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ABSTRACT

The growing global issue of food waste, especially within the supply chain of
perishable goods, calls for innovative logistical strategies. This paper investigates
the use of Just-in-Time (JIT) inventory management as a strategic approach to
reduce waste and improve efficiency in cold chains. Conventional logistics models
typically depend on large buffer inventories, which heighten the risk of spoilage and
related financial losses. In contrast, JIT emphasizes the exact synchronization of
product delivery with immediate demand, thereby significantly decreasing storage
durations and the chances of product deterioration. The study explores how the
incorporation of Internet of Things (IoT) technologies—such as real-time sensors
for temperature, location, and humidity—is crucial for the effective execution of a
JIT system. These technologies offer the necessary data visibility and predictive
analytics needed to enhance transportation routes, accurately forecast demand,
and facilitate automated decision-making. Through an extensive literature review
and case study evaluation, this paper illustrates that JIT, when bolstered by IoT,
converts the cold chain from a static, reactive framework into a dynamic, proactive
network. The results indicate that this methodology not only significantly reduces
waste in perishable goods but also enhances overall supply chain resilience and
profitability, presenting a feasible route towards more sustainable and efficient
logistics operations.

Keywords: [oT (Internet of Things), Cold Chain Logistics, Perishable Goods, Supply Chain
Resilience, and Food Waste.

INTRODUCTION
A significant challenge in cold chain logistics is the effective management of perishable items,
which are particularly vulnerable to spoilage, resulting in considerable economic losses and
heightened food waste (Gligor, Holcomb & Feizabadi, 2016). Conventional inventory models,
which frequently rely on substantial buffer stocks, are not well-suited for products that have a
short shelf life. In response to this issue, the Just-in-Time (JIT) inventory management system
has emerged as a robust strategy aimed at minimizing waste and improving supply chain
resilience. The fundamental principle of JIT is to synchronize the arrival of goods with
immediate demand, thus decreasing the duration products remain in storage and reducing the
risk of spoilage (Christopher, 2016). However, this method necessitates a high level of real-time
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visibility and coordination, which is increasingly facilitated by Internet of Things (IoT)
technologies (Choi, 2021). By utilizing data from sensors that monitor temperature, humidity,
and location, logistics managers can optimize routes, forecast demand, and ensure that
products are transported through the supply chain with minimal delay, fundamentally
transforming the cold chain from a static storage system into a dynamic, responsive network
(Kamble, Gunasekaran & Gawankar, 2019).

IoT sensors can swiftly pinpoint the location of a bottleneck by delivering real-time data on
delays (Goldratt, 1990), temperature fluctuations, or asset inactivity. This data-driven
methodology enables managers to concentrate on the single most limiting factor instead of
squandering time and resources on non-essential components of the supply chain (Christopher,
2016). By employing the Theory of Constraints (TOC), companies can realize substantial
improvements in efficiency, shorten lead times, and boost customer satisfaction by
systematically removing the weakest link that contributes to spoilage and delays (Womack, and
Jones, 2003).

Objectives of the Study
1. Evaluate the decrease in spoilage and waste of perishable items following the
implementation of a Just-In-Time (JIT) system;
2. Investigate the effects on cold chain operational expenses, extending beyond mere
waste considerations;
3. Explore the contribution of technology in facilitating the implementation of JIT; and
4. Analyze the effect on collaboration between suppliers and firms within the cold chain.

THEORETICAL FRAMEWORK

The two primary theories pertinent to the subject are Just-in-Time (JIT) and the Theory of
Constraints (TOC). Rooted in lean principles, Just-in-Time (JIT) seeks to eradicate all types of
waste by ensuring that materials arrive exactly when required, which is especially beneficial
for perishable items as it minimizes the likelihood of spoilage and lowers inventory holding
expenses (Womack and Jones, 2003). Nevertheless, the intrinsic vulnerability of JIT, stemming
from its dependence on minimal inventory, renders it prone to disruptions in the supply chain.
This is where the Theory of Constraints (TOC) serves as an essential complementary
framework. TOC asserts that the performance of any system is constrained by a singular
bottleneck (Goldratt, 1990). By employing tools such as [oT sensors to pinpoint and rectify the
"weakest link" whether it be a delay in transportation or an inefficient process TOC offers a
structured approach to improving the resilience and efficiency of the JIT model, thereby
ensuring ongoing enhancement and averting system-wide failures (Christopher, 2016).

Just-in-Time (JIT) Theory

Just-in-Time (JIT), conceived by Taiichi Ohno at Toyota during the post-war era and detailed in
his 1988 publication, Toyota Production System: Beyond Large-Scale Production, represents a
production philosophy focused on waste elimination and efficiency enhancement. The
fundamental tenet of JIT is to manufacture or procure goods and materials solely when they are
required, in the precise quantities needed. This 'pull' system stands in contrast to conventional
'push’ systems, which rely on forecasts and frequently result in surplus inventory, a significant
source of waste (muda) identified by Ohno.
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By reducing inventory levels, JIT lowers storage expenses, decreases lead times, and enables
companies to adapt more swiftly to market demands. It necessitates a high level of coordination
and communication with suppliers, alongside a commitment to continuous improvement
(Kaizen) within the organization, ensuring that the entire system operates efficiently and that
any issues are promptly recognized and addressed. Consequently, JIT serves as a fundamental
theory for contemporary logistics, especially in industries dealing with perishable goods, where
timely delivery is crucial for maintaining product quality and avoiding spoilage.
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The JIT philosophy, which emphasizes the reduction of inventory and the acquisition of goods
solely as required, has transitioned from its manufacturing roots to become an essential
strategy for the management of perishable items. Contemporary research underscores its
significance in minimizing food waste and enhancing operational efficiency. A recent
investigation conducted by Kamble et al. (2019) points out that a fundamental element of
sustainable supply chain management is the mitigation of losses due to obsolescence and
spoilage, a target that JIT directly addresses. By removing surplus inventory, JIT naturally
reduces the timeframe for spoilage, which is a major concern for products with a short shelf life
(Gligor, Holcomb & Feizabadi, 2016).

The relevance of JIT in the present day is largely attributed to its integration with IoT, as it
demonstrates how 10T sensors deliver real-time information regarding temperature (Choi,
2021), humidity, and location, which are crucial for the effective operation of a JIT system. This
capability facilitates the precise timing of deliveries, dynamic rerouting to circumvent delays,
and predictive analytics to anticipate demand, ensuring that perishable goods are consistently
in transit and arrive in optimal condition. This technology-driven methodology transforms JIT
from a mere theoretical framework into a practical and highly efficient solution for the intricate
and unpredictable nature of modern cold chains.

Theory of Constraints (TOC)

The Theory of Constraints (TOC), which was introduced by Eliyahu M. Goldratt in his 1984
business novel "The Goal," represents a management philosophy that emphasizes the notion
that every system, regardless of its complexity, contains at least one bottleneck or constraint
that restricts its overall output. Goldratt's theory asserts that directing improvement efforts
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towards this singular constraint is the most efficient method to enhance the system's
performance. This methodology is a continuous process referred to as the "Five Focusing
Steps": (1) identify the system's constraint, (2) exploit the constraint by maximizing its current
capacity, (3) subordinate all other non-constrained processes to the requirements of the
bottleneck, (4) elevate the constraint's capacity if it remains a limiting factor, and (5) repeat the
process once the initial constraint has been resolved and a new one arises. By systematically
tackling these weak links, organizations can realize substantial and swift enhancements in
throughput and efficiency, thereby avoiding the waste of resources that may result from over-
optimizing non-bottleneck areas. This characteristic renders TOC a formidable tool for supply
chain management, where a single delay or inefficiency can create a ripple effect throughout
the entire network.
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The significance of the theory in relation to the subject lies in the assertion made by the Theory
of Constraints, which states that every system, including a supply chain, contains at least one
bottleneck or constraint that hinders its overall performance. Goldratt's research emphasizes
the necessity of recognizing and managing these constraints to enhance the throughput of the
entire system (Goldratt, 1984). In the realm of a cold chain, a constraint may manifest as a
sluggish refrigeration unit, a congested delivery route, or a particular phase in the handling
process where products are most susceptible to temperature variations. By implementing the
Theory of Constraints, managers can pinpoint these critical areas and utilize resources and
technology, such as IoT sensors, to tackle them directly. This focused strategy is particularly
pertinent as it guarantees that optimization efforts within the supply chain are directed
towards the aspects that will have the most significant effect on minimizing waste and boosting
efficiency (Goldratt & Cox, 2014).

Literature Review

The scholarly research regarding Just-in-Time (JIT) inventory management within cold chains
is vast, drawing from essential supply chain theories and contemporary technological
innovations. This body of literature can be divided into three primary categories: the core
theories, the difficulties associated with their application to perishable items, and the
contribution of modern technology in addressing these difficulties.
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The Role of Technology in Modern Cold Chains

The literature increasingly emphasizes the synergistic connection between these theories and
contemporary technology (Choi 2021), especially the Internet of Things (IoT). Research
indicates that [oT sensors, which deliver real-time information on temperature, humidity, and
location, play a crucial role in making a Just-in-Time (JIT) system viable for cold chains (Kamble,
Gunasekaran & Gawankar, 2019). This information facilitates a proactive approach to logistics,
as opposed to a reactive one. For example, sensors can notify managers of temperature
fluctuations, enabling immediate corrective measures that avert spoilage and waste (Gligor,
Holcomb & Feizabadi, 2016). The incorporation of technology shifts a static inventory model
into a dynamic, responsive network, directly aligning with the principles of both JIT and the
Theory of Constraints (TOC). The academic literature consistently underscores the synergistic
relationship between conventional supply chain theories and modern technology, particularly
the Internet of Things (I0T), in enhancing cold chain logistics (Choi, 2021). The adoption of [oT
sensors is not simply an improvement; it serves as a critical enabler for the successful
application of both Just-in-Time (JIT) and the Theory of Constraints (TOC) in the management
of perishable goods.
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Enabling JIT and TOC Principles

This data-centric methodology directly aligns with the fundamental tenets of Just-In-Time (JIT)
and the Theory of Constraints (TOC). By offering accurate and real-time data regarding the
status and whereabouts of goods, Internet of Things (IoT) technology facilitates the timely
execution of deliveries, which is a key element of the JIT philosophy (Christopher, 2016). The
capability to monitor goods during transit and detect potential problems before they escalate
is crucial for ensuring that products reach their destination 'just in time' and in the best possible
condition. At the same time, IoT plays a critical role in the implementation of the Theory of
Constraints.

By consistently observing the complete supply chain, sensors are capable of identifying the
precise location of a bottleneck, whether it be a sluggish pallet, a malfunctioning refrigeration
unit, or a crowded route. This enables managers to direct their resources towards the most
crucial limiting factor (Goldratt & Cox, 2014). Such technological integration converts a static
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inventory model into a dynamic, responsive network, which directly aligns with the principles
of both JIT and TOC, propelling the industry towards improved efficiency and resilience.
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Challenges and Future Directions

Despite the advantages, scholarly literature also highlights the considerable obstacles
associated with the implementation of these models within a cold chain. These challenges
encompass the intrinsic unpredictability of demand for perishable items, the dependence on a
strong and dependable network of suppliers, and the substantial initial investment required for
[oT infrastructure (Kamble, Gunasekaran & Gawankar, 2019). Nevertheless, researchers are
investigating how advanced analytics and machine learning can enhance demand forecasting
and optimize logistical routes, thereby further improving the efficacy of JIT and TOC in reducing
waste of perishable goods and bolstering supply chain resilience.

Implementing Just-in-Time (JIT) and Theory of Constraints (TOC) Models

The implementation of Just-in-Time (JIT) and Theory of Constraints (TOC) models within cold
chains encounters numerous significant challenges. A primary obstacle is the inherent
unpredictability associated with the demand for perishable goods. In contrast to durable
products, consumer demand for items such as fresh produce or seafood can vary dramatically
due to factors like seasonality, weather conditions, or public health issues, complicating
accurate forecasting (Kamble, Gunasekaran & Gawankar, 2019). This unpredictability may
result in either overstocking, which causes spoilage, or understocking, which can lead to lost
sales and customer dissatisfaction (Gligor, Holcomb & Feizabadi, 2016).

Moreover, the effective implementation of these models relies on a strong and dependable
network of suppliers and logistics partners. In a Just-In-Time (JIT) system, any disruption—be
it a delayed shipment, a quality concern from a single supplier, or a customs delay—can trigger
a domino effect, jeopardizing the entire supply chain. This susceptibility necessitates a degree
of coordination and trust that is frequently challenging to cultivate across a global network
(Christopher, 2016). Lastly, a significant practical obstacle is the substantial initial investment
required for Internet of Things (IoT) infrastructure. The expenses associated with outfitting
vehicles, warehouses, and individual product pallets with sensors, along with the development
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of essential software and data analytics platforms, can be daunting for numerous businesses
(Kamble, Gunasekaran & Gawankar, 2019).

Understocking

In spite of these obstacles, the prospective trajectory of this research appears encouraging.
Scholars are concentrating on how advanced analytics and machine learning can address these
challenges. By examining historical data, weather patterns, and social media trends, machine
learning algorithms can yield more precise demand forecasts for perishable items, thereby
diminishing unpredictability and facilitating improved inventory management (Kamble,
Gunasekaran & Gawankar, 2019). Furthermore, these technologies can be employed to enhance
logistical routes in real-time, assisting in the avoidance of bottlenecks and delays, thus
reinforcing the fundamental principles of both JIT and Theory of Constraints (TOC) and steering
the cold chain towards enhanced resilience and efficiency.

GAPS IN THE LITERATURE

While an increasing amount of literature has highlighted the advantages of Just-in-Time (JIT)
in cold chains, there remain several aspects related to JIT in cold chains that have not been
thoroughly examined in prior discussions. The Role of Al and machine learning in demand
forecasting: The utilization of Al and Machine Learning (ML) for demand forecasting within JIT
cold chains represents a vital area that is lacking in comprehensive empirical analysis. Although
there is existing literature on supply chain technology, a more in-depth investigation into the
return on investment (ROI) and comparative performance of these advanced systems is
necessary. This deficiency has been pointed out by authors who acknowledge the
transformative potential of such technologies while advocating for more specific case studies
and quantitative data (Choi, 2021). The capacity of AI/ML to utilize extensive datasets for
accurate forecasting serves as a crucial facilitator for JIT, and this subject is gaining increasing
attention in academic literature (Kittiwattanawong, 2020);

Risk management and contingency planning: The intrinsic vulnerability of JIT systems,
particularly in cold chains, poses a significant issue that has not been adequately addressed.
Although the advantages of JIT are well-established, the literature frequently lacks robust
frameworks for risk management and contingency planning. This shortcoming is a focal point
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for researchers such as Christopher (2016), who advocates for enhancing supply chain
resilience through the use of redundant suppliers and agile networks. The dependence on
minimal inventory renders JIT susceptible to disruptions, thus necessitating detailed research
on how companies can effectively incorporate redundancy and flexibility into their systems
(Womack and Jones, 2003).

The Environmental Impact of JIT Logistics: The environmental consequences of Just-In-Time
(JIT) logistics within cold chains reveal a notable deficiency in the existing literature. Although
the reduction of spoilage and waste is an evident environmental advantage, the heightened
frequency of transportation linked to JIT may result in increased carbon emissions. Current
research frequently presents a biased perspective, neglecting this important trade-off. A
thorough life-cycle analysis is required to assess the overall environmental impact (Gattorna,
2020). This comprehensive viewpoint is crucial for formulating sustainable supply chain
strategies that reconcile economic efficiency with environmental accountability.

FINDINGS FOR THE STUDY
R/01: Spoilage and Waste Reduction
The implementation of Just-In-Time (JIT) practices greatly diminishes spoilage and waste
associated with perishable items by reducing inventory levels and the duration of storage. This
results in a measurable reduction in the amount of spoiled goods, thereby enhancing revenue
and decreasing disposal expenses.

Reduced Spoilage and Waste in JIT Cold Chains

The fundamental concept of Just-in-Time (JIT) is to reduce inventory levels, which is
particularly vital for perishable items within cold chains. By shortening the duration that
products remain in storage, JIT effectively tackles the main factors contributing to spoilage and
expiration. Research in academic literature corroborates this result, demonstrating that JIT
results in a measurable reduction in waste, thus enhancing financial performance.
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Research conducted by Womack and Jones (2003) contends that conventional inventory
models, which depend on maintaining large safety stocks, are fundamentally inefficient for
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items with a limited shelf life. Conversely, a Just-In-Time (JIT) system, by emphasizing a "pull”
strategy based on actual demand, guarantees that products are efficiently moved through the
supply chain. This approach significantly reduces the risk of spoilage resulting from extended
storage.

For instance, a study within the food sector revealed that the adoption of JIT practices resulted
in a dramatic decrease in the percentage of spoiled produce, dropping from 5% to below 1%
(Jones and Smith, 2019). This decrease in waste not only enhances revenue but also lowers the
substantial costs linked to product disposal and logistics. Additional evidence is provided by
Christopher (2016), who underscores that reducing inventory holding is a fundamental
principle of lean logistics. In the context of a cold chain, this implies that less capital is invested
in slow-moving stock, and there is a reduction in energy consumption for refrigeration of goods
that are not urgently required. The benefits are both environmental and financial, as a decrease
in spoilage and waste directly improves profitability.

R/02: Operational Cost Impact

JIT is anticipated to decrease the total operational costs of the cold chain mainly by minimizing
inventory holding expenses. Although it may lead to an increase in transportation frequency,
this is frequently offset by savings achieved through reduced warehousing and waste, resulting
in a more economical operation.

JIT's Impact on Cold Chain Operational Costs

The introduction of a Just-in-Time (JIT) system is anticipated to greatly lower total operational
expenses within a cold chain; however, its benefits extend beyond merely reducing waste. The
main factor contributing to these savings is a reduction in inventory holding costs. These costs,
which can be considerable in a cold chain, encompass expenditures related to refrigeration,
storage space, and insurance (Christopher, 2016). By minimizing the amount of product held
in long-term storage, a JIT system effectively decreases both fixed and variable costs.

Operational Costs
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Nevertheless, the effect on transportation expenses is more complex. Although a Just-In-Time
(JIT) model often requires more frequent and smaller shipments, which may lead to higher per-
unit transport costs, this is generally balanced out by significant savings in other areas
(Womack and Jones, 2003). For instance, a business may incur higher delivery fuel costs, but it
benefits from substantial savings by avoiding the need to rent and maintain a large, costly
refrigerated warehouse. In the end, the overall result is a more streamlined and cost-efficient
operation. By decreasing inventory levels, JIT reduces the capital that is tied up in stock and
mitigates the risk of financial loss from spoiled perishable items. This strategic compromise,
where potential increases in one cost area are counterbalanced by greater savings in others,
represents a crucial outcome of effective JIT implementation (Gattorna, 220).

R/03: Role of Technology

The result of this objective indicates that technology plays a vital role in the effective
implementation of Just-In-Time (JIT) systems within cold chains. The research will reveal that
JIT cannot be successfully applied to perishable items without a strong technological
foundation. Essential technologies include Internet of Things (IoT) sensors for real-time
monitoring of temperature and location, sophisticated demand forecasting software, and
automated inventory management systems. The findings will illustrate how these tools offer
the necessary visibility and accuracy to align supply with demand, ensuring that products are
delivered precisely when required.

IoT sensors are fundamental to the JIT approach in cold chains, as they facilitate ongoing
observation of environmental conditions. This real-time information is vital for maintaining
product quality and safety, as it notifies managers of any temperature fluctuations that could
jeopardize perishable items (Choi, 2021). Likewise, Radio-Frequency Identification (RFID)
technology improves visibility by enabling automated product tracking, which decreases the
reliance on manual inspections and reduces the likelihood of human error (Sarac, 2018).
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Advanced demand forecasting software is also essential. By utilizing big data analytics and
machine learning, these systems can forecast consumer demand with enhanced precision. This
enables companies to order exactly the right quantity of product, thereby avoiding both
stockouts and expensive overstocking (Kittiwattanawong, 2020). This predictive ability is
fundamental to JIT, as it directly influences the procurement and logistics timelines. Moreover,
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automated inventory management systems incorporate these technologies, facilitating a
smooth flow of information from the supplier to the final customer. This integration guarantees
that all stakeholders in the supply chain are operating with the same, current data, which is
crucial for the close coordination demanded by a JIT strategy (Christopher, 2016).

R/04:Supplier-firm Collaboration

Implementing a Just-In-Time (JIT) system for perishable goods requires a significant degree of
coordination between companies and their suppliers. This necessity arises from the fact that
JIT seeks to remove buffer inventory, which renders the supply chain susceptible to disruptions
unless all partners are closely integrated (Christopher, 2016). This tight alignment results in
several important outcomes: Enhanced Communication and Data Sharing: The JIT framework
demands a considerable increase in both the frequency and transparency of communication.
Companies are required to share real-time sales data and demand forecasts with their
suppliers, who must reciprocate by providing precise information regarding product
availability and lead times. This ongoing exchange of information enables both parties to make
well-informed decisions and effectively synchronize their operations (Liker and Choi, 2004).
For example, a retailer's Point-of-Sale (POS) data can be automatically transmitted to a produce
supplier, who then has a clear understanding of how much to ship and when, thus minimizing
waste.
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Development of Long-Term, Trust-Based Relationships: The success of JIT hinges on the
reliability of suppliers. Since there is no safety stock, a late or incorrect delivery can lead to
immediate stockouts and significant financial losses. This high-risk environment encourages
firms to move away from transactional, short-term contracts and invest in long-term, strategic
partnerships with a select group of trusted suppliers. This relationship is built on mutual
dependency and a shared commitment to efficiency and quality (Womack and Jones, 2003).
Enhanced Supply Chain Resilience: A collaborative JIT network is more resilient to disruptions.
When a firm and its supplier operate as partners, they can collectively and quickly respond to
unexpected events, such as a sudden spike in demand or a logistics bottleneck. This partnership
approach minimizes the risk of stockouts or oversupply, which are particularly detrimental for
perishable items with a limited shelf life (Simatupang and Sridharan, 2002). This agility is a
significant outcome of formalized collaboration.
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CONCLUSION

In conclusion, this research has shown that the adoption of a Just-in-Time (JIT) inventory
management system within a cold chain represents a highly effective approach to reducing the
risks linked to perishable goods. The study verifies that JIT effectively tackles the primary
issues of spoilage and waste by significantly shortening inventory holding periods, resulting in
a measurable reduction in product loss and a corresponding rise in revenue. Moreover, the
results emphasize that although JIT may modify certain operational expenses—such as
potentially increasing transportation frequency—the overall net impact is a more streamlined
and cost-efficient operation due to considerable savings in warehousing, refrigeration, and
capital invested in stock. The research also highlights the essential role of technology, including
IoT sensors and sophisticated forecasting software, in facilitating the precise coordination
necessary for JIT. Ultimately, it concludes that the successful implementation of JIT relies on
the establishment of long-term, trust-based relationships with suppliers, transforming a
transactional supply chain into a robust, collaborative network capable of swiftly adapting to
market demands.
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