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Abstract 

This research article delves into the multifaceted realm of deteriorating inventory models, scrutinizing 

their evolution from classical to contemporary approaches. Deteriorating items pose unique challenges 

in inventory management due to their tendency to degrade over time, leading to potential losses if not 

managed effectively. This article provides a thorough review of the history of inventory models 

designed for broken items. It shows how they have changed over time, from classical deterministic 

models to more modern stochastic and dynamic approaches. The review covers a variety of factors 

that influence deteriorating inventory management, such as demand patterns, deterioration rates, 

holding costs, and salvage values. Furthermore, it discusses the theoretical foundations, assumptions, 

and methodologies underpinning classical models such as Economic Order Quantity (EOQ) and 

reorder point models, along with their limitations. Subsequently, it explores modern advancements 

such as probabilistic models, optimization techniques, and simulation methods designed to address the 

complexities inherent in deteriorating inventory systems. This article provides valuable insights for 

researchers, practitioners, and policymakers seeking to navigate the landscape of deteriorating 

inventory management and harness the potential of contemporary approaches to enhance operational 

efficiency and mitigate losses. 
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Introduction 

The management of deteriorating inventory items has garnered significant attention in both academic 

research and practical applications due to its implications for operational efficiency, cost optimization, 

and sustainability. Deteriorating items, characterized by their tendency to degrade over time, pose 

unique challenges in inventory management, necessitating the development of specialized models to 

address their complexities. Over the years, scholars have explored various inventory models tailored 

for deteriorating items, ranging from classical deterministic models to contemporary stochastic and 

dynamic approaches. 

Researchers have increasingly focused on improving the understanding and effectiveness of inventory 

management strategies for deteriorating items. Mahato et al. (2023) investigated a bi-level trade credit 

policy that integrates pricing and preservation technology into inventory models for non-instantaneous 

deteriorating items under a carbon tax policy. Mandal (2023) proposed a fuzzy inventory model for 

deteriorating items, taking into account power-dependent demand and inventory level-dependent 

holding cost functions. Iqbal et al. (2022) developed an inventory optimization model for deteriorating 

items with a nonlinear ramped-type demand function, contributing to the growing body of literature 

on dynamic inventory models. Furthermore, researchers have investigated the impact of various factors 

on deteriorating inventory management. Rastogi and Singh (2019) investigated a pharmaceutical 

inventory model for varying deteriorating items, taking into account price-sensitive demand and partial 

backlogging as a result of learning. Priyamvada et al. (2022) studied optimal inventory strategies for 
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deteriorating items with price-sensitive investment in preservation technology, highlighting the 

significance of technological advancements in inventory management. Verma and Mishra (2024) 

conducted a comprehensive review of carbon-control policies and their impact on inventory 

optimization for deteriorating items, emphasizing the growing concern for sustainability in inventory 

management practices. The exploration of deteriorating inventory models encompasses a diverse range 

of factors, including demand patterns, deterioration rates, holding costs, salvage values, and 

environmental considerations. This review aims to analyze the landscape of deteriorating inventory 

models, spanning classical to contemporary approaches, to provide insights into the evolution, 

challenges, and future directions of inventory management strategies for deteriorating items. Through 

a synthesis of existing literature and critical analysis, this article aims to contribute to the advancement 

of knowledge in this domain by synthesizing existing literature and critical analysis, facilitating 

informed decision-making for practitioners and policymakers alike. 

 

Methods and Methodology 

The following research questions could be formulated to guide the study: 

1. What are the key characteristics and assumptions underlying classical inventory models for 

deteriorating items, and how do they differ from contemporary approaches?  

2. How can fuzzy logic be effectively integrated into deteriorating inventory models to address 

uncertainties in demand patterns and deterioration rates?  

3. What methodologies and optimization techniques are employed in contemporary inventory models 

to account for non-linear ramped type demand functions in deteriorating items?  

4. How do carbon-control policies impact the optimization of inventory models for deteriorating 

items, particularly concerning shelf life, greening effects, and rework policies?  

5. What are the implications of incorporating vendor-buyer pollution-sensitive inventory systems for 

deteriorating items in terms of sustainability and environmental impact? 

The exploration of deteriorating inventory models entails a comprehensive review of existing 

literature, encompassing various methodologies and approaches adopted by researchers to address the 

complexities inherent in managing deteriorating items. Drawing upon a multitude of scholarly articles, 

this section elucidates the methodologies employed by researchers to develop and analyze inventory 

models tailored for deteriorating items. 

Researchers commonly formulate mathematical models to represent the dynamic interactions within 

deteriorating inventory systems. These models include demand patterns, deterioration rates, holding 

costs, salvage values, and environmental considerations. For example, Mahato et al. (2023) created a 

two-level trade credit policy that uses pricing and preservation technology in inventory models for 

items that don't lose their value right away under a carbon tax policy. They used mathematical 

optimization techniques to find the best inventory policies. Furthermore, researchers have employed 

fuzzy logic and uncertainty modeling techniques to account for imprecise and uncertain parameters in 

deteriorating inventory models. Mandal (2023) proposed a fuzzy inventory model that takes into 

account power-dependent demand and inventory level-dependent holding cost functions for 

deteriorating items, highlighting the applicability of fuzzy logic in capturing the vagueness inherent in 

real-world inventory systems. Moreover, empirical studies have utilized simulation and optimization 

techniques to assess the performance of inventory models under various scenarios and decision-

making contexts. Verma and Mishra (2024) conducted a comprehensive review of carbon-control 

policies and their impact on inventory optimization for deteriorating items, employing simulation 

methods to evaluate the effectiveness of different policy interventions on shelf life, greening effects, 

and rework policies. 

Researchers employ mathematical modeling, fuzzy logic, uncertainty modeling, simulation, and 

optimization techniques to explore deteriorating inventory models. Researchers aim to develop 

comprehensive inventory models that enhance operational efficiency, mitigate losses, and promote 

sustainability in inventory management practices by synthesizing diverse methodologies. 

 

Literature Review and Research Gap Many research investigations that attempt to address the 

challenges of handling deteriorating objects are included in the literature on deteriorating inventory 
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models. This topic has profited from the contributions of several significant research that provide 

insights into different facets of declining inventory management. In order to demonstrate the 

significance of environmental considerations in inventory decision-making, Mahato et al. (2023) 

examined the integration of price and preservation technology in inventory models for non-

instantaneously decaying commodities under a carbon tax policy. A fuzzy inventory model that takes 

into account holding cost functions that are dependent on inventory level and power-dependent 

demand was presented by Mandal (2023), illustrating the usefulness of fuzzy logic in capturing the 

uncertainty present in failing inventory systems. Additionally, Verma and Mishra (2024) underlined 

the growing concern for sustainability in inventory management methods by conducting a thorough 

assessment of carbon-control rules and their impact on inventory optimization of degrading 

commodities. 

The literature on deteriorating inventory models still has a number of unanswered research gaps despite 

the substantial contributions made by previous studies. First, research using a variety of 

methodologies, from deterministic models to stochastic and fuzzy logic-based approaches, show that 

there is no agreement on the most suitable modeling strategy for failing inventory systems. This 

variation emphasizes the necessity of conducting a thorough analysis and comparison of various 

modeling approaches in order to determine their advantages and disadvantages for dealing with the 

complicated issues of failing inventory management. Second, although a number of factors, including 

holding costs, deterioration rates, and demand patterns, have been studied in relation to deteriorating 

inventory management, little research has been done on how different factors interact and how this 

affects inventory optimization. Furthermore, there is a lack of research on the application and real-

world applicability of deteriorating inventory models in various industry contexts, emphasizing the 

need for case studies and empirical validation to evaluate these models' efficacy in various settings. 

Thus, while the body of current literature offers insightful information about the creation and use of 

deteriorating inventory models, there are still large research gaps that call for additional investigation 

and empirical support in order to improve our knowledge of and confidence in the effectiveness of 

inventory management techniques for deteriorating items. 

 

Conclusion and Future Research 

To conclude, the study explores a comprehensive examination of models that are deteriorating in their 

effectiveness, which range from classical to modern strategies. By conducting a thorough analysis of 

the existing literature we have explored the development, methods and research findings regarding the 

management of inventory strategies for items that are prone to degrade. Some notable studies, like 

Mahato and co. (2023) have highlighted the importance of integrating preservation and pricing 

technology into inventory models. In addition, Mandal (2023) proved the utility of fuzzy logic to 

capture the risks inherent in degrading inventory systems. In addition, Verma and Mishra (2024) 

performed a thorough examination of policies on carbon reduction and how they impact optimization 

of inventory and emphasized the growing emphasis on sustainability in the management of inventory 

practices. While research has made significant contributions there are a number of research gaps and 

opportunities for further exploration have been discovered. We must first examine and compare 

different models, including stochastic, deterministic, and fuzzy logic-based ones in a systematic 

manner to determine what does and what doesn't when it comes to resolving the issues caused by poor 

inventory management. More research is required to determine how various factors like trends in 

demand, deterioration rates and environmental factors can be combined to build complete and robust 

inventory models. Furthermore an cases studies and empirical validation are required to determine 

how deteriorating inventory models function in real-world situations and the ways they could be 

applied across different industries. In addition future research should concentrate on the evaluation of 

the efficacy of management strategies used to control inventory degrading products in promoting 

sustainability and reducing environmental impact. In addition, technological advances like AI and 

machine-learning provide promising ways to improve the efficiency and accuracy of the deteriorating 

models for inventory. 

Thus, this article provides important insights into the current state of inventory models that are 

deteriorating and highlights both the advancements made and possibilities for further research. 
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Through addressing research gaps and examining new trends, researchers can help in the development 

of knowledge and creation of efficient strategies to manage inventory for degrading items across a 

range of industry settings. 
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