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Abstract

The next stage of industrialization, known as Industry 6.0, is centered on developing intelligent, fully
integrated manufacturing systems that require little human involvement. India is in a perfect position
to become a major player in the Industry 6.0 ecosystem, thanks to its robust technological
infrastructure, fast-expanding economy, and large talent pool. It blends big data, cloud computing
energy, human—robot interaction, artificial intelligence, and quantum computing. The main aim of the
study is to understand the role of Al-driven automation in shaping human roles and productivity, and
to identify strategies for effective human—machine collaboration for a sustainable industrial future. The
research gap remains unresolved; thus, Industry 6.0 requires further research due to ongoing
discussions. ANOVA and Mode are the tools that are used for the study. It has been found that humans
remain essential for strategic decision-making, creative problem-solving, and ethical oversight, thus,
Al enhances but cannot replace human roles. It was also suggested that continuous education and
training programs are crucial for employees to remain relevant in Al-integrated workplaces, therefore,
the workforce needs reskilling and upskilling. Finally, effective human—AI collaboration in Industry 6.0
requires several factors, including redefining job roles, developing training programs, and enhancing
sustainability by optimizing resource use through AL

Keywords: Al-driven automation, effective human-machine collaboration, reskilling & upskilling,
developing training program, enhancing sustainability

INTRODUCTION

Industry 6.0 refers to the next generation of industrial evolution that builds upon previous phases of
industrialization, particularly Industry 4.0 and Industry 5.0. While it is not yet a formally established
concept, Industry 6.0 is typically imagined as an advanced stage where emerging technologies like
artificial intelligence (AI), robotics, quantum computing, biotechnology, and renewable energy
integrate to achieve a sustainable, autonomous, and hyper-personalized industrial ecosystem [1].

It is the meeting point of different ideas that resonate in the minds of researchers, scientists, leaders,
and forecasters. By spanning all planetary
boundaries, Industry 6.0 goes one step further than
Industry 4.0 and 5.0, where all operations would be
managed by human minds and carried out by
automated robots.
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Industry 6.0 represents the next phase of
industrial evolution, focusing on the harmonious
integration of advanced technologies, human
collaboration, and environmental stewardship.
Unlike its predecessors, which prioritized
efficiency, automation, and human-machine
collaboration, Industry 6.0 takes a more holistic
approach by embedding sustainability and ethical
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considerations into every facet of industrial processes [2].

This change will be mostly driven by technologies like blockchain, artificial intelligence, quantum
computing, and the Internet of Things. Predictive maintenance, real-time monitoring, and energy
management will be made possible by Al and IoT. Blockchain will ensure ethical and sustainable
sourcing by providing transparency to supply networks. The development of innovative green
technologies will be accelerated by quantum computing, and emissions and resource waste will be
decreased by localized production and 3D printing [3].

Industry 6.0 is fundamentally human—centered, emphasizing the welfare of employees and
responsible technology use. It seeks to enhance human creativity and problem-solving capabilities while
reducing repetitive or hazardous tasks. Collaboration between humans, machines, and Al will foster
innovation that is inclusive, equitable, and beneficial for society.

Achieving economic, social, and environmental sustainability is the ultimate aim of Industry 6.0.
This vision aligns with global goals such as net-zero emissions, resource regeneration, and equitable
growth. However, its realization requires addressing challenges such as high transition costs, resistance
to change, ethical dilemmas, and the need for global policy alignment.

Industry 6.0 is more than just an industrial transformation — it is a pathway to a sustainable future,
where technological advancement, economic growth, and environmental preservation coexist in
harmony. This vision calls for collective action from governments, businesses, and individuals to shape
a world that thrives within planetary boundaries while ensuring prosperity for all.

Features of Industry 6.0
e Human-Robot Collaboration: Robots and humans work together to perform manufacturing

operations

e Virtual Twins: Virtual models of humans and machines are used to create personalized
production

e Quantum Technologies: Quantum computing and other quantum technologies are used to solve
complex problems

e Augmented and Virtual Reality: AR and VR are used for training, maintenance, design, and
collaboration

o Sustainable Manufacturing: Emphasis on resource efficiency, circular economy models, and
minimizing waste.

Industry 5.0 Industry 6.0
Smart manufacturing Product personalization
Personal customization Automatic robotic  industry
old Industry 4.'0 Sc?rvice? oriftlltated controlled by quantum radar
Mass customization Virtualization Customer driven
Modularity Human robot co working Virtualized
Additive manufacturing Artificial intelligent Anti-fragile manufacturing
3D printing Datafication Digital twins
* Industry 1.0 Real time capability Mobilization Dynamic supply chain
* Industry 2.0 Digitalization Diversification Dynamic inter & intra
* Industry 3.0 Cyber-physical-system Bio Economy connectivity across organizations
Automation Sustainability System Integration
Robotization Service dominant logic
Green sustainability

Future
Time horizon

futururistic idea

Amalgamation
vision

Figure 1. Evolution of industrial revolutions from Industry 1.0 to Industry 6.0.
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Table 1. Comparison between Industry 5.0 & Industry 6.0.

Aspect Industry 5.0 Industry 6.0
Focus Human-machine collaboration Sustainability and ecological balance.
Primary Goal Enhancing productivity, customization, | Achieving net-zero emissions and circular economies.
and inclusivity
Human Role Central to decision-making and creativity | Active in sustainability, ethical production, and
governance.
Technology Al, robotics, IoT, and automation Al, IoT, blockchain, renewable energy, and green
Integration technologies.
Scope Human-centric innovation Global challenges: climate change, resource scarcity, and
social equity.
Economic Model Focus on efficiency and productivity Emphasis on circular economies and resource
regeneration.
Environmental Limited focus on environmental impact | Strong focus on minimizing carbon footprint and
Concerns environmental preservation.
Ethics and Values Focus on human well-being and | Broader emphasis on societal, environmental, and ethical
inclusivity values.
Key Outcomes Improved efficiency, customization, and | Sustainable development, green manufacturing, and
innovation social responsibility.
Time Horizon Current and near-term focus Long-term, future-oriented vision.

Moreover, Figure 1 illustrates the evolution of industrial revolutions from Industry 1.0-6.0,
highlighting key features and technological advancements across different time horizons — from past
amalgamation visions through present Industry 4.0, to future Industry 5.0, and the futuristic ideas of
Industry 6.0. Table 1 shows the comparison between Industry 5.0 and Industry 6.0.

Need for Industry 6.0

During the recent COVID-19 pandemic, the entire world experienced difficulties in satisfying
consumer demands for manufacturing, services, and other necessities. Manufacturers, organizations,
and service providers have been compelled by this worldwide crisis to reconsider their existing
production strategy, customer service delivery, supply chain network, circular economy, product
integration, green transition, and digitalization. Industries have demonstrated their ability to undergo
significant change throughout the history of the industrial revolution [4]. Additionally, in a flexible and
predictable world, businesses will always be prepared to embrace shifts towards climate neutrality and
changes in digital governance. There are some recommendations to lower the risk of exposure to global
hazards in the near future, because this revolution will permanently connect the world impacted by
climate change and ecosystem disasters. The themes of robustness, safety, sustainability, resilience, and
antifragility must be emphasized to prepare for future disruptions. New concepts and cutting-edge
technologies brought about by this revolution would create new opportunities for human advancement
and well-being.

Industry 6.0: Emerging Manufacturing Trends

The implementation of Industry 6.0 will be fueled by several significant technological trends:

o Edge Computing and the Industrial Internet of Things (IloT): Every machine, sensor, and gadget
in the manufacturing ecosystem will be connected by the IloT, producing enormous volumes of
data. This data will be processed closer to the source by edge computing, allowing for real-time
analysis, quicker decision-making, and lower latency [5]. Applications such as autonomous
robotics, predictive maintenance, and real-time process control will depend heavily on this.

e Simulation and Digital Twins: For design, simulation, and optimization, digital twins — virtual
copies of actual systems, procedures, and even entire factories — will become indispensable tools.
With the help of these virtual models, manufacturers will be able to test new configurations, spot
possible problems, and streamline procedures without interfering with their actual business
operations.
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e Virtual Reality (VR) and Augmented Reality (AR): Training, maintenance, and teamwork in
manufacturing settings will all be changed by AR and VR. While doing tasks, employees can
receive real-time instructions, data visualizations, and contextual information from AR overlays.
For complex procedures, virtual reality (VR) can produce immersive training environments that
allow employees to rehearse in a secure environment.

e Blockchain: By producing an unchangeable record of each transaction and movement of goods,
blockchain can improve supply chain security, traceability, and transparency. This can increase
stakeholder trust, increase the effectiveness of product recalls, and stop counterfeiting.

Intelligent Manufacturing

The new models are an autonomous manufacturing structure built on the internet, which is service-
oriented, collaborative, adaptable, agile, and socialized. New means stand for integrated, human—
machine, digitalization, Internet of Things, virtualization, services, teamwork, adaptation, versatility,
and intelligence, and smart production processes. New forms mean intelligent production ecology with
all-embracing connectivity features, data-driven, cross-border convergence, self-service intelligence,
and mass creativity. The combination of these models, resources, and types, with their application, will
eventually shape an ecosystem.

Furthermore, Figure 2 conceptualizes the framework of a new intelligent manufacturing model
integrating intelligent design, knowledge and data services, cloud manufacturing, and financial services
to support intelligent robotics, emphasizing a holistic approach to manufacturing means and ecology.

B /N A

Intelligent =7 Intelligent )
design and design and Intelligent clpud
creative ideas creative ideas manufafzturmg
services
L »
g i f> <
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Knowledge > Intelligent financial
and data services
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Intelligent robotics

Figure 2. Conceptual framework of a new intelligent manufacturing model.

In relation to the future of energy demand and sources, a detailed exploratory analysis providing a
view into how the usage of nuclear fusion energy employed late into the fifth and at the early onset of
the sixth industrial revolution has been estimated. Theoretical work on the world’s biggest nuclear
fusion facility “ITER” has been ongoing and will officially proceed into the DEMO power stage of
preplanning under the support of several countries aiming to be ahead of the curve in terms of becoming
independent from fossil fuel imports. With multiple nations expending major shares of their investments
in alternate energy sources, it is expected that the “burning plasma” fusion reaction will soon exist in
equivalent status as the Trinity test, as an independent, self-sufficient, closed feedback event in its
entirety. The whole process of experimentation could be sped up with the declaration of this pursuit as
a global priority.
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The constantly reducing fossil fuel reserves in the current age are pushing forth research on
alternative fuels and energy sources. Biofuel from algae processing is one of the frontline contenders.
In light of these facts, an in-depth exploration of the cultivation and generation of bioenergy by
identifying and tweaking various environmental and economic factors in algae growth was performed
in alignment with the Sustainable Development Goals. In further pursuit of higher efficiency and fuel
output, genetic engineering was also explored as an approach that would be expected to be followed in
the fifth industrial phase.

It is estimated that future manufacturing units, in the pursuit of higher orders of creative design and
consumer-personalized ergonomics, will opt for an automated configuration at every nodal level with
collaborative bots mimicking artisanal moves precisely. Another study drew parallels between each past
industrial revolution and the organic manual means by which the functions they replaced were
previously performed. In that analogy, the first revolution could be equated to the basic fundamental
cellular level; the second revolution to the power source; the third to the motor limbs; the fourth to the
nervous system; and, congruently, the fifth revolution could be analogous to an intelligent organism
with its constituents working in perfect synergy. Drawing that analogy, work was conducted on building
a distributed system working for a central unifying goal: a swarm robotic system.

Since the introduction of advanced organic elements in production is one of the distinguishing factors
of the fifth revolution, the technical backends involving motor units and control systems require a higher
order of accuracy and precision to replicate the fluidity of organic effects artificially. This outcome is
achieved by implementing critical thinking skills.

Beyond Industry 4.0, 5.0: The Evolution Continues

Industry 6.0 builds upon the foundations laid by Industry 4.0 and 5.0, taking them to the next level.
Industry 4.0 connected machines and digitized information flow; Industry 5.0 emphasized human-robot
collaboration and personalized production. By combining these developments, Industry 6.0 produces a
manufacturing ecosystem that is genuinely intelligent, flexible, and sustainable. It signifies a change
from data analysis to cognitive insights, from automation to autonomy, and from human-machine
interaction to smooth collaboration.

REVIEW OF LITERATURE

A study has described as “ubiquitous, customer-driven, virtualized, antifragile manufacturing” in this
white paper. It outlines strategies for achieving sustainability, prosperity, and happiness by integrating
advanced technologies and focusing on antifragile manufacturing processes [1].

Moreover, an article traced patent pathways and intellectual developments throughout the industrial
revolutions, listing significant products and services that marked each revolution up to Industry 4.0. It
is anticipated that the patent trails and the most recent intellectual property rights (IPR) inputs would
help readers quickly understand the most recent advancements in the field while providing a broad
overview of earlier advancements. Industry 4.0 research pools are categorized and investigated. The
subsequent sections discuss the emerging “customized manufacturing” concept and the absence of
human-machine workforce coordination in Industry 4.0 [2—4]. The study has divided Industry 5.0 into
two anticipated phases, emphasizing the subdomains that are supposed to be its key focus areas. Finally,
an appropriate approach to accomplish the objectives established for the sixth revolution is suggested,
following an examination of the specialized research fields of Industry 5.0. Furthermore, Shubhangi
Chourasia et al. [1] conducted a study on the “Sustainability of Industry 6.0 in Global Perspective:
Benefits and Challenges” (2022), emphasizing the industrial revolution’s transformation, goal, and
ambition. Seizing breakthrough technology that can be used globally, bring riches and prosperity
outside the workplace, and help countries flourish beyond all planetary boundaries was the primary goal
[5]. This revolution would encourage living in balance with the environment, support the idea of
sustainability through technological integration, and advance the human virtual digital twin, allowing
everyone to view both virtual and physical products simultaneously. Furthermore, a study suggests that
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Industry 6.0 fosters an environment where humans work alongside Al and robotics to achieve common
sustainability goals [6]. The emphasis on worker safety, equitable access to technology, and cultural
diversity in innovation is consistently noted. Additionally, one work emphasizes circular economies,
resource regeneration, and ethical manufacturing practices [7]. The focus is not limited to environmental
sustainability but extends to economic and social dimensions, such as equitable job creation and
community development. Moreover, conceptualized Industry 6.0 as a sustainable ecosystem where
circular economies are central. They argued that the future of manufacturing relies on designing closed-
loop systems to minimize waste and maximize resource efficiency. Their research underlined the need
for integrating renewable energy technologies and Al-driven systems into industrial operations to
reduce carbon footprints [8]. Furthermore, Amjad Almusaed et al. [4] (2023) conducted a study titled
“Reviewing and Integrating AEC Practices into Industry 6.0: Strategies for Smart and Sustainable
Future-Built Environments.” This article explores the potential of integrating Architecture,
Engineering, and Construction (AEC) practices with Industry 6.0 principles. It discusses strategies for
developing smart, sustainable, and ecologically sound structures, emphasizing the need for innovative
and environmentally friendly infrastructures.

THEME OF THE STUDY
Objective of the Study
e To know the role of Al-driven automation in shaping human roles and productivity.
e To identify strategies for effective human-machine collaboration for a sustainable industrial
future.

Need of the Study
e Industry 6.0 aims to reduce carbon emissions, industrial waste, and energy consumption by
integrating renewable energy, circular economy principles, and eco-friendly technologies. This
ensures long-term sustainability while minimizing environmental impact.

RESEARCH METHODOLOGY

1. Design of Research: This study examines how Al-driven automation affects worker productivity
and sustainability using a quantitative research design. Data were collected through case studies
and observational research of professionals and industrial experts engaged in Al-integrated
workplaces [9].

2. Data Collection Methods: Primary data were gathered through direct observations and industry
case studies. Peer-reviewed publications, industry reports, and previously published works on
Industry 6.0 were the sources of secondary data.

3. Sampling Technique: A purposive sampling technique was used to select respondents from
various industrial sectors, including manufacturing, IT, and automation. The sample size
included professionals, Al specialists, and sustainability experts. Table 2 shows the sampling
data, and Figure 3 presents the graphical representation of sampling data [10].

Table 2. Sampling Data.

Number of respondents Role of respondents
Manufacturing 50 Engineers, Al Technicians
IT & Automation 60 Data Scientists, Al Experts
Renewable Energy 40 Sustainability Analysts
Robotics 45 Automation Engineers
Academic & R&D 30 Researchers, Policy Makers
Total 225
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Figure 3. Graphical representation of sampling data.

Tools and Techniques Used

ANOVA (Analysis of Variance).: Used to analyze the variance between different industrial sectors
regarding the impact of Al on productivity and human-machine collaboration.

Mode: Applied to identify the most frequently occurring strategies adopted by industries for
effective human-Al collaboration.

Data Analysis and Findings

Al-Driven Automation and Human Roles: The ANOVA results indicate a significant difference
in how various industries integrate Al into their processes. Humans are still necessary for
strategic decision-making, creative problem-solving, and ethical supervision even though
technology improves operational efficiency.

Reskilling and Upskilling Needs: The mode analysis shows that industries prioritize workforce
development through training modules, online courses, and Al-awareness programs.

Strategies for Effective Human-AI Collaboration: The study identifies three primary strategies
for ensuring sustainable human-Al collaboration:

1.

Redefining Job Roles: Adjusting workforce responsibilities to leverage Al capabilities while
preserving human-centric tasks.

Developing Training Programs: Implementing industry-specific training initiatives to
enhance employee adaptability to Al systems.

Enhancing Sustainability: Optimizing resource use, decreasing environmental impact, and
reducing energy consumption through Al-driven solutions.

Discussion and Implications: The findings suggest that while Al plays a transformative role
in Industry 6.0, human expertise remains irreplaceable. To establish a sustainable industrial
future, organizations must invest in programs for continuous learning and cultivate a culture
of cooperation between Al systems and human workers. Policymakers should also focus on
regulatory frameworks that promote ethical Al use while ensuring job security and social
inclusion.
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CONCLUSION

Industry 6.0 represents a paradigm shift in industrial operations, with Al-driven automation shaping
the future of work. The report emphasizes the necessity of reskilling and upskilling initiatives, as well
as the significance of human-Al collaboration. To fully realize the potential of Industry 6.0, industries
must redefine job roles, invest in employee training, and optimize sustainability efforts through Al
integration.
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