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Abstract: In recent years, the manufacturing supply chain has faced significant disruptions
due to events such as the COVID-19 pandemic and geopolitical tensions. These events have
exposed the vulnerabilities in global supply chains, emphasizing the need for greater
resilience. This study explores the role of blockchain technology in enhancing the resilience
of manufacturing supply chains through a grounded theory approach. This research conducted
semi-structured interviews with experts and practitioners from various manufacturing sectors,
including electronics, machinery, and medical devices. The findings reveal that blockchain
technology significantly improves supply chain transparency, traceability, data security,
inventory management, and risk management. The decentralized and immutable nature of
blockchain allows for real-time monitoring and efficient coordination across the supply chain,
facilitating rapid recovery and continuous operations during disruptions. Additionally,
blockchain enhances collaboration and trust among supply chain partners through transparent
and secure information sharing. This research provides valuable insights and practical
guidance for manufacturing companies seeking to leverage blockchain technology to
strengthen their supply chain resilience. By improving these key areas, blockchain can help
companies better navigate the complexities and uncertainties of the global market.
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Introduction

In recent years, several major events have highlighted the risks of supply chain disruptions, especially
in the manufacturing industry. The global outbreak of the COVID-19 pandemic in 2020 further
exposed the vulnerability of the global supply chain. Supply chain disruptions, supply shortages,
logistics paralysis, and a sudden decline in global demand have caused many companies to suffer
significant losses and severely affected their operations [1]. In addition, geopolitical factors such as
trade wars, sanctions, and tariff barriers can also lead to supply chain instability and affect the
production and operation activities of the manufacturing industry.

In this context, the demand for supply chain flexibility in the manufacturing industry has become
unprecedentedly urgent. Resilient supply chains can demonstrate a high degree of adaptability and
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rapid recovery in the face of disruptions, maintaining continuous operations and minimizing losses
[2]. Improving supply chain resilience has become essential for manufacturing companies to maintain
competitiveness and ensure sustainable development [3].

Blockchain technology has become a promising solution that may enhance supply chain resilience.
Blockchain, with its decentralized, transparent, and immutable characteristics, can significantly
improve data transparency, traceability, and security across the supply chain [4]. This study aims to
explore the role of blockchain technology in enhancing the resilience of the manufacturing supply
chain. Through a grounded theory approach, this research will identify key mechanisms by which
blockchain can contribute to supply chain adaptability, risk management, and operational efficiency,
thereby providing manufacturing companies with the tools they need to navigate an increasingly
complex and uncertain global landscape.

2.  Literature Review
2.1. Supply chain resilience and blockchain technology
2.1.1.Supply chain resilience

Supply chain resilience is described as the ability of a supply chain system to respond to potential
risks in the face of varying degrees of risk, bringing the supply chain back to its original state or
migrating to a better state [5]. Supply chain resilience consists of prevention and recovery, which
describes the ability of the network to minimize the impact of an outage by avoiding it or starting to
recover quickly. Resiliency refers to the ability of a network to return to a stable or improved system
state in the event of an outage [6].

To help achieve this, many studies have been conducted to explore how to improve supply chain
resilience and make recommendations: Artificial intelligence (Al) could be selected as a technology
enabler to address problems associated with supply chain resilience [7]. There are also studies on how
to improve supply chain resilience from the perspective of logistics service providers [8] and the
effect of power-based behaviors on pharmaceutical supply chain resilience [9]. Other research
suggests using supply chain knowledge as a critical enabler of organizational resilience [10].
However, a major drawback is that there is a lack of research on the impact of blockchain on supply
chain resilience, so this article will focus on exploring the role of blockchain in supply chain resilience.

2.1.2.Blockchain technology

As a distributed ledger technology, blockchain technology has attracted extensive attention in the
field of supply chain management in recent years. Its decentralization, immutability, and transparency
bring many potential advantages to supply chain management. This paper reviews the application
status of blockchain technology in supply chain management, and discusses its role in improving
supply chain resilience. Blockchain technology is a distributed ledger technology that is secured by
strong cryptography, including the private key that signs the transaction, the hash function that links
the blocks, and the consensus mechanism. Disintermediation is another very important feature of
blockchain technology, which avoids the need for intermediaries to repeatedly verify transactions.
At present, some scholars and enterprises have applied blockchain technology for supply chain
management, including blockchain technology, which can significantly enhance the resilience of
supply chains by improving the transparency and traceability of supply chains [11]. There is also
research on how blockchain can protect sensitive information in the supply chain from the perspective
of data security and prevent data leakage and tampering [12]. In addition, blockchain technology has
shown great potential in optimizing inventory management and logistics efficiency. Studies have
demonstrated the potential of blockchain technology to enhance supply chain management.
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Kouhizadeh and Sarkis discovered that real-time inventory tracking through blockchain can lead to
substantial reductions in inventory overstocks and shortages [13]. Moreover, Saberi et al. proposed
the utilization of blockchain technology for the development of a reliable supply chain information-
sharing platform [14]. This platform could improve collaboration efficiency across all supply chain
components and bolster the capacity to respond to potential risks. Furthermore, these studies show
that blockchain technology has important application prospects in improving the efficiency and
resilience of supply chain management.

3.  Methodology
3.1. Research design

This study adopts a qualitative research method and uses grounded theory for data collection and
analysis. Grounded theory is a qualitative research method whose main purpose is to build relevant
theories based on empirical data. Grounded theory is generally suitable for exploratory research,
especially in areas that are not fully covered by existing theories [15]. Through semi-structured
interviews, this research can gain an in-depth understanding of the specific role of blockchain
technology in improving supply chain resilience, thereby building a theoretical framework based on
data.

3.2. Data Collection Methods
3.2.1.Selection of interviewees

In order to ensure the diversity and representativeness of the data, this study selected experts and
practitioners from different types of manufacturing companies as interviewees. The purpose of this
stage is to collect qualitative data on the views and attitudes of manufacturing executives on the role
of blockchain technology in supply chain resilience, and to explore and understand the application of
blockchain technology in practice. The manufacturing types include (1) electronic manufacturing (2)
machinery manufacturing (3) stationery manufacturing (4) building materials manufacturing (5)
medical device manufacturing. Finally, 11 valid original data were determined and statistically
collated.

3.2.2.Interview outline design

According to the research questions and objectives, a semi-structured interview outline was designed.
The interview outline (see Appendix 1) mainly covers the following aspects:

The specific application of blockchain technology in supply chain management.

How blockchain technology improves the transparency and traceability of the supply chain.

The role of blockchain technology in improving supply chain data security

How blockchain technology optimizes inventory management and improves logistics efficiency.
How blockchain technology enhances the risk management capabilities and emergency response
capabilities of the supply chain.

e Challenges and solutions for implementing blockchain technology in the supply chain.

3.2.3.Data Collection Process

The data collection process includes the following steps:
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¢ Contact potential interviewees: Contact the selected interviewees by email and phone to introduce
the purpose of the study and the content of the interview, and send them to the candidates three
days in advance to seek their consent to participate.

e Arrange the time and place of the interview: Determine the specific time and place of the interview
according to the schedule of the interviewee.

e Conduct the interview: Each interview lasts about 60 minutes, and the interview is recorded using
a recording device. Detailed notes are taken after the interview, and the interviewee is contacted
within 24 hours to reconfirm the interview content.

e Data storage and management: All interview data will be stored on a secure digital storage device
with appropriate backup and encryption protection.

3.3. Data Analysis methods

In this study, this research used NVivol2 software for coding analysis. Coding analysis is divided
into three stages: open coding, axial coding, and selective coding. In the open coding stage, this
research analyzed all interview data line by line to identify preliminary concepts and categories.
Subsequently, in the axial coding stage, this research classified and integrated these preliminary
concepts to form initial categories and relationships. In the selective coding stage, this research
determined the core category of the study and integrated all relevant concepts and categories into this
core category to form a theoretical framework.

4. Result
4.1. Open coding

In the 11 original materials, 16 preliminary concepts were summarized and sorted out, including
ensuring data security, information sharing mechanisms, increasing transaction transparency, and
improving collaboration capabilities. After analyzing and sorting out these 16 preliminary concepts,
this research found that some of the preliminary concepts had repeated information. Blockchain
technology has similar aspects in improving the resilience of its supply chain. Therefore, this research
summarized and sorted out the concepts with repeated relationships or similar expressions and
merged them. Finally, six initial categories were obtained, including reaching consensus agreements,
cross-platform information sharing, and processing indicators on the chain. The results of the
conceptual analysis of open coding are shown in Table 1.

Table 1: Open Encoding

Example of raw materials Frequency | Conceptualization
Supply chain resilience is very important to us because it can
help us quickly resume operations and reduce losses in the face

) . . . Regular risk

of emergencies. The key factors affecting resilience include 6 cguiartis

. . o . assessment
supplier diversity, inventory management, risk assessment, and
emergency plans.
The most important aspect of blockchain technology is to
ensure the immutability of data through encryption algorithms.
Its characteristic is that it can enhance the data security, Building a supply

transparency, and trust of the supply chain, especially for the system
application of supply chain collaboration and information
sharing in diverse supplier relationships.
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Table 1: (continued)

The acceptance of partners is also a challenge. We introduce the
advantages and applications of blockchain technology to supply

. . ) ) i Establishi
chain partners through training and seminars, increase their 1 stab shing trust
: : ; L mechanisms
understanding and trust, and ensure their active participation
and cooperation.
In addition, smart contracts can automatically execute
emergency plans to ensure that the supply chain can quickly 7 Design
resume normal operations, maintain stability and continuity in emergency plans
the event of an emergency.
After implementing blockchain technology, although data
security has greatly improved, we also face issues of technology Imbrove
integration and system compatibility. To address these P .

. . 6 collaboration
challenges, we have worked closely with technology providers, erformance
conducted system upgrades and employee training to ensure the p
smooth integration and maximum benefits of new technologies.

The most important aspect of blockchain technology is to
ensure the immutability of data through encryption algorithms.
Its characteristic is that it can enhance the data security, 12 Ensure data
transparency, and trust of the supply chain, especially for the security
application of supply chain collaboration and information
sharing in diverse supplier relationships.
The most important aspect of blockchain technology is to
ensure the immutability of data through encryption algorithms. .
. . . Information
Its characteristic is that it can enhance the data security, .
. . 5 sharing

transparency, and trust of the supply chain, especially for the .

S . . . . mechanism
application of supply chain collaboration and information
sharing in diverse supplier relationships.
Blockchain technology, through its unique structure, makes
information in each link of the supply chain public and
transparent. Every transaction and operation can be recorded
and tracked, so that any changes in the supply chain can be Increase
monitored and verified in real time. For example, when 13 transaction
purchasing key minerals such as cobalt, Apple uses blockchain transparency
technology to track and verify the source of minerals and every
link in the supply chain, ensuring transparency and
accountability in the supply chain.
Blockchain has particular advantages in the field of supply Enhance
chain management that requires multi-party collaboration and .
. . . . . 4 collaboration
information sharing, as it can significantly enhance data skills

security, transparency, and trust.
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Table 1: (continued)

Blockchain technology can optimize inventory management and
improve logistics efficiency through real-time data sharing and
smart contracts. For example, we use blockchain in inventory
management, which can monitor inventory levels in real-time,
automatically replenish inventory, and reduce the risk of
inventory shortages and excess. In addition, in terms of
logistics, blockchain technology has helped us achieve real-time
tracking of goods, reducing logistics delays.

Optimize
inventory
management

Firstly, the immutability of blockchain ensures the authenticity
and reliability of data. Secondly, the decentralized nature of
blockchain enables all parties involved to access and verify
data, increasing the transparency of the supply chain. For
example, our supply chain partners can view the source and
quality testing results of each batch of raw materials through the
blockchain platform to ensure product quality and compliance.

Ensure product
quality

Yes, after implementing blockchain technology, our supply
chain management has significantly improved in terms of
transparency and traceability. Now, we can monitor every link
in the supply chain in real time, from raw material procurement
to product delivery, and all data can be traced.

Realize real-time
supervision

For example, when a supplier is unable to deliver on time, the
blockchain platform will immediately issue an alarm to notify
relevant departments to take emergency measures.

Ensuring
transaction
security

Smart contracts can automatically execute preset inventory
replenishment and logistics scheduling rules, reducing human
intervention and errors. For example, when inventory levels
drop to a critical point, smart contracts can automatically place
orders with suppliers to ensure timely replenishment of
inventory

Automatically
generate orders

At present, our company has launched pilot projects for
blockchain technology in some key supply chain links, mainly
focusing on raw material procurement and product traceability.
By applying blockchain technology, we can ensure that the
source and flow of each batch of raw materials and products are
clear and traceable.

12

Improve
transaction
traceability

Supply chain resilience refers to the ability of the supply chain
to respond and recover in the face of unexpected events or
disturbances. It includes the ability to respond quickly, restore
normal operations, and prevent similar incidents in the future.
In our company, the importance of supply chain resilience is
reflected in ensuring production continuity, reducing risks, and
improving customer satisfaction.

Increase customer
stickiness

4.2. Spindle encoding

After sorting out the six initial categories, it was found that the corresponding supply chain links were
related. Among them, reaching consensus agreements and cross-platform information sharing mostly
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affect the supply chain link; processing indicators on the chain and real-time production monitoring
mostly affect the production link of the supply chain; and transaction network-wide verification and
timely feedback from terminals mostly affect the sales link of the supply chain. There are also deep-
level relationships between the initial categories. Therefore, this paper further summarizes the six
initial categories that affect different supply chain links into three main categories when dealing with

the initial categories, and finally obtains the main axis coding as shown in Table 2.

Table 2: Spindle Encoding

Initial category Frequency | Conceptualization Frequency
Regular risk assessment 6
Building a supply system 4
Reaching a consensus Estabhshmg trust 1
24 mechanisms
agreement -
Design emergency plans 7
Improve collaboration 6
performance
Ensure data security 12
Cross platform information Informapon sharing 5
. 30 mechanism
sharing -
Increase transaction 13
transparency
T Enhance collaboration skills | 4
Processing indicators on the .
. 12 Optimize inventory
chain 8
management
Real time monitoring of 3 Ensure product quality 2
production Realize real-time supervision | 6
. . Ensuring transaction security | 2
Transaction wide network uTne Uy
! : 3 Automatically generate
verification 1
orders
. I e transaction
Timely feedback from Mprove tansactio 12
. 13 traceability
terminals —
Increase customer stickiness | 1

4.3. Selective Encoding

In the selective coding stage, this research integrated the above themes to form three core categories
for improving supply chain resilience: supply link, production link, and sales link. The results are

shown in Table 3.

Table 3: Selective Encoding

Core categories

Initial category

Supply chain

Reaching a consensus agreement

Cross platform information sharing

Production process

Processing indicators on the chain

Real time monitoring of production

Sales process

Transaction wide network verification

Timely feedback from terminals
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The theoretical model structure obtained by the final analysis is shown in Figure 1.

[ Reaching a consensus agreement

Supply chain |—
[ Cross platform information sharing ]

[ Processing indicators on the chain

Production process ]*4[ Improve supply chain resilience J

[ Real time monitoring of production

[ Transaction wide network verification

Sales process

[ Timely feedback from terminals

Figure 1: A theoretical model of blockchain for improving supply chain resilience

5. Discussion
5.1. Interpretation of results

The results of the grounded theory coding analysis of this study show that through the application of
blockchain technology, enterprises can improve the transparency, data security, emergency response
capabilities, collaboration capabilities and efficiency of supply chain management, thereby improving
the overall supply chain resilience. The following is an explanation of the main results:

(1) Data transparency and traceability: Blockchain technology ensures the transparency and
traceability of supply chain data through its immutability and decentralization. Enterprises can
monitor and manage every link in the supply chain in real time, improving the reliability and
collaborative efficiency of the supply chain.

(2) Risk management and emergency response: Smart contracts can automatically execute
emergency plans, ensuring that the supply chain responds quickly and resumes normal operations
when emergencies occur, maintaining stability and continuity. Through regular risk assessment and
emergency plan design, companies can better cope with uncertainties and emergencies in the supply
chain.

(3) Inventory management and logistics efficiency: Blockchain technology optimizes inventory
management through real-time data sharing and smart contracts, reduces the risk of inventory
shortages and excesses, improves logistics efficiency, and ensures timely delivery of products.
Through the application of blockchain technology, companies can achieve precise control of
inventory levels and optimization of logistics scheduling.

(4) Supply chain collaboration and trust mechanism: The blockchain platform enables multi-party
information sharing, which enhances the collaboration and trust of all parties in the supply chain.
Regular training and seminars increase the understanding and trust of supply chain partners in
blockchain technology, ensuring the stability and efficient operation of the supply chain.

5.2. Practical applications and theoretical contributions

The application of blockchain technology in the manufacturing supply chain not only improves the
resilience of the supply chain, but also provides enterprises with more powerful data management
and risk control capabilities. Our research supports the potential value of blockchain technology in
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supply chain management through qualitative analysis, and provides theoretical support and practical
guidance for enterprises on how to effectively apply blockchain technology in actual operations.

5.3. Study limitations and recommendations

Although this study reveals many advantages of blockchain technology in improving supply chain
resilience, there are still some limitations. First, the data in this study mainly come from specific
industries and enterprises and may not be widely applicable. Second, blockchain technology still faces
problems of technical integration and system compatibility in practical applications, which requires
further research and exploration.

Future research can consider more types of industry and enterprise applications to further verify
and expand our research results. At the same time, as blockchain technology develops and matures,
studying its specific effects and challenges in different application scenarios will provide more
comprehensive guidance and support for enterprise supply chain management.

6. Conclusion

This research aimed to identify the potential of blockchain technology to improve the resilience of
manufacturing supply chains. Based on the qualitative analysis of supply chain performance after
blockchain implementation, it can be concluded that blockchain technology helps manufacturing
companies in data transparency and traceability, risk management and emergency response, inventory
management and logistics efficiency, and supply chain collaboration capabilities, thereby improving
the overall supply chain resilience of the company.

The results show that when blockchain is used to improve data transparency, inventory
management and logistics efficiency, the supply chain is more resilient to disruptions and operational
inefficiencies.

While the focus on interviews in the manufacturing sector limits the generalizability of the results,
this approach provides new insights into the application of blockchain technology in supply chain
management. Based on these conclusions, practitioners should consider the transformative
opportunities that blockchain technology offers to enhance manufacturing supply chain resilience. By
improving transparency, security, collaboration, and risk management, blockchain can help
manufacturing companies better respond to disruptions and maintain operational continuity.
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Appendix 1

Interview guide for semi-structured interviews.

Issue Prompt Reason

Sessionl:Understanding and application of blockchain technology:
(1) How do you define blockchain

technology? In your understanding, Examining the
what are the main characteristics of respondents’
. Define .
blockchain? . technological
(2) Does your company currently blockchain awareness also reveals
technology

use blockchain technology? If yes, companies’ acceptance

please briefly describe its application. Ma1.n . of new technologies
. . Characteristics . .
If not, do you think blockchain Anplication and their expectations
technology has potential application pp for future supply chain
prospects in your company's supply optimization.

chain?
Session2: Supply Chain Resilience Overview:

Provide practical
cases and background
information for

(3) How do you define supply

chain resilience? What is the blocli::llll(zii}ilrllll‘[% 511?1::)10
importance of resilience ig your Supply chain can improve suppl }%y
comp;tz; iﬁggﬁham resilience chain resilience, and
& ' Importance help understand the

(4) What steps has your company
taken to improve supply chain
resilience?

potential value and
application prospects of
blockchain technology
in supply chain
management.

Session3: The impact of blockchain on supply chain transparency and traceability:
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(5) What specific advantages do
you think blockchain technology can
bring to improving supply chain
transparency and traceability?

(6) After implementing blockchain
technology, has your company's
supply chain management improved
significantly in terms of transparency
and traceability?

Advantages
Transparency
and traceability
Improve

It helps to study the
actual effect and
application value of
blockchain technology
in supply chain
management, and
provides detailed case
support and reference
basis

Session4: The impact of blockchain on data security:

(7) How does blockchain
technology affect data security in
your company's supply chain? Does it
solve previous security issues?

(8) Has your company encountered
any new challenges in data security
after implementing blockchain
technology? If so, how did you
address them?

Data security
Challenges

Aims to gain in-
depth understanding of
the actual application
effects of blockchain
technology in
improving supply chain
data security and the
changes it brings.

Session5: Application of blockchain in inventory management and logistics

efficiency:

Aims to gain in-

depth understanding of
Optimize applications of
How do you think blockchain inventory PP

o blockchain technology

technology can optimize inventory management . -
. o in actual supply chain

management and improve logistics Improve

efficiency? Please give an example

logistics efficiency

operations, especially
its optimization effects
on inventory
management and
logistics efficiency.

Session6: Blockchain improves supply chain risk management and emergency

respon

se capabilities:

What advantages do you think
blockchain technology has in
improving supply chain risk
management and the ability to
respond to emergencies? Please
specify.
In actual operations, has

Supply chain
risk management
The ability to
respond to
emergencies
Actual

Explore how
blockchain technology
can play a role in
supply chain
management

blockchain technology helped your

operations
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company better respond to
emergencies in certain supply chains?
Please share a specific case.

Session7: Challenges and solutions for implementing b

lockchain technology:

What are the main challenges your
company has encountered in
implementing blockchain
technology? How were these
challenges overcome?

Has your company adjusted its
supply chain management strategy
after implementing blockchain
technology? If so, please specify.

What do you think will be the
future development trend of
blockchain technology in supply
chain management?

Challenges
Supply chain
management
strategy
Future
development trend

The obstacles and
success factors of
blockchain technology
in real-world
applications provide
valuable lessons. At the
same time, the
respondents' views on
the future development
trends of blockchain
technology will help
predict the evolution of
technology in the field
of supply chain
management and
provide strategic
insights to guide future
technology applications
and innovations of

enterprises.
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