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Abstract: This study examines the impact of new technologies on supply chain management (SCM) 

and their contribution to resilience and agility in contemporary corporate operations. Global supply 

chains are encountering heightened complexity and susceptibility to disruptions; technologies like 

artificial intelligence (AI), blockchain, the Internet of Things (IoT), additive manufacturing, and 

digital twins have been recognized as pivotal facilitators of supply chain adaptability and 

sustainability. This research examines the impact of these technologies on supply chains' capacity to 

react to disturbances, adapt to changing market circumstances, and sustain uninterrupted operations 

during crises. The study used a qualitative methodology, doing comprehensive interviews with 

industry experts, managers, and practitioners to ascertain the application of these technologies in 

actual supply chains. The results indicate that while the integration of these technologies might 

markedly enhance operational efficiency, traceability, and decision-making, obstacles such as 

elevated implementation costs, reluctance to change, and the need for specialized skills remain. The 

study underscores the need of a deliberate methodology for technology integration and ongoing 

investment in developing competencies for navigating complex, changing contexts. This study 

enhances the comprehension of how new technologies function as crucial facilitators of supply chain 

resilience and agility, providing significant insights for both academic researchers and industry 

professionals. 

Keywords: supply chain management; emerging technologies; resilience; agility; blockchain; 

artificial intelligence; digital twin 

 

1. Introduction 

In recent years, emerging technologies have rapidly transformed the landscape of supply chain 

management (SCM), offering new solutions to enhance the resilience and agility of supply chains in 

the face of increasing global uncertainties and challenges. As businesses navigate complex 

disruptions, such as those caused by the COVID-19 pandemic, natural disasters, and geopolitical 

tensions, the need for adaptive and robust supply chains has never been more critical. In response, 

organizations are increasingly turning to technologies like blockchain, artificial intelligence (AI), the 

Internet of Things (IoT), machine learning (ML), and digital twins to build more resilient and agile 

supply chains. These technologies are not just improving the operational efficiency of supply chains 

but are also redefining how businesses anticipate, respond to, and recover from disruptions, thereby 

enabling them to remain competitive in a rapidly changing environment. The adoption and 

implementation of these technologies provide valuable insights into how supply chains can evolve 

from traditional models to more dynamic, transparent, and adaptive systems. As a result, companies 

are leveraging digital solutions to streamline processes, reduce inefficiencies, improve decision-

making, and ultimately enhance the overall performance of their supply chain networks. Blockchain 

technology, in particular, has emerged as a key enabler of resilience and agility in supply chains. Its 

decentralized nature allows for secure, transparent, and tamper-proof transactions, providing 

businesses with enhanced traceability and accountability across the supply chain. According to 

Iansiti and Lakhani (2017), blockchain can help ensure that all parties in a supply chain network have 
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access to the same real-time data, thus minimizing the risk of misinformation or fraud. This 

transparency is especially important in supply chains that span multiple organizations and 

geographies, as it allows stakeholders to track goods and materials in real time, enabling quicker 

responses to disruptions. Furthermore, blockchain technology enhances supply chain resilience by 

eliminating the need for intermediaries, reducing delays, and improving overall efficiency 

(Tönnissen & Teuteberg, 2020; Emon & Khan, 2024). The implementation of blockchain-based 

systems has the potential to mitigate risks, enhance collaboration among supply chain partners, and 

ensure the integrity of transactions, particularly in the face of supply chain disruptions. In addition 

to blockchain, artificial intelligence (AI) and machine learning (ML) are playing a crucial role in 

transforming supply chains by enabling predictive analytics and automated decision-making. AI-

driven solutions allow businesses to predict demand fluctuations, identify potential supply chain 

risks, and optimize inventory management. According to Sanders et al. (2019), AI technologies enable 

supply chains to become more responsive by forecasting changes in demand and supply in real-time, 

thus improving overall agility. Machine learning algorithms can analyze vast amounts of data, 

uncover patterns, and generate actionable insights that help companies make informed decisions. By 

leveraging AI, businesses can anticipate disruptions and take proactive measures to mitigate their 

impact, ultimately improving the resilience of their supply chains. For instance, machine learning 

algorithms can predict transportation delays, identify potential bottlenecks in the production process, 

and provide recommendations for alternative sourcing strategies. As AI and ML technologies 

continue to evolve, they offer new opportunities for businesses to enhance the flexibility and 

adaptability of their supply chains. The Internet of Things (IoT) is another technology that is driving 

the transformation of supply chains by enabling real-time monitoring and data collection from 

various stages of the supply chain. IoT devices, such as sensors and RFID tags, allow businesses to 

track the movement of goods, monitor inventory levels, and gather data on the condition of products 

during transit. This real-time visibility enables organizations to respond quickly to potential 

disruptions, such as transportation delays, stockouts, or quality issues (Ramzy et al., 2022; Khan & 

Emon, 2024). According to Aliahmadi et al. (2022), IoT technologies are instrumental in enhancing 

supply chain resilience by providing businesses with the tools needed to make data-driven decisions, 

mitigate risks, and improve operational efficiency. By integrating IoT sensors into their supply chain 

networks, companies can gain greater control over their operations, reduce downtime, and enhance 

the overall responsiveness of their supply chains. Furthermore, the ability to gather and analyze real-

time data allows businesses to continuously optimize their supply chain processes, leading to 

improved performance and greater agility in the face of disruptions. Digital twins, a virtual 

representation of physical assets, processes, or systems, have also gained prominence as a valuable 

tool for enhancing supply chain resilience and agility. Digital twins enable businesses to simulate and 

analyze different supply chain scenarios without disrupting actual operations, allowing companies 

to test various strategies and responses to potential disruptions. According to Liu et al. (2022), digital 

twins provide a comprehensive, real-time view of a supply chain, allowing managers to visualize 

potential risks and make informed decisions based on simulations. By creating a digital replica of 

their supply chain, companies can identify inefficiencies, predict failures, and develop contingency 

plans to ensure business continuity in times of disruption. The use of digital twins also enables supply 

chains to be more adaptable, as businesses can rapidly adjust their strategies and operations based 

on the insights generated by these virtual models. As digital twin technology continues to evolve, it 

is expected to play an even more critical role in enabling businesses to respond to supply chain 

disruptions and enhance their overall resilience and agility (Bi et al., 2022; Emon et al., 2025). Despite 

the clear advantages of these emerging technologies, their implementation in supply chains is not 

without challenges. One of the main obstacles to the widespread adoption of these technologies is 

the complexity of integrating new systems with existing infrastructure. Many organizations still rely 

on legacy systems that may not be compatible with the advanced technologies required to optimize 

supply chain operations. Additionally, the high cost of implementing and maintaining these 

technologies can be a barrier for smaller businesses with limited resources (Kazancoglu et al., 2023). 
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Moreover, the rapid pace of technological advancements can make it difficult for organizations to 

keep up with the latest innovations, leading to concerns about obsolescence or misalignment with 

industry standards. As a result, businesses must carefully assess the potential benefits and costs of 

adopting these technologies and develop a clear roadmap for their integration into supply chain 

operations. Another challenge associated with the adoption of emerging technologies in supply 

chains is the issue of data security and privacy. While technologies like blockchain and IoT offer 

enhanced transparency and real-time monitoring, they also generate vast amounts of data that must 

be securely stored and protected from cyber threats. According to Heinen and Hoberg (2019), 

ensuring the security of sensitive data is essential for maintaining the trust of supply chain partners 

and customers. Businesses must invest in robust cybersecurity measures to protect against potential 

breaches and ensure that the data generated by these technologies is accurate, reliable, and protected 

from unauthorized access. Additionally, organizations must address concerns related to data 

ownership, as the increased reliance on third-party service providers for data storage and 

management raises questions about control and accountability (Wamba & Queiroz, 2020; Khan et al., 

2025). Despite these challenges, the benefits of adopting emerging technologies in supply chain 

management far outweigh the risks, and many organizations are already reaping the rewards of 

greater resilience and agility. The ongoing digital transformation of supply chains is enabling 

companies to become more adaptable, responsive, and proactive in their operations, providing them 

with a competitive edge in an increasingly volatile and uncertain business environment. As more 

businesses embrace digital solutions like blockchain, AI, IoT, and digital twins, the future of supply 

chain management looks set to be more efficient, transparent, and resilient. These technologies are 

not just transforming the way businesses operate; they are also reshaping the entire supply chain 

ecosystem, enabling organizations to collaborate more effectively, make data-driven decisions, and 

respond swiftly to changes in demand and supply. Ultimately, the successful integration of these 

technologies into supply chain operations will be a key determinant of a company’s ability to thrive 

in the digital age and maintain a competitive advantage in an increasingly complex global market. 

Emerging technologies such as blockchain, artificial intelligence, machine learning, the Internet of 

Things, and digital twins are playing a critical role in enabling the resilience and agility of supply 

chains in an era of uncertainty. These technologies provide organizations with the tools and 

capabilities needed to anticipate and respond to disruptions, optimize operations, and enhance 

decision-making. However, the successful adoption and integration of these technologies require 

careful planning, investment, and a commitment to overcoming the challenges associated with data 

security, system integration, and cost. As the digital transformation of supply chains continues, 

businesses must remain agile and proactive in adopting these technologies to stay ahead of the 

competition and ensure the long-term success and sustainability of their supply chains. 

2. Literature Review 

The modern landscape of supply chain management has significantly evolved over recent years 

due to various emerging technologies and methodologies that promise to reshape industries globally. 

A key area of focus has been how organizations can respond to supply chain disruptions and manage 

the resilience of their networks. The development of autonomous supply chains, driven by artificial 

intelligence (AI), blockchain, and additive manufacturing (AM), represents one of the most 

promising shifts in supply chain management in recent times. According to Xu, Mak, Proselkov, and 

Brintrup (2023), autonomous supply chains are defined by high levels of automation in decision-

making and operations, which allow systems to self-optimize, adapt to disruptions, and respond to 

market changes with minimal human intervention. This conceptual framework introduces levels of 

autonomy that can transform the way goods and services are produced, distributed, and consumed. 

The capabilities of such systems depend heavily on technologies like AI, which offers the potential to 

predict, mitigate, and recover from disruptions effectively. Supply chain disruptions have been an 

ongoing challenge for businesses, especially in the wake of unexpected events like the COVID-19 

pandemic, natural disasters, and geopolitical tensions. Bi et al. (2022) discuss how agile responses to 
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such disruptions can be facilitated by a multi-agent model that utilizes real-time data to trigger 

immediate supply chain adjustments. This agile model is often linked with digital technologies, 

which enhance a firm's ability to respond quickly to changes. Resilient supply chains are not only 

reactive to disruptions but are also proactive in their design. The ability to anticipate risks, mitigate 

potential vulnerabilities, and recover swiftly from disturbances is increasingly seen as an imperative 

in contemporary supply chain management (Aliahmadi et al., 2022). One of the most innovative 

technologies making a significant impact in supply chains is blockchain. Iansiti and Lakhani (2017) 

provide an overview of blockchain’s transformative potential in supply chains, primarily due to its 

decentralized and immutable nature. Blockchain provides an unprecedented level of transparency 

and traceability, which can be pivotal in ensuring the authenticity and security of goods as they move 

through complex supply chains. Blockchain's applications in supply chain management are vast, 

ranging from transaction verification to providing the infrastructure for decentralized autonomous 

organizations that manage their operations with little to no human oversight (Durach, Blesik, Düring, 

& Bick, 2020). A key benefit is that blockchain can help reduce fraud and errors, enhance coordination 

between supply chain partners, and ensure compliance with regulations (Tönnissen & Teuteberg, 

2020; Emon et al., 2024). Additionally, it can streamline the flow of information, enabling faster 

decision-making and minimizing delays, which are often critical in fast-moving industries. The 

potential for blockchain to enhance supply chain traceability and the security of transactions is 

significant. Hastig and Sodhi (2020) elaborate on the critical success factors required for 

implementing blockchain in supply chains, focusing on the technological infrastructure, the need for 

collaboration among partners, and overcoming resistance to change. The adoption of blockchain 

technology in operations is seen as a powerful way to enhance trust and collaboration among all 

stakeholders involved in the supply chain. Furthermore, blockchain plays a crucial role in risk 

management by enabling end-to-end visibility, which helps identify potential disruptions before they 

escalate. As these technologies continue to mature, their role in achieving sustainable, transparent, 

and resilient supply chains will likely grow. Another emerging technology that holds great promise 

for supply chains is additive manufacturing (AM), or 3D printing, which has found applications in 

creating spare parts and reducing lead times. Heinen and Hoberg (2019) investigate the potential of 

additive manufacturing for the provision of spare parts, highlighting its ability to reduce inventory 

costs and enable localized production. This is particularly advantageous in industries where just-in-

time inventory models are prevalent. By producing spare parts on-demand, AM technology can 

reduce the dependence on complex global supply chains and mitigate risks associated with 

transportation delays, stockouts, or supplier issues (Durach, Kurpjuweit, & Wagner, 2017). The 

integration of AI in supply chain management is another transformative factor that has gained 

attention in recent research. According to Sanders et al. (2019), AI enables organizations to predict 

demand, optimize inventory management, and identify inefficiencies across the supply chain. AI’s 

capability to process vast amounts of data and recognize patterns provides companies with deeper 

insights into market trends, customer behavior, and operational performance. This predictive 

capability, combined with machine learning algorithms, can enhance decision-making, leading to 

more efficient and cost-effective operations (Sanders & Wood, 2020). The AI-driven insights also help 

firms in identifying potential disruptions and designing contingency plans. AI applications extend 

beyond traditional operational tasks and into strategic decision-making, enabling companies to adapt 

to changing market conditions and new technologies. Blockchain, AI, and AM are not only 

transforming the way companies manage risks and disruptions but also reshaping the entire business 

landscape in terms of sustainability and resilience. Kazancoglu et al. (2023) emphasize the role of 

these technologies in improving the sustainability of supply chains, particularly in the context of the 

COVID-19 pandemic. The adoption of emerging technologies like blockchain and AI has been 

integral to enabling organizations to cope with disruptions while enhancing environmental and 

social sustainability. As industries strive to meet the growing demand for sustainable practices, these 

technologies offer the tools necessary to achieve greater efficiency, reduce waste, and improve the 

overall environmental impact of supply chain operations. This intersection of digitalization and 
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sustainability is particularly pertinent in today’s increasingly complex global supply chains, where 

stakeholders demand greater accountability and responsibility from businesses. The evolution of 

supply chain resilience and sustainability also leads to the integration of circular economy principles 

into the fabric of supply chain management. Bhawna, Kang, and Sharma (2024) examine how 

digitization, together with emerging technologies like AI and blockchain, can bridge the gap between 

supply chain management and the circular economy, helping firms shift towards more sustainable 

models. These technologies enable the tracking, sorting, and processing of resources in a way that 

enhances recycling, reuse, and the reduction of waste. The application of a circular economy model 

in supply chains presents a paradigm shift in how materials and products are designed, used, and 

returned to the supply chain (Khan et al., 2024). Digitization further supports this shift by enabling 

real-time visibility and data-driven insights into resource flows, providing greater opportunities for 

improvement in terms of sustainability and reducing carbon footprints (Khan et al., 2024). Further 

contributing to the resilience of supply chains, Ivanov and Dolgui (2020) introduce the concept of 

digital supply chain twins as a tool for managing disruption risks and enhancing supply chain 

resilience. The digital twin is a virtual model of a physical supply chain system that can simulate 

various scenarios and help companies anticipate potential disruptions (Rahman et al., 2024). By 

leveraging real-time data, a digital twin can offer predictive insights into potential risks and provide 

actionable recommendations for mitigation strategies (Ivanov & Dolgui, 2020). The digital twin 

technology aligns with the increasing focus on Industry 4.0 technologies that blend physical and 

digital systems to optimize supply chain performance. These innovations will play a critical role in 

supply chains as they adapt to complex and dynamic environments characterized by frequent 

disruptions and uncertainty (Khan & Emon, 2025). Emerging technologies also promise to enhance 

the performance and efficiency of supply chains by integrating various operational and management 

practices. Kamble, Gunasekaran, and Dhone (2020) discuss how Industry 4.0 technologies, such as 

AI, machine learning, and the Internet of Things (IoT), combine with lean manufacturing practices to 

improve operational efficiency and performance. In the context of supply chain management, these 

technologies facilitate smarter manufacturing, optimize production processes, and enable better 

forecasting and demand planning. These developments represent a shift from traditional 

manufacturing methods to more agile, responsive, and efficient supply chains that can respond to 

the constantly changing demands of the market. As organizations increasingly rely on these 

emerging technologies, the need for effective collaboration and integration across supply chain 

networks becomes paramount. This includes aligning various stakeholders’ efforts, sharing data, and 

leveraging joint decision-making to enhance overall supply chain performance (Belhadi et al., 2022; 

Rahman et al., 2024). The growing complexity of global supply chains means that companies need to 

innovate and adopt new technologies at a rapid pace to remain competitive. At the same time, 

organizations must balance technological advancements with sustainable practices, ensuring that the 

adoption of new technologies does not come at the expense of environmental, social, or ethical 

considerations (Singh & Singh, 2023; Khan et al., 2024). Emerging technologies like blockchain, AI, 

additive manufacturing, and digital twins are revolutionizing supply chain management. These 

technologies enable greater resilience, sustainability, and efficiency by enhancing traceability, 

improving decision-making, and facilitating agile responses to disruptions. As organizations 

continue to explore and adopt these technologies, the next frontier of supply chain management will 

focus on the integration of autonomous systems, further optimization through AI and digital tools, 

and the continued emphasis on sustainability. The combination of these innovations presents a 

transformative shift in how supply chains operate, evolve, and contribute to the broader goals of 

business sustainability and resilience in an increasingly complex and dynamic global market. 

3. Research Methodology 

The research methodology employed in this study aimed to explore the impact of emerging 

technologies on supply chain resilience and sustainability. A mixed-methods approach was chosen 

to gather both quantitative and qualitative data, providing a comprehensive understanding of the 
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subject matter. The study began with a detailed survey that was distributed to 55 supply chain 

professionals across various industries, including manufacturing, logistics, and retail. The survey 

included both closed and open-ended questions designed to assess the adoption, implementation, 

and perceived effectiveness of technologies such as artificial intelligence (AI), blockchain, additive 

manufacturing (AM), and digital twins within supply chains. Respondents were asked to evaluate 

their organizations' current use of these technologies, the challenges they faced, and the benefits they 

experienced in terms of supply chain resilience, risk management, and sustainability. Once the survey 

responses were collected, the data was analyzed using statistical methods to identify patterns and 

trends. Descriptive statistics, such as frequencies and means, were used to summarize the 

respondents' answers, while inferential statistics, including correlation analysis, were employed to 

examine relationships between variables. For example, the study explored whether organizations 

that had adopted digital technologies like blockchain and AI exhibited higher levels of resilience and 

sustainability compared to those that had not. This analysis allowed the researcher to draw 

conclusions about the effectiveness of these technologies in the context of supply chain management. 

In addition to the survey, a series of in-depth interviews were conducted with a select group of 

participants from the original sample. These interviews were aimed at gaining deeper insights into 

the experiences of supply chain managers and other decision-makers regarding the integration of 

emerging technologies in their operations. The interviewees were asked to elaborate on their 

organization’s strategies for adopting these technologies, the obstacles encountered during 

implementation, and the specific outcomes they observed. The qualitative data collected from the 

interviews provided a richer understanding of the complexities surrounding the adoption of 

advanced technologies and their impact on supply chain resilience. The interview transcripts were 

coded and analyzed thematically, with key themes emerging regarding the benefits and challenges 

of technology adoption. A constant comparison method was used to compare the interview data with 

the survey responses, ensuring consistency and validity in the findings. This triangulation of data 

sources helped to strengthen the reliability and robustness of the research conclusions. Ethical 

considerations were also taken into account throughout the research process. Participants were 

informed about the purpose of the study, and their consent was obtained before participation. 

Confidentiality was maintained, and all data was anonymized to ensure privacy. By combining 

quantitative survey data with qualitative insights from interviews, the study was able to provide a 

holistic view of the current state of technology adoption in supply chains. The results highlighted key 

trends and challenges faced by organizations in leveraging emerging technologies to improve supply 

chain resilience and sustainability. The findings were used to inform recommendations for supply 

chain managers on how to successfully integrate these technologies into their operations and achieve 

greater efficiency, sustainability, and resilience in their supply chains. 

4. Results 

The results and findings of this study were derived from a combination of quantitative survey 

data and qualitative interview insights, gathered from 55 supply chain professionals across various 

sectors. The primary objective was to investigate how emerging technologies contribute to the 

resilience and agility of supply chains. The survey respondents represented a diverse range of 

industries, including manufacturing, logistics, retail, and healthcare, providing a broad spectrum of 

insights into the current state of technology adoption in supply chain management. From the 

quantitative analysis, it was clear that the adoption of emerging technologies had a significant impact 

on supply chain resilience. A substantial proportion of the respondents indicated that technologies 

such as artificial intelligence, blockchain, additive manufacturing, and digital twins were being 

actively implemented in their organizations. Among these, artificial intelligence and blockchain were 

the most widely adopted, with over 70% of the respondents reporting their use in supply chain 

operations. AI was primarily utilized for demand forecasting, inventory management, predictive 

maintenance, and route optimization. Blockchain technology, on the other hand, was mostly 

deployed for supply chain traceability, enhancing transparency, and ensuring product authenticity. 
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Digital twins and additive manufacturing were less common but showed considerable promise in 

improving supply chain operations by enabling better simulation, scenario planning, and localized 

production. The analysis revealed a strong correlation between the adoption of these technologies 

and improved supply chain resilience. Respondents who reported using AI and blockchain in their 

supply chains were significantly more likely to report higher levels of agility and resilience during 

supply chain disruptions. These technologies were found to enable faster decision-making, better risk 

management, and more adaptive supply chain strategies, especially in response to unexpected 

disruptions such as the COVID-19 pandemic or natural disasters. Organizations that integrated these 

technologies into their operations reported quicker recovery times, reduced downtime, and enhanced 

collaboration across supply chain partners. Additionally, the survey data revealed that companies 

that had adopted blockchain technology in particular experienced a significant improvement in their 

ability to trace products throughout the supply chain, which in turn enhanced their ability to respond 

to quality control issues or product recalls swiftly. Another notable finding from the quantitative data 

was the role of additive manufacturing and digital twins in enhancing supply chain sustainability. 

While these technologies were not as widely adopted as AI and blockchain, those companies that had 

implemented them reported substantial benefits in terms of reducing waste, optimizing resource use, 

and improving sustainability. Additive manufacturing allowed firms to localize production, thereby 

reducing transportation costs and carbon emissions. It also enabled the production of spare parts on 

demand, which contributed to more efficient inventory management and reduced reliance on 

traditional manufacturing processes. Digital twins, by simulating real-time supply chain activities, 

allowed companies to visualize and predict potential inefficiencies, bottlenecks, and risks, leading to 

improved resource allocation and more sustainable operations. The qualitative data from the 

interviews offered further insights into the specific challenges and benefits experienced by 

organizations in their adoption of these technologies. Many respondents highlighted that the 

integration of AI and blockchain into their supply chain operations had not been without challenges. 

One of the most significant obstacles was the initial cost of implementation, which many 

organizations found prohibitive, particularly small and medium-sized enterprises (SMEs). The 

complexity of integrating these technologies with existing legacy systems was also a recurring theme. 

While larger organizations with more resources were able to overcome these barriers, smaller 

companies often struggled with the technical and financial constraints of adopting such advanced 

technologies. Despite these challenges, interviewees emphasized the long-term benefits of adopting 

these technologies. One key benefit cited by many respondents was the increased transparency and 

visibility that blockchain provided in supply chain transactions. This allowed organizations to not 

only improve their own operations but also foster stronger relationships with their suppliers and 

customers by ensuring greater accountability. Blockchain’s ability to verify the authenticity of 

products, especially in industries like food and pharmaceuticals, was particularly valued for reducing 

fraud and ensuring compliance with regulatory standards. AI was also widely regarded as a game-

changer in enhancing supply chain resilience. Many respondents mentioned the ability of AI to 

improve forecasting accuracy, which led to better inventory management and a more agile response 

to fluctuations in demand. AI-powered systems were credited with reducing the lead times for 

replenishment and helping companies avoid stockouts or excess inventory. Furthermore, AI’s 

predictive capabilities were found to be instrumental in anticipating disruptions and identifying 

potential risks in the supply chain before they occurred. This proactive approach to risk management 

was especially valuable during times of uncertainty, such as the disruptions caused by the COVID-

19 pandemic. The integration of digital twins was also seen as a valuable tool for improving supply 

chain agility. By creating a virtual replica of the entire supply chain, companies were able to simulate 

various scenarios and assess the potential impact of different decisions. This enabled supply chain 

managers to make more informed, data-driven decisions in real-time, leading to faster response times 

during disruptions. Digital twins were also used to optimize production schedules, reduce 

downtime, and enhance coordination between different stages of the supply chain. Additive 

manufacturing, while not as widely adopted as AI and blockchain, was particularly valued for its 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 11 February 2025 doi:10.20944/preprints202502.0777.v1

https://doi.org/10.20944/preprints202502.0777.v1


 8 of 22 

 

ability to enhance supply chain flexibility. Many interviewees mentioned that additive 

manufacturing allowed their organizations to produce custom parts on demand, which helped 

reduce lead times and minimize inventory costs. Additionally, it enabled companies to localize 

production, which in turn reduced transportation costs and carbon emissions. These advantages were 

particularly significant for companies in industries such as automotive and aerospace, where spare 

parts are often costly and time-consuming to procure. In terms of supply chain sustainability, 

interviewees highlighted the role of emerging technologies in reducing environmental impact. AI 

and blockchain were credited with improving the efficiency of supply chain operations, which in turn 

contributed to reduced energy consumption, lower waste, and more sustainable sourcing practices. 

For example, AI algorithms were used to optimize transportation routes, reducing fuel consumption 

and emissions. Blockchain’s ability to track and verify sustainable practices across the supply chain 

also helped companies ensure that their products were sourced responsibly, further contributing to 

their sustainability goals. The study also uncovered several key challenges that organizations faced 

in their efforts to adopt and integrate emerging technologies into their supply chains. One of the 

primary challenges was the lack of skilled personnel to manage and operate these advanced 

technologies. Many organizations reported difficulties in hiring or training employees with the 

necessary expertise in AI, blockchain, and other emerging technologies. This shortage of skilled 

workers was particularly problematic for SMEs, which often lacked the resources to invest in training 

programs or hire specialized staff. Additionally, the integration of these technologies into existing 

supply chain processes was often complex and time-consuming, requiring significant effort to ensure 

compatibility with legacy systems and workflows. Another challenge highlighted by interviewees 

was the issue of data security and privacy, particularly in relation to blockchain technology. While 

blockchain was seen as a valuable tool for enhancing supply chain transparency and traceability, 

some respondents expressed concerns about the security of sensitive data and the potential risks of 

cyberattacks. This was particularly true for industries that handle confidential information, such as 

pharmaceuticals and healthcare. To mitigate these risks, organizations emphasized the importance 

of implementing robust cybersecurity measures and ensuring compliance with data protection 

regulations. 

Table 1. Key Technologies Enhancing Supply Chain Resilience. 

Theme Technology Impact on Resilience 

Artificial 

Intelligence (AI) 

Predictive 

Analytics 

Improved demand forecasting and 

risk management 

Blockchain Supply Chain 

Traceability 

Enhanced transparency and 

accountability 

Digital Twins Real-Time 

Simulation 

Faster response to disruptions and 

optimized decisions 

Additive 

Manufacturing 

On-Demand 

Production 

Reduced dependency on traditional 

supply chains 
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The integration of advanced technologies such as Artificial Intelligence (AI), blockchain, digital 

twins, and additive manufacturing emerged as fundamental drivers for enhancing resilience in 

supply chains. AI, particularly through predictive analytics, enables more accurate demand 

forecasting, which improves the ability of companies to anticipate market fluctuations and minimize 

disruptions. Blockchain plays a crucial role in ensuring traceability, providing an immutable record 

of transactions, which contributes to greater transparency across the entire supply chain. Digital 

twins were instrumental in simulating real-time conditions, allowing for immediate response during 

disruptions. Additive manufacturing reduced the reliance on centralized production, enabling 

organizations to respond swiftly to changes in demand by manufacturing spare parts locally. 

Table 2. Organizational Benefits of Technology Adoption. 

Theme Technology Benefit to Organization 

Artificial 

Intelligence (AI) 

Machine 

Learning 

Enhanced decision-making 

capabilities 

Blockchain Decentralized 

Ledger 

Improved trust and reduced fraud 

Additive 

Manufacturing 

3D Printing Increased customization and faster 

time-to-market 

Digital Twins Virtual Modeling Optimized resource allocation and 

proactive problem solving 

Technology adoption brought a multitude of benefits to organizations. AI, especially machine 

learning models, greatly enhanced decision-making by improving the accuracy and speed of 

analyzing large datasets, allowing companies to anticipate challenges more effectively. Blockchain 

technology facilitated a more trustworthy environment by decentralizing records, reducing fraud 

risks, and increasing security. Additive manufacturing enabled faster and more customized 

production processes, which led to a quicker time-to-market and higher customer satisfaction. Digital 

twins proved to be an essential tool for optimizing resource allocation and identifying potential issues 

before they impacted the supply chain, allowing for proactive, informed decision-making. 

Table 3. Barriers to Technology Adoption in Supply Chains. 

Theme Technology Barrier to Adoption 

Artificial 

Intelligence (AI) 

Data Quality Challenges in gathering clean, 

structured data 

Blockchain Integration with 

Legacy Systems 

Difficulty in syncing with existing 

infrastructure 
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Additive 

Manufacturing 

High Initial Costs Expensive startup investment 

Digital Twins Complexity High technical expertise required 

for implementation 

While the potential benefits of emerging technologies were clear, several barriers to adoption 

remained prevalent across organizations. AI faced significant hurdles due to the quality and 

availability of structured data, which is essential for its machine learning algorithms to function 

effectively. Blockchain technology faced difficulties when integrating with legacy systems, creating 

additional complexities for organizations looking to adopt it without overhauling their existing 

infrastructure. Additive manufacturing had high initial costs, including equipment and training, 

which deterred many companies from adopting it on a large scale. Digital twins required substantial 

technical expertise, often beyond the capabilities of in-house teams, leading to delays and 

implementation challenges. 

Table 4. Technology Impact on Supply Chain Agility. 

Theme Technology Effect on Agility 

Artificial 

Intelligence (AI) 

Demand 

Forecasting 

Faster adjustments to changing 

market conditions 

Blockchain Transparency Swift identification and resolution of 

issues 

Additive 

Manufacturing 

Spare Parts 

Production 

Faster local production to avoid 

delays 

Digital Twins Simulation 

Models 

Quick identification of bottlenecks 

and resource allocation 

The role of emerging technologies in enhancing supply chain agility was evident from the study. 

AI enabled faster and more accurate demand forecasting, allowing organizations to adjust their 

operations in real-time as market conditions evolved. Blockchain improved transparency across the 

supply chain, enabling companies to identify issues and address them quickly, thus minimizing 

delays. Additive manufacturing allowed for on-demand production of spare parts, reducing 

dependence on centralized production facilities and the resulting delays. Digital twins, through their 

simulation capabilities, were critical in identifying potential bottlenecks in the supply chain and 

optimizing resource allocation, leading to quicker decision-making and enhanced operational 

flexibility. 

Table 5. Influence of Technology on Supply Chain Sustainability. 
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Theme Technology Contribution to Sustainability 

Artificial Intelligence 

(AI) 

Route 

Optimization 

Reduced fuel consumption and lower 

carbon emissions 

Blockchain Sustainable 

Sourcing 

Increased visibility into ethical 

sourcing practices 

Additive 

Manufacturing 

Localized 

Production 

Reduced transportation emissions 

and waste 

Digital Twins Resource 

Efficiency 

Optimal use of materials and energy 

Emerging technologies played a significant role in advancing sustainability efforts across supply 

chains. AI-driven route optimization allowed companies to minimize fuel consumption and carbon 

emissions, contributing directly to environmental sustainability. Blockchain increased visibility into 

sourcing practices, enabling organizations to verify the ethical and sustainable nature of their 

suppliers and reduce the environmental impact of their supply chains. Additive manufacturing 

offered the opportunity to produce goods locally, reducing transportation costs and emissions 

associated with long-distance shipping. Digital twins improved resource efficiency by simulating 

various scenarios to optimize material usage and reduce waste. 

Table 6. Employee Skills and Training Requirements for Technology Adoption. 

Theme Technology Required Skills for Effective Use 

Artificial 

Intelligence (AI) 

Data Analytics Expertise in data collection, cleaning, 

and analysis 

Blockchain Smart Contracts Knowledge of blockchain protocols and 

contract management 

Additive 

Manufacturing 

3D Design Proficiency in 3D modeling and 

printing technologies 

Digital Twins Simulation 

Modeling 

Ability to create and interpret digital 

simulations 

The adoption of emerging technologies necessitated a shift in skill sets among employees. AI 

implementation required employees with strong skills in data analytics, capable of collecting, 
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cleaning, and analyzing large datasets to drive actionable insights. Blockchain, particularly smart 

contracts, required knowledge of blockchain protocols and the management of decentralized 

agreements. Additive manufacturing required expertise in 3D design, as employees needed to create 

and manipulate digital models to produce physical items. Digital twins required simulation 

modeling skills, enabling employees to interpret virtual replicas of real-world systems and scenarios 

to improve operational efficiency. 

Table 7. Impact of Technology on Supply Chain Risk Management. 

Theme Technology Risk Management Benefit 

Artificial 

Intelligence (AI) 

Predictive 

Analytics 

Anticipating and mitigating risks 

before they occur 

Blockchain Immutable 

Records 

Prevention of fraud and unauthorized 

alterations 

Additive 

Manufacturing 

Spare Parts 

Production 

Reduced risk of supply chain 

disruptions due to part shortages 

Digital Twins Virtual 

Simulations 

Assessment of risks in real-time 

scenarios 

Emerging technologies were instrumental in improving supply chain risk management. AI-

driven predictive analytics allowed organizations to anticipate and mitigate risks before they 

materialized, improving the ability to prepare for disruptions. Blockchain’s immutable records 

offered a robust solution for preventing fraud and unauthorized alterations in the supply chain, 

reducing the risk of data manipulation and fraud. Additive manufacturing helped to mitigate the risk 

of part shortages by enabling on-demand production of spare parts, reducing reliance on suppliers 

that may face disruptions. Digital twins, through virtual simulations, enabled organizations to assess 

risks in real-time and test different scenarios to understand their potential impacts. 

Table 8. Industry-Specific Technology Usage. 

Industry Technology Used Key Benefits 

Healthcare Blockchain Enhanced traceability and product 

authenticity 

Automotive AI, Additive 

Manufacturing 

Improved production efficiency and 

customized parts 
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Retail AI Optimized inventory management and 

demand forecasting 

Manufacturing Digital Twins Enhanced resource allocation and 

production optimization 

The adoption and utilization of emerging technologies varied significantly across different 

industries, each with specific needs and challenges. In the healthcare sector, blockchain was 

particularly useful for ensuring the traceability and authenticity of pharmaceutical products, which 

is critical for patient safety. In the automotive industry, AI and additive manufacturing were 

employed to streamline production processes and create customized parts, enhancing overall 

production efficiency. The retail sector used AI to optimize inventory management and improve 

demand forecasting, ensuring they could meet customer needs without overstocking or running into 

stockouts. Manufacturing industries adopted digital twins to optimize resource allocation and 

improve production scheduling, ensuring smoother operations and reduced downtime. 

Table 9. Collaborative Efforts Across Supply Chain Partners. 

Theme Technology Collaborative Benefit 

Artificial 

Intelligence (AI) 

Data Sharing Improved information flow across 

supply chain partners 

Blockchain Smart Contracts Reduced reliance on intermediaries 

and faster transactions 

Additive 

Manufacturing 

Localized 

Production 

Increased collaboration with local 

suppliers 

Digital Twins Integrated 

Platforms 

Enhanced coordination and decision-

making across partners 

Collaboration across supply chain partners was enhanced through the use of emerging 

technologies. AI facilitated better data sharing, allowing supply chain partners to exchange 

information more effectively and improve overall operational visibility. Blockchain enabled the use 

of smart contracts, reducing the need for intermediaries, speeding up transactions, and ensuring that 

all parties adhered to agreed terms. Additive manufacturing encouraged closer collaboration with 

local suppliers, enabling quicker responses to changes in demand and reducing lead times. Digital 

twins, through integrated platforms, enabled better coordination and informed decision-making 

across partners, ensuring smoother operations and more efficient resource allocation. 

Table 10. Future Prospects for Technology in Supply Chain Management. 
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Theme Technology Future Potential 

Artificial 

Intelligence (AI) 

Autonomous 

Operations 

Automation of routine tasks and 

decision-making processes 

Blockchain Cross-Industry 

Integration 

Expanding blockchain applications 

across multiple industries 

Additive 

Manufacturing 

Mass Customization Large-scale on-demand 

manufacturing and distribution 

Digital Twins Full Supply Chain 

Integration 

Real-time monitoring and 

management of the entire supply 

chain 

Looking ahead, the potential for these technologies to revolutionize supply chain management 

is immense. AI’s future use in autonomous operations could lead to the automation of routine tasks, 

decision-making, and even supply chain management, dramatically improving efficiency and 

reducing human error. Blockchain’s future potential lies in its ability to integrate across industries, 

creating an interconnected network of transparent and secure transactions. Additive manufacturing 

could move toward mass customization, allowing companies to offer highly tailored products at 

scale. Digital twins are poised to provide full supply chain integration, offering real-time monitoring 

and management that will enable organizations to manage their entire supply chain seamlessly. 

The findings of the study reveal significant insights into how emerging technologies are 

transforming supply chain management. Key technologies such as Artificial Intelligence (AI), 

blockchain, additive manufacturing, and digital twins are enhancing various aspects of supply chain 

operations, particularly in terms of resilience, agility, sustainability, and risk management. AI is 

improving demand forecasting, enabling more accurate predictions and quicker responses to market 

fluctuations. Blockchain is providing transparency and traceability, reducing fraud and ensuring 

ethical sourcing practices. Additive manufacturing is revolutionizing production by enabling on-

demand and localized manufacturing, which is crucial in reducing transportation costs and lead 

times. Digital twins are optimizing resource allocation and facilitating real-time simulations, 

allowing companies to preemptively address potential bottlenecks or disruptions. Moreover, the 

study highlights several organizational benefits stemming from the adoption of these technologies, 

including improved decision-making, cost efficiency, and faster time-to-market. However, the study 

also uncovers various barriers to widespread adoption, such as high initial costs, the complexity of 

integrating new technologies with legacy systems, and the need for specialized skills and training. 

Despite these challenges, the impact of these technologies on supply chain risk management is clear, 

with AI enabling the anticipation of risks, blockchain ensuring the integrity of transactions, and 

digital twins offering dynamic risk assessments. Industries have tailored the use of these technologies 

to their specific needs, with healthcare leveraging blockchain for traceability, automotive industries 

utilizing AI and additive manufacturing for efficiency, and retail sectors optimizing inventory 

through AI. The findings also underscore the importance of collaboration across supply chain 

partners. Technologies such as AI and blockchain are facilitating improved data sharing and 

communication, while additive manufacturing and digital twins foster closer collaboration with local 
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suppliers and better coordination across the supply chain. Finally, the future prospects for these 

technologies in supply chain management point toward even greater automation, integration, and 

customization, promising more streamlined, transparent, and efficient supply chains in the coming 

years. 

5. Discussion 

The findings from this study provide valuable insights into the growing role of emerging 

technologies in enhancing the resilience and agility of supply chains. As global supply chains 

continue to face increasing pressures from market volatility, geopolitical instability, and unforeseen 

disruptions, the need for advanced technological solutions becomes more pronounced. These 

technologies are playing a pivotal role in transforming traditional supply chain models, introducing 

new capabilities for flexibility, responsiveness, and real-time decision-making. The ability to leverage 

artificial intelligence (AI), blockchain, digital twins, and additive manufacturing offers companies the 

opportunity to not only survive in a competitive environment but also thrive by becoming more 

adaptable to changing market conditions. AI, for example, has become instrumental in improving 

demand forecasting and optimizing inventory management, allowing companies to respond more 

effectively to fluctuations in consumer demand. Through machine learning algorithms, AI enables 

more accurate predictions, reducing the risk of stockouts or overstocking and thus improving overall 

supply chain efficiency. Blockchain, on the other hand, enhances supply chain transparency and 

traceability, which are crucial in ensuring product authenticity and ethical sourcing. By providing an 

immutable ledger of transactions, blockchain reduces the potential for fraud and counterfeiting, thus 

increasing consumer trust and confidence in the supply chain. This is especially important in 

industries where product provenance and safety are critical, such as food, pharmaceuticals, and 

luxury goods. Additive manufacturing offers significant advantages in terms of reducing lead times 

and production costs, especially for spare parts and customized products. By enabling on-demand 

production, it minimizes the need for large inventories and expensive warehousing, allowing 

companies to produce goods closer to the point of consumption. This not only reduces logistics costs 

but also enhances a supply chain's ability to respond quickly to disruptions. Digital twins, which 

create virtual replicas of physical supply chains, allow for real-time monitoring and simulations, 

enabling companies to predict and prevent disruptions before they occur. These technologies are 

particularly valuable in complex supply chains, where a single disruption can have a cascading effect 

across multiple tiers of the supply chain. While these emerging technologies offer considerable 

advantages, their adoption is not without challenges. Many organizations face significant barriers to 

implementation, including the high initial costs associated with acquiring and integrating these 

technologies, as well as the need for specialized skills and expertise. Furthermore, companies must 

overcome resistance to change and the inertia of existing systems and processes. These barriers are 

often compounded by the complexity of integrating new technologies with legacy systems and the 

lack of standardized frameworks across industries, which can hinder collaboration between supply 

chain partners. Despite these challenges, the long-term benefits of adopting these technologies far 

outweigh the initial hurdles. Companies that successfully navigate these challenges can expect to 

achieve greater operational efficiency, reduce costs, and improve their ability to respond to 

disruptions more swiftly. Looking forward, the integration of these technologies will likely become 

even more seamless as advancements in connectivity, data analytics, and machine learning continue 

to evolve. The increasing availability of cloud-based solutions, the expansion of the Internet of Things 

(IoT), and the rise of 5G networks will further enhance the capabilities of these technologies, enabling 

more dynamic and interconnected supply chains. The future of supply chain management will 

undoubtedly be shaped by the continued evolution of these technologies, with greater emphasis on 

automation, real-time data sharing, and collaboration among supply chain partners. 

6. Conclusion 
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The integration of emerging technologies in supply chain management has proven to be a 

transformative force, reshaping the way businesses approach resilience and agility in their 

operations. The study highlights how technologies such as artificial intelligence, blockchain, additive 

manufacturing, and digital twins enable companies to respond more swiftly and effectively to 

disruptions, creating more adaptive and robust supply chains. These innovations provide critical 

advantages, including improved demand forecasting, enhanced transparency, real-time decision-

making, and streamlined production processes, all of which contribute to better risk management 

and overall supply chain performance. While the adoption of these technologies is not without its 

challenges, including high initial costs, implementation complexities, and the need for specialized 

skills, the long-term benefits far outweigh these hurdles. Companies that successfully adopt these 

technologies are positioned to not only survive but thrive in a rapidly changing global environment, 

enhancing their competitive edge and ensuring sustainable growth. The future of supply chain 

management is poised to be shaped by continuous advancements in these technologies, driving 

further efficiency, collaboration, and innovation across industries. As organizations continue to 

embrace these technologies, they will be better equipped to navigate the uncertainties of the modern 

world and achieve greater operational excellence. Ultimately, the journey towards fully resilient and 

agile supply chains requires ongoing investment, commitment to technological integration, and a 

strategic approach to overcoming the barriers that stand in the way of progress. 

References 

1. Bi, M., Chen, G., Tilbury, D. M., Shen, S., & Barton, K. (2022). A model-based multi-agent framework to 

enable an agile response to supply chain disruptions. arXiv preprint arXiv:2207.03460. Retrieved from 

https://arxiv.org/abs/2207.03460 

2. Liu, J., Yeoh, W., Qu, Y., & Gao, L. (2022). Blockchain-based digital twin for supply chain management: 

State-of-the-art review and future research directions. arXiv preprint arXiv:2202.03966. Retrieved from 

https://arxiv.org/abs/2202.03966 

3. Ramzy, N., Auer, S., Ehm, H., & Chamanara, J. (2022). MARE: Semantic supply chain disruption 

management and resilience evaluation framework. arXiv preprint arXiv:2205.06499. Retrieved from 

https://arxiv.org/abs/2205.06499 

4. Aliahmadi, A., Nozari, H., Ghahremani-Nahr, J., & Szmelter-Jarosz, A. (2022). Evaluation of key 

impression of resilient supply chain based on artificial intelligence of things (AIoT). arXiv preprint 

arXiv:2207.13174. Retrieved from https://arxiv.org/abs/2207.13174 

5. Heinen, J. J., & Hoberg, K. (2019). Assessing the potential of additive manufacturing for the provision 

of spare parts. Journal of Operations Management, 65(8), 810-826. https://doi.org/10.1002/joom.1045 

6. Emon, M. M. H., & Khan, T. (2024). Unlocking Sustainability through Supply Chain Visibility: Insights 

from the Manufacturing Sector of Bangladesh. Brazilian Journal of Operations & Production 

Management, 21(4), 2194. https://doi.org/10.14488/BJOPM.2194.2024 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 11 February 2025 doi:10.20944/preprints202502.0777.v1

https://arxiv.org/abs/2207.03460
https://arxiv.org/abs/2202.03966
https://arxiv.org/abs/2205.06499
https://arxiv.org/abs/2207.13174
https://doi.org/10.1002/joom.1045
https://doi.org/10.20944/preprints202502.0777.v1


 17 of 22 

 

7. Durach, C. F., Kurpjuweit, S., & Wagner, S. M. (2017). The impact of additive manufacturing on supply 

chains. International Journal of Physical Distribution & Logistics Management, 47(10), 954-971. 

https://doi.org/10.1108/IJPDLM-11-2016-0332 

8. Iansiti, M., & Lakhani, K. R. (2017). The truth about blockchain. Harvard Business Review, 95(1), 118-

127. Retrieved from https://hbr.org/2017/01/the-truth-about-blockchain 

9. Durach, C. F., Blesik, T., Düring, M., & Bick, M. (2020). Blockchain applications in supply chain 

transactions. Journal of Business Logistics, 41(3), 240-259. https://doi.org/10.1111/jbl.12240 

10. Tönnissen, S., & Teuteberg, F. (2020). Analysing the impact of blockchain-technology for operations 

and supply chain management: An explanatory model drawn from multiple case studies. International 

Journal of Information Management, 52, 101953. https://doi.org/10.1016/j.ijinfomgt.2019.05.009 

11. Khan, T., & Emon, M. M. H. (2024). Exploring the Potential of the Blue Economy: A Systematic Review 

of Strategies for Enhancing International Business in Bangladesh in the context of Indo-Pacific Region. 

Review of Business and Economics Studies, 12(2), 55–73. https://doi.org/10.26794/2308-944X-2024-12-2-

55-73 

12. Hastig, G. M., & Sodhi, M. S. (2020). Blockchain for supply chain traceability: Business requirements 

and critical success factors. Production and Operations Management, 29(4), 935-954. 

https://doi.org/10.1111/poms.13147 

13. Sanders, N. R., & Wood, J. D. (2020). The secret to AI is people. Harvard Business Review. Retrieved 

from https://hbr.org/2020/08/the-secret-to-ai-is-people 

14. Sanders, N. R., Boone, T., Ganeshan, R., & Wood, J. D. (2019). Sustainable supply chains in the age of 

AI and digitization: Research challenges and opportunities. Journal of Business Logistics, 40(3), 229-

240. https://doi.org/10.1111/jbl.12226 

15. Emon, M. M. H., Khan, T., Rahman, M. A., Hamid, A. B. A., & Yaakub, N. I. (2025). GreenTech 

Revolution: Navigating Challenges and Seizing Opportunities. In AI and Green Technology 

Applications in Society (pp. 63–90). IGI Global Scientific Publishing. https://doi.org/10.4018/979-8-3693-

9879-1.ch003 

16. Wamba, S. F., & Queiroz, M. M. (2020). Blockchain in the operations and supply chain management: 

Benefits, challenges and future research opportunities. International Journal of Information 

Management, 52, 102064. https://doi.org/10.1016/j.ijinfomgt.2019.102064 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 11 February 2025 doi:10.20944/preprints202502.0777.v1

https://hbr.org/2017/01/the-truth-about-blockchain
https://hbr.org/2020/08/the-secret-to-ai-is-people
https://doi.org/10.20944/preprints202502.0777.v1


 18 of 22 

 

17. Belhadi, A., Kamble, S., Wamba, S. F., & Queiroz, M. M. (2022). Building supply-chain resilience: An 

artificial intelligence-based technique and decision-making framework. International Journal of 

Production Research, 60(14), 4487-4507. https://doi.org/10.1080/00207543.2022.2080039 

18. Queiroz, M. M., & Wamba, S. F. (2019). Blockchain adoption challenges in supply chain: An empirical 

investigation of the main drivers in India and the USA. International Journal of Information 

Management, 46, 70-82. https://doi.org/10.1016/j.ijinfomgt.2018.11.021 

19. Queiroz, M. M., Wamba, S. F., De Bourmont, M., & Telles, R. (2021). Blockchain adoption in operations 

and supply chain management: Empirical evidence from an emerging economy. International Journal 

of Production Research, 59(20), 6087-6103. https://doi.org/10.1080/00207543.2020.1803511 

20. Khan, T., Emon, M. M. H., & Rahman, M. A. (2024). A systematic review on exploring the influence of 

Industry 4.0 technologies to enhance supply chain visibility and operational efficiency. Review of 

Business and Economics Studies, 12(3), 6–27. https://doi.org/10.26794/2308-944X-2024-12-3-6-27 

21. Wamba, S. F., Kala Kamdjoug, J. R., Epie Bawack, R., & Keogh, J. G. (2020). Bitcoin, blockchain, and 

fintech: A systematic review and case studies in the supply chain. Production Planning & Control, 31(2-

3), 115-142. https://doi.org/10.1080/09537287.2019.1631460 

22. Kazancoglu, I., Ozbiltekin-Pala, M., Mangla, S. K., Kumar, A., & Kazancoglu, Y. (2023). Using emerging 

technologies to improve the sustainability and resilience of supply chains in a fuzzy environment in 

the context of COVID-19. Annals of Operations Research, 322, 217–240. https://doi.org/10.1007/s10479-

022-04775-4 

23. Liu, W., He, Y., Dong, J., & Cao, Y. (2023). Disruptive technologies for advancing supply chain 

resilience. Frontiers of Engineering Management, 10, 360–366. https://doi.org/10.1007/s42524-023-0257-

1 

24. Emon, M. M. H., Khan, T., Rahman, M. A., & Siam, S. A. J. (2024). Factors Influencing the Usage of 

Artificial Intelligence among Bangladeshi Professionals: Mediating role of Attitude Towards the 

Technology. 2024 IEEE International Conference on Computing, Applications and Systems (COMPAS), 

1–7. https://doi.org/10.1109/COMPAS60761.2024.10796110 

25. Aliahmadi, A., Nozari, H., Ghahremani-Nahr, J., & Szmelter-Jarosz, A. (2022). Evaluation of key 

impression of resilient supply chain based on artificial intelligence of things (AIoT). arXiv preprint 

arXiv:2207.13174. Retrieved from https://arxiv.org/abs/2207.13174 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 11 February 2025 doi:10.20944/preprints202502.0777.v1

https://arxiv.org/abs/2207.13174
https://doi.org/10.20944/preprints202502.0777.v1


 19 of 22 

 

26. Ramzy, N., Auer, S., Ehm, H., & Chamanara, J. (2022). MARE: Semantic supply chain disruption 

management and resilience evaluation framework. arXiv preprint arXiv:2205.06499. Retrieved from 

https://arxiv.org/abs/2205.06499 

27. Liu, J., Yeoh, W., Qu, Y., & Gao, L. (2022). Blockchain-based digital twin for supply chain management: 

State-of-the-art review and future research directions. arXiv preprint arXiv:2202.03966. Retrieved from 

https://arxiv.org/abs/2202.03966 

28. Xu, L., Mak, S., Proselkov, Y., & Brintrup, A. (2023). Towards autonomous supply chains: Definition, 

characteristics, conceptual framework, and autonomy levels. arXiv preprint arXiv:2401.14183. 

Retrieved from https://arxiv.org/abs/2401.14183 

29. Bi, M., Chen, G., Tilbury, D. M., Shen, S., & Barton, K. (2022). A model-based multi-agent framework to 

enable an agile response to supply chain disruptions. arXiv preprint arXiv:2207.03460. Retrieved from 

https://arxiv.org/abs/2207.03460 

30. Heinen, J. J., & Hoberg, K. (2019). Assessing the potential of additive manufacturing for the provision 

of spare parts. Journal of Operations Management, 65(8), 810–826. https://doi.org/10.1002/joom.1045 

31. Khan, T., Emon, M. M. H., Rahman, M. A., Hamid, A. B. A., & Yaakub, N. I. (2025). Bridging the Gap: 

Realizing GreenTech Potential. In AI and Green Technology Applications in Society (pp. 91–122). IGI 

Global Scientific Publishing. https://doi.org/10.4018/979-8-3693-9879-1.ch004 

32. Durach, C. F., Kurpjuweit, S., & Wagner, S. M. (2017). The impact of additive manufacturing on supply 

chains. International Journal of Physical Distribution & Logistics Management, 47(10), 954–971. 

https://doi.org/10.1108/IJPDLM-11-2016-0332 

33. Iansiti, M., & Lakhani, K. R. (2017). The truth about blockchain. Harvard Business Review, 95(1), 118–

127. Retrieved from https://hbr.org/2017/01/the-truth-about-blockchain 

34. Durach, C. F., Blesik, T., Düring, M., & Bick, M. (2020). Blockchain applications in supply chain 

transactions. Journal of Business Logistics, 41(3), 240–259. https://doi.org/10.1111/jbl.12240 

35. Tönnissen, S., & Teuteberg, F. (2020). Analysing the impact of blockchain-technology for operations 

and supply chain management: An explanatory model drawn from multiple case studies. International 

Journal of Information Management, 52, 101953. https://doi.org/10.1016/j.ijinfomgt.2019.05.009 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 11 February 2025 doi:10.20944/preprints202502.0777.v1

https://arxiv.org/abs/2205.06499
https://arxiv.org/abs/2202.03966
https://arxiv.org/abs/2401.14183
https://arxiv.org/abs/2207.03460
https://hbr.org/2017/01/the-truth-about-blockchain
https://doi.org/10.20944/preprints202502.0777.v1


 20 of 22 

 

36. Hastig, G. M., & Sodhi, M. S. (2020). Blockchain for supply chain traceability: Business requirements 

and critical success factors. Production and Operations Management, 29(4), 935–954. 

https://doi.org/10.1111/poms.13147 

37. Sanders, N. R., & Wood, J. D. (2020). The secret to AI is people. Harvard Business Review. Retrieved 

from https://hbr.org/2020/08/the-secret-to-ai-is-people 

38. Sanders, N. R., Boone, T., Ganeshan, R., & Wood, J. D. (2019). Sustainable supply chains in the age of 

AI and digitization: Research challenges and opportunities. Journal of Business Logistics, 40(3), 229–

240. https://doi.org/10.1111/jbl.12226 

39. Wamba, S. F., & Queiroz, M. M. (2020). Blockchain in the operations and supply chain management: 

Benefits, challenges and future research opportunities. International Journal of Information 

Management, 52, 102064. https://doi.org/10.1016/j.ijinfomgt.2019.102064 

40. Khan, T., & Emon, M. M. H. (2025). Supply chain performance in the age of Industry 4.0: evidence from 

manufacturing sector. Brazilian Journal of Operations & Production Management, 22(1), 2434. 

https://doi.org/10.14488/BJOPM.2434.2025 

41. Belhadi, A., Kamble, S., Wamba, S. F., & Queiroz, M. M. (2022). Building supply-chain resilience: An 

artificial intelligence-based technique and decision-making framework. International Journal of 

Production Research, 60(14), 4487–4507. https://doi.org/10.1080/00207543.2022.2080039 

42. Khan, T., Emon, M. M. H., & Rahman, S. (2024). Marketing Strategy Innovation via AI Adoption: A 

Study on Bangladeshi SMEs in the Context of Industry 5.0. 2024 6th International Conference on 

Sustainable Technologies for Industry 5.0 (STI), 1-6. 

43. Khan, T., Emon, M. M. H., & Nath, A. (2024). Quantifying the Effects of AI-Driven Inventory 

Management on Operational Efficiency in Online Retail. 2024 27th International Conference on 

Computer and Information Technology (ICCIT), 1-6. 

44. Liu, W., He, Y., Dong, J., & Cao, Y. (2023). Disruptive technologies for advancing supply chain 

resilience. Frontiers of Engineering Management, 10, 360–366. https://doi.org/10.1007/s42524-023-0257-

1 

45. Wang, Y., & Pettit, S. (2022). Falling behind or riding the waves? Building future supply chains with 

emerging technologies. In Proceedings of the 1st International Conference on Industrial, 

Manufacturing, and Process Engineering (ICIMP-2024). https://www.jstor.org/stable/jj.14308230.7 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 11 February 2025 doi:10.20944/preprints202502.0777.v1

https://hbr.org/2020/08/the-secret-to-ai-is-people
https://www.jstor.org/stable/jj.14308230.7
https://doi.org/10.20944/preprints202502.0777.v1


 21 of 22 

 

46. Kazancoglu, I., Ozbiltekin-Pala, M., Mangla, S. K., Kumar, A., & Kazancoglu, Y. (2023). Using emerging 

technologies to improve the sustainability and resilience of supply chains in a fuzzy environment in 

the context of COVID-19. Annals of Operations Research, 322, 217–240. https://doi.org/10.1007/s10479-

022-04775-4 

47. Bhawna, Kang, P. S., & Sharma, S. K. (2024). Bridging the gap: A systematic analysis of circular 

economy, supply chain management, and digitization for sustainability and resilience. Operations 

Management Research, 17, 1039–1057. https://doi.org/10.1007/s12063-024-00490-4 

48. Singh, S., & Singh, R. K. (2023). Aligning supply chain functions with emerging technologies: A 

comprehensive review. Engineering Proceedings, 76(1), 34. https://doi.org/10.3390/engproc2024076034 

49. Rahman, M. A., Emon, M. M. H., Khan, T., & Siam, S. A. J. (2024). Measuring the Influence of Brand 

Image on Consumer Behavioral Intentions by using AI: Exploring the Mediating Role of Trust. 2024 

IEEE International Conference on Computing, Applications and Systems (COMPAS), 1–7. 

https://doi.org/10.1109/COMPAS60761.2024.10796396 

50. Rahman, M. A., Emon, M. M. H., Khan, T., Hamid, A. B. A., & Yaakub, N. I. (2024). Eco-Intelligence. In 

AI and Green Technology Applications in Society (pp. 31–62). IGI Global Scientific Publishing. 

https://doi.org/10.4018/979-8-3693-9879-1.ch002 

51. Ivanov, D., & Dolgui, A. (2021). Emergent technologies for supply chain risk and disruption 

management. In Supply Chain Risk Management (pp. 361–376). Springer. https://doi.org/10.1007/978-

981-99-2629-9_4 

52. Bag, S., Wood, L. C., Xu, L., Dhamija, P., & Kayikci, Y. (2020). Big data analytics as an operational 

excellence approach to enhance sustainable supply chain performance. Resources, Conservation and 

Recycling, 153, 104559. https://doi.org/10.1016/j.resconrec.2019.104559 

53. Ivanov, D., & Dolgui, A. (2020). A digital supply chain twin for managing the disruption risks and 

resilience in the era of Industry 4.0. Production Planning & Control, 31(11–12), 935–944. 

https://doi.org/10.1080/09537287.2020.1768450 

54. Queiroz, M. M., Telles, R., & Bonilla, S. H. (2019). Blockchain and supply chain management integration: 

A systematic review of the literature. Supply Chain Management: An International Journal, 25(2), 241–

254. https://doi.org/10.1108/SCM-03-2018-0143 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 11 February 2025 doi:10.20944/preprints202502.0777.v1

https://doi.org/10.20944/preprints202502.0777.v1


 22 of 22 

 

55. Kamble, S. S., Gunasekaran, A., & Dhone, N. C. (2020). Industry 4.0 and lean manufacturing practices 

for sustainable organizational performance in Indian manufacturing companies. International Journal 

of Production Research, 58(5), 1319–1337. https://doi.org/10.1080/00207543.2019.1630772 

56. Ivanov, D., Dolgui, A., Sokolov, B., & Ivanova, M. (2017). Literature review on disruption recovery in 

the supply chain. International Journal of Production Research, 55(20), 6158–6174. 

https://doi.org/10.1080/00207543.2017.1330572 

57. Sodhi, M. S., & Tang, C. S. (2021). Supply chain management for extreme conditions: Research 

opportunities. Journal of Supply Chain Management, 57(1), 3–16. https://doi.org/10.1111/jscm.12248 

58. Ivanov, D., & Dolgui, A. (2020). Viability of intertwined supply networks: Extending the supply chain 

resilience angles towards survivability. International Journal of Production Research, 58(10), 2904–2915. 

https://doi.org/10.1080/00207543.2020.1750727 

59. Choi, T. M., & Lambert, J. H. (2017). Advances in risk analysis with big data. Risk Analysis, 37(8), 1435–

1442. https://doi.org/10.1111/risa.12859 

60. Dolgui, A., Ivanov, D., & Sokolov, B. (2018). Ripple effect in the supply chain: An analysis and recent 

literature. International Journal of Production Research, 56(1–2), 414–430. 

https://doi.org/10.1080/00207543.2017.1387680 

61. Xu, L., Mak, S., Proselkov, Y., & Brintrup, A. (2023). Towards autonomous supply chains: Definition, 

characteristics, conceptual framework, and autonomy levels. arXiv preprint arXiv:2401.14183. 

Retrieved from https://arxiv.org/abs/2401.14183 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those 

of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) 

disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or 

products referred to in the content. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 11 February 2025 doi:10.20944/preprints202502.0777.v1

https://arxiv.org/abs/2401.14183
https://doi.org/10.20944/preprints202502.0777.v1

