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Abstract 

In the modern globalized economy, supply chain transparency and trustworthiness have become 

paramount. Traditional systems often lack the capabilities to ensure end-to-end traceability, 

authenticity, and security. This paper explores the integration of blockchain technology with digital 

twin systems to enhance supply chain operations. By creating immutable records and real-time 

replicas of physical assets, blockchain-enabled digital twins provide comprehensive visibility, 

accountability, and trust across supply networks. Through a review of recent literature, practical 

implementations, and comparative data, this paper highlights the transformative potential and 

limitations of this hybrid approach in real-world supply chain environments. 

Keywords 

Blockchain, Digital Twins, Supply Chain Transparency, Traceability, Industry 4.0, 

Trustworthiness, IoT 

 
How to Cite: Padmavathi, V. (2022). Implementing Blockchain-Enabled Digital Twins for End-to-

End Supply Chain Transparency and Trustworthiness. International Journal of Computer Science and 

Information Technology Research (IJCSITR), 6(2), 76-80. 

Article ID: IJCSITR_2025_06_02_08 

 

Copyright: © The Author(s), 2022. Published by IJCSITR Corporation. This is an Open Access article, 

distributed under the terms of the Creative Commons Attribution-Non-Commercial 4.0 International 

License (https://creativecommons.org/licenses/by-nc/4.0/deed.en), which permits free sharing and ad-

aptation of the work for non-commercial purposes, as long as appropriate credit is given to the creator. 

Commercial use requires explicit permission from the creator. 

I. Introduction  

Supply chains have grown increasingly complex, multi-tiered, and global, making it difficult 

for enterprises to monitor operations and ensure authenticity across various touchpoints. High-

profile incidents of counterfeit goods, ethical sourcing violations, and supply disruption have 

led to a growing demand for secure, transparent, and reliable supply chain systems. 

Blockchain, a decentralized and immutable ledger technology, provides a trustworthy way 

to store and share data across participants. Digital twins—digital replicas of physical assets—

enable real-time simulation and monitoring of assets' lifecycle from production to delivery. The 

convergence of these two technologies offers a powerful tool for ensuring end-to-end visibility 

and integrity in supply chain processes. 

http://www.ijcsitr.com/
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2. Literature Review 

The convergence of blockchain technology (BC) and digital twins (DTs) has emerged as a 

transformative paradigm in supply chain management (SCM), offering enhanced traceability, 

transparency, and synchronization between physical and digital entities. A growing body of 

research underscores the synergy of these technologies across various industrial domains. 

Zhao et al. (2019) introduced a blockchain-empowered digital twin architecture tailored for 

industrial supply chains. Their model emphasized achieving end-to-end traceability and 

enhancing data integrity across the production lifecycle. The integration allowed for real-time 

anomaly detection and timely intervention, thereby improving operational reliability. 

Tian (2020) conducted a comprehensive review of blockchain-based traceability systems 

within supply chains. His findings revealed that immutable and decentralized data trails formed 

the foundation for reliable synchronization of digital twins, especially across agri-food and 

perishable goods logistics. 

Leng et al. (2020) extended this discourse by developing a smart manufacturing framework 

where digital twins dynamically interact with blockchain layers. Through smart contracts, 

physical entities and their digital representations maintained continuous synchronization, 

enabling responsive decision-making in automated manufacturing systems. 

Rejeb et al. (2021) explored practical applications of blockchain-integrated digital twins in 

logistics and warehouse operations. Their empirical analysis demonstrated improvements in 

delivery accuracy, stakeholder trust, and real-time visibility, all of which contributed to 

optimized warehouse throughput and last-mile delivery performance. 

Treiblmaier (2021) added a theoretical dimension by examining the foundations of trust in 

blockchain-enabled ecosystems. He argued that the intrinsic properties of blockchain—

immutability, decentralization, and transparency—significantly strengthen stakeholder 

confidence and governance within digital supply chains, thereby reinforcing the efficacy of DT 

implementations. 

 

3. Blockchain and Digital Twins: Technical Synergy 

Blockchain enables secure and decentralized logging of all asset-related activities, while 

digital twins simulate and visualize those activities in real-time. Their combined framework 

enables enhanced trust, traceability, and proactive risk management. 

 

Table 1: Comparison Between Traditional SCM vs. BC-DT Enabled SCM 

 

Feature Traditional SCM BC-DT Enabled SCM 

Data Trust Centralized Decentralized 

Visibility Fragmented Real-Time 

Tamper Resistance Low High 
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Asset Representation Physical Only Physical + Digital 

Compliance Audits Manual Automated 

 

 

4. Use Cases and Benefits 

BC-DTs have been successfully applied in various domains such as food safety, 

pharmaceuticals, aerospace, and electronics. 

• Food Industry: Real-time tracking of produce from farm to table, reducing food 

fraud. 

• Pharmaceuticals: Eliminating counterfeit drugs via serial tracking on blockchain. 

• Aerospace: Monitoring lifecycle health of parts using IoT and blockchain 

validation. 

 

Table 2: Use Cases and Outcomes 

Industry Use Case Outcome 

Food End-to-end food traceability Reduced contamination recalls 

Pharma Anti-counterfeiting drug supply chains Improved patient safety 

Aerospace Predictive maintenance via digital twins Reduced downtime 

 

 

5. Challenges and Limitations 

Despite their potential, BC-DT implementations face several hurdles: 

• Scalability: Blockchain networks often struggle with latency and transaction 

throughput. 

• Data Privacy: Synchronizing real-world events and ensuring privacy can be 

challenging. 

• Standardization: Lack of interoperable standards for digital twins and 

blockchain protocols. 

 

6. Adoption Framework and Best Practices 

The following practices enhance successful integration: 

1. Start with Pilot Projects: Begin with isolated components to test feasibility. 

2. Use Private or Consortium Blockchains: To ensure scalability and 

permissioned access. 

3. Integrate with IoT Devices: For real-time updates to digital twins. 
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Table 3: Adoption Roadmap for Enterprises 

Stage Action Key Consideration 

1. Planning Identify assets to track Data relevance 

2. Integration IoT and digital twin implementation Real-time connectivity 

3. Validation Smart contract deployment on blockchain Business rule accuracy 

4. Scaling Multi-party collaboration Governance and compliance 

 

 

7. Conclusion 

Blockchain-enabled digital twins present a transformative opportunity for reshaping modern 

supply chains. They bring together the real-time intelligence of digital replicas with the trust 

and security of blockchain records. While the fusion technology is still in nascent stages of 

adoption, its potential to radically enhance supply chain transparency, efficiency, and resilience 

is undeniable. Continued academic and industrial collaboration is essential to address 

scalability, interoperability, and standardization challenges. 
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