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ABSTRACT

This abstract aim to provide a comprehensive overview of the critical components
involved in optimizing warehouse layout and design. By understanding and
implementing these strategies, businesses can achieve significant improvements in
their operational efficiency, ultimately leading to cost savings, increased
competitiveness, and improved customer service. Effective warehouse layout and
design play pivotal roles in ensuring streamlined operations and maximizing
productivity in the logistics and supply chain management domain. This abstract aim
to explore the critical aspects involved in optimizing warehouse layout and design
to achieve improved operational efficiency.

The primary focus is on analyzing various strategies and methodologies employed
in redesigning and organizing warehouse spaces to minimize operational
bottlenecks, reduce picking times, enhance inventory management, and increase
overall efficiency. It examines the utilization of advanced technologies such as
warehouse management systems (WMS), automation and data analytics to
facilitate efficient layout planning and optimization.

Strategies to maximize space utilization through efficient slotting techniques,
storage solutions, and innovative layout configurations that minimize travel
distances and optimize picking paths. Key factors influencing warehouse layout and
design, including inventory categorization, storage methods, material handling
equipment, aisle configurations, and picking strategies, are discussed in-depth.
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CHAPTER 1

INTRODUCTION

1.1 INTRODUCTION:

A project is a structured and time-bound endeavor undertaken to achieve a
particular objective or goal. Whether in the realms of business, construction,
information technology, academia, or personal life, a project involves a planned
sequence of tasks and activities with clearly defined scopes, budgets, and timelines.
Projects typically require the allocation of resources, such as human effort, financial
investments, and materials, and are managed using established project
management methodologies. These methodologies aid in the planning, execution,
and control of the project to ensure that it successfully delivers its intended
outcomes within the specified constraints of time and resources. In essence, a
project is a purposeful and temporary initiative that brings together people,

processes, and resources to realize a specific result.

A warehouse is a fundamental component of the modern business landscape,
playing a pivotal role in the storage, management, and distribution of goods and
materials. It serves as a crucial link in the supply chain, ensuring that products are
efficiently stored and readily available for timely delivery to customers. Warehouses
come in various sizes and types, tailored to the specific needs of the industries they
serve. They are more than just storage spaces; they are hubs of organization,
efficiency, and precision, contributing to the seamless flow of goods in a complex
global marketplace. In this introduction, we will explore the key functions and
features of warehouses and delve into their critical importance for businesses

across diverse sectors.

The layout of a warehouse is a critical aspect of its efficiency and functionality. A
well-designed warehouse layout can significantly enhance productivity, reduce
operating costs, and streamline the movement of goods. Every inch of space is
carefully considered and optimized to make the most of available storage capacity
while ensuring the safe and efficient flow of products. The layout typically includes
the arrangement of storage racks, shelving units, aisles, and workspaces. Factors

such as the type of products being stored, the frequency of item retrieval, and the



handling equipment used, such as forklifts or conveyor systems, all influence the
warehouse layout. Whether it's a traditional single-aisle design, a multi-aisle
configuration for high-density storage, or a dynamic layout for e-commerce
fulfillment centers, the choice of layout directly impacts a warehouse's ability to meet
the demands of its operations. A well-thought-out warehouse layout is like a
choreographed dance, where every element harmonizes to ensure the smooth and

efficient movement of goods, ultimately benefiting the business and its customers.

The shape of a warehouse layout can vary depending on several factors, including
the available space, the type of products being stored, and the specific operational
needs of the business. Here are some common shapes for different warehouse

layout types:
L-shaped warehouse flow:

The L-shaped warehouse flow is considered the least common of the flow types. Its
configuration is very unusual and is generally chosen to specifically accommodate

an L-shaped building.
L-shaped warehouse flow

Staging
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Shipping

The L shape features the shipping area on one side and the receiving on the
adjacent side at a 90-degree angle. The L-shaped flow and I-shaped flow are

relatively similar in their advantages.

The L shape also minimizes congestions by avoiding back and forth movement

and effectively separates products with inbound and outbound docks on opposite



sides. The most significant disadvantage of the L-shaped design is how much

space is needed to run this flow effectively.

U-Shape warehouse flow:

U-shaped warehouse flows are the most popular due to their simplicity and ease of

replication.

All the inventory is arranged in a “U” shaped semicircle, the middle portion (the bend
of the “U”) is used for storage, and then shipping and receiving are performed at the
ends of the “U.”

U-shaped warehouse flow

Static Storage

Dynamic Storage

Static Storage

After receiving orders, products are placed in the staging or reception area to be
sorted and then placed at appropriate storage locations. Storage locations are split

into two categories:

Static Storage is for slow-selling products that are more likely to sit on the shelves
for a longer period of time.

Dynamic Storage is for products with higher demand and turnover.

The “U” shape helps streamline inventory flow and keeps everything separate. By
keeping incoming and outgoing shipments apart, the U shape also helps avoid
bottlenecks.

Plus, because shipping and receiving are on the same end of the building,
employees can swiftly move products between these two stages, and you may

need less loading and unloading gear.



However, some people consider this a downside because the proximity of the

entrance and exit can lead to congestion.

I-Shaped Warehouse Layout:

I-Shaped Warehouse Product Flow

The I-shaped warehouse layout utilizes a long, linear shape with the receiving
area at one end and the shipping area at the other. This layout is commonly used
by large warehouses due to the efficient use of floor space. It's also ideal for
storing and processing large quantities of goods, as it allows for adequate loading
and shipping areas.

A downside to this layout is that complete loading and unloading areas are needed
on opposite sides of the warehouse. This can make it difficult to access the entire
warehouse from one location. It also means goods must travel the entire length of

the warehouse for loading and unloading, which can be inefficient.

Pallet Racking:

Pallet Racking is the best solution for warehouses where it is necessary to keep a
wide variety of articles in pallets. It provides direct access to all pallets for 100%
accessibility and good stock rotation. Pallets can be located, accessed and moved

individually providing rapid handling of palletized goods. It provides easy beam
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adjustment and accommodates variable pallet heights. Lower level pallets can be
located on the floor for picking purposes, which reduces structure costs.
Alternatively, additional beams can be added for lower level picking. The simplest
of all Pallet Rack Storage Systems provides access to every pallet. Low cost
equipment can be used offering simple adjustability and adaptability. Storage
density is low with only 35% floor space used and only 25% cubic space used. Some

types of racking are:

e Selective Racking: This is the most common type and allows for direct
access to each pallet. It's ideal for businesses with a wide variety of products.

e Drive-in and Drive-through Racking: These systems allow forklifts to enter
the racking system to store and retrieve items. They are suitable for high-
density storage of the same product.

e Push Back Racking: This system involves storing pallets on a series of
nested carts, allowing for a Last-In, First-Out (LIFO) retrieval system.

e Cantilever Racking: Ideal for long or oversized items, such as lumber or

pipes, as it lacks front columns, providing open storage.

Shelving Units: Shelving units are used for storing smaller items or products that

don't require palletization. There are different types of shelving, including:

e Boltless Shelving: Easy to assemble and adjust, as it doesn't require nuts
and bolts for installation.
e Wire Shelving: Often used for items that require visibility and ventilation,

such as food or electronics.



e Steel Shelving: Durable and suitable for heavier loads, making it common
in industrial settings.

e Mobile Shelving: These units can be moved along tracks, optimizing space
and making them useful for areas with limited space.

Warehouses rely on a variety of equipment and machinery to manage the storage,
movement, and distribution of goods efficiently. The specific equipment used can
vary depending on the type of warehouse, its size, and the nature of the products
being handled. Here is a list of common equipment used in warehouses:

e Forklifts: Forklifts are versatile machines used for lifting and moving heavy
pallets and materials. They come in various types, including counterbalance,
reach trucks, and order pickers.

o Pallet Jacks: Pallet jacks, also known as hand trucks or pallet trucks, are
manual or electric devices used to move pallets within the warehouse.

e Conveyor Systems: Conveyor belts and roller conveyors facilitate the
automated movement of goods within the warehouse, especially in
distribution and fulfillment centers.

e Stacker Cranes: These automated machines are used in high-bay
warehouses for efficient retrieval and storage of pallets or goods.

e Dock Levelers: Dock levelers bridge the gap between the warehouse floor
and a truck's loading platform, ensuring smooth and safe loading and

unloading.



e Safety Equipment: This includes items like safety barriers, guardrails, and
personal protective equipment (PPE) to maintain a secure and safe working
environment.

e Loading Dock Equipment: Equipment like dock seals, dock plates, and
dock shelters help facilitate the efficient loading and unloading of trucks at
the dock area.

e Mezzanines and Platforms: These structures create additional levels within
the warehouse for storage, offices, or workspace.

e Racking Protection: To prevent damage to racks and products, various
protective equipment such as rack protectors, safety netting, and bollards are

used.

1.2 Why Warehouse Layout Is Important

Warehouse layout can make or break an operation’s overall efficiency. Poorly
designed warehouses can lead to issues, such as low productivity, lost or damaged
inventory and even accidents. A smart layout is carefully planned to improve overall
productivity and safety, enabling the business to move goods through the space in
the most cost-effective way possible. Put simply, a well-designed warehouse layout

can improve efficiency, reduce costs and improve customer satisfaction.

For example, if warehouse organization impedes workers’ ability to effectively
store, pick and pack goods, time is unnecessarily wasted. The time that employees
spend searching for misplaced items, dealing with mis-picks or simply walking more
than necessary takes away from more productive tasks, such as preparing orders
for shipment. An organized warehouse is easier to navigate, reducing employee

travel time, boosting productivity and benefiting the company’s bottom line.

Carefully designed warehouse layouts can also be safer, and safety is a key concern
for employees as well as customers. Ergonomic principles, such as placing
frequently accessed items in easily reachable areas, can help minimize bodily
injuries and strain. A well-designed layout also provides clear pathways for
pedestrian and vehicle traffic, designates areas for hazardous materials and

ensures that heavy equipment is used in a safe and controlled manner. As for
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customer impact, warehouses should be planned in a way that inhibits any chances
of cross-contamination or damage to goods. In a food storage facility, for instance,
it's important to account for space that will prevent materials from being

contaminated by insects or other pests.

WAREHOUSE EFFICIENCY

Warehouse efficiency refers to the optimization of storage and logistical operations
within a warehouse to maximize productivity, reduce costs, and enhance the overall
performance of the facility. This involves strategic organization of inventory,
streamlined workflows, and the utilization of technology and best practices to
minimize the time and effort required to store, retrieve, and distribute goods. Efficient
warehouses often employ techniques such as inventory management systems,
automation, and efficient layout design to minimize congestion and improve the
speed and accuracy of order fulfillment. Achieving warehouse efficiency is crucial
for businesses to meet customer demands promptly, minimize operational

expenses, and maintain a competitive edge in the market.
1.3 Components of a Warehouse

There are a few key components that every efficient warehouse need,
regardless of size or industry. The placement of these components forms the
backbone of the overall warehouse layout. At the same time, it’'s also important to
consider the layout within each component, as each affects the efficiency of the
operation as a whole. Here are the essential components to plan and organize within

a warehouse layout.

Receiving area: Incoming shipments are unloaded, checked in and sorted in the
receiving area. The receiving area is inside the warehouse and generally connected
to a receiving bay on one side, providing direct access for trucks and vehicles
transporting goods. The receiving area should be adjacent to the storage area to

make it easier to move incoming goods to their appropriate locations.

Storage area: Inventory is kept in the storage area until it needs to be picked to
fulfill an order. The storage area should be well-organized and designed for
accessibility, with direct connections to both the receiving and packing areas.

Storage areas typically include pallet racks and shelving units, which are used to



store inventory. An efficient storage area can help reduce travel time and

improve order picking accuracy, as well as inventory management capabilities.

Packing area: The packing area is where orders are packaged for shipping after
being picked. Packing areas are typically directly connected to the storage area and
the shipping bay. To help get orders prepped for shipping as quickly as possible,
packing areas should aim to enhance speed and accuracy without sacrificing worker
comfort and safety.

Shipping area: Outgoing orders are prepared for shipment in the shipping area,
which is essentially the inverse of the receiving area. The shipping area is inside the
warehouse and generally connected to a shipping bay on one side, with direct
access to the packing area on the other. Smart warehouse layouts account for
space in the shipping area to wrap pallets and use equipment like pallet jacks and
forklifts, as well as space to stage completed orders that need to be loaded onto a
truck for distribution.

Service areas: Service areas, such as restrooms, employee break rooms and
management offices, support the day-to-day operations of the facility. Restrooms
should be easily accessible to workers, and office space should be near the
receiving and/or shipping areas, as managers will likely need to process invoices;
connect with customers, suppliers and logistics companies; and manage other daily

duties.
FACTOR THAT AFFECTS WAREHOUSE LAYOUT

e ACCESS ALL AREA
Thinking of your warehouse as a mini city that your operatives need to
navigate. To get around it as quickly as possible, they need to traverse it in
all directions. So, it's paramount that you have some crisscrossing aisles that
form a grid network of paths. This speed up access and ensures there is
always a short route to the required goods.

¢ ORDER CHARACTERISTICS
It is important that you analyze your orders so that you can spot patters that
may shape how your warehouse is best laid out. If seasonality is a factor with

some good, then consider temporary warehouse space for those, as
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otherwise they will occupy space in your warehouse even when they’re not
being ordered.

If some items are often ordered together, then place them next to or near
each other, to reduce travelling time for your pickers.

Goods in

You probably want to devote as much space as possible to the storage of the
goods you're actually selling, and so areas like goods in are often squeezed
for space. But it's counter-intuitive to do this. The receiving process needs to
be handled quickly and proficiently, so that errors are avoided and the goods
can be logged and put away as quickly as possible. So sufficient space is
required for this to be achieved effectively

You will need an area that is adequate for your largest truckloads, along with
space for the goods to be unloaded and for warehouse handlers to sort,
stack, and process before the put away process. Having enough space
eliminates the chaos that often comes with deliveries into the warehouse.
Storage needs

Determining how you will arrange your storage and what combinations of
racking, palleting or bins you will use affects the movement of staff and the
picking process. You need to choose storage that maximizes productivity and
throughput and minimizes congestion and does not interrupt traffic flow.

Of course, your storage needs will be determined your products, but there
are always space savings to be made. If you store products of differing
heights, for example, just reworking their locations and storing products in
different combinations can avoid wasted space.

Packing area

The size and location of your packing area will depend on the goods you
distribute and your packing methods. It will be dictated by the quantity of
packing material you need to store and access. Consider how quickly you
need to get goods out, how they will be packed and the size of the team doing
the packing. You will require an area that is adequate to meet the required
speed of dispatch and the methods of working.

Site your packing adjacent to your shipping area, as packed goods will move

directly from packing to dispatch.
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1.4 PROBLEM STATEMENT

Warehouses play a critical role in the supply chain, serving as a pivotal hub
for storing, managing, and distributing goods. In today's competitive business
landscape, optimizing warehouse layout and design is essential to enhance
operational efficiency. However, many warehouses face various challenges
that hinder their ability to operate at peak performance. This project aims to
address these challenges and formulate strategies for optimizing warehouse

layout and design, ultimately improving operational efficiency.

1.5 SCOPE OF THE STUDY

The research will explore various design elements of warehouses, including
floor layout, racking systems, automation and technology integration,
material handling equipment, and safety features.

The project may involve a comparative analysis of different warehouse
design and layout strategies to determine their impact on operational
efficiency, considering both existing warehouses and newly designed
facilities.

Based on the findings, the study will provide recommendations for warehouse
operators and managers on how to optimize their layouts and designs to

improve operational efficiency.

1.6 OBJECTIVES OF THE STUDY

Primary objective focuses on optimizing warehouse layout and design is to
make operations more efficient.

To make the most of the available space and to improve operational
throughput.

Determining preferences for specific layout designs that enhance efficiency.
Exploring how companies adapt their storage operations to meet their needs.
Based on the benchmark analysis the best possible solution will be

suggested.

1.7 NEEDS OF THE STUDY

11



A well-designed warehouse layout can contribute to better working conditions
for employees, reducing the risk of accidents, and enhancing employee
productivity and morale.

An optimized warehouse layout can facilitate the efficient movement of goods
and reduce lead times.

Efficient warehouse layouts ensure better use of available space, reducing
the need for additional storage capacity. This, in turn, minimizes the capital

investments required for expanding warehouse facilities.

1.8 LIMITATION OF THE STUDY

Warehouse operations are often complex and dynamic. Variations in
demand, inventory types, order profiles, and other operational factors can
make it challenging to create a one-size-fits-all solution for warehouse

design and layout.

Factors outside the warehouse's control, such as changes in market
demand, regulatory changes, or unexpected event, can significantly affect
the efficiency of warehouse operations and invalidate certain design

optimizations.
Changes in warehouse layout and design may have ethical implications or

environmental impacts, which need to be considered and might limit certain

optimization options.
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CHAPTER 2

REVIEW OF LITERATURE

In this Chapter, the researcher has made an attempt in understanding the basic
concepts of on these topics will provide a strong foundation for your study on the
optimizing warehouse layout and design to improve operational efficiency in
warehouse, offering a comprehensive understanding of the current state of the
warehouse and its environmental challenges and opportunities made by earlier
researchers in respect of strategies that are used by company to make employee
get engaged, for this, the researcher has used various books, research Journals
and websites. The detailed list is further elaborated in the Bibliography. Through this
Literature Survey researcher wants to find out which are the important parameters

of employee engagement.

A model for warehouse layout, Roodbergen, K.J. and Vis, I.F.A. (2017).

A systematic approach to warehouse layout optimization for order picking,
incorporating analytical formulas, routing policies, and a non-linear programming
model. It recognizes that the ideal layout depends on factors like storage space and
order complexity, highlighting the importance of flexibility in the design of the order

picking area.

A particle swarm optimization algorithm for the multiple-level warehouse
layout design problem, Semih O" nu't a, Umut R. Tuzkaya a, Bilgehan Dogac,
b (2018).

The study aims to minimize annual carrying costs by considering turnover rates and
employs a heuristic approach, specifically the PSO algorithm, to find an efficient
layout configuration due to the NP-hard nature of the problem. This research
contributes to the optimization of warehouse operations in the context of supply

chain management.

A Research of Logistics Company’s Warehouse Cost Reduction and
Optimization Design. Hu Sisi (14th June, 2020).

13



The passage highlights the evolving role of warehouses in modern supply chains
and the increasing need for cost reduction. It emphasizes the use of mathematical
models and data-driven approaches to assess the impact of cost-cutting methods
and discusses the importance of ongoing exploration and innovation in logistics to

stay competitive in a globalized world.

A simulation-based optimization approach to design optimal layouts for block
stacking warehouses. Shahab Derhami Jeffrey S.Smith , and Kevin R. Gue
(2019).

This paper focuses on optimizing the layout design for block stacking in
warehouses, considering both space utilization and material handling costs. It offers
a simulation-based optimization approach, a closed-form solution for aisle
determination, and presents practical results showcasing potential cost savings in a
real-world industry context. This research contributes to the field of warehousing
and logistics optimization.

A Simulation-based Optimization Approached. Farrel Stefan Sienera, Tanti
Octavia, Desi Winoto (2, December 2022).

The company is using simulation and evaluating different storage strategies to
optimize the layout of the two warehouses. The study suggests that the dedicated
storage technique is more efficient in terms of minimizing displacement distance and
average moving duration, making it a potentially more effective approach for the

company's logistics operations.

A Study on Warehouse Management in Distribution Centers - Taking

Company X as an Example. Shiping Zhu, Mei Ye, (2022).

The research focuses on analyzing current issues and recommending solutions to
improve storage capacity and material turnover. This initiative is part of Company
X's broader strategy to enhance its material supply capacity and adapt to the

evolving demands of the logistics industry.

Agent-Based Simulation Study for Improving Logistic Warehouse
Performance. P. Ribino, M. Cossentino, C. Lodato, S. Lopes (November 25,
2016).

14



The research described in the passage employs agent-based simulation to study
the behavior of automatic logistic warehouses. By analyzing how specific factors
influence warehouse performance, the study aims to provide decision-makers with
indicators and insights to enhance the efficiency and productivity of these crucial

elements within the supply chain.

An Evaluation of Picking Routing Policies to Improve Warehouse Efficiency.
Jose Alejandro Cano, Alexander Alberto Correa-Espinal, Rodrigo Andrés
Gomez-Montoya (03.11.2017).

This research evaluates various routing policies (s-shape, largest gap, return and
composite policies) and introduces a novel heuristic called Minimum Heuristic
(MinH) to solve the picker routing problem. The performance of the routing policies
and the MinH heuristic is validated by an experimental design, varying the number
of aisles, locations per aisle and pick list size. The experimental results show the
travel distance savings of MinH heuristic over routing policies, highlighting that for
all of the instances, the MinH heuristic performs 14.3% better than the existing

routing policies.

An Innovative Layout Design and Storage Assignment Method for Manual
Order Picking with Respect to Ergonomic Criteria. Kapou, V.; Ponis, S.T.;
Plakas, G.; Aretoulaki, E(2022).

This research presents an innovative approach to enhance the order picking
process in warehouses. It focuses on optimizing the layout, storage assignment,
and ergonomic factors to improve worker productivity and reduce physical strain.

The reported results suggest that this approach is effective in achieving these goals.

Design of Interconnected Warehouse and Routing Optimization by BP Genetic
Neural Network Algorithm. Fangwei Zhang, Jun Ye, Bing Han, Jing Sun, and
Liming Zhang (2022).

The study highlights the challenges and risks associated with handling dangerous
goods in warehouses, particularly in the context of China. It proposes the concept
of interconnected warehouses as a means to improve operational efficiency and

safety. Additionally, it emphasizes the importance of ongoing research in areas

15



related to warehouse management, operations, and technology to enhance the

handling of dangerous goods.

Design of V-Type Warehouse Layout and Picking Path Model Based on
Internet of Things. LI ZHOU, JING LIU, XIANI FAN, DONGJIE ZHU, PINGYU WU,
AND NING CAO, (April 25, 2019).

This study the transformative impact of mobile computing technology on
warehousing and distribution center operations. It focuses on the order picking
process, emphasizing real-time communication systems, innovative layouts, and
the development of mathematical models to optimize storage center operations and

reduce costs.

Designing a warehouse management system in Vietnam. Nguyen Hoang
Thien, Ngo Tuan Phat, Nguyen Thi Anh Dung, Phan Thi Mai Ha (2022).

This study help to importance of efficient warehouse management and introduces a
specific case involving an e-commerce company (Company G) facing warehouse
management challenges. It outlines a set of proposed solutions to enhance
operational efficiency, with early indications of positive outcomes from their
implementation. The ultimate goal is to improve the company's competitiveness in

its market.

Development of an Industrial Internet of Things (lloT) based Smart Robotic

Warehouse Management System. Lee, CKM, (2018).

This research highlights the evolution of warehouse operations in response to
modern logistics demands and the integration of Industry 4.0 technologies to

enhance operational efficiency, making better use of labor and warehouse space.

Digital twin-driven joint optimisation of packing and storage assignment in
large-scale automated high-rise warehouse product-service system. Jiewu
Leng, Douxi Yan, Qiang Liu, Hao Zhang, Gege Zhao, Lijun Wei, Ding Zhang,
Ailin Yu & Xin Chen (2021).

This study discusses a forward-thinking approach to optimizing large-scale
automated high-rise warehouses. It leverages digital twin technology, real-time
data, and joint optimization to enhance adaptability and efficiency, demonstrating its

applicability through a case study in a tobacco warehouse product-service system.
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Improving efficiency in a hybrid warehouse: a case study. Andreia M. Freitas,
F.J. G. Silva, L. P. Ferreira, J. C. S&a, M. T. Pereira, J. Pereira (2019).

The outlines efforts to improve the efficiency of a hybrid warehouse in a bus
manufacturing organization. By implementing Lean tools and redefining internal
spaces and logistics flows, the organization has achieved significant gains, including
reduced employee turnover, faster picking times, and improved working conditions.
These changes result in cost savings and enhanced warehouse operations.

Improving Efficiency Through Layout Optimization For Les Klar Couture.
Clara Akosua Nyantakyiwaa Boateng (2017).

The project's objective is to create a more efficient layout for the new shop in Kasoa,
and the chapter also discusses the company's mission and the competitive forces
in the Ghanaian fashion industry.

Improving Material Flow by Developing New Warehouse Layout. Alex Cannon,
Derek Dixon, Macie Hull, Brett Mallon (2020).

The project focuses on improving the storage and flow of goods in the new
warehouse for Duncan Ticking. The project will involve developing efficient layout
options, selecting appropriate shelving and material handling devices, and
potentially conducting an inventory analysis and cost-benefit analysis of the
recommendations. The goal is to enhance operational efficiency and reduce

congestion in the warehouse facilities.

Improving order-picking response time at retail warehouse: a case of sugar

company. Ammar Y. Algahtani (2022).

This study addresses the challenge of optimizing order-picking efficiency with a
focus on storage allocation and assignment. It describes a hierarchical top-down
techniqgue and uses the Analytic Hierarchical Process to provide insights.
Additionally, the introduction of the Radio Shuttle system as an alternative solution

is expected to yield substantial benefits in terms of time and work efficiency.

Improving Warehouse Layout Design of a Chicken Slaughterhouse using
Combined ABC Class Based and Optimized Allocation Techniques. Korrakot
Y. Tippayawong, Apichat Sopadang, and Patchanee Patitad (July 2018).
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This study focuses on optimizing the warehouse operation of a chicken
slaughterhouse by combining various techniques, including ABC class-based
storage policies, linear programming for product allocation, and considering product
circulation ratios. The results of this analysis and design effort suggest significant
improvements in efficiency, cost reduction, and service quality. The proposed
improvements are expected to result in a favourable return on investment within a

relatively short period.

Integrating Optimized Fishbone Warehouse Layout, Storage Location

Assignment and Picker Routing. Yanchun Wan, Yong Liu (2022).

The study focuses on optimizing order picking systems by addressing layout design,
storage location assignment, and picker routing. The proposed three-dimensional
fishbone layout and the cooperative optimization algorithm are highlighted as
effective tools to reduce travel distances, enhance efficiency, and improve order

response times in warehouse operations.

Layout Design Options For Warehouse Management. Saderova J., Poplawski
L., Balog M. Jr., Michalkova S., Cvoliga M (2020).

This study explores the importance of a Warehouse Management System and
focuses on the design of rack system layouts within a warehouse. It provides
concrete proposals for different layouts and recommends the most suitable one

based on specific parameters to optimize warehouse operations.

Lean implementation in traditional distributor warehouse — a case study in an

FMCG company in Indonesia. Oey, E. and Nofrimurti, M. (2018).

This study focuses on applying Lean principles to improve warehouse productivity
in the distribution of fast-moving consumer goods in Indonesia. It outlines the stages
of Lean warehouse implementation and highlights the positive impact of Lean
techniques, such as increased picking productivity and balanced warehouse
operations, in a pilot distributor. The successful results will be used as a model for

future implementations across the company's distribution network.

Multi-objective optimization of electronic product goods location assignment
in stereoscopic warehouse based on adaptive genetic algorithm. Bo Yan,
Chang Yan, Feng Long, Xing-Chao Tan (2018).
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This study is dedicated to optimizing warehousing and goods location assignment,
particularly for electronic products in a stereoscopic storehouse. It leverages genetic
algorithms and simulation techniques to enhance the efficiency of warehouse
management, focusing on the LCM module products warehouse of W company as
a practical case. The study's approach involves dynamic goods location assignment

and multi-objective optimization to achieve an optimal solution.

New Strategy for Warehouse Optimization — Lean warehousing. U.S.S.
Dharmapriya, A.K.Kulatunga (2021).

This study aims to optimize warehouse operations using Lean tools and techniques,
with a primary focus on warehouse layout, item allocation, and delivery route
planning. The application of Simulated Annealing and heuristic approaches is
utilized to address the computational complexity of the optimization problem. The
results from several case studies demonstrate the significant benefits of the

improved layout in terms of travel distance reduction and resource utilization.

Optimization of Ex-warehouse and Warehousing for Logistics Park Based on
Computer Simulation. YANG Yan-mei, LIU Xin-jun (2016).

This study aims to contribute to the logistics industry by using Arena modeling to
study the logistics park's ex-warehouse and warehousing operations. The ultimate
goal is to improve the operation process, enhance resource utilization, and provide

valuable insights for the development of high-speed and effective logistics networks.

OPTIMIZING PHARMACEUTICAL COMPANY’S WAREHOUSE SYSTEM. Ho
Luong Duc (2020).

This thesis is designed to help DKSH Vietnam strengthen its position in the
pharmaceutical distribution sector, with potential applications in the broader logistics
industry. It focuses on enhancing warehouse management by systematically
studying various aspects and aims to provide solutions to improve efficiency and
effectiveness. The research results are expected to inform the company's strategies

and innovations.

Optimizing warehouse operations for environmental sustainability: A
simulation study for reducing carbon emissions and maximizing space

utilization. Mona Sadeghia, Mohsen Nikfarb and Faeze Momeni Radc (2021).
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The article underscores the significance of addressing the environmental impact of
warehouse operations, particularly in terms of CO2 emissions. It discusses the
importance of finding a balance between operational efficiency and environmental
responsibility and highlights the use of optimization models and simulation studies
to achieve this balance. This approach not only supports environmental

sustainability but can also lead to improved warehouse performance.

Research on Equipment Configuration Optimization of AGV Unmanned
Warehouse. HONGTAO TANG, XIAOYA CHENG, WEIGUANG JIANG, AND
SHOUWU CHEN (2021).

This research focuses on optimizing the performance and efficiency of AGV
unmanned storage systems through a two-stage mathematical model and a two-
layer genetic algorithm. The study aims to improve equipment configuration, task
scheduling, and layout design, with a focus on enhancing warehouse retrieval
efficiency while minimizing costs. The simulation results and algorithm performance

comparison help validate the effectiveness of the proposed approach.

Research on Optimization of Picking Path in Rear Warehouse Oriented to
Mixed Operation Mode. XIONGFEI QIU, HUA ZHANG, AND RUNZE ZHAO
(2023).

This study focuses on the importance of optimizing picking paths in military rear
warehouses and introduces a hybrid algorithm that combines PSO and GA to
improve picking efficiency. The simulation results demonstrate the algorithm's
effectiveness in reducing picking time and enhancing warehouse operations,
making it theoretically valuable and practically significant for optimizing the picking

path of rear warehouses.

Leon F. McGinnis b Research on warehouse design and performance
evaluation: A comprehensive review. Jinxiang Gu a, Marc Goetschalckx b
(2019).

This study provides a comprehensive and systematic review of academic research
in the field of warehouse design, performance evaluation, case studies, and

computational support tools. It categorizes and discusses these research areas,
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identifies the limitations of past research, and proposes directions for future

research in the field.

Re-Warehousing vs. Healing: Strategies for Warehouse Storage Location
Assignment. Monika Kofler, Andreas Beham, Stefan Wagner, Michael
Affenzeller and Werner Achleitner (August 2021).

This study highlights the historical development of storage assignment strategies in
warehousing, the need for periodic item placement review, and the introduction of a
daily cleanup approach as an alternative to extensive re-warehousing. This
approach is shown to be effective in maintaining warehouse efficiency over the long

term.

Route Optimization of AGVs with an Improved Fishbone Warehouse Layout.
Zhu Wanying, Wei Xiaoging, Ma Ruofei, Diao lin and Zhang Jianchen (2021).

This research highlights the role of AGVs in warehousing, the advantages of
automated material warehousing systems, and the importance of AGV route
planning. It introduces an innovative fishbone layout design for warehouses and
outlines an AGV route optimization model, which is validated using a genetic
algorithm. The results indicate significant improvements in efficiency and reduced

AGYV travel distances.

"Simulation Analysis of Mixed Bulk and Rack Warehouse Systems". Bhisti,
Rukshar (2021).

This study emphasizes the importance of efficient warehouse operations in meeting
customer demands and reducing operational costs. The study's focus is on
developing an analysis tool that uses a simulation-based methodology to determine
the optimal mix of storage solutions, taking into account inventory quantities,
turnover rates, and demand patterns. This approach provides valuable insights into

performance trade-offs for different warehouse layout configurations.
Smart Warehouse vs. Traditional Warehouse — Review. Dr. Ali Kamali (2019).

This research seeks to provide a comprehensive analysis of automated and
traditional warehousing by considering various factors, using real-world examples
from Bahrain and China. It also intends to shed light on the impact of technology on

warehousing processes and explore potential avenues for future research.
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Solving a multi-floor layout design model of a dynamic cellular manufacturing
system by an efficient genetic algorithm. R. Kia, F. Khaksar-Haghani, N.
Javadian, R. Tavakkoli-Moghaddam (2017).

This research paper introduces a mixed-integer programming model for designing
multi-floor layouts in cellular manufacturing systems. It considers a range of design
aspects and aims to minimize various associated costs. The paper also
demonstrates the computational efficiency of a genetic algorithm compared to

CPLEX software for solving these complex optimization problems.

Space-efficient Layouts for Block Stacking Warehouses. Shahab Derhami,
Jeffrey S. Smith, Kevin R. Gue (05 December 2018).

The primary focus of this research is to enhance the efficiency of block stacking
warehouses by optimizing storage space utilization through an improved lane depth

model and a mixed integer program

Storage Location Assignment Problem: implementation in a warehouse
design optimization tool. C. Battista, A. Fumi, F. Giordano, M.M. Schiraldi
(September 2021).

This research aims to optimize warehouse storage management by implementing a
SLAP-based approach and developing a software tool capable of modeling multiple
storage policies. The ultimate goal is to improve space utilization and reduce

material handling times in warehouse operations.

Suggested actions to improve the warehouse layout at Nordic E-commerce
Group. Sandra Ericsson, Marielle Frid (2020).

The purpose of this thesis is to identify NECG’s current warehouse layout and article
placement and the problems associated with it, as well as to provide suggested
actions for improvements. This is to be done so NECG can better utilize the
warehouse space, and thus prepare the warehouse to handle a larger volume of

sales.

The Effect of Warehouse Layout on Work Productivity at PT Perkasa
Primarindo. ERNAWATI., SUPRIYITNO D., EVITHA Y., & LATUNRENG, W.
(2022).
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The research is motivated by the existing ineffective warehouse layout and the need
to make better use of storage space capacity in the warehouse at PT Perkasa
Primarindo. The inefficiencies in the layout have been affecting the operational
activities within the warehouse, leading to suboptimal work productivity. The primary
objective of this study is to quantify the extent to which the warehouse layout impacts

work productivity at PT Perkasa Primarindo.

The Role of Warehouse Layout and Operations in Warehouse Efficiency: A
Literature Review. Ibrahim Hassan Mohamud, Md. Abdul Kafi , Syairah Aimi
Shahron, Nizamuddin Zainuddin, Suria Musa(2023).

The study is based on a comprehensive literature review, which sought to uncover
the role of warehouse attributes, including layout and operations, in influencing
warehouse efficiency. The review focused on articles published between 2019 and
2022. The researchers evaluated the eligibility of the studies, collected relevant
data, and assessed the quality and potential biases in the selected studies.

The study of improvement of warehouse operations of Panalpina company.
ZHOU XUPENG (2017).

This study provides an overview of several warehouses located in Yang Shan Free
Trade Port (FTP). It covers multiple aspects, including space layout, facilities,
equipment, warehousing processes, and the warehouse management system in
place. The paper identifies various challenges within these warehouses, such as
underutilized storage space, the need to enhance labor efficiency, incomplete
warehousing processes, and inadequacies in the warehouse management system

to meet heightened customer service demands.

WARE HOUSE DESIGN OF A CENTRAL PUMPING STATION. Mr.Mohammed
Kaso Sado, Dr. Mahesh Gopal (2021).

This study focuses on designing a warehouse for a central pumping station that is
currently facing challenges related to product storage. After a review of the existing
layout and operations, it was determined that the current warehouse practices are
not effectively addressing the station's needs. The primary goal is to develop a
warehouse plan tailored to the facility's requirements, aiming to enhance the flow of

products and reduce operational inefficiencies. These proposed suggestions are
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designed to improve operational efficiency while keeping the implementation costs
to a minimum. This approach ensures that the warehouse is better equipped to meet

the demands of the modern manufacturing landscape.

Warehouse design and management. René B. M. De Koster, Andrew L.
Johnson & Debjit Roy (2017).

This study response to these ongoing changes, a special issue has been dedicated
to exploring the impact of new technologies and methods on warehouse design and
management. This special issue serves as a platform for discussing the latest
developments and insights in the field of warehousing. It delves into how these
innovations are shaping the warehouse landscape and offers valuable contributions
to addressing the challenges brought about by e-commerce and evolving customer

demands.

Warehouse Design and Operation using Augmented Reality technology: A
Papermaking Industry Case Study. Dimitris Mourtzis, Vasilios Samothrakis,

Vasilios Zogopoulos, Ekaterini Vlachou (2019).

This framework allows companies to meet the challenges of the modern business
landscape. It empowers businesses to optimize their inventory costs while
simultaneously delivering a high level of service to customers, which is increasingly

vital for competitiveness and customer satisfaction in today's markets.

Warehouse Layout Design For A Metal Conduit Manufacturer.
Pattarakulprasit, Atiyot (2018).

The efficient warehouse management is essential for Ziga Innovation Public Co.,
Ltd. to ensure they have the right products in stock to meet customer demand while
minimizing operational costs. Proper inventory control, layout optimization, and the

use of technology are key components in achieving this goal.

WAREHOUSE LAYOUT DESIGN: MINIMIZING TRAVEL TIME WITH A GENETIC
AND SIMULATIVE APPROACH - METHODOLOGY AND CASE STUDY. Filippo

Queirolo Flavio Tonelli, Maurizio Schenone, Paolo Nan Ivan Zunino (2022).

This research focuses on using a genetic algorithm and a simulation model to
optimize warehouse layout for the efficient storage and retrieval of items. The real-

world application to an Italian soft drinks company suggests that this approach has
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practical implications for businesses aiming to improve their warehouse operations

and reduce operational costs.

Warehouse Layout Optimization - A Commissioned Thesis for Fiskars Garden
Tools Oy. Kyle T. Bentz (2017).

A systematic approach to optimize the layout of a distribution center by categorizing
products based on their sales revenue and picking frequency. The resulting
recommendations aim to enhance the efficiency of the warehouse operations,
focusing on the most significant products and their strategic placement within the

facility.

Warehouse layout problems : Types of problems and solution algorithms.

Vassilios Vrysagotis and Patapios Alexios Kontis (2021).

This study discusses the significance of warehouse design and operations in the
supply chain context and outlines two key approaches for addressing warehouse
layout problems: mathematical modeling and technological solutions. By presenting
the various types of layout problems and providing a structured perspective, your
research aims to advance understanding and decision-making in this critical area of

supply chain management.

Warehouse Optimization: Energy Efficient Layout and Design. Derpich, I
Sepulveda, J.M.; Barraza, R.; Castro, F. (2022).

This study provides importance of optimizing its layout to improve productivity and
efficiency. They sought advice from the authors, who conducted an analysis of the
existing raw materials warehouse and proposed alternative designs to enhance its
layout. The authors used both quantitative and qualitative criteria to formulate
optimal warehouse dimensions and make informed recommendations. The
objective is to provide the factory with practical solutions for improving performance

without incurring excessive costs.

WAREHOUSE PERFORMANCE IMPROVEMENT THROUGH OPTIMAL ORDER
PICKING LOCATION: A CASE OF OPTICAL LENS COMPANY. Montira
Ittimethakul (2021).

The research focuses on optimizing the layout of an order picking location within a

warehouse to improve picking performance. By analyzing product picking
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frequencies and strategically rearranging product locations, the research achieves
significant reductions in traveling time and increases in picking efficiency,
contributing to the overall goal of enhancing picking performance. Microsoft Excel is
utilized as a tool for data analysis throughout the research.
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CHAPTER 3

RESEARCH METHODOLOGY

3.1. METHODOLOGY

Research methodology is mainly needed for the purpose of framing the research
process and the designs and tools that are to be used for the project purpose.
Designing a methodology for a study on understanding optimization of warehouse
layout and to improve operational efficiency followed by warehousing involves
several key steps. This could be done by reviewing the literature. Ensure that the
new layout complies with safety regulations and standards and Conduct regular
safety audits to maintain a safe working environment. Conduct a thorough on-site
assessment of the existing warehouse layout, infrastructure, and workflows. This
data is collected from a variety of sources, such as company records, interviews,
and surveys with employees. warehouse's optimization process will be unique
based on its specific needs, but this structured methodology provides a
comprehensive approach to improving operational efficiency through warehouse

layout and design optimization.

3.2 RESEARCH DESIGN

Qualitative Research Design

Qualitative research involves gathering and examining non-numerical data,
which includes observational data, focus group transcripts, and interview
transcripts. These types of data are frequently utilized to investigate detailed

subjects or gain perspective on the experiences of individuals or groups.
3.3 SAMPLING TECHNIQUE
Probability sampling

Every person in the population has an equal chance of getting chosen when
using probability sampling. Since it yields the most representative samples,
this kind of sampling is frequently employed in research investigations.
Cluster sampling is selected under probability sampling.

Cluster sampling is a method, in which the participant groups are chosen

from the population.
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3.4 SOURCES OF DATA

A place where data is generated or stored is called a data source. There are
two categories of data sources, primary and secondary data. A combination
of primary and secondary data is used for research purposes.
e Primary data sources
Primary data are those from which fresh information is initially gathered. A
variety of methods, including surveys, interviews, focus groups, experiments,
and observations, can be used to gather primary data. A questionnaire is
being used to collect primary data for the research purposes.

e Secondary data sources
Secondary data are those that include information that has previously been
gathered by another party. A range of sources, including government data,
industry reports, scholarly publications, news articles, and online articles, can

be used to gather secondary data.

3.5 STRUCTURE OF QUESTIONNAIRE

Questionnaire has twenty questions total, beginning with an overview of the
project that explains the goal of the questionnaire and its introduction. The
demographic questions that follow ask about the respondents' age, gender,
and other details. The questions in the questionnaire's body are of the Linkert
scale questions and are related to the topic and the question's aim.

» Introduction

» Personal details

» Research related questions

» Likert scaling questions

3.6. SAMPLING SIZE

The sample size of this research project is 112.

3.7. SAMPLE DESIGN
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The process of choosing a subset of a population to represent the entire population
is known as sample design. It is an essential stage in any research project since it
can greatly affect the validity and dependability of the findings. Probability sampling
and non-probability sampling are the two categories of sample design. Cluster

sampling under probability sampling is being utilized in the study.

3.8. SAMPLING

» Sampling Design : Probability Sampling
» Sampling Techniques : Cluster Sampling

» Sample Unit : Employees

» Sample Size :112 Respondents

3.9. PERIOD OF STUDY

The period of the study is to determine the research process is carried out for 3

months.

3.10. AREA OF THE STUDY:

The targeted people are the employees under warehouses.

3.11. HYPOTHESIS:
HYPOTHESIS 1

Null Hypothesis (HO): There is no significant relationship between the
implementation of automation solutions (e.g., conveyor systems) in warehouse

layouts and the years of experience in the field.

Alternative Hypothesis (H1): There is a significant relationship between the
implementation of automation solutions in warehouse layouts and the years of

experience in the field.
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HYPOTHESIS 2

Null Hypothesis (HO): There is no significant relationship between the preferred
warehouse layout design and the adaptation of storage operations in increasing

efficiency.

Alternative Hypothesis (H1): Specific warehouse layout designs and adaptations

in storage operations significantly contribute to increasing efficiency.
3.12. TOOLS FOR ANALYSIS:

A gquestionnaire was created to get the response from the sample required to

achieve the research objective. Following are the tools used for data analysis.
3.13. PERCENTAGE ANALYSIS:

Analyzing data by representing it as a percentage of a total is known as percentage
analysis. It is an effective tool for comparing many data points and discovering
similarities. When it is essential to know how many of the participants gave a specific

answer, percentage analysis is appropriate.
3.14. ANALYTICAL TOOLS:

SPSS tool is used to test hypothesis.
CHI-SQUARE

The chi-square test is a statistical analysis tool used to determine whether there is
a significant relationship between two categorical variables. It is a non-parametric
test, meaning it does not make any assumptions about the underlying distribution of
the data. The chi-square test is based on the comparison of observed frequencies
to expected frequencies. The observed frequencies are the actual counts of the
data, while the expected frequencies are the counts we would expect to see if there

were no relationship between the two variables.

CORRELATION

Correlation measures the strength and direction of the relationship between two
variables. Correlation is a useful tool for identifying trends and making predictions.

It is calculated using a correlation coefficient, which can range from -1 to 1.
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e Correlation coefficient of 1. Perfect positive correlation, meaning that as one

variable increases, the other variable also increases.

e Correlation coefficient of -1: Perfect negative correlation, meaning that as
one variable increases, the other variable decreases.

e Correlation coefficient of 0: No correlation between the two variables.
PEARSON CORRELATION

A linear correlation can be measured using the Pearson correlation
coefficient (r). The correlation coefficient, which ranges from -1 to 1, indicates

the degree and direction of the relationship between two variables.

31



CHAPTER 4
DATA ANALYSIS AND INTERPRETATION

4.1.PERCENTAGE ANALYSIS

4.1.1. Age of Respondents

S. no. Age No. of respondents Percentage analysis
1 Below 20 6 5.40%
2 20t0 35 77 68.80%
3 351to 45 14 12.40%
4 Above 45 15 13.40%
TOTAL 112 100.00%
CHART

Age of Respondents

H Below 20

m 20 to 35

m35to45
Above 45

INTERPRETATION

The respondents.,5% of employees were between the age group of Below 20, 69%
of the employees were between the age group of 20 to 35, 13% of the employees
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were between the age group of 35 to 45, and 13% of the employees were above 45

years.
INFERENCE
Most responses, i.e., 69%, were given by employees in the age group of 20 to 35.

4.1.2. Work Experience of Respondents

S.no | Work Experience of Respondents No. of Percentage

Respondents Analysis

1 Oto5 51 45.50%

2 5to 10 32 28.60%

3 10to 15 17 15.20%

4 above 15 12 10.70%
TOTAL 112 100.00%

CHART

Work Experience of Respondents

mO0to5
m5to 10
10to 15

above 15

INTERPRETATION

According to the respondents, 45% of employees were between 0 to 5 years of
experience, 29% of employees were between 5 to 10 years of experience, 15% of
employees were between 10 to 15 years of experience, and 11% of employees

were between above 15 years of experience.
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INFERENCE

Most responses, or 45%, were given by employees with 0 to 5 years of

experience.

4.1.3. Job Location

S.no Job Location No. of Percentage
Respondent analysis
S
1 Urban 54 48.20%
2 Rural 33 29.50%
3 Semi Urban 25 22.30%
TOTAL 112 100.00%
CHART
Job Location
W Urban
M Rural
m Semi Urban
INTERPRETATION

According to the employee's response, 48% chose Urban, 30% chose Rural, and

22% chose Semi urban.
INFERENCE

Majority i.e., 48% of the response were given by urban.
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4.1.4. What safety protocols and features do you incorporate into your

warehouse layout to minimize workplace accidents?

S.no | What safety protocols and features No. of Percentage
do you incorporate into your Respondent analysis
warehouse layout to minimize S
workplace accidents?
1 Clearly marked walkways 27 24.10%
2 Safety barriers 30 26.80%
3 Safety signs and warnings 48 42.80%
4 None of the above 7 6.30%
TOTAL 112 100.00%
CHART
What safety protocols and features do you
incorporate into your warehouse layout to
minimize workplace accidents?
H Clearly marked walkways
m Safety barriers
m Safety signs and warnings
None of the above
INTERPRETATION

According to the employee's response, 24% employee suggested clearly marked
walkways, 27% employee suggested Safety barriers, 43% employee suggested
safety signs and warnings, 6% employee suggested none of the above.
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INFERENCE

Majority i.e., 43% of the response were given by employees are safety signs and

warning.

4.1.5. Type of Warehouse layout design currently you are following in your

company
S.no | Type of Warehouse layout design No. of Percentage

currently you are following in Respondents analysis

your company

1 U-Shape Layout 29 25.90%

2 L- Shape Layout 38 33.90%

3 I- Shape Layout 29 25.90%

4 Fishbone Layout 16 14.30%

TOTAL 112 100.00%

CHART

Type of Warehouse layout design currently you are
following in your company

B U-Shape Layout
M L- Shape Layout
m |- Shape Layout

Fishbone Layout
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INTERPRETATION

According to the employee's response, 26% employees follows U-shape layout,34%

employees follows L-shape layout,26% follows suggested I-shape layout, and 14%

employees follows fishbone layout.

INFERENCE

Majority i.e., 34% of the response were given by employees are L-shape Layout.

4.1.6. How do you determine the ideal location of receiving and shipping

areas within your warehouse layout?

S.no How do you determine the ideal No. of Percentage
location of receiving and shipping | Respondent analysis
areas within your warehouse S
layout?

1 Near the entrance for easy access 26 23.20%
2 Proximity to storage areas 41 36.60%
3 Optimized for transport routes 36 32.20%

4 No specific criteria 9 8%
TOTAL 112 100.00%
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CHART

How do you determine the ideal location of receiving
and shipping areas within your warehouse layout?

B Near the entrance for easy
access

B Proximity to storage areas

m Optimized for transport
routes

No specific criteria

INTERPRETATION

According to the employee's response, 23% of employees chose Near the entrance
for easy access ,37% of employees chose Proximity to storage areas, 32% of
employees chose Optimized for transport routes, and 8% of employees chose No
specific criteria.

INFERENCE

Majority i.e., 37% of the response were given by employees are Proximity to storage

areas.
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4.1.7. How would you rate the accessibility of inventory in the warehouse?

S.no How would you rate the No. of Percentage
accessibility of inventory in the Respondents analysis
warehouse?
1 1 1 0.90%
2 2 8 7.10%
3 3 23 20.50%
4 4 63 56.30%
5 5 17 15.20%
TOTAL 112 100.00%
CHART
How would you rate the accessibility of
inventory in the warehouse?
E
&
G
S
1 2 3 4 5
rating
INTERPRETATION

According to the employee's response,0.90% of employees rate 1 out of 5, 7.10%
of employees rate 2 out of 5, 20.50% of employees rate 3 out of 5, 56.30% of

employees rate 4 out of 5, and 15.20% of employees rate 5 out of 5.
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INFERENCE

Majority i.e., 56.30%o0f the response were given by employees is 4 out of 5.

4.1.8. How frequently do you conduct inventory audits to ensure accurate

stock levels and prevent overstocking or stakeouts?

S.no How frequently do you conduct No. of Percentage
inventory audits to ensure Respondents analysis
accurate stock levels and prevent
overstocking or stakeouts?
1 Daily 9 8%
2 Weekly 51 45.50%
3 Monthly 31 27.70%
4 Quarterly 17 15.20%
5 Annually 4 3.60%
TOTAL 112 100%
CHART

How frequently do you conduct inventory audits to

ensure accurate stock levels and prevent overstocking or

stakeouts?

4% 3%
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H Daily

H Weekly

= Monthly
Quarterly

M Annually




INTERPRETATION

According to the employee's response, 8% of employees suggested Daily, 45% of
employees suggested Weekly, 28% of employees suggested Monthly, 15% of

employees suggested Quarterly, and 4% of employees suggested Annually.
INFERENCE

Majority i.e., 45 % of the response were given by employees are weekly.

4.1.9. How satisfied are you with the current picking and packing processes

in terms of speed and accuracy?

S. no How satisfied are you with the No. of Percentage
current picking and packing Respondent analysis
processes in terms of speed and S
accuracy?
1 1 0 0%
2 2 6.30%
3 3 26 23.20%
4 4 61 54.50%
5 5 18 16.10%
TOTAL 112 100%
CHART

How satisfied are you with the current picking
and packing processes in terms of speed and

accuracy?
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INTERPRETATION

According to the employee's response,0% of employees rate 1 out of 5, 6.30% of
employees rate 2 out of 5, 23.20% of employees rate 3 out of 5, 54.50% of

employees rate 4 out of 5, and 16.10% of employees rate 5 out of 5.
INFERENCE

Majority i.e., 54.50% of the response were given by employees are 4 out of 5.

4.1.10. Have you implemented any automation solutions, such as conveyor

systems to optimize your warehouse layout and improve efficiency?

S. no Have you implemented any No. of Percentage

automation solutions, such as Respondent analysis

conveyor systems to optimize S
your warehouse layout and

improve efficiency?

1 Yes 92 82.10%

2 No 20 17.90%

TOTAL 112 100.00%
CHART

Have you implemented any automation solutions,
such as conveyor systems to optimize your
warehouse layout and improve efficiency?

H Yes

¥ No
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INTERPRETATION
According to the employee's response,18% chose No and 82% chose Yes.
INFERENCE

Majority i.e., 82% of the response were given by employees are yes.

4.1.11. Which of the following layout design you preferred for your company

which increase the efficiency?

S.no Which of the following layout No. of Percentage
design you preferred for your Respondents analysis
company which increase the

efficiency?
1 U-Shape Layout 20 17.90%
2 L-Shape Layout 38 33.90%
3 [-Shape Layout 39 34.80%
4 Fishbone Layout 15 13.40%
TOTAL 112 100.00%
CHART

Which of the following layout design you
preferred for your company which increase
the efficiency?

W U-Shape Layout

13% 18%

M L-Shape Layout
I-Shape Layout

Fishbone Layout
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INTERPRETATION

According to the employee's response, 18% employees suggested U-shape layout,

34% employees suggested L-shape layout, 35% employees suggested I-shape

layout, and 13% employees suggested fishbone layout.

INFERENCE

Majority i.e., 35 % of the response were given by employees is I-shape Layout.

4.1.12. How would you rate the training and onboarding process for new

warehouse employees in terms of efficiency and effectiveness?

Sno 13 How would you rate the training No. of Percentage
and onboarding process for new Respondents analysis
warehouse employees in terms of
efficiency and effectiveness?
1 1 1 0.90%
2 2 5 4.40%
3 3 28 25%
4 4 63 56.30%
5 5 15 13.40%
TOTAL 112 100.00%
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CHART

How would you rate the training and onboarding
process for new warehouse employees in terms of
efficiency and effectiveness?

No. of Respondents

INTERPRETATION

According to the employee's response, 0.90% of employees rate 1 out of 5, 4.40%

of employees rate 2 out of 5, 25% of employees rate 3 out of 5, 56.30% of

employees rate 4 out of 5, and 13.40% of employees rate 5 out of 5.

INFERENCE

Majority i.e., 56.30%o0f the response were given by employees is 4 out of 5.

4.1.13. How are you adapting your storage operations?

S. no How are you adapting your storage | No. of Percentage
operations? Respondents | analysis

1 More space for item picking 13 11.60%

2 New racking 22 19.60%

3 Increasing storage density 44 39.30%

4 Using temporary buildings 21 18.80%

5 Using outsourced storage space 12 10.70%

TOTAL 112 100.00%
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CHART

How are you adapting your storage operations?

B More space for item
picking

11% 11%

B New racking

M Increasing storage density

Using temporary buildings

B Using outsourced storage
space

INTERPRETATION

According to the employee's response, 11% employees chose More space for item
picking, 20% employees chose New racking, 39% employees chose Increasing
storage density, 19% employees chose Using temporary building, and 11%

employees chose Using outsourced storage space.

INFERENCE

Majority i.e., 39% of the response were given by employees are Increasing storage

density.
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4.1.14. How would you describe your company’s industry sector?

S.no How would you describe your No. of Percentage
15 company’s industry sector? Respondents analysis
1 Manufacture 17 15.20%
2 Retall 15 13.40%
3 Logistics 30 26.80%
4 Chemicals & Pharma 29 25.90%
5 Food & Drinks 16 14.20%
6 Mining 1 0.90%
7 IT 1 0.90%
8 Power Plant 2 1.80%
9 All 1 0.90%
TOTAL 112 100.00%
CHART

How would you describe your company’s industry sector?

M Retail

B Manufacture
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INTERPRETATION

According to the employee's response, 15.20% employees chose Manufacture,
13.40% employees chose Retail, 26.80% employees chose Logistics, 25.90%
employees chose Chemicals & Pharma, 14% employees chose Food and Drinks,
0.90% employees chose Mining, 0.90% employees chose IT, 1.80% employees

chose Power plant, and 0.90% employees chose All.

INFERENCE

Majority i.e., 26.80%o0f the response were given by employees are Logistics.

4.1.15. How many employees does your company have?

S.no How many employees does your No. of Percentage
company have? Respondents analysis
1 0-49 13 11.60%
2 50-249 50 44.60%
3 250-499 27 24.20%
4 500+ 22 19.60%
TOTAL 112 100.00%
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CHART

How many employees does your company have?

m0-49

W 50-249

1 250-499
500+

INTERPRETATION

According to the employee's response,11% of company has 0-49 employees, 45%
of company has 50-249 employees, 24% of company has 2500-499 employees,

20% of company has more than 500 employees.

INFERENCE

Majority i.e., 45% of the response were given by employees are 50-249.
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4.1.16. How would you rate the current layout and organization of the

warehouse in terms of maximizing space utilization?

S.no How would you rate the current No. of Percentage
layout and organization of the Respondent analysis
warehouse in terms of maximizing S
space utilization?
1 1 0 0%
2 2 3 2.70%
3 3 1 0.90%
4 4 3 2.70%
5 5 4 3.60%
6 6 13 11.60%
7 7 26 23.25%
8 8 29 25.90%
9 9 27 24.10%
10 10 6 5.40%
TOTAL 112 100%
CHART
How would you rate the current layout and organization
of the warehouse in terms of maximizing space
utilization?
E
&
]
S

Current Layout rating
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INTERPRETATION

According to the employee's response, 0% of employees rate 1 out of 10, 2.70% of
employees rate 2 out of 10, 0.90% of employees rate 3 out of 10, 2.70% of
employees rate 4 out of 10, 3.60% of employees rate 5 out of 10, 11.60% of
employees rate 6 out of 10, 23.25% of employees rate 7 out of 10, 25.90% of
employees rate 8 out of 10, 24.10% of employees rate 9 out of 10, 5.40% of
employees rate 10 out of 10.

INFERENCE

Majority i.e., 25.90% of the response were given by employees are 8 out of 10.

4.2.CHI SQUARE TEST:

HYPOTHESIS 1

Null Hypothesis (HO): There is no significant relationship between the
implementation of automation solutions (e.g., conveyor systems) in warehouse

layouts and the years of experience in the field.
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Alternative Hypothesis (H1): There is a significant relationship between the
implementation of automation solutions in warehouse layouts and the years of

experience in the field.

Case Processing Summary

Cases

Valid Missing Total

N Percent N Percent N Percent

Years of experience
do you have in this
field * Have you
implemented any
automation solutions,
such as conveyor 112 100.0% 0 0.0% 112] 100.0%
systems to optimize
your warehouse
layout and improve

efficiency?
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Chi-Square Tests

Asymptotic
Significance (2-
Value df sided)
Pearson Chi-Square 2.0962 .553
Likelihood Ratio 1.955 .582
N of Valid Cases 112

a. 2 cells (25.0%) have expected count less than 5. The minimum expected

count is 2.25.
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Years of experience do you have in this field * Have you implemented any

automation solutions, such as conveyor systems to optimize your warehouse

layout and improve efficiency? Crosstabulation

Have you
implemented any
automation
solutions, such as
conveyor systems
to optimize your

warehouse layout

and improve
efficiency?
No Yes Total
Years of experience do 0to 5 Count 8 43 51
you have in this field Expected
9.6 41.4 51.0
Count
10to 15 Count 5 12 17
Expected
3.2 13.8 17.0
Count
5to 10 Count 5 27 32
Expected
6.0 26.0 32.0
Count
More than  Count 3 9 12
15 Expected
2.3 9.8 12.0
Count
Total Count 21 91 112
Expected
21.0 91.0( 112.0
Count
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INTERPRETATION
The p value is 0.553 which is greater than the significance value (0.05) hence null

hypothesis HO is accepted. And H1 is rejected.

INFERENCE
There is no significant relationship between the implementation of automation
solutions (e.g., conveyor systems) in warehouse layouts and the years of

experience in the field.

4.3.CORRELATIONS

HYPOTHESIS 2

Null Hypothesis (HO): There is no significant relationship between the preferred
warehouse layout design and the adaptation of storage operations in increasing

efficiency.

Alternative Hypothesis (H1): Specific warehouse layout designs and adaptations

in storage operations significantly contribute to increasing efficiency.

Correlations

Type of
Warehouse
layout design
currently you | How are you
are following | adapting your
in your storage
company operations?
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Type of Warehouse Pearson L 021
layout design currently  Correlation '
you are following in your Sjg. (2-tailed) 825
company N 112 112
How are you adaptin Pearson

Y PHNS _ -.021 1
your storage Correlation
operations? Sig. (2-tailed) .825

N 112 112

INTERPRETATION

The p value is -0.021 which is less than the significance value (0.05) hence
alternative hypothesis H1 is accepted. Therefore, specific warehouse layout designs
and adaptations in storage operations significantly contribute to increasing

efficiency.
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CHAPTER 5

FINDINGS, SUGGESTIONS AND CONCLUSIONS.

5.1 FINDINGS

X/
L X4

X/
L X4

X/
L X4

X/

*

*

Most responses, i.e., 69%, were given by employees in the age group of 20
to 35.

Most responses, or 45%, were given by employees with 0 to 5 years of
experience.

Majority i.e., 48% of the response were given by urban.

Majority i.e., 43% of the response were given by employees are safety signs
and warning.

Majority i.e., 34% of the response were given by employees are L-shape
Layout.

Majority i.e., 37% of the response were given by employees are Proximity to
storage areas.

Majority i.e., 56.30% of the response were given by employees is 4 out of 5.
Majority i.e., 45% of the response were given by employees are weekly.
Majority i.e., 54.50% of the response were given by employees are 4 out of
5.

Majority i.e., 82% of the response were given by employees are yes.
Majority i.e., 35 % of the response were given by employees is I-shape
Layout.

Majority i.e., 56.30% of the response were given by employees is 4 out of 5.
Majority i.e., 39% of the response were given by employees are Increasing
storage density.

Majority i.e., 26.80% of the response were given by employees are Logistics.
Majority i.e., 45% of the response were given by employees are 50-249.
Majority i.e., 25.90% of the response were given by employees are 8 out of
10.
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e By using chi square for finding the relation between the implementation of
automation solutions and the years of experience in the field. The p value is
0.553 which is greater than the significance value (0.05) hence null
hypothesis HO is accepted. And H1 is rejected. There is no significant
relationship between the implementation of automation solutions (e.g.,
conveyor systems) in warehouse layouts and the years of experience in the
field.

e By using correlation for finding the relation between specific warehouse
layout designs and adaptations in storage operations. The p value is -0.021
which is less than the significance value (0.05) hence alternative hypothesis
H1 is accepted. Therefore, specific warehouse layout designs and
adaptations in storage operations significantly contribute to increasing

efficiency.

5.2 SUGGESTION

» Design the warehouse layout to maximize space utilization while
considering factors like storage capacity, aisle width for machinery or
human movement, and the location of high-demand items for easier

access.

» Invest in the right equipment such as forklifts, pallet racks, conveyors,
and automated systems based on the specific needs of the warehouse.
This helps in efficient movement and storage of goods.

» Design the layout with flexibility in mind to accommodate future changes
in inventory volume or product types. A scalable design allows for easier

adaptation to evolving business needs.
» Provide adequate training to warehouse staff for using new technologies

and optimizing workflows. Involve employees in the design process to

gather insights and suggestions for improvement.
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Implement a system for regular evaluation and improvement. Monitor
key performance indicators (KPIs) and gather feedback to continuously

optimize the warehouse layout and operations.

Ensure that safety protocols are an integral part of the warehouse
design. Consider proper lighting, clear signage, designated walking

paths, and safety equipment to create a secure working environment.

5.3 CONCLUSION

The study reveals optimizing warehouse layout and design is a pivotal

strategy in enhancing operational efficiency and overall productivity. A well-

designed warehouse layout maximizes available space, reduces unnecessary

movements, and minimizes the time taken for order fulfillment. It facilitates

better inventory management and decreased instances of stockouts or

overstock situations. Here are some key conclusions

7
L X4

An optimized warehouse layout contributes to a safer working
environment by minimizing hazards and promoting adherence to safety
protocols. Efficiency improvements often lead to increased employee
satisfaction, as streamlined processes reduce stress and frustration

caused by inefficiencies.

Technological advancements such as automation, robotics, and
inventory management systems play a crucial role in warehouse
optimization. Implementing these technologies can further enhance
accuracy, speed, and precision in handling inventory and orders,

contributing to overall efficiency gains.

Investing time and resources into optimizing warehouse layout and
design is a strategic move for any business aiming to improve
operational efficiency. By adopting best practices, utilizing technology,

and prioritizing safety, companies can create a well-organized,
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productive warehouse that positively impacts the bottom line and

customer satisfaction.

s A well-structured warehouse layout not only improves physical workflow
but also fosters a conducive environment for employee training and skill
development. Employees can be trained more effectively in optimized
spaces, leading to increased expertise and productivity.

The optimization of warehouse layout and design isn't just about spatial

organization; it's a comprehensive strategy that impacts various facets of a

business, from cost efficiency to customer satisfaction, while fostering adaptability,

compliance, and employee development. Businesses that prioritize this
optimization gain a competitive edge and set the stage for sustainable growth and

Success.
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ANNEXURE | - QUESTIONNAIRE

A Study on the optimizing warehouse layout and design to improve
operational efficiency

1. Name of the candidate

2. Age group you belong to

e Below 20
e 20t0 35
e 351045
e Above 45

3. Years of experience do you have in this field

e Oto5

e 51010

e 10to 15

e More than 15

4. Job location

e Urban
e Rural

e Semi Urban

5. What safety protocols and features do you incorporate into your warehouse

layout to minimize workplace accidents?

e Clearly marked walkways
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e Safety barriers
e Safety signs and warnings

e None of the above

6. Type of Warehouse layout design currently you are following in your

company?

e U-Shape Layout
e L-Shape Layout
e |-Shape Layout

e Fishbone layout

7. How do you determine the ideal location of receiving and shipping areas

within your warehouse layout?

¢ Near the entrance for easy access
e Proximity to storage areas
e Optimized for transport routes

¢ No specific criteria

8. How would you rate the accessibility of inventory in the warehouse?

Low

[
a A W N P

High

9. How frequently do you conduct inventory audits to ensure accurate stock

levels and prevent overstocking or stakeouts?
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e Dalily

o Weekly

e Monthly
e Quarterly

e Annually

10.How satisfied are you with the current picking and packing processes in
terms of speed and accuracy?

Low

[ ]
a b~ W N P

High

11.Have you implemented any automation solutions, such as conveyor
systems to optimize your warehouse layout and improve efficiency?

e Yes

e NO

12.Which of the following layout design you preferred for your company which
increase the efficiency?

e U-Shape Layout

e L-Shape Layout

e |-Shape Layout

e Fishbone Layout
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13.How would you rate the training and onboarding process for new

warehouse employees in terms of efficiency and effectiveness?

Low

[ ]
a b~ W N P

High

14.How are you adapting your storage operations?
e More space for item picking

e New racking

¢ Increasing storage density

e Using temporary buildings

e Using outsourced storage space

15.How would you describe your company’s industry sector?
¢ Manufacturing

e Retall

e Logistics

e Chemicals & Pharma

e Food & Drink

e Other...

16.How many employees does your company have?
e 0-49

e 50-249
e 250-499
e 500+
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17.How would you rate the current layout and organization of the warehouse in

terms of maximizing space utilization?

Low

[ ]
© 00 N o 0o A W N PP

[}
IR
o

High
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ABSTRACT

This abstract aim to provide a comprehensive overview of the critical components
involved in optimizing warehouse layout and design. By understanding and
implementing these strategies, businesses can achieve significant improvements
in their operational efficiency, ultimately leading to cost savings, increased
competitiveness, and improved customer service. Effective warehouse layout and
design play pivotal roles in ensuring streamlined operations and maximizing
productivity in the logistics and supply chain management domain. This abstract
aim to explore the critical aspects involved in optimizing warehouse layout and
design to achieve improved operational efficiency.

The primary focus is on analyzing various strategies and methodologies employed
in redesigning and organizing warehouse spaces to minimize operational
bottlenecks, reduce picking times, enhance inventory management, and increase
overall efficiency. It examines the utilization of advanced technologies such as
warehouse management systems (WMS), automation and data analytics to

facilitate efficient layout planning and optimization.

Strategies to maximize space utilization through efficient slotting techniques,
storage solutions, and innovative layout configurations that minimize travel

distances and optimize picking paths. Key factors influencing warehouse layout
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and design, including inventory categorization, storage methods, material handling

equipment, aisle configurations, and picking strategies, are discussed in-depth.

INTRODUCTION:

A project is a structured and time-bound endeavor undertaken to achieve a
particular objective or goal. Whether in the realms of business, construction,
information technology, academia, or personal life, a project involves a planned
sequence of tasks and activities with clearly defined scopes, budgets, and timelines.
Projects typically require the allocation of resources, such as human effort, financial
investments, and materials, and are managed using established project
management methodologies. These methodologies aid in the planning, execution,
and control of the project to ensure that it successfully delivers its intended
outcomes within the specified constraints of time and resources. In essence, a
project is a purposeful and temporary initiative that brings together people,

processes, and resources to realize a specific result.

A warehouse is a fundamental component of the modern business landscape,
playing a pivotal role in the storage, management, and distribution of goods and
materials. It serves as a crucial link in the supply chain, ensuring that products are
efficiently stored and readily available for timely delivery to customers. Warehouses
come in various sizes and types, tailored to the specific needs of the industries they
serve. They are more than just storage spaces; they are hubs of organization,
efficiency, and precision, contributing to the seamless flow of goods in a complex
global marketplace. In this introduction, we will explore the key functions and
features of warehouses and delve into their critical importance for businesses

across diverse sectors.

The layout of a warehouse is a critical aspect of its efficiency and functionality. A
well-designed warehouse layout can significantly enhance productivity, reduce
operating costs, and streamline the movement of goods. Every inch of space is
carefully considered and optimized to make the most of available storage capacity
while ensuring the safe and efficient flow of products. The layout typically includes
the arrangement of storage racks, shelving units, aisles, and workspaces. Factors

such as the type of products being stored, the frequency of item retrieval, and the
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handling equipment used, such as forklifts or conveyor systems, all influence the
warehouse layout. Whether it's a traditional single-aisle design, a multi-aisle
configuration for high-density storage, or a dynamic layout for e-commerce
fulfillment centers, the choice of layout directly impacts a warehouse's ability to meet
the demands of its operations. A well-thought-out warehouse layout is like a
choreographed dance, where every element harmonizes to ensure the smooth and

efficient movement of goods, ultimately benefiting the business and its customers.

OBJECTIVES

. Primary objective focuses on optimizing warehouse layout and design is to

make operations more efficient.

. To make the most of the available space and to improve operational
throughput.

. Determining preferences for specific layout designs that enhance efficiency.
. Exploring how companies adapt their storage operations to meet their
needs.

. Based on the benchmark analysis the best possible solution will be
suggested.

SCOPE OF THE STUDY

. The research will explore various design elements of warehouses, including
floor layout, racking systems, automation and technology integration, material
handling equipment, and safety features.

. The project may involve a comparative analysis of different warehouse
design and layout strategies to determine their impact on operational efficiency,

considering both existing warehouses and newly designed facilities.

. Based on the findings, the study will provide recommendations for
warehouse operators and managers on how to optimize their layouts and designs

to improve operational efficiency.
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NEEDS OF THE STUDY

. A well-designed warehouse layout can contribute to better working
conditions for employees, reducing the risk of accidents, and enhancing employee

productivity and morale.

. An optimized warehouse layout can facilitate the efficient movement of

goods and reduce lead times.

. Efficient warehouse layouts ensure better use of available space, reducing
the need for additional storage capacity. This, in turn, minimizes the capital

investments required for expanding warehouse facilities.

REVIEW OF LITERATURE

In this Chapter, the researcher has made an attempt in understanding the basic
concepts of on these topics will provide a strong foundation for your study on the
optimizing warehouse layout and design to improve operational efficiency in
warehouse, offering a comprehensive understanding of the current state of the
warehouse and its environmental challenges and opportunities made by earlier
researchers in respect of strategies that are used by company to make employee
get engaged, for this, the researcher has used various books, research Journals
and websites. The detailed list is further elaborated in the Bibliography. Through this
Literature Survey researcher wants to find out which are the important parameters

of employee engagement.

A model for warehouse layout, Roodbergen, K.J. and Vis, I.F.A. (2017).

A systematic approach to warehouse layout optimization for order picking,
incorporating analytical formulas, routing policies, and a non-linear programming
model. It recognizes that the ideal layout depends on factors like storage space and
order complexity, highlighting the importance of flexibility in the design of the order

picking area.
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A particle swarm optimization algorithm for the multiple-level warehouse
layout design problem, Semih O" nu"t a, Umut R. Tuzkaya a, Bilgehan Dogac,
b (2018).

The study aims to minimize annual carrying costs by considering turnover rates and
employs a heuristic approach, specifically the PSO algorithm, to find an efficient
layout configuration due to the NP-hard nature of the problem. This research
contributes to the optimization of warehouse operations in the context of supply

chain management.

A Research of Logistics Company’s Warehouse Cost Reduction and
Optimization Design. Hu Sisi (14th June, 2020).

The passage highlights the evolving role of warehouses in modern supply chains
and the increasing need for cost reduction. It emphasizes the use of mathematical
models and data-driven approaches to assess the impact of cost-cutting methods
and discusses the importance of ongoing exploration and innovation in logistics to

stay competitive in a globalized world.

A simulation-based optimization approach to design optimal layouts for block
stacking warehouses. Shahab Derhami Jeffrey S.Smith , and Kevin R. Gue
(2019).

This paper focuses on optimizing the layout design for block stacking in
warehouses, considering both space utilization and material handling costs. It offers
a simulation-based optimization approach, a closed-form solution for aisle
determination, and presents practical results showcasing potential cost savings in a
real-world industry context. This research contributes to the field of warehousing

and logistics optimization.

A Simulation-based Optimization Approached. Farrel Stefan Sienera, Tanti
Octavia, Desi Winoto (2, December 2022).

The company is using simulation and evaluating different storage strategies to
optimize the layout of the two warehouses. The study suggests that the dedicated
storage technique is more efficient in terms of minimizing displacement distance and
average moving duration, making it a potentially more effective approach for the

company's logistics operations.
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A Study on Warehouse Management in Distribution Centers - Taking

Company X as an Example. Shiping Zhu, Mei Ye, (2022).

The research focuses on analyzing current issues and recommending solutions to
improve storage capacity and material turnover. This initiative is part of Company
X's broader strategy to enhance its material supply capacity and adapt to the

evolving demands of the logistics industry.

Agent-Based Simulation Study for Improving Logistic Warehouse
Performance. P. Ribino, M. Cossentino, C. Lodato, S. Lopes (November 25,
2016).

The research described in the passage employs agent-based simulation to study
the behavior of automatic logistic warehouses. By analyzing how specific factors
influence warehouse performance, the study aims to provide decision-makers with
indicators and insights to enhance the efficiency and productivity of these crucial

elements within the supply chain.

An Evaluation of Picking Routing Policies to Improve Warehouse Efficiency.
Jose Alejandro Cano, Alexander Alberto Correa-Espinal, Rodrigo Andrés
Gomez-Montoya (03.11.2017).

This research evaluates various routing policies (s-shape, largest gap, return and
composite policies) and introduces a novel heuristic called Minimum Heuristic
(MinH) to solve the picker routing problem. The performance of the routing policies
and the MinH heuristic is validated by an experimental design, varying the number
of aisles, locations per aisle and pick list size. The experimental results show the
travel distance savings of MinH heuristic over routing policies, highlighting that for
all of the instances, the MinH heuristic performs 14.3% better than the existing

routing policies.
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RESEARCH DESIGN

Qualitative research design

Qualitative research involves gathering and examining non-numerical data, which
includes observational data, focus group transcripts, and interview transcripts.
These types of data are frequently utilized to investigate detailed subjects or gain
perspective on the experiences of individuals or groups.

CHI SQUARE TEST:

HYPOTHESIS 1

Null Hypothesis (HO): There is no significant relationship between the
implementation of automation solutions (e.g., conveyor systems) in warehouse

layouts and the years of experience in the field.

Alternative Hypothesis (H1): There is a significant relationship between the
implementation of automation solutions in warehouse layouts and the years of

experience in the field.

Chi-Square Tests

Asymptotic
Significance (2-
Value df sided)
Pearson Chi-Square 2.0962 3 .553
Likelihood Ratio 1.955 3 .582
N of Valid Cases 112
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a. 2 cells (25.0%) have expected count less than 5. The minimum expected

count is 2.25.

Case Processing Summary

Cases

Valid Missing Total

N Percent N Percent N Percent

Years of experience
do you have in this
field * Have you
implemented any
automation solutions,
such as conveyor 112| 100.0% 0 0.0% 112] 100.0%
systems to optimize
your warehouse
layout and improve

efficiency?

INTERPRETATION
The p value is 0.553 which is greater than the significance value (0.05) hence null

hypothesis HO is accepted. And H1 is rejected.

INFERENCE
There is no significant relationship between the implementation of automation
solutions (e.g., conveyor systems) in warehouse layouts and the years of

experience in the field.
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CORRELATIONS

HYPOTHESIS 2

Null Hypothesis (HO): There is no significant relationship between the preferred
warehouse layout design and the adaptation of storage operations in increasing

efficiency.

Alternative Hypothesis (H1): Specific warehouse layout designs and adaptations

in storage operations significantly contribute to increasing efficiency.

Correlations

Type of
Warehouse
layout design
currently you | How are you
are following | adapting your
in your storage
company operations?
Type of Warehouse Pearson
layout design currently  Correlation ! -0z
you are following in your Sjg. (2-tailed) 825
company N 112 112
How are you adapting Pearson
your storage Correlation -0l !
operations? Sig. (2-tailed) 825
N 112 112
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INTERPRETATION

The p value is -0.021 which is less than the significance value (0.05) hence

alternative hypothesis H1 is accepted. Therefore, specific warehouse layout designs

and adaptations in storage operations significantly contribute to increasing

efficiency.

FINDINGS

X/
L X4

Most responses, i.e., 69%, were given by employees in the age group of 20
to 35.

Most responses, or 45%, were given by employees with 0 to 5 years of
experience.

Majority i.e., 48% of the response were given by urban.

Majority i.e., 43% of the response were given by employees are safety signs
and warning.

Majority i.e., 34% of the response were given by employees are L-shape
Layout.

Majority i.e., 37% of the response were given by employees are Proximity to
storage areas.

Majority i.e., 56.30% of the response were given by employees is 4 out of 5.
Majority i.e., 45% of the response were given by employees are weekly.
Majority i.e., 54.50% of the response were given by employees are 4 out of
5.

Majority i.e., 82% of the response were given by employees are yes.
Majority i.e., 35 % of the response were given by employees is I-shape
Layout.

Majority i.e., 56.30% of the response were given by employees is 4 out of 5.
Majority i.e., 39% of the response were given by employees are Increasing
storage density.

Majority i.e., 26.80% of the response were given by employees are Logistics.

Majority i.e., 45% of the response were given by employees are 50-249.
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% Majority i.e., 25.90% of the response were given by employees are 8 out of
10.

e By using chi square for finding the relation between the implementation of
automation solutions and the years of experience in the field. The p value is
0.553 which is greater than the significance value (0.05) hence null
hypothesis HO is accepted. And H1 is rejected. There is no significant
relationship between the implementation of automation solutions (e.g.,
conveyor systems) in warehouse layouts and the years of experience in the
field.

e By using correlation for finding the relation between specific warehouse
layout designs and adaptations in storage operations. The p value is -0.021
which is less than the significance value (0.05) hence alternative hypothesis
H1 is accepted. Therefore, specific warehouse layout designs and
adaptations in storage operations significantly contribute to increasing

efficiency.

SUGGESTION

» Design the warehouse layout to maximize space utilization while
considering factors like storage capacity, aisle width for machinery or
human movement, and the location of high-demand items for easier

access.

» Invest in the right equipment such as forklifts, pallet racks, conveyors,
and automated systems based on the specific needs of the warehouse.
This helps in efficient movement and storage of goods.

» Design the layout with flexibility in mind to accommodate future changes
in inventory volume or product types. A scalable design allows for easier

adaptation to evolving business needs.
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» Provide adequate training to warehouse staff for using new technologies
and optimizing workflows. Involve employees in the design process to

gather insights and suggestions for improvement.

» Implement a system for regular evaluation and improvement. Monitor
key performance indicators (KPIs) and gather feedback to continuously

optimize the warehouse layout and operations.

» Ensure that safety protocols are an integral part of the warehouse
design. Consider proper lighting, clear signage, designated walking

paths, and safety equipment to create a secure working environment.

LIMITATION OF THE STUDY

. Warehouse operations are often complex and dynamic. Variations in
demand, inventory types, order profiles, and other operational factors can make it

challenging to create a one-size-fits-all solution for warehouse design and layout.

. Factors outside the warehouse's control, such as changes in market
demand, regulatory changes, or unexpected event, can significantly affect the

efficiency of warehouse operations and invalidate certain design optimizations.

. Changes in warehouse layout and design may have ethical implications or
environmental impacts, which need to be considered and might limit certain

optimization options.

CONCLUSION

The study reveals optimizing warehouse layout and design is a pivotal
strategy in enhancing operational efficiency and overall productivity. A well-
designed warehouse layout maximizes available space, reduces unnecessary

movements, and minimizes the time taken for order fulfillment. It facilitates
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better inventory management and decreased instances of stockouts or

overstock situations. Here are some key conclusions

« An optimized warehouse layout contributes to a safer working
environment by minimizing hazards and promoting adherence to safety
protocols. Efficiency improvements often lead to increased employee
satisfaction, as streamlined processes reduce stress and frustration

caused by inefficiencies.

¢ Technological advancements such as automation, robotics, and
inventory management systems play a crucial role in warehouse
optimization. Implementing these technologies can further enhance
accuracy, speed, and precision in handling inventory and orders,

contributing to overall efficiency gains.

+ Investing time and resources into optimizing warehouse layout and
design is a strategic move for any business aiming to improve
operational efficiency. By adopting best practices, utilizing technology,
and prioritizing safety, companies can create a well-organized,
productive warehouse that positively impacts the bottom line and

customer satisfaction.

s A well-structured warehouse layout not only improves physical workflow
but also fosters a conducive environment for employee training and skill
development. Employees can be trained more effectively in optimized
spaces, leading to increased expertise and productivity.

The optimization of warehouse layout and design isn't just about spatial
organization; it's a comprehensive strategy that impacts various facets of a
business, from cost efficiency to customer satisfaction, while fostering adaptability,
compliance, and employee development. Businesses that prioritize this
optimization gain a competitive edge and set the stage for sustainable growth and

Success.
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