THEMES

THANOS PAPADIMITRIOU

The Apple Paradox:
When Excellence

Economia & Management n. 3, 2025
DOI: 10.57590/1120-5032-202503ENG-11

Becomes Vulnerability

Apple Inc., one of the world’s most influential technology companies, now faces a delicate strategic
juncture. Its historical dependence on manufacturing in China, once a model of operational
efficiency, is now a critical source of vulnerability, exacerbated by rising geopolitical tensions
between the United States and China. This dramatic change highlights a key challenge for
contemporary global business: balancing efficiency and resilience. Apple’s experience underscores
the risks of a concentrated supply chain and offers valuable lessons for multinationals, which are
called upon to rethink their strategies in an increasingly unstable and fragmented global economy.
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When Steve Jobs presented the first iPhone on
9 January 9 2007 in San Francisco, California,
the event went down in history not only for
its theatricality, but more importantly for

its visionary scope. The live demonstration

of a completely new product brimming

with innovations literally marked the
beginning of a new era in both technology
and communication. But the Apple co-founder
omitted a crucial detail that a careful observer
would have noticed, a label on the device

and the packaging: “Designed by Apple in
California. Assembled in China.”
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THE PARTNERSHIP WITH FOXCONN

When Steve Jobs decided to “migrate” Apple’s
manufacturing to China in the early 2000s, it was by
no means an impulsive cost-cutting measure. The
partnership with Foxconn, the Taiwanese electronics
manufacturing giant led by Terry Gou, represented a
sophisticated alignment of strategic goals that would
radically reshape global electronics manufacturing.
Foxconn’s value proposition went far beyond
low labor costs. The company could offer what
American and European manufacturers could not:
unprecedented scale, manufacturing discipline,
operational flexibility, and the ability to quickly
adjust production volumes. And above all this,
Foxconn possessed something that would prove
invaluable: the willingness to invest heavily in a
dedicated manufacturing infrastructure designed

specifically to meet Apple’s demanding specifications.

Zhengzhou’s transformation into “iPhone City”
is the embodiment of this strategic partnership.
The industrial complex, spanning several square
kilometers, has become more than a manufacturing
facility it hasevolved into a vertically integrated
ecosystem capable of producing hundreds of millions
of devices per year while maintaining Apple’s
rigorous quality standards.

THE IMPERATIVE OF KNOWLEDGE TRANSFER

Apple’sinitial dealings with Chinese suppliers
involved extensive knowledge transfer that
radically reshaped the landscape of global
electronics manufacturing. Hundreds of US
engineers were deployed to Foxconn facilities,
tasked not only with overseeing production but
also with setting up entirely new manufacturing
processes and training Chinese workers to meet
Apple’s specifications.

This knowledge transfer has resulted in what
economist Paul Krugman might call a classic example
of learning by doing, that is, gaining experience
through production, not research. Workers in
the Chinese manufacturing sector did not just

assemble Apple products; they internalized the
tacit knowledge, process innovations, and quality
management systems that set the bar for advanced
electronics manufacturing. Over time, this capacity
building transformed China from a low-cost
assembly center into a sophisticated manufacturing
powerhouse.

In the words of Doug Guthrie, an Arizona
State University professor who worked on Apple’s
organizational development in China: “China
took forty years to build a complex manufacturing
supply chain. We had it. It’s a disaster to have let
it go.” This assessment captures the irreversible
nature of industrial capacity migration: Once lost,
manufacturing ecosystems take decades to rebuild.

THE ECONOMICS OF MANUFACTURING
EXCELLENCE

Apple’s financial success stems from a unique profit
architecture that leverages China’s manufacturing
advantages to maximize gross margins on high-
end products. The company captures about 80%

of the smartphone industry’s profits globally
while maintaining a market share of less than
20% in volume a feat made possible by the cost
efficiency of Chinese manufacturing combined
with premium pricing in developed markets.

This concentration of profits depends crucially on
arbitrage between low production costs and high
retail prices. Chinese manufacturing allows Apple
to maintain gross margins above 40% on flagship
products, providing the financial flexibility to
invest heavily in R&D, marketing, and ecosystem
development.

Apple CEO Tim Cook with his supply chain
innovations has amplified this advantage through
sophisticated demand forecasting and inventory
management. Thanks to the seasonal deployment of
China’s mobile workforce (workers who migrate to
production centers during peak production periods
and return to rural areas during slow periods), Apple
enjoys unprecedented production flexibility while
minimizing fixed labor costs.
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The skilled labor paradox
Cook’s observation about the decline in US skilled
labor reveals a key structural challenge. In a 2015
interview on CBS’s 60 Minutes news program, Cook
stated, “In the US, you could gather all the experts in
tool and die manufacturing in one room, maybe as
big as this one we’re sitting in. In China, on the other
hand, you would need several soccer fields.”
This assessment accentuates a crucial

distinction that is often overlooked in discussions of
manufacturing reshoring. The superiority of Chinese
manufacturing stems not only from cheap labor, but
also from the availability of skilled technicians who
can install complex machinery, train production
workers, and maintain quality standards. These
intermediate skills more sophisticated than basic
assembly work, but less specialized than engineering

form the foundation of modern manufacturing
competitiveness.

The experience of Stephan Kruger, who

worked in Apple’s supply chain from 2014 to 2018,
illustrates this reality. His involvement in scaling
the production of the iPhone’s haptic engine (the
component responsible for haptic feedback) called
for the coordination of skilled machine operators,
production trainers, and quality control specialists
in ways that would be difficult to replicate in the
United States given current workforce capabilities.

WHEN ECONOMICS MEETS NATIONAL SECURITY

President Trump’s May 2025 announcement of 25%
tariffs on iPhones not manufactured in the United
States marked a watershed moment in that country’s
technology policy. This was not just protectionist
rhetoric; it represented a sea change: viewing critical
technology supply chains through the lens of
national security rather than economic efficiency.
The immediate market reaction Apple’s
stock fell 3.9% after the announcement reflected
investors’ recognition that the company’s heavily
China-oriented strategy had become a potential
liability rather than a competitive advantage.
Subsequent legal challenges, including the New York

Court of International Trade’s initial ruling against
the tariffs and the federal appeals court’s temporary
reinstatement, underscore the unprecedented nature
of this policy intervention.

“Apple is making billions from American
consumers. It’s time to bring that money back
here, to the US.” This statement from Trump fully
embodies the essence of economic nationalism:
the idea that global supply chains should be
subordinated to national interests, even at the cost of
sacrificing economic efficiency and free market logic.

China’s strategic response: Made in China 2025
Beijing’s “Made in China 2025” program, launched
in May 2015, represents the other side of the strategic
competition that now limits Apple’s options. This
comprehensive industrial policy aims to achieve
technological self-sufficiency in critical sectors,
reducing China’s dependence on foreign technology
while building domestic capabilities in advanced
manufacturing.

Apple’s extensive presence in China has
unintentionally supported this strategic goal. The
knowledge transfer, supplier development, and
process innovations that have led to the success of
Apple’s Chinese operations have also contributed
to China’s broader technological advancement.
Chinese suppliers who initially served Apple as
subcontractors developed capabilities that enabled
them to compete independently in global markets.

This dynamic illustrates what economists call
“learning spillovers,” or the involuntary transfer of
knowledge that occurs when multinationals locate
production in developing countries. While beneficial
to Apple’s short-term profitability, these spillovers
have contributed to China’s long-term strategic goal
of technological independence.

THE LIMITS OF DIVERSIFICATION

Apple’s efforts to diversify production in India, while
considerable, reveal the practical limits of supply
chain rebalancing. Despite heavy investments and
government incentives, industry projections indicate
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that only 20% of iPhone production will happen
in India by 2025. Moreover, the “Made in India”
designation applies primarily to final assembly
rather than full production.

The Indian manufacturing model highlights
a crucial distinction between assembly and
production. While Indian facilities may perform
final assembly operations, critical components
(semiconductors, displays, batteries, and precision
mechanical parts) continue to come from Chinese
suppliers. This means that “Made in India” iPhones
continue to depend substantially on Chinese
manufacturing capabilities, offering limited
protection against supply chain disruptions or trade
restrictions.

India’s production constraints reflect broader
structural challenges that cannot be overcome
quickly. Bureaucratic complexity, infrastructure
limitations, and workforce development
requirements make it difficult for Indian suppliers
to match the operational efficiency of their Chinese
counterparts. Even in the two southern Indian states
where Apple has concentrated its operations, areas
selected for having relatively lean business processes,
manufacturing capabilities remain limited compared
to Chinese plants.

The Foxconn experience: lessons from Chennai
Foxconn’s main Indian operations, located near
Chennai, provide insight into the possibilities and
limitations of manufacturing diversification. The
plant has successfully demonstrated its ability to
produce iPhones that meet Apple’s quality standards,
and planes filled with Indian-assembled iPhones
have been departing from the Chennai airport

for months as part of Apple’s efforts to reduce
dependence on Chinese manufacturing. In fact,
Apple has worked with Indian authorities to create
a “green corridor” in Chennai, reducing customs
clearance time from 30 hours to 6 hours.

However, the Chennai operations also
illustrate the difficulties of replicating the Chinese
manufacturing ecosystem. The plant relies heavily
on Chinese technicians and managers to maintain
production standards, exposing the difficulty of

transferring manufacturing expertise across national
borders. Moreover, the scale of Indian operations
remains a small fraction of iPhone City in China,
limiting the strategic impact of this diversification
effort. Experience suggests that significant supply
chain diversification requires not only alternative
manufacturing facilities, but the development of
entire manufacturing ecosystems that can match
China’s operational efficiency (including supplier
networks, logistics infrastructure, and workforce
capabilities).

POLICY OPTIONS AND IMPLICATIONS

Option 1. Meeting the demands of the US

If Apple decides to drastically ramp up production
in the United States, it would face extraordinary
challenges that go far beyond higher labor costs.
Wedbush Securities estimate that an iPhone made
entirely in America could cost $3,500, a price tag
which reflects not only wage differences, but also
the extensive industrial infrastructure needed for
complex electronics production.

Manufacturing iPhones in the United States
would mean cultivating domestic suppliers for
hundreds of components, many of which are
currently produced exclusively in Asia. This
would call for large capital investments not only
by Apple, but also by the entire supplier network.
The timeline for this development would likely
extend for more than a decade, necessitating an
ongoing commitment despite uncertain returns on
investment.

In addition, US manufacturing would face
the skilled labor problems identified by Cook.
Rebuilding the American manufacturing workforce
would mean comprehensive job training programs
and immigration policies capable of attracting
skilled technicians policy changes far beyond
Apple’s control.

Option 2. Agreement with Chinese interests
Maintaining strong ties with Chinese suppliers and
markets offers operational advantages but intensifies

104 JULY-SEPTEMBER 2025

egm



THE APPLE PARADOX: WHEN EXCELLENCE BECOMES VULNERABILITY

political risks. By the same token, Apple’s strategic
investments in Chinese R&D centers, compliance
with Chinese data localization regulations, and
careful management of Chinese regulatory
preferences demonstrate the company’s commitment
to preserving market access. However, this strategy
becomes increasingly untenable as tensions between
the United States and China escalate. Apple’s ability
to serve both markets simultaneously may shrink

as the two governments come to view technology
companies as strategic assets rather than neutral
business entities. The company may find itself facing
impossible choices between conflicting regulatory
requirements and political pressures.

Option 3. Gradually rebalancing the supply chain

The most realistic option might involve a multi-
year transition to greater geographic diversification
of the supply chain while maintaining a sizeable
business in China. This approach would involve
carefully sequencing production transitions, making
substantial investments in alternative production
sites, and accepting higher operating costs and
complexity. Such a strategy should prioritize the
most critical supply chain vulnerabilities while
ensuring operational efficiency. This could involve
relocating final assembly operations while accepting
continued reliance on Chinese component suppliers,
at least in the short term.

WIDER IMPLICATIONS FOR GLOBAL BUSINESSES

Apple’s situation marks the end of an era when
technology companies could operate as neutral
business entities focused primarily on market
efficiency. The expectation that global companies
align with national strategic goals represents a
fundamental shift in the relationship between
business and government in advanced economies.
This trend extends beyond US-China tensions to
include European digital sovereignty initiatives,
Indian data localization requirements, and similar
policies around the world. Technology companies
now face not only market competition but also

geopolitical competition, which calls for new forms
of strategic thinking and risk management.

Lessons for other multinationals

Apple’s experience offers valuable insights for

other companies facing similar challenges. Tesla’s
dependence on Chinese battery suppliers, Nike’s
reliance on Chinese manufacturing capabilities, and
Dell’s integrated Asian supply chains are all subject
to similar strategic vulnerabilities. The key lesson
may be the importance of incorporating optionality
into supply chain strategies. Companies that have
concentrated production in individual countries or
regions to maximize efficiency now face strategic
challenges. Future supply chain strategies will have
to balance efficiency with resilience, accepting
higher costs in exchange for strategic flexibility.

The resilience-efficiency trade-off

Apple’s situation exemplifies a critical trade-off

that will define corporate strategy over the next
decade: the tension between operational efficiency
and strategic resilience. Just-in-time supply chains
and geographic concentration, which maximize
profitability in a stable geopolitical environment,
become a liability when international relations
deteriorate. So companies must develop new
frameworks for evaluating supply chain decisions
that incorporate geopolitical risk alongside
traditional cost and quality considerations. This may
require maintaining excess capacity, developing
multiple supplier relationships, and accepting higher
inventory costs as insurance against supply chain
disruptions.

FINANCIAL AND MARKET IMPLICATIONS

Apple’s extraordinary valuation (the company will
reach nearly $4 trillion in market capitalization in
December 2024) reflects in part investor confidence
in the sustainability of its profit margins and growth
prospects. Supply chain disruptions or forced
production shifts could have a significant impact

on both metrics. Rising production costs would put
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pressure on gross margins unless they are passed
on to consumers through higher prices. But Apple’s
pricing power, while substantial, is not unlimited.
Appreciable price hikes could reduce demand and

market share, particularly in price-sensitive markets.

In addition, the time and investment needed to
reconfigure the supply chain could divert resources
away from research and development, potentially
slowing product innovation and shrinking Apple’s
competitive advantages in premium market
segments.

Implications for the industry

Apple’s challenge reflects broader trends affecting
the entire technology industry. Semiconductor
companies, consumer electronics manufacturers,
and software producers with major operations in
China face similar strategic dilemmas.

Apple’s resolution of supply chain challenges
may set a precedent for other companies facing
similar situations. Success in rebalancing supply
chains while maintaining profitability could provide
aroadmap for other businesses; failure could
demonstrate the intractability of these challenges
and the permanence of current dependencies.

POLICY IMPLICATIONS AND RECOMMENDATIONS

For US policymakers

The Apple case illustrates both the potential and
the limitations of using trade policy to reshape
global supply chains. While tariffs can create
incentives to shift production, they cannot quickly
overcome the structural factors that led to supply
chain concentration. Effective policy should
address the underlying causes of manufacturing
migration by developing the workforce, industrial
infrastructure, and regulatory frameworks that
support advanced manufacturing. This requires
coordinated action among multiple government
agencies and sustained efforts over many years.

In addition, policymakers must consider the
implications of supply chain mandates on
consumer welfare. Higher iPhone prices may be

acceptable if they serve broader policy goals, but the
distributional effects (the disproportionate impact
on low-income consumers) should be explicitly
recognized and potentially addressed through
complementary policies.

For Chinese policymakers

China’s response to supply chain pressures will
dramatically affect outcomes for Apple and other
multinationals. Retaliatory measures that restrict
market access or impose operational constraints
could accelerate company departures, while
policies that maintain attractive terms of trade
could preserve some manufacturing relationships
despite trade tensions. The challenge for Chinese
policymakers is to balance the economic benefits
of foreign investment with the strategic goals of
technological independence. Maintaining Apple’s
operations provides employment, technology
transfer, and export revenues, but also perpetuates
dependence on foreign companies for high-value
economic activities.

FUTURE SCENARIOS AND STRATEGIC PLANNING

Scenario 1. Escalating the trade war

In a scenario of escalating US-China trade conflicts,
Apple may face impossible choices between the

US and Chinese markets. Maintaining high tariffs
could make Chinese manufacturing uneconomic
for US sales, while Chinese retaliation could limit
Apple’s access to the world’s largest smartphone
market.

This scenario could trigger an acceleration of
supply chain diversification, accepting significant
short-term costs and operational disruptions in
exchange for less geopolitical exposure. Apple may
have to operate essentially separate production
systems for different markets, sacrificing economies
of scale for political sustainability.

Scenario 2. Managing the competition
A more optimistic scenario involves managed
competition between the United States and
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China, with defined boundaries for cooperation
and technology competition. This could allow
Apple to maintain some operations in China and
gradually diversify into other countries, allowing
time for an orderly transition. The premise for
such an agreement would be sophisticated policy
coordination and mutual recognition that complete
economic decoupling is economically harmful to
both countries. Apple’s interests could be served
by a policy framework that provides predictability
and transition time, while acknowledging security
concerns.

Scenario 3. Technology decoupling

Complete technology decoupling between the
United States and China would force Apple to
choose between the two markets rather than trying
to serve both. This could lead to fundamentally
different product lines and business models for
different regions, similar to how some internet
companies operate distinct services in China

and other markets. Although this scenario seems
extreme, the logic of technological nationalism
could push policies in this direction if geopolitical
tensions continue to rise. Apple would need
contingency plans to operate as substantially
diverse companies in a variety of markets.

NAVIGATING THE NEW REALITY

Apple’s supply chain dilemma represents more than
a strategic business challenge: it is an example of
the broader transformation of the global economy
from interconnected efficiency to fragmented
resilience. The company that once symbolized the
benefits of globalization now embodies its risks and
limitations. The resolution of Apple’s challenges
will affect not only the company’s future, but

also the broader trajectory of global technology
supply chains. Success in maintaining profitability
while addressing geopolitical constraints could
demonstrate that multinationals can adapt to a more

fragmented world. Failure could signal the end of
globally integrated supply chains as the dominant
organizational model for technology companies.
To move forward, Apple must accept the fact that
the era of pure efficiency optimization is over. The
company must develop new capabilities for risk
management, scenario planning, and stakeholder
engagement that go far beyond traditional business
functions. This transformation will be costly and
complex, but it may be necessary for long-term
survival in an increasingly politicized global
economy.

The business community at large should
view Apple’s experience as a foretaste of the
challenges they may soon face. Integrating
geopolitical considerations into core business
strategy is no longer optional for multinational
corporations; it is becoming a requirement for
sustainable competitive advantage. Apple’s
journey from supply chain excellence to supply
chain vulnerability illustrates a basic truth about
strategic management: Today’s competitive
advantages can become tomorrow’s strategic
liabilities when external conditions change
dramatically. The companies that will thrive in the
coming decade will be those that learn to balance
efficiency and resilience, accepting higher costs in
exchange for strategic flexibility.

The Apple paradox how one of the world’s
most valuable companies became strategically
vulnerable through operational excellence offers
profound lessons for navigating an uncertain future.
With the rise of technological nationalism and the
fragmentation of global supply chains, the ability to
adapt quickly and maintain optionality may become
more valuable than traditional operational metrics.
In this new environment, Apple’s experience serves
as both a cautionary tale and a potential roadmap for
companies to follow to adapt to geopolitical realities.
The company’s response to current challenges will
provide valuable insights for other multinationals
facing similar strategic inflection points in an ever
more fragmented world.
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' - } (¢ MANAGERIAL IMPACT FACTOR

o Strategic offshoring choices: Apple chose China not only for cost « Impact of geopolitical risk: Strategic choices must consider

reasons, but for scale, discipline, and manufacturing flexibility; this geopolitical tensions and industrial policies, not just market logic.
choice redefined the global supply chain. « Centrality of skilled labor: The availability of skilled technicians is a
 Knowledge transfer as competitive leverage: Know-how key factor in the location of advanced manufacturing.
transferred to Foxconn transformed China into an advanced « Optionality in the supply chain: Having manufacturing alternatives
manufacturing powerhouse, with lasting non-reversible effects. is essential today to contend with crises, instability, and regulatory
« Efficiency vs. operational resilience: Companies must now balance constraints.

efficiency and resilience, accepting higher costs in exchange for
strategic flexibility.
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