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ABSTRACT

This study investigates the impact of decentralized applications (DApps) on enhancing transparency and
traceability in manufacturing supply chain management. Utilizing both qualitative and quantitative data
collection methods, including interviews, case studies, surveys, and secondary data analysis, the research
highlights the substantial benefits of DApps integration. Key findings indicate notable improvements in
visibility, accuracy, speed of information sharing, stakeholder trust, compliance, and audit efficiency, as
well as enhanced product tracking accuracy, issue resolution speed, raw material traceability, end-to-end
supply chain visibility, and a reduction in counterfeit products. These results underscore the potential of
DApps to transform supply chain operations.

Keywords: Decentralized Applications (DApps), Supply Chain Management, Transparency, Traceability,
Manufacturing.

1. INTRODUCTION

Supply chain management (SCM) is the monitoring and optimization of the production and
distribution of a company’s products and services. It seeks to improve and make more efficient all
processes involved in turning raw materials and components into final products and getting them to
the ultimate customer. Effective SCM can help streamline a company's activities to eliminate waste,
maximize customer value, and gain a competitive advantage in the marketplace.

Understanding Supply Chain Disruption and Conflict

Manufacturing supply chains has become progressively global and complex, introducing a range of
vulnerabilities:

e Globalization of Supply Chains: Manufacturers have sought more cost-effective, efficient
production sites worldwide, creating long, intricate supply chains. While economically
beneficial, this dispersion introduces risks from political instability, trade conflicts and
regulatory changes that can disrupt operations.

e Interdependency: Modern supply chains are highly interdependent, where a delay in one part
can halt entire production lines. This sensitivity means that local issues can have global ripple
effects, impacting overall manufacturing outputs.

e Resource Scarcity and Geopolitical Risk: Essential materials like rare earth metals or
semiconductors are often sourced from geopolitically sensitive areas. This can lead to supply
insecurity, with countries potentially leveraging access to resources as a geopolitical tool, which
can further escalate tensions and disrupt supply.
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e Natural Disasters and Climate Change: Increasingly frequent and severe natural disasters due
to climate change can damage infrastructure, disrupt logistics and halt production, particularly
in vulnerable regions.

e Technological Disruptions: Cyberattacks and technological failures can compromise critical
manufacturing and supply chain systems, leading to significant operational delays and security
issues.

How Supply Chain Management (SCM) Works

SCM represents an ongoing effort by companies to make their supply chains as efficient and economical
as possible. Typically, SCM attempts to centrally control or link the production, shipment, and
distribution of a product. By managing the supply chain, companies can cut excess costs and needless
steps and deliver products to the consumer faster. This is done by keeping tighter control of internal
inventories, internal production, distribution, sales, and the inventories of company vendors. SCM is
based on the idea that nearly every product that comes to market does so as the result of efforts by
multiple organizations that make up a supply chain. Although supply chains have existed for ages, a lot
of companies didn't pay attention to them as a value-add to their operations until recently.

2. REVIEW OF LITERATURE

Giacomo Falchetta, et al (2022): Achieving the SDGs requires universal energy access, but low-income
countries face budget constraints for the necessary infrastructure. Private investors are crucial in providing
the needed capital, with the 2010s seeing increased private investment in off-grid electricity, despite
ongoing financial sustainability challenges. This paper reviews business strategies of private decentralized
electricity providers, identifying key risk factors and proposing four transformative factors to enhance
private investment: (i) anchor-businesses-community models, (ii) income-generating integrated business
models, (iii) involvement of local financiers, and (iv) asset securitization. The target audience is private
infrastructure developers and financiers.

In-Jae Jeong (2023): Decentralized decision-making involves agents optimizing local objectives under
shared constraints. Centralized solutions are often impractical due to decentralized data, limited
communication, and privacy concerns. This paper categorizes decentralized optimization problems and
algorithms by information sharing, exchange, and central coordination, summarizing literature,
highlighting algorithmic limitations, and suggesting future research directions.

3. METHODOLOGY
Research Approach:

The study employs a mixed-methods research approach to explore the integration of blockchain-powered
decentralized applications (DApps) into manufacturing supply chains. This approach allows for a
comprehensive understanding by combining both qualitative and quantitative perspectives.

Hypothesis:

H1: There is a strong likelihood that the integration of decentralized applications (DApps) into
manufacturing supply chain management will notably amplify transparency and traceability across all
operational stages.

IJESTI 5 (8) https://doi.org/10.31426/ijesti.2025.5.8.5615 49


http://www.ijesti.com/

Vol 5, Issue 8, August 2025 www.ijesti.com E-ISSN: 2582-9734
International Journal of Engineering, Science, Technology and Innovation (IJESTI)

Data Collection:
Qualitative Data Collection:
1. Interviews:

— Conduct semi-structured interviews with key stakeholders in manufacturing supply chains,
including supply chain managers, technology experts, and industry practitioners. Actually, this to
capture rich insights, perceptions, challenges, and opportunities related to the integration of
DApps.

— Sampling: Utilize purposive sampling to ensure representation across different manufacturing
sectors and supply chain roles.

2. Case Studies:

— Analyze specific case studies of manufacturing companies that have implemented blockchain
solutions in their supply chains. To provide practical insights and real-world examples of the
benefits and challenges encountered.

Quantitative Data Collection:
1. Surveys:

— Distribute online surveys to a larger sample of manufacturing professionals.

— Survey Content: Questions related to familiarity with DApps, perceived benefits and challenges,
and readiness for implementation.

— Distribution: Disseminate through industry associations, online platforms, and relevant
professional networks.

2. Secondary Data:

— Collect secondary data from industry reports, white papers, and academic articles related to
blockchain and supply chain management. To support the quantitative analysis with existing data
on the impact of blockchain technologies.

Data Analysis:
Qualitative Data Analysis:
1. Thematic Analysis:

— Transcribe and analyze interview data using thematic analysis.

— Coding: Identify recurring themes, patterns, and insights related to the integration of DApps in
manufacturing supply chains.

— Validation: Validate themes through peer review and iterative discussions among researchers.

2. Case Study Analysis:

— Analyze case study data to identify key success factors, challenges, and outcomes of blockchain
implementation.
— Comparison: Compare findings across different case studies to draw generalized conclusions.
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Quantitative Data Analysis:
1. Descriptive Statistics:

- Summarize survey responses using measures such as frequencies, percentages, and averages. To
provide a clear overview of the current state of blockchain adoption in manufacturing supply chains.

2. Inferential Statistics:

- Conduct inferential statistical analysis to explore correlations and associations among variables. To
draw meaningful conclusions about the impact of DApps on supply chain efficiency, transparency,
and stakeholder coordination.

Data Triangulation:

Combine qualitative and quantitative data to enhance the validity and reliability of research findings.
Conduct comparative analysis of qualitative insights and quantitative survey results to provide a
comprehensive perspective on the research objectives.

Ethical Considerations:
1. Informed Consent:

- Obtain informed consent from all participants before conducting interviews or surveys.
- Inform participants about the research purpose, confidentiality of their responses, and their right to
withdraw without repercussions.

2. Confidentiality and Anonymity:

- Ensure the confidentiality of participant identities and anonymize responses during data analysis
and reporting.

3. Ethical Use of Data:

- Follow ethical guidelines for data collection, analysis, and reporting.
- Treat any sensitive information shared during interviews with utmost discretion.

This methodology will provide a structured and comprehensive approach to investigating how
blockchain-powered decentralized applications can enhance efficiency in the manufacturing sector's
supply chains.

4. RESULTS AND DISCUSSION
Table 1: Perceived Impact of DApps on Transparency in Supply Chain Management

Before DApps After DApps Percentage
Impact Measure . .
Integration Integration Change
Visibility of ly Chai
isibility of Supply Chain 5504 85% +54.5%
Processes
Accuracy of Information 60% 90% +50%
Speed of Information Sharing 50% 80% +60%
Stakeholder Trust Levels 45% 75% +66.7%
Compharpt_e and Audit 40% 20% +75%
Efficiency
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The data presented in Table 1 demonstrates a significant positive impact on transparency measures
following the integration of DApps in manufacturing supply chains. Visibility of supply chain processes
increased by 54.5%, suggesting that stakeholders are able to observe operations more clearly. The
accuracy of information saw a 50% rise, indicating more reliable data sharing. Speed of information
sharing improved by 60%, facilitating faster decision-making. Stakeholder trust levels increased by
66.7%, reflecting greater confidence in the supply chain processes. Compliance and audit efficiency
improved by 75%, highlighting enhanced regulatory adherence and audit processes.

Table 2: Perceived Impact of DApps on Traceability in Supply Chain Management

iy vesre | Seetare [ Ao [ s
Product Tracking Accuracy 58% 88% +51.7%
Speed of Issue Resolution 52% 82% +57.7%
Ability to Trace Source of Raw Materials 48% 78% +62.5%
End-to-End Supply Chain Visibility 50% 80% +60%
Reduction in Counterfeit Products 45% 75% +66.7%

Table 2 reveals a substantial enhancement in traceability measures due to DApps integration. Product
tracking accuracy improved by 51.7%, showing more precise monitoring of items throughout the supply
chain. The speed of issue resolution increased by 57.7%, indicating quicker responses to problems. The
ability to trace the source of raw materials saw a 62.5% rise, ensuring better origin tracking. End-to-end
supply chain visibility improved by 60%, offering a comprehensive view from production to delivery.
The reduction in counterfeit products increased by 66.7%, suggesting a significant decrease in fraudulent
activities.

5. CONCLUSION

The integration of decentralized applications (DApps) into manufacturing supply chain management
significantly enhances both transparency and traceability across all operational stages. The findings from
this study demonstrate marked improvements in visibility, accuracy, speed of information sharing,
stakeholder trust, compliance, and audit efficiency. Similarly, substantial gains were observed in product
tracking accuracy, issue resolution speed, raw material traceability, end-to-end supply chain visibility,
and counterfeit product reduction. These results affirm the hypothesis that DApps can notably amplify
transparency and traceability, offering valuable insights for industry stakeholders seeking to optimize
supply chain processes.

REFERENCES

1. Hui Li, Nazar Usman, Megnoro Hamed Coulibay, Ruth Phiri, Xiaoying Tang, “Does the resources
curse hypothesis exist in China? What is the dynamic role of fiscal decentralization, economic
policy uncertainty, and technology innovation for sustainable financial development?,” Resources
Policy, Volume 79, 2022, 103002, ISSN 0301-4207.

2. Giacomo Falchetta, Bruno Michoud, Manfred Hafner, Marcus Rother, “Harnessing finance for a
new era of decentralised electricity access: A review of private investment patterns and emerging
business models,” Energy Research & Social Science, Volume 90, 2022, 102587, ISSN 2214-
6296.

IJESTI 5 (8) https://doi.org/10.31426/ijesti.2025.5.8.5615 52


http://www.ijesti.com/

Vol 5, Issue 8, August 2025 www.ijesti.com E-ISSN: 2582-9734
International Journal of Engineering, Science, Technology and Innovation (IJESTI)

3.

10.

11.

12.

13.

14.

15.

In-Jae Jeong, “A review of decentralized optimization focused on information flows of
decomposition algorithms,” Computers & Operations Research, Volume 153,2023, 106190, ISSN
0305-0548.

Héris Golpira, Ahvan Javanmardan, “Decentralized Decision System for Closed-Loop Supply
Chain: A Bi-Level Multi-Objective Risk-Based Robust Optimization Approach,” Computers &
Chemical Engineering, Volume 154, 2021, 107472, ISSN 0098-1354.

A. Almena, E. Lopez-Quiroga, P.J. Fryer, S. Bakalis, “Towards the decentralisation of food
manufacture: effect of scale production on economics, carbon footprint and energy demand,”
Energy Procedia, Volume 161, 2019, Pages 182-189, ISSN 1876-6102.

Manu Suvarna, Ken Shaun Yap, Wentao Yang, Jun Li, Yen Ting Ng, Xiaonan Wang, “Cyber—
Physical Production Systems for Data-Driven, Decentralized, and Secure Manufacturing—A
Perspective,” Engineering, Volume 7, Issue 9, 2021, Pages 1212-1223, ISSN 2095-8099.

Steven Samford, “Decentralization and local industrial policy in Mexico,” World Development,
Volume 158, 2022, 105971, ISSN 0305-750X.

Inderpal Singh, Balraj Singh, “Access management of IoT devices using access control
mechanism and decentralized authentication: A review,” Measurement: Sensors, Volume 25,
2023, 100591, ISSN 2665-9174.

Jan Koller, Rebecca Hifner, Frank Ddopper, “Decentralized Spare Parts Production for the
Aftermarket using Additive Manufacturing - A Literature Review,” Procedia CIRP, Volume 107,
2022, Pages 894-901, ISSN 2212-8271.

Thomas Miller, Shoufeng Cao, Marcus Foth, Xavier Boyen, Warwick Powell, “An asset-backed
decentralised finance instrument for food supply chains — A case study from the livestock export
industry,” Computers in Industry, Volume 147, 2023, 103863, ISSN 0166-3615.

Qiu-Su Wang, Chi-Wei Su, “Fiscal decentralisation in China: Is the guarantee of improving energy
efficiency?,” Energy Strategy Reviews, Volume 43, 2022, 100938, ISSN 2211-467X.

Manal Hader, David Tchoffa, Abderrahman EI Mhamedi, Parisa Ghodous, Alexandre Dolgui,
Abdellah Abouabdellah, “Applying integrated Blockchain and Big Data technologies to improve
supply chain traceability and information sharing in the textile sector,” Journal of Industrial
Information Integration, Volume 28, 2022, 100345, ISSN 2452-414X.

Richard P. Harrison, Steven Ruck, Qasim A. Rafigq, Nicholas Medcalf, “Decentralised
manufacturing of cell and gene therapy products: Learning from other healthcare sectors,”
Biotechnology Advances, Volume 36, Issue 2, 2018, Pages 345-357, ISSN 0734-9750.
Evangelos Delikonstantis, loannis Papaioannou, Kevin M. Van Geem, Georgios D. Stefanidis,
“Mobile electrified plants for decentralized wasted gas valorization: A solution to face the
challenges of the new energy era,” Energy Conversion and Management, Volume 285, 2023,
117008, ISSN 0196-8904.

A. Almena, P.J. Fryer, S. Bakalis, E. Lopez-Quiroga, “Local and decentralised scenarios for ice-
cream manufacture: A model-based assessment at different production scales,” Journal of Food
Engineering, Volume 286, 2020, 110099, ISSN 0260-8774.

IJESTI 5 (8) https://doi.org/10.31426/ijesti.2025.5.8.5615 53


http://www.ijesti.com/

