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Abstract

It’s more than a two centuries when Industrial development, economic growth, technological
development, and societal transformation are important aspects of a nation’s growth. The
transformation journey from the First Industrial Revolution to the emergence of intelligent,
human-centric ecofriendly systems in Industry 5.0, industries have progressed to improve
production, quality, efficiency, and sustainability. This review presents a comprehensive
study of industry revolutions by analysing the transition from traditional and conventional
manufacturing practices to smart and intelligent systems that shows how modern industrial
ecosystems has overgrown through the centuries. The study explains the historical
progression through the five industrial revolutions, from Industry 1.0 to Industry 5.0,
focussing on the technological growth, production models, and socio-economic influences
related with each phase. More stress is placed on enabling technologies such as artificial
intelligence (Al), the Internet of Things (loT), cyber-physical systems (CPS), cloud
computing, big data analytics, digital twins, robotics, additive manufacturing, blockchain, and
advanced communication networks, which jointly supports Industry 4.0 and Industry 5.0.
Recent developments indicate that Industry 5.0 goes beyond automation by accenting human-
centricity, sustainability, collaborative and flexibility between human world and intelligent
machines. This review also investigates the challenges associated with digital transformation,
including cybersecurity, workforce skilling and training, interdependency, ethical concerns,
and environmental and societal sustainability. The paper guides researchers, educators,
policymakers, and industrial practitioners with a holistic understanding of industrial evolution
and its responsibility in shaping the factories and enterprises of the future. (1-26)
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1. Introduction

Industries plays a vital role in making civilization by using natural resources to develop
products and services that leads to economic development and upgrade human well-being.
The history of industrial development is recognized by successive technological revolutions
that have essentially brought changes in production systems, organization, business models,
and world wide competitiveness. To start with mechanization powered by steam engines
during the late eighteenth century, industries have continuously accepted electrification,
automation, digitalization, and intelligent technologies to happen the growing societal
demands and market requirements.

Before the industrial era, most production was carried out through manual labour,
handicrafts, and small-scale agriculture. Goods such as textiles, tools, pottery, and household
items were typically made in homes or small community workshops by skilled artisans and
craftsmen using simple hand tools. Transportation was mainly done by humans, animals, and
wind-powered ships. Economic activity was largely local and community-based barter
system, with limited mechanization and relatively slow production rates. This era was
categorized by traditional knowledge, agrarian society, household occupations, and rural
lifestyles.

1.1 Industry 1.0 : The First Industrial Revolution (1760-1840)

The First Industrial Revolution (Industry 1.0) introduced mechanized production through
water and steam power, replacing manual craftsmanship with machine-assisted
manufacturing. This transformation significantly increased production capacity and marked

the beginning of large-scale industrialization.

(@) (b)
Fig. 1. (a) London, S. M. (2023, March 20). Watt & Boulton Steam Engine. World History
Encyclopedia. https://www.worldhistory.org/image/17206/watt--boulton-steam-engine/
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(b) Artist, U. (2023, February 07). Steam-Powered Passenger Train. World History

Encyclopedia. https://www.worldhistory.org/image/17025/steam-powered-passenger-

train/

It started from Great Britain during the second half of the eighteenth century (approximately
1760-1840) and slowly moved towards Europe and North America. It represented the
transition from an agrarian society and handicraft-based economy to mechanized
manufacturing-based society primarily by water wheels and steam engines. This revolution
fundamentally transformed the livelihood by enhancing and developing production systems,
transportation, labour organization, and economic growth which laid the foundation for next
industrial revolutions.

Among all the inventions of Industry 1.0, the most important and widely accepted invention
was Improved Steam Engine developed by James Watt (fig.1).

India’s Perspective during Industry 1.0: The technological advances of the First Industrial
Revolution transformed production in Europe, making a immediate impact on India on
economic restructuring, deindustrialization of traditional crafts, and the gradual development
of infrastructure that supported industrialization during the late nineteenth century. Tea and
Coffee Plantation and Textile industries started in India during this era is still continuing in
today’s market.

1.2 Industry 2.0: The Era of Electrification and Mass Production (1870-1914)

The widespread adoption of electricity, assembly-line production, and scientific management,
enabling mass production and improving operational efficiency were the important industrial
revolutions during the Second Industrial Revolution. Industry 2.0 witnessed growth of
industries through the widespread adoption of electricity, internal combustion engines, steel
manufacturing, chemical industries, and telecommunications. This period has experienced
unexceptional industrial growth, increased productivity, improved transportation networks,
and the emergence of large-scale manufacturing enterprises. electric motors replaced line
shafts in factories driven by steam engines, which enables machines to be arranged more
efficiently increasing production flexibility. The introduction of assembly-line manufacturing
by Henry Ford further transformed industrial production by enabling standardized, high-
volume manufacturing at significantly reduced costs. Overall, Industry 2.0 changed industries
from mechanized production systems into electrically powered, mass-production enterprises
and developed the technological foundations for automation, digitalization, and intelligent

manufacturing in later industrial revolutions.
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India’s Perspective during Industry 2.0: During 1870-1914, India's situation changed

considerably compared to Industry 1.0. Although India was still under British colonial rule
and industrialization remained limited compared to Europe and the United States, this period
witnessed the beginning of modern industries, engineering education, transportation
infrastructure, electricity, and organized manufacturing. This makes Industry 2.0 an important
milestone in India’s industrial history.
Some major industries established in India during this period are:

o Cotton textile industry (Bombay and Ahmedabad)

e Jute industry (Bengal)

e Coal mining (Raniganj and Jharia)

e Iron and steel industry

o Tea and coffee plantations

o Paper manufacturing

e Sugar industry

e Cement industry (early development)
The establishment of the Tata Iron and Steel Company (TISCO) in 1907 at Jamshedpur
and Railway Network represented the most significant milestones in India's industrial history.
1.3 Industry 3.0: Automation and Digitalization Era (1970-2010):
Next, the Third Industrial Revolution (Industry 3.0) includes electronics, computers,
programmable logic controllers (PLCs), and information technology, giving rise to industrial
automation and computer-integrated manufacturing.
The Third Industrial Revolution, also known as Digital Revolution, began during the 1970s
with the extensive adoption of electronics, computers, and automation technologies. While
Industry 1.0 and 2.0 revolutions were mainly driven by mechanical innovations, Industry 3.0
focused on information processing, programmable automation and electronic control systems.
The development of microprocessors, programmable logic controllers (PLCs), industrial
robots, and computer numerical control (CNC) machines brought major changes in
manufacturing processes by reducing dependence on manual labour and enhancing precision,
repeatability, and product quality.
Computer-Aided Design (CAD), Manufacturing Resource Planning (MRP), Computer-Aided
Manufacturing (CAM), and Enterprise Resource Planning (ERP) systems became important

components of industrial operations. These technologies improved production planning,
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inventory management, and quality assurance with flexible manufacturing systems capable

of producing customized products.

Communication networks along with the growing demand of information technology were
the foundation for digital manufacturing, motivating industries for the emergence of smart
factories in the upcoming decades (Lee et al., 2015).

India’s Perspective during Industry 3.0: India experienced massive expansion of technical
education during this period. The number of engineering institutions increased considerably,
producing a large number of highly skilled professionals in computer science, electronics,
information technology, mechanical engineering, electrical engineering, and communication
engineering. Institutions like Indian Institutes of Technology (11Ts), National Institutes of
Technology (NITs), Indian Institutes of Information Technology (111Ts), and numerous
private universities prepared engineers who worked and contributed to both domestic
industrial development and the global technology.

1.4 Industry 4.0: Smart Manufacturing and Digital Transformation (2011 onwards)
Germany first introduced the concept of Industry 4.0 in 2011 as part of the "Industry 4.0"
strategic program. In this era, physical manufacturing systems were integrated with digital
technologies, developing intelligent, interconnected, and autonomous industrial society
(Kagermann et al., 2013).

The Internet of Things (1oT), Cyber-Physical Systems (CPS), Artificial Intelligence (Al),
Big Data Analytics, Autonomous Robots, Digital Twins, Blockchain, Additive
Manufacturing Cloud Computing, and 5G communication are integrated together to
develop intelligent decision-making and decentralized systems. These systems allow
machines, products, and humans to communicate with each other easily, creating highly
flexible, efficient, and self-optimizing manufacturing systems. The growth of Industry 4.0 has
transformed conventional industries into interconnected digital ecosystems.

India’s Perspective during Industry 4.0:In India, Industry 4.0 represents a transformative
era of digital industrialization guided by innovation, connectivity, and intelligent automation.
Government has taken initiatives in a vibrant startup ecosystem, world-class engineering
talent, and rapid digital infrastructure development which have enabled India to become a key
participant in the global digital economy. Despite of challenges, India continued investments
in smart manufacturing, artificial intelligence, cyber-physical systems, and advanced

engineering are expected to strengthen its role in shaping the future of global industry.
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The most remarkable achievements of our country is the creation of a comprehensive

Digital Public Infrastructure (DPI), comprising Aadhaar (digital identity), the Unified
Payments Interface (UPI) for real-time digital payments, DigiLocker, and other
interoperable digital platforms. These systems have transformed financial inclusion, digital
commerce, e-governance, and service delivery at an unprecedented scale.

1.5 Industry 5.0: The Era of Human-Centric, Sustainable, and Resilient Manufacturing
(2020-Future):

More recently, Industry 5.0 has emerged as the next stage of industrial transformation
without ending Industry 4.0 because Industry 5.0 builds upon the technology of Industry 4.0,
which primarily focuses on technological automation and connectivity. This emphasizes
human-centric manufacturing, sustainability, resilience, and the collaborative interaction
between humans and intelligent machines. Collaborative robots (cobots), explainable
artificial intelligence, digital twins, advanced analytics, and ecofriendly manufacturing are
becoming essential components of this paradigm. Industry 5.0 combine technological
innovation with social value creation by balancing productivity with worker well-being,

environmental stewardship, and economic resilience. (Taylor & Francis Online)

India’s Perspective during Industry 5.0: India's dream for Industry 5.0 aligns with national
priorities such as Atmanirbhar Bharat (Self-Reliant India), Viksit Bharat 2047, Digital
India, Make in India, Skill India, Startup India, and the country's commitment to
achieving Net Zero carbon emissions by 2070. These initiatives mutually support
sustainable industrial growth, indigenous innovation, and the development of advanced
manufacturing ecosystems.

1.6 Comparative Analysis of Industrial Revolutions

Industrial Time o ] o
_ _ Driving Technology Major Contribution

Revolution Period
Industry 1.0 1760-1840 |Steam Power Mechanization
Industry 2.0 1870-1914 |Electricity Mass Production
Industry 3.0 1970-2010 |Electronics & Computers |Automation

2011- Al, loT, CPS, Cloud )
Industry 4.0 ) Smart Manufacturing

Present Computing

) ~||Sustainable and Human-Centric
Industry 5.0 Emerging ||[Human—Al Collaboration )
Industries
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The journey from Industry 1.0 to Industry 5.0 exhibits a gradual shift from machine-centric
production toward intelligent, interconnected, and sustainable industrial ecosystems. While
the earlier revolutions primarily focused on increasing production efficiency, modern
industrial paradigms prioritize flexibility, resilience, environmental sustainability, and the
harmonious integration of human intelligence with advanced digital technologies. This
transition underscores the growing importance of innovation-driven industrial development in
addressing future global economic and societal challenges. The whole Industrial evolution is

depicted in Fig. 2(Al-generated figure)
THE CYCLIC EVOLUTION OF INDUSTRIES

From Conventional Practices to Smart, Human-Centric industries
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Fig 2. The Industrial Evolutions
Each industrial revolution emerged to address the limitations of its predecessor while
integrating its technological achievements. Hence, instead of being described individually,

the five industrial revolutions represent a unbroken spiral of innovation.
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