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Abstract

Increasingly global supply chains are characterized by multi-level suppliers, cross-border supply
chains, and decentralized data infrastructures where it is increasingly difficult to ensure
transparency and trust. Digital technologies available now such as cloud platforms, enterprise
resource planning (ERP), and Internet of Things (IoT) amplify visibility but continue to suffer
from authenticity gaps, traceability gaps, and auditability gaps. Decentralized architecture of
blockchain technology and immutable book-keeping and executable smart contracts offer a
promising way out of these limitations. This paper proposes the application of blockchain
technologies to achieve transparency within global supply networks. It evaluates the theoretical
foundation of transparency and information asymmetry, reviews contemporary issues such as
risks of counterfeit goods, regulatory imperatives, and information silos and proposes a
blockchain-enabled framework tailored specifically for supply network ecosystems. Analysis
highlights key benefits such as end-to-end traceability, accountability, sustainability compliance,
and quality control and identifies limitations such as scalability limitations, conflict of privacy
and regulatory ambiguity. Last but not least, research prospects in the future are enumerated
with special reference to blockchain use with AI, IoT, and digital twin technologies conceived
and designed to raise up strong, circular, and sustainable supply network infrastructures.
Framing blockchain as a trust-establishing infrastructure, the paper proposes its ability to raise
up global supply networks that are clear and transparent, trustworthy and collaborative.
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1. Introduction

Supply networks across the globe have developed into highly advanced and highly networked
systems involving a large number of countries, suppliers, and regulatory regimes. Such networks
enable firms to achieve flexibility, cost efficiencies, and fast time to market but create crucial
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risks associated with poor visibility, segmented data flows, and erosion of trust across parties.
Transparency across such networks has emerged as a competence enabler, facilitator of
compliance, and builder of resilience. If manufacturers lack verifiable and trustworthy
information, they will continue to grapple with issues like counterfeit components within
supplies, failure to trace materials' origin, and costly inefficiencies in audit work.

Traditional digital technology, involving enterprise resource planning (ERP) systems, clouds, and
Internet of Things (IoT), has done a lot to usher in better sharing of information [1] . Such
technology, however, tends to fall short in ensuring authenticity and preventing manipulation of
data, primarily in multi-tiered supplier networks where visibility beyond immediate partners is
limited. Blockchain technology makes a very attractive proposition by advancing decentralized,
change-impossible, and verifiable keeping of records within a distributed network of parties.
With features such as validation within a model of consensus and smart contracts, blockchain
can establish trust where none exists and provide a guarantee that every process record or
transaction be transparent and tamper-impossible [2].

Recent studies indicate how the intersection between blockchain-oriented technology and
other digital technologies is reshaping supply chain quality management even today. For
instance, Kadam, Vaidya, and Katragadda indicate how combing AI, IoT, blockchain, and big data
can immensely help drive expanded transparency, predictive capabilities, and global supply
chain resilience [3]. Such studies validate that technology associated with blockchain is neither a
standalone solution but a central enabler of overall digital change within manufacturing
networks.

Furthermore, digital twin technology demonstrates how blockchain can increase the integrity of
data that feeds advanced simulation and predictive algorithms. Digital twins rely on
synchronization between virtual and physical assets in real time but require data integrity to
work. Blockchain-based systems can provide this data flow and hence improve interoperability,
quality assurance, and decision-making in advanced manufacturing, as stated by Kadam and
others [4] . It further suggests that blockchain does not merely create transparency but can
cement tomorrow's manufacturing paradigms such as Industry 4.0 and Industry 5.0.

Finally, use of blockchain extends beyond supply chain and manufacturing to other applications
such as sustainable energy and smart grids where it can be used to conduct decentralized,
secure, and transparent transactions. Studies on AI-driven hybrid solar power systems prove
that blockchain can support peer-to-peer sales of energy with reduced latency and
consequently contributes to applications involving both trust and efficiency [5] . Its use across
these various applications helps highlight the adaptability of blockchain and constitutes yet
another argument in favor of deploying it across global manufacturing networks.
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This study investigates how blockchain can increase transparency across global supply networks.
It begins by examining theoretical roots and existing literature, identifying existing challenges,
proposing a blockchain-based transparency system, and evaluating benefits, drawbacks, and
future research opportunities of this disruptive technology.

2. Theoretical Foundations & Literature Review

Transparency of global supply networks is founded on information asymmetry minimization
among the stakeholders. Information asymmetry is the kind of information where a few of the
agents, with regards to logistics operators or upstream suppliers, are possessed of crucial
knowledge that is not distributed within the bigger network and leads to inefficiencies, risks,
and distrust. Transparency is therefore synonymous with processes and material flows visibility
and the assurance that information is accurate, consistent, and unamenable [6].

Blockchain has the underlying framework to break these problems with its key features:
decentralization, integrity via cryptography, and consensus-driven verification. Unlike the
conventional databases that are centralized where information can be altered at the discretion
of the authorized parties, blockchain will spread records throughout numerous nodes such that
all members have equal versions of the truth. Smart contracts go one step further by making
automation of rules of compliance and governance possible with reduced human verification [7].

Recent literature has explored blockchain largely in supply chains and has focused on tracking
within logistics, anti-counterfeiting, and sustainability compliance. Literature highlights
blockchain's end-to-end traceability feature within food, pharmaceuticals, and luxury items
supply chains. However, limited contributions regard manufacturing networks involving not only
product flows but process-level visibility and quality information and multi-tier supplier
coordination [8].

Complementary technologies such as IoT, artificial intelligence, and cloud computing are
frequently discussed in the literature as digitization enablers but do not carry the inherent data
integrity assurances of blockchain. That gap identifies the unique role of blockchain as a
foundation layer of globally trustworthy manufacturing ecosystems bridging research and
practice.

Apart from the direct effect of blockchain, other blueprints of digital transformations provide
valuable insight into manufacturing openness. Vaidya (2025) shows how integration of SAP APO
with S/4 HANA supports supply chain resilience through the alignment of planning and real-
time execution and thereby reduces latency, silos, and misalignments across global operations
[9]. This serves to highlight that deployment of blockchain will need to be thought about against
wider enterprise digital architecture supporting function-wide coordination. Along a

https://ijctjournal.org/


International Journal of Computer Techniques – Volume 12 Issue 5, September - October -2025

ISSN :2394-2231 https://ijctjournal.org/ Page 66

complementary dimension, Katragadda et al. (2025) point out data quality enrichment through
deep learning paradigms, arguing that high integrity and trustworthy data is a prerequisite to
advanced decision making and sophisticated analytics. Combined with blockchain's guarantees
of immutability, such agendas ensure a structural openness accompanied by cleaner inputs that
can be trusted [10] . Overall, these suggest that transparent blockchain will work best if part of
overall digital ecosystems recognizing both enterprise-wide integration and data integrity.

3. Current Challenges in Global Manufacturing Networks

Supply chains are increasingly complex at the global level and are made up of numerous
suppliers, partners, and service providers scattered within multiple regions. It is very difficult to
achieve visibility and trust throughout the entire value chain because of complexity. Lack of
transparency at the multi-tier suppliers is one of the greatest grievances. Even if businesses
have visibility of their first suppliers, visibility of their second- or third-level partners is not clear
and therefore gaps are left where traceability and accountability are concerned [11].

Another concern is the prevalence of fake parts and materials that can end up damaging the
quality, safety, and brand integrity of goods. Without a safe method of authenticity verification,
manufacturers are subjected to higher risks of defective products and costly recalls. Again,
requirements and audits from different jurisdictions only complicate things more. National
governments vary their requirements of labor, protection, and sustainability steps. They thus
make manual verification cumbersome and error-prone [12].

Data silos are yet another deterrent. Many organizations possess proprietary ERP, MES, or
quality management systems that do not integrate perfectly. This fragmented approach leads to
redundancy, sluggish reporting, and inconsistent records within stakeholders. Finally,
digitalization has witnessed the rise of cybersecurity threats where central databases remain
susceptible to tampering and illicit access. All these emphasize the need for a technology that
facilitates safe, auditable, and cross-border visibility within manufacturing networks [13].

4. Blockchain-Enabled Transparency Framework

To get beyond the obscurity and inefficiencies inherent in global supply chains, a blockchain-
supported transparency framework can establish a common digital ground. It is designed such
that all of these stakeholders (the suppliers, manufacturers, logistics service providers, auditors,
and regulators) all have access to a common tamper-proof truth.

At its foundation is a permissioned blockchain architecture. While public blockchains have
anyone-who-wants-to-join openness and anyone-who-wants-to-verify openness, permissioned
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networks only permit approved members to enter and maintain decentralized verification for
data security. Every transaction, to acquire raw materials, perform a step of manufacture or
assembly, or ship a part, is committed as a cryptographically locked block. This forms an
irremovable chronological trail of audit that can be checked and verified at all points by all
members.

Governance and compliance automation is highly significant and smart contracts can contribute
significantly. Sustainability certifications, quality clearance, or contractual clauses can be
scripted in self-executing contracts that are invoked once predefined conditions are met. This
reduces the reliance on human verification and prevents human mistakes.

It also involves IoT sensors and edge devices such that real-time data can be received from
logistics processes, production lines, and machines. Having this data placed directly on the
blockchain minimizes manipulation risks and guarantees authenticity.

Finally, a governance layer is required. All the stakeholders must agree on data ownership rules
and data protection and access rights. Through decentralized trust, cross-border governance
and automated compliance, this blockchain architecture establishes the foundation of actual
transparency of global manufacturing networks.

5. Benefits and Strategic Implications

Incorporating blockchain throughout global supply chains for manufacturing serves a litany of
benefits beyond simple data sharing. Perhaps the biggest of these is end-to-end traceability so
that businesses can track raw materials, parts, and finished goods throughout the complete life
of products. This is particularly crucial within industries such as aerospace and automotive and
medical where part integrity and authenticity can literally make or break product and human
safety and regulatory acceptability.

Blockchain enhances further accountability by introducing a common tamper-proof ledger
accessible to everyone. Disputes resulting from terms of delivery, discrepancies of quality, or
contractual obligations can now be resolved earlier because blockchain ledgers are a credible
store of evidence. Quality control is enhanced equally with indelibly recorded processes of
manufacture allowing rapid identification of sources of defects and remedial actions.

Sustainability compliance is also a very important benefit. Blockchain can attest if raw materials
are obtained ethically and if manufacturing is done while complying with environment norms
and provide manufacturers verifiable proof of this to regulators and end-users. This creates
more credibility and brand trust in global markets.
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Strategically, blockchain application can reduce costs and risks of operations. Through the
minimization of counterfeit risks, lowered costs of audits, and efficient recalls, companies can
achieve reputational and cost advantages. More importantly, the technology builds end-to-end
cross-partnerships globally that are robust, because transparency builds collaboration and trust
by diverse stakeholders. Cumulatively, these benefits are a clear sign that blockchain is not only
a digital tool but a transformational enabler of efficiency, trust, and competitiveness of global
manufacturing.

6. Barriers, Limitations, and Integration Challenges

While blockchain has revolutionary potential, implementation in global manufacturing networks
is frustrated by a variety of obstacles and inadequacies. Perhaps the biggest limitation is
technical scalability. Current blockchain platforms are not up to processing the scale of
transactions seen in manufacturing and supply chains and experience latency and inefficiencies.
Power-thirsty consensus mechanisms, though rarer within permissioned blockchains, are of
concern relating to sustainability.

It is yet another limitation where conflict is seen between transparency and privacy. While
blockchain is characterized by openness, suppliers never disclose sensitive information such as
their production methods, prices, or procurement strategies. It is yet untold whether data
confidentiality and visibility can ever be balanced.

Integration problems are just as prohibitive to adoption. Conventional ERP, MES, and quality
systems are highly embedded within manufacturing processes, and it is only feasible to
integrate them with blockchain infrastructure with sufficient investment and technological
knowledge. It also contributes toward the high-upfront cost of implementation deterring small
and medium enterprises from participating.

At last, regulatory and standardization issues bring about ambiguity. Variations of legislation
from nation to nation on digital signatures, data sovereignty, and compliances make global
harmonization tougher. Roadblocks acknowledge the fact that blockchain is very promising but
mass application of blockchain within networks of manufacturing will bring about gradual
adoption, proper governance, and global cooperation.

7. Future Directions & Conclusion

Future of Blockchain in global manufacturing networks lies in developing more scalable, more
efficient, and interoperable solutions. One path is developing lightweight blockchain protocols
designed for industrial applications that can handle large numbers of transactions without
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taking a hit on energy efficiency or speed. Another is integration with AI, IoT, and digital twins
where blockchain ensures integrity to real-time data that powers predictive analytical
applications, autonomous decision-making capabilities, and virtual copies of manufacturing
operations.

Equally important will be the creation of global standards and rules that will govern use of the
blockchain across borders. Data format standardization, validation rules, and governance
structures will be needed in order to facilitate global cooperation without a glitch. Additionally,
blockchain can be a linchpin in enabling sustainable and circular manufacturing systems such
that it can verify resource recoveries, recycling activity, and carbon footprint reporting in a
verifiable format.

Finally, therefore, blockchain is not only a new technology but a future enabling technology for
trust and transparency across global manufacturing networks. Whilst current integration costs,
privacy concerns, and regulatory skepticism remain a big hurdle, long-term opportunities to
redefine manufacturing ecosystems can't be denied. By bringing transparency into every
transaction and process, blockchain presents a gateway to safer, stronger, and sustainable global
manufacturing networks.
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