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Abstract- Industry 5.0 represents a transformative shift 

toward human-centric, sustainable, and resilient 

industrial systems. Unlike Industry 4.0’s automation 

focus, Industry 5.0 integrates human creativity with 

advanced technologies such as AI, IoT, digital twins, and 

robotics. This thesis explores how Industry 5.0 

contributes to achieving Sustainable Development Goals 

(SDGs) by fostering eco-friendly, inclusive, and 

innovation-driven manufacturing ecosystems. Through 

systematic literature review and multidisciplinary 

analysis, the study identifies key trends, challenges, and 

strategic opportunities in the industry 5.0–sustainability 

nexus. It highlights technologies like digital twins and 

blockchain as enablers of circular economies and smart 

infrastructure. The Indian perspective is emphasized, 

assessing policy readiness, industrial gaps, and 

innovation potential. Case studies from Indian and 

global industries illustrate practical applications and 

outcomes. A SWOT analysis provides insight into India’s 

readiness for this transition. The study concludes by 

recommending pathways for ethical innovation, 

environmental stewardship, and resilient industrial 

transformation.  
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I. INTRODUCTION 

 
The evolution of industrial revolutions marks 

significant milestones in the advancement of global 

manufacturing and production systems. From 

mechanization in Industry 1.0 to automation and 

digitalization in Industry 4.0, each phase has reshaped 

industries and economies. Today, the emerging 

concept of Industry 5.0 offers a paradigm shift—

placing human-centricity, sustainability, and 

resilience at the heart of innovation. 

 

Unlike its predecessor, Industry 5.0 does not focus 

solely on efficiency and automation. Instead, it 

emphasizes collaboration between humans and 

intelligent machines, leveraging technologies like 

artificial intelligence (AI), Internet of Things (IoT), 

blockchain, and digital twins to build systems that are 

not only productive but also environmentally and 

socially responsible. 

 

This new industrial revolution responds to global 

challenges such as climate change, resource scarcity, 

and social inequality. It integrates sustainable 

practices into the very fabric of industrial processes, 

promoting eco-friendly production, waste reduction, 

and circular economic models. 

As countries like India face rapid urbanization and 

industrialization, the relevance of Industry 5.0 grows. 

The transition from Industry 4.0 to 5.0 offers India a 

critical opportunity to align technological 

advancement with its environmental and 

developmental goals. This introduction outlines the 

context, necessity, and objectives of exploring the 

interplay between Industry 5.0 and sustainability in 

shaping a greener future.  

 

II. LITRATURE REVIEW 

Industry 5.0 is emerging as a new industrial paradigm 

that complements the automation of Industry 4.0 with 

a human-centric, sustainable approach (Nahavandi, 

2019). 
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The integration of humans and machines, termed 

“collaborative intelligence”, is at the heart of Industry 

5.0, promoting creativity, flexibility, and 

customization (Demir et al., 2021). 

Sustainability is a central theme in recent literature, 

aligning industrial progress with the United Nations’ 

Sustainable Development Goals (SDGs). 

Advanced technologies such as Artificial Intelligence 

(AI), Internet of Things (IoT), and Digital Twins are 

seen as enablers of smart and sustainable 

manufacturing (Xu et al., 2020). 

Researchers argue that blockchain technology 

enhances traceability, transparency, and trust in 

sustainable supply chains (Treiblmaier, 2018). 

Circular economy models, including reuse, recycling, 

and resource efficiency, are often discussed as critical 

to Industry 5.0 implementation. 

Literature shows that resilience and adaptability are 

crucial capabilities for industries to manage global 

disruptions like pandemics and climate change 

(Esposito et al., 2022). 

Several studies emphasize customized production and 

mass personalization, made possible by collaborative 

robots (cobots) and AI. 

The Indian manufacturing sector has shown interest in 

Industry 5.0, but real-world applications remain at a 

nascent stage (KPMG India Report, 2021). 

Scholars highlight the digital skills gap in India as a 

barrier to Industry 5.0 readiness, especially among 

small and medium enterprises (SMEs). 

Education and training programs are being 

recommended to build a workforce capable of 

adapting to new human-machine interaction roles. 

Sustainability literature stresses the need for ethical 

frameworks to guide AI use, data privacy, and 

environmental impact assessments. 

Research identifies policy fragmentation and weak 

institutional coordination as key bottlenecks in 

implementing sustainable industrial practices. 

Case studies from Europe and Japan demonstrate 

successful integration of human-centric AI in industry, 

offering lessons for other economies. 

Literature supports the creation of multi-stakeholder 

ecosystems, involving government, academia, and 

private sectors, to drive innovation. 

Smart infrastructure and energy efficiency 

technologies are also discussed as foundational 

elements of sustainable Industry 5.0 systems. 

Studies warn against techno-centrism, urging for a 

balanced approach that includes ethical, cultural, and 

ecological considerations. 

Researchers advocate for lifelong learning ecosystems 

and upskilling initiatives to ensure inclusive 

technological transition. 

Reports suggest the development of green standards 

and certifications to incentivize eco-friendly practices. 

Overall, the literature reveals a strong consensus on 

Industry 5.0’s potential but highlights the need for 

contextual frameworks to ensure successful and 

sustainable adoption in developing countries like 

India.  

III PROBLEM IDENTIFICATON 

Despite growing global interest in Industry 5.0, there 

remains a significant implementation gap in aligning 

industrial innovation with sustainability objectives, 

particularly in the Indian context. The current 

industrial landscape in India is still largely entrenched 

in Industry 3.0 and 4.0 paradigms, with limited 

integration of human-centric and eco-conscious 

principles. There is also a lack of clear frameworks and 

policies to guide the transition toward sustainable 

industrial practices. 

Key challenges include: 

• Insufficient digital infrastructure and workforce 

skills 

• Low awareness of circular economy benefits. 

• Fragmented collaboration between industry, 

government, and academia. 

• Weak regulatory incentives for sustainable 

innovation  

IV METHODOLOGY 
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4.1. Digital twin technology and its implications:   

The concept of the digital twin, a linchpin in the 

tapestry of Industry 5.0, carries transformative 

potential across multiple facets of system deployment 

and management. Essentially, the digital twin is a 

virtual mirror image of a real-world object or system, 

granting stakeholders a dynamic lens to monitor 

performance, anticipate behaviors, and receive 

instantaneous feedback. 

  

Design Phase: Here, the digital twin proves invaluable, 

revolutionizing how systems are validated and tested. 

Recreating genuine operational environments virtually 

allows potential inefficiencies to be pinpointed and 

addressed well before they escalate. This proves 

instrumental in realms like smart manufacturing, 

where leveraging the digital twin can preempt issues, 

foster proactive maintenance, and guarantee superior 

product outcomes. 

Configuration Phase: The digital twin becomes a 

potent tool to confirm and fine-tune performance 

metrics as systems are set up or restructured. 

Integrating semi-physical simulations, which deftly 

blend tangible machinery operations with their digital 

reflections, digital twins can vastly enhance the 

readiness and adaptability of state-of-the-art 

manufacturing systems. 

  

Operational Phase: The digital twin remains 

indispensable when functioning systems are live. 

Continually monitoring operations in real-time offers 

a robust feedback conduit, allowing operators to adjust 

and refine processes as necessary. A case in point is 

the deployment within open architectural production 

lines. With the digital twin's aid, an agile operational 

methodology is in place. Production parameters can be 

adeptly modified, drawing from real-time analytics 

and predictive foresight. 

 

2. Technological innovations driving industry 5.0:  

The ever-increasing focus on sustainability has led to 

a transformative evolution in Industry 5.0. It is at the 

forefront of integrating advanced technologies to pave 

the way for more environmentally-responsible 

production and consumption practices. With the 

advent of technologies, developments like additive 

manufacturing and the rise of the maker movement 

have become more pronounced, each playing a pivotal 

role in moving towards a sustainable circular 

economy. 

  

Studies by thought leaders, such as, have elucidated 

the symbiotic provide a closer look at the potential of 

additive manufacturing in fostering a circular 

economy. These explorations are charting the 

industry's current course and igniting fresh avenues of 

research that intertwine technological strides with 

sustainability. 

  

Industry 5.0's societal implications are equally 

noteworthy. The rapid tech-driven evolution within 

industries has been influential in redefining societal 

structures, from creating novel job opportunities to 

revisiting societal norms. As highlighted in recent 

analyses, embracing cutting-edge technologies 

generates professional roles while necessitating the 

evolution of existing skill sets. 

  

Furthermore, there is a discernible surge in 

innovations within domains like renewable energy, 

waste management, and materials science. Balancing 

enhanced productivity with environmental and social 

responsibilities remains challenging in Industry 5. As 

suggest, a comprehensive framework could be pivotal 

in evaluating the enablers of Industry 5.0, emphasizing 

its alignment with sustainability and human-centric 

approaches. In the wake of such innovations, solutions 

like magnetic hydrogels—which aid in the removal of 

heavy metals and pollutants—are emerging as game-

changers in environmental purification methods. 

The sweeping incorporation of nanotechnology across 

various industries marks another remarkable trend 

within Industry 5. Beyond mere technological 

innovations, it is imperative to refine operations within 

manufacturing ecosystems, ensuring they are poised 

for sustainable growth. The potential of human-robot 

collaborations in smart manufacturing, as detailed by, 

further underscores this point. 

  

The relationship between Industry 5.0 and 

sustainability is also prominently seen in renewable 

energy and evolving energy demands. These emerging 

trends emphasize the significant role of technological 

innovation in driving sustainable initiatives. Whether 

it is the promise of magnetic hydrogels or the potential 

of nanotechnology, these advancements can transform 
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industries, guiding them toward a greener horizon. 

With Industry 5.0 and sustainability increasingly 

intertwined, understanding the broad implications of 

these innovations on global ecological, societal, and 

economic landscapes becomes imperative. 

Fig. 4 Presents an overview of the critical technologies 

in Industry 5.0, such as blockchain, AI, and IoT. It 

showcases their applications in promoting 

sustainability across various energy, agriculture, and 

manufacturing sectors. 

 

Fig.4.1 Industry 5.0 technologies and their 

sustainable applications 

4.3 Balancing Productivity and Sustainability: 

 An overarching challenge within Industry 5.0 is 

finding the right balance between increased 

productivity, environmental conservation, and social 

responsibility. Achieving this balance requires a 

strategic approach wherein technological 

advancements are paired with sustainable practices 

and human-centered designs. 

The convergence of Industry 5.0 and sustainability, as 

demonstrated by the trends above and developments, 

signals a promising shift towards a future where 

industrial growth and environmental responsibility 

coexist harmoniously. By harnessing the potential of 

advanced technologies and integrating them with 

sustainable practices, Industry 5.0 is paving the way 

for a greener and more sustainable future. However, 

the transition to Industry 5.0 requires a holistic 

approach that considers the broader implications of 

these innovations on the environment, society, and the 

global economy. 

 

4.4 Sustainability’s central role in industry 5.0: 

Our bibliometric analysis, comprising data from the 

last decade, reveals vital trends and thematic clusters 

in Industry 5.0 and sustainability research. We have 

generated visual representations, including trend lines 

and thematic maps, to convey these findings 

intuitively. These visuals highlight the evolving 

research focus, pinpointing areas like technological 

innovation in green manufacturing and socio-

economic sustainability and identifying research gaps 

that future studies might address. 

 

4.5 Addressing Pollution Control and Resource 

Recovery: 

Technological advancements are shifting pollution 

control and resource recovery paradigms in material 

sciences and engineering. Magnetic hydrogels, for 

instance, provide innovative solutions for wastewater 

treatment by absorbing and removing pollutants. 

Nanocellulose, a bio-derived nanomaterial, has shown  

 

4.6 Resilience in industry 5.0:  

Potential in bioremediation, which involves using 

biological organisms to neutralize or eliminate 

environmental waste. These novel materials and 

methods represent a stride toward sustainable 

practices and contribute significantly to the overall 

goal of A profound emphasis on resilience is at the 

heart of Industry 5.0's manufacturing revolution. 

Within this framework, resilience is not just about 

bouncing back; it is about pre-emptively anticipating, 

adeptly navigating, and rapidly recovering from 

disruptions. It ensures that digital innovations and 

technological strides do not erode the industry's 

foundational strength. 

A significant stride in enhancing this resilience in 

Industry 5.0 lies in embracing modular and open 

architectural designs. These designs are characterized 

by their adaptability— individual segments or 

subsystems can be tweaked, overhauled, or enhanced 

without causing ripples throughout the entire 

manufacturing matrix. Such a design philosophy 

imparts unparalleled nimbleness, allowing setups to 

evolve in sync with emergent needs or to sidestep 

sudden obstacles. 

 

V RESULT AND DISCUSSION 

5.1 Overview of Key Findings 
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The study reveals a growing convergence between 

Industry 5.0 technologies and sustainable 

development imperatives. Through the systematic 

literature review, case analysis, and bibliometric 

trends, several critical insights emerge. Digital twin 

technology is one of the most impactful enablers of 

sustainable industrial operations, with applications in 

real-time monitoring, predictive maintenance, and 

waste reduction. Blockchain and AI contribute 

significantly to transparency, traceability, and 

optimization of resources in supply chains, aligning 

with circular economy goals. Human-centric 

innovation—especially through collaborative robotics 

(cobots) and flexible production—enables mass 

personalization without compromising sustainability. 

Material innovation (e.g., magnetic hydrogels, 

nanocellulose) plays a key role in pollution control and 

environmental remediation. 

The Indian manufacturing sector is showing 

increasing interest in these technologies, but practical 

adoption remains limited due to infrastructural, skill-

based, and policy-related challenges. 

5.2 India’s Readiness and Gaps 

The SWOT analysis (detailed in Section VI) indicates 

that India has significant strengths in digital 

innovation potential and a large youth workforce. 

However, it also faces notable weaknesses, such as: 

Digital infrastructure disparities, especially between 

urban and rural industrial zones. Low awareness and 

adoption of circular economy models among SMEs. 

Skills gap in areas related to AI, IoT, and human-

machine collaboration. Fragmented policy 

implementation, despite multiple national initiatives 

promoting sustainability (e.g., Make in India, National 

Green Manufacturing Policy). 

While large enterprises and startups in sectors like 

automotive and renewable energy are beginning to 

adopt Industry 5.0 principles, SMEs-which form the 

backbone of Indian manufacturing-lag significantly. 

5.3 Impact of Technologies on Sustainability 

Dimensions 

Environmental Sustainability 

Digital twins and AI help reduce material waste by 

simulating production lines, optimizing energy use, 

and predicting failures. Technologies like additive 

manufacturing reduce overproduction and material 

waste, contributing to leaner, greener production. 

Nanomaterials and magnetic hydrogels show 

promising results in pollutant absorption and heavy 

metal removal in wastewater, though industrial-scale 

implementation remains a challenge. 

VI CONCLUSION AND SCOPE OF FUTURE 

WORK 

This research underscores the transformative potential 

of Industry 5.0 in aligning technological advancement 

with the principles of sustainability, resilience, and 

human-centric innovation. Unlike the automation-

driven focus of Industry 4.0, Industry 5.0 envisions a 

collaborative paradigm where humans and intelligent 

technologies—such as AI, IoT, digital twins, and 

blockchain—work together to build inclusive and eco-

friendly industrial ecosystems. 

The study reveals that advanced technologies, when 

integrated thoughtfully, can address pressing 

environmental and social challenges. Digital twins 

enable smarter resource use and predictive 

maintenance; blockchain ensures traceable, 

transparent supply chains; and innovations in 

materials science—such as magnetic hydrogels and 

nanocellulose—offer new solutions in pollution 

control and resource recovery. 

From an Indian perspective, the transition toward 

Industry 5.0 presents both opportunities and 

challenges. India has a strong technological base and 

a growing innovation ecosystem. However, 

widespread adoption is hindered by infrastructural 

limitations, a digital skills gap, fragmented policy 

execution, and low awareness of circular economic 

practices—especially among SMEs. 

Overall, the thesis concludes that for Industry 5.0 to 

serve as a sustainable industrial strategy in India, a 

multidisciplinary and coordinated approach is 

required. This includes robust policy frameworks, 

investment in digital and green infrastructure, public-

private-academic collaboration, and a strong emphasis 

on ethical innovation and workforce readiness. 

REFERENCE 



© August 2025| IJIRT | Volume 12 Issue 3 | ISSN: 2349-6002 
 

IJIRT 183358 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 1036 

 

[1] Demir, K. A., Döven, G., & Sezen, B. (2021). 

Industry 5.0 and human–robot co-working. 

Procedia Computer Science, 181, 718–725. 

https://doi.org/10.1016/j.procs.2021.01.212 

[2] Nahavandi, S. (2019). Industry 5.0—A human-

centric solution. Sustainability, 11(16), 4371. 

https://doi.org/10.3390/su11164371 

[3] Xu, X., Lu, Y., Vogel-Heuser, B., & Wang, L. 

(2020). Industry 4.0 and Industry 5.0—Inception, 

conception and perception. Journal of 

Manufacturing Systems, 61, 530–535. 

https://doi.org/10.1016/j.jmsy.2021.10.006 

[4] Treiblmaier, H. (2018). The impact of blockchain 

on the supply chain: A theory-based research 

framework and a call for action. Supply Chain 

Management: An International Journal, 23(6), 

545–559. https://doi.org/10.1108/SCM-01-2018-

0029 

[5] Esposito, C., De Santis, A., Tortora, G., Chang, 

H., & Choo, K. K. R. (2022). Blockchain: A 

panacea for healthcare cloud-based data security 

and privacy? IEEE Cloud Computing, 9(3), 21–

31. 

[6] KPMG India. (2021). Future of manufacturing in 

India: Industry 5.0 and beyond. KPMG India 

Report. 

[7] European Commission. (2021). Industry 5.0: 

Towards a sustainable, human-centric and 

resilient European industry. Directorate-General 

for Research and Innovation. 

https://op.europa.eu/en/publication-detail/-

/publication 

[8] Horváth, D., & Szabó, R. Z. (2019). Driving 

forces and barriers of Industry 4.0: Do 

multinational and small and medium-sized 

companies have equal opportunities? 

Technological Forecasting and Social Change, 

146, 119–132 

https://doi.org/10.1016/j.techfore.2019.05.021 

[9] Bibri, S. E. (2021). The IoT for smart sustainable 

cities of the future: An analytical framework for 

sensor-based big data applications for 

environmental sustainability. Sustainable Cities 

and Society, 38, 230–253. 

https://doi.org/10.1016/j.scs.2017.12.034 

[10] Yli-Huumo, J., Ko, D., Choi, S., Park, S., & 

Smolander, K. (2016). Where is current research 

on blockchain technology?—A systematic 

review. PloS one, 11(10), e0163477. 

https://doi.org/10.1371/journal.pone.0163477 

[11] Li, C., Tao, F., Cheng, Y., & Zhao, L. (2017). Big 

data in product lifecycle management. The 

International Journal of Advanced Manufacturing 

Technology, 81(1), 667–684. 

https://doi.org/10.1007/s00170-015-7151-x 

[12] Romero, D., & Stahre, J. (2021). Towards the 

resilient operator 5.0: The future of work in smart 

resilient manufacturing systems. Procedia CIRP, 

104, 1289–1294. 

https://doi.org/10.1016/j.procir.2021.11.216 

[13] Manavalan, E., & Jayakrishna, K. (2019). A 

review of internet of things (IoT) embedded 

sustainable supply chain for industry 4.0 

requirements. Computers & Industrial 

Engineering, 127, 925–953. 

https://doi.org/10.1016/j.cie.2018.11.030 

[14] Ponce, P., Molina, A., & Wright, P. (2022). 

Sustainability and smart manufacturing in 

Industry 5.0: A systematic review. Journal of 

Cleaner Production, 343, 130965. 

https://doi.org/10.1016/j.jclepro.2022.130965 

[15] Choudhury, A., & Mahajan, R. (2022). Bridging 

digital skill gaps in India for inclusive Industry 

5.0 growth. International Journal of Emerging 

Markets, 17(4), 789–803. 


