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ZEX . Science Direct, ‘Blockchain Adoption for Authentication: A Survey’, 2025.09.09.
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=X : Science Direct, ‘Blockchain Adoption for Authentication: A Survey’, 2025.09.09.
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Economic Factors
ROI, Cost savings

Clean Energy Demand
in Industry 4.0
Renewable adoption,
~ Digital integration

4 T~

Environment/Policy
Carbon taxes,
Mandates

Social/Corporate
ESG, Stakeholder denaand

ZX: Science Direct, ‘Clean Energy Demand in Industry 4.0: Trends, Challenges, and Opportunities’, 2025.09.13.
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{ Reliable Recordkeeping in Industry 4.0 with Blockchain]

IoT sensors:
Real time data

Smart contracts:
Automation

Smart meters
Energy meters

J

Market enablement
fractional trading

[

Real-time monitoring
carbon accounting

[

Automated trading
REC, pricing

[

Transparent tracking
energy origin

[

Sustainable Energy Ecosystems:
Traceability, Efficiency, Inclusivity, sustainability

ZX: Science Direct, ‘Clean Energy Demand in Industry 4.0: Trends, Challenges, and Opportunities’, 2025.09.13.
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Digital Twins Applications
= High-fidelity modeling P - Energy simulation and contral Sustainable production
= Energy/process simulation * Predictive diagnastics P\ » Waste reduction
* Improved guality
* Process agility
« Circularity

Supporting Technologies
= Al: Predictive analytics

Applications v/ Cleaner Production models (e.g.,
* Quality sensors: Defect detection | - Defect detection and carrection Manufacturing, Construction,

= Digital platform sectors:

* Green material optimization Logistics)

Cross-sector integration

ZX: Science Direct, ‘Clean Energy Demand in Industry 4.0: Trends, Challenges, and Opportunities’, 2025.09.13.
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