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Introduction

The global bicycle industry stands at a pivotal juncture. Once a mature sector characterized by
incremental innovation and predictable demand cycles, it is now being reshaped by powerful
forces: the maturation of lean manufacturing, the disruptive potential of digitalization, shifting
global supply chain logic, and profound changes in consumer behavior. This literature review
synthesizes academic research and industry analysis to examine the industry's evolution from a
low-cost manufacturing hub to a center of high-value innovation, the persistent and emerging
challenges it faces, and the potential disruptions that will define its future. Focusing on the
strategic pivot of Taiwan's industry as a primary case study, this review analyzes competitive
strategies, supply chain dynamics, and the technological frontier.

The Legacy of Lean and Collaborative Upgrading: The Taiwan Model

The transformation of Taiwan's bicycle industry provides a foundational model for
understanding modern competitive advantage in the sector. Faced with intense cost pressure
from mainland China in the late 1990s, Taiwanese manufacturers, led by industry leaders like
Giant Bicycle Company, embarked on a strategic shift from competing on cost to competing on
value, quality, and innovation. This strategic pivot was facilitated by strong industry clustering,
where geographically proximate firms engaged in technological innovation and knowledge
sharing (Chen et al., 2009).

The OEM/ODM Evolution: From Contract Manufacturing to Collaborative Partnership

A critical aspect of the Taiwanese industry's resilience has been the strategic evolution of its
original equipment manufacturer (OEM) model. Initially, Taiwanese manufacturers competed
primarily on cost and scale, acting as simple contract producers for Western brands. However, as
Li (2019) documents, the rise of lower-cost competition forced a fundamental shift. Taiwanese
firms, recognizing that they could not compete on price alone, began to leverage their deep
manufacturing expertise to move up the value chain. They transitioned from being basic OEMs
to becoming sophisticated original design manufacturers (ODMs) and "joint development"
partners. This involved a significant investment in proprietary research and development (R&D)
and advanced manufacturing capabilities. As Li (2019) notes, leading companies did not
abandon OEM work but radically transformed its nature, beginning to "co-design and co-
engineer frames and components with their international brand customers" (p. 5). This shift
meant that global brands were no longer just outsourcing production; they were outsourcing
innovation and complex problem-solving. The Taiwanese manufacturers' mastery of advanced
materials like carbon fiber and their ability to offer full-package solutions made them
indispensable partners.

Central to this shift was the formation of the A-Team, a collaborative initiative that
operationalized lean smart manufacturing principles. Li (2019) highlights that this was not
merely a business alliance but a deep, practical integration of Toyota Production System-inspired
practices. The A-Team fostered collaborative R&D between component makers and frame
builders, minimized supply chain waste, and facilitated collective upgrading across the
ecosystem. This model, combined with the advanced ODM capabilities of its members, allowed
Taiwan to establish an unassailable position in the mid-to-high-end market, differentiating its



products as premium and technologically advanced. The success of this collaborative, lean
approach demonstrates that in mature industries, structural collaboration can be a more powerful
driver of sustained advantage than individual firm-level strategy alone.

Current Challenges: Technological Trajectories and Structural Pressures

Despite the success of the "Taiwan Model," the industry faces persistent and new challenges.
The technological innovation trajectory for latecomer firms, as elucidated by Hu and Wu (2011),
involves adoption and adaptation rather than frontier-breaking invention, yet these firms now
face a dual burden. They must make substantial capital investments to master advanced materials
and processes like automated carbon fiber production while simultaneously being squeezed by
rising labor costs and intensified global competition (Hu & Wu, 2011; Chen et al., 2009). This
pressure traps them between high-tech leaders and low-cost offshore producers, forcing difficult
strategic choices between automation investments and a relentless focus on cost-reduction to
justify their eroding value proposition in an increasingly commoditized market.

The Supply Chain Strategic Dilemma: Outsourcing Versus Backshoring

The industry grapples with the perennial strategic decision of manufacturing location. Gylling et
al. (2015) provide a framework for this, weighing economic considerations against operational
flexibility. While lower labor costs remain a powerful driver for offshore outsourcing, Gylling et
al. (2015) argue that pure cost calculation is insufficient. Backshoring or nearshoring offers
critical advantages in operational flexibility and responsiveness, which are crucial for reacting to
volatile demand. It also ensures better protection of intellectual property and quality control for
high-margin, complex products and creates synergy by co-locating R&D with advanced
manufacturing (Gylling et al., 2015). The modern strategy is therefore a hybrid one: producing
high-value, innovative products domestically while offshoring volume-based models.

Future Disruptions: Catalysts and Convergences

The industry is on the cusp of several disruptions that will redefine its landscape, a
transformation powerfully accelerated by the COVID-19 pandemic. Wang (2024) analyzes how
this global event acted as a powerful, non-linear disruptor, creating a structural reset rather than a
temporary blip. This catalyst dramatically accelerated market demand and fundamentally shifted
consumer attitudes, solidifying the bicycle's role as an essential tool for health, well-being, and
sustainable urban mobility. This surge simultaneously fast-tracked the e-bike revolution, a trend
that now plays directly into the strengths of innovative manufacturers but also demands
significant new expertise in electronics, software integration, and battery technology to fully
capitalize on the lasting shift in the market.

The Technological Frontier: Additive Manufacturing and Advanced Materials

Looking beyond current challenges, the next wave of disruption is emerging from radical
innovations in production and materials. Additive manufacturing (AM) is transitioning from a
prototyping tool to a viable method for end-use parts. Research by Margetin et al. (2022)
provides a critical validation for this shift, presenting a fatigue lifetime and structural analysis of
a bicycle frame manufactured from AISi10Mg alloy using selective laser melting. Their study
demonstrates that "additively manufactured frames can achieve a fatigue lifetime that is



comparable to that of conventionally manufactured frames," while offering the unparalleled
advantage of "topology optimization and integrated design features such as internal channels"
that are impossible with traditional methods (Margetin et al., 2022, p. 1). This points to a future
of hyper-customized, lightweight, and functionally integrated bicycle frames produced on-
demand.

Simultaneously, breakthroughs in materials joining promise to expand design possibilities
further. A groundbreaking study by Sokoluk et al. (2019) demonstrated the arc welding of the
previously "unweldable" high-strength aluminum alloy 7075 through nanoparticle-enabled phase
control. For the bicycle industry, such a technology could disrupt frame manufacturing by
allowing the use of the highest strength aluminum alloys in complex, welded designs without the
strength penalties of traditional methods (Sokoluk et al., 2019).

Furthermore, the bicycle is becoming a connected IoT device, with integration of digital
platforms, GPS, and performance analytics creating new value propositions and blurring the lines
between hardware and software companies. Concurrently, the sustainability imperative will
disrupt material choices and business models, pushing the industry toward circular economy
practices.

Conclusion

The global bicycle industry has successfully navigated one major transformation, evolving from
a low-cost manufacturing model to a high-value innovation ecosystem, as exemplified by
Taiwan's A-Team and its advanced ODM capabilities. However, this legacy is no guarantee of
future success. The industry now faces a complex matrix of challenges: the latecomer firm
dilemma, the strategic tension in global supply chains, and the need to adapt to permanently
shifted consumer behaviors.

Future competitiveness will hinge on a dual strategy: first, continuous and deep R&D investment
in both advanced manufacturing technologies—including validated methods like additive
manufacturing (Margetin et al., 2022) and breakthrough material science (Sokoluk et al.,
2019)—and digital integration. Second, strategic supply chain agility that dynamically balances
the cost benefits of offshoring with the resilience, flexibility, and innovation speed of localized,
on-demand production for high-value segments. The companies that thrive will be those that
view these disruptions not as threats, but as opportunities to redefine the very purpose and
experience of the bicycle in a rapidly changing world.
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