Pre prints.org

Article Not peer-reviewed version

A Qualitative Study of loT-Enabled
Predictive Maintenance and Its
Influence on Supply Chain Sustainability

Oliver Johnson
Posted Date: 13 January 2025
doi: 10.20944/preprints202501.0882.v1

Keywords: 10T; predictive maintenance; supply chain sustainability; operational efficiency; cost savings;
environmental impact; resource optimization

Preprints.org is a free multidisciplinary platform providing preprint service
that is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This open access article is published under a Creative Commons CC BY 4.0
license, which permit the free download, distribution, and reuse, provided that the author
and preprint are cited in any reuse.



https://sciprofiles.com/profile/3694147

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 January 2025 d0i:10.20944/preprints202501.0882.v1

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.

Article

A Qualitative Study of IoT-Enabled Predictive
Maintenance and Its Influence on Supply Chain
Sustainability

Oliver Johnson

Independent Researcher; oliver.johnson656@hotmail.com

Abstract: This study explores the role of IoT-enabled predictive maintenance in enhancing supply
chain sustainability, focusing on its impact on operational efficiency, cost savings, and environmental
performance. The research was conducted through in-depth interviews with industry professionals
involved in the implementation and management of predictive maintenance systems across various
sectors. The findings highlight the significant benefits of predictive maintenance, including the
reduction of unplanned downtime, improved resource optimization, and the prevention of costly
emergency repairs. Additionally, the technology contributes to environmental sustainability by
extending equipment lifespans, reducing energy consumption, and minimizing waste. Despite these
advantages, the study identifies several challenges associated with the implementation of predictive
maintenance, such as high initial investment costs, technical complexity, and the need for specialized
skills. Furthermore, the research reveals that successful adoption of predictive maintenance systems
requires strong leadership, employee training, and a culture of collaboration within organizations.
The study concludes that while the implementation of predictive maintenance poses certain
obstacles, the long-term benefits in terms of operational efficiency, cost reduction, and sustainability
make it a crucial strategy for supply chain optimization. As IoT technologies continue to advance, the
potential for predictive maintenance to drive innovation and environmental sustainability in supply
chains will only increase.

Keywords: IoT; predictive maintenance; supply chain sustainability; operational efficiency; cost
savings; environmental impact; resource optimization

1. Introduction

The convergence of advanced technologies such as the Internet of Things (IoT) and artificial
intelligence has brought about significant transformations in industrial operations, particularly
within supply chain management. The emergence of IoT-enabled predictive maintenance has
introduced novel methods to anticipate and mitigate equipment failure, leading to enhanced
operational efficiencies and sustainability in supply chains. This research explores the influence of
IoT-enabled predictive maintenance on supply chain sustainability, offering insights into the changes
it brings to operational performance, cost management, resource utilization, and environmental
impact. The integration of IoT into supply chains has introduced sophisticated systems for
monitoring and analyzing machinery, components, and equipment, offering real-time data that can
be leveraged to predict potential breakdowns or operational inefficiencies. The importance of
predictive maintenance in supply chains has grown due to its capacity to reduce unplanned
downtimes, optimize resource allocation, and minimize operational disruptions (Tian et al., 2024).
Predictive maintenance allows organizations to track the condition of their assets, identifying
potential issues before they result in failure (Cheng et al., 2024). The traditional approach to
maintenance, which is either reactive or scheduled, has often led to inefficiencies in resource
utilization, increased downtime, and higher operational costs. With the advent of IoT technology,
predictive maintenance has become more reliable and scalable, leveraging sensors, data analytics,
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and machine learning algorithms to forecast potential equipment failures with remarkable accuracy
(Liu, 2024). By collecting and analyzing data from interconnected devices, businesses can ensure that
their assets are maintained only when necessary, reducing waste and lowering costs. This transition
from reactive maintenance to predictive models aligns with sustainability goals, as it not only
enhances operational efficiency but also conserves resources by preventing unnecessary repairs or
replacements (Guarda, 2024). Furthermore, IoT-enabled predictive maintenance has contributed to
enhancing environmental sustainability by reducing waste generation, energy consumption, and the
carbon footprint of manufacturing and logistics operations (Niu et al., 2024). A critical aspect of
predictive maintenance is its ability to integrate seamlessly into existing supply chain operations,
contributing to their overall sustainability. Supply chain sustainability, a concept that has gained
increasing attention in recent years, is not limited to economic considerations but extends to social
and environmental factors as well (Maalmi et al., 2024). Sustainable supply chains are those that meet
the needs of the present without compromising the ability of future generations to meet their own
needs. In this context, the adoption of IoT-based predictive maintenance can be seen as an essential
tool for achieving sustainability objectives, as it ensures the longevity and optimal performance of
assets, thus reducing the need for frequent replacements or repairs that could strain environmental
resources. This can also lead to more sustainable sourcing and inventory practices, as IoT systems
provide data-driven insights into inventory levels and the real-time status of equipment, reducing
the need for overstocking and optimizing the supply chain’s carbon footprint (Prashanth et al., 2024).
Additionally, the role of predictive maintenance in reducing downtime and improving asset
reliability can enhance supply chain resilience. In today’s globalized and interconnected world, the
importance of maintaining a smooth, continuous flow of goods is paramount to the success of supply
chain operations. Unplanned downtimes caused by equipment failure not only affect production
schedules but can also disrupt the delivery of goods to customers, damaging relationships and
harming brand reputation. Predictive maintenance, by preventing unexpected breakdowns,
significantly reduces the risks associated with these disruptions. According to Kromes et al. (2024),
predictive maintenance models that rely on IoT data enable companies to schedule maintenance tasks
during non-peak hours, ensuring that production continues with minimal interruptions. By
optimizing maintenance schedules, companies can reduce operational downtime and improve
overall productivity, which in turn leads to greater economic and environmental sustainability (Sidki
et al., 2025). The connection between IoT-enabled predictive maintenance and supply chain
sustainability is also manifested in its ability to facilitate better decision-making processes. With the
wealth of real-time data generated by IoT devices, supply chain managers are empowered to make
informed decisions that improve both the efficiency and sustainability of operations (Chen et al.,
2023). Data collected from sensors on equipment and assets can be used to track performance
indicators such as wear and tear, temperature, and vibration, allowing managers to determine when
maintenance is required. This capability has far-reaching implications for reducing maintenance
costs, optimizing spare part inventories, and minimizing the environmental impact of unnecessary
production or repairs (Emon & Khan, 2024). Furthermore, the integration of IoT technologies with
advanced data analytics and machine learning tools can lead to the development of smart
maintenance schedules, predictive models for spare parts demand, and more effective management
of human resources (Khan & Emon, 2024). While the benefits of IoT-enabled predictive maintenance
in enhancing supply chain sustainability are significant, the successful implementation of such
systems requires careful consideration of organizational readiness, technical capabilities, and the
broader supply chain context. As noted by Emon et al. (2025), integrating IoT-based predictive
maintenance systems into existing supply chains can be a complex and resource-intensive endeavor.
Companies must invest in the necessary infrastructure, including sensors, data processing systems,
and cloud platforms, to collect, store, and analyze the vast amounts of data generated by IoT devices.
Additionally, there is a need for skilled personnel who can interpret the data and make proactive
decisions regarding maintenance scheduling and resource allocation. These challenges must be
carefully navigated to fully realize the potential of predictive maintenance in enhancing supply chain
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sustainability. The integration of predictive maintenance systems can also have significant
implications for supply chain governance. The transition to a more data-driven, proactive
maintenance model requires changes in the organizational mindset and operational culture.
Traditional maintenance practices, which often rely on manual inspections or fixed schedules, must
be adapted to accommodate a data-centric approach that prioritizes predictive analytics. This
requires changes in organizational processes, training, and even the alignment of incentives to ensure
that predictive maintenance becomes an integral part of the supply chain strategy (Liu et al., 2025).
Furthermore, companies must address the potential privacy and security risks associated with the
collection and sharing of IoT data, particularly when it comes to sensitive equipment performance
and operational details. Ensuring the integrity and confidentiality of loT-generated data is crucial to
maintaining trust and compliance with regulations (Tian et al.,, 2024). IoT-enabled predictive
maintenance represents a significant innovation in supply chain management, with the potential to
transform the way businesses approach maintenance, resource utilization, and sustainability. By
shifting from reactive to predictive maintenance models, organizations can enhance operational
efficiencies, reduce environmental impact, and improve overall supply chain resilience. However,
realizing the full benefits of predictive maintenance requires careful integration of IoT technologies,
investment in infrastructure, and adaptation of organizational processes. As IoT technologies
continue to evolve, their potential to drive supply chain sustainability will only grow, offering new
opportunities for businesses to optimize their operations and contribute to broader environmental
and social sustainability goals. The growing body of research in this area, including the studies by
Cheng et al. (2024), Liu (2024), and Prashanth et al. (2024), underscores the transformative potential
of IoT-enabled predictive maintenance in fostering a more sustainable and resilient global supply
chain.

2. Literature Review

The integration of the Internet of Things (IoT) in the domain of predictive maintenance has
gained substantial attention in recent years due to its promising potential in transforming industrial
operations and improving supply chain sustainability. The notion of predictive maintenance relies
on utilizing IoT technologies, data analytics, and machine learning algorithms to predict the failure
of equipment before it occurs. This allows organizations to proactively address maintenance needs,
avoid unplanned downtimes, and optimize resource usage. Scholars and practitioners have
emphasized the importance of predictive maintenance as an essential element in advancing
operational efficiency and achieving sustainability in supply chains (Naef et al., 2024). According to
Lu et al. (2024), the development of IoT technologies has not only revolutionized the maintenance
practices but also fostered the creation of highly interconnected systems where real-time data
provides the foundation for effective decision-making. The promise of IoT-enabled predictive
maintenance lies in its ability to minimize equipment failure, which can be a critical risk factor in
supply chain operations. Unplanned downtimes due to equipment malfunction can cause substantial
disruptions, affecting the timely delivery of products and damaging customer trust. This has
prompted organizations to shift from traditional preventive or reactive maintenance strategies to
more advanced predictive models (Quan & Xiao, 2024). Through continuous monitoring of the health
of machinery and components, predictive maintenance tools powered by IoT technologies offer real-
time insights, facilitating the identification of potential failures before they lead to significant issues
(Al-Jishi, 2024). This approach not only reduces the frequency of maintenance activities but also
minimizes operational costs, making it a vital factor in achieving supply chain sustainability by
preserving resources and minimizing waste generation. Furthermore, several studies have explored
the critical role of IoT-based predictive maintenance in enhancing sustainability across supply chains.
Kolangiammal et al. (2024) argue that by utilizing predictive models, organizations can optimize
resource utilization, reduce energy consumption, and lower the overall environmental footprint of
supply chain operations. This is particularly important in the context of sustainability, as
organizations strive to meet global environmental targets while maintaining operational efficiency.
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By integrating IoT sensors and monitoring systems, maintenance activities can be conducted only
when necessary, reducing the wasteful consumption of spare parts and materials, as well as
minimizing unnecessary energy use (Provensi et al., 2024). Additionally, predictive maintenance
facilitates the efficient operation of equipment, reducing its energy consumption and extending the
lifecycle of assets (Yadav & Sharma, 2024). The literature on predictive maintenance has highlighted
the advantages of reducing unplanned downtimes, but it also emphasizes the importance of
optimizing the overall supply chain process. Sauer et al. (2024) note that predictive maintenance can
contribute to improving supply chain resilience by enhancing the reliability of assets and the overall
system. This is especially relevant in industries with complex global supply chains that depend on
the continuous flow of goods. loT-enabled predictive maintenance provides real-time data that can
be used to improve decision-making processes regarding inventory management, supply chain
coordination, and scheduling (Panigrahi et al., 2023). With a more reliable maintenance approach,
businesses can minimize disruptions caused by machinery failure and create a more resilient supply
chain that can better cope with unexpected events such as delays, shortages, and other logistical
challenges. Moreover, loT-based predictive maintenance has emerged as an important tool for
enhancing the lifecycle management of equipment and assets. According to Smith (2024), predictive
maintenance contributes significantly to reducing the environmental impact associated with
equipment replacement, as it allows for more efficient management of asset life cycles. By detecting
minor issues early on, organizations can resolve them before they escalate into major failures that
require costly repairs or the replacement of equipment. This prolongs the lifespan of critical assets
and reduces the demand for new resources, thus mitigating the environmental impact of
manufacturing and disposal processes (Khan et al., 2025). In addition to environmental benefits, this
also translates into significant cost savings for organizations, as preventive interventions tend to be
less expensive compared to extensive repairs or asset replacements (Emon et al., 2024). From a
technical standpoint, the application of IoT technologies in predictive maintenance has advanced
considerably with the integration of machine learning (ML) and artificial intelligence (AI). These
technologies enable predictive models to analyze historical data, identify patterns, and provide
accurate predictions regarding the future performance of machinery. Khan et al. (2024) emphasize
the importance of using advanced algorithms to predict failures with high precision, reducing the
likelihood of errors that may lead to unnecessary maintenance. The synergy between IoT, Al, and
machine learning creates a powerful predictive maintenance framework that increases operational
efficiency and further supports sustainability by ensuring the optimal use of resources and
minimizing waste (Redutskiy & Balycheva, 2024). Furthermore, predictive maintenance systems can
be continuously refined by incorporating new data, allowing organizations to improve their
predictive capabilities over time and adapt to changing operational conditions (Chen et al., 2023). The
transition to IoT-driven predictive maintenance does, however, present certain challenges. One of the
key barriers to the adoption of predictive maintenance is the upfront investment required for the
infrastructure and technology. Setting up an IoT-enabled maintenance system requires substantial
financial commitment, particularly for organizations that must retrofit existing equipment with IoT
sensors and establish the necessary data analytics platforms (Naef et al., 2024). Additionally, training
employees to utilize the technology effectively is another critical aspect of implementation (Lu et al.,
2024). Despite these challenges, the long-term benefits of predictive maintenance in terms of
operational efficiency, cost reduction, and sustainability make it an attractive option for many
organizations. Several studies have shown that the successful implementation of predictive
maintenance can lead to improved performance across various industries. For example, the
automotive industry has leveraged predictive maintenance to enhance supply chain operations by
reducing downtime in production lines and improving asset utilization (Quan & Xiao, 2024).
Similarly, in the manufacturing sector, predictive maintenance has contributed to minimizing
unplanned equipment outages and optimizing production scheduling (Al-Jishi, 2024). These
examples underline the potential of predictive maintenance to provide tangible benefits to
organizations, helping them achieve their sustainability and operational objectives. The
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environmental impact of predictive maintenance has also garnered significant attention in recent
years. Studies by Kolangiammal et al. (2024) and Yadav & Sharma (2024) highlight that predictive
maintenance can significantly contribute to reducing greenhouse gas emissions and waste generation
in industrial settings. By ensuring that equipment operates at peak efficiency, predictive maintenance
minimizes energy consumption, which is essential in industries such as manufacturing and logistics
that are traditionally resource-intensive. Furthermore, by extending the life of assets, predictive
maintenance reduces the need for manufacturing new components, thus conserving raw materials
and reducing waste (Provensi et al.,, 2024). This is particularly critical in the context of global
sustainability initiatives aimed at reducing industrial carbon footprints. The growing body of
literature on IoT-enabled predictive maintenance suggests that its adoption can lead to substantial
improvements in operational efficiency, cost-effectiveness, and environmental sustainability. The
integration of IoT technologies into maintenance processes facilitates the identification of potential
failures before they occur, ensuring that organizations can minimize unplanned downtimes, optimize
resource allocation, and reduce waste. Furthermore, predictive maintenance contributes to the
sustainability of supply chains by enhancing asset management, improving energy efficiency, and
lowering carbon emissions. Despite the challenges associated with its implementation, predictive
maintenance represents a key advancement in supply chain management that offers long-term
benefits for businesses, communities, and the environment. As the technology continues to evolve,
its potential to drive sustainable supply chain practices will only grow, offering new opportunities
for organizations to achieve operational excellence and contribute to broader sustainability goals
(Sauer et al., 2024).

3. Research Methodology

The research methodology for this study was designed to explore the influence of IoT-enabled
predictive maintenance on supply chain sustainability. The primary aim was to gain insights from
professionals with relevant experience in the field of supply chain management, predictive
maintenance, and IoT technology. To achieve this, a qualitative approach was chosen, as it allowed
for an in-depth exploration of the perceptions, experiences, and expert opinions of the participants
regarding the integration of predictive maintenance within supply chain operations. A purposive
sampling technique was used to select participants, ensuring that individuals with a substantial level
of expertise and involvement in the implementation of loT-based predictive maintenance systems
were included in the study. The final sample consisted of 26 participants, all of whom were either
industry professionals or experts involved in the development, management, or implementation of
predictive maintenance technologies within various industries, including manufacturing, logistics,
and supply chain management. Data collection was conducted through semi-structured interviews,
which allowed for flexibility in probing specific topics while maintaining consistency in the areas
covered. The interviews were structured around a set of pre-determined questions aimed at
understanding the participants’ views on the role of predictive maintenance in improving supply
chain sustainability. The questions focused on various aspects of predictive maintenance, including
its benefits, challenges, and the broader impact it has on the environmental, economic, and
operational performance of supply chains. In addition to questions about the technological aspects
of predictive maintenance, participants were also asked to share their experiences regarding the
integration of IoT systems within their organizations and how these systems influenced decision-
making, resource utilization, and maintenance practices. This approach allowed for a thorough
exploration of the complexities surrounding the implementation of predictive maintenance and its
potential to contribute to more sustainable supply chain practices. The interviews were conducted
remotely, ensuring that participants from different geographical locations could be included, which
helped in gaining diverse perspectives from a global pool of experts. Each interview was audio-
recorded with the consent of the participants and transcribed verbatim for analysis. The data
collected was then analyzed using thematic analysis, a common approach in qualitative research that
involves identifying and interpreting patterns or themes within the data. Thematic analysis was
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chosen for its flexibility in handling large amounts of qualitative data and its ability to capture
nuanced insights regarding participants’ experiences and opinions. The analysis process involved
several stages. First, the transcripts were read and re-read to become familiar with the data. Initial
codes were then generated to identify specific pieces of information that related to the research
questions. These codes were refined and grouped into broader categories that reflected the key
themes emerging from the interviews. Thematic analysis was particularly effective in identifying
recurrent themes related to the benefits of IoT-enabled predictive maintenance, such as improved
efficiency, cost savings, and reduced environmental impact. Additionally, themes related to the
challenges of implementing these systems, such as the initial investment costs and the need for
technical expertise, also emerged clearly during the analysis. Throughout the research, ethical
considerations were a key priority. All participants were provided with an informed consent form,
outlining the purpose of the study, the confidentiality of their responses, and their right to withdraw
from the study at any time without consequence. Confidentiality was maintained by anonymizing
the participants’ identities and ensuring that no identifiable information was shared in the final
analysis. The study adhered to ethical guidelines for conducting research with human subjects,
ensuring that the participants' privacy and rights were protected throughout the research process.
The research methodology also allowed for the collection of rich, qualitative data that provided
valuable insights into the complex relationship between IoT-enabled predictive maintenance and
supply chain sustainability. By engaging with industry professionals and experts, the study was able
to capture a range of perspectives and experiences, which enriched the findings and provided a
comprehensive understanding of the challenges, opportunities, and impacts associated with the
adoption of predictive maintenance systems in modern supply chains. The findings from this
research are intended to contribute to the growing body of knowledge on IoT technologies and
supply chain sustainability, offering practical insights for both scholars and industry practitioners.

4. Results and Findings

The results and findings of this study reveal significant insights into the relationship between
IoT-enabled predictive maintenance and supply chain sustainability. Data collected from the 26
participants provided a deep understanding of the ways in which predictive maintenance is
transforming supply chain operations, optimizing resource utilization, and contributing to broader
sustainability objectives. The interviews captured a range of perspectives from industry professionals
involved in the implementation, management, and optimization of predictive maintenance systems,
across various sectors such as manufacturing, logistics, and supply chain management. This section
will outline the key themes and insights derived from the analysis of the interview data, including
the benefits, challenges, and overall impact of IoT-enabled predictive maintenance on supply chain
performance and sustainability. A major finding of this study was the consistent emphasis on the
operational efficiency gains associated with IoT-enabled predictive maintenance. Nearly all
participants highlighted that the shift from traditional maintenance practices to predictive models
had led to a significant reduction in unplanned downtimes. Equipment failure, a persistent challenge
in many industries, has long been a major source of disruption to supply chain operations. The move
toward predictive maintenance, which uses real-time data from IoT sensors to predict potential
failures before they occur, was cited by the majority of participants as a transformative change. This
technology enables organizations to take proactive measures, scheduling maintenance during non-
peak hours and preventing unnecessary downtime, which, in turn, leads to smoother, more
continuous operations. The efficiency gains are especially valuable in industries that rely on high
throughput and cannot afford interruptions in their production or logistics processes. Another key
finding was the widespread recognition of the cost-saving potential of predictive maintenance.
Numerous participants discussed how the ability to predict and prevent failures before they happen
not only reduces unplanned downtimes but also minimizes the need for emergency repairs, which
are often far more expensive than scheduled maintenance. Predictive maintenance systems allow
companies to perform maintenance activities at optimal times, based on the actual condition of the


https://doi.org/10.20944/preprints202501.0882.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 January 2025 d0i:10.20944/preprints202501.0882.v1

7 of 14

equipment, as opposed to relying on fixed schedules or waiting for something to break. This method
leads to more efficient use of resources, including labor and spare parts, and ultimately reduces
operational costs. The cost-saving potential was particularly evident in industries with expensive
machinery and high operational costs, where predictive maintenance ensures that assets are utilized
to their full potential before requiring costly interventions. Beyond cost savings, a recurring theme in
the findings was the positive impact of predictive maintenance on resource optimization and waste
reduction. Participants frequently highlighted how the implementation of IoT sensors and predictive
models allowed for better resource allocation, including spare parts inventory and labor. By
predicting maintenance needs in advance, organizations can avoid overstocking parts, reducing the
financial and environmental costs associated with excessive inventory. Furthermore, predictive
maintenance also allows companies to extend the lifespan of equipment, which reduces the need for
premature replacements and the consumption of raw materials. This has a direct impact on reducing
the carbon footprint of operations, as fewer resources are consumed in the repair and replacement of
equipment. Several participants noted that by ensuring the efficient use of assets, predictive
maintenance contributes to achieving sustainability goals, as it minimizes waste, lowers energy
consumption, and reduces the environmental impact of production processes. The integration of IoT
technologies into maintenance practices also facilitated better decision-making across the supply
chain. Many participants pointed out that the data collected from IoT sensors not only helped in
predicting maintenance needs but also provided valuable insights for improving overall supply chain
management. With real-time data on equipment status and performance, companies are better
equipped to make informed decisions regarding scheduling, resource allocation, and supply chain
coordination. For instance, participants noted that knowing in advance when a piece of equipment is
likely to fail allows managers to adjust production schedules, avoiding delays in the delivery of
products to customers. This data-driven approach also extends to inventory management, where
predictive maintenance data helps in optimizing stock levels by aligning inventory with actual
demand and reducing the risk of stockouts or excess inventory. By aligning maintenance schedules
with supply chain needs, businesses can improve their ability to meet customer demands, increase
supply chain resilience, and reduce the overall environmental impact of their operations. The
environmental impact of loT-enabled predictive maintenance was a significant topic discussed by
many participants, with several emphasizing the sustainability benefits of adopting predictive
maintenance systems. As organizations strive to reduce their carbon footprints and adopt more
sustainable practices, predictive maintenance has emerged as a key strategy in achieving these goals.
Participants pointed out that the ability to prevent unnecessary breakdowns and prolong the life of
machinery not only saves costs but also conserves resources and reduces waste. By ensuring that
equipment operates at peak efficiency, predictive maintenance minimizes energy consumption and
helps companies meet their environmental targets. Additionally, the reduction in the frequency of
repairs and replacements translates into less waste generated by discarded equipment and parts.
Several participants cited specific examples where predictive maintenance had led to a measurable
reduction in waste, such as less scrap generated from malfunctioning machines and fewer defective
products produced due to better-maintained equipment. Despite the numerous benefits of IoT-
enabled predictive maintenance, the study also identified several challenges associated with its
implementation. One of the most frequently mentioned challenges was the initial investment
required to deploy IoT systems and establish the infrastructure needed for predictive maintenance.
Participants noted that while the long-term savings from reduced downtime and maintenance costs
could justify the investment, the upfront costs of installing IoT sensors, upgrading equipment, and
training personnel can be prohibitive for some organizations, particularly smaller businesses with
limited budgets. Some participants emphasized that the cost of integrating IoT technologies into
existing systems can be a significant barrier, especially for industries with older equipment that may
require extensive retrofitting to accommodate new technology. In addition to financial concerns,
several participants raised issues related to the technical complexity of implementing predictive
maintenance systems. The data generated by IoT sensors can be vast and complex, requiring
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sophisticated data analytics tools to process and interpret. Participants pointed out that while the
technology is promising, it often requires highly skilled personnel to manage and analyze the data
effectively. Many organizations face challenges in recruiting or training employees with the
necessary technical expertise, which can delay the adoption of predictive maintenance technologies.
Furthermore, ensuring that the IoT systems are integrated seamlessly into existing maintenance
processes was another hurdle that organizations had to overcome. Despite these challenges,
participants acknowledged that the benefits of predictive maintenance outweighed the difficulties,
with many noting that ongoing advancements in IoT technology were likely to reduce costs and
improve ease of implementation in the future. Another challenge identified in the findings was the
need for robust cybersecurity measures. As IoT systems collect and transmit sensitive data about
equipment performance and operational status, participants highlighted the importance of ensuring
the security of this data to prevent breaches or cyber-attacks. Many participants expressed concerns
about the vulnerability of IoT systems to hacking, particularly in industries with high-value assets or
critical infrastructure. While participants agreed that security measures were essential, some noted
that the rapid pace of technological advancements in IoT also necessitated continuous updates and
improvements to cybersecurity protocols to stay ahead of potential threats. The findings of this study
also revealed that the successful implementation of IoT-enabled predictive maintenance is closely
tied to organizational culture and leadership. Several participants highlighted that the adoption of
predictive maintenance requires a shift in mindset, as it involves a proactive, data-driven approach
to maintenance that contrasts with the traditional reactive models. Companies that had successfully
implemented predictive maintenance were often those with strong leadership and a culture of
innovation, where decision-makers were willing to invest in new technologies and foster
collaboration between different departments. Participants noted that in some cases, the reluctance to
adopt predictive maintenance was due to resistance to change within organizations, particularly
among employees who were accustomed to traditional maintenance practices. As such, the study
emphasized the importance of fostering a culture that embraces technological advancements and
supports the integration of loT-based solutions.

Table 1. Benefits of IoT-Enabled Predictive Maintenance.

Theme Description

o p | Effici IoT-based predictive maintenance reduces unplanned downtime, leading
erationa icienc
p Y to continuous production flow.

Predictive maintenance minimizes emergency repairs, leading to

Cost Savings . .
& substantial cost reductions.

Real-time monitoring optimizes the use of spare parts, labor, and energy,

Resource Optimization .
reducing wastage.

Improved Decision- Data-driven insights from IoT sensors enhance strategic planning in
Making maintenance and logistics.

The analysis of responses in this theme emphasizes the transformative impact of IoT-enabled
predictive maintenance on operational efficiency and overall resource optimization. Participants
highlighted that by reducing unplanned downtime, businesses could maintain a continuous
production flow, which is crucial for industries dependent on high throughput. The cost-saving
benefit of predictive maintenance was especially noteworthy, with many mentioning how this
technology helps avoid costly emergency repairs and ensures better allocation of maintenance
resources. Additionally, respondents frequently pointed out that the use of IoT sensors for real-time
monitoring allowed for optimized use of labor, spare parts, and energy. This resource optimization
not only reduces operational costs but also minimizes waste, which is essential for achieving
sustainability goals. Another important outcome was the improved decision-making process that
comes from having timely and accurate data at hand. Respondents appreciated how predictive


https://doi.org/10.20944/preprints202501.0882.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 January 2025 d0i:10.20944/preprints202501.0882.v1

9 of 14

maintenance enables more informed decisions regarding scheduling, resource management, and
supply chain coordination.

Table 2. Environmental Impact.

Theme Description

Predictive maintenance helps in minimizing waste by extending equipment
Waste Reduction . . . P & y & €quip
lifespan and reducing failures.

IoT-based monitoring ensures that machinery operates at peak efficiency,

Energy Efficiency . .

cutting down energy consumption.
Reduced Carbon By avoiding unnecessary replacements and optimizing operations,
Footprint predictive maintenance reduces emissions.

Sustainable Resource  Longer-lasting equipment reduces the need for raw material consumption
Use and resource extraction.

The responses associated with the environmental impact of IoT-enabled predictive maintenance
underscored its substantial contribution to sustainability. A recurring theme across the data was the
reduction of waste, with several participants emphasizing that the proactive maintenance enabled by
IoT extends the lifespan of machinery, thereby preventing unnecessary failures and replacements.
Additionally, participants acknowledged the energy-saving potential of predictive maintenance,
with machinery operating at peak efficiency thanks to real-time monitoring, which significantly
reduces energy consumption. This aligns with the broader sustainability goals of reducing
operational costs while contributing to environmental conservation. By optimizing resource use and
decreasing the need for frequent replacements, predictive maintenance reduces the carbon footprint
associated with manufacturing and logistics operations. Participants also noted that using equipment
for longer periods helps conserve raw materials, contributing to sustainable resource utilization
across the supply chain.

Table 3. Implementation Challenges.

Theme Description

The cost of implementing IoT systems and retrofitting equipment is

High Initial Investment o .
often a significant barrier.

Technical Complexity The need for skilled personnel to manage and analyze large data sets
generated by IoT sensors.

Integration with Existing  Integrating new IoT technologies into legacy systems can be complex
Systems and time-consuming.

. Organizational culture may impede the adoption of new technologies
Resistance to Change R
due to unfamiliarity or reluctance.

In analyzing the challenges faced during the implementation of IoT-based predictive
maintenance systems, several common obstacles were identified. A key challenge discussed by
participants was the high initial investment required to implement the necessary infrastructure, such
as installing IoT sensors, upgrading machinery, and setting up the data analytics platforms. This was
particularly challenging for small to medium-sized enterprises that may not have the financial
capacity to bear such upfront costs. Additionally, participants raised concerns regarding the technical
complexity of managing and interpreting the data produced by IoT systems. The large volume and
complexity of the data require advanced analytical tools and skilled personnel, which can be a
significant barrier in the adoption process. The integration of new IoT technologies into existing
systems, especially in organizations with older equipment, was also noted as a major hurdle.
Participants reported that retrofitting legacy systems to work with new IoT technologies often proved
difficult and time-consuming. Finally, some respondents highlighted the resistance to change within
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organizations, with employees and management sometimes reluctant to adopt new technologies,
especially when they are unfamiliar with their potential benefits.

Table 4. Technological Integration.

Theme Description

Real-time data from IoT sensors offers predictive insights that

Data-Driven Insights .
enhance operational performance.

Al and Machine Learning The use of Al and ML algorithms improves the accuracy of
Integration predictive maintenance models.

Automation of Maintenance  Predictive maintenance allows for automation, reducing manual
Processes intervention and increasing efficiency.

Svstem Interoperabilit The ability of IoT systems to communicate with existing systems
Y P Y and technologies in the organization.

Participants highlighted the technological sophistication brought about by IoT-enabled
predictive maintenance, noting that the integration of real-time data collection from sensors provides
valuable insights for operational performance. The implementation of Al and machine learning
algorithms further enhances the effectiveness of predictive maintenance models, with algorithms able
to detect patterns and predict future failures with increasing precision. Many respondents also
emphasized the automation of maintenance processes, as predictive maintenance allows
organizations to automate certain tasks, such as scheduling repairs or ordering spare parts, which
reduces manual interventions and increases overall system efficiency. System interoperability was
another key theme identified by participants, who noted that the ability of IoT technologies to
seamlessly integrate with existing operational systems, such as Enterprise Resource Planning (ERP)
and Maintenance Management Systems (MMS), was crucial for ensuring smooth implementation and
functioning across the entire organization.

Table 5. Organizational and Cultural Factors.

Theme Description

Strong leadership and clear vision were cited as crucial for the successful

Leadership Support ; . .
P =upP adoption of predictive maintenance.

Emplovee Trainin Adequate training and skill development were necessary to ensure effective
ploy & use of new technologies.

A culture of collaboration between departments was necessary for the

Collaborative Culture | . .
integration of IoT technologies.

Effective change management practices were critical to overcoming
Change Management . . .
resistance and ensuring adoption.

The organizational and cultural aspects of implementing IoT-enabled predictive maintenance
were identified as crucial for the success of the technology integration. Participants emphasized the
importance of strong leadership support in guiding the adoption process, ensuring that the entire
organization understands the benefits and objectives of predictive maintenance. Leadership was seen
as essential for creating a vision for the future that aligns with the strategic goals of the organization.
Furthermore, respondents highlighted the significance of employee training, noting that workers
must be adequately equipped with the skills to operate and manage the new technologies. The
development of a collaborative culture across departments was also identified as a vital factor, as the
successful implementation of predictive maintenance requires cooperation between maintenance
teams, IT departments, and upper management. Lastly, effective change management strategies were
regarded as essential to overcoming employee resistance to new technologies. Providing clear
communication about the benefits of predictive maintenance and involving staff in the adoption
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process were seen as critical to fostering acceptance and ensuring the technology’s long-term success
within the organization.

The findings of this study reveal the significant role of loT-enabled predictive maintenance in
enhancing supply chain sustainability. A central theme that emerged from the analysis was the
operational efficiency improvements that predictive maintenance brings to supply chains. By
reducing unplanned downtime and allowing for more precise maintenance scheduling, businesses
can ensure smoother production processes and prevent disruptions. Additionally, the study
highlighted the substantial cost savings that result from predictive maintenance. Participants
emphasized how the technology minimizes emergency repairs, optimizes resource usage, and
reduces the need for expensive replacements, leading to lower operational costs over time. Beyond
cost efficiency, predictive maintenance also contributes to environmental sustainability by extending
the life of equipment, reducing waste, and lowering energy consumption. This, in turn, helps
organizations achieve their sustainability goals, with many reporting a decrease in their carbon
footprint and resource consumption. Another key finding was the impact of predictive maintenance
on decision-making processes. The real-time data provided by IoT sensors allows organizations to
make better-informed decisions regarding maintenance schedules, resource allocation, and supply
chain coordination, ensuring that operations run smoothly and efficiently. However, the
implementation of these systems is not without challenges. The study identified high initial
investment costs, technical complexity, and integration issues with existing systems as significant
barriers to adoption, especially for smaller companies or those with outdated equipment.
Additionally, the need for specialized skills to manage and analyze the large volumes of data
generated by IoT sensors was another challenge highlighted by participants. Cultural and
organizational factors were also pivotal in the successful implementation of predictive maintenance.
Strong leadership, employee training, and a culture of collaboration were essential for overcoming
resistance to change and ensuring the seamless integration of new technologies into existing
operations. Effective change management strategies were critical for facilitating the adoption process
and ensuring long-term success. Despite these challenges, the overall consensus was that the benefits
of IoT-enabled predictive maintenance, particularly in terms of operational efficiency, cost savings,
and sustainability, far outweighed the hurdles. As IoT technology continues to evolve, its integration
into supply chain operations is expected to become even more crucial, with organizations continuing
to leverage predictive maintenance for both economic and environmental gains.

5. Discussion

The findings of this study reveal critical insights into how IoT-enabled predictive maintenance
influences supply chain sustainability, showcasing both its potential and the challenges faced during
its implementation. One of the most significant impacts observed is the improvement in operational
efficiency. By reducing unplanned downtime and enabling more precise maintenance scheduling,
predictive maintenance ensures the continuity of production processes, a vital aspect of maintaining
competitive advantage in fast-paced industries. This shift from reactive to proactive maintenance not
only enhances productivity but also contributes to minimizing the risks associated with equipment
failure. Furthermore, organizations that adopted predictive maintenance reported substantial cost
savings. By reducing emergency repairs and optimizing the use of resources such as labor, spare
parts, and energy, predictive maintenance addresses key financial concerns, especially in industries
that rely heavily on machinery. The technology’s ability to extend the lifespan of equipment also
plays a crucial role in lowering costs over the long term. In addition to financial and operational
benefits, predictive maintenance has significant environmental advantages. As businesses focus
increasingly on sustainability, the ability to reduce waste and energy consumption is becoming more
critical. By using IoT sensors to monitor equipment performance in real time, businesses can extend
equipment lifespans, reduce unnecessary replacements, and cut energy usage, all of which contribute
to a reduced carbon footprint. These outcomes are in alignment with the growing trend of
incorporating green practices into supply chain operations. However, the study also points to several
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challenges that organizations face when implementing predictive maintenance. High initial
investment costs, technical complexity, and the need for skilled personnel to manage and analyze
large data sets can be significant barriers. These obstacles are particularly challenging for smaller
businesses with limited budgets or legacy equipment. Despite these challenges, the overall positive
outcomes of predictive maintenance suggest that the benefits outweigh the costs in the long run,
especially as technology evolves and becomes more accessible.

6. Conclusion

The adoption of IoT-enabled predictive maintenance is a transformative strategy for enhancing
supply chain sustainability. The ability to predict and prevent equipment failures before they occur
leads to improved operational efficiency, reduced downtime, and significant cost savings. This shift
not only benefits businesses by increasing productivity and lowering operational costs but also
contributes to environmental sustainability goals by reducing waste and energy consumption. The
real-time data provided by IoT sensors allows for better decision-making, enabling organizations to
allocate resources more effectively and optimize supply chain operations. While the initial
investment and technical complexities of implementing predictive maintenance systems pose
challenges, the long-term advantages, particularly in terms of cost efficiency and sustainability, are
substantial. Businesses that successfully adopt these technologies can achieve a competitive
advantage in their industries while contributing to broader environmental and economic goals. As
IoT technology continues to evolve, predictive maintenance will likely play an increasingly central
role in driving innovation and sustainability across supply chains, further enhancing both
operational performance and environmental stewardship.

References

1.  Cheng, H.-H.,, Hew, Y. H, Wu, Y.-],, Chen, T.-Y., Chiu, Y. T, Chen, L. Y., Lin, T.-F., & Whang, L.-M. (2024).
Performances of full-scale biological nitrogen pre-treatment process for drinking water source: Seasonal
variations and microbial community. Chemosphere, 362.
https://doi.org/10.1016/j.chemosphere.2024.142861

2. Liu, C. (2024). Intelligent logistics supply chain management: Cost management and service quality
improvement. Applied Mathematics and Nonlinear Sciences, 9(1). https://doi.org/10.2478/amns-2024-3201

3. Tian, L., Tian, W., & Guo, M. (2024). Can supply chain digitalization open the way to sustainable
development? Evidence from corporate ESG performance. Corporate Social Responsibility and
Environmental Management. https://doi.org/10.1002/csr.3067

4. Guarda, T. (2024). Metaverse and agriculture sustainability. In Lecture Notes in Computer Science (Vol.
14825, pp. 324-333). https://doi.org/10.1007/978-3-031-65343-8_24

5. Niu, B, Zhang, J., & Shen, Z. (2024). Could early warning combat demand disruption caused by endemics
and pandemics? Benefit and dilemma analysis. IEEE Transactions on Engineering Management, 71, 13285-
13295. https://doi.org/10.1109/TEM.2023.3302921

6. Maalmi, A. E,, Jenoui, K., & Abbadi, L. E. (2024). Validation of a supply chain innovation system based on
blockchain technology. International Journal of Advanced Computer Science and Applications, 15(6), 669—
679. https://doi.org/10.14569/]JACSA.2024.0150667

7.  Prashanth, B., Arasu, R., & Karunanithy, D. (2024). Perceptual study on higher level digitalization among
managers in the logistics industry. Journal of Distribution Science, 22(1), 25-36.
https://doi.org/10.15722/jds.22.01.202401.25

8. Chen, C. ], Jain, N,, & Yang, S. A. (2023). The impact of trade credit provision on retail inventory: An
empirical investigation using synthetic controls. Management Science, 69(8), 4591-4608.
https://doi.org/10.1287/MNSC.2022.4600

9. Kromes, R, Li, T., Bouillon, M., Giiler, T. E., van der Hulst, V., & Erkin, Z. (2024). Fear of missing out:
Constrained trial of blockchain in supply chain. Sensors, 24(3). https://doi.org/10.3390/s24030986


https://doi.org/10.20944/preprints202501.0882.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 January 2025 d0i:10.20944/preprints202501.0882.v1

13 of 14

10. Sidki, M., Tchernev, N., Féniés, P., Ren, L., & Elfirdoussi, S. (2025). Multiproduct pipeline scheduling: A
comprehensive bibliometric analysis and a systematic literature review. Computers and Chemical
Engineering, 192. https://doi.org/10.1016/j.compchemeng.2024.108911

11.  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

12.  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 Al and green technology applications in society (pp.
63-90). IGI Global Scientific Publishing. https://doi.org/10.4018/979-8-3693-9879-1.ch003

13.  Emon, M. M. H,, Khan, T., Rahman, M. A., & Siam, S. A. ]. (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

14. Tian, X., Zhu, J., Zhao, X., & Wu, J. (2024). Improving operational efficiency through blockchain: Evidence
from a field experiment in cross-border trade. Production Planning and Control, 35(9), 1009-1024.
https://doi.org/10.1080/09537287.2022.2058412

15. Liu, Y. Huang, H., Mbanyele, W., Li, X., & Balezentis, T. (2025). Harnessing supply chain digital innovation
for enhanced corporate environmental practices and sustainable growth. Energy Economics, 142.
https://doi.org/10.1016/j.eneco.2024.108161

16. Naef, S., Wagner, S. M., & Saur, C. (2024). Blockchain and network governance: Learning from applications
in the supply chain sector. Production Planning and Control, 35(9), 932-946.
https://doi.org/10.1080/09537287.2022.2044072

17. Lu, H, Zhao, G., & Liu, S. (2024). Integrating circular economy and Industry 4.0 for sustainable supply
chain management: A dynamic capability view. Production Planning and Control, 35(2), 170-186.
https://doi.org/10.1080/09537287.2022.2063198

18. Quan, Y., & Xiao, T. (2024). Utility increasing or efficiency improving? Investment strategies in a supply
chain considering adaptability and spillovers. IEEE Transactions on Engineering Management, 71, 14183—
14196. https://doi.org/10.1109/TEM.2024.3439550

19.  Al-Jishi, H. (2024). Optimizing ESP component supply chains using genetic algorithms: A novel approach
to enhancing operational efficiency and cost reduction in the oil & gas industry. In SPE Middle East
Artificial Lift Conference and Exhibition 2024, MEAL 2024. https://doi.org/10.2118/221511-MS

20. Kolangiammal, S., Prabha, S., Sivalakshmi, P., Narayanasamy, P., Kalaichelvi, S., & Sujatha, S. (2024).
Transforming yard management for optimizing efficiency through IoT and Al integration. In Proceedings
of the 8th International Conference on I-SMAC (IoT in Social, Mobile, Analytics and Cloud), I-SMAC 2024
(pp. 218-223). https://doi.org/10.1109/I-SMAC61858.2024.10714882

21. Provensi, T.,, Sehnem, S., & Lopes de Sousa Jabbour, A. B. (2024). Towards circularity in supply chains: The
case of agtechs. Computers and Industrial Engineering. https://doi.org/10.1016/j.cie.2024.110684

22. Yadav, A, & Sharma, N. (2024). Deep learning's diverse impact on sustainability of agricultural tech
startup. Proceedings - International Conference on Computing, Power, and Communication Technologies,
IC2PCT 2024, 610-615. https://doi.org/10.1109/IC2PCT60090.2024.10486631

23. Sauer, P. C, Orzes, G., & Culot, G. (2024). Blockchain in supply chain management: A multiple case study
analysis on setups, contingent factors, and evolutionary patterns. Production Planning and Control, 35(9),
901-916. https://doi.org/10.1080/09537287.2022.2153078

24. Panigrahi, R. R, Jena, D., Meher, J. R., & Shrivastava, A. K. (2023). Assessing the impact of supply chain
agility on operational performances-a PLS-SEM approach. Measuring Business Excellence, 27(1), 1-24.
https://doi.org/10.1108/MBE-06-2021-0073

25. Smith, A. D. (2024). Comparison of selected supply chain management practices of three major
regional/metropolitan hospitals within the context of the dual COVID-19 and opioid crises. International
Journal of Services and Operations Management, 48(2), 155-175. https://doi.org/10.1504/IJ]SOM.2024.138930

26. Khan, T., & Emon, M. M. H. (2024). Exploring the potential of the blue economy: A ystematic review of

strategies for enhancing international business in Bangladesh in the context of the Indo-Pacific region.


https://doi.org/10.20944/preprints202501.0882.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 January 2025 d0i:10.20944/preprints202501.0882.v1

14 of 14

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

27. 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

28. Khan, T., Emon, M. M. H,, Rahman, M. A,, Hamid, A. B. A., & Yaakub, N. I. (2025). Bridging the gap:
Realizing GreenTech potential. In Al and green technology applications in society (pp. 91-122). IGI Global
Scientific Publishing. https://doi.org/10.4018/979-8-3693-9879-1.ch004

29. Redutskiy, Y., & Balycheva, M. (2024). Energy efficiency in petroleum supply chain optimization: Push
segment coordination. Energies, 17(2). https://doi.org/10.3390/en17020388

30. Chen, P.-K, Ye, Y., & Wen, M.-H. (2023). Efficiency of metaverse on the improvement of the green
procurement policy of semiconductor supply chain — Based on behaviour perspective. Resources Policy,
86. https://doi.org/10.1016/j.resourpol.2023.104213

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.


https://doi.org/10.20944/preprints202501.0882.v1

