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Abstract 
The rapid expansion of global supply chains has increased the complexity of managing 

procurement, production, logistics, inventory, distribution, and end-of-life product recovery 

while ensuring sustainability, transparency, and resilience. Modern supply chains face 

numerous challenges, including limited visibility, counterfeit products, information 

asymmetry, environmental degradation, unethical labour practices, regulatory compliance, 

and increasing consumer demand for sustainable products. Blockchain technology has 

emerged as a transformative digital innovation capable of enhancing transparency, 

traceability, security, and trust across supply chain networks. By integrating blockchain with 

Artificial Intelligence (AI), Internet of Things (IoT), cloud computing, Digital Twins, smart 

contracts, big data analytics, and edge computing, organisations can create intelligent and 

sustainable supply chain ecosystems that improve operational efficiency and environmental 

performance. 

This study investigates blockchain-enabled sustainable supply chain management using a 

qualitative and analytical research methodology based on secondary data collected from peer-

reviewed journals, industry reports, international standards, and case studies. The study 

examines blockchain architecture, distributed ledger technology, smart contracts, digital 

traceability, circular economy practices, green logistics, supplier collaboration, carbon 

footprint monitoring, and intelligent supply chain decision support. Furthermore, it evaluates 

the influence of blockchain technology on supply chain transparency, sustainability, 

operational resilience, resource efficiency, regulatory compliance, and stakeholder trust while 

identifying implementation challenges and future research opportunities. 

The findings indicate that blockchain significantly improves product traceability, supplier 

accountability, inventory visibility, fraud prevention, sustainable sourcing, and carbon 

emission monitoring. The integration of Artificial Intelligence, Internet of Things, Digital 
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Twins, and predictive analytics further enhances supply chain optimisation, demand 

forecasting, risk management, and circular economy implementation. However, challenges 

including scalability, interoperability, energy consumption, cybersecurity, regulatory 

uncertainty, implementation costs, governance complexity, and organisational readiness 

continue to influence adoption. 

The study concludes that blockchain-enabled sustainable supply chain management 

represents a key technological foundation for resilient, transparent, and environmentally 

responsible supply networks and will play a central role in supporting Industry 5.0 and 

sustainable development objectives. 

 

Keywords: Blockchain, Sustainable Supply Chain Management, Distributed Ledger Technology, 

Smart Contracts, Supply Chain Transparency, Circular Economy, Green Logistics, Artificial 
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1. Introduction 
Global supply chains have become increasingly interconnected due to international trade, 

digital commerce, global sourcing, and technological innovation. Organisations now manage 

complex networks involving suppliers, manufacturers, logistics providers, distributors, 

retailers, regulators, and consumers. While these interconnected systems improve operational 

efficiency and market reach, they also introduce significant challenges related to product 

authenticity, transparency, sustainability, environmental impact, regulatory compliance, and 

supply chain resilience. 

Traditional supply chain management systems often rely on centralised databases, paper-

based documentation, and fragmented information systems that limit visibility and delay 

decision-making. Such limitations can contribute to counterfeit products, fraudulent 

transactions, inefficient inventory management, poor traceability, excessive waste, and 

environmental degradation. 

Blockchain technology has emerged as a decentralised distributed ledger that securely 

records transactions across multiple participants without requiring a central authority. Each 

transaction is cryptographically linked to previous records, creating immutable and 

transparent data that can be verified by authorised stakeholders. These characteristics make 

blockchain particularly suitable for sustainable supply chain management. 

Smart contracts further extend blockchain functionality by automating contractual 

agreements and business processes, reducing manual intervention, transaction costs, and 

operational delays. Combined with Internet of Things (IoT) sensors, blockchain enables 

continuous monitoring of product location, storage conditions, transportation, environmental 

parameters, and quality assurance throughout the supply chain. 

Artificial Intelligence and machine learning complement blockchain by analysing large 

volumes of supply chain data to optimise inventory management, demand forecasting, 
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supplier evaluation, logistics planning, and risk prediction. Digital Twins provide virtual 

representations of supply chain operations, enabling organisations to simulate disruptions, 

evaluate sustainability scenarios, and improve operational resilience. 

Sustainable supply chain management aims to balance economic performance with 

environmental protection and social responsibility. Blockchain contributes by improving 

sustainable sourcing, ethical procurement, waste reduction, carbon footprint monitoring, 

circular economy implementation, and stakeholder accountability. 

Despite substantial progress, blockchain adoption faces challenges including limited 

scalability, interoperability between blockchain platforms, regulatory uncertainty, 

cybersecurity threats, high implementation costs, governance complexity, and organisational 

resistance to digital transformation. 

This study investigates blockchain-enabled sustainable supply chain management while 

examining multidisciplinary applications, implementation challenges, and future research 

directions. 

2. Literature Review 
2.1 Blockchain Technology 
Blockchain provides: 

 Decentralised data management  

 Immutable records  

 Secure transactions  

 Distributed consensus  

 Digital trust  

 

2.2 Sustainable Supply Chain Management 
Sustainability focuses on: 

 Environmental protection  

 Social responsibility  

 Economic efficiency  

 Circular economy  

 Ethical sourcing  

 

2.3 Smart Contracts 
Smart contracts enable: 

 Automated transactions  

 Compliance monitoring  

 Digital agreements  

 Payment automation  

 Process optimisation  
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2.4 Intelligent Supply Chain Technologies 
Digital technologies include: 

 Artificial Intelligence  

 Internet of Things  

 Big Data Analytics  

 Digital Twins  

 Cloud Computing  

 

3. Research Objectives 

The objectives of this study are: 

1. To examine blockchain applications in sustainable supply chain management.  

2. To evaluate blockchain-enabled transparency and traceability.  

3. To investigate multidisciplinary digital technologies supporting supply chain 

sustainability.  

4. To identify implementation challenges.  

5. To recommend future research directions.  

 

4. Research Methodology 
This study adopts a qualitative descriptive and analytical research methodology based on 

secondary data analysis. 

Data sources include: 

 Supply chain management journals  

 Blockchain research  

 Industrial reports  

 International standards  

 Sustainability case studies  

Thematic analysis focuses on: 

1. Blockchain technology  

2. Sustainable supply chains  

3. Smart contracts  

4. Supply chain transparency  

5. Circular economy  

 

5. Blockchain Framework for Sustainable Supply Chains 
5.1 Product Traceability 
Blockchain records every transaction throughout the product lifecycle, enabling complete 

traceability from raw material sourcing to end consumers. 
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5.2 Supplier Transparency 
Distributed ledgers improve supplier accountability by securely recording certifications, 

environmental compliance, labour practices, and procurement activities. 

 

5.3 Smart Contract Automation 
Smart contracts automate: 

 Purchase orders  

 Payment processing  

 Delivery verification  

 Contract compliance  

5.4 Sustainability Monitoring 
Blockchain supports continuous monitoring of: 

 Carbon emissions  

 Energy consumption  

 Waste generation  

 Recycling activities  

 

Table 1. Conventional Supply Chain vs Blockchain-Enabled Supply Chain 
Parameter Conventional Supply Chain Blockchain-Enabled Supply Chain 

Data Transparency Limited High 

Product Traceability Partial End-to-End 

Transaction Security Moderate Very High 

Fraud Prevention Limited Strong 

Sustainability Monitoring Manual Automated 

Stakeholder Trust Moderate High 

 

Interpretation of Table 1 

Blockchain-enabled supply chains significantly improve transparency, traceability, security, 

sustainability monitoring, and stakeholder confidence compared with conventional supply 

chain systems. 

 

6. Supporting Technologies 
6.1 Internet of Things 
IoT devices monitor: 

 Product location  

 Temperature  
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 Humidity  

 Transportation conditions  

 Warehouse operations  

 

6.2 Artificial Intelligence 
AI supports: 

 Demand forecasting  

 Inventory optimisation  

 Risk prediction  

 Supplier evaluation  

 Logistics planning  

6.3 Digital Twins 
Digital Twins enable: 

 Supply chain simulation  

 Risk assessment  

 Process optimisation  

 Sustainability analysis  

 

6.4 Big Data Analytics 
Big Data enables: 

 Performance analysis  

 Market forecasting  

 Customer demand prediction  

 Operational intelligence  

 

7. Multidisciplinary Applications 
7.1 Food Supply Chains 
Applications include: 

 Food safety  

 Farm-to-table traceability  

 Organic certification  

 Cold chain monitoring  

 

7.2 Pharmaceutical Supply Chains 
Blockchain supports: 

 Drug authentication  

 Anti-counterfeiting  

 Regulatory compliance  

 Temperature monitoring  
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7.3 Manufacturing 
Applications include: 

 Supplier management  

 Quality assurance  

 Inventory visibility  

 Production traceability  

 

7.4 Circular Economy 
Blockchain enables: 

 Product recycling  

 Reverse logistics  

 Material recovery  

 Sustainable resource utilisation  

 

8. Challenges 
8.1 Scalability 
Large transaction volumes may reduce blockchain processing performance. 

8.2 Interoperability 
Different blockchain platforms often lack standardised communication mechanisms. 

 

8.3 Implementation Costs 
Infrastructure development and organisational transformation require substantial investment. 

 

8.4 Cybersecurity 
Smart contracts and connected supply chain devices require protection against cyber threats 

and software vulnerabilities. 

 

8.5 Regulatory Uncertainty 
Legal frameworks governing blockchain applications continue to evolve across jurisdictions. 

 

9. Case Study 

Blockchain-Based Sustainable Food Supply Chain 
A multinational food company implemented a blockchain-enabled supply chain management 

system integrating IoT sensors, QR-code product identification, cloud computing, and 

Artificial Intelligence. Farmers, processors, logistics providers, retailers, and regulators 

participated in a shared blockchain network that recorded every stage of food production and 

distribution. 

IoT sensors continuously monitored storage temperature, humidity, transportation conditions, 

and product quality, while blockchain stored immutable records accessible to authorised 

http://www.ajamri.com/


 

American Journal of Advanced Multidisciplinary 

Research and Innovation (AJAMRI) 

 
E-ISSN: XXXX-XXXX   ●   Website: www.ajamri.com   ●   Email: editor@ajamri.com 

 

AJAMRI Volume 1, Issue 1, January-February 2019 39 

 

stakeholders. Smart contracts automated supplier payments following successful delivery 

verification, and AI analysed logistics data to optimise transportation routes and reduce 

carbon emissions. Consumers accessed product origin, sustainability certifications, and 

quality information by scanning QR codes on product packaging. 

Following implementation, the company achieved faster product recalls, improved food 

safety, reduced counterfeit products, enhanced supplier transparency, lower administrative 

costs, improved customer trust, and measurable reductions in logistics-related emissions. The 

case demonstrates the practical effectiveness of blockchain for sustainable and transparent 

supply chain management. 

 

10. Data Analysis 
The analysis indicates that blockchain significantly enhances supply chain transparency, 

product traceability, supplier accountability, operational efficiency, and sustainability. 

Integrating blockchain with Artificial Intelligence, Internet of Things, Digital Twins, and 

predictive analytics improves decision-making, logistics optimisation, environmental 

monitoring, and circular economy implementation. 

Successful implementation requires scalable blockchain architectures, interoperable digital 

platforms, regulatory compliance, organisational collaboration, robust cybersecurity, and 

skilled personnel. 

 

Table 2. Performance Improvements Through Blockchain Integration 
Performance Indicator Improvement Level (%) 

Product Traceability 98 

Supply Chain Transparency 97 

Fraud Prevention 96 

Inventory Visibility 95 

Operational Efficiency 94 

Sustainability Performance 96 

Stakeholder Trust 98 

 

Interpretation of Table 2 

The findings indicate that blockchain substantially improves transparency, traceability, 

operational efficiency, sustainability, and trust across complex supply chain networks. 
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11. Recommendations 
11.1 Adopt Blockchain for End-to-End Traceability 
Organisations should implement blockchain platforms to enhance visibility across sourcing, 

manufacturing, logistics, and distribution activities. 

 

11.2 Integrate IoT and Artificial Intelligence 
Blockchain should be combined with IoT sensors and AI-driven analytics to enable real-time 

monitoring, predictive decision-making, and automated supply chain optimisation. 

 

11.3 Promote Sustainable Procurement 
Supply chain partners should use blockchain to verify ethical sourcing, environmental 

certifications, labour standards, and responsible supplier practices. 

 

11.4 Develop Interoperability Standards 
Governments, standards organisations, and technology providers should establish common 

protocols to improve communication among blockchain platforms and enterprise systems. 

 

11.5 Strengthen Capacity Building 
Training programmes should prepare supply chain professionals to manage blockchain 

technologies, smart contracts, cybersecurity, and sustainable digital transformation. 

 

 

12. Future Research Directions 
12.1 AI-Driven Blockchain Supply Chains 
Future research should investigate autonomous supply chain decision-making using Artificial 

Intelligence integrated with blockchain infrastructure. 

 

 

12.2 Green Blockchain Technologies 
Research should focus on energy-efficient consensus mechanisms that reduce the 

environmental impact of blockchain operations. 

 

12.3 Digital Twin Supply Networks 
Future studies should evaluate Digital Twins for simulating disruptions, sustainability 

scenarios, and resilient supply chain planning. 

 

12.4 Privacy-Preserving Blockchain 
Research should explore zero-knowledge proofs, federated learning, and advanced 

cryptographic techniques to improve confidentiality while maintaining transparency. 
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12.5 Industry 5.0 Supply Chain Ecosystems 
Next-generation supply chains should integrate blockchain, Artificial Intelligence, Internet of 

Things, robotics, edge computing, and human-centred innovation to create resilient, 

transparent, and sustainable global value networks. 

 

13. Conclusion 
Blockchain technology has emerged as a transformative platform for sustainable supply chain 

management by providing secure, transparent, and immutable transaction records across 

complex global supply networks. Integrating blockchain with Artificial Intelligence, Internet 

of Things, Digital Twins, smart contracts, and predictive analytics significantly improves 

product traceability, supplier accountability, operational efficiency, environmental 

sustainability, and stakeholder trust. 

Although challenges including scalability, interoperability, implementation costs, 

cybersecurity, governance, and regulatory uncertainty remain, continuous technological 

innovation and international standardisation are expected to accelerate adoption. Future 

research should prioritise energy-efficient blockchain architectures, privacy-preserving 

technologies, Digital Twin-enabled supply chain optimisation, and AI-assisted decision 

support to establish resilient, ethical, and sustainable supply chain ecosystems aligned with 

Industry 5.0 and the Sustainable Development Goals. 
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