The Emergence and Transformation of the Lithium-ion Battery
Industry in Shenzhen

Qing Shen?, Baiyu Lu' and Yuankun Luo?
INew York University, New York, USA
2Southern Univeristy of Science and Technology, Shenzhen, China

qs2205@nyu.edu
bl3813@stern.nyu.edu
luoyk3 @sustech.edu.cn

Abstracts: This paper has charted the dynamic evolution of Shenzhen's lithium-ion battery (LiB) industry through four
distinctive stages, thereby elucidating the complex interplay between industrial growth, policy interventions, and
technological advancements. The framework illustrated not only the vital role of resource pool at each stage of the LiB
industry's evolution but also underscored how shifts in industry trends reciprocally influenced the structure of resource pool.
In the first stage, the nascent LiB in Shenzhen was driven by local companies, operating on a traditional manufacturing model
based on public knowledge. It benefited from the urban development advantages of Shenzhen, including its strategic
location, industrial structure, and supportive government policies, setting the stage for subsequent evolution. The second
stage marked the formation of a comprehensive industry chain, encompassing both upstream and downstream sectors,
driven by the increasing demand for LiBs and the proliferation of consumer electronics manufacturing in Shenzhen. The
expansion was not just in capacity but also in the scope, fostering a more interconnected and resilient industry ecosystem.
The third stage witnessed a strategic shift from low value-added consumer electronic batteries to high value-added power
batteries, propelled by national policy guidance and increased R&D investments. This shift was crucial in transitioning from
conventional consumer electronics batteries to more sophisticated and lucrative energy solutions for automotive and
industrial uses. The current stage, the fourth, is characterized by continuous innovation, talent development, and an
emphasis on synergistic innovation between universities and enterprises. The establishment of intermediary organizations
helped to promote the integration of resources and standardized division of labour within the innovation ecosystem.
Throughout these stages, Shenzhen's LiB industry has navigated through varying challenges and opportunities,
demonstrating remarkable adaptability and resilience. The LiB industry has continually responded to changes in the resource
pool, adjusting interaction mechanisms to catalyse growth and innovation. Meanwhile, transformations in the industry have
informed resource pool establishments, creating a dynamic feedback loop.

Keywords: Lithium-ion Battery Industry, Innovation ecosystem, Industrial upgrading

1. Introduction

Shenzhen, a special economic zone in China, has been at the forefront of modern industrialization with its
manufacturing industries playing a vital role in the city’s economic growth over the last three decades.
Recognizing the limitations of relying solely on low-skill, low value-added manufacturing for sustainable growth,
both national and municipal governments have been driving economic restructuring and industrial upgrading
since the 2000s. A prime example of this transformation is the rise of the LiB industry in Shenzhen.

Initially, in 2000, Japan dominated the global LiB market with a production of 500 million units, accounting for
over 95%. By 2021, China’s LiB industry had captured 60% of the global market, producing approximately 324
GWh, with Shenzhen contributing two-thirds of this output (Xu, 2022). This dramatic shift, where Shenzhen
quickly caught up and surpassed Japan’s long-held dominance within two decades, is considered an industrial
miracle. The city’s government played a crucial role by supporting high-tech enterprises, maintaining the
manufacturing industry as the city’s economic foundation, and innovating in investment attraction and resource
allocation. As a result, Shenzhen’s GDP surged from 0.22 trillion yuan in 2000 to 2.77 trillion yuan in 2020.
Furthermore, among China's 139 listed LiB companies, 21 are based in Shenzhen, each with a market value over
10 billion yuan (Peng, 2023).

The success of Shenzhen’s LiB industry can be analyzed through the lens of innovation ecosystems, which have
evolved from traditional innovation systems research focusing on institutional roles to more dynamic, habitat-
oriented models that emphasize evolution (Zeng et al., 2013). This ecosystem evolves through four stages: birth,
expansion, leadership, and self-renewal (Chen et al., 2014; Moore, 1993). In its nascent stage, Shenzhen’s LiB
industry refined the "pioneer-followers model," integrating it with opportunity studies to map out the best
strategies for value creation and market entry (Ardichvili et al., 2003). The expansion stage saw collaborative
innovations that drove sustainable development and product upgrading within the industry (Humphrey et al.,
2000). Rabelo and Bernus (2015) also noted that most attempts at building an innovation ecosystem fail, which
makes the case of the LiB industry in Shenzhen even more interesting and unique. Thus, this paper explores the
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competitive advantages and transmission mechanisms of Shenzhen’s LiB industry from the perspectives of
industrial upgrading and innovation ecosystems. It also investigates how this specific industry has built and
sustained its innovation ecosystem in conjunction with its industrial upgrading models, offering unique insights
into why some LiB enterprises succeed while others fail.

2. Literature Review
2.1 Industrial Upgrading

In 1998, Dieter Ernst first introduced the concept of industrial upgrading when he analyzed the successful
experience of the development of the Korean electronics industry. By integrating international trade and
industrial upgrading, Gereffi et al. (1999) defined industrial upgrading as “a process of improving the ability of a
firm or an economy to move to more profitable and/or technologically sophisticated capital and skill-intensive
economic niches”. Afterward, the concept of global commodity chains has been gradually replaced by global
value chains. Humphrey and Schmitz’s study describes the three different phases of up-grading that industrial
firms must undertake: channel upgrading, process upgrading, product upgrading, and functional upgrading.

2.2 Ecosystems Theory

An innovation ecosystem is a typical socioeconomic system that makes innovation happen (Fransman,2010).
Business ecosystems are often based on geographical boundaries, and can be classified as local, regional,
national, and international levels (Pombo-Judrez et al., 2017). In the regional level, Roundy (2017) introduced
the concept of entrepreneurial ecosystems in small towns, with seven elements that constituted the
ecosystems: capital, markets, networks, support, culture, finance, and politics. From a dynamic perspective, an
ecosystem life-cycle model evolves in four distinct stages: emergence, expansion, leadership, and self-renewal
(Chen et al., 2014; Moore, 1993).

Existing research on business ecosystems has been developed to explore mechanisms, structures, and strategic
options in different industries and countries, but there are very few studies focused on Asian countries. (Rong
et al., 2018). In the context of China, previous innovation ecosystems work in the field of sustainable
development are mainly focused on new energy vehicles (NEVs) from a national perspective (e.g. Rong et al.,
2017, Wu and Yang, 2018, Gong, 2023), while fewer are from a regional point of view (e.g. Shang and Shi, 2013).
Since LiB is often passed over as part of NEV rather than being explored in depth, the emergence and
transformation of LiB innovation ecosystem from a regional perspective is still worth researching.

2.3 LiB Product and Industry

A modern LiB is a materially complex, manufactured product designed for a particular end market rather than a
fully fungible commodity. In terms of historical development, the initial theoretical breakthrough of LiB
technology was accomplished by the United States in the 1950s, while the industrialization of LiB originated in
Japan. In terms of production, Japan used to lead the world in mass production of LiB, but was later overtaken
by South Korea (Gong, 2023). By 2015, China surpassed both South Korea and Japan to become the top exporter
of LiB. Currently, China has been the single largest LiB producer for seven consecutive years. It is also the world’s
undisputed king of battery production, with Shenzhen has contributed to about 2/3 of the total national output.

3. Method

The data comes mainly from primary data based on field research and interviews, and secondary data based on
third-party reports, company annual reports, media news, company websites and existing literature, and all data
used are cross-validated to ensure authenticity. Furthermore, based on the single case analysis and cross case
analysis, grounded theory is utilized to investigate the coevolutionary relationship between the upgrading
pattern of Shenzhen's LiB industry and its innovation ecosystem. Additionally, Term Frequency-Inverse
Document Frequency (TF-IDF) was used to extract keywords from news media data and create word clouds to
validate the proposed developmental stage frameworks.

4. Case Study
4.1 A Case Study on BYD

The initiation of China's LiB industry began with BYD. The innovation of BYD's LiB business can be divided into
three main phases.
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4.1.1 Establishment and rapid expansion (1998-2002)

BYD commenced its journey in 1995 with nickel-cadmium batteries and entered the lithium-ion consumer
battery market in 1998. By 2002, the company had established itself as a significant player, becoming the first
Chinese LiB supplier to Motorola in 2000 and to Nokia in 2002. This period marked BYD's swift production scale-
up and its initial forays into high-energy-density lithium-ion materials research, setting the foundation for future
advancements.

4.1.2  NEVs and breakthroughs in power batteries (2003-2016)

Post-2003, following its acquisition of QinChuan Automobile, BYD intensified its focus on NEVs and power
batteries. The company innovated with iron-phosphate and NCM LiB, launching its first iron-phosphate power
battery in 2005. Significant public and private sector collaborations bolstered BYD's standing, particularly in
Shenzhen, a city keen on establishing itself as a hub for electric vehicles and associated technologies. Strategic
initiatives like the public transport electrification in Shenzhen underscored this phase.

4.1.3  Platformization and technological innovation (2017-Present)

Since 2017, BYD has sought external breakthroughs, accelerated its open supply system, and partnered with
companies like Changan Automobile. The introduction of its "e-platform" in 2018 encapsulated various
technologies, including power batteries and low-voltage control, in one system. BYD's strategic transition to a
platform-based approach facilitated by an open and collaborative economic environment in Shenzhen led to
significant milestones such as the unveiling of the highly safe "Blade Battery" in 2020, aimed at addressing safety
concerns in the market.

4.2 A Case Study on Sunwoda

Sunwoda was established in Shenzhen in 1997 and is one of the earliest enterprises in China to engage in the LiB
industry. Sunwoda's evolution in the LiB sector unfolds over three distinct phases.

4.2.1  Rapid development during China's "Golden Decade" of consumer electronics (1997-2008)

Established in 1997 in Shenzhen, Sunwoda quickly became a pioneer in China's LiB industry, embracing the
mobile communications boom. Early successes included becoming a customized mobile battery producer for
Konka in 1999 and entering the international market with Philips in 2003. By 2005, Sunwoda had formed
significant partnerships with global giants like Haier and Lenovo, and by 2007, its battery modules were
integrated into Apple's supply chain, marking significant industry penetration.

4.2.2  Establishment of power battery technology and revenue growth from consumer electronics batteries
(2009-2018)

In 2009, Sunwoda established a power battery division, focusing on the design, development, and testing of
power batteries. This period saw significant R&D advancements, supported by governmental projects and
certifications. In 2011, Sunwoda’s power battery testing laboratory received CNAS accreditation, underscoring
its dedication to cutting-edge technology and sustainability.

4.2.3  Full industry chain layout and development of an independent brand ecosystem (2019-Present)

Confronting fluctuations in raw material costs, Sunwoda strategically secured upstream mining interests to
stabilize its supply chain. This era is defined by intensified R&D, driven by market needs and customer focus. Key
achievements include becoming a battery supplier for Renault-Nissan in 2018 and initiating the development of
high-performance solid-state batteries in 2016. By 2022, Sunwoda's role in developing a sophisticated battery
industry chain ecosystem was acknowledged, with its intelligent battery manufacturing industry park recognized
as a key project in Shenzhen's strategic "20+8" industrial clusters.

4.3 A Case Study on BAK

BAK's evolution in the LiB industry, marked by rapid growth and strategic shifts, can be summarized into three
phases.

4.3.1 Expansion in consumer electronics batteries (2001-2007)

Established in Shenzhen in 2001, BAK rapidly became one of the top three lithium cell producers globally by
2005, challenging the dominance of Japanese giants like Sony and Sanyo. This period was characterized by
aggressive production expansion to meet the booming demand for mobile batteries, with daily production
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capacity reaching 500,000 units by 2003. Despite its rapid growth, the company initially lacked a focus on
technological innovation and intellectual property, which it began to address in 2004 by establishing a post-
doctoral workstation and a technical school, moving towards innovation-driven growth.

4.3.2 Industry position decline and power battery transition (2008-2014)

As one of China's pioneers in power batteries and lithium iron phosphate cells, BAK developed the first lithium
iron phosphate battery in partnership with A123 in 2004. However, disagreements over technological direction
led BAK to prioritize high-energy-density LiBs. Despite entering the power battery market in 2006 and
establishing China's first automated 18650 battery cell production line, the company's lack of a distinct strategic
focus resulted in a "me-too" strategy that ultimately did not translate into a leading market position.

4.3.3  Financial volatility and development of cylindrical power batteries (2015-Present)

With the resurgence of the NEVs market in 2015, BAK experienced a surge in capacity and sales, driven by capital
inflow. The company focused on cylindrical batteries to diversify its applications beyond automotive to sectors
like electric bikes and tools, mitigating financial risks. In 2021, BAK launched the large cylindrical 4680 battery,
marking significant advances in performance, cost, and safety, and re-established its position in the high-end
electric vehicle market.

4.4 A Case Study on OptimumNano

OptimumNano, established in Shenzhen in 2002, was one of China's earliest companies to successfully develop
and mass-produce lithium iron phosphate batteries for NEVs. OptimumNano's journey can be segmented into
two main phases:

4.4.1 Rapid growth period (2002-2016)

OptimumNano's founder, Li Yao, previously a senior manager at BYD, established OptimumNano in 2002. The
company targeted bus companies and focused on developing, producing, and selling lithium iron phosphate
power batteries. Despite early challenges in a nascent market, by 2006, OptimumNano gained recognition from
the Shenzhen government as a "High-tech Enterprise" and began to significantly impact the market during the
2010 Shanghai World Expo as a technical supporter for electric buses. OptimumNano's growth continued with
government support, allowing it to expand production and achieve large-scale applications.

4.4.2 Transition to power batteries and decline (2008-2019)

Initially, OptimumNano was among the first in China to engage in power battery production, including lithium
iron phosphate cells. However, as the market shifted towards higher energy density batteries, OptimumNano's
focus on lithium iron phosphate, known for its safety but lower energy density, became a disadvantage.
Substantial changes in subsidy policies and market demands exacerbated financial strains, leading to bankruptcy
in 2019. Despite attempts to innovate and adapt, OptimumNano struggled with technological shifts and market
dynamics, ultimately unable to sustain its business under the changing landscape of China's NEVs policies.

5. Analysis and Discussion
5.1 Stage 1:1998-2002

The early development of Shenzhen's LiB industry marked a significant advancement, primarily driven by local
companies exploiting city-specific advantages and public knowledge. Located near Hong Kong, Shenzhen quickly
became a key site for foreign investment and manufacturing, enhancing its manufacturing capabilities and
positioning itself at the centre of the burgeoning mobile technology demand. This period saw local
manufacturers like BYD leverage cost efficiencies and growing expertise to capture significant market
opportunities.

Shenzhen's supportive policies towards technological innovation and entrepreneurship also played a crucial role
in the industry’s development. The city's dynamic environment encouraged entrepreneurs like Wang Chuanfu
of BYD to innovate and expand rapidly, despite high risks. This entrepreneurial spirit helped establish a robust
business framework and spurred further industry participation.

At the enterprise and manufacturing capabilities from zero to one, uncertainty and high possibility of failure
made electronics companies hesitate to enter this new industry, but with BYD being the first mover, its success
gave them confidence promoting followers to identify business opportunities and offering reference for their
business model design and market identification logic (Figure 1-1). Meanwhile, the commercial success of
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follower companies reciprocally laid the foundation for Shenzhen to form a Lib industry cluster and enhanced
the market loudness (Figure 1-2). Through collaborative R&D with end customers such as Nokia, this group of
companies achieved domestic manufacturing of LiB in Shenzhen, fostering the initial development of an
upstream and downstream industry chain.

In this phase, the financial support of the government for technological innovation became the early sources of
operating capital for companies (Figure 1-3), while the direction of R&D was primarily driven by the market
demands of end customers (Figure 1-4).

However, the initial innovation ecosystem was limited by the scant involvement of broader research institutions
and venture capitals, which somewhat hindered potential growth and technological advances. Despite these
challenges, the government, pioneering companies, and the resulting upstream and downstream supply chains
have formed the minimum viable ecosystem for the LiB industry in Shenzhen (Adner,2013).

Pioneer

3) 4)
Government 1) 2) End customer

Followers

Lib Companies

Figure 1: Interaction mechanisms in the first stage
5.2 Stage 2:2003-2010

During this period, the demand for LiBs surged due to their widespread use in consumer electronics like mobile
phones, digital cameras, gaming consoles, and laptops, further boosted by the introduction of 3G services in
China in 2008. Shenzhen emerged as a major production hub for LiBs, benefitting from the growth in the
consumer electronics sector (Figure 2-1). This demand led to increased LiB production and fostered
collaborations between battery manufacturers and electronics companies, enhancing R&D in battery technology
and stimulating growth in related sectors. This created a virtuous cycle that reinforced Shenzhen’s role as a
significant player in the global LiB market.

Simultaneously, Shenzhen developed a comprehensive LiB industry network encompassing manufacturing,
materials, equipment, and recycling, supported by its prowess in applied electronics and information
technology. This network facilitated further specialization in the LiB industry and the development of NEVs
(Figure 2-2).

Another notable characteristic of this period was the formation of clustering bases for the LiB industry in
Shenzhen, supported by government policies and funding (Figure 2-3). Meanwhile, LiB had become an important
pillar industry in Shenzhen (Figure 2-4). However, the industry also faced challenges such as the proliferation of
small-scale factories, inconsistent product quality, lack of coordinated planning, and a shortage of core
technologies. Despite substantial local government support, national support was perceived as lacking, and
Shenzhen-based companies were less involved in national forums or funding programs focused on new energy,
compared to firms from other cities with stronger academic and research ties.
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Figure 2: Interaction mechanisms in the second stage
5.3 Stage 3:2011-2017

During this stage, Shenzhen's LiB industry has undergone significant transformation, upgrading from low value-
added consumer electronic batteries to high value-added power batteries, facilitated by intensive research and
development (Figure 3-1). This shift aligns with China's 2009 identification of the NEVs industry as one of its
seven strategic emerging industries with substantial growth potential (Figure 3-2). Various regions, including
Shenzhen, have endeavoured to develop their own power LiB production systems, leveraging their established
strengths in consumer battery technologies (Figure 3-3). This early groundwork allowed Shenzhen to rapidly
advance and take a leadership position in the power LiB sector (Figure 3-4).

As stated by Wang Mingwang (Ji, 2022), founder of Sunwoda, the transition to power batteries, despite its
complexities in manufacturing, capital, human resources, and technology R&D, is a natural progression due to
the similarities in the research and development systems of both consumer and power batteries (Figure 3-5).

Another key feature of this stage is the significant impact of national guidance and research support policies.
National policies like subsidies for new energy have catalyzed the industry's evolution, leading to market
differentiation and the exclusion of companies like OptimumNano that failed to meet high-end market criteria
(Figure 3-6). Additionally, major national research projects have started aligning with Shenzhen's industry needs
(Figure 3-7), as evidenced by the success of the "Graphite and Graphene Materials for High-Performance LiBs"
project at Tsinghua University's Shenzhen campus, which underscores the region's advanced R&D capabilities
under national policy guidance (Figure 3-8).

LiB industry network in stage 2 LiB industry network in stage 3
Lib material Lib equipment ©) Lib material Lib equipment
Pioneer '—‘
Lib production Lib recycle /\ \—, Followers
Lib recycle
I Eliminated
enterprises Lib production

@ |6 1) &) ) @®) © (10) 11

Comsumer NEV

. ) CE NEV manufactuer Research
Government electronics || manufact Government [~ Universities Venture Institutions
company -uer Capital
End customers End customers
Resource pool Resource pool

Figure 3: Interaction mechanisms in the third stage
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5.4 Stage 4:2018-Present

The rapid advancement of Shenzhen's LiB industry is largely due to technological breakthroughs and continuous
innovation, facilitated by national regulations and local government efforts to attract and retain key talent
(Figure 4-1). Shenzhen has become a hub for R&D in new energy and materials by creating favorable conditions
for talent, which drives innovation in the LiB sector. As Ren Jianguo from BTR notes (Liang et al., 2019), retaining
R&D headquarters in Shenzhen leverages its rich talent resources (Figure 4-2). The "Peacock Plan" by the
Shenzhen government has successfully attracted high-level overseas talents, enhancing the city’s innovation
capacity, as seen with Dynanonic’s establishment of a postdoctoral innovation practice base in 2021, offering
tax-free subsidies to researchers (Figure 4-3).

Shenzhen has also improved its innovative talent management and professional title evaluation system,
introducing a "LiB engineer" title in 2021 to support technical personnel needs in new technology fields (Figure
4-4). The phase marked a shift towards synergistic innovation between universities and enterprises, exemplified
by collaborations like the Tsinghua-BYD Joint Laboratory and the establishment of the Shenzhen Battery Industry
College in 2023 through partnerships among Shenzhen Polytechnic, the local battery industry association, and
leading LiB enterprises (Figure 4-5). This "Shenzhen Model" provides technological support and assures talent
for the LiB industry’s development, creating a mature innovation ecosystem that standardizes talent cultivation
and resource integration (Figure 4-6).

LiB industry network

(@] Lib material Lib equipment
Pioneer
Followers
@ Lib recycle
Lib production
A A
@ @) (6) (5)
Government Universities Re'sea'rch Intermediary Venfure
Institutions Agent Capital

Resource pool

Figure 4: Interaction mechanisms in the fourth stage

5.5 Evidence from Social Media

In the initial phase of the LiBindustry in Shenzhen, keywords such as "BYD," "charging," "R&D," and "enterprise"
prominently appeared in the word cloud. These terms highlighted BYD unveiling the development of the LiB
industry in Shenzhen, establishing a foothold in the market through cost efficiencies and increasing expertise.
This also indicates that in this phase, BYD's market leadership and pioneering role as a leading enterprise were
significant.

In the second stage, keywords such as "consumer electronics" and "industry" saw a surge in demand for LiBs
due to their widespread use in consumer electronics. The term "collaborations" signifies the growing
partnerships between battery manufacturers and electronics companies. "Government policies" reflect the
supportive measures that facilitated the formation of industry clusters and the establishment of Shenzhen as a
major production hub for LiBs.

The third stage marks a transformation with the shift towards high value-added power batteries, as evidenced
by keywords like "power batteries," "NEVs." The emphasis on "R&D" highlights the intensive research and
development efforts that enabled Shenzhen to transition from consumer electronic batteries to power batteries.
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This stage also underscores the importance of national guidance and research support policies in fostering
market differentiation and technological advancements.

In the current stage, keywords such as "breakthroughs," "innovation," "talent," and "government” are
prominent. These terms highlight the role of continuous innovation and the importance of attracting and
retaining key talent in driving the industry's growth, signifies the ongoing technological advancements that have
positioned Shenzhen as a hub for R&D in new energy and materials.

The longitudinal analysis of keywords across the four stages shows a clear progression in the focus areas of the
LiB industry. Initially, the emphasis was on establishing manufacturing capabilities and early R&D efforts. As the
industry matured, the focus shifted towards collaborative efforts, government support, and specialization in
consumer electronics. The transition to power batteries marked a significant milestone, driven by national
policies and intensive R&D. In the current stage, continuous innovation and talent attraction have become the
primary drivers of growth.

Cross-sectionally, the word cloud of each stage provides a snapshot of the main themes at that time. In the early
stages, companies primarily relied on government support to achieve initial success. The middle stages
emphasized cooperation along the supply chain and strategic shifts toward new energy applications, while the
later stages highlighted technological advancements and talent acquisition. The recurring themes of R&D,
government support, and industry collaboration throughout the stages underscore the consistent factors that
have driven the industry's evolution.

This evidence form social media clearly shows a picture of the Shenzhen’s LiB industry during 1998 — 2023 and
also supports the previously described 4 stages of it’s development.

Base Policy .
cl The Firstin Chin Export
1arging ™ 5
Y, b Stock
B3%1 A
X I) Charging by =)
)\ \I!i' Y \ I
BAK L Material i e
Enterprise Sk

Figure 5: The word cloud for each stage
5.6 Discussion

The bankruptcy of OptimumNano highlights the dangers of over-reliance on government subsidies and
unchecked rapid expansion, underscoring the need for sustainable, market-oriented business models. Similarly,
BAK's experiences emphasize the importance of a flexible supply chain to maintain operations despite market
fluctuations. Sunwoda's proactive approach in diversifying products and tapping into new market segments
illustrates the benefits of adaptability in a rapidly changing market environment.

BAK's cautionary tale of premature investment without fully understanding market readiness also demonstrates
the necessity of strategic and measured market entry and expansion. Companies must evaluate their capabilities
and market conditions thoroughly before diving into new ventures and must consider timing their market entry
to coincide with both product readiness and market demand maturity.

In Shenzhen's LiB innovation ecosystem, the roles of government and intermediary organizations have been
crucial at different stages of development. Initially, the local government was instrumental in propelling the
fledgling industry by offering financial incentives and policy support, which helped to attract businesses and
foster innovation. As the industry matured, the local government facilitated the expansion of the industry value
chain, while the national government played a pivotal role in steering the industry towards advanced battery
technologies with strategic policies and support for research and development.

Intermediary organizations emerged as vital components in later stages, acting as facilitators that connected
various stakeholders within the ecosystem, including government bodies, universities, and businesses. They
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provided platforms for knowledge exchange, business cooperation, and industry promotion, helping to integrate
resources and drive innovation. These organizations filled crucial gaps in the ecosystem, especially as the
industry evolved towards more standardization and continuous innovation, highlighting the importance of
collaborative networks in sustaining industry growth, and fostering a competitive market environment.

6. Conclusion

Over the past few decades, Shenzhen's LiB industry has undergone significant evolution, driven by government
policies, market dynamics, talent development, and continuous innovation. Initially, from 1998 to 2002, the
industry benefited from Shenzhen's strong manufacturing base and government support for technological
innovation, establishing a foundation centred on local business-driven manufacturing.

From 2003 to 2010, the LiB industry saw substantial growth due to rising demand in consumer electronics,
supported by both local government initiatives and private sector market forces. However, this period also
revealed challenges such as product homogeneity and a shortage of core technologies, highlighting the need for
more strategic national support.

Between 2011 and 2017, the industry experienced a significant transformation, shifting from low to high value-
added power batteries. This shift was marked by an alignment of national research resources with Shenzhen's
burgeoning R&D capabilities, moving the industry towards more active, company-led innovation and
establishing Shenzhen as a leader in China’s LiB sector.

Since 2018, the industry has been characterized by technological breakthroughs and strategic talent acquisition.
Government initiatives like the "Peacock Plan" have bolstered Shenzhen as an R&D hub, with enhanced
collaboration between universities and enterprises leading to the formation of key educational and research
institutions. This has standardized interaction within the industry’s innovation ecosystem and facilitated
resource integration, signalling the industry's move towards maturity.

This analysis provides an analytical framework for understanding the dynamic interaction between the industry’s
development and the resource pool, illustrating how changes in one can reciprocally influence the other, thereby
fostering a cycle of growth and innovation.
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