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Abstract 

Inventory control is a critical aspect of supply chain management, influencing the operational 

efficiency and profitability of businesses. This paper explores the Economic Order Quantity 

(EOQ) model and its extensions, providing insights into their application, limitations, and 

advancements in the field of inventory management. The paper examines different types of 

inventory models, their mathematical formulations, and real-world applications, discussing how 

businesses can implement these models for optimal stock management. 

Keywords: Inventory Control, Economic Order Quantity, EOQ, Inventory Management, Supply 

Chain, Order Quantity, Stock Management, Optimization. 

 

Introduction 

 Overview of Inventory Management 

Inventory management plays a pivotal role in minimizing costs and ensuring the 
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availability of products when needed. The challenge lies in maintaining the right balance 

between inventory levels, order quantities, and holding costs. 

 Significance of Inventory Control Models 

Inventory control models are designed to help businesses determine the optimal quantity 

of inventory to order, reducing both the ordering costs and holding costs. The Economic 

Order Quantity (EOQ) is one of the most widely used models in this area. 

 Research Objectives 

This paper aims to provide an in-depth review of EOQ and its variations, analyzing their 

applications and limitations in modern business environments. 

 

Background and Literature Review 

Several researchers have contributed to the evolution and sophistication of inventory control 

models.  

Pakhira et al. (2024) introduced a memory-dependent inventory model using fractional calculus, 

offering a more flexible approach to modeling inventory dynamics over time . This approach 

allows for the consideration of historical demand patterns, enhancing the accuracy of inventory 

predictions. 

Thomas and Kumar (2024) explored EOQ models that account for imperfect items and potential 

shortages, acknowledging the realities of manufacturing defects and supply chain disruptions. 

Incorporating these factors into EOQ calculations enables businesses to develop more resilient 

inventory strategies, mitigating risks associated with product quality and availability. 

Meena (2024) explored EOQ models that account for imperfect items and potential shortages, 

acknowledging the realities of manufacturing defects and supply chain disruptions . 

Incorporating these factors into EOQ calculations enables businesses to develop more resilient 

inventory strategies, mitigating risks associated with product quality and availability. 

Caceres-Paitan et al. (2023) proposed an inventory control model that combines EOQ, ABC 

analysis, and forecasting methods to increase productivity in small and medium-sized enterprises 

(SMEs) . By leveraging large datasets and predictive analytics, businesses can make more 

informed inventory decisions, reducing costs and improving service levels. 
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Dubey and Adil (2023) provided an exhaustive review of inventory control models, highlighting 

advancements that incorporate factors like trapezoidal demand rates and fixed deterioration. 

Such models offer more nuanced approaches to inventory management, accommodating the 

dynamic nature of product demand and shelf-life considerations. 

Prameswari et al. (2023) examined the application of EOQ within a circular economy 

framework, emphasizing the optimization of product order quantities to minimize waste and 

maximize resource utilization . Their study demonstrated that incorporating circularity indices 

into EOQ calculations can lead to more sustainable inventory strategies, aligning economic 

objectives with environmental stewardship. 

Chopra and Meindl (2016) highlight the strategic role of inventory in the broader context of 

supply chain management and emphasize the need for adaptive and responsive inventory 

policies. 

Nahmias (2009) discussed continuous review and periodic review systems, each offering 

different advantages depending on the nature of demand and cost structure. 

Zipkin (2000) further elaborated on the application of queuing theory and control theory in 

modern inventory management. 

Hadley and Whitin (1963) extended EOQ analysis to incorporate probabilistic demand, paving 

the way for stochastic inventory models. Their work introduced concepts such as safety stock 

and service level optimization. In recent decades, researchers such as Silver, Pyke, and Peterson 

(1998) have explored practical inventory control models that incorporate demand forecasting, 

dynamic ordering policies, and multi-echelon inventory systems. 

Harris (1913) first introduced the concept of EOQ, proposing a simple mathematical formula to 

determine the ideal order quantity that minimizes total inventory costs. Wilson (1934) formalized 

the model and brought it into wider industrial use. 

Despite the advancements, the EOQ model remains a cornerstone of inventory theory due to its 

simplicity and foundational value in understanding the trade-offs involved in inventory 

decisions. The continued exploration of EOQ and its extensions reflects the ongoing need to 

balance cost minimization with service level goals in an increasingly complex and dynamic 

supply environment.  
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Economic Order Quantity (EOQ) Model 

 Mathematical Formulation 

The basic EOQ model is derived by balancing the ordering cost and holding cost. The 

formula for EOQ is: 

EOQ = √2DS/H 

Where: 

o D = Annual demand (units) 

o S= Ordering cost per order 

o H = Holding cost per unit per year 

 

 Total Cost Formula 

The total cost (TC) is the sum of ordering costs, holding costs, and purchasing costs: 

 Total Cost Formula 

The total cost (TC) is the sum of ordering costs, holding costs, and purchasing costs: 

TC=D/Q×S+Q/2×H+D× C 

Where Q is the order quantity, and C is the unit cost of the product. 

 Economic Interpretation of EOQ 

The EOQ minimizes the total cost by finding the optimal order size that reduces both the 

number of orders placed and the amount of inventory held. This minimizes the total cost, 

balancing ordering and holding costs. 

 

Extensions and Variations of EOQ 

While EOQ is a fundamental model, several variations and extensions address more complex and 

realistic business scenarios. 

 EOQ with Quantity Discounts 

Many suppliers offer discounts based on the order quantity. In this case, the EOQ model 
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is modified to include the discount structure, determining the optimal order quantity that 

balances discount savings and increased holding costs. 

o Mathematical Formulation: The optimal order quantity is found by solving the 

cost function with the price discount considered, typically involving piecewise 

functions. 

 

 EOQ with Backordering 

In situations where stockouts are allowed, backordering costs must be factored into the 

EOQ model. This modified EOQ allows for orders to be placed before the stock is 

depleted, but at the expense of backordering costs. 

o Mathematical Formulation: The model incorporates backordering costs into the 

total cost function, where the total cost is calculated by factoring in the cost of 

stockouts and delayed deliveries. 

 

 EOQ with Variable Demand 

The basic EOQ model assumes constant demand, which is not always realistic. When 

demand is uncertain or fluctuates over time, the model can be adapted to use stochastic 

demand or periodic review models. 

o Mathematical Formulation: 

The model could use a probabilistic approach, such as the Poisson distribution, to 

model demand variability. 

 

 Multi-Echelon Inventory Models 

In larger supply chains, EOQ can be extended to multi-echelon inventory systems, where 

inventory is managed across different levels (e.g., warehouses, distribution centers, retail 

stores). 

o Mathematical Formulation: 

These models account for different inventory policies at each level and optimize 

the ordering process across the entire supply chain. 
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Applications in Real-World Scenarios 

 Case Study: Retail Industry 

Retail businesses often use EOQ models to optimize inventory levels for high-demand 

products. The integration of EOQ with real-time data analytics has led to more responsive 

supply chains. 

 Case Study: Manufacturing Sector 

Manufacturers use EOQ to minimize raw material costs and ensure timely production 

schedules while balancing inventory levels. 

 Case Study: E-Commerce 

E-commerce companies use EOQ and its variations to optimize stock levels in 

warehouses, accounting for fluctuating demand patterns during promotions or seasonal 

peaks. 

 

Challenges in Implementing EOQ Models 

Despite its theoretical elegance and widespread use, the implementation of the Economic Order 

Quantity (EOQ) model in real-world scenarios presents several significant challenges. These 

challenges stem from the assumptions inherent in the classical EOQ model, practical limitations 

within organizational systems, and dynamic market conditions. Key challenges include: 

 

A.Unrealistic Assumptions 

The classical EOQ model is based on several simplifying assumptions such as constant demand, 

fixed ordering and holding costs, and instantaneous replenishment. However, these conditions 

are rarely met in practice. Demand often fluctuates due to seasonality, market trends, or customer 

behavior, making the EOQ-derived order quantities less accurate or even impractical. 

 

B.Inaccurate or Unavailable Data 

Implementing EOQ requires accurate data on demand rates, lead times, ordering costs, and 

holding costs. Many organizations struggle with data inaccuracy or lack of comprehensive 
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inventory records, which can lead to suboptimal ordering decisions and increased costs rather 

than savings. 

 

C.Ignoring Supply Chain Disruptions 

Supply chain disruptions, such as transportation delays, supplier unreliability, or geopolitical 

issues, are not accounted for in basic EOQ models. In such cases, the static nature of EOQ can 

fail to respond adequately, resulting in stockouts or excess inventory. 

 

D.Product Variety and Complexity 

Modern businesses often deal with a large number of products, each with different 

characteristics, demand patterns, and shelf lives. Applying EOQ individually to thousands of 

items can be computationally intensive and impractical without advanced software systems or 

automation. 

 

E. Limitations in Handling Perishable or Obsolescent Goods 

EOQ assumes that items do not deteriorate over time. In industries like food, pharmaceuticals, 

and technology, where products are perishable or rapidly obsolescent, EOQ without modification 

can result in wastage or outdated inventory. 

 

F.Resistance to Change and Implementation Costs 

Introducing or modifying EOQ-based inventory systems requires training, system changes, and 

alignment across departments. Organizations often face resistance from employees accustomed 

to traditional or heuristic methods, and the upfront implementation cost may be seen as a barrier. 

 

G. Overemphasis on Cost Minimization 

While EOQ is designed to minimize total inventory cost, it may not always align with broader 

business objectives such as customer service levels, sustainability, or flexibility. A strict focus on 

cost can compromise responsiveness or quality, particularly in customer-centric supply chains. 

 



Conference Proceedings International Conference on Sustainable Development Goals- 
Challenges, Issues & Practices by TMIMT- College of Management, Teerthanker Mahaveer 
University, Moradabad 25th & 26th April 2025. TMIMT International Journal (ISSN: 2348-
988X) 

 

 
8 ICSDG-CIP-2025 25th -26th April 2025  
 

Summary 

In conclusion, while EOQ models offer a structured approach to inventory optimization, their 

implementation must be approached with caution and contextual understanding. Adapting the 

EOQ model to modern realities—through advanced forecasting, technology integration, and 

customization—is essential for its successful application in contemporary business 

environments. 

 

Conclusion 

This study has reviewed and analyzed the development, application, and evolution of inventory 

control models, with a central focus on the Economic Order Quantity (EOQ) model and its 

various modern adaptations. While the classical EOQ model remains a foundational tool for 

inventory optimization, it is increasingly evident that contemporary supply chain environments 

demand more flexible, data-driven, and sustainable inventory control solutions. 

 

The literature reveals that researchers have extended EOQ models to address real-world 

complexities such as product deterioration, probabilistic demand, stockouts, backordering, 

imperfect items, and carbon emissions. The integration of fuzzy logic, fractional calculus, and 

artificial intelligence—especially machine learning and reinforcement learning—has further 

enriched inventory modeling techniques, making them more adaptive to uncertainty and dynamic 

conditions. 

 

Moreover, the increasing emphasis on sustainability and circular economy practices has pushed 

inventory control models to evolve beyond cost minimization, integrating environmental and 

social considerations. These advancements ensure that inventory policies contribute not only to 

operational efficiency but also to long-term ecological and economic resilience. 

 

In conclusion, while the EOQ model continues to provide a valuable framework for 

understanding inventory control, its practical relevance now lies in its adaptability. Future 

research should focus on hybrid models that combine classical theories with emerging 
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technologies and sustainable practices to meet the complex and evolving needs of modern 

businesses. 
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