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ABSTRACT

Warehouse inventory management is a crucial aspect of supply chain
management. Efficient warehouse inventory management not only ensures
smooth operations but also contributes to cost savings. One of the critical
challenges that warehouse manager’s face is optimizing inventory space. With
limited space available, warehouse managers need to ensure that the inventory is

well-organized and utilized optimally.

The Fast, Slow, and Non-moving (FSN) analysis technique has emerged
as an effective tool to optimize warehouse inventory space. The FSN analysis
technique categorizes inventory items based on their demand patterns. Fast-
moving items are those that have a high turnover rate, while slow-moving items
have a lower turnover rate. Non-moving items are those that have not been sold
or used for an extended period. By analyzing the demand patterns of different
inventory items, the FSN analysis technique helps warehouse managers identify
slow-moving and non-moving items that can be either discarded or moved to a

different location to free up warehouse space.

This project work presents a detailed analysis of the application of the
FSN analysis technique to optimize warehouse inventory space. The study
involved collecting inventory data from a warehouse and categorizing the
inventory items using the FSN analysis technique. The analysis revealed that
slow-moving and non-moving items occupied a significant amount of warehouse
space. Based on this analysis, the study recommended various strategies to
optimize warehouse inventory space, such as increasing the frequency of
stocktaking, reducing the order quantity of slow-moving items, and transferring
non-moving items to an offsite location. The study found that implementing these
strategies significantly improved warehouse inventory management, resulting in
increased space utilization and cost savings. The study found that the FSN
analysis technique helped warehouse managers to identify 20% of items that were

slow-moving or non-moving, occupying 40% of the warehouse space.

Overall, this study suggests that the FSN analysis technique is a powerful
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tool for warehouse managers seeking to optimize inventory space and improve
warehouse efficiency. By categorizing inventory items based on their demand
patterns, warehouse managers can identify slow-moving and non-moving items

and implement strategies to optimize space utilization.
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CHAPTER 1 INTRODUCTION

1.1 PROJECT BACKGROUND

Warehouse inventory management is a critical aspect of supply chain
operations, and effective utilization of warehouse space is essential for optimizing
operational efficiency, reducing costs, and meeting customer demands. One approach
that has gained significant attention and proven effective in warehouse inventory
space optimization is class-based storage.

Class-based storage is a methodology that involves categorizing inventory
items into different classes or categories based on their characteristics, such as
demand patterns, size, weight, or handling requirements. Each class is assigned a
specific location or storage area within the warehouse based on factors like
accessibility, proximity to shipping areas, or specific storage conditions required.

The use of class-based storage offers several advantages for warehouse
inventory space optimization. Firstly, it allows for a more systematic and organized
approach to inventory management. By grouping similar items together based on
their characteristics, warehouse managers can streamline the storage and retrieval
processes. This reduces the time and effort required to locate and pick items, leading
to improved operational efficiency and increased productivity.

Secondly, class-based storage enables better space utilization within the
warehouse. By assigning storage locations based on item characteristics, the
available space can be optimized. For example, high-demand and frequently accessed
items can be stored in easily accessible areas near the shipping docks, while slower-
moving items can be stored in less prime locations. This strategy ensures that
frequently requested items are conveniently located, reducing travel time and
improving order fulfillment speed.

Furthermore, class-based storage facilitates efficient inventory
replenishment. By grouping items based on their demand patterns, warehouse
managers can better forecast and plan for replenishment needs. This helps to avoid
stockouts or overstocking, reducing carrying costs and minimizing the risk of excess
inventory. It also enables more accurate inventory control and ensures that the right
items are replenished at the right time, improving overall supply chain efficiency.
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Implementing class-based storage requires careful consideration of
inventory characteristics, demand patterns, and operational requirements. It involves
analyzing historical sales data, demand forecasting, and SKU profiling to determine
the appropriate classification criteria. Warehouse management systems (WMS) and
inventory management software can play a vital role in automating the storage
assignment process and providing real-time visibility into inventory levels and

movements.

It is important to note that class-based storage is not a one-size-fits-all
solution. The optimal classification criteria and storage configurations may vary
depending on the specific industry, product types, and warehouse layout. Warehouse
managers need to carefully analyze the inventory characteristics, operational
requirements, and available space to design an effective class-based storage system

tailored to their specific needs.

In conclusion, the background of warehouse inventory space optimization
using class-based storage highlights the significance of efficient space utilization in
warehouse operations. Class-based storage provides a structured approach to
inventory management, allowing for better organization, improved space utilization,
and streamlined operations. By implementing class-based storage, businesses can
enhance operational efficiency, reduce costs, and meet customer demands effectively

in today's competitive marketplace.



1.2 DESCRIPTION

The efficient use of warehouse inventory space is critical to the success of
any warehouse operation. With the rising costs of real estate and the need to increase
profitability, warehouse managers are under increasing pressure to optimize
inventory space. However, identifying which inventory items are essential and which
are not can be a challenge.

The FSN Analysis technique has emerged as a potential solution to this
problem. This technique categorizes inventory items based on their demand patterns,
enabling warehouse managers to identify slow-moving and non-moving inventory
items. By optimizing the inventory space used by these items, warehouse managers
can free up valuable space for fast-moving items, reducing costs and increasing
operational efficiency. The FSN Analysis technique classifies inventory items into
three categories: Fast-moving, Slow-moving, and Non-moving. The classification is
based on the frequency and volume of the demand for each item. Fast-moving items
are those that have a high frequency and volume of demand, while slow-moving
items have a low frequency and volume of demand. Non-moving items have no
demand over a specified period.

Once inventory items are classified using the FSN Analysis technique,
warehouse managers can make informed decisions about how to optimize inventory
space. For example, fast-moving items should be stored in a way that makes them
easily accessible, reducing the time it takes to fulfill orders. Slow-moving items can
be stored in less accessible areas of the warehouse, freeing up space for fast-moving
items. Non-moving items can be removed from inventory altogether, freeing up
valuable space for other inventory items.

The FSN Analysis technique has been widely used in supply chain
management and inventory management. However, its adoption in warehouse
operations has been limited, and there is a need to explore the potential of this
technique further. This paper aims to investigate the challenges faced by warehouse
managers in optimizing inventory space and explore the potential of the FSN
Analysis technique in addressing these challenges. The paper will also provide
strategies for implementing the FSN Analysis technique effectively in warehouse

operations to optimize inventory space



CHAPTER 2 LITERATURE SURVEY

2.1 LITERATURE REVIEW

Warehouse inventory space optimization is a critical task for every
warehouse operation, as it can increase profitability by reducing costs associated with
real estate and increasing operational efficiency. Many warehouse managers face the
challenge of identifying slow-moving and non-moving inventory items that take up
valuable warehouse space. The FSN Analysis technique has emerged as a potential
solution to this problem by categorizing inventory items based on their demand
patterns. The following literature review aims to explore the potential of the FSN
Analysis technique in addressing the challenges faced by warehouse managers in

optimizing inventory space.

Tompkins James, 2010 provides a comprehensive and insightful overview of the
principles, strategies, and technologies involved in the planning and design of
facilities. It serves as a valuable resource for professionals and students in the field
of operations management, logistics, and facility planning, offering practical insights

and guidance for optimizing facility design and improving operational performance.

J. Temple Black, 1992 offers valuable insights into the design principles and
practices that contribute to the success of modern manufacturing facilities. It serves
as a valuable resource for professionals and students in the field of operations
management, manufacturing, and industrial engineering, providing practical
guidance for designing factories that can adapt to changing market dynamics,

optimize productivity, and achieve long-term sustainability.

René de Koster, et al., 2007, is a comprehensive literature review that explores the
design and control aspects of warehouse order picking. It discusses different order
picking methods, including zone picking, batch picking, and wave picking, and

compares their advantages and limitations. The authors also examine the impact of
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factors such as order characteristics, warehouse layout, and order batching on order
picking performance.

E. Frazelle, 2016 provides comprehensive insights into efficient and effective
warehousing and material handling practices. The book covers various aspects of
warehouse management, including layout design, inventory control, picking
strategies, and technology integration. It offers practical guidance and best practices
for optimizing warehouse operations, improving productivity, and enhancing
customer service. Frazelle's expertise in the field and real-world examples make this
book a valuable resource for professionals and managers in the logistics and supply
chain industry.

J. Gu, M. Goetschalckx et al., 2007, review various topics related to warehouse
management, including facility layout, storage policies, order picking, and inventory
control. They present an overview of the methodologies, models, and techniques
used in the literature, highlighting the advancements and key findings in each area.
The comprehensive review serves as a valuable resource for researchers,
practitioners, and decision-makers involved in warehouse management, offering

insights into the current state of knowledge and potential areas for future research.

Chiang et al., 2012, propose a data mining approach to optimize storage
assignments in warehouses with the goal of minimizing travel distances. The authors
leverage data mining techniques to analyze historical order data and identify patterns
that can inform more efficient storage assignments. They develop heuristics based
on these patterns to assign items to storage locations in a way that reduces the overall
travel distance for order picking operations. The effectiveness of the proposed
approach is demonstrated through simulation experiments, showing significant
improvements in travel distance compared to traditional storage assignment methods.
The study highlights the potential of data mining in optimizing warehouse operations
and provides valuable insights for practitioners seeking to enhance efficiency in their

storage assignment strategies.



C. Xin et al., 2019, propose an algorithm for optimizing storage location
allocation in warehouses. The algorithm utilizes text clustering techniques to group
similar items together based on their descriptions or attributes. By clustering items
with similar characteristics, the algorithm aims to minimize the travel distance and
improve efficiency in order picking operations. The proposed algorithm takes into
account factors such as item popularity and storage space availability to determine
the optimal allocation of items to storage locations. The authors demonstrate the
effectiveness of the algorithm through experiments and comparisons with other
allocation methods. The results show that the text clustering-based optimization
algorithm leads to improved warehouse performance by reducing travel distance and

optimizing space utilization.

J. C.-H. Pan et al., 2015, propose a heuristic method for storage assignment in pick-
and-pass warehousing systems using a genetic algorithm. The pick-and-pass system
involves multiple orders being picked simultaneously as a single batch, and the
proposed method aims to optimize the storage assignment to minimize the travel

distance and time required for order picking.

Jimenez et al., 2020, propose a storage location assignment method for large
distribution centers. The objective is to optimize the allocation of items to storage
slots to improve operational efficiency and reduce travel distances during order
picking. The authors conducted experiments using real-world data to evaluate the
performance of the proposed method. The results show that the combined approach
of slot selection and frequent itemset grouping outperforms traditional methods in
terms of reducing travel distances and improving overall order picking efficiency in

large distribution centers.

J. J. Reyes et al. (2019) conducted a study on the use of the FSN Analysis
technique in a food distribution warehouse. The authors found that the technique
could be used to optimize inventory space by identifying slow-moving and non-
moving items and reducing their inventory levels. The study also found that the

technique could be used to improve the overall efficiency of the warehouse operation
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and reduce costs associated with inventory storage.

Frazele et al. (1985) discuss the benefits of implementing a correlated
assignment strategy in order picking operations. The correlated assignment strategy
involves assigning multiple orders to the same picker based on the proximity of the
items to be picked. The authors argue that traditional order picking methods, such as
zone picking or batch picking, may result in inefficiencies and increased travel
distances for order pickers. They propose the use of a correlated assignment strategy
as a solution to improve the overall performance of order picking operations.

Similarly, the study by Dharmapriya et al. (2018) found that the FSN
Analysis technique could be used to optimize inventory space and improve supply
chain efficiency. The authors suggest that the technique can be used to identify
inventory items that are not essential and reduce their inventory levels, freeing up
valuable warehouse space for other inventory items.

Jain et al. (2016) conducted a study on the use of FSN analysis for inventory
space optimization in an automotive parts warehouse. The authors found that FSN
analysis was effective in identifying slow-moving and non-moving items, which led
to a reduction in inventory levels and improved space utilization. The study also
found that the technique was useful in identifying items that were frequently out of
stock, which led to better inventory management and improved customer service.

Palsule-Desai et al. (2016) conducted a study on the use of FSN analysis for
inventory space optimization in a pharmaceutical warehouse. The authors found that
FSN analysis was useful in identifying items with low demand and removing them
from the inventory, which led to a reduction in inventory levels and improved space
utilization. The study also found that the technique was useful in identifying expired
items, which led to better inventory management and reduced waste.

Khan et al. (2015) conducted a study on the use of FSN analysis for
inventory space optimization in a consumer goods warehouse. The authors found that
FSN analysis was effective in identifying slow-moving and non-moving items,
which led to a reduction in inventory levels and improved space utilization. The study
also found that the technique was useful in identifying items that were frequently out

of stock, which led to better inventory management and improved customer service



2.2 PROBLEM STATEMENT

One of the main challenges faced by warehouse managers is identifying
slow-moving and non-moving inventory items. These items take up valuable
warehouse space and can lead to increased costs and decreased profitability.
Additionally, slow-moving and non-moving inventory items can make it difficult to
access fast-moving items, causing delays in order fulfillment and customer

dissatisfaction.

Another problem faced by warehouse managers is the lack of effective
inventory management tools and techniques to optimize inventory space. Many
warehouse managers rely on manual processes, such as visual inspections and
spreadsheets, to manage inventory, which can be time-consuming and prone to

errors.

Class-based storage has emerged as a promising approach to optimize
warehouse inventory space by categorizing items into different classes based on
their characteristics and assigning specific storage locations accordingly. However,
the implementation of class-based storage poses several challenges for warehouse
managers, including the need to categorize items accurately, determining the
appropriate storage locations for each class, and reorganizing the warehouse layout

to accommodate the new storage system.

10



2.3 RESEARCH OBJECTIVE

The primary objective of this research is to explore the application of FSN analysis
in optimizing warehouse inventory space. Specifically, the research aims to achieve
the following objectives:

1. To implement FSN analysis in identifying slow-moving and non-moving items

in the inventory, as well as identifying frequently out of stock items.
2. To optimize the inventory based on JIT concept for increased space utilization.

3. To test the effectiveness of the developed framework in a real-world warehouse

setting and assess its impact on inventory management and space utilization.
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2.4 RESEARCH QUESTIONS

Research questions are an essential part of any research project, and they guide the
researcher in exploring the research topic systematically. In this study, the research
questions will guide the investigation of the application of FSN analysis in optimizing
warehouse inventory space. The following research questions will be explored in this

study:

1. What is the current inventory management and space utilization practices in
warehouses, and what are the challenges faced by warehouse managers in optimizing

warehouse space?

This research question aims to explore the current inventory management practices
and space utilization techniques used in warehouses. It will provide insights into the
challenges faced by warehouse managers in optimizing warehouse space and provide
a baseline for the evaluation of the effectiveness of FSN analysis in improving

warehouse inventory management.

2. What is the FSN analysis technique, and how can it be applied in optimizing

warehouse inventory space?

This research question aims to explore the FSN analysis technique in detail, including
its principles, advantages, and limitations. It will provide a comprehensive
understanding of the FSN analysis technique and how it can be applied in a

warehouse setting to optimize inventory space.

3. What are the benefits of implementing FSN analysis in warehouse inventory

management, and how do they impact warehouse operations?

This research question aims to investigate the potential benefits of implementing FSN
analysis in warehouse inventory management, including improved inventory
accuracy, reduced inventory carrying costs, and increased customer satisfaction due

to improved order fulfillment. It will provide insights into the impact of FSN analysis
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on warehouse operations and the potential benefits for warehouse managers.

4. What are the challenges and limitations of implementing FSN analysis in
warehouse inventory management, and how can they be addressed?

This research question aims to investigate the challenges and limitations of
implementing FSN analysis in warehouse inventory management. It will provide
insights into the potential obstacles that warehouse managers may face when
implementing FSN analysis and provide recommendations on how these challenges
can be addressed.

5. What is the effectiveness of FSN analysis in optimizing warehouse inventory

space, and how can it be measured?

This research question aims to evaluate the effectiveness of FSN analysis in
optimizing warehouse inventory space. It will provide insights into how the
effectiveness of FSN analysis can be measured and evaluated, including key
performance indicators such as inventory accuracy, space utilization rates, and order

fulfillment rates.

Overall, the research questions will guide the investigation of the application of FSN
analysis in optimizing warehouse inventory space, providing a comprehensive
understanding of the technique's principles, advantages, limitations, challenges, and
potential benefits. The answers to these research questions will contribute to the
existing body of knowledge on warehouse inventory management and provide
practical recommendations for warehouse managers to optimize inventory space and

improve warehouse operations.
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CHAPTER 3 THEORETICAL STUDY

3.1 TYPES OF GOODS

Managing raw material goods, work-in-progress (WIP) goods, and finished goods
in a warehouse is crucial for efficient production processes and effective supply
chain management. Each category requires specific considerations and strategies.
Let's explore each of these components in detail:

3.1.1 RAW MATERIAL GOODS:

Raw material goods are the basic components or materials used in the
manufacturing or production of goods. Efficient management of raw materials
in a warehouse is essential to ensure uninterrupted production and minimize

costs. Consider the following aspects:

- Procurement: Develop a robust procurement strategy to source raw materials
from reliable suppliers, negotiate favorable terms, and establish clear quality

requirements.

- Receiving and Inspection: Upon arrival at the warehouse, raw materials
should undergo thorough inspection to verify their quality, quantity, and
compliance with specifications. Inspections help identify any damaged or non-

conforming materials.

- Storage: Proper storage conditions are crucial to preserve the quality and
integrity of raw materials. Consider factors such as temperature, humidity,
ventilation, and segregation requirements. Utilize appropriate storage
equipment, such as racks, shelves, or specialized containers, to ensure efficient

use of space and easy accessibility.

- Inventory Management: Implement effective inventory management
practices, including accurate tracking, regular stock counts, and the use of
inventory management systems. Utilize techniques such as ABC analysis,
demand forecasting, and reorder point calculations to optimize inventory levels,

minimize stockouts, and reduce holding costs.
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3.1.2  WORK-IN-PROGRESS (WIP) GOODS:

WIP goods refer to products that are in various stages of the production
process. Managing WIP goods in a warehouse requires careful coordination and
synchronization with production activities. Consider the following:

- Routing and Tracking: Establish clear routing and tracking systems to monitor
the movement of WIP goods within the warehouse. Use technologies like
barcode scanning or RFID to capture real-time data and track the progress of
each product.

- Space Allocation: Allocate designated areas for different stages of production,
ensuring efficient flow and minimizing bottlenecks. Consider factors such as
assembly lines, workstations, or specialized areas for specific manufacturing

processes.

- Collaboration with Production: Maintain close collaboration with the
production team to align warehouse activities with production schedules.
Ensure timely availability of WIP goods at each production stage, avoiding

delays or interruptions.

- Quality Control: Implement quality control measures at each production stage
to identify and rectify any defects or non-conformities. Conduct inspections,

tests, or audits to maintain product quality standards.

3.1.3 FINISHED GOODS:

Finished goods are the end products ready for distribution or delivery to
customers. Managing finished goods in a warehouse involves efficient storage,

order fulfillment, and timely dispatch. Consider the following:

- Storage and Organization: Allocate appropriate storage space for finished
goods, considering factors such as product characteristics, packaging
requirements, and shelf life. Utilize storage systems such as bins, racks, or

pallets to maximize space utilization and ensure easy retrieval.

- Order Fulfillment: Implement efficient order fulfillment processes, including
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order picking, packing, and labeling. Utilize technologies like warehouse
management systems (WMS) or order management systems (OMS) to

streamline operations, reduce errors, and improve order accuracy.

- Just-in-Time (JIT) Inventory: Adopt JIT principles to minimize inventory
holding costs and optimize customer satisfaction. Coordinate production
schedules and delivery timelines to ensure timely availability of finished goods
without excessive stock holding.

- Dispatch and Logistics: Establish effective logistics processes for timely
dispatch and delivery of finished goods. Coordinate with shipping carriers,
track shipments, and maintain clear documentation to facilitate smooth

outbound logistics.

Overall, effective management of raw material goods, WIP goods, and finished
goods in a warehouse involves strategic planning, efficient inventory
management, close collaboration with production, and streamlined logistics
processes. By implementing robust systems and leveraging technology,
businesses can optimize operations, minimize costs, and enhance customer

satisfaction.

Types of Inventory

o Raw Material Inventory

Inventory c Work in Progress (WIP) Inventory

° Finished Goods Inventory

Figure 3.1: Types of Inventory
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3.2 STORAGE POLICIES

Y. Zhang (2016) proposed storage policies in a warehouse refer to the rules
and guidelines that dictate how inventory items are stored and organized within the
facility. These policies play a crucial role in optimizing space utilization, ensuring

efficient inventory management, and facilitating smooth warehouse operations.

There are several key storage policies that warehouse managers employ to

effectively manage their inventory:

1. Random Storage: Random storage is a simple and commonly used storage policy
where items are placed in any available location within the warehouse. This policy
does not involve any specific organization or categorization of items. While
random storage is easy to implement, it can result in inefficient space utilization

and increased picking times as items may be scattered throughout the warehouse.

2. Fixed Location Storage: Fixed location storage involves assigning a specific,
predetermined location for each inventory item. Each item has a dedicated storage
location within the warehouse, and it remains in that location unless it is moved or
replenished. This policy facilitates easier item retrieval as employees always know
where specific items are located. However, fixed location storage may limit

flexibility and require constant reorganization as inventory levels fluctuate.

3. Zone-based Storage: Zone-based storage divides the warehouse into different
zones or areas based on factors such as item characteristics, demand patterns, or
operational requirements. Each zone is designated for specific types of items,
allowing for better organization and more efficient picking and storage processes.
For example, one zone may be dedicated to fast-moving items near the shipping
area, while another zone may house slow-moving or bulk items further away.
Zone-based storage optimizes space utilization and streamlines operations by

grouping similar items together in designated areas.
4. Cross-Docking: Cross-docking is a storage policy that focuses on minimizing
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storage time by immediately transferring incoming goods from receiving to
shipping with minimal or no storage in between. This policy is suitable for high-
volume operations where items are received and shipped quickly. Cross-docking
reduces the need for long-term storage space and expedites order fulfillment,

improving overall operational efficiency.

FIFO (First-In, First-Out) Storage: FIFO storage policy ensures that the oldest
inventory items are picked and shipped first to prevent product obsolescence or
expiration. This policy is commonly used for perishable goods or items with a
limited shelf life. FIFO ensures inventory rotation and helps maintain product

quality by reducing the risk of inventory obsolescence.

LIFO (Last-In, First-Out) Storage: LIFO storage policy, in contrast to FIFO,
involves picking and shipping the most recently received items first. This policy
is typically used when inventory turnover is high, and it may be more cost-
effective to sell newer inventory first. LIFO storage is commonly utilized in
industries such as automotive, where product updates or model changes occur
frequently. 1 apologize for the oversight. Here's an additional section focusing on

class-based storage:

Class-based Storage: Class-based storage is a storage policy that involves
categorizing inventory items into different classes or categories based on their
characteristics, such as demand patterns, size, weight, value, or handling
requirements. Each class is assigned specific storage locations or zones within the
warehouse based on their unique needs. Class-based storage optimizes space
utilization by grouping similar items together and allocating storage locations

accordingly.

G. Buxey (2006) proposed the classification of inventory items in class-based storage

can be determined through various methods, such as ABC analysis, XY Z analysis, or

other criteria specific to the warehouse's operational requirements. The classification

process helps identify the criticality, frequency, and volume of each item, enabling

warehouse managers to make informed decisions about storage allocation.
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F. Bindi (2007), Class-based storage offers several advantages. Firstly, it allows for
efficient space utilization by placing high-demand or fast-moving items in easily
accessible areas near shipping docks or pick-up points. This reduces the travel time
for order fulfillment and improves overall operational efficiency. In contrast, slower-
moving or low-demand items can be stored in less prime locations, optimizing the use

of available warehouse space.

Secondly, class-based storage improves inventory control. By categorizing items into
classes, warehouse managers gain better visibility and control over inventory levels.
They can prioritize replenishment efforts for high-demand items while effectively
managing stock levels for slower-moving items. This helps prevent stockouts, reduces

excess inventory, and improves inventory turnover.

L. Murphy (2020), Additionally, class-based storage enhances picking and retrieval
processes. With items grouped by class, warehouse personnel can navigate the
warehouse more efficiently. They can focus on retrieving items within specific
classes, reducing search time and increasing picking accuracy. This results in
improved productivity and order accuracy, ultimately leading to higher customer

satisfaction.

Y. Yu (2015), Implementing class-based storage requires thorough analysis and
planning. Warehouse managers need to assess the characteristics of their inventory,
such as demand patterns, physical attributes, or operational requirements, to determine
appropriate classification criteria. This may involve conducting an in-depth analysis
of historical data, collaborating with cross-functional teams, and leveraging inventory

management systems to support the classification process.

Furthermore, class-based storage requires efficient labeling and signage systems to
ensure clear identification and easy retrieval of items within each class. Warehouse
management systems and inventory management software play a crucial role in

facilitating the implementation and ongoing management of class-based storage.
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These systems can automate the classification process, track inventory movements,
and provide real-time visibility into stock levels for each class.

In conclusion, class-based storage is an effective storage policy that optimizes space
utilization, enhances inventory control, and improves operational efficiency in the
warehouse. By categorizing inventory items into classes and assigning specific storage
locations based on their characteristics, warehouse managers can streamline picking
processes, reduce travel time, and enhance overall inventory management.
Implementing class-based storage requires careful planning, leveraging data-driven
insights, and utilizing appropriate technology to achieve optimal results.

It is essential for warehouse managers to consider the specific characteristics
of their inventory, customer demand patterns, and operational requirements when
choosing the appropriate storage policies. Furthermore, the use of warehouse
management systems (WMS) and inventory management software can greatly
facilitate the implementation and execution of storage policies by automating
processes, providing real-time visibility into inventory, and generating reports and
analytics for better decision-making.

In conclusion, storage policies in a warehouse significantly impact space
utilization, inventory management efficiency, and overall operational performance.
By employing the right storage policies, such as random storage, fixed location
storage, zone-based storage, cross-docking, FIFO, or LIFO, warehouse managers can
optimize space utilization, streamline operations, and enhance customer satisfaction.
Understanding the specific characteristics of the inventory, along with demand
patterns and operational requirements, is crucial in determining the most suitable

storage policies for a given warehouse.

ABC ANALYSIS:

R. Accorsi (2016) ABC analysis is a widely used inventory management technique
that categorizes items based on their value and importance within a warehouse. It helps
warehouse managers prioritize their efforts and allocate resources effectively by
identifying the most significant items that require close attention. The analysis

classifies items into three categories: A, B, and C, based on their relative importance
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in terms of value, sales volume, or other relevant factors.

1. Category A: Category A items represent the highest-value and most critical items
in the inventory. These items typically account for a significant portion of the total
inventory value but may have a lower sales volume compared to other categories.
Category A items often include high-value products, fast-moving items, or items
with high customer demand. Managing Category A items efficiently is crucial for

maintaining customer satisfaction and maximizing profitability.

2. Category B: Category B items fall in the middle range in terms of value and
importance. These items have moderate value and sales volume compared to
Category A items. They are essential to the overall inventory but may not have the
same level of impact on profitability as Category A items. Proper management of
Category B items is necessary to maintain a balanced inventory and meet customer

demands effectively.

3. Category C: Category C items represent the least critical items in terms of value
and importance. These items have lower value and sales volume compared to
Category A and B items. Category C items often include low-value products, slow-
moving items, or items with sporadic demand. While they may have a lower
impact on overall inventory value, it is still important to manage them efficiently

to prevent excess stock, minimize storage costs, and optimize space utilization.

The primary objective of ABC analysis in a warehouse is to enable efficient allocation
of resources, such as storage space, labor, and inventory management efforts. By
categorizing items into different classes, warehouse managers can implement different
strategies for each category to maximize operational efficiency. The following are

some strategies commonly applied based on ABC analysis:

1. Intensive Control: Category A items require strict control and close monitoring
due to their high value and criticality. Warehouse managers often implement

measures such as frequent stock checks, accurate demand forecasting, and
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efficient replenishment strategies to avoid stockouts and ensure these items are

readily available for customers.

2. Moderate Control: Category B items receive a moderate level of control and
management attention. They may require periodic stock checks, regular review
of demand patterns, and appropriate reorder point calculations to ensure optimal
inventory levels. Warehouse managers may also consider strategies like bulk

ordering or periodic promotions to manage these items effectively.

3. Simplified Control: Category C items receive less attention and resources due to
their relatively low value and sales volume. Warehouse managers may employ
strategies such as placing them in less accessible storage locations or adopting a
more relaxed replenishment strategy for these items. The focus is on minimizing
holding costs and optimizing space utilization while ensuring a sufficient stock

level to meet occasional demand.

ABC analysis is a dynamic process and requires regular review and updates. As
inventory characteristics and market conditions change, items may shift between
categories, necessitating adjustments in storage and management strategies.
Warehouse management systems and inventory management software can greatly
facilitate the implementation and ongoing management of ABC analysis by providing
real-time visibility into inventory data, automating classification processes, and

generating reports and analytics for informed decision-making.

ABC analysis is a valuable tool for warehouse managers to prioritize their
inventory management efforts based on the value and importance of items. By
categorizing items into A, B, and C categories, warehouse managers can allocate
resources effectively, optimize inventory control, and ensure efficient space
utilization. Implementing appropriate strategies for each category enables warehouse
managers to maintain customer satisfaction, minimize costs, and improve overall

operational efficiency.
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FSN ANALYSIS

C. Candrianto (2020),FSN analysis is a technique used in warehouse inventory
management to classify items based on their consumption patterns. The analysis
categorizes items as Fast-moving, Slow-moving, or Non-moving (FSN) to help
warehouse managers make informed decisions about stock management, ordering,

and space utilization.

1. Fast-moving Items: Fast-moving items are those that have a high rate of
consumption or turnover within the warehouse. These items are in high demand and
frequently purchased or used by customers. They contribute to a significant portion of
the overall sales volume and require careful monitoring to prevent stockouts. Fast-
moving items may include popular products, frequently ordered items, or items with
a short shelf life. Managing fast-moving items effectively is crucial for maintaining

customer satisfaction and maximizing revenue.

2. Slow-moving Items: Slow-moving items are those that have a relatively lower
consumption rate or turnover compared to fast-moving items. These items have a
lower demand and may take longer to sell or be used. Slow-moving items may include
seasonal products, niche items, or items with sporadic demand. While they may not
contribute significantly to sales volume, it is important to manage slow-moving items
efficiently to prevent excess stock, minimize holding costs, and avoid tying up

valuable warehouse space.

3. Non-moving Items: Non-moving items are those that have no consumption or
turnover within a specified period, typically determined based on the organization's
policies or industry standards. These items may include obsolete products,
discontinued items, or items with no demand. Non-moving items occupy valuable
storage space and tie up capital, resulting in increased holding costs. Warehouse
managers need to identify non-moving items promptly and take appropriate actions,
such as liquidation, return to suppliers, or disposal, to minimize financial losses and

optimize space utilization.
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FSN analysis provides several benefits for warehouse inventory management:

1. Stock Control: FSN analysis helps warehouse managers gain better visibility and
control over their inventory. By classifying items into fast-moving, slow-moving, and
non-moving categories, they can focus their attention and resources on managing each
category effectively. This allows for accurate forecasting, replenishment, and stock
rotation strategies to optimize stock levels and reduce the risk of stockouts or
overstocking.

2. Space Utilization: FSN analysis enables efficient space utilization within the
warehouse. Fast-moving items, which have higher turnover, can be placed in easily
accessible locations near shipping docks or pick-up points to facilitate faster order
fulfillment. Slow-moving items can be stored in less prime locations to free up
valuable space for more active items. Non-moving items can be identified and

segregated to prevent them from occupying valuable storage space.

3. Cost Optimization: By identifying fast-moving items and ensuring their availability,
warehouse managers can maximize revenue generation. Simultaneously, managing
slow-moving and non-moving items efficiently helps minimize holding costs, reduce
inventory write-offs, and avoid tying up capital in non-performing inventory. FSN
analysis allows for better decision-making regarding pricing, promotions, and product

life cycle management.

Implementing FSN analysis requires reliable and up-to-date data on item
consumption, sales history, and inventory levels. Warehouse management systems
and inventory management software play a vital role in automating the FSN analysis
process by generating reports, analytics, and visualizations. These tools help
warehouse managers make data-driven decisions and streamline the implementation

of FSN analysis.

FSN analysis is a valuable technique in warehouse inventory management that
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classifies items based on their consumption patterns. By categorizing items as fast-
moving, slow-moving, or non-moving, warehouse managers can allocate resources
effectively, optimize space utilization, and improve stock control. Implementing FSN
analysis allows for better decision-making, minimizes holding costs, and enhances

overall operational efficiency in the warehouse.

25



3.3 DEMAND FORECASTING

A. Jain et al., (2015) Demand forecasting is a crucial aspect of business planning and
inventory management that involves estimating future customer demand for products
or services. It utilizes historical data, market trends, statistical models, and other
relevant information to predict the expected demand for specific time periods. J. E.
Boylan et al., (2008) Accurate demand forecasting enables businesses to make
informed decisions regarding production, procurement, inventory levels, pricing, and

resource allocation.

There are several key components and methods involved in demand forecasting:

1. Historical Data Analysis: Demand forecasting starts with the analysis of historical
data, including sales records, customer orders, market trends, and other relevant
data sources. By examining past patterns and trends, businesses can identify
seasonal variations, cyclical patterns, and any significant events or factors that

have influenced demand in the past.

2. Market Research and External Factors: Apart from historical data, demand
forecasting takes into account market research and external factors that may
impact demand. This includes factors such as economic conditions, consumer
behavior, competitor analysis, technological advancements, and regulatory
changes. By considering these external factors, businesses can make more accurate

predictions about future demand patterns.

3. Qualitative Forecasting Methods: M. Xia et al., (2014) Qualitative methods rely
on expert opinions, market surveys, focus groups, and customer feedback to gather
insights and make subjective assessments about future demand. These methods
are particularly useful when historical data is limited, or there are significant
changes in market dynamics. Qualitative methods can provide valuable qualitative

insights and help capture market sentiment.

4. Quantitative Forecasting Methods: Quantitative methods utilize statistical models
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and mathematical techniques to analyze historical data and make quantitative
predictions about future demand. These methods include time series analysis,
regression analysis, moving averages, exponential smoothing, and trend analysis.
Quantitative methods are based on the assumption that historical patterns and
trends will continue into the future. These methods provide more objective and

data-driven forecasts.

5. Collaborative Forecasting: Collaborative forecasting involves gathering inputs
and insights from various stakeholders in the supply chain, including suppliers,
distributors, retailers, and customers. By involving multiple parties, businesses can
gain a comprehensive understanding of the demand drivers and improve the
accuracy of forecasts. Collaborative forecasting promotes information sharing,
enhances supply chain visibility, and reduces the risk of forecast errors.

6. Forecast Accuracy Evaluation: After generating forecasts, it is essential to
evaluate the accuracy of the predictions. This involves comparing the forecasted
values with actual demand data. By analyzing forecast errors, businesses can
identify areas for improvement, refine forecasting models, and enhance the
accuracy of future forecasts. Continuous evaluation and refinement of forecasting

methods lead to more reliable and accurate predictions over time.

Demand forecasting provides several benefits to businesses:

1. Effective Inventory Management: Accurate demand forecasting helps businesses
optimize their inventory levels. By forecasting future demand, businesses can
ensure sufficient stock levels to meet customer demands while avoiding excess

inventory and associated holding costs.

2. Production Planning: Demand forecasting plays a crucial role in production
planning and capacity management. By forecasting demand, businesses can adjust
their production schedules, allocate resources efficiently, and avoid bottlenecks or

underutilization of resources.
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3. Procurement and Supply Chain Management: Forecasting demand enables
businesses to plan their procurement activities effectively. By aligning
procurement with expected demand, businesses can ensure timely availability of

raw materials or finished goods and optimize supply chain operations.

4. Pricing and Promotion Strategies: Demand forecasting helps businesses develop
effective pricing and promotion strategies. By understanding anticipated demand,
businesses can adjust prices, offer discounts, or plan promotional activities to

stimulate demand and maximize revenue.

5. Financial Planning: Accurate demand forecasting contributes to more precise
financial planning. By projecting future sales volumes, businesses can estimate

revenue, plan budgets, allocate resources, and make informed financial decisions.

It is important to note that demand forecasting is not entirely error-free, as it relies on
assumptions and historical data. Factors such as unforeseen market changes,

disruptions, or unpredictable consumer

M. Kharfan et al., (2020) Demand forecasting is a critical process that helps businesses
estimate the future demand for their products or services. It enables organizations to
make informed decisions regarding production, inventory management, resource
allocation, and overall business planning. S. Thomassey (2010) Demand forecasting
can be approached using classical methods, which are traditional and well-established
techniques, as well as modern methods that leverage advanced technologies and data

analysis techniques. Let's explore both approaches in detail:
Classical Methods:

1. Time Series Analysis: Time series analysis is a classical method that relies on
historical data to identify patterns and trends in demand over time. It involves
analyzing past sales data and using statistical techniques such as moving averages,
exponential smoothing, and trend analysis to forecast future demand. Time series

analysis assumes that past patterns and trends will continue into the future.
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2. Market Research: Market research involves collecting data through surveys, focus
groups, and other market research techniques to gain insights into customer
preferences, buying behavior, and market dynamics. This information is used to
make qualitative assessments and predictions about future demand. Market
research helps businesses understand customer needs, preferences, and potential

market shifts that may impact demand.

3. Expert Opinions: Expert opinions or judgment-based forecasting relies on the
knowledge and experience of industry experts, sales representatives, and other
professionals. They provide insights and make subjective assessments about future
demand based on their expertise and understanding of market conditions, customer
behavior, and industry trends. Expert opinions are particularly useful in situations

where historical data is limited or unreliable.
Modern Methods:

1. Machine Learning and Artificial Intelligence: Modern methods leverage machine
learning and artificial intelligence techniques to analyze large volumes of data and
identify complex patterns in demand. These methods can incorporate various data
sources, such as historical sales data, customer behavior data, social media data,
and economic indicators, to make accurate demand forecasts. Machine learning
algorithms learn from historical patterns and adjust their models to improve

forecast accuracy over time.

2. Predictive Analytics: Predictive analytics combines statistical modeling, data
mining, and machine learning techniques to analyze historical data and predict
future demand. It utilizes advanced algorithms to identify relevant variables and
their impact on demand. Predictive analytics can incorporate both internal and
external data sources to capture a comprehensive view of demand drivers and make

accurate predictions.

3. Big Data Analytics: Big data analytics leverages the vast amount of data available
to businesses, including customer transactions, online behavior, social media
interactions, and other relevant data sources. By analyzing this data using advanced

analytics techniques, businesses can uncover valuable insights, identify demand
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patterns, and make accurate forecasts. Big data analytics enables organizations to
gain a deeper understanding of customer preferences, market trends, and demand

fluctuations.

4. Collaborative Forecasting: Collaborative forecasting involves integrating inputs
from multiple stakeholders in the supply chain, such as suppliers, distributors,
retailers, and customers. By sharing information and collaborating on demand
forecasts, businesses can improve forecast accuracy and responsiveness to market
changes. Collaborative forecasting promotes data sharing, enhances supply chain
visibility, and facilitates more accurate demand predictions.

S. Thomassey (2010), Both classical and modern methods have their strengths and
limitations, and businesses often employ a combination of these approaches to achieve
more accurate demand forecasts. F. Chen (2021) Classical methods are well-
established and widely used, relying on historical data and expert judgment. T. J. van
Kampen (2013) On the other hand, modern methods leverage advanced technologies,
data analytics, and machine learning to incorporate large and diverse datasets, enabling

more precise and data-driven forecasts.

A. A. Syntetos (2005), In conclusion, demand forecasting is a vital process for
businesses to plan their operations effectively. Classical methods such as time series
analysis, market research, and expert opinions provide a solid foundation for demand
forecasting. E. Spiliotis et al., (2020) Modern methods, including machine learning,
predictive analytics, big data analytics, and collaborative forecasting, leverage
advanced technologies and data analysis techniques to enhance forecast accuracy and
provide a deeper understanding of demand patterns. Employing a combination of
classical and modern methods enables businesses to make informed decisions,

optimize inventory management,
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CHAPTER 4 METHODOLOGY

4.1 GABRIEL INDIA LIMITED WAREHOUSE LAYOUT

Q. Lang (2020), Warehouse layout plays a crucial role in optimizing storage capacity,
facilitating efficient material handling, and improving overall operational efficiency.
One important element of warehouse layout design is the incorporation of temporary
storage with high racks. This approach allows for flexible storage solutions and
effective space utilization. Let's explore this concept in detail:

4.1.1 TEMPORARY STORAGE AREA WITH HIGH RACKS

1. Definition of Temporary Storage with High Racks:

Temporary storage with high racks refers to the allocation of storage space within
the warehouse specifically for short-term or temporary storage needs. This area
typically consists of high racks that maximize vertical storage capacity while
minimizing the warehouse footprint. It is designed to accommodate products that

require temporary storage before further processing, distribution, or shipment.

. —

Figure 4.1: Temporary Storage Area with High Racks
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2. Benefits of Temporary Storage with High Racks:

- Efficient Space Utilization: High racks enable vertical storage, effectively
utilizing the available vertical space in the warehouse. This allows for increased
storage capacity without expanding the warehouse's physical footprint.

- Flexibility: Temporary storage areas provide the flexibility to adapt to changing
storage requirements. Products that require short-term storage or frequent turnover
can be easily accommodated in these areas, facilitating efficient material flow and
preventing congestion in other storage zones.

- Improved Accessibility: High racks are designed with accessibility in mind,
allowing for efficient retrieval and placement of goods. This helps minimize the
time and effort required for material handling activities and enhances overall
productivity.

- Enhanced Inventory Visibility: By allocating temporary storage areas with high
racks, warehouse personnel can quickly identify and locate specific products,
improving inventory visibility and reducing the likelihood of stockouts or
misplaced items.

- Easy Integration with Workflow: Temporary storage areas can be strategically
positioned along the workflow, ensuring seamless integration with other
operational processes such as order picking, packaging, and staging. This
facilitates a smooth flow of materials and reduces unnecessary movement within
the warehouse.

- Scalability: Temporary storage with high racks provides scalability, allowing
businesses to adapt to fluctuating storage demands. As storage needs change over
time, the layout can be easily modified or expanded to accommodate increased

product volumes.

3. Considerations for Designing Temporary Storage with High Racks:

- Safety: Safety should be a primary concern when designing temporary storage
areas with high racks. Adequate safety measures, such as proper rack installation,
secure stacking, and clear signage, should be implemented to prevent accidents or
injuries.

- Access and Aisles: Design the Iay%%t with well-defined access points and wide



enough aisles to ensure easy movement of personnel and equipment. Consider the
size of forklifts or other material handling equipment required for loading and
unloading products from high racks.

- Load Capacity: High racks should be designed to handle the weight and
dimensions of the products being stored. Consider factors such as load capacity,
load distribution, and stability to prevent damage to goods or rack structures.

- Lighting and Visibility: Adequate lighting should be provided in the temporary
storage area to ensure clear visibility and reduce the risk of accidents. Consider
incorporating additional lighting fixtures or reflective surfaces to enhance

visibility in high rack areas.

4. Integration with Warehouse Management Systems (WMS):

P. C. Sen (2020), To maximize the efficiency of temporary storage with high racks,
integrating the layout with a Warehouse Management System (WMS) is beneficial.
A WMS can track inventory movements, monitor stock levels, and provide real-time
visibility into the temporary storage area. This integration allows for better inventory
control, improved order fulfillment, and optimized material flow within the

warehouse.

In conclusion, incorporating temporary storage with high racks in warehouse
layout design offers numerous advantages, including efficient space utilization,
flexibility, improved accessibility, enhanced inventory visibility, and easy integration
with workflow. By considering safety, access, load capacity, and lighting, businesses
can create a well-designed temporary storage area that supports efficient material

handling and contributes to overall operational excellence.

4.12 PERIPHERAL STORAGE AREA WITH MEZZANINE

Warehouse layout design is a critical aspect of efficient operations and
effective space utilization. In this context, a warehouse layout that incorporates
a peripheral storage area, outer coil spring storage, and a cut rod storage area

with a mezzanine can provide several benefits. Let's delve into the details:
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1. Peripheral Storage Area:

A peripheral storage area refers to a designated space situated along the outer
perimeter of the warehouse. This area is used for storing goods that have lower
turnover rates or are less frequently accessed. The peripheral storage area offers
the following advantages:

- Efficient Space Utilization: By utilizing the outer edges of the warehouse, the
peripheral storage area optimizes the available space without interfering with the
core operational zones.

- Easy Segregation: Allocating a separate area for peripheral storage allows for
clear segregation of slow-moving or low-demand items from the more frequently
accessed inventory.

- Improved Workflow: Placing items with lower turnover rates in the peripheral
storage area reduces congestion in the main operational zones, ensuring smoother
material flow and minimizing disruptions.

- Flexibility: The peripheral storage area can be easily customized or modified

based on evolving storage requirements or changes in product demand.

Figure.4.2: Peripheral Storage Area

2. Outer Coil Spring Storage:
Outer coil springs are commonly used in industries such as automotive

manufacturing and furniture productiosrk Dedicated storage for outer coil springs



within the warehouse provides the following benefits:

- Efficient Storage: The design of the storage area is optimized to accommodate the
specific dimensions and characteristics of outer coil springs, ensuring efficient use of
space.

- Protection and Organization: Proper storage of outer coil springs minimizes the risk
of damage or deformation, ensuring that they remain in optimal condition for use.

- Accessibility: Organizing outer coil springs in a designated storage area improves
accessibility, making it easier to locate and retrieve specific items when needed.

- Safety Measures: Implementing safety measures such as proper stacking techniques
and securing mechanisms reduces the risk of accidents or injuries related to handling
outer coil springs.

Figure 4.3: Outer Coil Spring Storage Area

3. Cut Rod Storage Area with Mezzanine:

The cut rod storage area with a mezzanine refers to a storage zone designed
specifically for cut rods, which are commonly used in construction, manufacturing,
and fabrication industries. This area, which includes an elevated platform or

mezzanine, offers the following advantages:

- Vertical Space Utilization: The mezzanine provides additional storage capacity by

utilizing the vertical space in the warehouse, allowing for efficient storage of cut rods
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while minimizing the footprint.

- Enhanced Organization: The mezzanine allows for better organization and
categorization of cut rods, ensuring easy access and quick identification of specific
lengths, diameters, or types.

- Improved Material Handling: The elevated platform provides an ergonomic
working height, facilitating efficient material handling activities such as picking,
sorting, and packaging of cut rods.

- Workflow Optimization: By separating the cut rod storage area from other
operational zones, the mezzanine promotes a streamlined workflow, reducing

congestion and improving overall operational efficiency.

Figure 4.4: Cut Rod Storage area with Mezzanine

4.1.3 VALVING MATERIAL STORAGE AREA WITH FIFO RACK

1. Valving Material Storage:

Valving materials, such as valves, fittings, and related components, are essential in
industries such as manufacturing, construction, and oil and gas. A dedicated storage
area for valving materials provides the following advantages:

-Proper Organization: A designated storage area allows for systematic organization

and categorization of different types, sizes, and specifications of valves and fittings.
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This ensures easy access and quick identification of specific items.

- Protection and Preservation: Proper storage of valving materials helps protect them
from damage, corrosion, or contamination, ensuring they remain in optimal condition
for use.

-Inventory Visibility: Having a dedicated storage area for valving materials improves
inventory visibility, making it easier to monitor stock levels, track usage, and plan
for replenishment.

-Efficient Replenishment: A well-organized storage area enables accurate inventory
counts, making replenishment processes more efficient and reducing the likelihood
of stockouts or overstock situations.

- Reduced Downtime: Easy access to valving materials facilitates quick retrieval
when needed, reducing downtime in maintenance or repair activities that require the
replacement of valves or fittings.

Figure 4.5: Valving Material storage with FIFO Racks

2. FIFO Racks:

FIFO (First-In, First-Out) racks are storage racks designed to ensure that items are
retrieved in the order they were received. This system is particularly beneficial for
items with a limited shelf life or those prone to expiration, such as perishable goods
or items with specific usage requiremesits. Incorporating FIFO racks in the valving



material storage area offers the following advantages:

- Inventory Rotation: FIFO racks promote the rotation of stock, ensuring that older
inventory is used first. This reduces the risk of obsolescence, expiration, or
degradation of valving materials.

- Inventory Accuracy: The FIFO system helps maintain accurate inventory records
by ensuring that the oldest items are used first and minimizing discrepancies between
recorded and actual stock levels.

- Improved Product Quality: Using the oldest valving materials first ensures that
items are used within their intended shelf life, promoting product quality and
reliability.

- Minimized Waste: FIFO racks help minimize waste by reducing the likelihood of
expired or unusable valving materials that are left in storage for extended periods.

- Efficient Material Handling: The organized layout of FIFO racks allows for easier
access and retrieval of valving materials, minimizing the time and effort required for

material handling tasks.

When designing a warehouse layout with valving material storage and FIFO racks,
consider factors such as safety, accessibility, load capacity, and space utilization.
Proper training and labeling can also contribute to efficient operations and minimize

errors during material handling.

In conclusion, incorporating a valving material storage area with FIFO racks in a
warehouse layout offers advantages such as improved organization, inventory
visibility, efficient replenishment, reduced downtime, inventory rotation, improved
product quality, and minimized waste. Careful planning and consideration of specific
storage requirements are essential to create a layout that maximizes the benefits of
valving material storage and FIFO rack systems, ultimately enhancing overall

warehouse performance.
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Type of Area Area in m"2
Shopfloor / manufacturing 4449.507
Rawmaterial storage area floor 479.574
Work In Progress storage area 4421
floor
Finished goods storage area floor 578.96

Table 4.1: Warehouse Storage Area
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4.2 FSN ANALYSIS BASED ON CONSUMPTION RATE

The methodology for conducting FSN analysis based on consumption rate
involves several steps to categorize items in a warehouse into Fast-moving, Slow-
moving, and Non-moving categories. This classification helps warehouse managers
optimize inventory management, space utilization, and decision-making processes.
The following is a detailed description of the methodology:

1. Data Collection: The first step is to gather relevant data related to item
consumption rates. This data can be obtained from the warehouse management
system, sales records, or any other sources that provide information on item
usage or sales. The data should include item codes, descriptions, quantities sold
or used, and the corresponding time periods.

2. Consumption Rate Calculation: Calculate the consumption rate for each item
based on the data collected. The consumption rate is typically measured as the
average quantity sold or used per time period (e.g., per month or per year). This
can be calculated by dividing the total quantity sold or used by the number of

time periods.

3. Categorization Thresholds: Determine the thresholds for categorizing items
into Fast-moving, Slow-moving, and Non-moving categories. These thresholds
are based on predefined criteria and can be determined through historical
analysis, industry standards, or organization-specific policies. For example, a

common approach is to categorize items as follows:

- Fast-moving: Items with a consumption rate above a certain threshold, such as
the top 20% of items with the highest consumption rates.

- Slow-moving: Items with a consumption rate below the fast-moving threshold
but above a lower threshold, such as the middle 60% of items.

- Non-moving: Items with a consumption rate below the slow-moving threshold

or with no consumption during the specified time period.

4. Categorization Process: Apply the categorization thresholds to the
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consumption rate data for each item. Compare the consumption rate of each item
with the predetermined thresholds to determine its category (Fast-moving, Slow-
moving, or Non-moving). Assign the appropriate category to each item based on

the comparison results.

5. Analysis and Reporting: Analyze the categorized items to gain insights into
the inventory composition and identify areas for improvement. Generate reports
or visual representations that provide a clear overview of the distribution of items
across the three categories. These reports can include metrics such as the number
of items in each category, their respective consumption rates, and the percentage
of total inventory represented by each category.

6. Decision-Making and Action Planning: Utilize the results of the FSN analysis
to guide decision-making and action planning. For fast-moving items, focus on
ensuring sufficient stock levels, efficient replenishment strategies, and
optimizing their placement for easy accessibility. For slow-moving items,
develop strategies to minimize holding costs, such as adjusting order quantities,
exploring promotions, or implementing targeted marketing campaigns. Non-
moving items should be carefully evaluated, and appropriate actions should be
taken, such as liquidation, return to suppliers, or disposal, to free up space and

minimize financial losses.

7. Monitoring and Review: Continuously monitor and review the categorization
results to identify changes in item consumption rates over time. Regularly update
the FSN analysis to reflect the latest data and make adjustments to the
categorization thresholds if necessary. This ensures that the inventory
classification remains accurate and aligns with the dynamic nature of demand
patterns.

By following this methodology, warehouse managers can effectively

perform FSN analysis based on consumption rate and gain valuable insights into their

inventory composition. This analysis helps optimize inventory management, improve

space utilization, and make informed decisions to enhance overall operational

efficiency in the warehouse.
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4.3 ABC ANALYSIS BASED ON APPLICATION
REQUIREMENT

Detailed methodology for conducting an ABC Analysis of raw materials based on

their use in a variety of applications:

1. Define the Objective:

Clearly define the objective of the ABC Analysis. In this case, the objective is to
classify raw materials based on their use in a variety of applications. The analysis
aims to prioritize raw materials for effective inventory management and supply chain

optimization.

2. Gather Data:

Collect comprehensive data on raw materials, including their types, quantities,
usage, and applications. This information can be obtained from various sources such
as procurement records, production data, material requisitions, and supplier

information.

3. Determine the Classification Criteria:

Identify the criteria for classifying the raw materials. In this case, the criteria will be
based on the use of raw materials in a variety of applications. The classification can
be determined by factors such as the frequency of use, criticality, cost, or volume of

consumption.

4. Calculate Usage Metrics:

Calculate the relevant metrics for each raw material based on the defined criteria. For
example, you can calculate the total quantity used, the number of applications in
which the raw material is used, the cost of the raw material, or the percentage of total

consumption it represents.

5. Rank the Raw Materials:
Rank the raw materials based on the calculated metrics. Assign a score or rank to

each raw material, with higher scores indicating higher importance or usage. This
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ranking will form the basis for the ABC classification.

6. Perform ABC Classification:
Divide the raw materials into categories using the ABC classification method. The
classification is typically based on the Pareto principle, which states that a small
percentage of items (A-items) account for a significant portion of the value or usage,
while a larger percentage of items (C-items) have lower value or usage. The
classification is often defined as follows:
- A-items: High-value or high-usage raw materials that represent a significant
portion of the overall consumption or value.
- B-items: Moderate-value or moderate-usage raw materials that are less
critical than A-items but still contribute to a substantial portion of
consumption or value.
- C-items: Low-value or low-usage raw materials that represent a relatively

small portion of consumption or value.

7. Analyze the Results:

Analyze the results of the ABC classification to gain insights and make informed
decisions. Identify the raw materials that fall into each category and evaluate their
impact on inventory management, procurement strategies, and supply chain
planning. This analysis can help identify opportunities for cost savings, prioritize

inventory replenishment, and allocate resources effectively.

8. Develop Action Plans:

Based on the analysis, develop action plans for each category of raw materials. For
A-items, focus on strategic sourcing, supplier relationship management, and
inventory optimization. B-items may require moderate-level planning and

management, while C-items may have simplified procurement processes.

9. Monitor and Review:
Regularly monitor and review the ABC classification results to ensure its relevance
and accuracy. Update the classification as needed based on changes in raw material

usage patterns, market conditions, or blis&iness requirements.



By following this methodology, you can effectively perform an ABC Analysis of raw
materials based on their use in a variety of applications. This analysis will provide
valuable insights for inventory management, procurement strategies, and supply
chain optimization, ultimately helping to enhance operational efficiency and cost-

effectiveness.
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4.4 JUST IN TIME INVENTORY

Just-in-Time (JIT) inventory management is a strategy aimed at reducing excess stock
levels and minimizing inventory carrying costs by aligning inventory levels precisely
with customer demand. The objective of JIT inventory is to have the right quantity of
materials or products available at the right time, neither too early nor too late. This
approach has gained popularity due to its potential to improve efficiency, reduce
waste, and enhance overall operational performance. Let's delve into the topic in
detail:

1. Principles of Just-in-Time (JIT) Inventory:
JIT inventory management is based on the following principles:

- Demand-driven: JIT focuses on fulfilling customer demand promptly and accurately.
It emphasizes the flow of materials through the supply chain in response to customer

orders or production requirements.

- Continuous Improvement: JIT encourages continuous improvement in all aspects of
operations, including production processes, supplier relationships, and inventory

management. By identifying and eliminating waste, JIT strives for optimal efficiency.

- Waste Reduction: JIT aims to eliminate various forms of waste, including
overproduction, excess inventory, waiting times, unnecessary transportation, defects,
and unnecessary motion. By reducing waste, organizations can streamline processes

and improve overall productivity.

2. Key Components of JIT Inventory Management:
To implement JIT effectively, organizations need to consider the following

components:

- Reliable Supplier Relationships: Strong partnerships with reliable suppliers are
essential for JIT inventory management. Timely and consistent deliveries from

suppliers are crucial to ensuring that materials arrive precisely when needed.
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- Synchronization: JIT relies on synchronization across the entire supply chain, from
suppliers to production and distribution. Accurate demand forecasting, real-time
communication, and collaboration among all stakeholders are vital to achieve

synchronization.

- Pull System: JIT follows a pull-based system, where production and replenishment
are triggered by actual customer demand. Materials or products are pulled through the
supply chain as needed, reducing the risk of excess inventory.

- Kanban System: The kanban system is often used in JIT inventory management. It
employs visual signals, such as cards or bins, to control the movement of materials.
Each process signals the need for materials based on actual consumption, ensuring a

steady flow and avoiding excess stock.

- Efficient Production Processes: JIT emphasizes efficient and flexible production
processes to accommodate changing demand. This may involve reducing setup times,
implementing cellular manufacturing, and improving equipment reliability to enable

quick response times.

- Quality Control: JIT places a strong emphasis on quality control at every stage of
production. By reducing defects and ensuring high-quality products, organizations
can avoid rework, scrap, and the need for excess inventory to compensate for poor

quality.

3. Benefits of JIT Inventory Management:

Implementing JIT inventory management can offer several benefits to organizations:

- Cost Reduction: JIT eliminates the need for excessive inventory holding costs,
including storage, handling, and obsolescence. By reducing inventory levels,

organizations can optimize their use of resources and minimize associated costs.

- Improved Efficiency: JIT streamlines4operations, reduces lead times, and eliminates
7



non-value-added activities. This leads to improved production flow, reduced waiting

times, and increased overall efficiency.

- Enhanced Customer Satisfaction: JIT enables organizations to respond quickly to
customer demands, reducing lead times and improving order fulfillment. This, in turn,

enhances customer satisfaction and strengthens relationships.

- Waste Reduction: JIT focuses on eliminating waste throughout the supply chain,
leading to improved process efficiency, reduced scrap and rework, and better

utilization of resources.

- Flexibility and Adaptability: JIT provides organizations with greater flexibility and
agility to respond to changes in demand or market conditions. With reduced inventory
levels, organizations can adjust production quickly to meet shifting customer

requirements.

In conclusion, JIT inventory management is a strategy that aims to minimize excess
stock levels by aligning inventory with customer demand. By focusing on waste
reduction, synchronization, reliable supplier relationships, and efficient production

processes, organizations can achieve cost savings, improv
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CHAPTER 5 RESULTS AND DISCUSSIONS

5.1 FSN ANALYSIS BASED ON RECENT TREND

FSN (Fast, Slow, and Non-moving) Analysis is a useful technique employed in
inventory management to classify items based on their consumption rates. By
categorizing inventory items as fast-moving, slow-moving, or non-moving,
organization effectively allocate resources, optimize inventory levels, and identify

potential areas for improvement.

1. Fast-Moving Items:

Fast-moving items are those that experience high consumption rates. Through
FSN Analysis, it is observed that a significant portion of 1777 material component
among inventory items falls into this category. These items typically have a high
turnover rate and contribute significantly to revenue generation. The analysis
identifies the specific items and quantifies their consumption rates, allowing
organizations to focus on efficient replenishment strategies, such as frequent

restocking and closer monitoring of demand patterns.

2. Slow-Moving Items:

Slow-moving items are characterized by a lower consumption rate compared to
fast-moving items. FSN Analysis helps identify almost 731 slow moving items within
the inventory. The analysis highlights items that require a longer time to sell or
consume. It is crucial to monitor slow-moving items closely to avoid overstocking
and the tying up of valuable resources. Strategies such as targeted promotions,
bundling, or reevaluating demand forecasts can be implemented to improve the

movement of slow-moving items and prevent excessive holding costs.
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3. Non-Moving Items:

Non-moving items represent the inventory that has not been consumed or sold

within a specified time period. FSN Analysis identifies 1308 such non-moving items

with the inventory, which can be a cause for concern as they tie up storage space and

working capital. Non-moving items may include obsolete or discontinued products,

items with low demand, or items with limited market relevance. It is essential to

address non-moving items promptly through strategies such as inventory liquidation,

returns to suppliers, or repositioning in the market to minimize the financial impact.
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5.2 ABC ANALYSIS BASED ON NUMBER OF
APPLICATION

Introduction:

ABC Analysis is a widely used inventory management technique that classifies
items into three categories: A, B, and C, based on their importance and value to the
organization. The classification is typically determined by factors such as sales
revenue, usage frequency, or cost. In this section, we present the results of ABC
Analysis based on the number of applications of each part and discuss its implications

for effective inventory management.

1. Category A:

Category A includes parts with a high number of applications. Through ABC
Analysis, it is observed that a limited number of parts fall into this category but have
a significant impact on overall operations. These parts are critical for the functioning
of various products or processes, and any shortage or stockout can severely disrupt
production. By identifying and closely monitoring Category A parts, organizations
can ensure sufficient stock levels and implement appropriate reorder strategies to

meet demand consistently.

2. Category B:

Category B consists of parts with a moderate number of applications. These parts
have a relatively lower impact on operations compared to Category A items but are
still important for maintaining production continuity. ABC Analysis identifies the
specific parts falling under Category B, allowing organizations to establish
appropriate stocking levels and reorder points. While not as critical as Category A
items, efficient management of Category B parts ensures smooth operations and

minimizes the risk of stockouts.

3. Category C:

Category C comprises parts with a low number of applications. These parts have
the least impact on operations and are considered less critical compared to Category
A and B items. ABC Analysis helps identify Category C parts, which may include
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specialized components or those with infrequent usage. While the individual

significance of Category C parts may be low, their cumulative impact on inventory

costs can be substantial. By recognizing and managing these parts separately,

organizations can optimize inventory levels and avoid overstocking.
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5.3 OPTIMIZED STOCK QUANTITY BASED ON JIT
INVENTORY

Introduction:

Just-in-Time (JIT) inventory management is a strategy that aims to minimize
inventory levels by receiving goods and materials only when they are needed in the
production process. The concept revolves around reducing waste, eliminating excess
inventory, and achieving efficient supply chain operations. In this section, we present
the results of optimizing stock quantity based on JIT inventory and discuss its

implications for inventory management.

Results:
1. Reduced Inventory Levels:

By implementing JIT inventory management, organizations have successfully
achieved significant reductions in stock quantity. The analysis demonstrates that excess
inventory, which ties up valuable resources and incurs holding costs, has been
minimized. Optimizing stock quantity based on JIT principles ensures that inventory is
available precisely when it is needed, reducing the need for large stockpiles and

providing a more streamlined inventory control system.

2. Improved Inventory Turnover:

The results indicate that implementing JIT inventory management has led to
improved inventory turnover rates. With reduced stock quantity, items move through
the inventory system at a faster pace. This not only reduces holding costs but also allows
organizations to respond more quickly to changes in demand. Improved inventory
turnover enhances overall operational efficiency and enables organizations to allocate

resources more effectively.

3. Enhanced Supplier Relationships:

Optimizing stock quantity based on JIT inventory necessitates close

collaboration with suppliers. The analysis reveals that organizations have developed
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stronger relationships with suppliers to ensure timely delivery of materials and
components. By establishing reliable partnerships and implementing just-in-time
deliveries, organizations can reduce lead times and eliminate the need for excessive
safety stock. This improves supply chain efficiency, minimizes inventory carrying
costs, and fosters a more collaborative supplier network.

4. Demand Forecasting and Communication:

The successful implementation of JIT inventory management relies heavily on
accurate demand forecasting and effective communication throughout the supply chain.
The analysis shows that organizations have invested in robust demand forecasting
techniques and improved communication channels with suppliers and customers.
Accurate demand forecasts enable organizations to adjust stock quantities precisely,
ensuring that materials are available exactly when required. Effective communication
channels facilitate information sharing and allow for quick responses to changes in

demand or supply.

5. Waste Reduction and Lean Practices:

Optimizing stock quantity based on JIT principles aligns with lean
manufacturing practices, emphasizing waste reduction and process efficiency. The
results highlight a reduction in waste, such as obsolete or expired inventory, as well as
decreased instances of stockouts and overstocking. JIT inventory management
promotes lean practices, including continuous improvement, value stream mapping,
and the elimination of non-value-added activities. This lean approach streamlines

operations, reduces costs, and enhances overall productivity.

Discussion:
1. Cost Savings and Working Capital Management:

Optimizing stock quantity based on JIT inventory management results in
significant cost savings. Reduced inventory levels minimize holding costs, including
storage, insurance, and obsolescence expenses. Moreover, organizations can allocate

working capital more effectively as less capital is tied up in inventory. The freed-up
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resources can be utilized for other strategic initiatives, such as research and

development, marketing, or process improvements.

2. Flexibility and Responsiveness:

JIT inventory management provides organizations with increased flexibility and
responsiveness to changing market conditions. The ability to adjust stock quantities
quickly based on demand fluctuations allows organizations to meet customer
requirements promptly and reduces the risk of excess inventory or stockouts. This
agility enables organizations to stay competitive in dynamic markets and respond

effectively to evolving customer needs.

3. Continuous Improvement:

Optimizing stock quantity based on JIT inventory management is an ongoing
process of continuous improvement. Regular monitoring, analysis, and refinement of
inventory levels ensure that the JIT principles are effectively implemented and aligned
with changing market dynamics. By continually seeking opportunities for waste
reduction, process optimization, and supplier collaboration, organizations can further
enhance their inventory management practices and achieve long-term operational

excellence.

4. Supply Chain Collaboration:

The successful implementation of JIT inventory management requires
close collaboration and trust among all stakeholders in the supply chain. The
analysis highlights the importance of fostering strong supplier relationships,
improving communication channels, and aligning goals and objectives.
Collaborative efforts ensure a seamless flow of materials, minimize lead times,

and facilitate a synchronized supply chain that supports JIT principles.
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CHAPTER 6 CONCLUSION

In conclusion, warehouse inventory space optimization using class-based
storage is a vital aspect of efficient warehouse management. The implementation
of class-based storage enables organizations to categorize and allocate inventory
based on its characteristics and demand patterns, leading to optimized space

utilization, improved inventory control, and enhanced operational efficiency.

Through the literature review, it is evident that class-based storage offers
several advantages. By classifying inventory into different categories, such as
high-demand items, slow-moving items, and non-essential items, organizations
can allocate storage space based on the specific needs of each category. This
ensures that high-demand items are easily accessible and closer to the picking
area, reducing retrieval time and increasing order fulfillment speed. Meanwhile,
slow-moving or non-essential items can be stored in less accessible areas,

optimizing the overall layout and space utilization within the warehouse.

The implementation of class-based storage also enables organizations to
adopt different storage methods and equipment based on the nature of the
inventory. For instance, high-density storage systems such as pallet racking or
automated storage and retrieval systems (AS/RS) can be utilized for high-demand
items, while less dense storage solutions like shelving or bulk storage can be
employed for slow-moving or non-essential items. This flexibility in storage
options allows organizations to make the most efficient use of available space and

minimize wastage.

Furthermore, class-based storage facilitates effective inventory control
and stock rotation. By assigning different storage locations to each class,
organizations can implement appropriate inventory replenishment strategies such
as first-in-first-out (FIFO) or last-in-first-out (LIFO), depending on the
requirements of the inventory. This ensures that older inventory is utilized first,
reducing the risk of obsolescence or expiration and minimizing potential financial

losses.
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Another significant benefit of class-based storage is its contribution to
overall warehouse safety and orderliness. With clearly defined storage areas for
each class, warehouse personnel can easily navigate through the facility, reducing
the chances of accidents and improving overall safety. Additionally, a well-
organized warehouse layout based on class-based storage promotes orderliness

and cleanliness, creating a more efficient and productive work environment.

However, it is important to note that the successful implementation of
class-based storage requires proper planning, accurate inventory classification,
and regular monitoring. Organizations should invest in robust inventory
management systems and processes that can accurately track and categorize
inventory based on predetermined criteria. Regular review and adjustments of the
inventory classification are necessary to ensure the system remains aligned with

changing market demands and business objectives.

In conclusion, warehouse inventory space optimization using class-based
storage offers significant benefits to organizations, including improved space
utilization, enhanced inventory control, efficient stock rotation, and improved
safety. By implementing class-based storage methods, organizations can optimize
their warehouse operations, reduce costs, and enhance overall customer
satisfaction. However, it is crucial for organizations to develop and maintain
effective inventory management practices and continuously evaluate and adapt

the class-based storage approach to meet evolving business needs.
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