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blockchain technology to enhance security, transparency, and operational efficiency in engineering project
supply chains. The study develops a blockchain-enabled conceptual framework tailored for engineering
projects and evaluates its effectiveness through transaction-flow analysis and system-level assessment.
Smart contracts are examined as automation mechanisms for procurement, logistics coordination, quality
verification, and payment execution. The findings indicate that blockchain integration significantly reduces
information asymmetry, improves material traceability, enhances trust among stakeholders, and mitigates
fraud and counterfeiting risks. The paper also discusses implementation challenges related to scalability,
interoperability, regulatory compliance, and organizational readiness. It concludes that blockchain, when
integrated with existing digital systems, can play a transformative role in modernizing supply chain
governance in engineering projects.
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Introduction

Engineering projects form the foundation of industrial growth and socio-economic development, encompassing
sectors such as construction, manufacturing, transportation, and energy infrastructure. These projects depend on
supply chains involving multiple autonomous stakeholders, each operating with distinct objectives and
contractual obligations. Traditional supply chain management systems in engineering projects are largely
centralized and document-driven, leading to inefficiencies such as delayed information exchange, lack of end-to-
end visibility, and vulnerability to data manipulation [1]. These limitations contribute to cost overruns, schedule
delays, and quality issues, particularly in large-scale and geographically dispersed projects. The growing
complexity of engineering supply chains has intensified the need for secure and transparent information-sharing
mechanisms. Blockchain technology has emerged as a disruptive digital infrastructure capable of addressing
trust deficits in multi-party systems by enabling decentralized verification and immutable record keeping [2]. Its
potential to transform supply chain governance has attracted significant attention from both academic researchers
and industry practitioners.

2. Blockchain Technology in Engineering Supply Chains

Blockchain is a distributed ledger technology in which transaction records are stored across multiple nodes in a
peer-to-peer network. Each transaction is cryptographically secured and linked to previous records, ensuring
immutability and traceability [3]. Unlike traditional centralized databases, blockchain eliminates the need for a
trusted third party, making it particularly suitable for engineering supply chains characterized by fragmented
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ownership and limited mutual trust. In engineering projects, blockchain can function as a shared data backbone
that records procurement orders, shipment details, inspection reports, and delivery confirmations in real time.
This unified and tamper-resistant ledger improves coordination among stakeholders and reduces discrepancies
arising from inconsistent data sources [4]. The decentralized nature of blockchain also enhances system
resilience, minimizing the risk of single-point failures or unauthorized data alterations.
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Fig. 1 Engineering Supply Chain
3. Smart Contracts and Process Automation

Smart contracts are self-executing programs stored on the blockchain that automatically enforce contractual
terms once predefined conditions are satisfied. In engineering supply chain management, smart contracts enable
automation of procurement approvals, material verification, and financial settlements [5]. This automation
reduces administrative overhead and accelerates transactional workflows that are traditionally manual and time-
consuming. For instance, a smart contract can be designed to trigger payment to a supplier only after verified
delivery and quality inspection data are uploaded to the blockchain. Such mechanisms reduce disputes, enhance
accountability, and improve cash flow for project participants [6]. By embedding contractual logic into digital
code, smart contracts also reduce dependency on intermediaries and improve trust-based collaboration.

4. Security, Transparency, and Traceability

Security is a critical concern in engineering supply chains, particularly in projects involving safety-critical
infrastructure. Blockchain enhances data security through cryptographic hashing, digital signatures, and
decentralized storage, making unauthorized modifications computationally infeasible [7]. This level of security is
difficult to achieve with conventional centralized systems. Transparency and traceability are equally significant
benefits. Blockchain enables continuous tracking of materials and components throughout the project lifecycle,
from manufacturing to on-site installation. Each transaction is permanently recorded, creating an auditable trail
that supports quality assurance, regulatory compliance, and sustainability reporting [8]. This capability is
particularly valuable in preventing counterfeit materials and ensuring adherence to engineering standards.

5. Challenges and Implementation Considerations

Despite its advantages, blockchain adoption in engineering supply chains faces several challenges. Scalability is
a major concern, as public blockchain networks may struggle to process high transaction volumes efficiently [9].
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Engineering projects often generate large datasets, particularly when integrated with IoT-enabled monitoring
systems, necessitating hybrid or permissioned blockchain architectures. Interoperability with existing enterprise
resource planning and project management systems is another critical challenge. Standardized data formats and
integration protocols are required to ensure seamless information exchange [10]. Regulatory uncertainty and
legal recognition of blockchain records and smart contracts further complicate adoption. Organizational
resistance and lack of technical expertise also remain barriers, particularly in traditional engineering sectors.

CHALLENGES TO BLOCKCHAIN ADOPTION
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Fig. 2 Challenges

6. Conclusion

This study demonstrates that blockchain technology has significant potential to enhance security, transparency,
and efficiency in engineering project supply chains. By enabling decentralized trust, immutable data storage, and
automated contractual execution, blockchain addresses many of the systemic challenges associated with
conventional supply chain management practices. While technical, regulatory, and organizational challenges
persist, strategic implementation supported by complementary technologies such as IoT and enterprise systems
can unlock substantial value. Blockchain is therefore positioned as a key enabler of digital transformation in
engineering project management, contributing to improved governance, accountability, and sustainable project
delivery.
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