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Abstract

The evolution of mobile technology from rudimentary voice-only devices to advanced 5G-enabled
smartphones, has profoundly transformed global communication, commerce, and digital economies.
This paper traces the technological progression of mobile communication, highlighting parallel
developments in smartphone manufacturing ecosystems across India and leading global hubs such as
China, South Korea, and Vietnam. It explores how successive generations of mobile technology have
increased device complexity, thereby reshaping manufacturing strategies and supply chains. The study
emphasizes India’s strategic policy interventions, including the “Make in India” initiative and the
Production-Linked Incentive (PLI) scheme, which have catalyzed domestic production, expanded
exports, and reduced import dependency. Through comparative analysis, the paper identifies best
practices from other countries related to industrial policy, infrastructure development, and workforce
skill enhancement. The findings reveal that while India has made significant strides in assembly and
exports, it must further invest in upstream component manufacturing, R&D, and supply chain resilience
to consolidate its position. The study concludes with actionable recommendations for policymakers and
industry stakeholders to leverage emerging technologies such as 5G and Al for sustained growth and
global competitiveness in smartphone manufacturing.

Keywords: Smartphone Manufacturing, Mobile Technology Evolution, Make in India, Production-
Linked Incentive (PLI), Global Supply Chain, 5G and Al-enabled Devices.

1. Introduction

The evolution of mobile technology stands as one of the most significant technological transformations
of the modern era. From its origins in the 1980s as bulky devices designed solely for voice
communication, mobile phones have rapidly evolved into powerful, multifunctional smartphones. These
devices are now deeply woven into the fabric of everyday life, influencing how people connect,
consume information, and conduct business. The exponential growth in mobile adoption, combined with
advancements in technology, has accelerated global digitalization and provided unprecedented
opportunities for social inclusion, economic development, and innovation particularly in emerging
economies.

This transformation is not limited to the devices themselves but extends into the complex manufacturing
ecosystems that produce them. Initially dominated by a handful of countries, smartphone manufacturing
has undergone a remarkable shift, characterized by technological sophistication, diversified
manufacturing hubs, and evolving supply chains. This paper focuses on understanding the intertwined
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evolution of mobile technology and smartphone manufacturing processes, with a special emphasis on
India’s rise as a significant player alongside established global leaders like China, South Korea, and
Vietnam.

The technological advancement journey spans multiple generations of wireless communication from the
analogue voice-only 1G networks to the digital 2G era that introduced text messaging, to 3G’s data
capabilities, followed by 4G’s mobile broadband revolution, and now the transformative possibilities
opened by 5G. Each leap brought incremental complexity in hardware and software, which in turn
reshaped manufacturing requirements, supply chains, and business strategies. The rapid iterations in
design, connectivity, and embedded intelligence in smartphones have challenged manufacturers to
innovate continually, optimize production processes, and secure resilient supply networks in an
increasingly competitive global market.

India’s emergence as a major smartphone manufacturing hub is a noteworthy development in this global
landscape. Driven by ambitious government policies such as the “Make in India” initiative and the
Production-Linked Incentive (PLI) scheme, India has significantly boosted local production capacity,
attracted foreign investment, and reduced import dependency. These policies have not only propelled
India to become one of the world’s top smartphone producers but have also spearheaded export growth
and employment generation.

2. Objectives of the Research

e To trace the historical evolution of mobile technology and its transformation into modern
smartphones.

e To analyze the impact of Indian government initiatives like Make in India and the PLI scheme on
domestic manufacturing.

e To identify key lessons from global manufacturing leaders that can benefit India.

e To assess how technological advancements (5G, Al, IoT) are shaping current and future
manufacturing practices.

3. Literature Review

Recent research by Runar Bjerhovde and Sanjay Chaurasia (2025) highlights the resurgence of the
global smartphone industry in 2024, with shipments rising 7% to 1.22 billion units. They emphasize how
vendors leveraged refresh cycles and aggressive promotions to boost volume, although profit margins
became tighter due to competitive pricing pressures. Similarly, experts from Counterpoint Research
attribute the market recovery to improved macroeconomic conditions and strong demand for premium
smartphones, even as manufacturers faced increased pressure to optimize costs. Industry analysis by
TrendForce further shows a 9.2% jump in smartphone production in Q4 2024, attributable to local
government incentives and seasonal factors, with Apple leading global production while competition
among Chinese and Indian brands intensified (TrendForce/Evertiq, 2025).

Scholar Giorgio Cecere (2015) examines how innovations in both vertical dimensions (hardware,
software) and horizontal dimensions (design, business models) have driven an exponential surge in
smartphone models and increased manufacturing complexity. Cecere particularly notes significant
milestones such as touchscreens, sophisticated app ecosystems, and growing Al integration, forcing
manufacturers to continuously adapt production approaches.
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Prachir Singh and Tanvi Sharma (2025) from Counterpoint Research describe India’s steady ascent in
smartphone manufacturing, driven by an annual 6% growth in “Made in India” shipments. They
highlight how Apple and Samsung together accounted for 94% of exports, with the Tata Group marking
significant manufacturing expansion. The Indian government’s Production-Linked Incentive (PLI)
scheme and Make in India initiative have encouraged foreign investments, turning India into a key node
in global supply chains. By mid-2025, India emerged as the third-largest exporter of mobile phones
globally, reaching exports worth $20.5 billion. S. Krishnan, Secretary at the Ministry of Electronics and
IT, notes that over 99% of smartphones sold in India in 2024 were domestically manufactured—a sharp
increase from just 26% in 2014-15 (HDFC Fund/PIB, 2024).

China remains the dominant manufacturing powerhouse, with its mature supply chain, high-scale
production, and advanced component fabrication capabilities. According to Toby Zhu (2025) of Canalys,
China shipped approximately 285 million smartphones in 2024 and continues to invest heavily in both
mass-market and premium segments. Chinese brands such as HONOR and Huawei continue expanding
their domestic and international market shares despite tough geopolitical conditions.

Vietnam produced 192.3 million mobile phones in 2024, bolstered mainly by Samsung’s large assembly
plants and an evolving local supply chain, according to data from the Vietnam General Office of
Statistics (2025). Though production saw a slight 4.2% decline, investment flows position Vietnam as a
leading global manufacturing hub, with projected double-digit growth in smartphones market share
through 2030.

South Korea maintains global leadership in high-value and Al-integrated smartphones. Invest Korea
(2025) highlights recent innovations by Samsung, including the introduction of flagship devices with
generative Al features, contributing to steady growth in production and exports.

The advent of technologies like 5G and on-device Al has become a benchmark for competitiveness, as
noted by Bjerhovde and Chaurasia (2025) and further explored by Chaurasia (2024). Collaborative
innovation between smartphone brands and chipset/software suppliers now underpins production
strategies. Manufacturers in India and Vietnam have attracted advanced technologies through favorable
policy measures. However, Adam He (2024) points out continuing challenges including raw material
scarcity, shipping delays, and geopolitical volatility that compel firms to adopt diversified sourcing and
contingency planning strategies. The NIIR Project Consultancy Services (2024) study underlines the
effectiveness of India’s Make in India program in attracting foreign direct investment and promoting
skills development alongside rural employment generation.

Despite robust data on economic growth and export statistics, gaps remain in understanding indigenous
R&D development, proprietary technology creation, and maturation of supplier ecosystems. According
to Bhattacharya et al. (2025), there is limited research on how policy instruments like the PLI scheme
translate into sustained local value addition. Further, studies seldom explore the social dimensions of
manufacturing growth including workforce skill enhancement, fostering innovation culture, and
employment structure changes, particularly in the Indian context as it moves beyond volume
manufacturing toward higher-value production.

4. Research Methodology

This study employs a mixed methods research design, combining quantitative and qualitative approaches
to provide a comprehensive analysis of the evolution of mobile technology and smartphone
manufacturing. Quantitative data from authoritative industry reports (such as Canalys, Counterpoint
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Research, and TrendForce) offers insights into production volumes, export trends, and market dynamics,
while qualitative data—including policy documents from India and comparator countries (China, South
Korea, Vietnam), academic literature, and expert interviews provides contextual understanding of policy
impacts, manufacturing strategies, and technological shifts. The analytical framework integrates trend
analysis of market data, comparative evaluation of industrial policies, assessment of technological
influences from 1G to 5G on manufacturing complexity, and mapping of supply chain and value chain
configurations to assess resilience and localization. Synthesizing these quantitative and qualitative
findings, the study aims to generate actionable recommendations for policymakers and industry
stakeholders to sustain growth, enhance innovation, and build competitive manufacturing ecosystems in
the evolving global smartphone industry.

5. Evolution of Mobile Technology

The evolution of mobile technology over the past several decades represents one of the most profound
technological transformations in modern history. Mobile communication’s earliest concepts date back to
the mid-20th century, but practical, widely-available mobile phones only began to appear in the 1980s
following key innovations in cellular network infrastructure and miniaturized electronics. The
progression of mobile technology is marked by successive “generations” each representing leapfrog
advances in capability, connectivity, and scope of use.

1G: Analog Voice Communication

The first generation (1G) mobile networks emerged in the late 1970s and early 1980s, starting with
Nippon Telegraph and Telephone’s (NTT) launch in Tokyo in 1979, followed by wider adoption
globally through the 1980s. 1G introduced analog cellular technology, focusing solely on voice calls,
and required heavy, bulky devices with limited security and poor call quality. These early networks laid
the foundation for basic mobile communication but were hampered by small coverage areas,
susceptibility to interference, and the inability to support text or data services.

2G: The Digital Revolution and SMS

With the arrival of the second generation (2G) in the early 1990s, digital technology transformed mobile
communication. Networks such as GSM (Global System for Mobile Communications) and CDMA
enabled higher-quality calls and, crucially, the advent of text messaging (SMS), with the world’s first
SMS sent in 1992. Digital transmission also improved security and capacity, allowing more users and
making mobile phones lighter and more affordable. Additions like GPRS and EDGE extended
capabilities, enabling rudimentary, packet-based data services, which set the stage for mobile internet
access.

3G: Birth of the Mobile Internet

Launched in the early 2000s, third-generation (3G) networks were a paradigm shift bringing mobile
broadband—faster data transmissions that allowed web browsing, email, and multimedia content
directly on phones. This transition spurred the proliferation of smartphones capable of running
applications (“apps”) and using advanced features like video calling, GPS navigation, and multimedia
messaging. The introduction of flagship devices, such as the Nokia 9000 Communicator, and the world’s
first 3G network in 2001 catalyzed the explosion of smartphone adoption and app ecosystem
development.

4G: Mobile Broadband and the App Economy

4G technology, introduced around 2010, dramatically increased data speeds, reduced latency, and made
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real-time, bandwidth-heavy services like HD video streaming, cloud applications, and online gaming
feasible on mobile devices. Widespread LTE (Long Term Evolution) adoption eliminated many
performance bottlenecks, helping foster the emergence of the app-driven economy. Users could now
access high-definition content, participate in video conferences, and upload large files seamlessly,
making mobile technology central to both personal and professional life.

5G: Ultra-Fast Connectivity, IoT, and New Frontiers

The rollout of 5G networks from 2019 onward represents another monumental advance, offering
exponential increases in speed (up to several gigabits per second), extremely low latency (down to
milliseconds), and support for massive device connectivity. This has profound implications: 5G
underpins the expansion of the Internet of Things (IoT), enables real-time immersive experiences like
augmented and virtual reality, and supports mission-critical applications including autonomous vehicles
and remote surgery. With 5G, edge computing becomes integral, reducing dependency on centralized
servers and allowing real-time Al-driven functions at the device level. The rapid uptake of 5G is
expected to continue transforming industries and everyday digital interactions for years to come.
Feature Phone Phase: SMS, cameras, limited internet

The feature phone era, spanning from the early 1990s to the mid-2000s, marked a significant
evolutionary step in mobile technology. Feature phones introduced fundamental capabilities that
transformed mobile devices from simple voice communication tools into multifunctional devices. The
introduction of Short Message Service (SMS) in 1993 revolutionized communication by enabling text-
based messaging. The first machine-generated SMS was sent in the UK on December 3, 1992, followed
by the first person-to-person SMS in Finland in 1993. This feature quickly became the communication
method of choice, particularly among younger demographics, and laid the foundation for today's
messaging-centric mobile culture.

Camera integration became another defining feature of this era. The first phone with a camera that
appeared in Europe was the Sony Ericsson T681 in 2002, marking the beginning of mobile photography.
These early cameras were basic, typically offering low-resolution images, but they introduced the
concept of capturing and sharing moments directly from mobile devices. The Nokia 3310, launched in
2000, became an iconic device of this period, selling 126 million units with features like extended
battery life, customizable ringtones, and the addictive "Snake" game.

Limited internet access was introduced through Wireless Application Protocol (WAP) technology.
Nokia's 7110, launched in 1999, was the first phone to utilize WAP, allowing users to access basic
information through wireless networks. This rudimentary internet connectivity enabled simple web
browsing and basic data services, though the experience was limited by slow data speeds and text-based
interfaces. The advent of GPRS (General Packet Radio Service) enhanced these capabilities, providing
packet-based data transmission that improved internet access efficiency.

Smartphone Era: Touchscreens, app ecosystems, high-speed connectivity

The smartphone revolution began in earnest with the launch of the iPhone in 2007, which introduced a
transformative touchscreen interface that eliminated the need for physical keyboards. This intuitive
interaction method made smartphones accessible to a broader audience and established the foundation
for modern mobile interfaces. The IBM Simon, introduced in 1993, was arguably the world's first
smartphone, featuring a touchscreen with a QWERTY keyboard, email capabilities, and basic
applications. However, it was Apple's iPhone that truly catalyzed mainstream smartphone adoption.
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The development of comprehensive app ecosystems fundamentally changed how users interacted with
their devices. Apple's App Store and Google Play created digital marketplaces where developers could
distribute applications for communication, productivity, entertainment, health, and finance. This
ecosystem enabled unprecedented innovation, with users able to customize their devices with
applications tailored to their specific needs and preferences. The proliferation of mobile apps
transformed smartphones into personalized hubs for various activities, from social interaction to
professional productivity.

High-speed connectivity through 3G and 4G networks enabled rich multimedia experiences and real-
time applications. The introduction of 3G technology in 2003 brought mobile broadband with speeds up
to 2 Mbps, enabling video calls, multimedia messaging, and mobile internet browsing. 4G LTE
technology, deployed around 2010, provided dramatic improvements in data speeds and reduced latency,
making bandwidth-intensive services like HD video streaming, cloud applications, and online gaming
feasible on mobile devices.

Current Trends: 4G to 5G, foldables, Al integration

The transition from 4G to 5G represents a paradigm shift in mobile connectivity, offering exponential
increases in speed (up to several gigabits per second), extremely low latency (down to milliseconds), and
support for massive device connectivity. Unlike previous generation transitions, 5G is designed to work
alongside 4G technology through Non-Standalone (NSA) deployment strategies, facilitating a smoother
transition. By 2025, industry projections suggest that 4G will maintain a 59% market share while 5G
continues its rapid expansion. This enhanced connectivity enables new applications including Internet of
Things (IoT) integration, real-time augmented reality experiences, and mission-critical applications like
autonomous vehicles.

Foldable smartphones represent a significant innovation in form factor design, addressing consumer
demand for larger screens in portable devices. The global foldable smartphone market has grown
exponentially, from $25.1 billion in 2024 to an expected $30.55 billion in 2025, representing a 21.7%
compound annual growth rate. Despite projecting 19.8 million units shipped in 2025, maintaining a
modest 1.6% global penetration, ongoing advancements in hinge design and display durability are
positioning foldables as premium offerings. Samsung currently leads with a 35.4% market share, while
Huawei follows closely with 34.3%. The anticipated entry of Apple in 2026 with a rumored 7.8-inch
foldable device could catalyze broader mainstream adoption.

Al integration has become the defining characteristic of current smartphone evolution. Canalys predicts
that Al-capable smartphones will grow from 16% of global shipments in 2024 to 54% by 2028, with a
63% compound annual growth rate. Modern smartphones leverage Al for personalized app
recommendations, advanced photography features, real-time language translation, and predictive
performance optimization. Generative Al capabilities are being integrated directly into devices through
advanced chipsets like MediaTek's Dimensity 9300 and Qualcomm's Snapdragon 8 Gen 3, enabling on-
device processing that reduces cloud dependency and improves response times. Features such as
Google's "Circle to Search," Al-powered photo editing, and intelligent voice assistants are becoming
standard offerings, with over 1 billion smartphones equipped with generative Al expected to ship by
2027.

6. Evolution of Smartphone Manufacturing Globally
Smartphone manufacturing has undergone a profound transformation since the early 2000s, driven by gl-
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obalization, technological innovation, and shifting cost advantages. Initially, production was vertically
integrated within advanced economies Finland (Nokia), the United States (Motorola), Japan (Sony), and
Sweden (Ericsson) which collectively accounted for over 50% of global mobile phone exports in 2001.
However, the advent of global value chains (GVCs) and offshore outsourcing radically reconfigured this
landscape.

By 2011, China and South Korea had emerged as the world’s foremost exporters, together responsible
for 52% of mobile phone exports, while Hungary, Hong Kong, and Mexico captured an additional 21%
share. China's rapid rise was underpinned by large-scale contract manufacturers such as Foxconn, which
assembled Apple’s iPhones, leveraging imported high-value components from Korea, Japan, and
Germany yet retaining only a small fraction of the final retail value. At its 2015 peak, China produced
1.3 billion smartphones—nearly 70% of global shipments—before a modest decline to 822 million units
in 2022, as some assembly shifted to lower-cost hubs amid rising domestic wages and geopolitical
tensions. Even so, Chinese firms continue to supply around 60% of the world’s smartphones, buoyed by
generous government incentives, subsidized infrastructure, and R&D grants for local champions like
Huawei, Xiaomi, and Oppo.

South Korea’s trajectory has emphasized vertical integration and technological specialization. Chaebol
giants Samsung and LG built end-to-end capabilities, producing advanced memory chips, OLED
displays, and camera modules in-house. By 2011, 77% of Korean-branded phones were assembled
offshore (primarily in China and Vietnam), yet over 85% of key component value remained localized, as
Samsung and LG outsourced less than 15% of production tasks (Lee, Kim, & Lim, 2018). In 2024,
South Korea’s mobile handset production value reached 43 trillion (US $32 billion), driven by
premium and Al-enabled flagships.

Since the early 2010s, Vietnam has ascended as a major assembly hub, with annual output rising from
75 million units in 2015 to 192.3 million in 2024, 14% of global production (General Office of Statistics
of Vietnam, 2025). Multinational investments by Samsung, LG, and leading Chinese OEMs fostered
localized tier-1 and tier-2 supplier networks, enabling Vietnamese firms to supply over 40% of
component value. Nonetheless, Vietnam’s manufacturing remains constrained by reliance on imported
semiconductors and displays, limiting domestic R&D and upstream integration.

These geographic shifts reflect an increasing fragmentation of production tasks across GVCs. Upstream
segments, chip fabrication, display and camera module manufacturing remain concentrated in China,
South Korea, and Taiwan, where high-value activities capture the majority of profits. Downstream
assembly and final testing have migrated to lower-cost regions like Vietnam and India, supported by
government incentives such as India’s Production-Linked Incentive (PLI) scheme. India’s PLI program
has stimulated a 56% YoY export surge in FY25, positioning India as the world’s third-largest mobile
exporter with US $20.5 billion in shipments.

Technological innovation especially the integration of 5G modems, high-performance SoCs for Al
workloads, and advanced camera systems, has reinforced the need for co-located R&D and
manufacturing. Leading firms now colocate design centers near fabs and assembly plants to accelerate
product iteration and maintain supply-chain resilience (Gereffi & Fernandez-Stark, 2016). As next-
generation connectivity (6G) and on-device generative Al become mainstream, national strategies that
combine open FDI policies, targeted R&D support, and workforce development will determine future
positions in the smartphone manufacturing ecosystem.
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7. Indian Context: Mobile Technology and Manufacturing

Evolution of Mobile Use in India

The evolution of mobile use in India is a story of rapid democratization and technological leapfrogging,
transforming from an elite utility into an essential tool for communication, commerce, and inclusion.
The country’s first mobile call was made on July 31, 1995, marking the beginning of a new era in Indian
telecommunications. In the late 1990s and early 2000s, mobile telephony remained out of reach for most
citizens due to high tariffs, costly handsets, and limited coverage, with just over 2 million mobile
subscribers in 2000.

A turning point came with sectoral deregulation, the introduction of prepaid services, and competitive
tariff reductions after 2003. This led to an explosive rise in mobile adoption: by 2008, India counted
over 346 million SIM card registrations, and by December 2015 the figure exceeded 1 billion (TRAI,
2024; Data for India, 2025). The spread of affordable Chinese and Indian-branded feature phones—sold
at prices as low as 31,000—32,500, enabled deep penetration into rural and remote areas, helping bridge
the digital divide.

Smartphone adoption accelerated after 2014, paralleling falling handset costs and the global shift from
feature phones to smartphones with 3G and later 4G capability. Entry-level Android devices became
affordable for lower-income groups, while the launch of Reliance Jio in 2016, offering low-cost data and
nationwide 4G, revolutionized usage patterns. By 2020, over 700 million Indians accessed the internet
primarily through mobile devices, and smartphone penetration reached nearly 60% of the adult
population.

This rapid diffusion has reshaped Indian society: mobile phones have become the primary gateway for
digital payments, social media, government services, e-learning, and telemedicine. Feature phones
remain critical for basic connectivity in segments with limited literacy and low income, while
smartphone adoption continues to drive urban and rural digital transformation. As of 2024, India had
over 1.2 billion wireless users and more than 750 million smartphone users, ranking as the second-
largest smartphone market globally by user count.

Policy interventions from spectrum auctions to rural connectivity funds and digital literacy campaigns—
have been instrumental in supporting this growth. The government’s “Digital India” program and
increased focus on affordable broadband are expected to push India toward near-universal mobile access
by 2026, closing the last-mile digital gap and further catalyzing the next wave of economic and social
development through mobile technology.

Policy Initiatives: Make in India and the Production-Linked Incentive (PLI) Scheme

India’s rise as a major player in the global smartphone industry has been fundamentally shaped by
targeted policy interventions most notably, the Make in India initiative and the Production-Linked
Incentive (PLI) scheme.

Make in India, launched in 2014, marked a strategic push to transform India into a global manufacturing
powerhouse. The government aimed to increase the share of manufacturing in GDP, create employment,
boost exports, and develop domestic capabilities across key sectors, including electronics and mobile
phones. The initiative offered a combination of fiscal incentives, streamlined regulatory procedures, and
the development of infrastructure such as electronic manufacturing clusters and special economic zones.
As a direct consequence of these reforms, the number of mobile handset manufacturing facilities grew
from just two in 2014 to over 300 by 2024, and the proportion of domestically manufactured phones
skyrocketed from 26% in 2014-15 to over 99% by 2024. Major global brands and contract
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manufacturers including Foxconn, Wistron, Pegatron (for Apple), and Samsung—established or
expanded Indian operations, catalyzing technology transfer, job creation, and supply chain localization.
To further accelerate value addition and reduce import dependency, the Production-Linked Incentive
(PLI) scheme for large-scale electronics manufacturing was introduced in April 2020. The PLI scheme
provides financial incentives of 4—6% on incremental sales of smartphones and electronic components
produced in India over a baseline period. The scheme prioritizes domestic and foreign manufacturers
willing to undertake significant investment and scale their operations, with the goals of boosting exports,
enhancing competitiveness, and fostering the development of complete supply chain ecosystems
including components, sub-assemblies, and modules.

The impact of these initiatives has been substantial. The domestic electronics manufacturing sector
attracted cumulative investments exceeding 212,390 crore (approx. $1.7 billion USD) by FY 2025,
while overall smartphone production value soared from 218,900 crore in FY 2014 to 422,000 crore in
FY 2024. Indian smartphone exports reached an all-time high of $24.14 billion in FY 2024-25, making
smartphones the country’s third-largest export after oil and gems. Notably, nearly all leading global
smartphone manufacturers now include India in their global supply chain, and new Indian-origin brands
and contract manufacturers are expanding their footprint in both domestic and export markets.

However, policymakers recognize that for India to transition from final assembly to true end-to-end
manufacturing, additional steps are required: scaling up component and semiconductor manufacturing,
increasing R&D investments, improving skill development, and simplifying the complex import tariff
structure to reduce input costs.

These policy initiatives dynamic and responsive to industry needs have firmly established India as a
critical node in the global smartphone value chain, helping the country move beyond basic assembly
toward becoming a center for innovation, upstream investment, and technology leadership.

Growth of Domestic Production and Export Trends in India’s Smartphone Sector

India’s domestic smartphone production and exports have reached historic highs, marking a pivotal shift
in the country’s role within the global electronics ecosystem.

Domestic Production Growth

In 2024, the shipment of “Made in India” smartphones grew by 6% year-on-year, with the sector buoyed
by increased manufacturing investments from Apple, Samsung, and other global players. This expansion
was driven by favorable government policies particularly the Production-Linked Incentive (PLI) scheme
which has led foreign and domestic manufacturers to scale up local operations and reduce reliance on
imports. The total manufacturing value of mobile phones in India skyrocketed from 18,900 crore in FY
2014 to 422,000 crore in FY 2024. Samsung retained its position as the top manufacturer with 7%
annual growth, while companies like Foxconn (Apple’s supplier) and Tata Electronics (iPhone assembly)
recorded substantial increases in production activities. Tata Electronics, for example, grew an impressive
107% year-on-year, riding high on increased iPhone output.

Not only did these developments make India the world’s second-largest mobile manufacturer by 2024,
but analysts forecast double-digit growth in 2025, fueled by further improvements in local value addition
and expansion of component ecosystems. India is projected to capture 20% of global smartphone
manufacturing share in 2025, even as global outputs slow due to trade and tariff headwinds.

Export Trends

India’s smartphone exports have outpaced traditional giants like petroleum products and diamonds to
become one of the country’s top exported goods. In the 2024-25 fiscal year, smartphone exports surged
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55% to $24.14 billion, compared to $15.57 billion the previous year and $10.96 billion in 2022-23. Over
the last three years, exports have increased nearly fivefold, driven primarily by Apple and Samsung,
which together accounted for 94% of all Indian smartphone exports in 2024. The United States emerged
as the largest destination, and Indian-made smartphones surpassed Chinese shipments to the US for the
first time in Q2 2025—accounting for 44% of US imports, up from just 13% the previous year.

Other export hotspots include Japan, the Netherlands, Italy, and the Czech Republic, each witnessing
significant year-on-year increases. The US market alone saw Indian exports jump from $2.16 billion in
2022-23 to $10.6 billion in 2024-25.

Challenges in India’s Smartphone Manufacturing Sector

Component Dependency

India relies heavily on imports for critical components such as advanced semiconductors, display panels,
camera sensors, and precision parts. This import reliance restricts the domestic value addition to
typically 10-15% of the smartphone’s bill of materials. High import duties designed to promote local
production sometimes increase costs due to nascent domestic supplier ecosystems.

Limited Technology Transfer

While global manufacturers have invested heavily in India, transfer of advanced production technologies
remains limited. Proprietary technologies in wafer fabrication, OLED display manufacturing, and high-
tech component production remain largely under foreign control. Indian partners often get limited
exposure beyond final assembly, impeding indigenous innovation and upgrading.

Skill Gaps and Workforce Shortages

India faces a significant shortage of skilled human resources in specialized areas such as semiconductor
design, precision manufacturing, automation, and quality assurance. Estimates suggest a potential
shortfall of 10 million skilled personnel by 2030, compounded by gaps in technical curricula and
vocational training systems.

Infrastructure and Supply Chain Limitations

Challenges in logistics, power supply reliability, and last-mile connectivity slow production efficiency.
The multi-tier supply chain ecosystem is still developing, limiting the ability to scale component and
sub-assembly manufacturing domestically.

Regulatory Complexity and Tariffs

India’s multi-layered tariff regime imposes high duties on key inputs and components, leading to cost
inflation, which can deter investment. Complex customs procedures and regulatory uncertainty further
increase operational costs and administrative burdens.

R&D and Innovation Deficit

Low levels of domestic R&D investment hinder development of core technologies such as chip design,
software-hardware integration, and next-generation device features needed for global competitiveness.
Dependence on Global Supply Chains and Geopolitical Risks

India’s manufacturing value chain heavily depends on foreign suppliers, especially from China, Taiwan,
and South Korea. Geopolitical tensions, supply disruptions, and global economic uncertainties pose risks
that need to be mitigated through diversification and local ecosystem strengthening.

Environmental and Sustainability Challenges

As manufacturing scales, India must address e-waste management, energy consumption, and sustainable
resource use to comply with international standards and avoid environmental degradation.

IJFMR250453081 Volume 7, Issue 4, July-August 2025 10



https://www.ijfmr.com/

m International Journal for Multidisciplinary Research (IJFMR)

ILJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

8. Comparative Analysis: India and Other Countries

The global smartphone manufacturing landscape is dominated by key Asian countries - India, China,
Vietnam, and South Korea, each with distinct advantages, policy frameworks, industrial capabilities,
and market dynamics. A comparative examination of these countries reveals both similarities and critical
differences that help illuminate India’s current position and future pathways in the smartphone
manufacturing ecosystem.

Similarities and Differences in Policies

Proactive Government Interventions:

All four countries have implemented government-led policies to nurture electronics manufacturing.
India’s Make in India initiative (launched in 2014) and the Production-Linked Incentive (PLI) scheme
(2020) aim to attract foreign investment, boost exports, create jobs, and promote local value addition.
Similarly, China’s manufacturing boom benefited from decades of substantial state intervention
including subsidies, export incentives, and the development of Special Economic Zones (SEZs) with
world-class infrastructure. Vietnam followed with competitive tax incentives, efficient industrial parks,
and critical trade agreements that facilitated Samsung and LG’s investments. South Korea’s approach
contrasts somewhat, emphasizing heavy R&D investment, long-term innovation, and vertical integration
through chaebols like Samsung and LG, allowing them to control key components like semiconductors
and displays while outsourcing labor-intensive assembly.

However, policy differences are significant. China and Vietnam’s strategies were more oriented toward
creating low-cost, export-driven manufacturing hubs early on, whereas India’s policies initially targeted
domestic market development before opening aggressively to exports. South Korea prioritizes
innovation and premium production rather than high volume, which reflects its distinct economic
development stage.

Infrastructure and Ecosystem Maturity

China remains the undisputed leader in manufacturing infrastructure, with a dense network of ports,
logistics hubs, supplier clusters, and reliable utilities concentrated particularly around Shenzhen and
surrounding provinces. This infrastructure supports high-throughput, cost-effective assembly and
component production. Vietnam has rapidly enhanced its infrastructure, building industrial parks and
logistics corridors, but still lags behind China in terms of depth and integration of supply chains.

India has made significant strides with dedicated Electronics Manufacturing Clusters (EMCs), special
corridors, and improved logistics. Nonetheless, challenges such as complex land acquisition rules,
inconsistent electricity supply, and bureaucratic delays continue to restrain seamless industrial
operations. The logistics network is improving but still less efficient than those of China and Vietnam,
affecting India's cost competitiveness.

Market Dynamics and Scale

Both India and China enjoy massive domestic markets, which provide steady demand and enable Indian
and Chinese original equipment manufacturers (OEMs) to scale rapidly. China nurtured home-grown
giants (e.g., Huawei, Xiaomi, Oppo) leveraging domestic demand to fuel R&D and innovation. India’s
domestic market is the world’s second largest with over 750 million smartphone users, which
multinational brands (Apple, Samsung) now leverage by moving production close to their large
consumer base.
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Vietnam’s domestic market is comparatively small; its model focuses almost exclusively on becoming
an export powerhouse. South Korea’s market size is moderate; its manufacturing strategy heavily
emphasizes exports of high-end products and components more than serving the domestic market.
Lessons for India from Other Countries

Enhancing Local Value Addition:

China’s ecosystem success is deeply linked to its upstream component manufacturing, including
microchips, displays, and batteries. India must emulate this by incentivizing upstream industries and
deepening R&D investments to reduce its current dependence on imported components.

Robust Infrastructure Development:

China and South Korea illustrate how integrated infrastructure and industrial clusters provide vital cost
and efficiency advantages. India needs to fast-track reforms in land acquisition, industrial clearance,
power supply, and customs facilitation to reduce logistical bottlenecks.

Investment in SKkill Development and Innovation:

South Korea’s focus on innovation-driven manufacturing supported by a highly skilled workforce is a
model India should adopt more aggressively. Addressing shortages in semiconductor design, automation,
and digital manufacturing skills will be key to advancing the sector beyond assembly.

Trade Policy and Export Facilitation:

Vietnam’s success in integrating into global supply chains has been augmented by trade agreements such
as CPTPP and free trade agreements with key partners, reducing tariffs and easing exports. India can
improve its position through strategic trade negotiations and tariff rationalizations in electronics
components.

Unique Advantages and Disadvantages of India

Advantages:

Large Domestic Market: India’s vast and growing consumer base provides a stable demand foundation,
attracting multinational manufacturers to localize production (Economic Times, 2025).

Demographic Dividend: India’s young workforce offers a sizable labor pool, which, if upskilled
effectively, can sustain long-term industrial growth (TeamLease, 2024).

Policy Momentum: Government-led programs like Make in India and PLI have catalyzed investments,
increasing production capacities and exports substantially (PIB, 2024).

Disadvantages:

Component Manufacturing Gap: India’s dependency on imports for semiconductors, displays, and
camera modules (accounting for over 85% of component value) limits its value addition and global
competitiveness (International Journal for Research Trends and Innovation, 2025).

Skill Shortages: India faces acute shortages in specialized skills essential for advanced manufacturing
and technology innovation (TeamLease, 2024).

Infrastructure and Regulatory Complexities: Despite progress, issues like unreliable power supply,
complex customs clearance, and multi-tier tariff structures increase costs and impede ease of doing
business (ICEA, 2025).

9. Impact of Technological Evolution on Manufacturing

How Advances in Hardware and Software Reshape Production

Rapid advances in hardware such as high-performance processors, advanced camera modules, and
superior display technologies and software, including embedded Al and complex operating systems,
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have fundamentally transformed smartphone manufacturing. New hardware requires tighter production
tolerances, precision assembly, and more sophisticated quality control systems. The convergence of
digital features has fueled the need for more agile and modular manufacturing, allowing companies to
introduce a greater variety of models with faster update cycles. Software-driven features (OS updates,
on-device Al, and security) increase the need for flexible testing protocols and longer software support
windows, often dictated by evolving regulatory standards. Integrated innovation pipelines ensure that
R&D, design, and production rapidly adapt to emerging market trends and technological changes,
leading to continual revamps of the factory floor and supply chain strategies.

Automation, Al, and IoT in Manufacturing

The implementation of automation, Artificial Intelligence (Al), and the Internet of Things (IoT) under
the broader Industry 4.0 paradigm has dramatically increased productivity, quality, and the agility of
smartphone manufacturing facilities.

Automation now encompasses robotic arms for component placement, automated guided vehicles for
parts transport, and precision robots for device calibration. These technologies reduce errors and
enhance throughput.

Al uses data analytics, pattern recognition, and machine learning algorithms to improve predictive
maintenance, optimize production scheduling, and enable automated quality detection. For example, Al-
enabled vision systems can detect minute defects on production lines at speeds unachievable by human
inspection, while predictive analytics schedule machine servicing before breakdowns can halt production.
IoT devices and sensors capture real-time data from across the factory, connecting equipment, products,
and workers in an intelligent manufacturing network. This integration facilitates instant feedback, real-
time monitoring, and adaptive responses to supply or demand fluctuations. Combined, Al and IoT
transform traditional manufacturing into a self-optimizing ecosystem, able to minimize downtime and
reduce waste.

Edge computing and 5G networks further enhance responsiveness, bringing near real-time decision-
making to the shop floor and supporting ever more sophisticated automation.

Collectively, these advances have enabled manufacturers to dramatically reduce costs, improve yield,
and accommodate the growing customization and complexity of devices that modern consumers demand.
Sustainability and Green Manufacturing Trends

As environmental concerns and regulatory pressures mount, sustainability has become a central theme in
smartphone manufacturing.

Use of Recycled and Eco-Friendly Materials: Companies now increasingly incorporate recycled
aluminum, plastics, and even rare earth elements into device casings and components. Apple, Samsung,
and Google, for example, have each increased recycled content in their phones and packaging. Initiatives
to use biodegradable materials are emerging, although widespread adoption remains technologically
constrained.

Design for Longevity and Repairability: There is a distinct trend toward making devices more durable
and repairable, thus extending product life cycles and reducing e-waste. Innovations such as modular
phones (e.g., Fairphone), user-replaceable components, and the availability of repair kits are gaining
traction—as is regulatory support from the European Union, which, starting June 2025, requires
smartphones and tablets to be designed for durability, repairability, and recyclability.

Carbon Reduction and E-Waste Management: Leading brands are investing in renewable energy for
their manufacturing operations, optimizing supply chains for lower emissions, and running take-back
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programs to recycle old devices. Apple aims for carbon neutrality across its supply chain and product
lifecycle by 2030. Fairphone, meanwhile, prioritizes fair labor, modularity, and waste minimization.
Programs emphasizing circular economy principles and compliance with new EU “ecodesign”
legislation are expected to reshape global manufacturing standards in coming years.

Challenges and Industry Momentum: While the move to sustainability is accelerating, manufacturers
face technological, economic, and regulatory hurdles especially related to the durability of recycled
materials, cost constraints, and supply chain complexities. Yet, consumer demand, regulatory
requirements, and brand positioning are combining to drive unprecedented investment and innovation in
sustainability practices.

10. Strategic Insights and Future Outlook

Opportunities for India in SG/AI-Enabled Devices

India stands at the cusp of a transformative phase in the global smartphone sector with the rapid
commercialization of 5G and the pervasive integration of Al across devices. The domestic rollout of 5G
and the expected rise of 800 million 5G smartphone subscriptions by 2027 create a massive addressable
market, incentivizing both global and Indian manufacturers to invest in next-generation device
capabilities. 5G opens doors for India not just as a consumption market but as a manufacturing base for
advanced devices supporting applications in IoT, smart cities, AR/VR, and mission-critical services.
Concurrently, on-device Al—already implemented in chips like MediaTek's Dimensity 9300 and
Qualcomm's Snapdragon 8 Gen 3—will enable real-time language translation, superior image
processing, and predictive user experiences directly on smartphones. As generative Al becomes
embedded in hardware and software, India has a window to attract high-value investments from
semiconductor, device, and software firms seeking to meet global demand for affordable, innovative,
and Al-rich 5G devices.

Enhancing Local Value Addition and R&D

India’s current value addition in smartphone manufacturing remains relatively low (10—-15%), mainly
due to the reliance on imports for critical components such as semiconductors, displays, and sensors. For
India to move up the value chain, a multi-pronged approach is necessary:

Investment in Component Ecosystems: Targeted incentives and PLI extensions should focus on
attracting investment in semiconductor fabs, display manufacturing, and advanced optics. Recent
government approvals for chip fabrication plants and display units, such as those by Micron and Tata are
steps in the right direction needed for real impact.

R&D and Innovation Hubs: There is an urgent need to strengthen the domestic R&D base through
greater public funding, cluster-based innovation parks, and industry-academia collaboration, emulating
models seen in South Korea and China. Establishing electronics-focused research institutes and
providing tax incentives for private R&D can help India generate IP in both hardware and software.

Skill Development: Upgrading technical curricula, launching major electronics engineering upskilling
programs, and supporting vocational training in chip design, Al integration, and precision assembly are
critical for workforce readiness and indigenous innovation.

Local Brand Building: Supporting Indian OEMs in branding, design, distribution, and export
diversification could foster champions capable of technological catch-up and product differentiation in
the highly competitive 5G/Al-devices segment.
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Strengthening Supply Chains and Policy Recommendations

Building a resilient, globally competitive smartphone manufacturing ecosystem will require India to
address both upstream and downstream supply chain vulnerabilities:

Strategic Supply Chain Integration: Encourage the emergence of local supplier networks through
supplier development programs, easier access to capital for SMEs in the electronics manufacturing value
chain, and strategic “cluster development” around major production hubs. Reducing excessive import
duties on critical inputs will also lower costs and encourage component localization.

Geopolitical Diversification: India should exploit the ongoing China+1 and “friend-shoring” trends,
positioning itself as an alternative manufacturing base for multinational brands looking to de-risk from
China. Free-trade agreements with key partners (e.g., the EU and US) and streamlined customs and
logistics regulations can further enhance export competitiveness.

Sustainability and Circular Economy: Anticipating global regulatory trends, India’s policy should
promote green manufacturing recycled materials, energy-efficient factories, and a regulatory framework
for e-waste management to meet the expectations of global buyers and international standards.

Policy Predictability and Incentives: Consistent long-term policy, rationalized tax structures,
simplified compliance, and dedicated export incentives are essential for continuous investment and
scale-up of high-tech manufacturing.

Outlook:

If India effectively capitalizes on these opportunities by leveraging its domestic market, moving
upstream into components and R&D, and building resilient, sustainable supply chains it can transition
from an assembly hub into a center for advanced device innovation for the global market. By 2030, India
has the potential to capture a significant share of the global 5G/Al-enabled device market, provided
these strategic actions are implemented proactively.

11. Conclusion

This research underscores that the global smartphone manufacturing landscape is deeply shaped by
technological innovation, strategic policy interventions, and ecosystem development. India’s rise as a
significant manufacturing hub reflects successful policy initiatives that have transformed it from
primarily a consumer market into a major exporter with world-class production capabilities. The “Make
in India” and PLI schemes have effectively attracted foreign direct investment, expanded manufacturing
capacity, and triggered export growth. However, challenges persist critical among them are the heavy
dependence on imported high-value components, limited indigenous R&D capabilities, and skills
shortages that restrict deeper value addition.

Comparative insights from China, South Korea, and Vietnam illustrate the importance of holistic
ecosystem development, including component manufacturing, infrastructure investment, and trade
facilitation. For India to evolve from an assembly-centric model to a globally competitive innovation-led
hub, focused efforts are needed to nurture upstream manufacturing, enhance workforce skills aligned
with Industry 4.0, simplify regulatory frameworks, and promote sustainable manufacturing practices.
Looking forward, embracing emerging technologies such as 5G, Al-enabled devices, and Industry 4.0
manufacturing models offers tremendous opportunities for India to leapfrog in the global value chain.
Strategic collaborations between government, industry, and academia, coupled with a forward-looking
industrial policy, have the potential to transform India into a powerhouse of smartphone innovation and
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manufacturing, fueling economic growth, technological independence, and global leadership in the
digital era.
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