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Abstract 
The integration of the Internet of Things (IoT) in supply chain and management systems has 
significantly transformed traditional logistics and operational models into intelligent, data-
driven ecosystems. This research explores the multifaceted applications of IoT in enhancing 
real-time tracking, predictive maintenance, inventory optimization, and sustainability across 
global supply networks. Employing both doctrinal (literature and statutory review) and non-
doctrinal (case studies, market data, stakeholder insights) methodologies, the paper presents a 
comprehensive analysis of IoT-enabled efficiencies—such as Schneider Electric’s 18.7% 
delivery improvement and Amazon’s 40% fulfillment cost reduction—while also examining 
critical challenges, including cybersecurity risks, interoperability issues, and the high cost of 
adoption. Real-world deployments from 2023–2025 demonstrate how firms achieve 
measurable gains through strategic implementation of IoT, AI, blockchain, and edge computing. 
The findings underscore the urgent need for standardized protocols, collaborative frameworks, 
and sustainable governance models to realize the full potential of IoT in supply chain 
ecosystems. With the IoT-enabled logistics market projected to surpass USD 55 billion by 2031, 
the study advocates for adaptive strategies that align technological innovation with ethical 
practices, transparency, and resilience in future global supply networks. 
Keywords: Internet of Things, Supply Chain, Predictive Analytics, Real-Time Tracking, 
Sustainability. 
 
1. Introduction 
In the era of digital transformation, the Internet of Things (IoT) has emerged as a disruptive 
force reshaping the paradigms of supply chain and management systems. At its core, IoT refers 
to a network of interconnected physical devices embedded with sensors, software, and other 
technologies that collect and exchange data over the internet without requiring human 
intervention. This real-time connectivity enables businesses to monitor assets, track inventory, 
optimize logistics, and pre-emptively address potential disruptions. As global supply chains 
face unprecedented complexity due to globalization, geopolitical shifts, and evolving consumer 
demands, IoT serves as a strategic enabler of visibility, responsiveness, and resilience. 
The implementation of IoT in supply chains has gained significant momentum over the last 
decade. In 2024, the global IoT in logistics and supply chain market was valued at 
approximately USD 21.36 billion, with projections indicating a market size of over USD 55 
billion by 2031, reflecting a compound annual growth rate (CAGR) of 12.7%¹. Enterprises are 
leveraging IoT to gain competitive advantage through enhanced operational efficiency, 
improved customer satisfaction, and reduced environmental impact. Real-time data from GPS-
enabled trucks, temperature sensors in cold chain storage, and RFID-based inventory systems 
enable smarter decision-making and predictive analytics. For instance, Schneider Electric’s 



International Journal of Artificial Intelligence, Computer Science, 
Management and Technology 
Volume 2 Issue 2 APR – JUN 2025 | International Peer Reviewed & Refereed Journal 
 

12 
 

smart fleet project processes over 15 terabytes of data daily from thousands of trucks, resulting 
in a reported 18.7% reduction in delivery times in Q3 of 2024. 
However, the adoption of IoT in supply chain systems is not merely a technological upgrade 
but a strategic transformation that requires holistic changes in organizational workflows, 
employee skillsets, and digital infrastructure. Doctrinally, this transformation intersects with 
data protection regulations, standardization protocols, and contractual liabilities concerning 
data-sharing among partners. From a non-doctrinal perspective, examining real-world 
implementations such as Amazon’s use of automated robotics in warehouses, or Maersk’s IoT-
enabled shipment tracking across oceans, reveals the immense potential and practical 
challenges associated with this technology. 
Furthermore, the integration of IoT is increasingly being supplemented by complementary 
technologies like Artificial Intelligence (AI), edge computing, and blockchain. Together, these 
technologies form what is often referred to as the “digital supply chain.” This digital 
transformation is not only making supply chains more agile but is also promoting sustainability 
by reducing waste, optimizing energy use, and enhancing compliance with environmental 
standards³. As businesses transition towards Industry 4.0, understanding the layered 
implications of IoT adoption in supply chain and management systems becomes essential from 
both academic and practical standpoints. 
 
2. Methodology 
The current analysis identifies the hybrid research design, where both a doctrinal and non-
doctrinal approach is used to understand the position of IoT in supply chain and management 
systems. The doctrinal method presupposes a thorough examination of the available academic 
sources, statutory guidelines, and regulatory standards, as well as market and statistical 
predictions in the field of such integration of the IoT concept. Peer-reviewed journals and 
market research databases like Verified Market Research were consulted to investigate market 
trends, regulatory issues and the trends of technology adoption patterns. The theoretical 
background was further enriched by academic research on the topic of IoT in cold chain 
logistics as well as visibility frameworks and the place of infrastructure gaps. 
On the complementary side, non-doctrinal approach consisted of examining the empirical 
evidence, real-life examples of implementation and surveying of stakeholders to engage the 
practical impact of IoT implementation. To give an example, the results of the global logistics 
survey conducted by Maersk in 2024 among more than 500 decision-makers showed that IoT 
stays second among digital investment, with provable performance improvements of 10 to 20% 
in the first year and 20 to 40% in the next 2-4 years. By the same token, when Schneider Electric 
was able to implement IoT throughout its 5,000-car fleet, it was able to amass more than 15 
terabytes of data daily, leading to a 18.7% decrease in the delivery times in Q3 20244. The 
future of AI-augmented control towers in the contemporary supply chain is also facilitated by 
industry insights present in platforms such as GoComet and Project44 as reported by Financial 
Times. 
 
3. Applications & Benefits 
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The integration of IoT in supply chain and management systems offers an array of practical 
benefits, fundamentally reshaping how organizations operate, monitor, and control logistics 
processes. Among the most transformative features is real-time tracking and inventory 
management, which is made possible by a network of interconnected sensors such as GPS, 
RFID tags, temperature monitors, humidity sensors, and accelerometers. These devices 
transmit data at fixed intervals, enabling granular oversight of shipment conditions and 
movement. Schneider Electric’s deployment of IoT sensors across its fleet of over 5,000 
vehicles illustrates the practical efficacy of this technology. Their system collects 78 data 
parameters every 30 seconds, allowing for dynamic route optimization, improved vehicle 
utilization, and reduced delivery turnaround times¹. As confirmed by Maersk’s 2024 logistics 
survey involving over 500 global decision-makers, IoT-enabled automation has yielded 
measurable operational improvements ranging from 10% to 40%, depending on the scale and 
phase of implementation². 
In addition to real-time visibility, predictive maintenance and operational efficiency 
represent another high-impact use case of IoT. Industrial Internet of Things (IIoT) platforms 
use historical performance data and sensor feedback to detect anomalies in machinery, thus 
anticipating potential breakdowns. Such predictive systems have been shown to reduce 
equipment downtime by up to 50% and maintenance costs by nearly 40%³. A case in point is 
Volvo’s manufacturing facility in Lyon, which uses IoT sensors within its engine test cells to 
monitor for abnormal vibrations and thermal shifts, enabling technicians to intervene before 
mechanical failure occurs⁴. This anticipatory approach enhances the longevity of machinery 
and ensures continuous operations, especially critical in just-in-time supply chains. 
IoT also plays a pivotal role in smart warehousing and automation, where it enhances the 
density, speed, and accuracy of warehouse operations. Major corporations such as Amazon 
have adopted IoT-powered robotics and QR-coded navigation to optimize space utilization and 
retrieval operations. This transformation has led to nearly 50% higher warehouse density, 
threefold acceleration in item picking, and a 40% reduction in fulfillment costs⁵. Moreover, 
automated mobile robots (AMRs) and smart shelving systems reduce the reliance on manual 
labor and enable real-time stock auditing, slashing overall warehouse costs by an estimated 
20%⁶. These gains are crucial in today’s e-commerce-driven logistics environment, where 
speed and accuracy are competitive necessities. 
Another significant application is seen in cold chain and perishable goods logistics, where 
IoT sensors ensure the integrity of sensitive products such as pharmaceuticals, fresh produce, 
and frozen items. These sensors continuously monitor temperature, humidity, light exposure, 
and vibrations, alerting handlers to any deviation that could compromise quality. Research 
suggests that IoT-based cold chain systems can reduce spoilage and wastage rates by 30% to 
40% while concurrently improving energy efficiency⁷. Verified Market Research highlights the 
increasing deployment of IoT in pharmaceutical supply chains to comply with stringent 
regulatory standards and traceability requirements⁸. The increased granularity of environmental 
monitoring not only ensures consumer safety but also protects corporate reputation and 
mitigates compliance risks. 
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Sustainability and emission reduction are other critical advantages facilitated by IoT 
analytics. By monitoring route data, fuel consumption, idle times, and load optimization, IoT 
platforms help logistics firms dramatically cut carbon footprints. Some fleets have recorded up 
to 71% reductions in CO₂ emissions through route reengineering and dynamic vehicle 
utilization⁹. Furthermore, when paired with blockchain, IoT strengthens transparency and 
auditability in green logistics by tracking raw material sourcing, waste cycles, and energy 
consumption across the supply chain lifecycle. These capabilities are especially pertinent as 
ESG (Environmental, Social, and Governance) metrics become central to corporate reporting 
and compliance with international climate standards. 
Lastly, enhanced visibility through AI-enabled control towers represents a cutting-edge 
evolution in supply chain orchestration. These platforms aggregate real-time data from IoT 
networks and legacy enterprise systems to provide centralized oversight. Companies using such 
control towers can monitor shipment location, estimated time of arrival (ETA), route anomalies, 
and issue early alerts on disruptions, all in a single dashboard. This holistic, data-driven 
oversight is revolutionizing risk management and proactive decision-making across complex, 
multi-tiered supply networks¹⁰. In a volatile global environment marked by geopolitical 
tensions and supply disruptions, such predictive intelligence is not only desirable but essential. 
Together, these applications underscore the transformative capacity of IoT in modern supply 
chains. The convergence of sensor technology, big data, AI, and automation is ushering in an 
era of transparency, efficiency, and sustainability, aligning operational goals with the broader 
imperatives of digital transformation and environmental stewardship. 
 
4. Challenges & Barriers 
Despite the transformative potential of IoT in modern supply chain and management systems, 
its implementation is riddled with numerous challenges and structural barriers that must be 
critically addressed. One of the most pressing concerns is the high cost of implementation 
and integration complexity. The initial investment required for IoT deployment—comprising 
sensor devices, communication networks, cloud storage, and software platforms—is 
substantial, often placing it beyond the reach of small and medium-sized businesses (SMBs). 
Moreover, the integration of new IoT infrastructure with existing legacy enterprise systems is 
a time-consuming and technically demanding process that requires customized middleware, 
API development, and robust change management. According to a study published in the 
Journal of Supply Chain Management, enterprises often struggle to synchronize their IoT 
deployments with legacy ERP systems, leading to data silos and inefficiencies¹¹. This 
complexity not only prolongs return on investment (ROI) cycles but also inhibits broader 
ecosystem-wide adoption, especially in fragmented supply chains involving diverse 
stakeholders with varying digital maturity. 
A second major challenge is data overload and lack of interoperability among IoT devices 
and platforms. The exponential rise in IoT devices has created a deluge of data—estimated to 
exceed 79 zettabytes globally by 2025—that overwhelms traditional data processing systems¹². 
Without scalable analytics tools and cloud-native architectures, organizations are unable to 
derive meaningful insights from raw sensor data. Additionally, the IoT ecosystem remains 
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highly fragmented, with different manufacturers using proprietary protocols and data formats, 
resulting in poor interoperability. This heterogeneity hampers seamless data integration and 
reduces the overall efficiency of the supply chain. Research in the International Journal of 
Production Economics highlights that lack of common standards and open-source protocols 
not only leads to higher costs of integration but also deters firms from collaborating across 
digital platforms¹³. For a truly intelligent supply chain, there is a need for standardized 
communication frameworks such as MQTT, OPC UA, and GS1-compliant data structures. 
Security and privacy risks represent another significant barrier to widespread IoT adoption. 
Each IoT device added to a supply chain network becomes a potential entry point for 
cyberattacks, increasing the system’s attack surface. A study in the Journal of Cybersecurity 
reveals that supply chain systems integrated with IoT are especially vulnerable to man-in-the-
middle (MITM) attacks, device spoofing, and ransomware intrusions if adequate security 
protocols like end-to-end encryption and regular firmware updates are not enforced¹⁴. 
Moreover, Gartner's 2023 security forecast emphasized that only 28% of enterprises allocated 
sufficient budget for IoT-specific cybersecurity, making this area a weak link in digital 
logistics¹⁵. This concern is amplified by the rise in software supply chain attacks, with 45% of 
logistics and transport companies reporting breaches by 2025, primarily due to poor endpoint 
security and outdated device authentication measures¹⁶. 
Lastly, the organizational and incentive misalignment across supply chain participants poses 
a more nuanced yet deeply entrenched challenge. Smaller suppliers or third-party logistics 
providers (3PLs) often lack the digital infrastructure and economic motivation to participate in 
data-sharing ecosystems. This leads to a form of selective visibility or “data asymmetry,” where 
larger firms gain disproportionate insights while smaller players remain digitally opaque. As 
discussed in the Journal of Business Logistics, this imbalance can result in inefficiencies, as 
key decisions are made based on incomplete or one-sided information¹⁷. Moreover, 
technologies enabling full visibility often exist but are underutilized due to organizational 
resistance, skill shortages, and absence of regulatory mandates requiring interoperability and 
transparency across the supply chain. Without structural reforms or shared value frameworks 
to incentivize data cooperation, the transformative potential of IoT will remain largely 
untapped, especially in multi-tiered, cross-border logistics networks. 
 
5. Discussion & Future Directions 
The future trajectory of IoT in supply chain and management systems is poised for rapid 
evolution through the convergence of multiple emerging technologies, each enhancing IoT’s 
capabilities in unique ways. The integration of Artificial Intelligence (AI) and Machine 
Learning (ML) algorithms enables advanced data analytics, anomaly detection, and dynamic 
forecasting based on IoT-generated datasets. These technologies are especially useful for 
demand planning, route optimization, and failure prediction. In parallel, blockchain 
technology enhances the integrity and trustworthiness of IoT data by creating immutable, time-
stamped records. This is particularly crucial in sensitive sectors like pharmaceuticals and food 
logistics, where authenticity, traceability, and compliance are non-negotiable. A recent study in 
the Journal of Supply Chain and Logistics Innovation noted that blockchain-IoT systems 
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significantly improve trust in cold chain logistics by securing handoff data across custody 
points¹⁸. Moreover, edge computing, characterized by ultra-low latency (~5 milliseconds), 
brings computational power closer to data sources, enabling real-time decisions in asset 
tracking and fleet management without relying solely on cloud networks¹⁹. Digital twins, 
virtual replicas of physical assets and processes, further extend the utility of IoT by enabling 
simulation and predictive planning under varied scenarios. According to a 2024 study in the 
International Journal of Logistics Research and Applications, digital twins powered by IoT 
data improve risk resilience and strategic foresight in complex supply networks²⁰. 
The scalability of these technologies, however, relies heavily on standardization and 
infrastructure development. The concept of Ambient IoT—a future ecosystem where 
trillions of passive and active sensor nodes communicate autonomously—heralds a new era of 
ubiquitous traceability. Yet such scale demands interoperable standards and open 
communication protocols. Organizations like the Institute of Electrical and Electronics 
Engineers (IEEE), GS1, and the Industrial Internet Consortium (IIC) are playing a pivotal 
role in developing cross-platform IoT standards that ensure compatibility, data integrity, and 
system security. The Journal of Industrial Information Integration stresses that such 
standardization is key to reducing costs, ensuring compliance, and fostering multi-stakeholder 
collaboration in global supply chains²¹. 
Simultaneously, sustainability and ethical use of IoT technologies is gaining prominence. As 
regulatory frameworks evolve—especially with the European Union’s Corporate Sustainability 
Due Diligence Directive—companies are being held accountable for the social and 
environmental impacts of their supply chains. IoT helps meet these mandates by enabling 
traceability from source to shelf, thus ensuring responsible sourcing and minimal 
environmental footprint. A study in the Journal of Cleaner Production highlights how IoT 
sensors facilitate circular economy practices by tracking product usage cycles, enabling asset 
reuse, and optimizing energy consumption²². 
Finally, the widespread adoption of IoT in supply chains depends on strategic adoption 
pathways that balance innovation with feasibility. Instead of full-scale transformations, 
companies are increasingly opting for pilot projects with strong Return on Investment (ROI) 
justifications to build stakeholder confidence. These phased implementations are more agile 
and allow firms to address integration issues iteratively. In parallel, successful adoption 
necessitates cross-functional collaboration, robust cybersecurity infrastructure, and 
comprehensive training programs. The Journal of Operations and Supply Chain Management 
reports that companies with dedicated IoT governance teams and security protocols experience 
1.7 times faster digital maturity compared to ad hoc adopters²³. Therefore, the future of IoT in 
supply chain systems hinges not only on technological readiness but also on institutional 
alignment, standard-driven ecosystems, and a commitment to ethical and sustainable 
innovation. 
 
6. Conclusion 
The Internet of Things (IoT) is reshaping the landscape of supply chain and management 
systems by enabling a new paradigm of high-visibility, predictive analytics, automation, and 
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sustainability. Through the continuous flow of data generated by interconnected sensors, IoT 
empowers businesses with real-time intelligence across inventory levels, transportation routes, 
storage conditions, and equipment health. As of 2024, the global market for IoT in supply 
chains has reached approximately USD 21 billion, with projections estimating a significant 
growth trajectory toward USD 55 billion by 2031¹. Real-world deployments by global leaders 
such as Amazon, Schneider Electric, and Maersk validate these projections, as their IoT-
enabled systems have demonstrated measurable efficiency improvements ranging from 18% to 
40%, substantial reductions in delivery time, decreased energy consumption, and increased 
accuracy in cold-chain monitoring². These gains are not just technological milestones but signal 
a fundamental shift toward smarter, leaner, and more responsive global logistics. 
Yet, the full potential of IoT remains tempered by persistent barriers. High initial capital 
expenditure, the complexity of integrating IoT with legacy enterprise systems, lack of 
interoperability among proprietary platforms, and insufficient cybersecurity measures continue 
to hinder widespread adoption. Moreover, smaller supply chain participants often face resource 
constraints and lack the incentive to share data transparently, leading to selective visibility and 
fragmentation. Addressing these multifaceted challenges requires a systemic approach—one 
that combines robust change management strategies, strong data governance frameworks, 
targeted cybersecurity investments, and phased, ROI-driven pilot implementations. 
Additionally, creating shared-value ecosystems and incentivizing smaller actors to adopt 
compatible standards and technologies will be key to achieving end-to-end supply chain 
transparency. 
Looking ahead, the convergence of IoT with other digital innovations such as Artificial 
Intelligence (AI), Machine Learning (ML), blockchain, 5G, edge computing, and digital twins 
is poised to take the intelligent supply chain to the next level. AI and ML algorithms will 
increasingly augment IoT data to optimize decision-making, while blockchain will secure data 
provenance, and edge computing will enable faster responses to disruptions. Digital twins will 
simulate complex logistics scenarios in real-time, allowing firms to test mitigation strategies 
before implementing them on the ground. As these technologies mature and become more 
accessible, they will catalyze the development of secure, scalable, and ethically aligned IoT 
ecosystems. 
Ultimately, the future of supply chain management lies in building resilient, transparent, and 
adaptive networks that can withstand disruption while meeting global demands for efficiency, 
sustainability, and accountability. For that future to be realized, stakeholders across sectors 
must collaborate to develop open standards, invest in secure digital infrastructure, and ensure 
equitable access to IoT technologies—paving the way for fully connected, data-driven global 
supply chains by the end of this decade. 
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