s collective and cumulative learning processes. Employees must be
integrated into these learning processes even as they may have the option of choosing to leave to
go to work for another employer, which could very well be at a location halfway around the world.
The company can structure the content of work, remuneration systems, and career paths to try to
manage the organizational integration of these employees.

In Japan’s rise to industrial leadership in the 1980s and 1990s, lifetime employment provided the
institutional foundation for organizational integration, enabling scientific, engineering, and
managerial personnel to achieve career goals working for one company.??’ In the “lost decade” of
the 1990s, however, many Japanese companies had to “‘choose and focus” on new lines of business
that required new skill sets.??® As a result, mid-career hiring became common, even though (as
continues to be the case) the system of lifetime employment has remained intact.??° During the
1990s, Matsushita (Panasonic from 2008) resisted changes to the traditional employment system
until 2000 when, under Kunio Nakamura as CEO, there were significant reforms to the prevailing
seniority-pay structures and the absence of interfirm mid-career employment mobility.?*° The shift
to mid-career hiring intensified at Panasonic in the 2010s as the company shed its consumer-
electronics businesses and focused on Li-ion batteries for EVs and energy-storage systems.?3!

Career-long employment at LGES differs from the Japanese system by the ways in which
individualized modes of rewarding employees are built into career paths.?*? Korean employees
receive annual cash bonuses that often reflect their specific positions in and value to the company.
In recent years, management’s lack of transparency in calculating the bonuses has become a
contentious issue.?** During the first half of 2026, there was substantial disruption to this system
because, based on formulae used to determine the bonuses, those received by tens of thousands of
employees who work at SK Hynix and Samsung Electronics have shot through the roof because
of the extraordinary profits that these companies have gained from the sale of high bandwidth
memory chips for Al servers. Their good fortune has reverberated throughout South Korean
industry as those who have been much less well positioned to be paid massive bonuses (including
employees at Samsung Electronics who do not work in the chip division) have protested, in some
cases publicly and vociferously, the perceived inequity.?3

Stock-based compensation for a broad base of professional, technical, and administrative
employees, which has been widespread in Silicon Valley since the 1970s,2*3 is virtually absent in

Japan and South Korea. Not so in China. At both BYD and CATL, for mid- to high-level engineers
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and managers, stock-based compensation has become an important source of remuneration.?*® The
systems that these companies have put in place seek to have the stock market pay the price of extra
employee compensation, while permitting the companies to conserve their cash for reinvestment
in innovation. However, stock-based compensation schemes can also result in stock market-driven
variations in earnings among employees at a point in time and over time, which may undermine
the equitable distribution of income that promotes organizational integration.?*” In some cases, as
is happening with annual bonuses for Al engineers at SK Hynix and Samsung Electronics, the new
found wealth may be sufficient to permit key employees to realize what in South Korea is called
the “FIRE” fantasy—Financial Independence, Retire Early—with their departures disrupting the
company’s organizational-learning processes. In the case of China, the organizational challenge
for companies like BYD and CATL is to manage the distribution of stock-based pay among
employees, at a point in time and over time, rather than permit stock market volatility to determine
the outcomes.

An innovative enterprise needs finance to sustain its organizational-learning processes until the
sale of an innovative product results in financial returns. Government investment and subsidies
often provide a foundation for financial commitment, but ultimately, a successful business
enterprise must generate its own sources of sustained finance. For a startup that has yet to develop
and sell its first products, critical sources of financial commitment may come from personal
savings, credit, or “venture capital”’. When and if the innovative enterprise becomes a going
concern, the critical source of financial commitment is retained earnings, leveraged, if need be, by
debt or equity issues. In choosing to issue debt, the firm risks incurring high borrowing costs,
restrictions on how it may use its funds, or a total loss of strategic control over restructuring or
liquidation options in bankruptcy. In choosing to raise funds by issuing equity, the firm dilutes
shareholding, which, depending on the relationship between shareholding and the distribution of
voting power for a given firm, may pose a threat to the exercise of strategic control. Different
modes of financial commitment have impacts on actual and potential strategic control.

Panasonic was already a massive company in the mid-1990s, with hundreds of thousands of
employees and well-developed capabilities in batteries, when its top executives were investing in
Li-ion rechargeables. With its battery division contained within its larger conglomerate structure,
Panasonic’s workforce was able to engage in collective and cumulative learning processes, until,
in 1994, the company was ready to enter the Li-ion battery market pioneered by Sony. Panasonic
drew upon its retained earnings to fund its expanding battery business but issued debt to acquire
Sanyo’s battery assets in 2009. Panasonic used corporate cash in the first phase of its investment
in Gigafactory Nevada, but then used debt to finance the second phase, when Tesla ramped up
production of the Model 3.23® Panasonic pays regular dividends to its shareholders, distributing
$16.8 billion in dividends (about 42 percent of net income) over the period 1988-2025.2%°

As Panasonic booked $68 billion in annual revenues in 1999, LG Chem was a comparatively
“small” company, with just $3.8 billion in revenues. By 2023, however, with its EV battery
business booming, LG Chem had grown to $42 billion in revenues, with $1.6 billion in net income.
Organized under a chaebol structure, LG Chem, like Panasonic, has been able to divert retained
earnings from profitable business divisions into uncertain ventures, creating a critical source of
internal financial commitment to its innovation strategy of investing in Li-ion batteries.
Shareholders were not left out as LG Chem built up its battery business. During 1999-2020 LG

38



Chem’s board distributed $4.3 billion in dividends to shareholders, equal to 23 percent of its net
income. LGES, which was spun off of LG Chem in 2020, did not distributions to shareholders
from 2021 to 2025, retaining about $530 million, available for reinvestment in the company. The
IPO of LGES on the Korea Exchange in 2022 was the biggest in Korean history, raising about $8.6
billion for LGES and $2.1 billion for LG Chem.?*°

For BYD and CATL, the initial sources of financial commitment included the willingness of
family members or coworkers to pool their savings together, in some cases through investment
vehicles set up for the purpose. BYD, as we have seen, secured venture funding from a State-
owned enterprise, but within two years came up with funds to buy it out. ATL tapped “Western”
funds, but in 2005 turned to Japan-based TDK to acquire the westerners’ shares along with the
founders’ shares, thus completely taking over strategic control of ATL.

BYD staged its IPO on the Hong Kong Stock Exchange in 2002, choosing early in its history to
issue H-shares to gain access to international finance. It did a second IPO on the Shenzhen Stock
Exchange in 2011, issuing A-shares to tap into the savings of Chinese households. In between, as
we have seen, in a private transaction in 2008, Warren Buffett purchased 10 percent of BYD’s H-
shares—with BYD gaining international recognition that added considerable value to the $232
million in cash that flowed from Berkshire Hathaway to BYD.

CATL did its Shenzhen IPO first, in 2018, which, along with a private placement in 2022 raised
significant cash for battery R&D and for expansion of manufacturing capacity in China. Its Hong
Kong IPO in 2025 brought in $4.6 billion from global financiers, which provided funds for a plant
in Hungary, as CATL continued to expand its manufacturing footprint into foreign auto markets,
a process that the company had begun in 2022.

For both Chinese companies, A shares (Shenzhen) and H shares (Hong Kong) have one vote each.
Institutional shareholders dominate the holding of BYD and CATL H-shares, while speculative
retail shareholders do most of the trading that provides liquidity to the A-shares. There are
restrictions on foreigners’ right to purchase A-shares. Each company can, therefore, reduce the
influence that a large foreign shareholder (such as an American-style shareholder activist) might
try to exert on the company by increasing the number of A-shares in the Hong Kong-Shenzhen
mix.

BYD and CATL have chosen to share some of their profits with their shareholders. Between 2014
and 2025 (years for which it consistently paid a dividend), BYD paid $4 billion in dividends, equal
to 19 percent of its net income. At CATL, dividend payments began as its profits grew well into
the billions. Over the 2018-2022 period, CATL paid $441 million in dividends, equal to five
percent of its net income. With its profits exploding between 2023 and 2025, CATL raised its
dividend, allocating $10.3 billion, an annual average of 44 percent of its net income. Though, as
of late, CATL has been more generous to its shareholders than any of the other Asian firms we
have analyzed, its distributions still allow for ample reinvestment of its earnings into its growing
battery business.

Thus far, the retention and reinvestment of profits into innovative products around related business
lines have provided the managements of both BYD and CATL with strategic independence from
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outside shareholders who might have other ideas as to how Wang or Zeng should allocate BYD or
CATL’s corporate cash. While CATL increased its exposure to outsiders by raising substantial
funds from the stock market in its 2025 Hong Kong IPO, BYD has accessed large sums of money
by issuing “perpetual bonds”, a financial instrument that looks like a loan but which, for purposes
of accounting and control, is treated as equity, subordinate to shareholding.

A perpetual bond does not have a fixed maturity date, and interest payments can be deferred
indefinitely. BYD has used perpetual bonds to raise the large amounts of money needed to fund
its uncertain innovation strategies over two distinct phases of its growth without placing Wang and
his insiders in jeopardy of losing strategic control. First, between 2015 and 2020, the company
used $1.2 billion in perpetual-bond funds for investment in R&D, as it sought to build its EV
market share. Then, in 2024 and 2025, as its EV sales skyrocketed, the company issued $6.5 billion
in perpetual bonds to fund its strategy of vertical integration, from component supply all the way
to building its own line of transport ships. In this second phase, the perpetual-bond issues have
carried much lower interest rates than those issued during the first phase because BYD has
demonstrated its capability (and credit worthiness) as a profitable innovative enterprise. By the
end of 2025, BYD had already repaid $3.9 billion of the bonds issued in 2024 and 2025. Its internal
cash flow from successful innovation has enabled BYD to use the perpetual bonds as a huge, low-
cost line of credit—with no threat to Wang’s strategic control.

In a forthcoming paper, we will undertake an in-depth analysis—just touched upon in this current
paper—of the evolution of the social conditions of innovative enterprise of the leading Asian EV
battery makers to explain their rise to dominance and provide a basis for monitoring their
performance in real-time. In another forthcoming paper, we will present the results of our study of
the evolution of the rechargeable battery industry in the United States. We will explain why, in the
third decade of the 21st century, with the EV transition in full swing worldwide, the United States
is not the home to any major EV battery makers. The reason, to put it succinctly, is corporate
financialization—a business disease that since the 1980s has crippled the innovative capabilities
of major U.S.-based companies in the automobile, chemical, and consumer electronics industries.
As suppliers or buyers of rechargeable batteries, firms in those industries could have contributed
to the innovative success of one or more U.S.-based EV battery makers capable of challenging the
Asian leaders in global competition. The most direct manifestation of corporate financialization is
the open market share repurchase—aka stock buyback—which, as we have shown elsewhere, is
at the root of a diseased U.S. economy, characterized by unprecedented income inequality and a
loss of global competitiveness in a range of critical technologies.?*!
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