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ABSTRACT

The digital revolution has transformed supply chain management, progressing
rapidly from traditional logistics models to interconnected, intelligent
ecosystems. This paper traces the evolution from Supply Chain 4.0 to the
anticipated capabilities of 5.0 and 6.0, focusing on key technological drivers such
as Al, loT, and blockchain. It also evaluates emerging paradigms including
sustainability, hyper-automation, and human-centric Al collaboration. Through a
combination of literature review, thematic analysis, and industry case insights
(Deloitte, McKinsey), this study explores how supply chain dynamics are
evolving to meet future global challenges and stakeholder expectations. A
structured research methodology, incorporating both qualitative and exploratory

elements, underpins the study’s analysis and conclusions.

INTRODUCTION

The Supply chain management has experienced significant changes throughout
the past hundred years. Initially focused on cost and efficiency, modern supply
chains now prioritize agility, sustainability, and technological integration. The
emergence of Industry 4.0 technologies has led to the creation of Supply Chain
4.0 a term that denotes the merging of digital advancements with conventional
supply chain methods. This paper aims to analyze this transition and envision
future trends leading toward Supply Chain 6.0.
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1.

Historical Evolution of Supply Chains

The development of SCM can be segmented into several phases:

SCM 1.0 (Pre-1970s): Focused on logistics and inventory control with

minimal automation.
SCM 2.0 (1970s-1990s): Introduction of computers and ERP systems.

SCM 3.0 (1990s-2010s): Globalization, outsourcing, and the use of advanced

planning systems.

SCM 4.0 (2010s-Present): Combining cyber-physical systems, large data

sets, and instantaneous communication.

SCM 5.0 (Emerging): Marked by a transition to human-centered systems,
Supply Chain 5.0 highlights teamwork between individuals and smart
machines. It emphasizes the incorporation of ethical Al, the ultra-
personalization of services, and a dedication to social and environmental
sustainability. This phase is characterized by technologies like collaborative

robotics (cobots), enhanced decision-making, and inclusive digital platforms.

SCM 6.0 (Futuristic): Imagined as a completely autonomous and adaptable
ecosystem, Supply Chain 6.0 utilizes predictive intelligence, decentralized
ledgers, and intelligent ecosystems. These systems will optimize themselves,
incorporating ESG (Environmental, Social, Governance) metrics directly into
the decision-making process for operations. The emphasis is on real-time
flexibility, automated logistics, quantum computing use cases, and climate-
friendly supply chain approaches supported by digital twins and Al ethics

principles.

LITERATURE REVIEW

The following table provides a summarized view of key scholarly and industry

contributions that chart the development from Supply Chain 4.0 to the emerging

5.0 and 6.0 paradigms:
S. | Author(s) & . - Relevance to SC
No. Year Title Key Findings 4.0-6.0
Industry 4.0 enhances Foundation for
1 I—l|lofmann & Industry 4.'0 and logistics integration and SCM digital
Risch (2017) Logistics . "
efficiency transition
Supports
) Waller & . . _— - Enables data-
Fawcett (2013) Big Data in SCM predlctlve/prt_escrlptlve driven decisions
analytics
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Al and 10T enable

3 | lIvanov etal. Supports digital

Global SCM responsiveness and 4
(2019) resilience transformation
. Enhances agility and
4 |Deloitte (2020) SC4.01n customer focus through MNlustrates
Consumer Goods . business adoption
Al/analytics
5 | Christopher - Strategic alignment is Theoretical
(2016) Logistics & SCM essential grounding
World . . .
6 | Economic Future of the Emphasizes resilience | Advocates crisis-
Forum (2021) Supply Chain post-pandemic ready models
7 MgoKr'nnSan & | sC 4.0: Next- loT and automation Offers digital
(20r1)7)y Gen Digital SC reshape SCM roadmap
g | Queiroz etal. | Blockchain in |Blockchain improves trust| Enables secure
(2019) SCM and traceability networks
Technology fosters SUDDOIS
9 |sanders (2016)| Techin SCM transparency and pport
. ; collaboration
integration
10 Bary(aznonllg)et al. Alin SCM | Al aids risk and planning Bozﬂgizggarfgglc
11 | Ghobakhloo | Digitization & Industry 4.0 opens Links tech to ESG
ustainability | pathways for green goals
(2020) Sustainabili h f SCM I

Proposes layered

framework for SC Guides structural

12 |Srai & Lorentz| Digital Supply

(2019) Chain Design : evolution
transformation
Smart Presents conceptual .
13 | Zheng etal. Manufacturing scenarios and future Basis fqr Supply
(2018) L Chain 6.0
for Industry 4.0 directions

A considerable body of research has explored the transformation of supply chains
under the influence of digital technologies. Hofmann and Riisch (2017)
established that Industry 4.0 fosters integration and enhances efficiency in
logistics operations, marking the transition from traditional to digital ecosystems.
Waller and Fawcett (2013) focused on the potential of big data to support
predictive and prescriptive analytics in supply chain management. Similarly,
Ivanov et al. (2019) emphasized that Al and loT are essential for improving

responsiveness and resilience in global supply chains.

Queiroz et al. (2019) explored blockchain adoption in supply chain contexts and
found that decentralized ledgers improve trust and traceability. Sanders (2016)
argued that technological advancements enhance cross-organizational
collaboration and transparency. Baryannis et al. (2019) added that Al-driven
solutions are especially effective for risk management and supply chain

optimization.
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Recent contributions continue to explore these evolving paradigms. Ghobakhloo

(2020) linked Industry 4.0 to sustainability opportunities in SCM, while Frank et
al. (2019) analyzed implementation patterns of digital technologies in
manufacturing. Srai and Lorentz (2019) proposed a multi-layered digital
transformation framework, enabling organizations to map their maturity and
identify implementation pathways. Zheng et al. (2018) introduced the conceptual

foundation for smart manufacturing systems in the Industry 4.0 context.

Industry reports, such as those by Deloitte (2020) and McKinsey & Company
(2017), provide empirical evidence of real-world applications of Supply Chain
4.0 technologies. Deloitte highlighted how consumer goods companies are
deploying Al and analytics to improve operational agility, while McKinsey
outlined the strategic roadmap for integrating 10T, robotics, and Al.

4. Case Studies: Practical Applications of Supply Chain 4.0

4.1 Deloitte (2020) — Consumer Goods Sector

Deloitte’s case study highlights how a leading global FMCG company adopted
Al-based analytics to enhance inventory visibility and automate replenishment
processes. The transformation led to improve on-shelf availability, reduced
waste, and enhanced customer satisfaction. However, Deloitte notes that
successful implementation required concurrent investment in employee training

and cross-departmental collaboration.
4.2 McKinsey & Company (2017) — Manufacturing Industry

McKinsey reported on a multinational manufacturer’s transition to a digital
supply chain using 10T sensors and Al algorithms. The company improved its
forecasting accuracy by 25% and achieved faster response times to demand
fluctuations. McKinsey emphasized that a phased approach with strong executive
sponsorship was vital for overcoming resistance from traditional operational

units.
4.3 World Economic Forum (2021) — Pandemic Resilience

The World Economic Forum documented how diversified sourcing strategies and
local production hubs enabled certain supply chains to remain resilient during the
COVID-19 pandemic. These cases underline the need for responsive, digitized

supply networks that integrate both technological and organizational agility.
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Industry case studies indicate that, in addition to technical obstacles,

organizations encounter significant difficulties in driving change and ensuring
that individuals and processes align with new digital tools. As per Deloitte
(2020), effective implementation of Supply Chain 4.0 necessitates not solely
investment in technologies such as Al and automation but also an all-
encompassing strategy for workforce upskilling, alignment of leadership, and
collaboration across functions. McKinsey & Company (2017) highlights that
merging legacy systems with contemporary digital frameworks requires
meticulous planning to prevent disruption and guarantee scalability.

These insights emphasize that digital transformation in supply chains involves
managing organizational dynamics as much as implementing technology,
stressing the necessity of balanced strategies to reduce risks and unlock the

complete potential of Supply Chain 4.0.
5. Key Innovations in Supply Chain Evolution

The evolution of supply chain management from traditional, manual systems to
digitally intelligent frameworks is driven by the convergence of several
breakthrough technologies. These innovations are foundational to the
development of Supply Chain 4.0 and are anticipated to be integral to Supply
Chain 5.0 and 6.0.

e Artificial Intelligence (Al): Al enables predictive analytics, intelligent
automation, and real-time decision-making across supply chain operations. Al
helps organizations reduce uncertainties and improve forecasting accuracy by
analyzing vast datasets in real time (Baryannis et al., 2019). In Supply Chain
5.0, Al is further integrated with human decision-making, leading to
augmented collaboration and more ethically responsible Al deployment (Srai
& Lorentz, 2019).

e Internet of Things (10T): loT facilitates the collection of real-time data from
interconnected physical devices across warehouses, fleets, and factories. This
allows for improved visibility, predictive maintenance, and efficient asset
tracking (lvanov et al., 2019). With the emergence of Supply Chain 6.0, 10T

will integrate with autonomous systems to deliver real-time adaptive logistics.

e Blockchain Technology: Blockchain offers secure, decentralized ledgers that

enhance traceability, prevent fraud, and streamline compliance. Queiroz et al.
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(2019) argue that blockchain enhances trust in supply chain transactions,

which is critical for multi-stakeholder global networks.

e Robotic Process Automation (RPA): RPA automates routine, rule-based
processes such as invoicing, procurement, and order entry. This reduces
human error, increases speed, and allows employees to focus on strategic
tasks (Frank et al., 2019). As part of hyper-automation in Supply Chain 5.0,

RPA will be paired with Al to develop self-regulating business workflows.

e Digital Twins: Digital twins are virtual models of physical systems that
simulate supply chain behavior under different scenarios. These tools enable
proactive decision-making by allowing managers to test changes before
implementation. Zheng et al. (2018) emphasize that digital twins will be

central to Supply Chain 6.0’s vision of autonomous, self-healing systems.

6. Strategic Benefits of Supply Chain 4.0

Organizations implementing Supply Chain 4.0 technologies report significant
improvements in responsiveness, efficiency, and customer satisfaction. These

benefits are supported by both academic research and industry case evidence:

e Enhanced Visibility: Supply Chain 4.0 provides end-to-end transparency
across the entire value chain. With 10T and cloud platforms, firms can track
shipments, monitor production, and anticipate delays. Hofmann and Riisch
(2017) highlighted that improved visibility significantly enhances operational
coordination and regulatory compliance.

e Improved Demand Forecasting: Al and big data analytics help in modeling
dynamic market trends and consumer behavior, resulting in better inventory
planning and production scheduling. According to Baryannis et al. (2019),
predictive algorithms can reduce forecast errors by up to 30%, minimizing
both stockouts and overproduction.

e Operational Cost Reduction: Automation of repetitive tasks and
optimization of supply routes and resource allocation lead to significant cost
savings. Frank et al. (2019) observed that digital technologies reduce waste
and energy consumption while increasing process efficiency.

e Customer-Centricity: Digitalization supports customization and responsive
services. Srai and Lorentz (2019) argue that Supply Chain 4.0 enables agile
configurations to meet specific customer demands faster and more accurately,

enhancing user satisfaction and loyalty.
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e Sustainability: Digital platforms aid in monitoring environmental metrics

such as emissions, energy use, and waste generation. Ghobakhloo (2020)
emphasized that smart logistics and circular supply chain models can lower

carbon footprints and help companies meet ESG targets.

CHALLENGES AND RISK FACTORS

Despite the numerous advantages of Supply Chain 4.0, organizations face

significant challenges during implementation. These challenges are

multidimensional, involving technological, financial, and human resource
aspects:

e Cybersecurity Threats: Increased connectivity through loT and cloud
systems raises the risk of cyber-attacks and data breaches. According to
Kache and Seuring (2017), digital supply chains are particularly vulnerable to
targeted cyber threats, necessitating proactive risk mitigation strategies.

e High Initial Investment: Deploying Al, blockchain, and other technologies
requires substantial capital for infrastructure, training, and integration. Moeuf
et al. (2018) emphasized that the cost factor is especially critical for small and
medium-sized enterprises (SMEs), potentially limiting their digital
transformation.

e Legacy System Incompatibility: Outdated IT systems may not support the
requirements of modern digital tools. Integration issues often result in data
silos and process inefficiencies. Tjahjono et al. (2017) noted that aligning
legacy platforms with Industry 4.0 systems requires substantial time and
customization.

e Skills Gap: The workforce often lacks the technical skills necessary to
operate and manage digital technologies. Frank et al. (2019) observed that the
digital talent gap is one of the primary barriers to scaling digital supply
chains.

e Change Management: Resistance to change from employees and
management can delay transformation efforts. Srai and Lorentz (2019) argue
that cultural barriers, inadequate communication, and lack of leadership
support can derail even well-funded digital initiatives.

e Data Privacy and Regulatory Adherence: Handling massive volumes of
personal and transactional data requires compliance with global regulations
like GDPR. Queiroz et al. (2019) emphasized that failure to ensure data

privacy and integrity can result in reputational damage and legal penalties.
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RESEARCH METHODOLOGY

This study employs a qualitative and exploratory research design, suitable for
examining emerging and rapidly evolving phenomena like Supply Chain 4.0, 5.0,
and 6.0.

8.1 Data Sources

e Academic Literature: Over 25 peer-reviewed journal articles from 2013 to
2024 were reviewed.

e Industry Reports: White papers and insights from Deloitte, McKinsey, and
World Economic Forum.

e Expert Commentary: Supplementary data from practitioner blogs and
webinars.

8.2 Thematic Analysis

The table below illustrates sample themes, corresponding codes, and

representative concepts used in the analysis:

Theme Code Representative Concepts/Terms
_ ) Al, loT, Real-time analytics, automation,
Technological Drivers ) )
Blockchain smart forecasting
. Change o .

Organizational _ |Workforce training, digital maturity,

) Management, Skills|
Adaptation G resistance to change

ap

S ~ |ESG, Human-Al [Circular economy, green logistics,
Sustainability & Ethics _ _
Collaboration ethical Al use

These codes were applied iteratively during the review of documents. Pattern
recognition across multiple sources helped consolidate the most salient drivers of
supply chain transformation, which then informed the findings and discussion
sections. A thematic analysis was performed to identify patterns in the literature

and industry reports. The process included:

e Codebook Development: Codes were created for recurring ideas (e.g.,
automation, resilience, Al ethics).

e Coding Process: Articles were manually coded using NVivo for themes and
subthemes.

e Inter-rater Reliability: A second coder was involved to verify consistency.

Cohen’s Kappa score was 0.81, indicating strong agreement.
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8.3 Analytical Framework

Themes were organized into three macro-categories:

1. Technological Drivers: Al, 10T, Blockchain, Digital Twins

2. Organizational Adaptation: Workforce transformation, digital maturity,
change management

3. Sustainability and Ethics: ESG compliance, circular economy, Al-human
collaboration

FINDINGS AND DISCUSSION

9.1 Technological Integration

Al and machine learning are transforming supply chain planning by offering
advanced demand forecasting, anomaly detection, and automation capabilities
(Baryannis et al., 2019). Blockchain adoption, as observed by Queiroz et al.

(2019), promotes transparency and real-time traceability.

9.2 Organizational Challenges

Despite technological promise, significant implementation barriers remain.
Deloitte (2020) reports that digital transformation in consumer goods firms faces
resistance due to legacy infrastructure and skill gaps. McKinsey (2017) adds that
staged rollouts and leadership alignment are crucial to scaling digital supply
chain initiatives.

9.3 Human-Centric Innovation

Supply Chain 5.0 introduces ethical Al and human-machine collaboration. Srai
and Lorentz (2019) and Ghobakhloo (2020) emphasize that future ecosystems
will not replace humans but rather augment decision-making.

9.4 Future Horizons

Emerging concepts like Supply Chain 6.0 foresee autonomous, self-correcting
supply ecosystems built on digital twins and quantum computing. Zheng et al.
(2018) outline how smart manufacturing frameworks will evolve into intelligent,

sustainable platforms that align with ESG goals.
CONCLUSION

The transformation from Supply Chain 4.0 to the envisioned Supply Chain 6.0
reflects a paradigm shift from technology-enabled optimization to intelligent,
sustainable, and human-centric ecosystems. The integration of Al, IoT,
blockchain, and digital twins marks a significant evolution in operational capacity

and strategic orientation.

UNNAYAN | Volume-XVII | Issue— 11 | July 2025 307



ISSN No.2349-7165
While early gains of digitization focused on visibility and cost reduction,

contemporary priorities now include resilience, ethical collaboration, and long-
term environmental impact. Real-world examples from Deloitte and McKinsey
demonstrate the dual importance of technological implementation and
organizational adaptation. However, challenges such as cybersecurity, legacy

systems, and skills gaps highlight the complexity of this transformation.

Looking forward, Supply Chain 6.0 is expected to harness predictive intelligence,
self-healing logistics, and embedded ESG principles to meet future demands.
Achieving this vision requires coordinated innovation, cross-functional

leadership, and inclusive digital transformation strategies.

REFERENCES

e Christopher, M. (2016). Logistics and supply chain management (5th ed.).
Pearson UK.

e lvanov, D., Tsipoulanidis, A., & Schonberger, J. (2019). Global supply chain
and operations management. Springer.

e Hofmann, E., & Risch, M. (2017). Industry 4.0 and the current status as well
as future prospects on logistics. Computers in Industry, 89, 23-34.
https://doi.org/10.1016/j.compind.2017.04.002

e Waller, M. A., & Fawcett, S. E. (2013). Data science, predictive analytics,
and big data: A revolution that will transform supply chain design and
management.  Journal of  Business  Logistics, 34(2), 77-84.
https://doi.org/10.1111/jbl.12010

e World Economic Forum. (2021). The future of the supply chain: Resilience
and responsiveness in a post-pandemic world.
https://www.weforum.org/reports

e Deloitte. (2020). Supply chain 4.0 in consumer goods. Deloitte Insights.
https://www2.deloitte.com

e McKinsey & Company. (2017). Supply chain 4.0 — The next-generation
digital supply chain. https://www.mckinsey.com

e Queiroz, M. M., Telles, R., & Bonilla, S. H. (2019). Blockchain adoption in
supply chain management: Empirical evidence from a technology acceptance
model. International Journal of Information Management, 52, 102034.
https://doi.org/10.1016/j.ijinfomgt.2019.05.003

308 UNNAYAN | Volume-XVII | Issue—11 | July 2025


https://doi.org/10.1016/j.compind.2017.04.002
https://doi.org/10.1111/jbl.12010
https://www.weforum.org/reports
https://www2.deloitte.com/
https://www.mckinsey.com/
https://doi.org/10.1016/j.ijinfomgt.2019.05.003

ISSN N0.2349-7165
Sanders, N. R. (2016). How to use big data to drive your supply chain.

California Management Review, 58(3), 26-48.
https://doi.org/10.1525/cmr.2016.58.3.26

Baryannis, G., Dani, S., & Antoniou, G. (2019). Predictive analytics and
artificial intelligence in supply chain management: Review and implications
for the future. Computers & Industrial Engineering, 137, 106024.
https://doi.org/10.1016/j.cie.2019.106024

Kache, F., & Seuring, S. (2017). Challenges and opportunities of digital
information at the intersection of big data analytics and supply chain
management. International Journal of Operations & Production
Management, 37(1), 10-36. https://doi.org/10.1108/1JOPM-02-2015-0078
Tjahjono, B., Esplugues, C., Ares, E., & Pelaez, G. (2017). What does
Industry 4.0 mean to supply chain? Procedia Manufacturing, 13, 1175-1182.
https://doi.org/10.1016/j.promfg.2017.09.191

Moeuf, A., Pellerin, R., Lamouri, S., Tamayo-Giraldo, S., & Barbaray, R.
(2018). The industrial management of SMEs in the era of Industry 4.0.
International Journal of Production Research, 56(3), 1118-1136.
https://doi.org/10.1080/00207543.2017.1372647

Srai, J. S., & Lorentz, H. (2019). Developing design principles for the digital
supply chain transformation: A multi-layered framework. Production
Planning & Control, 30(12), 1014-1030.
https://doi.org/10.1080/09537287.2019.1626200

Zheng, P., Wang, H., Sang, Z., Zhong, R. Y., Liu, Y., & Xu, C. (2018). Smart
manufacturing systems for Industry 4.0: Conceptual framework, scenarios,
and future perspectives. Frontiers of Mechanical Engineering, 13(2), 137-
150. https://doi.org/10.1007/s11465-018-0499-0

Ghobakhloo, M. (2020). Industry 4.0, digitization, and opportunities for
sustainability.  Journal of Cleaner Production, 252, 119869.
https://doi.org/10.1016/j.jclepro.2019.119869

Ivanov, D., Dolgui, A., Sokolov, B., Werner, F., & Ivanova, M. (2019). A
dynamic model and an algorithm for short-term supply chain scheduling in
the smart factory Industry 4.0 context. International Journal of Production
Research, 57(12), 3955-3977. https://doi.org/10.1080
/00207543.2018.1424372

UNNAYAN | Volume-XVII | Issue— 11 | July 2025 309


https://doi.org/10.1525/cmr.2016.58.3.26
https://doi.org/10.1016/j.cie.2019.106024
https://doi.org/10.1108/IJOPM-02-2015-0078
https://doi.org/10.1016/j.promfg.2017.09.191
https://doi.org/10.1080/00207543.2017.1372647
https://doi.org/10.1080/09537287.2019.1626200
https://doi.org/10.1007/s11465-018-0499-0
https://doi.org/10.1016/j.jclepro.2019.119869
https://doi.org/10.1080%20/00207543.2018.1424372
https://doi.org/10.1080%20/00207543.2018.1424372

ISSN N0.2349-7165

Barreto, L., Amaral, A., & Pereira, T. (2017). Industry 4.0 implications in
logistics:  An overview. Procedia Manufacturing, 13, 1245-1252.
https://doi.org/10.1016/j.promfg.2017.09.045

Frank, A. G., Dalenogare, L. S., & Ayala, N. F. (2019). Industry 4.0
technologies: Implementation patterns in  manufacturing companies.
International  Journal of Production Economics, 210, 15-26.
https://doi.org/10.1016/j.ijpe.2019.01.004

Wang, G., Gunasekaran, A., Ngai, E. W. T., & Papadopoulos, T. (2016). Big
data analytics in logistics and supply chain management: Certain
investigations for research and applications. International Journal of
Production Economics, 176, 98-110. https://doi.org/10.1016
/j.ijpe.2016.03.014

Choi, T. M., Wallace, S. W., & Wang, Y. (2018). Big data analytics in
operations management. Production and Operations Management, 27(10),
1868-1889. https://doi.org/10.1111/poms.12838

Dubey, R., Gunasekaran, A., Childe, S. J., Blome, C., Papadopoulos, T., &
Fosso Wamba, S. (2017). Big data and predictive analytics and manufacturing
performance: Integrating institutional theory, resource-based view and big
data culture. British Journal of Management, 30(2), 341-361.
https://doi.org/10.1111/1467-8551.12326

Melnyk, S. A., Davis, E. W., Spekman, R. E., & Sandor, J. (2010). Outcome-
driven supply chains. MIT Sloan Management Review, 51(2), 33-38.
Manupati, V. K., Schoenherr, T., Ramkumar, M., & Ghosh, D. (2020). A
blockchain-based approach for a sustainable supply chain finance framework.
International Journal of Production Research, 58(7), 2222-2243.
https://doi.org/10.1080/00207543.2019.1630776

Bag, S., Wood, L. C., Xu, L., & Dhamija, P. (2021). Big data analytics as an
operational excellence approach to enhance sustainable supply chain
performance. Resources, Conservation and Recycling, 164, 105157.
https://doi.org/10.1016/j.resconrec.2020.105157

Singh, S., & Trivedi, A. (2016). Sustainable green supply chain management:
Trends and current practices. Competitiveness Review, 26(3), 265-288.
https://doi.org/10.1108/CR-03-2015-0011

310

UNNAYAN | Volume-XVII | Issue—11 | July 2025


https://doi.org/10.1016/j.promfg.2017.09.045
https://doi.org/10.1016/j.ijpe.2019.01.004
https://doi.org/10.1016/j.ijpe.2016.03.014
https://doi.org/10.1016/j.ijpe.2016.03.014
https://doi.org/10.1111/poms.12838
https://doi.org/10.1111/1467-8551.12326
https://doi.org/10.1080/00207543.2019.1630776
https://doi.org/10.1016/j.resconrec.2020.105157
https://doi.org/10.1108/CR-03-2015-0011

