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Dear Learner,

It is with great pleasure that | welcome you to the Four Year BCom
Programme offered by Sreenarayanaguru Open University.

Established in September 2020, our university aims to provide high-qual-
ity higher education through open and distance learning. Our guiding
principle, 'access and quality define equity', shapes our approach to
education. We are committed to maintaining the highest standards in
our academic offerings.

Our university proudly bears the name of Sreenarayanaguru, a prom-
inent Renaissance thinker of modern India. His philosophy of social
reform and educational empowerment serves as a constant reminder
of our dedication to excellence in all©ur academic pursuits.

The Four Year BCom Programme covers all relevant areas aligned with
modern business practices and‘eeonomic principles. We have incorpo-
rated the latest trends in commercial, studies to ensure a comprehensive
and up-to-date curriculum. Meoreovenrsthe programme encompasses
flexible options for lgarners to choose from a range of Ability Enhance-
ment Courses, Multi-disciplinary|Courses, Value Added Courses, and
Skill Enhancement Courses, complemented by discipline-oriented Ad-
vanced anddAdditional"Advanced Courses.

Our teaching methodology combines three key elements: Self Learning
Material, Classroom Counselling, and Virtual modes. This blended ap-
proach aims to_provide a rich and engaging learning experience, over-
coming.the limitations often associated with distance education. We
are«confident that this programme will enhance your understanding of
commercial principles and practices, preparing you for various career
paths and further academic pursuits.

Our learner support services are always available to address any con-
cerns you may have during your time with us. We encourage you to
reach out with any questions or feedback regarding the programme.

We wish you success in your academic journey with Sreenarayanaguru
Open University.

Best regards,

@t
Dr. Jagathy Raj V.P.

Vice Chancellor
Sreenarayanaguru Open University 01-09-2026
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Unit —@

Fundamentals of Materials
Management

Learning Outcomes

After completing this unit, the learners will be able to:

0 explain the concept and importance of materials management in
organisations

¢ describe the objectives, significance, and major functions of materials
management

0 apply different techniques of materials classificationyused in inventory
control

¢ understand the purpose, systems, andsbenefits'of materials codification in
modern businesses

Prerequisite

Imagine a large hespital that,provides'medical treatment to hundreds of patients
every day. The hgSpital requires-acontinuous supply of medicines, surgical instru-
ments, gloves, syringesglaboratory materials, cleaning supplies, and other essen-
tial items. If important materials are unavailable when needed, patient care may
be affected and hospital opérations may be disrupted. However, purchasing and
storing excessive quantities can lead to unnecessary expenditure, wastage, expiry
of medicines, and inefficient use of storage space.

This situation highlights the importance of systematic materials management.
Materials management ensures that the right materials are purchased in the right
quantity and quality, at the right time and at the right cost, while maintaining proper
storage and control. It plays an important role in ensuring the smooth functioning
of manufacturing, healthcare, retail, and service organisations. A clear understand-
ing of the objectives, functions, classification, and codification of materials enables
managers to minimise costs, avoid wastage, maintain uninterrupted operations,
and make effective use of organisational resources. This unit provides the basic
knowledge necessary to understand the significance of materials management and
its contribution to organisational efficiency, productivity, and profitability.
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1.1.1 Materials Management

Every organisation, whether it is engaged in manufacturing goods, constructing
infrastructure, operating hospitals or managing retail stores, relies heavily on the
availability and proper use of materials. These materials can take many different forms,
including raw materials required for production, semi-finished components, spare parts
for maintenance, packing materials for distribution, constimable items used during
operations, and even basic office supplies needed for administrative work.

The uninterrupted flow of these materials is essefitial for the smooth functioning of
any organisation. If the required materials are not available at the right time, production
activities may come to a halt, service deliveryimay be.delayed, and customers are likely
to become dissatisfied. On the other handy storing exeessive quantities of materials is
also harmful because it locks up valuable financial resources in inventory, increases
storage and handling costs, and may even lead to wastage or obsolescence.

For this reason organisatighs must adopt a planned, systematic, and scientific
approach to handle materials efficiently. Such an organised approach helps balance
availability and cost, ensuring that operations continue smoothly without unnecessary
expenditure. This coordinated system of planning, purchasing, storing, controlling, and
using materials in the most economieal ' way is known as Materials Management.

Materials management can therefore be defined as the managerial function responsible
for ensuring that the right matérials are obtained, maintained, and utilised effectively
so that production or service activities proceed without interruption and at the lowest
possible cost. According to Gopalakrishnan and Sundaresan in their book Materials
Management, the concept should be viewed as an integrated approach in which all
material-related activities are closely coordinated.

The fundamental objective of materials management is to guarantee the availability
of:

the right quality of materials
in the right quantity
at the right time

S O O O

from the right source
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¢ and at the right price

These five requirements collectively form the well-known principle known as the
“Five Rights of Materials Management.” This principle highlights the importance of
careful planning, efficient purchasing, proper storage, and continuous control so that
organisational resources are used wisely while maintaining uninterrupted operations
and customer satisfaction.

1.1.2 Objectives of Materials Management

The objectives of materials management are closely linked with the overall goals
of a business, such as profitability, operational efficiency, productivity, and customer
satisfaction. Effective control over materials ensures smooth production, reduced costs,
improved quality, and better coordination with suppliers. The major objectives are
explained below with suitable examples.

1. Ensuring Continuous Supply of Materials

One of the primary objectives of materials management is to eénsure that production or
service activities never stop due to a shortage of matétials. Proper planning, forecasting
of demand, and coordination with suppliers are essential to maintain an uninterrupted
flow of materials. For example, automobilesmanufacturess sueh as Toyota use the
Just-in-Time (JIT) production system, where materialsiand components arrive exactly
when they are needed in the production| process. This system minimises production
interruptions and supports uninterrupted manufacturing flow.

2. Minimising Material Cost

Materials generally constitute the largest share of total production cost in
manufacturing and many setvice industries. Therefore, reducing purchasing and
handling costs directly inCreases business profitability.

Scientific purchasingfethods such as bulk buying, competitive bidding, long-term
contracts, and effective supplier negotiation help organisations obtain materials at
lower prices. A well-known example is Walmart, which is famous for its efficient global
sourcing and strong supply chain management. By purchasing in huge quantities and
negotiating favourable terms with suppliers, Walmart can reduce procurement costs and
offer products to customers at lower prices.

3. Reducing Wastage, Damage, and Loss

Another important objective is to minimise wastage, spoilage, theft, deterioration,
and obsolescence of materials. Improper storage conditions, poor handling or lack of
inspection can lead to significant financial losses.

For instance, food processing companies use temperature-controlled warehouses
and strict quality inspection systems to prevent spoilage of raw materials. Similarly,
factories maintain secure storage and inventory tracking systems to reduce theft and
pilferage. Reducing such losses directly improves organisational profitability.

SREENARAYANAGURU
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4. Maintaining Optimum Inventory Level

Materials management aims to maintain a balanced level of inventory neither too
high nor too low.

¢ Excess inventory ties up working capital, increases storage costs, and may lead
to deterioration or obsolescence.

¢ Insufficient inventory can interrupt production, delay customer orders, and
reduce goodwill.

Techniques such as Economic Order Quantity (EOQ), inventory forecasting, and
stock level control systems help businesses maintain the optimum quantity of materials
required for smooth operations.

5. Improving Product Quality

The quality of finished goods largely depends on the quality of raw materials and
components used in production. Therefore, selecting reliable suppliers and maintaining
strict quality standards is a key objective of materials management. For example,
companies like Apple carefully evaluate, monitor, ‘and audit their suppliers to ensure
that only high-quality components are used in their devices. This careful materials
control helps maintain consistent product pesformance, brand.teputation, and customer
satisfaction.

6. Developing Good Supplier Relationships

Strong and long-term relatiofiships with dependable suppliers help ensure timely
delivery of materials, stable pfices, bettet eredit facilities, and consistent quality. Good
communication and mutual trust between buyers and suppliers improve coordination
and reduce supply risksssFor example, many manufacturing firms enter into strategic
partnerships or long#term agreementsiwith key suppliers so that materials are supplied
regularly even during perieds ofhigh demand or market uncertainty.

In summary, the objectives of materials management focus on ensuring availability,
reducing cost, preventinggless, maintaining balance in inventory, improving quality,
and building reliable supplier networks, all of which contribute to the overall efficiency
and success of an organisation.

1.1.3 Significance of Materials Management

Materials management plays a crucial role in modern business organisations because
it directly influences production efficiency, cost control, profitability, and customer
satisfaction. Its importance can be understood through the following points:

1. Major Share in Product Cost

In many manufacturing and production-based industries, materials account for
nearly 50% to 70% of the total production cost. Because of this large share, even a
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small reduction in purchasing price or wastage can lead to a significant increase in
overall profit. For example, if a company successfully negotiates a 5% reduction in raw
material cost, the savings directly improve profit margins without increasing sales. This
shows why efficient purchasing and cost control are essential.

2.  Smooth Production Operations

Continuous and timely availability of materials ensures that production activities run
without interruption. Shortage of raw materials can stop machines, delay manufacturing
schedules, and postpone delivery of customer orders. Effective materials planning,
supplier coordination, and inventory control help organisations maintain a steady
production flow and meet delivery deadlines. This is especially important in industries
such as automobile manufacturing, electronics, and pharmaceuticals, where delays can
be very costly.

3. Efficient Use of Working Capital

Inventory requires a large financial investment, as money:is.tied up in raw materials,
components, and finished goods stored in warehouses. Poor materials management
leads to excess stock, blocked capital, and higherstorage costs. Efficient inventory
control techniques help maintain optimum stock levels, which improves cash flow,
liquidity, and financial stability of the business«This allows organisations to use their
funds for other productive purposes such agfexpansionytechnology or marketing.

4. Support to Supply Chain and Logistics

Materials management acts as aliikbetweenpurchasing, warehousing, transportation,
and production. It ensures that‘all these aetivities work together in a coordinated and
systematic manner. For instance, preper scheduling of material deliveries reduces
transportation delays, avoids warehouse /congestion, and ensures that production
departments receive miaterials exaectly when needed. This coordination is essential for
an efficient supply £hain and legistics system.

5. Better Customer Satisfaction

Customer satisfactionglargely depends on the timely availability and quality of
finished goods. When materials are properly planned and controlled, production is
completed on time and orders are delivered as promised. As a result, customers develop
trust in the company, repeat purchases increase, and brand reputation improves.
Therefore, materials management indirectly contributes to long-term business success
and competitiveness.

Overall, materials management is significant because it reduces cost, ensures smooth
production, improves financial efficiency, strengthens supply chain coordination, and
enhances customer satisfaction. In today’s competitive business environment, effective
materials management is not just supportive but essential for organisational growth and
profitability.
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1.1.4 Functions of Materials Management

Materials management consists of a number of interrelated activities that ensure the
smooth flow of materials from the stage of planning to their final use or disposal. Each
function contributes to efficient production, cost control, and better utilisation of organ-
isational resources. The major functions are explained below.

Matarials Planning

Purchasing or Procurement

Receiving and Inspection

k!

Storage and Warehousing 7
" -

- '
Inventory Control

A\ y i

Materials Handling

. ‘ — ' .-'
Standardisation and Simplification
e I
e

Disposal of Scrap and Surplus

Fig. 1.1.1 Functions of Materials Management
1. Materials Planning

Materials planning involves estimating the type, quantity, quality, and timing of
materials required for production or service operations. Proper planning ensures that
materials are available when needed without maintaining excessive stock. For example,
a cement manufacturing plant forecasts its requirement of limestone, coal, and gypsum
based on production targets and expected market demand. Accurate planning prevents
shortages as well as unnecessary inventory accumulation.

m SGOU - SLM - B.Com Honours - Materials and Warehouse Management . 7

i~

Rt ——
SREENARAYANAGURU
GPEN UNIVERSITY




2. Purchasing or Procurement

Purchasing refers to the process of selecting suitable suppliers, negotiating prices
and contract terms, placing purchase orders, and ensuring timely delivery of materials.
Efficient procurement helps organisations obtain the right quality materials at the lowest
possible cost. For instance, large manufacturing companies often invite competitive
quotations from multiple suppliers and choose the most economical and reliable option
to reduce procurement expenses.

3. Receiving and Inspection

After materials are delivered, they must be checked for correct quantity, quality, and
condition before being accepted into the store. This process prevents defective or short-
supplied materials from entering production. For example, in pharmaceutical or food
industries, strict quality inspection and testing are carried out to ensure that incoming
materials meet safety and regulatory standards.

4. Storage and Warehousing

Storage involves keeping materials safely and systematicallyuntil they are required
for use. Proper warehousing prevents damage, theft, deterioration or loss and allows
easy identification and retrieval of materials. Modern warehouses use storage racks,
barcode systems, scanners, and inventory management softwar€ to improve accuracy
and efficiency in handling materials.

5. Inventory Control

Inventory control aims to maifitain optimum stéck levels, avoiding both overstocking
and stock-outs. Scientific techniques aré used to decide how much to order and when
to order.

Common inventory gontrol methods,inelde:
¢ EOQ (Economic@rder Quantity): Determines the most economical order size.
¢ ABC Analysis: Classifiés items based on their value and importance.

0 Re-order Level System: Indicates the stock level at which a new order should
be placed.

These techniques help reduce carrying cost while ensuring uninterrupted production.
6. Materials Handling

Materials handling refers to the movement of materials within the organisation,
such as from warehouse to production floor or between different departments. Efficient
handling reduces time, labour cost, and risk of damage. Equipment commonly used
includes conveyors, forklifts, cranes, pallet trucks, and automated guided vehicles
(AGVs) in modern factories.

7. Standardisation and Simplification

SREENARAYANAGURU
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Standardisation means using uniform specifications, sizes, and quality standards
for materials, while simplification involves reducing the unnecessary variety of items.
This function helps in lowering purchasing cost, reducing inventory levels, simplifying
storage, and improving production efficiency. For example, using a standard size of
bolts or packaging material across products reduces complexity and cost.

8. Disposal of Scrap and Surplus

Over time, some materials become obsolete, damaged or excess to requirement.
Proper disposal through sale of scrap, recycling or auctioning surplus stock helps
organisations recover part of their investment and free valuable storage space. For
example, metal scrap generated in engineering industries is often sold to recycling
companies, generating additional revenue instead of being wasted.

In summary, the functions of materials management cover the entire lifecycle of
materials—from planning and purchasing to storage, usage, control, and final disposal.
Effective coordination of these functions ensures smooth_ production, reduced cost,
efficient resource utilisation, and improved organisational perfermance.

1.1.5 Materials Classification and Its“Techniques

Modern organisations often deal with hundreds ofeven thousands of different material
items, ranging from low-cost consumables t0 highly expensive and critical components.
Managing all items with the same level of attention is neither practical nor economical.
Therefore, materials classification becomes essential for systematic control,
prioritisation, efficient inventory managementpand informed decision-making.

Materials classification refers to thegrocess of grouping materials into meaningful
categories based on criteria such as value, Usage rate, criticality, cost or movement.
This helps managers foeus their time, mon€y, and control efforts on the most important
materials.

The major techniquessof materials classification are explained below.
1. ABC Analysis (AlwaysBetter Control)

ABC analysis is one of the most widely used inventory classification techniques.
It is based on the Pareto Principle (80/20 rule), which states that a small percentage of
items accounts for a large proportion of total inventory value.

Categories:
¢ Aitems

o Very high annual consumption value

©  Usually small in number (approximately 10-20% of items but
contributing around 70-80% of total consumption value, depending on
the organisation)

m SGOU - SLM - B.Com Honours - Materials and Warehouse Management - 9
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o  Require strict monitoring, accurate records, and senior management
attention

¢ Bitems
0 Moderate value and quantity

o Need normal control and periodic review
¢ Citems
o Low value but large in number

o Require simple control and less frequent monitoring

Inventory Items

Caleculate Annual Consumption Value

A tems B It ins < Items
{Righ Priarity) (Mediwm Priarity) (Low Priority]

» § Low value
= = Large number
o o Simple control

= 5 Very high value

= # about 104t iterms
= 0% total value

+ O Strict monitaring

» & Less monitaring

+ 2 Spnlor arte

Apply Sultable Contral Method for Each Category

Fig. 1.1.2 ABC Analysis

Example: In automobile manufacturing, engines, gearboxes, and electronic control
units fall under A category, while nuts, bolts, washers, and clips fall under C category
because their individual value is very small even though they are used in large numbers.

2. VED Analysis (Vital, Essential, Desirable)

VED analysis classifies materials based on their criticality to operations, rather than
cost.

10 |SGOU - SLM - B.Com Honours - Materials and Warehouse Management &
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Categories:
0 Vital items
o  Absence may stop operations or endanger life
o  Must never be out of stock
¢ Essential items
o Necessary for efficient functioning but short shortages can be tolerated
¢ Desirable items
o Useful but non-critical

o  Shortage does not seriously affect operations

VED INVENTORY CLA ICATI

VED Inventory
Classificali

ey

Vital [tems Essential Items Desirable ltems
(V Iteins) (E Items) (D Items)

= ® Ahsence may st « w pNecessary for « ® U=zeful but
CPRrAtions or efficient functioning nan-critical
encanger |fe
|« " Short shartages s ® Shartage does
= ® Must never he £an be talersted net seriols’y affect
cut af stock operations

e eee———sssssss—|
Fig. 1.1.3 VED Analysis

This method is widely used in hospitals, defence services, and maintenance
departments.

Example: In a hospital:

¢ Life-saving drugs, oxygen cylinders, and surgical instruments — Vital

SREENARAYANAGURU
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¢ General medicines and diagnostic supplies — Essential

¢ Furniture or non-urgent equipment — Desirable

3. HML Analysis (High, Medium, Low Cost)

HML analysis classifies materials according to their unit purchase price and is mainly
used for financial control and supervision of costly store items.

Purpose:
¢ Helps management apply tighter financial control on costly items
¢ Useful for budgeting, purchasing approval, and security arrangements

Categories:

¢ High-cost items: Require strict authorisation, secure storage, and careful mon-
itoring
¢ Medium-cost items: Need moderate control

¢ Low-cost items: Can be managed with simple‘ptocedures

,
ION

High-Cost ems | Mo cnCostitems Low-Cost [terns
iV ltems L {Eltems) {D Items)

= ¥ Slrict Authorizatio . = # Simmple Procedures
= B Sacure Storage . o V¢ = Routine Maonitoring, I = & Minimal Superyision
= ® Coreful Monttoring

Fig. 1.1.4 HML Analysis

Example: In an engineering workshop,
¢ Precision measuring instruments — High cost

¢ Standard machine parts — Medium cost

O Lubricants, cleaning cloths, and small tools — Low cost

4. FSN Analysis (Fast-moving, Slow-moving, Non-moving)

FSN analysis is based on the rate of usage or movement of inventory items over a

12 |SGOU - SLM - B.Com Honours - Materials and Warehouse Management &
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specific period.
Categories:
¢ Fast-moving items
o  Frequently issued from stores
o Require continuous replenishment and close monitoring
¢ Slow-moving items
o Used occasionally
o Need careful review to avoid overstocking
¢ Non-moving items

o No usage for a long period

o  May represent obsolete or dead stock

FSN INVENTORY CLAS

Inventory Ibems

Fast-moving ltems Slox oy g ltems
iV Items) LEIF %)

= Plo usage for a long
prericed

shares

s Repuire cordin
IE‘]:'EllEI'IiEI'II'I'IEI'IE o
clnse moniloring

= Pay represent obsolete

Fig. 1.1.5 FSN Analysis

Example: Retail companies and supermarkets regularly identify non-moving goods
and offer discounts, promotional sales or clearance offers to free warehouse space and
recover invested capital.

Materials classification techniques such as ABC, VED, HML, and FSN analysis
enable organisations to:

¢ Prioritise control over important and costly materials
¢ Ensure availability of critical items
¢ Reduce inventory carrying cost

SGOU - SLM - B.Com Honours - Materials and Warehouse Management 13
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O Identify obsolete or surplus stock
¢ Improve overall efficiency of materials management

Thus, effective classification is a key foundation for scientific inventory control and
better managerial decision-making.

1.1.6 Codification of Materials

Codification of materials refers to the process of assigning a unique number,
symbol or alphanumeric code to each material item in an organisation.
Instead of using long and detailed descriptions, short, standardised codes are used
in store records, purchase documents, and computerised inventory systems for easy
identification and control.

In modern organisations, especially those using ERP (Enterprise Resource Planning)
systems, codification is essential for accurate tracking, faster data processing, and
efficient communication between departments such as purchasing, stores, production,
and finance.

Simple examples of material codes:
¢ RM-101 — Raw Material number 101
¢ SP-205 — Spare Part number 203
0 FG-310 — Finished Goods item 310

Such coding systems enable quick identification of materials, thereby reducing
clerical workload and the likelithood of errors:.

1.1.6.1 Objectivesfof Codifi¢ation
The main objectives, of codifyingimaterials are as follows:
1. Avoid Confusion Between Similar Items

Many materials may look similar but differ in size, specification or quality.
Unique codes help distinguish them clearly and prevent issuing or purchasing the wrong
item.

Example: Two bolts of different diameters may appear identical. Separate codes ensure
the correct bolt is issued to production.

2. Simplify Computer-Based Record Keeping and ERP Systems

Modern inventory management relies heavily on digital databases and ERP software.
Codes are easier for computers to store, search, sort, and process compared to long
textual descriptions.

Example: Entering “RM-101" in an ERP system instantly displays stock level, supplier,
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OPEN UNIVERSITY



price, and location of the material.
3. Speed Up Purchasing, Storage, and Issue Procedures

Using codes in purchase orders, store ledgers, and issue slips reduces writing time and
avoids misunderstanding. This leads to faster communication and smoother workflow
across departments.

Example: A purchase requisition mentioning “SP-205" allows the purchasing
department to immediately identify and order the correct spare part.

4. Prevent Duplication of the Same Item Under Different Names

Without codification, the same material might be recorded under different
descriptions or spellings, leading to duplicate purchases and excess inventory.
A single standardized code ensures one identity for each item.

Example: “Lubricating oil,” “machine oil,” and “industrial o0il” may refer to the same
product, but codification assigns one common code, preventing multiple unnecessary
purchases.

Codification is a fundamental element of modern materials management.
It improves accuracy, speed, standardisation, and _computer intggration in handling
materials, while also reducing errors, dduplication, and"administrative effort.
As organisations increasingly adopt digital inventory, and ERP systems, effective
material codification becomes indispensable for efficient operations.

1.1.6.2 Types of Codification Systems

Different organisations adopt diffefent material codification systems depending on
the size of operations, number ofitems handled, and level of computerisation. The main
types of codification@ystems arc explained below.

s Numeric System

Alphabetic
System

Alphanumeric
System

Types of Codification

Fig. 1.1.6 Types of Codification Systems
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1. Numeric System

In the numeric codification system, only numbers are used to identify materials.
Each item is assigned a unique serial number that distinguishes it from all other materials
in the store.

Features
¢ Simple and easy to create
¢ Suitable for small organisations with limited material variety
¢ Easy for computer processing and sorting
Example
¢ 1001 — Mild steel rod
¢ 1002 — Copper wire
¢ 1003 — Lubricating oil

However, this system does not provide descriptive,information about the material
unless supported by a reference list.

2. Alphabetic System

In the alphabetic codification system, only letters of the alphabet are used as codes.
Letters may represent the type, category or'group of materials.

Features
¢ Provides basic identification of material category
¢ Easy for manual recognitiontand memory

¢ Less suitable forf very latge inventories because combinations of letters are
limited

Example
¢ RM — Raw Material
¢ SP — Spare Parts
¢ FG — Finished Goods

While simple, this system alone may not uniquely identify thousands of items, so it
is rarely used independently in large organisations.

3. Alphanumeric System

The alphanumeric codification system combines letters and numbers to create a
detailed and flexible coding structure. This is the most widely used system, especially
in computerised inventory and ERP environments.

16
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Features
¢ Provides both category identification (letters) and unique item number (digits)
¢ Suitable for large organisations handling thousands or millions of items

0 Easily integrated with ERP software such as SAP oracle, and other warehouse
management systems

Example
¢ RM-101 — Raw material item 101
¢ SP-205 — Spare part item 205
¢ FG-310 — Finished goods item 310

Because of its clarity, flexibility, and scalability, the alphanumeric system is
considered most efficient for modern materials management.

Real-World Practice

Large global organisations such as Amazon and Tata:Steel use computerised material
codification systems integrated with warehouse management and ERP software.
These systems allow them to:

¢ Track millions of inventory items accurately

¢ Reduce human errors in storage and dispatch

¢ Speed up order procesging and logistics

¢ Maintain real-time stock visibility across multiple locations

Such advanced codification playsiaskey role in modern supply chain efficiency and
digital inventory control.

Numeric, alphabetic, and falphanumeric systems provide different levels of
identification and controlygzbut the alphanumeric system is the most practical and
widely adopted in today’s computerised and ERP-driven business environment.
Effective codification ultimately leads to better accuracy, faster operations, and
improved materials management efficiency.
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® Recap

¢ Meaning of Materials Management: It ensures the right materials are
available at the right time and cost for smooth operations.

¢ Objectives: Focus on continuous supply, cost reduction, quality
improvement, and supplier relationship development.

¢ Significance: Materials form a large part of production cost and directly
affect efficiency, profit, and customer satisfaction.

¢ Functions: Include planning, purchasing, storage, inventory control,
handling, standardisation, and disposal of materials.

¢ Classification Techniques: ABC, VED, HML, and FSN help prioritise
control over inventory.

¢ Codification: Unique codes simplify identification, ‘teduce errors, and
support ERP-based inventory systems.

Objective Questions

1.  What are the “Five Rights” selated to?

Which functien ensutes timely purchase of materials?
Which analysis is.based on annual consumption value?
Which classification focuses on criticality of items?
What does EQQydetermine?

Which items move very slowly in FSN analysis?
Which system uses both letters and numbers in coding?

What is the main aim of inventory control?

2 L &S e o> B

Which function checks quality after receipt?

._
S

What type of items fall under ‘A’ category in ABC?

—_—
—

. Which materials classification is based on unit price?

[a—
&

What prevents duplication of material names?
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Answers
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12.

Materials management

Purchasing function

ABC analysis

VED analysis

Economic Order quantity

Slow-moving items (Non-moving means zero movement.)
Alphanumeric system

Optimum stock

Inspection process

High-value items

. HML analysis

Codification system

Self - Assessment Questions

Explain the objectiyes of materials management with examples.

Discuss thesignificance of materials management in modern organisations.
Describe the major‘functions involved in materials management.
Compare ABC and VED analysis in inventory classification.

Explain the concept, objectives, and types of materials codification.

Assignments

Visit a local manufacturing or retail store and identify the materials
management practices followed.

Prepare an ABC analysis table using imaginary annual consumption data
of 15 items.
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3. Study the inventory system of a hospital or pharmacy and classify items
using VED analysis.

4. Design a simple alphanumeric codification system for a small warehouse.

5.  Write a short report on how ERP systems improve materials manage-
ment efficiency.
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Unit —@

Strategic Sourcing, Supplier
Management, and Contracting

Learning Outcomes

After completing this unit, the learners will be able to:

¢ explain the concept and importance of strategic sourcing in modern
organisations

O describe supplier selection, evaluation, development, and performance
monitoring processes

¢ comprehend integrated supply management and its roleyin supply chain
coordination

¢ 1identify essential contract elements, non-traditionals¢ontracting methods,
and IT system contracts in matefials management

Prerequisite

A major hotel g¢hain’is preparing£0r a busy tourist season when thousands of
guests are expected to stayrat,its properties. To provide a satisfactory experience,
the hotel needs a eenfinuous supply of food items, beverages, toiletries, cleaning
materials, linen, furniture, and various support services from different suppliers.
Selecting suppliers onlypen the basis of the lowest price may result in poor-quality
products, irregular deliveries, or unreliable services, which can negatively affect
guest satisfaction and the hotel’s reputation. Therefore, the hotel carefully forecasts
its requirements, evaluates potential suppliers based on quality, reliability, price,
delivery performance, and service standards, negotiates suitable agreements, and
regularly reviews supplier performance. This systematic approach demonstrates
the practical importance of strategic sourcing, supplier relationship management,
and contracting in achieving quality, reliability, and cost effectiveness.

Before studying this unit, students should recognise that purchasing in modern
organisations is not merely a routine activity concerned with placing orders and
making payments. It has developed into a strategic function involving supplier
selection, relationship management, digital technologies, contractual arrange-
ments, risk management, and sustainability considerations. Effective sourcing
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decisions enable organisations to obtain the required goods and services at the
right quality, quantity, time, and cost while building reliable long-term supplier
relationships. This unit provides the foundation for understanding how strategic
sourcing, effective supplier management, and well-designed contracts contribute
to operational efficiency, risk reduction, cost control, and sustainable competi-
tive advantage in the modern business environment.

Strategic sourcing, supplier management, integrated supply management,
contracting, sustainability

Discussion

1.2.1 Strategic Sourcing

To understand strategic sourcing, imagine a school that needs textbooks every
year. In the past, the school might have selected whichever supplier offered the lowest
price at that moment. While this approach eould reduge short-term spending, it might
also result in poor-quality books, late delivenies-or the need to frequently change
suppliers, ultimately disrupting students’ learning. A more effective approach would
involve studying the school’s long-tern textbook needs, evaluating suppliers based on
quality, reliability, delivery performance, and overall value, and then forming long-
term partnerships with a few trusted,suppliers. By working collaboratively with these
suppliers to plan productiomgiimprove quality, and reduce overall costs, the school
ensures a consistent supply and better outcomes. This long-term, value-focused method
illustrates the idea of strategic sourcing.

In earlier business environments, purchasing primarily focused on obtaining materials
at the lowest immediate price. Modern organisations, however, recognise purchasing
as a strategic function that significantly influences overall cost efficiency, product
and service quality, innovation, and long-term competitiveness. Strategic sourcing
is a structured, data-driven procurement approach that aligns purchasing decisions
with organisational strategy by optimising total cost of ownership, managing risk,
and developing long-term supplier partnerships. . According to Monczka, Handfield,
Giunipero, and Patterson in their book Purchasing and Supply Chain Management,
strategic sourcing emphasises value creation, close supplier collaboration, and
continuous improvement, transforming purchasing from a routine transactional activity
into a key strategic capability that supports sustainable organisational success.

For example, Toyota’s supplier integration model, grounded in the Toyota Production
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System (TPS), demonstrates how long-term supplier collaboration enhances quality,
reduces waste, and strengthens operational resilience . Through collaboration, shared
planning, and continuous improvement initiatives, Toyota works with its suppliers to
enhance quality, reduce waste, and lower total costs over time. This strategic sourcing
approach has played a major role in Toyota’s strong reputation for quality, efficiency,
and global competitiveness.

1.2.2 Strategic Sourcing Procedures and Policies

Joelrmm Supplicr
Spend Anwlysis ‘r;]]:“lilk;m s
e Fvaluation
Mhieal amd ¥ N
Suslwitable PEl o an * cpetiation

i T

Fig. 1.2.1 Strategic Sourcifig Procedures andiPolicies

1. Spend Analysis

Spend analysis is the first and_mest critical step ifi the strategic sourcing process
because it provides organisations with a clear understanding of how much money is being
spent, on which materials or services, and with which suppliers. According to Monczka,
Handfield, Giunipero, and Patterson in Purchasing and Supply Chain Management,
systematic spend visibilitypenables firms tofidentify inefficiencies, duplicate purchasing,
maverick spendinggand opportunities for volume consolidation. By applying analytical
tools such as ABC classification, Pareto analysis, and procurement dashboards to
historical purchasing'data organisations can prioritise high-value categories and develop
targeted cost-reduction strategies.

For example, many global manufacturing firms have successfully reduced
procurement costs by consolidating purchases with fewer qualified suppliers after
analysing fragmented spending patterns across departments. This not only lowers unit
prices through economies of scale but also reduces administrative and transaction costs.
Furthermore, spend analysis supports budgeting accuracy, supplier rationalisation, and
improved negotiation leverage. Without accurate spend information, sourcing decisions
become reactive rather than strategic, limiting long-term value creation and cost control.

2. Market Analysis

Market analysis involves systematically evaluating the external supply environment
using tools such as the Kraljic Portfolio Matrix to assess supply risk and profit impact.
This includes understanding supplier availability, industry competition, technological
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developments, price trends, geopolitical risks, and regulatory conditions. As highlighted
in standard supply chain texts such as Supply Chain Management: Strategy, Planning,
and Operation by Chopra and Meindl, effective sourcing strategies depend heavily on
accurate knowledge of market dynamics and risk exposure. Through market intelligence
organisations can determine whether to pursue single sourcing, multiple sourcing,
global sourcing or partnership-based sourcing.

For instance, when raw material prices are volatile or concentrated among a few
suppliers, firms may diversify their supplier base to reduce risk. Conversely, in stable and
technologically advanced markets, long-term collaboration with specialised suppliers
may create innovation advantages. Market analysis also helps organisations anticipate
disruptions such as shortages, political instability or environmental regulations that
could affect supply continuity. Therefore, this step transforms sourcing from simple
purchasing into informed strategic planning that aligns procurement decisions with
long-term organisational resilience and competitiveness.

3. Supplier Selection and Evaluation

Supplier selection and evaluation is a structured process used, to identify partners
capable of meeting organisational performance €Xpectations over the long term.
According to Monczka and colleagues, firms must assess suppliers using multiple
criteria rather than relying solely on price. Commonievaluation factors include product
quality, total cost, delivery reliability, financial stability, technological capability,
and commitment to continuous improvement. Organisations apply weighted-point
evaluation models, Analytic Hierarchy Process (AHP), supplier audits, and pilot
testing to objectively compare poténtial suppliers. This multi-criteria approach reduces
operational risk and ensures alignment with organisational standards.

For example, leading automotive and electronics manufacturers carefully evaluate
suppliers’ engineeringcapabilities,and quality management systems before establishing
long-term agreements, because defeets or delays can disrupt entire production networks.
Continuous evaluation isfequally important after selection, as supplier performance
may change over time due to financial issues, capacity constraints or strategic shifts.
Effective supplier evaluation therefore, strengthens supply chain reliability, encourages
innovation, and supports sustainable competitive advantage through strong collaborative
partnerships.

4. Negotiation and Contracting

Negotiation and contracting translate sourcing analysis into formal commercial
agreements that define expectations, responsibilities, and risk-sharing mechanisms
between buyers and suppliers. As discussed in Purchasing and Supply Chain
Management, effective negotiation goes beyond price bargaining and instead focuses on
total value, including delivery schedules, quality standards, service levels, intellectual
property protection, and penalty or incentive clauses. Skilled negotiators prepare
by analysing cost structures, market conditions, and supplier alternatives to achieve
mutually beneficial outcomes. Well-designed contracts reduce ambiguity, prevent
disputes, and provide legal protection for both parties.
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For example organisations commonly include performance-based clauses that reward
suppliers for exceeding service levels or impose penalties for late deliveries and quality
failures. Long-term framework agreements are also widely used to stabilise pricing
and ensure supply continuity in uncertain markets. Through collaborative negotiation,
firms can build trust while still protecting their commercial interests. Consequently,
negotiation and contracting serve as a bridge between strategic planning and operational
execution in the sourcing process.

5. Performance Monitoring

Performance monitoring ensures that suppliers consistently meet agreed
contractual and operational standards after selection and contracting. According to
supply chain performance management literature organisations typically use Key
Performance Indicators (KPIs) such as defect rates, on-time delivery percentages order
responsiveness, cost compliance, and service quality to evaluate supplier effectiveness.
Continuous monitoring enables early identification of performance issues, allowing
corrective actions such as process improvement, supplierddevelopment programs or
contract revision. Many firms employ supplier scorecards and periodic review meetings
to maintain transparency and accountability.

For example, in manufacturing industries operating under just=in-time production
systems, even minor delivery delays can halt production lines<and create significant
financial losses; therefore, strict monitéring of delivery reliability is essential.
Performance data also supports strategic decisions such as supplier retention,
replacement or deeper partnership development. Ultimately, systematic monitoring
transforms supplier relationshipsdinto performance-driven collaborations that support
operational efficiency, risk redaction, andleng-term value creation.

6. Ethical and Sustainable Sourcing Policies

Modern strategief sourcing extends®beyond cost and efficiency considerations
to include ethical responsibility and environmental sustainability. Contemporary
supply chain frameworks emphasise that organisations must ensure fair labour
practices, environmentally responsible production, transparency, and compliance with
international standards thfetighout their supplier networks. Texts such as Sustainable
Supply Chain Management by Seuring and Miiller highlight that responsible sourcing
reduces reputational risk, supports regulatory compliance, and contributes to long-term
societal value. Many multinational companies implement supplier codes of conduct,
environmental audits, and traceability systems to verify responsible practices.

For instance, global consumer goods and retail companies have adopted sustainable
sourcing standards for raw materials such as palm oil, timber, and cotton to reduce
deforestation, carbon emissions, and labour exploitation. Ethical sourcing also
strengthens brand reputation and consumer trust, which increasingly influences
purchasing behaviour. Therefore, integrating sustainability and ethics into sourcing
policies is no longer optional but a strategic necessity that aligns business success with
social and environmental responsibility.
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1.2.3 Integrated Supply Management (ISM)

Integrated Supply Management (ISM) refers to the systematic coordination of
purchasing, logistics, inventory management, and supplier relationship activities into
a single, unified framework that directly supports an organisation’s overall strategy
and performance objectives. Traditional organisations often treated these functions as
separate departments with independent goals, which frequently resulted in inefficiencies,
excess inventory, communication gaps, and higher total operating costs. However,
contemporary supply chain literature, including Monczka, Handfield, Giunipero, and
Patterson’s Purchasing and Supply Chain Management, emphasises that integrating
these activities enables better information sharing, synchronised planning, and improved
decision-making across the entire supply chain.

For example, automotive producers applying Just-in-Time (JIT) principles work
closely with suppliers to deliver components exactly when needed, which significantly
reduces inventory holding costs, minimises waste, and improves operational
responsiveness. As a result, ISM strengthens competitivehess by aligning internal
operations and external supplier networks into a cohesive, valug-creating system.

1.2.3.1 Features of Integrated Supply Management (ISM)

i.  Cross-functional teamwork betweenpurchasing, preduction, finance, and
logistics

A fundamental feature of Integrated Supply Management is the close collaboration
among major functional departménts’ such'as, purehasing, production, finance, and
logistics. In traditional organizational sttuctures, these departments often operated
independently with separate performafnce goals, which created inefficiencies such as
excess inventory, budget confliets, delayed procurement decisions, and poor coordination
of material flows. Médern supplychaindémanagement literature, including Monczka,
Handfield, Giunipgro, and Patterson’s Purchasing and Supply Chain Management,
explains that cross-fun€tional integration enables synchronized planning, shared
information, and unified decision-making aligned with overall organizational strategy.

For example, when purchasing teams coordinate directly with production planners
and logistics managers, materials can be ordered in the correct quantities and
delivered at the right time, reducing storage costs and production delays. Finance
teams also contribute by aligning procurement spending with budgeting and cash-
flow management. This teamwork improves efficiency, reduces total cost, and ensures
that supply chain decisions support long-term organizational performance rather than
isolated departmental objectives.

ii. Long-term supplier partnerships

Integrated Supply Management emphasizes developing long-term, collaborative
relationships with selected suppliers instead of relying on frequent short-term or
price-based purchasing decisions. According to established procurement research,
strategic partnerships encourage trust, information sharing, joint problem solving, and
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continuous improvement, all of which enhance supply reliability and innovation. Long-
term relationships allow suppliers to better understand the buyer’s production processes,
quality expectations, and future demand, enabling them to invest in specialized
technology or capacity that improves performance over time.

For instance, in advanced manufacturing industries, suppliers often participate in
product design, cost-reduction initiatives, and process improvements, creating mutual
value for both parties. Such partnerships also reduce transaction costs, minimize supply
disruptions, and strengthen risk management because dependable suppliers are more
committed during shortages or crises. Therefore, long-term supplier collaboration is
a core mechanism through which ISM improves competitiveness, quality consistency,
and operational stability across the entire supply chain.

iii. Use of information technology and data analytics

The effective implementation of ISM relies heavily on modern information technology
systems and data analytics to coordinate activities across the supply chain. Enterprise
Resource Planning (ERP) systems, supply chain management software, electronic
data interchange, and real-time tracking technologies enable“@rganizations to share
accurate information about demand forecasts, invefitory levels, production schedules,
and supplier performance. As highlighted in supply chain strategy literature such as
Chopra and Meind!l’s Supply Chain Managenient: StrategynPlanning, and Operation,
timely and accurate information significantly reduces uncertainty, improves planning
accuracy, and supports faster decision-making. Data analytics further enhances ISM
by identifying spending patterns, predicting demand fluctuations, evaluating supplier
risks, and optimizing inventory levels.

For example organisations using prédictive analytics can anticipate shortages and
adjust sourcing strategies beforedisruptions gecur. Consequently, technology integration
transforms supply man@geément from a reactive process into a proactive, intelligence-
driven system that improves efficieney, transparency, and strategic responsiveness.

iv. Focus on total supply chain performance

Another defining feature«of Integrated Supply Management is the emphasis on
optimising total supply chain performance rather than maximising the efficiency of
individual departments. This systems-wide perspective recognises that minimising
cost in one area—such as purchasing cheaper materials may increase costs elsewhere
through poor quality, higher transportation expenses or production delays. Therefore,
ISM evaluates performance using comprehensive measures such as total cost of
ownership, service level, delivery speed, flexibility, sustainability, and customer
satisfaction. Academic sources in supply chain management stress that competitive
advantage increasingly depends on how well the entire supply network performs, not
just internal operations.

For example organisations using Just-in-Time production depend on synchronised
supplier deliveries, efficient logistics, and accurate demand planning to maintain smooth
production flow. By aligning all supply chain participants toward shared performance

SREENARAYANAGURU
OPEN UNIVERSITY



goals, ISM reduces waste, improves responsiveness to market changes, and enhances
long-term organisational value creation.

1.2.4 Supplier Management and Development

Supplier management is a critical function within supply chain and procurement
operations. It involves the systematic selection, evaluation, development, and long-
term relationship management of suppliers to ensure that materials, components, and
services are delivered reliably, at the required quality level, and at competitive cost.
Effective supplier management does not focus only on purchasing transactions; instead,
it emphasises collaboration, performance monitoring, and continuous improvement to
support the organisation’s strategic objectives.

1.2.4.1 Objectives of Supplier Management
The main goals of supplier management are to:

i. Ensure consistent quality and timely delivery: \Reliable suppliers help
prevent production delays, reduce defects, and maintain eustomer satisfaction.
Consistency in supply performance is essential for stable operations.

ii. Reduce procurement risk: Managing suppliers-carefully minimises risks such
as late deliveries, quality failures, financial instability.orgeopolitical disruptions.
Diversification and monitoring are'key strategies.

iii. Encourage innovation and cost reduction: Strategic suppliers can contribute
ideas for process improvement, new material§ or design efficiencies that lower
total costs and enhance/product value.

iv. Build long-term partnerships: Strong relationships foster trust, transparency,
and shared preblem-solving, whieh are more effective than short-term, price-
focused pur€hasing approaches.

1.2.4.2 Supplier‘Dévelopment

Supplier developmentirefers to the intentional effort by a buying organisation to
enhance a supplier’s capabilities and performance. Rather than simply replacing weak
suppliers, leading companies invest in improving them. This may include:

i.  Training and technical support to improve manufacturing processes, quality
control or management systems.

il.  Quality improvement programs, such as Six Sigma initiatives, defect-reduction
projects or certification support (e.g., ISO standards).

iii. Joint product development, where suppliers collaborate in early design stages to
improve manufacturability, cost efficiency, and innovation.

iv. Performance feedback, including regular reviews, benchmarking, and corrective
action planning.
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Supplier development enhances supply chain capability by improving process
efficiency, reducing defect rates, and strengthening long-term innovation potential.

Case Study: Toyota

A well-known example of effective supplier management is Toyota’s collaborative
supplier model. Toyota works closely with its suppliers by providing training, sharing
production knowledge, and supporting continuous improvement through the Toyota
Production System (TPS). This partnership approach has enabled Toyota to achieve:

¢ Exceptional product quality

¢ High production efficiency

¢ Strong supplier loyalty

¢ Sustainable long-term performance

Toyota’s success demonstrates that developing suppliersfean be more valuable than
constantly switching to lower-cost alternatives.

1.2.4.3 Supplier Evaluation Methods

Organisations use structured tools to measure and monitorsSupplier performance,
including:

1. Vendor rating systems that assess quality, delivery reliability, cost, and service.

ii. Scorecards and Key Performance, Indicators (KPIs) for ongoing, data-driven
monitoring and comparison acress suppliers.

iii. Audits and inspectionsito verify compliance with quality standards, safety
regulations, afid ethical requiremeénts.

Regular evaluation _efisures \accountability and supports continuous supplier
improvement.
1.2.5 Elements of Contracts and Non-Traditional Contracting

In procurement, a contract functions as both a legally enforceable agreement and a risk
governance mechanism that defines performance standards, pricing structures, delivery
obligations, and liability allocation. In procurement and supply chain management,
contracts provide the formal structure that reduces misunderstandings, protects both
sides from risk, and ensures accountability throughout the purchasing process.

1.2.5.1 Essential Elements of a Valid Contract

According to fundamental principles of business law, a contract is considered valid
only when the following elements are present:

i.  Offer and acceptance : One party must clearly propose specific terms, and the
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ii.

iil.

iv.

other party must accept those exact terms without ambiguity. Mutual agreement
creates the foundation of the contract.

Lawful consideration (price or payment) : Each party must exchange
something of value, typically goods or services in return for money. Without
consideration, the agreement is generally not legally binding.

Free consent of parties : Consent must be given voluntarily and without
coercion, fraud, misrepresentation or undue influence. Agreements formed
under pressure may be invalid.

Legal capacity of parties : Both parties must be legally competent to enter
a contract (for example, of legal age and sound mind, and not disqualified by
law).

Lawful object : The purpose of the contract must be legal and not against public
policy. Contracts involving illegal activities are void.

These elements ensure that procurement contracts are fair, enforceable, and legally
recognised.

1.2.5.2 Important Contract Clauses in Purchasing

Purchasing contracts typically include detailed clauses that define operational and
legal expectations, such as:

i.

ii.

il

iv.

vi.

Price and payment termsaaSpecifies, total cost, currency, payment schedule,
discounts, and penaltiesffor late payment.

Delivery schedule : Defines q@iantities, timelines, shipping responsibilities, and
delivery locations, oftenygoverned/by internationally recognised Incoterms to
clarify risk tr@nsfer and accountability.

Quality standards and inspection : Establishes required specifications, testing
methods, acceptance criteria, and rejection procedures for defective goods.

Warranty and liability : Determines the supplier’s responsibility for defects,
repairs, replacements or damages within a defined period.

Penalty for delay or non-performance : Includes liquidated damages, service
credits or financial penalties to protect the buyer from losses caused by supplier
failure.

Termination conditions : Explains how and when the contract may be ended,
including breach, insolvency or mutual agreement.

Well-structured clauses reduce disputes and create clarity in supplier relationships.

1.2.5.3 Non-Traditional Contracting Methods

Modern supply chains increasingly rely on flexible and collaborative contract models

m SGOU - SLM - B.Com Honours - Materials and Warehouse Management 31

e g

i~

SREENARAYANAGURU
OPEN UNIVERSITY



rather than rigid, one-time purchase agreements. These approaches support long-term
efficiency, innovation, and shared risk management.

Common non-traditional contracting methods include:

i. Long-term partnership agreements : Buyers and suppliers commit to ongoing
collaboration, stable pricing mechanisms, and joint improvement initiatives
instead of repeated short-term bidding.

ii. Performance-based contracts : Payments are linked to measurable outcomes
such as service quality, uptime, delivery reliability or cost savings, encouraging
suppliers to focus on results rather than activities.

iii. Outsourcing and service contracts : Organizations transfer non-core activities
(e.g., IT support, logistics, maintenance or customer service) to specialized
external providers to improve efficiency and reduce internal costs.

iv. Framework agreements for repeated purchases :Pre-negotiated terms allow
buyers to place multiple orders over time without renegotiating each transaction,
saving administrative effort and ensuring consistency.

Example

In the information technology sector,companies frequéntly outsource system
maintenance and technical support using performance-based service contracts.
Payments may depend on service-level indicators such as system uptime, response
time, and issue resolution speed. This.approach aligns.the supplier’s incentives with the
client’s operational performancé, creating.mutual’accountability and improved service
quality.

1.2.6 IT System#Contracts indVlaterials Management

Advanceddigitaltechnolégies,including Al-drivenprocurementanalytics,blockchain-
enabled traceability, and cloud-based sourcing platforms, have become core enablers of
modern procurement strategy.«Organisations now depend on integrated digital systems
to manage purchasing, inventory, supplier relationships, logistics, and data analysis.
Because these systems are complex, costly, and business-critical, IT system contracts
are required to clearly define responsibilities, performance expectations, security
requirements, and long-term support between the buying organisation and the
technology provider.

IT system contracts refer to formal agreements governing the acquisition,
implementation, and ongoing use of technology solutions that support materials
management and supply chain activities. These agreements commonly cover:

i.  Enterprise Resource Planning (ERP) systems such as SAP oracle or Microsoft
Dynamics integrate procurement, inventory, finance, and production data into a
unified digital platform.

ii. Warehouse Management Systems (WMS) that control stock movement, storage
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1il.

1v.

locations, picking, and dispatch operations.

Supply chain analytics platforms used for demand forecasting, supplier
performance tracking, and operational decision-making.

Cloud-based procurement systems that enable e-sourcing, e-tendering, supplier
collaboration, and remote system access.

Such contracts ensure that technology investments deliver operational efficiency,
transparency, and strategic value.

1.2.6.1 Features of I'T Contracts

IT system agreements contain specialised clauses that differ from traditional
purchasing contracts because they address software, data, and ongoing services rather
than only physical goods. Important features include:

i

ii.

iii.

iv.

Software licensing terms : Define how the software may be used, the number
of users allowed, ownership rights, subscription conditions, and restrictions on
copying or modification.

Data security and confidentiality : Establish requirements for protecting
organisational data, including encryptionstandardsyaccessc€ontrol mechanisms,
regulatory compliance obligationss and defined Thability in case of cyber
breaches.

Service Level Agreements (SLAs): Specify megasurable performance standards
such as system uptime, s€sponse time, issue'resolution speed, and penalties if
the provider fails to méet agreedsService levels.

Maintenance and ‘technical support : Outline responsibilities for
troubleshooting, bug fixesyhelpdesk services, and ongoing system monitoring
to ensure udinterrupted,operations.

Upgrade and sealability provisions : Ensure the system can handle business
growth, new users, additional modules, and technological updates without
major disruption ‘orhigh cost.

These provisions protect the organisation from operational risk, cyber threats, and

vendor

underperformance.

Example

Many medium and large organisations deploy ERP systems to manage materials
planning, purchasing, and warehouse operations. In such implementations, contracts

typically define:
¢ Expected system performance and availability
0 User access controls and authorisation levels
¢ Data protection and backup responsibilities
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¢ Scope of vendor training, maintenance, and long-term support

Clearly structured IT contracts help organisations achieve smooth digital transfor-
mation, reliable system operation, and secure information management.

® Recap

¢ Strategic Sourcing: Focuses on long-term value, supplier collaboration,
and total cost of ownership rather than only purchase price.

¢ Sourcing Procedures: Spend analysis, market study, supplier evaluation,
negotiation, monitoring, and sustainability policies guide effective
procurement decisions.

O Integrated Supply Management: Coordinates “purchasing, logistics,
inventory, and supplier relations to improve total supply chain
performance.

¢ Supplier Management & Development: Ensures, reliable quality, reduces
risk, encourages innovation, and builds long-term pattnerships.

¢ Contracts in Procurement: Legal agreements define price, quality, delivery,
liability, and termination conditions to prevent disputes.

¢ IT System Contracts: ERP, WMS, “analytics, and cloud procurement
systems require SL/As, licensing; Security, and maintenance clauses.

Objective Questions

1.  What does strategic sourcing mainly focus on?

Which analysis studies organisational expenditure patterns?
What evaluates supplier performance using KPIs?

Which management integrates purchasing and logistics?
What ensures legally enforceable procurement agreements?
Which clause defines payment and pricing conditions?
What type of contracts link payment to outcomes?

Which sourcing policy focuses on environment and ethics?

2 L &JT e o> B

What system integrates procurement and inventory digitally?
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12.

Which agreement defines system uptime and response time?
What process improves supplier capability intentionally?

Which collaboration builds long-term buyer—supplier trust?

Answers

C N B

—_—
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12.

Long-term value

Spend analysis

Performance monitoring
Integrated supply management
Valid contract

Price clause
Performance-based contracts
Sustainable sourcing

ERP system

. Service level agreement

. Supplier development

Strategi¢ partnership

Self - Assessment Questions

Explain the concept and significance of strategic sourcing with examples.
Discuss the major procedures involved in strategic sourcing.
Describe the features and benefits of Integrated Supply Management.

Explain supplier management, development methods, and evaluation
techniques.

Discuss essential elements of contracts and modern non-traditional
contracting approaches.
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Assignments

Conduct a simple spend analysis of purchases made by a small business
or institution.

Prepare a supplier evaluation scorecard using quality, cost, and delivery
criteria.

Study a real company’s sustainability or ethical sourcing policy and
summarise findings.

Draft a sample procurement contract including price, delivery, and
warranty clauses.

Analyse how ERP or digital procurement systems improve supplier
coordination.
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An Overview of Inventory Management

Learning Outcomes

After completing this unit, the learners will be able to:

¢ explain the concept and significance of inventory management in business
operations

¢ classify different types of inventory and describe their characteristics

¢ analyse reasons for holding inventory and its role in managerial decision
making

¢ compare major inventory policies, strategies, and valuation methods such
as FIFO and LIFO

Prerequisite

Abusy restaurant is getting ready for@a period when customer demand is expected
to increase significantly. The restaurant needs to maintain sufficient quantities of
vegetables, fruits, meat, dairy, productsbeverages, spices, and other ingredients
to prepare meals without interruptionsIf the restaurant purchases too little, it may
run out of essential ingrediénts during peak hours, resulting in cancelled orders
and dissatisfied ‘customers. On the other hand, purchasing excessive quantities
can lead to spoilage, wastage, higher storage costs, and unnecessary blockage of
working capital. This situatton illustrates the importance of maintaining an appro-
priate level of inventory to ensure continuous operations while controlling costs.
Understanding how organisations maintain this balance provides a foundation for
studying inventory management.

Before studying this unit, learners should have a basic understanding of busi-
ness activities such as purchasing, sales, production, costs, and the use of organ-
isational resources. Inventory management involves planning, maintaining, con-
trolling, and valuing the materials and goods required for business operations. The
unit introduces the meaning, types, objectives, policies, and methods of inventory
valuation in a practical and systematic manner. Through these concepts, learners
can understand how effective inventory management helps organisations avoid
shortages and excess stock, reduce wastage and costs, maintain smooth opera-
tions, and improve overall profitability.
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Inventory management, EOQ, Safety stock, Reorder level, FIFO, LIFO, ABC
analysis, Work in Progress, Raw materials, Carrying cost ordering cost

Discussion

2.1.1 Inventory Management

Consider a simple illustration of a bakery that prepares fresh bread every day. If the
bakery keeps too little flour, it will not be able to produce enough bread, leading to lost
sales and dissatisfied customers. On the other hand, if it stores too much flour, some of
it may expire, storage costs will increase and unnecessary money will remain tied up
in unused stock. Therefore, the bakery must maintain the right'quantity of flour at the
right time. This careful balance between shortage andiexcess represents the basic idea
of inventory management.

Inventory management refers to the systematic planning ordering, storing and
controlling of inventory so that the right quantity of materials or goods is available
at the right time while minimizing total inventory cost and ensuring smooth business
operations.. When inventory levelspare too lew, production may stop and customer
service may suffer due to deladys or stockouts.:"When inventory levels are too high,
businesses face increased storage, imSuranee and handling costs. They also face
risks such as damage, spoilage and technglogical obsolescence. Effective inventory
management thereforesfocuses on balanging customer service efficiency with overall
cost control.

Inventory management is a crucial function in every business organisation, whether
in manufacturing, retail, healthicare or e-commerce. Inventory includes raw materials
used for production, weérk=in-progress goods that are partially completed, finished
goods ready for sale, spare parts required for maintenance and consumable items used
in daily operations. The availability and proper control of these materials directly affect
a company’s ability to operate smoothly and meet customer demand.

A well-known example of effective inventory management is observed in large
e-commerce companies that use demand forecasting, real-time inventory tracking,
automated warehouses and robotics to manage inventory efficiently and reduce
operational costs. These systems allow the company to minimise storage costs while
ensuring rapid delivery, often within the same day or the next day. This demonstrates
how efficient inventory management can improve customer satisfaction, reduce
operational costs and support large-scale business growth.

40
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2.1.1.1 Importance of Inventory Management

Inventory management is a critical function in business operations, especially in
manufacturing, retail and distribution sectors. It involves planning, controlling and
monitoring stock levels to ensure that the right quantity of goods is available at the
right time and at the right cost. Effective inventory management helps organizations
maintain smooth operations, reduce costs and improve profitability.

1. Helps Decide Minimum Production Quantity

Proper inventory management enables businesses to determine how many units
should be produced or ordered to avoid losses. By understanding demand forecasts
and cost structures, companies can calculate the minimum quantity required to cover
production costs. This ensures:

a. Production is aligned with demand
b. Resources are not wasted

c. The company avoids underproduction (stockouts) or overproduction

Maintaining optimal production levels helps the fitm operate efficiently and reach its
break-even point more effectively.

2. Supports Pricing Decisions

Inventory management provides accurate data on:
a. Cost of goods sold (COGS)

b. Storage and handling ¢osts

c. Ordering costs

d. Carrying cost$

With this informationgfanagets can set appropriate selling prices that cover all costs
and generate profit. I[f inventory/costs increase (e.g., higher storage or supplier prices),
pricing strategies may need adjustment to maintain profitability.

Thus, inventory management contributes directly to sound financial and pricing
decisions.

3. Assists in Evaluating Inventory Investment Risk

Inventory represents a significant investment for most businesses. Poor inventory
decisions can lead to:

¢ Dead stock

¢ Obsolete goods

¢ Cash flow problems
O

Increased holding costs
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Before purchasing large quantities of raw materials or finished goods, companies
assess whether expected sales demand justifies the investment. This reduces financial
risk and ensures capital is used efficiently.

Proper inventory control protects the business from tying up excessive funds in
unsold stock.

4. Improves Stock Planning

Effective inventory management ensures that stock levels are neither too high nor
too low.

Good stock planning:
¢ Prevents overproduction
¢ Reduces storage costs
¢ Minimises waste and damage

¢ Avoids stockouts and lost sales

Techniques such as Economic Order Quantity (BEOQ), reorder levels and safety
stock help maintain optimal inventory levels. This improves operational efficiency and
customer satisfaction.

5. Guides Capacity Utilisation

Inventory management helps determine'whether the‘company’s production capacity
is being used efficiently.

By analysing:
¢  Demand levels
0 Production/Schedules

¢ Inventory turfiover rates

Managers can decide whethet:
¢ To increase production
¢ Reduce idle capacity
¢ Expand facilities

¢ Outsource production

This ensures that resources such as labour, machinery and storage space are used
effectively to achieve profitability.
Beyond the points above, inventory management also:

¢ Improves cash flow management

¢ Enhances customer service through product availability

)
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¢ Reduces operational disruptions

¢ Supports accurate financial reporting

¢ Strengthens supply chain coordination

Inventory management is essential for business success. It helps organisations
control costs, reduce financial risks, improve operational efficiency and ensure customer

satisfaction. By maintaining the right balance between supply and demand, businesses
can achieve profitability while minimising waste and unnecessary expenses.

Manufacturers use break-even analysis before launching new products to estimate
the required sales volume. It helps answer important questions such as:

0 Is the product financially viable?

¢ How many units must be sold to recover development costs?

0 What happens if sales are lower than expected?

By understanding the break-even point, businesses redu¢efinancial uncertainty and
make informed decisions about production, pricing and inventoty investment.

Break-even analysis is a simple yet powerful ‘financial planning tool. It helps
businesses understand cost structures, manage inventory efficiently and minimize
financial risk. By identifying the minimum.Sales required toravoid losses, companies
can plan production levels more effectively and improveoverall financial performance.

2.1.2 Types of Inventory

Different organisations maintain diffezent kinds of inventory depending on the
nature of their operations, production methods and service requirements. Proper classi-
fication of inventory helps managers plan purchasing, storage, control and usage more
effectively. Understanding the chasacteristics of each type of inventory is essential for
maintaining smooth productien flow, minimising costs and ensuring timely customer

service.
Work in Progress (WIP)

Finished Goods

Spare Parts & Maintenance Supplies

Fig. 2.1.1 Types of Inventory |
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1. Raw Materials

Raw materials are the basic inputs that are used in the production of goods and
have not yet undergone any processing. These materials form the foundation of the
manufacturing process and directly influence the quality of the final product. For
example, steel is a primary raw material in automobile manufacturing, while cotton is
an essential input in textile mills. Raw materials must be available in the right quantity
and quality at the right time to ensure uninterrupted production. They also require
proper storage conditions, protection from damage or contamination and systematic
quality control to avoid production delays, wastage or defective finished goods.

Characteristics
a. Directly used as basic inputs in the production process.
b. Quality of raw materials strongly influences the quality of finished goods.
c. Require proper storage conditions to prevent damagegspoilage or contamination.
d. Need regular inspection and quality control before use improduction.
e. Shortage of raw materials can stop production and cause delays.
2. Work in Progress (WIP)

Work in progress refers to partially completed goods that are still in the production
process.. These items include the cost of taw materials, labour and overhead expenses
already invested but not yet converted into finished products. A common example is
half-assembled electronic devigeés moving,along afactory assembly line awaiting final
testing and packaging. WIP inventory #@presents tied-up production cost and working
capital, which cannot generate revenue until production is completed. It is also more
difficult to store, monitétrand track thandinished goods because it exists in multiple
forms and locations within the production system. High levels of WIP may indicate
production bottlenecks, dong production cycles, batch production systems, custom
manufacturing processes or inefficient workflow management.

Characteristics
a. Consists of partially completed goods at different production stages.

b. Represents invested cost in materials, labor and overhead that is not yet
recoverable.

c. Difficult to store, measure and track compared to finished goods.
d. High WIP levels may indicate production bottlenecks or inefficiencies.

e. Cannot generate revenue until fully completed and converted into finished
goods.

3. Finished Goods

Finished goods are fully completed products that are ready for sale, distribution or
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delivery to customers. Examples include packaged food items stored in supermarket
warehouses, ready-to-wear garments in retail stores or completed furniture in
showrooms. This type of inventory directly generates revenue for the organisation,
making its proper management crucial for profitability and customer satisfaction.
However, excessive finished goods increase storage, insurance and handling costs,
while insufficient stock may result in lost sales and dissatisfied customers. Therefore,
finished goods inventory requires accurate demand forecasting, efficient warehousing
and well-planned distribution systems to maintain the right balance between availability
and cost.

Characteristics
a. Fully completed products ready for sale or distribution to customers.
b. Directly generate revenue and affect customer satisfaction.
c. Require demand forecasting to avoid overstocking or stockouts.
d. Involve storage, insurance and handling costs while awaiting sale.
e. Must be managed efficiently to balance availability and cost,control.
4. Spare Parts and Maintenance Supplies

Spare parts and maintenance supplies consist of items used for the repair, servicing
and upkeep of machinery, equipment and operational facilities. These items are not
part of the final product but are essential for ensuring continuous and uninterrupted
production or service delivery. EXamples include replacement machine components,
backup electrical parts, maintehance tool§ and servicing materials. The usage of spare
parts is often irregular and unpredictable, which makes inventory planning challenging.
Despite this uncertainty, maintaining adequate spare parts inventory is critical because
the absence of a singlé€ essential componefit can stop production, cause costly downtime
and reduce organizational effieiency.

Characteristics
a. Used for repair, seéfvicing and maintenance of machinery or equipment.
b. Not part of the final product but essential for smooth operations.
c. Demand is irregular and often difficult to predict.
d. Shortage can cause machine breakdowns and costly production downtime.
e. Require careful stocking policies to ensure operational continuity.
5. Consumables

Consumables are low-value items that are used regularly in the daily functioning
of an organisation and are quickly depleted after use. Common examples include
office stationery, printer ink, cleaning materials, lubricants and packaging supplies.
Although individual consumable items have relatively small costs, their continuous
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and large-scale usage can significantly affect overall operating expenses. Poor control
of consumables may lead to wastage, misuse or unnecessary expenditure. Therefore
organisations must implement simple monitoring systems, standard usage procedures
and timely replenishment practices to ensure operational efficiency while keeping
recurring costs under control.

Characteristics
a. Low-value items used regularly in day-to-day organisational activities.
b.  Quickly depleted and require frequent replenishment.

c. Include items such as stationery, cleaning materials, lubricants and packaging
supplies.

d. Poor control may lead to wastage, pilferage or unnecessary expenditure.
e. Need simple monitoring and standardised usage procedures for cost efficiency.

¢ In addition to the major categories of inventory such as raw materials, work
in progress, finished goods, spare parts and consumables, organisations may
also maintain other types of inventory based on operational requirements and
business environment. These include Maintenance, Repair and Operations
(MRO) supplies, pipeline or transitdfinventory, seasonal inventory and safety
stock. These additional inventory categories\ help organisations manage
uncertainty, transportation time, séasonal demand fluctuations and maintenance
requirements effectively. And add shert explanation about MRO Supplies

O Pipeline / Transit Inventory
¢ Seasonal Inventory

O Safety Stock

2.1.3 Reasons for Holding Inventory

Organisations hold inyentory for several practical as well as strategic reasons that
support smooth operations, customer satisfaction and financial efficiency. Proper
understanding of these reasons helps managers make informed decisions regarding
purchasing, production planning, storage and distribution. Inventory is therefore not
merely stored goods, but an important managerial tool used to balance cost, risk and
service quality in business operations.

1. Meeting Customer Demand

One of the primary reasons for maintaining inventory is to ensure that products are
available whenever customers require them. Immediate product availability improves
service quality, prevents lost sales and strengthens the organisation’s reputation in
competitive markets. If customers repeatedly face stock shortages, they may shift to
competitors. Therefore, holding adequate finished goods inventory plays a crucial role
in maintaining customer satisfaction, loyalty and consistent revenue generation.
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2. Ensuring Continuous Production

Organisations keep sufficient stock of raw materials and components to avoid
interruptions in the production process. Supply delays, transportation problems or
supplier shortages can stop manufacturing activities if no reserve inventory exists. By
maintaining appropriate raw material levels, businesses ensure smooth and continuous
production flow, efficient use of labour and machinery and timely completion of orders.
This stability is essential for operational efficiency and cost control.

3. Economies of Bulk Purchasing

Purchasing materials in large quantities often allows organisations to benefit from
quantity discounts, lower per-unit transportation costs and reduced ordering expenses.
Bulk buying can therefore decrease the overall cost of procurement and improve profit
margins. However, managers must carefully balance these savings against increased
storage, insurance and handling costs. Effective decision making involves determining
the optimal purchase quantity that minimizes total cost while avoiding excessive stock
accumulation.

4. Protection Against Uncertainty

Inventory acts as a safety buffer against various uncertainties in buginess environments.
These uncertainties may include sudden fluetnationsin customet demand, unexpected
delays in supply, transportation disruptions or increases in material prices. Maintaining
safety stock helps organizations continue operations and meet customer needs even
under unpredictable conditions. This proteetive function of inventory is particularly
important in industries where Supply chains jares€omplex or demand patterns are
unstable.

5. Seasonal Demand Management

Some businessesddeal with seasonaliproducts such as woollen garments, agricultural
goods or festival-telated itéms. \In such cases, production or procurement is carried
out in advance and‘inventory is stored until the peak selling season arrives. Holding
seasonal inventory enables firmis to meet high demand within a short time frame without
overloading production faetlities during the season. Proper planning of seasonal stock
is therefore essential for maximising sales opportunities and avoiding shortages during
critical periods.

2.1.3.1 Importance of Holding Inventory in Managerial Decision
Making

1. Provides inventory data that supports decisions related to order quantity, reorder
level, pricing, working capital management and production planning..

2. Helps managers decide when to reorder based on demand patterns, lead time
and safety stock levels.

3. Identifies fast-moving and slow-moving products, supporting decisions to
promote, discount or discontinue items.
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4. Assists in effective working capital management, since inventory represents a
major investment of business funds.

5. Supports pricing and profit planning by showing carrying costs, turnover rates
and sales performance.

6. Improves customer service decisions by ensuring product availability at the
right time and place.

7. Enables better forecasting and production planning using historical inventory
and sales data.

8. Large retail companies such as Walmart rely on advanced inventory analytics
and real-time tracking systems to guide replenishment, pricing and distribution
decisions.

2.1.4 Inventory Management Policies and Strategies

Effective inventory management requires clearly defined policies and systematic
strategies that guide ordering, stocking and monitoring decisionsy These policies help
organisations maintain the right balance between the availability of materials and
overall cost control. By applying structured inventory control approaches, managers can
reduce waste, avoid shortages and improveperational cfficiency as well as financial
performance.

1. Reorder Level Policy

The reorder level policy ensufes that a new putchase order is placed when inventory
falls to a predetermined minimium levelKnown as the reorder point. This level is usually
calculated by considering average demand and supplier lead time so that fresh stock
arrives before existinggimventory, is exhatisted. The policy helps prevent stockouts,
production interruptions and lost Sales while maintaining smooth workflow and
customer service ¢ontinuity. Add formula Reorder Level = Average Demand x Lead
Time.

2. Economic Order Quantity (EOQ)

Economic Order Quantity (EOQ) is a scientific method used to determine the most
economical quantity of items to order each time procurement is made. The EOQ model
balances two major costs: ordering cost (cost of placing and receiving orders) and carrying
cost (cost of storing inventory). The EOQ model is based on certain assumptions such
as constant demand, constant lead time, no stockouts, instant replenishment, constant
ordering cost and constant carrying cost. These assumptions simplify the calculation of
the optimal order quantity.

3. Safety Stock Policy

Safety stock refers to additional inventory maintained beyond normal requirements
to protect against uncertainties such as sudden demand increases, supplier delays,
transportation disruptions or forecasting errors. Keeping safety stock reduces the risk
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of stockouts and ensures continuous production or sales even under unpredictable
conditions. However, managers must carefully determine the appropriate safety stock
level because excessive buffer inventory increases storage and capital holding costs.

4. Justin Time (JIT) Strategy

The Just in Time (JIT) strategy focuses on receiving materials and producing goods
only when they are actually needed in the production process. This approach significantly
reduces storage costs, minimises waste and improves operational efficiency. A well-
known real-world example is Toyota, which successfully applies JIT to maintain
extremely low inventory levels while still ensuring smooth and continuous automobile
production through precise scheduling and strong supplier coordination.

5. ABC-Based Control Strategy

ABC analysis is an inventory control technique that classifies items into three
categories based on their annual consumption value and importance, where annual
consumption value is calculated as unit cost multiplied by annual usage. “A” items are
high-value and require strict monitoring, accurate records and tight control. “B” items
are of moderate value and need balanced supervision, while “C* items are low-value
and can be managed using simple and less costly centrol procedures. This selective
approach helps organisations focus managerialattention and resoufces where they have
the greatest financial impact.

2.1.5 Inventory Valuation Methods: FIFO and LIFO

Inventory valuation is an important aspect of aéeounting and financial management
because it directly influences the cost ofgoods sold (COGS), reported profit, tax liability
and balance sheet value of closing stock. Different valuation methods may produce
different financial resultsreven When the physical inventory remains the same. Among
the most widely diséussed and traditiohally used methods are FIFO (First In, First Out)
and LIFO (Last In; First Qut), each based on a different assumption about the order in
which goods are issued or sold.

1. FIFO (First In, First:Out)

Under the FIFO method, the earliest purchased or produced items are assumed to be
sold or issued first. This means that older inventory costs are matched with current sales,
while the remaining closing stock consists of the most recently purchased items. As a
result, the value of closing inventory shown in financial statements is close to current
market prices. FIFO is particularly suitable for perishable or time-sensitive goods such
as food, medicines and dairy products, where physical flow naturally follows the same
order. For example, supermarkets place newly arrived food items behind older stock so
that earlier batches are sold first, reducing spoilage and wastage.

2. LIFO (Last In, First Out)

In the LIFO method, the most recently purchased or produced items are assumed to
be issued or sold first. Therefore, the cost of goods sold reflects current or recent prices,
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while the closing stock is valued using older historical costs. This approach can reduce
reported profit during periods of rising prices because higher recent costs are charged to
sales, which in turn may lower taxable income in countries where LIFO is permitted for
accounting purposes. LIFO is generally associated with non-perishable bulk materials
such as coal, chemicals or construction materials, where physical flow is less important
than cost matching.

Table 2.1.1 Comparison of FIFO and LIFO

Basis FIFO LIFO

Issue order Oldest items issued first Newest items issued first

Closing stock value Close to current market price Based on older historical price

Effect during rising __. . Lower profit, lower tax
prices Higher profit, higher tax (whee allowed)
Suitability Perishable and fast-moving Non-perishable bulk goods

goods

In summary, the choice between FIFO and LIFO‘i8ynot mérely a technical account-
ing decision but a strategic financial choige that affects profitability reporting, taxation
and inventory valuation. Organisations select the method that best reflects their opera-
tional reality, regulatory environment.and financial objectives.

® Recap

¢ Inventoryymafagement meaning : It is the scientific control of stock to
ensure the right quantity is available at the right time with minimum cost.

¢ Types of inventory : Raw materials, WIP, finished goods, spare parts, and
consumables together support production and service continuity.

¢ Reasons for holding inventory : Organisations maintain stock to meet
demand, ensure production flow, gain bulk purchase benefits, manage
uncertainty, and handle seasonal needs.

¢ Managerial decision importance : Inventory data guides ordering,
reordering, pricing, promotion, and working capital control.

¢ Policies and strategies : Reorder level, EOQ, safety stock, JIT, and ABC
analysis help balance cost and availability.

¢ Valuation methods : FIFO and LIFO affect profit, taxation, and financial
reporting differently.
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Objective Questions
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What does FIFO stand for?

Which inventory type is partially completed?
What is EOQ used to determine?

Which stock protects against uncertainty?

Which method issues newest items first?

Which inventory directly generates revenue?
What policy fixes minimum reorder point?
Which strategy reduces storage cost significantly?
Which analysis classifies items by value?

Which inventory type includes stationery?

. Which valuation method shows re€ent closing price?

12.

Which company is known for JIT production?

Answers

2 g =N ey B o B
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First In Kirst Out
Work in progtess
Optimal order size
Safety stock
LIFO method
Finished goods
Reorder level

Just in Time

ABC analysis

Consumables items

. FIFO method

Toyota company
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Self - Assessment Questions

1. Explain the concept and objectives of inventory management.
2. Describe different types of inventory with suitable examples.
3. Discuss the reasons for holding inventory in organisations.

4. Explain major inventory management policies and strategies.
5

Compare FIFO and LIFO valuation methods with advantages and
limitations.

Assignments

1. Prepare a case study of inventory management practices in a local retail
store.

2. Calculate EOQ using assumed/demand ordering cost, and carrying cost
data.

3. Observe supermarket stock rotationand.identify whether FIFO is followed.
4. Classify ten household or offi¢e items using ABC analysis.

5. Analyse how_seasonal products (€.g., winter clothes) are stocked and sold.
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Unit —@

Inventory Costs

Learning Outcomes

After completing this unit, the learners will be able to:

O describe the concept and significance of inventory costs in business
operations

¢ identify and differentiate the major types of inventory costs, such as
ordering, holding, and shortage costs

¢ analyse inventory decisions using tools such as cost=wolume analysis and
break-even analysis

¢ aware of the concept of Economic Order Quantity (EQQ) to determine
optimal inventory levels

Prerequisite

A garment manufacturing\unit is preparing for the launch of a new clothing
collection. To meetfexpected ‘démand,the production manager needs to purchase
sufficient quantities of fabries buttons, zippers, threads, labels, and other materials.
If materials are ordered 1 very small quantities, the company may have to place
frequent orders, increasing ordering and transportation expenses. If excessive
quantities are purchased, the materials may occupy valuable storage space, require
additional handling and insurance, and tie up working capital. Some materials may
also become damaged, outdated, or unsuitable for future production. This situation
demonstrates that maintaining inventory involves various costs that must be care-
fully considered when making purchasing and stocking decisions.

Before studying this unit, learners should have a basic understanding of inven-
tory and its importance in business operations. Managers need to identify and eval-
uate the different costs associated with maintaining inventory so that appropriate
stocking decisions can be made. This unit introduces the major components of
inventory costs, including ordering costs, holding or carrying costs, and shortage
costs. It also explains the importance of tools such as break-even analysis and Eco-
nomic Order Quantity (EOQ) in determining efficient purchasing and inventory
levels. Understanding these concepts enables learners to appreciate how effective
inventory cost management can reduce unnecessary expenditure, ensure the avail-
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ability of materials, improve operational efficiency, and contribute to the overall
profitability of an organisation.

Inventory cost ordering cost, Carrying cost, Shortage cost, Economic Order Quan-
tity

Discussion

2.2.1 Inventory Costs

A large electronics store is preparing for a festive sale seasonyThe manager orders
a huge quantity of televisions to avoid stock shortages and attract more customers.
However, after the season ends, many unsold televisions remain in the warehouse.
The store must now pay for storage space, inSuranceyelectrieitys’security, and possible
damage or price reduction of outdated models. Eventhough the products were never
sold, the business still incurred significant expenses. This real-life situation shows that
holding inventory always involves costs, whether visible or hidden.

Inventory costs refer to the tofal expenses assoctated with ordering, storing, managing,
and maintaining inventory in an organisation. These costs directly affect Product pricing,
Profitability, Working capital requirements,/and supply chain efficiency.

Inventory is essential for smooth business operations, but it is not free. Every unit of
inventory involves multiple'types of costs, such as ordering costs, carrying or holding
costs, and shortage ‘¢osts, while purchase cost is usually treated separately unless quan-
tity discounts are considered. df these costs are not properly analysed and controlled,
they can reduce organisational profit, block working capital, and increase financial risk.
Therefore, managers must clearly understand inventory-related costs to make effective
decisions about how much to purchase, how long to store, and when to reorder stock.
Inventory cost analysis is a central concept discussed in standard operations and supply
chain management literature, including the work of Krajewski, Ritzman, and Malho-
tra in Operations Management, where balancing cost efficiency with service level is
emphasised as a key managerial responsibility.

A practical example can be seen in Walmart, which carefully analyses inventory costs
using real-time data systems and advanced supply chain analytics. By reducing excess
stock, improving warehouse efficiency, and optimising replenishment timing, Walmart
controls holding and ordering costs while still maintaining high product availability for
customers. This demonstrates how effective inventory cost management directly sup-
ports profitability, operational efficiency, and competitive advantage.
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2.2.2 Types of Inventory Costs

. Ordering or Replenishment Costs

. Holding or Carrying Costs

k-out Cost

Fig. 2.2.1 Types of Inventory Costs

2.2.2.1 Ordering or Replenishment Costs

Ordering or replenishment costs refer to the expenses incurred each time an
organisation places an order to purchase raw materials, components or finished goods
from suppliers. These costs arise regardless of the quantity ordered, meaning that even a
very small order still requires administrative processing, €ommunigation, and logistical
coordination. Because of this largely fixedsature, placing frequent small orders can
significantly increase the total annual cost of inventory management. Understanding
ordering costs enables managers to determine the most economical order size, supporting
scientific inventory techniques such as Economic Ordér Quantity (EOQ) discussed in
standard operations managementliterature.

Components of Ordering Cost
i.  Preparing purchase requisitions and 1ssuing formal purchase orders.

ii. Communicating withssuppliers for quotations, negotiations, confirmations, and
follow-ups.

iii. Transportation, freights unloading, and receiving expenses.
iv. Inspection, verification, documentation, and record-keeping of delivered goods.

Example: Even if a company orders only 10 units of a material, it must still complete
paperwork, contact suppliers, arrange transport, and inspect the items after delivery.
These activities create a fixed ordering cost independent of order quantity, which
explains why repeated small orders can raise total procurement expenses.

Characteristics of Ordering Cost
a. Generally fixed per order and does not vary significantly with order size.

b. Total annual ordering cost decreases when order size increases because fewer
orders are required in a year, although the ordering cost per order remains
constant.
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c. Increases with frequent ordering, especially when demand is met through many
small purchases.

d. Includes both administrative and logistical expenses related to procurement.

e. Influenced by supplier distance, transportation mode, and communication
efficiency.

f.  Can be reduced through automation, electronic purchasing systems, and long-
term supplier agreements.

g. Plays a crucial role in determining optimal order quantity and total inventory
cost.

Overall, analysing ordering or replenishment costs helps organisations strike a
balance between procurement frequency and storage cost, leading to more efficient and
economical inventory management decisions.

2.2.2.2 Holding or Carrying Costs

Holding or carrying cost refers to the total expense,incurred for storing, protecting,
and maintaining inventory over a period of time until'itis sold or/used in production.
These costs arise simply because goods are keptin Storage and eapital remains tied up
in unsold stock. If inventory stays in the watehouse foralong duration, the organisation
must continue paying storage-related and financial expenses, which can significantly
reduce profitability. Therefore, understanding holding ¢ost is essential for determining
optimal inventory levels and avoiding unnecessary.accumulation of stock.

Components of Holding Cost
i.  Warehouse rent,storage space charges, electricity, and other utilities.
ii.  Insurance ptemiums and security arrangements to protect stored goods.
iii. Loss due to damage, deterioration, spoilage, theft or technological obsolescence.

iv. Interest or opportlimify cost representing the return that could have been earned
if the capital invested in inventory had been used elsewhere..

v. Material handling, supervision, and inventory record-keeping expenses.

Example: Unsold electronic gadgets stored in a warehouse may quickly lose market
value when new and improved technology enters the market. Even though the products
remain physically intact, their selling price falls while storage and insurance expenses
continue, thereby increasing the overall carrying cost to the business.

Characteristics of Holding/Carrying Cost

1. Increases as inventory level increases, because more goods require more space,
capital, and protection.
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il. Accumulates over time, meaning longer storage duration leads to higher total
cost.

iii. Includes both physical storage costs and financial opportunity costs.

iv. Often expressed as a percentage of inventory value per year in inventory
analysis.

v. Encourages organisations to maintain optimum rather than excessive stock
levels.

vi. High carrying cost can reduce profit margins and working capital efficiency.

vii. Can be minimised through efficient warehousing, faster inventory turnover, and
improved demand forecasting.

viii. Strongly influences decisions related to EOQ, safety stock, and replenishment
frequency.

In summary, holding or carrying cost is a critical element of inventory cost analysis
because excessive inventory not only occupies physical space butialso locks financial
resources and increases the risk of loss, making efficient,inventory eontrol essential for
sustainable business performance.

2.2.2.3 Shortage or Stock-out Cost

Shortage or stock-out cost refers to the loss or disadvantage faced by an organisation
when required inventory is not available at the'mght time. Unlike ordering or holding
costs, shortage cost is often difficult todmeasure in exact monetary terms, because it
includes both visible financial losses“and invisible effects such as reduced customer
trust or damaged business.reputation. However, its impact on long-term profitability and
operational continuity can be very Significant. Effective inventory planning, therefore,
aims to minimise stock-outsWhile avoiding excessive holding costs, creating a balance
between service leveliand total inventory expense.

Situations Leading to Shortage Cost
a. Unexpected rise in customer demand beyond forecast levels.
b. Delay in supplier delivery or transportation disruption.
c. Production problems, machine breakdowns or poor planning.
d. Inadequate safety stock or incorrect reorder level decisions.
Effects of Shortage or Stock-out
a. Lost sales revenue when customers cannot obtain the desired product.

b. Customer dissatisfaction and reduced loyalty, which may shift demand to
competitors.
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c. Production stoppage in manufacturing units due to non-availability of raw
materials or components.

d. Emergency purchasing or expedited shipping costs to quickly replenish stock.
e. Damage to brand image and market reputation over time.

Example: Retail businesses often face major losses when popular products run out of
stock during peak seasons or promotional sales. Customers who fail to find the required
item may immediately switch to competing brands, resulting in both instant revenue
loss and long-term customer migration.

Characteristics of Shortage Cost
1. Frequently hidden or indirect, making precise calculation difficult.

2. Can be higher than holding cost in competitive markets where customer loyalty

is weak.
3. Directly related to service level and demand variability,
4. Encourages firms to maintain safety stock afidiaccurate demand forecasting.
5. May include intangible losses such as.goodwill andireputation damage.

6. Often leads to urgent replenishment decisions, increasing overall inventory
cost.

In summary, shortage or stocksout cost highlightsithe risk of insufficient inventory,
demonstrating why organisations must carefully balance ordering, holding, and safety
stock decisions to maintain smooth op@rations and customer satisfaction.

2.2.3 Cost—Volume Analysisgin Inventory Decisions

A stationery shop,that sclls notebooks throughout the year. The shop owner must
decide whether to purchase notebooks in large quantities once in a while or small
quantities more frequently.Ifthe owner buys a large number of notebooks in one order,
the number of orders placed during the year decreases, which reduces ordering expenses
such as paperwork, transport, and supplier coordination. However, storing a large stock
for a long time increases holding costs like storage space, risk of damage, and money
tied up in unsold goods.

On the other hand, if the owner purchases notebooks in small quantities many times,
the storage requirement and holding cost remain low because fewer notebooks are kept
in the shop at any moment. But frequent purchasing raises ordering cost, since each
order again requires time, transport, and administrative effort. When these two opposite
cost patterns are drawn on a graph, the total cost curve forms a U-shape, and the lowest
point on this curve represents the most economical order quantity. This balance point is
known as the Economic Order Quantity (EOQ), which helps managers minimise total
inventory cost while ensuring smooth business operations.
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Cost trade-off analysis in inventory management examines how total inventory
cost changes with variations in order quantity and inventory levels. It helps managers
understand the relationship between ordering cost, holding cost, and overall expenditure
so that they can choose the most economical inventory level. Since different costs behave
in opposite directions as order size changes, analysing this relationship is essential for
making scientific and financially sound inventory decisions.

In practical inventory situations, large order sizes reduce the number of purchase
orders placed during a year, which leads to lower total ordering cost. However, buying
in bulk increases the average quantity stored in the warehouse, thereby raising holding
or carrying cost due to storage, insurance, risk of damage, and capital blockage. On the
other hand, small order sizes minimise holding cost because less inventory is stored at
any time, but they increase ordering cost since orders must be placed more frequently.
This opposing behaviour of costs creates a need to identify an optimal balance point.

Managers, therefore, aim to determine the order quantity at which total inventory
cost (ordering cost + holding cost) becomes minimum. This balance point forms the
theoretical foundation of the Economic Order Quantity (EOQ) model widely discussed
in operations and supply chain management literature. Cost—volume analysis thus
serves as a critical decision-making tool that enables otganisations to control expenses,
improve resource utilisation, and maintain efficient inventery levels.

2.2.4 Break-Even Analysis

Break-even analysis is a financial tool used.to determine the point at which a business
neither makes a profit nor incus§ a loss. This‘peint’is known as the break-even point
(BEP). At this level of sales of production, total revenue equals total costs (fixed costs
+ variable costs). In simple tetms, the break-even point tells a business how many units
it must sell to cover alLits,costs before it can start making a profit.

Components of Break-Even-Analysis
1. Fixed Costs (FC)
Costs that do not changeswith the level of production or sales.
Examples:
¢ Rent
0 Salaries
¢ Insurance
0 Depreciation
2. Variable Costs (VC)

Costs that vary directly with production volume.
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Examples:
¢ Raw materials
¢ Direct labor
0 Packaging
¢ Shipping per unit
3. Selling Price per Unit (SP)
The amount charged to customers for each unit of product.
4. Contribution per Unit
The amount each unit contributes toward covering fixed costs and generating profit.

Contribution per Unit = Selling Price — Variable Cost

Basic Formula

Fixed Costs

Break-E tity =
re ven Quantity Selling Price per Unit — Variable Cost per Unit

or:
. FC
BEP (umts) = m
Example:
Suppose:

¢ Fixed Costs™= $50,000
0 Selling Price perUnit=3$20
¢ Variable Cost per Unit= $12
Contribution per unit = $20 — $12 = $8
Break-even quantity = Fixed Cost + Contribution per Unit = 50,000 + 8 = 6,250 units

This means the company must sell 6,250 units to cover all costs. Any sales beyond
this point generate profit.

2.2.5 Economic Order Quantity (EOQ)

Economic Order Quantity is the optimal order size that minimizes total inventory
cost under assumptions such as constant demand, constant ordering cost, constant
holding cost, and instantaneous replenishment.This classical concept was developed by
F. W. Harris and remains widely used in inventory planning.
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EOQ Formula
EOQ = V(2DS + H)
Where:
¢ D = Annual demand
¢ S = Ordering cost per order
¢ H = Holding cost per unit per year
Interpretation
At EOQ level:
¢ Total ordering cost = Total holding cost
¢ Overall inventory cost is minimum

Retail chains, pharmaceutical distributors, and manufacturing firms use EOQ-based
systems within ERP software to automate purchase quantities.

2.2.6 Inventory Cost Reduction Strategies
1. Accurate Demand Forecasting

Accurate demand forecasting involves predicting future customer demand using
historical sales data, market trendsjyseasomnal pattefns, and statistical tools. When
organisations forecast correctly, they can plan production and purchasing more
efficiently, reducing excess inventory and preventing stockouts. Overstocking increases
carrying costs such as storage, insurance, and risk of obsolescence, while understocking
results in lost sales afd e@mergeney proetirement costs. Modern companies use data
analytics, artificialdintelligence, and forecasting software to improve accuracy. For
example, Walmart usesq@dvanced predictive analytics to anticipate demand spikes
during holidays and promotional events. By aligning inventory levels with expected
demand, companies can,lower overall inventory costs while maintaining customer
satisfaction.

2. Just-in-Time (JIT) Purchasing

Just-in-Time (JIT) purchasing is an inventory strategy where materials and goods
are received only when they are needed for production or sale. This approach reduces
the need for large storage facilities and minimizes carrying costs such as warehousing,
insurance, and capital investment. However, JIT requires reliable suppliers and efficient
production scheduling because delays can disrupt operations. A well-known example
is the production system of Toyota Motor Corporation, where components arrive at
the assembly line precisely when required. Toyota uses the Kanban system to signal
suppliers to deliver parts in small, frequent batches. This system significantly reduces
excess inventory and improves operational efficiency while maintaining high product
quality.
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3. Supplier Collaboration

Supplier collaboration involves building strong, long-term relationships with
suppliers to improve reliability, communication, and cost efficiency. When suppliers
are dependable and responsive organisations can reduce the amount of safety stock
they hold, lowering carrying costs. Collaboration may include sharing sales forecasts,
coordinating production schedules, and implementing Vendor Managed Inventory
(VMI) systems. For example, Apple Inc. works closely with its global suppliers by
sharing production forecasts and maintaining long-term contracts. This partnership
ensures timely delivery of components and reduces the risk of shortages or costly
emergency purchases. Effective supplier collaboration improves supply chain stability
and helps control inventory-related expenses.

4. Use of Information Technology

The use of information technology enhances inventory visibility, accuracy, and
control. Systems such as Enterprise Resource Planning (ERP), Warehouse Management
Systems (WMS), barcode scanning, and RFID tracking allowhorganisations to monitor
stock levels inreal time. These systems reduce human errors, automate reorder processes,
and optimise order quantities using tools like Economic Order Quantity (EOQ) models.
For instance, many global retailers use integrated ERP'systems to automatically trigger
purchase orders when inventory reaches a predetermined teorder’point. This prevents
both overstocking and stockouts. By improving data‘aecuracy and coordination across
departments, technology helps reduce operational costs and improve overall inventory
management efficiency.

5. Inventory Classification (ABC Control)

ABC analysis is a method of categofising inventory based on value and importance.
Items are divided into three groups: A items (high value, low quantity), B items
(moderate value), and’C items (low value, high quantity). Since A items represent a
large portion of totdl inventory,value, they require strict monitoring and tight control. C
items, although numerous; havelow financial impact and require simpler management.
This classification allows managers to focus resources and attention where they are most
needed. For example, in a manufacturing company, expensive machinery components
would be classified as A items, while small nuts and bolts would fall under C items. By
prioritising high-value items organisations prevent unnecessary capital blockage and
reduce financial risk.

6. Efficient Warehouse Layout and Handling

An efficient warehouse layout is designed to maximise space utilisation, improve
workflow, and reduce handling time. Proper arrangement of shelves, racks, and aisles
minimises product damage and reduces labour costs associated with picking and storing
goods. Fast-moving items are often placed near dispatch areas to reduce retrieval time.
Automation, conveyor systems, and forklifts further improve efficiency. For example,
Amazon designs its fulfilment centres to optimise picking routes and reduce employee
walking distances, significantly lowering operational costs. A well-planned warehouse
not only reduces inventory-related expenses but also speeds up order processing and

imprqves customer service levels.
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® Recap

¢ Inventory Cost Concept : Inventory costs represent the total expenses
involved in ordering, storing, and managing inventory within an
organisation.

¢ Ordering or Replenishment Cost : These costs arise whenever an
organisation places an order with suppliers, including administrative and
transportation expenses.

¢ Holding or Carrying Cost : Carrying costs occur when inventory is stored
in warehouses and include storage, insurance, capital cost, and risk of
damage or obsolescence.

¢ Shortage or Stock-out Cost : Stock-out costs arise, when required products
are unavailable, leading to lost sales, customemn, dissatisfaction, and
operational disruptions.

¢ Cost—Volume Analysis : This analysis helpsidetermine the optimal order
quantity by balancing ordering costs.and holding costs;

¢ Break-even Analysis : Break-gven analysisiidentifies the sales level at
which total revenue equals total cost, helping businesses plan production
and pricing decisions.

¢ Economic Order Quantity (EOQ) : EOQ determines the most economical
order size that minimises thefotalcost of ordering and holding inventory.

Objective Questions

1.  What type ofdeost occurs when an organisation places an order with
suppliers?

2. Which inventory cost arises from storing goods in a warehouse?
3. What is the term for the loss caused by inventory unavailability?

4.  Which analysis helps determine the minimum sales required to avoid
losses?

5. What does EOQ stand for in inventory management?
6. Which cost increases as inventory levels increase?

7. What type of cost includes paperwork, communication, and transport
expenses?
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8. Which financial tool determines the point where total revenue equals
total cost?

9. What is the cost associated with capital tied up in inventory called?
10. Which cost occurs when customers cannot obtain the required product?
11. What is the point where profit equals zero in financial analysis?

12. Which inventory model balances ordering cost and holding cost?

Answers

1. Ordering cost

Holding cost

Shortage cost

Break-even analysis
Economic Order Quantity
Carrying cost

Ordering cost

Break-even analysis

2 L [ e -, oS> R

Opportunity'€ost

._
e

Stock-out cost

—_
—

. Break-even point

12. EOQ model

Self - Assessment Questions

1. Explain the concept and importance of inventory costs in business
operations.

2. Discuss the different types of inventory costs with suitable examples.

3. Describe the concept of cost—volume analysis in inventory decision
making.
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4. Explain the concept and application of break-even analysis in business
planning.

5. Discuss the Economic Order Quantity (EOQ) model and its significance
in inventory management.

Assignments

1. Visit a retail store or small business and identify the different types of
inventory costs they face.

2. Assume annual demand ordering cost, and holding cost for a product and
calculate its EOQ.

3. Prepare a break-even analysis for a hypothetical preduct using assumed
fixed and variable costs.

4. Analyse how a large retailer such as Walmart manages inventory costs
using technology and data systems.

5. Observe a warehouse or distribution centre and describe how inventory
storage affects carrying costs.
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Unit —@

Inventory Control Methods

Learning Outcomes

After completing this unit, the learners will be able to:

¢ comprehend the concept and importance of inventory control in warehouse
and supply chain operations

¢ describe reactive, planning-based, and collaborative inventory control
methods

¢ analyse inventory classification techniques such as ABC, VED, HML, and
FSN for better inventory management

¢ aware of how modern organisations optimise inventory levels using
analytical and collaborative approaches

Prerequisite

A busy automobile service centre regeives a large number of vehicles every
day for servicing afd repairs. Te,complete the work without unnecessary delays,
the service centré needs tokeep an appropriate stock of engine oil, brake pads, air
filters, spark plugs, tyr€s, batteries, and other spare parts. If a commonly required
spare part is unavailable, theé vehicle may have to remain at the service centre
for several days, causinggiiiconvenience to customers and reducing the centre’s
efficiency. At the same time, keeping excessive quantities of slow-moving or spe-
cialised spare parts can occupy valuable storage space and lock up working cap-
ital. The service centre therefore needs to maintain sufficient stock of frequently
required items while avoiding unnecessary accumulation of materials. This situ-
ation highlights the importance of maintaining an appropriate balance between
inventory availability and inventory cost.

Before studying this unit, learners should have a basic understanding of inven-
tory, purchasing, and supply chain operations. Inventory control methods provide
organisations with systematic techniques for determining stock requirements,
monitoring inventory levels, preventing shortages, and avoiding excessive accu-
mulation of materials. This unit explains various approaches used by organisa-
tions to control inventory, respond to changes in demand, maintain appropriate
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stock levels, and coordinate effectively with suppliers. Through practical exam-
ples and illustrations, learners will understand how efficient inventory control
helps ensure the continuous availability of required materials, reduce unnecessary
costs, improve operational efficiency, and enhance customer satisfaction.

Inventory control, Just-In-Time, Reorder point, Vendor Managed Inventory, ABC
analysis

Discussion

2.3.1 Inventory Control

Consider a mid-size electronics manufacturer that builds smart speakers. One
morning, the assembly line stops because @ critical,speakessdriver part is missing.
Suppliers said the next shipment is three days out. Production halts, rush shipping costs
spike, and a big customer delivery is delayed. Meanwhile, in the warehouse, some
slow-moving seasonal speaker covers are piled on pallets, taking up space and tying up
cash. This company needs two things at once: (ayaecurate, day-to-day visibility of what
parts are actually on the floor and in tran$itand (b) rules and actions that keep enough
of the right parts available while avoiding excess stock that wastes space and money.
Those activities are keeping physical stockécorrect, timely, and cost-effective, which is
inventory control.

Inventory controhis.afvital patt of materials and warehouse management. It refers
to the process of monitoring, recording, and regulating the quantity of goods, raw
materials, and finished preducéts stored in a warehouse or storage facility. The objective
of inventory control is to ensure that the right items are available in the right quantity
at the right time while minimising storage and handling costs. In practice, inventory
control involves tracking stock levels, recording incoming and outgoing goods, and
updating inventory records so that businesses always know the exact quantity of items
available in their warehouses.

Inventory control is closely related to inventory management, but while inventory
management focuses on planning decisions, inventory control focuses on execution,
monitoring, and maintaining stock accuracy.

Inventory management focuses mainly on planning activities such as deciding
what products to stock, how much to order, and when to replenish supplies based on
demand forecasts. Inventory control, on the other hand, focuses on the operational side
of inventory by monitoring the movement of goods within the warehouse, verifying
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stock accuracy, and ensuring stock levels remain balanced and reliable. Together, these
functions help organisations maintain efficient warehouse operations and meet customer
demand without unnecessary delays.

Proper inventory control is essential because inaccurate or poorly controlled stock
can create several operational and financial problems for a business. If a company stores
too much inventory, it leads to overstocking, which ties up working capital, increases
storage costs, and may even result in spoilage or obsolescence of products. On the other
hand, if inventory levels are too low, stockouts may occur, preventing the company
from fulfilling customer orders or continuing production processes. These situations
can lead to lost sales, damaged customer relationships, and disruptions in the supply
chain.

To avoid these problems organisations implement systematic inventory control
methods supported by accurate data and technology. Modern businesses rely on tools
such as barcode scanning, warehouse management systems, and real-time inventory
tracking to maintain accurate stock records. They also use demand forecasting, regular
stock audits, and coordination with suppliers to ensure that'inventory is replenished
at the right time and in the right quantities. These practices help businesses maintain
optimal inventory levels, reduce operational costs, and, improve customer satisfaction
by ensuring that products are always available when needed.

In summary, effective inventory control ensures, operational efficiency, cost
management, and smooth supply chain functioning. By carefully monitoring stock
movements and maintaining accurate inventory records organisations can prevent
shortages and excess inventory, thereby suppostingsoverall business productivity and
profitability.

2.3.2 Inventory Contrel Methods

2.3.2.1 Just-In{I'ime (@TT)

A car manufacturing plant where parts such as seats, engines, and tires are delivered
by suppliers only a fewhouts before they are needed on the assembly line. Instead
of storing large quantities of components in warehouses, the manufacturer schedules
deliveries to arrive exactly at the time of production. This approach reduces storage
costs and minimises waste because materials are used almost immediately after arrival.
By coordinating closely with suppliers, the company ensures that production continues
smoothly while maintaining very low inventory levels. This is called JIT.

Just-In-Time (JIT) is a modern inventory management and production strategy
that also functions as an inventory control approach by minimising stock levels.. The
main goal of JIT is to eliminate unnecessary stock and reduce storage costs. Instead of
keeping large quantities of materials in warehouses, companies order materials in small
quantities at the exact time they are required. This approach helps organisations operate
more efficiently and avoid waste. The JIT system requires strong coordination between
the company and its suppliers. Since inventory levels are kept very low, materials must
arrive exactly at the right time to prevent delays in production. Therefore, reliable
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suppliers, accurate demand forecasting, and efficient transportation systems are
essential for the success of JIT. Businesses must also maintain good communication
with suppliers so that materials can be delivered quickly when required.

One of the main advantages of the JIT method is the reduction of storage costs.
Since inventory is not stored for long periods, companies save money on warchouse
space, insurance, security, and maintenance. JIT also reduces the risk of inventory
damage, theft or obsolescence. In addition, it encourages better quality control because
suppliers must deliver high-quality materials consistently. However, JIT also has some
challenges. Because inventory levels are very low, any delay in supply can disrupt
production. Natural disasters, transportation problems or supplier failures can affect
the entire production process. Therefore, companies using JIT must carefully plan their
supply chain and maintain backup arrangements when necessary.

A well-known example of JIT can be found in automobile manufacturing. Car
manufacturers often order parts such as engines, seats, and tires only when vehicles
are scheduled to be assembled. These components arrive at(the factory just in time for
installation, rather than being stored in large warehouses for long periods. This system
helps manufacturers save costs and improve efficiency.

In summary, Just-In-Time is an effective inventory ¢ontrol method that focuses on
minimising stock levels, reducing costs, anddimproving operational efficiency. When
properly implemented, it helps companieg'maintain a smooth flow of materials while
avoiding unnecessary inventory.

2.3.2.2 FIFO (First In, Firsf'Out)

A supermarket that receives fresh milk deliveries every morning. The milk cartons
that arrived earlier are placed at the front of the refrigerator shelves, while the newly
delivered cartons are placed behind them«Customers therefore buy the older stock first,
ensuring that the products are sold before their expiration dates. This practice follows
the FIFO method, wherefthe items that enter inventory first are issued or sold first,
helping businesses reduce spoilage and maintain product freshness.

FIFO, which stands forFirst In, First Out, is a commonly used inventory management
method in which the goods that are purchased or produced first are sold or used first.
This method assumes that the oldest inventory items should be used before newer
ones. FIFO is particularly important for businesses dealing with perishable goods,
food products, medicines, and other items with expiration dates. By using this system,
companies can reduce the risk of spoilage, damage or obsolescence.

The FIFO method ensures that older stock is cleared from the inventory before new
stock is used. This helps maintain product quality and ensures that customers receive
fresh products. It also helps businesses maintain an organised inventory system because
stock moves in a systematic order. Many retail stores and warehouses arrange their
shelves so that older items are placed in front, and newer items are placed behind them.
This encourages the sale of older items first.

m SGOU - SLM - B.Com Honours - Materials and Warehouse Management 7k

i~

Rt ——
SREENARAYANAGURU
GPEN UNIVERSITY




FIFO is widely used in accounting for inventory valuation and is permitted under
most accounting standards such as IFRS and GAAP.. Under this method, the cost of
the oldest inventory items is recorded as the cost of goods sold when products are sold.
As a result, the remaining inventory in the warehouse reflects the cost of more recently
purchased goods. During periods of rising prices, FIFO generally results in a lower cost
of goods sold and higher reported profits.

A common example of FIFO can be seen in supermarkets and grocery stores. Products
such as milk, bread, fruits, and vegetables have limited shelf life. If the store sells the
newest items first, older items may remain unsold and eventually expire. Therefore,
store employees place newly delivered products behind the existing stock so that
customers pick the older items first. Another example can be found in pharmacies where
medicines must be sold before their expiry dates. By using the FIFO system, pharmacies
ensure that medicines purchased earlier are sold before newer stock. Overall, FIFO is
a simple and effective inventory control method that helps businesses maintain product
freshness, reduce waste, and manage inventory in an organised manner.

2.3.2.3 LIFO (Last In, First Out)

A warehouse storing construction materials, such as bricks stacked in layers. In some
stacking situations, such as piles of materials, the.most recently placed items may be
used first, although this does not always représent a strict LIEOSystem.. The bricks that
were stored earlier remain at the bottom and are used later. This method represents the
LIFO approach, where the most recently teéceived items are issued or used first, while
older inventory stays in storage for.aJdonger time.

LIFO or Last In, First Out, 1s an inventory management method where the most
recently purchased or produced items‘are used or sold first. According to this method,
the latest inventory that enters the store is/ghe first one to leave, while the older stock
remains in inventory for a longerperiod. LIFO is mainly used for accounting and
financial purposes; howevengiitiis not permitted under IFRS and is primarily allowed
under US GAAP.

One of the key reasons_cempanies use LIFO is its impact on financial reporting,
especially during periods of rising prices or inflation. When prices increase over time,
the most recently purchased goods usually cost more than earlier purchases. By selling
the latest items first, the company records higher costs of goods sold. This reduces
the reported profit and, in some cases, lowers the tax burden for the business. For this
reason, LIFO is often considered beneficial for companies operating in inflationary
environments. However, LIFO is not always suitable for businesses dealing with
perishable goods. Since older stock remains unused for a long time, it may become
obsolete, damaged or expired. Therefore, LIFO is generally used for products that do
not deteriorate quickly, such as construction materials, coal, sand, metals, and similar
items.

A common example of LIFO can be found in industries where materials are stored
in piles. For instance, in a sand or coal storage yard, the newest delivery is often placed
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on top of the existing pile. When workers remove material, they typically take from the
top of the pile first, which means the most recently delivered material is used before
the older material at the bottom. Despite its advantages in accounting, LIFO has some
limitations. It may not accurately represent the actual physical flow of goods in many
businesses, especially those dealing with perishable or time-sensitive products. As a
result, many companies prefer other methods, such as FIFO, for practical inventory
management.

In conclusion, LIFO is an inventory control method that prioritises the use or sale
of the most recently acquired goods. While it has advantages in financial reporting and
cost management, its applicability depends on the nature of the business and the type
of inventory involved.

2.3.2.4 Minimum—-Maximum Stock Method

A stationery store that sells notebooks throughout the year. The store manager sets a
minimum stock level of 100 notebooks and a maximum sto¢kilevel of 500 notebooks to
maintain smooth operations. When the stock falls to the minimum level (which acts as
a reorder level), the manager places an order to replenish inventorya This method helps
the store avoid stock shortages while also preventing exeessive inventory accumulation.

The Minimum—Maximum Stock Method 1S an linventory,control technique that
maintains stock levels within a predetermiined range. Under this method, businesses
establish two important limits for each inventory item: the minimum stock level and the
maximum stock level. The minimum level represents the lowest quantity of stock that
should be maintained to avoid shertages, while the.maximum level indicates the highest
quantity of stock that should e stored 4o prevent overstocking. When the inventory
level reaches the minimum limit, thé ' company places a new order to replenish the
stock. This ensures that the business does not run out of essential materials or products.
At the same time, thefmaximum levelprevents excessive accumulation of goods, which
can lead to higher storage cestspdamage or obsolescence.

The minimum-—maximum stock method helps businesses maintain a balance
between supply and demand.8By keeping inventory within a fixed range, companies can
ensure that production or sales activities continue without interruption. This method is
particularly useful for organisations that deal with regular and predictable demand. One
of the main advantages of this method is its simplicity. Managers can easily monitor
stock levels and take action when inventory approaches the minimum limit. It also helps
prevent emergency purchases, which are often more expensive. In addition, maintaining
a maximum limit reduces the need for large storage space and lowers carrying costs.

For example, a pharmacy may maintain a minimum stock level of 100 tablets for a
particular medicine. When the stock falls to this level, the pharmacy immediately places
an order for additional tablets. At the same time, the pharmacy may set a maximum
stock level of 500 tablets to avoid storing excessive quantities that might expire before
being sold. Similarly, manufacturing companies often use this method for raw materials
to ensure that production processes are not interrupted due to material shortages.
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In conclusion, the Minimum—Maximum Stock Method is an effective and practical
approach to inventory control. It helps organisations maintain optimal stock levels,
prevent shortages, reduce unnecessary storage costs, and ensure smooth business
operations.

2.3.3 Reactive Inventory Control Methods

A small electronics shop that sells mobile phone chargers and accessories. The shop
owner does not maintain a detailed forecast of demand but instead observes the stock
levels regularly. When the stock of chargers becomes very low or runs out, the owner
immediately places an order with the supplier to replenish the items. This approach
represents reactive inventory control, where actions are taken after a shortage or low
stock situation occurs rather than through advance planning.

Reactive inventory control refers to an approach where inventory decisions are
made after a situation occurs rather than being planned well in advance. In this method,
businesses respond to current inventory conditions such as low stock levels, sudden
increases in demand or unexpected shortages. Instead of relying heavily on forecasts
and long-term planning, managers primarily moniter existing stock levels and take
action when inventory issues arise.. This approach is eften used /in situations where
demand is uncertain, unpredictable or where maintaining ¢omplex planning systems is
not practical.

In reactive inventory control, the foeus is mainly on immediate response and
short-term decision-making. Businesses eontinuously observe inventory levels and
respond quickly whenever the stock falls belowsa'certain point or when a shortage
occurs. Although this method 1s simplef compared to advanced planning systems, it
can sometimes lead to higher operational costs because urgent purchases or expedited
deliveries may be required.

2.3.3.1 Techniques ofReagtive Inventory Control
1. Reorder Point System

A grocery store that sells packaged rice regularly. The store manager determines
that when the stock of rice falls to 50 bags, a new order should be placed with the
supplier because it takes several days for the new stock to arrive. Once the inventory
reaches this predetermined level, the store automatically places an order to replenish
the stock before it runs out. This method, known as the Reorder Point System, ensures
continuous product availability while preventing interruptions in sales.

The Reorder Point System is one of the most common techniques used in reactive
inventory control. In this method, a business places a new order for inventory when
the stock level reaches a predetermined minimum point known as the reorder point.
The reorder point is usually determined by considering average demand, lead time,
and safety stock to protect against uncertainty. The main objective of this system is to
ensure that new inventory arrives before the existing stock is completely exhausted.
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Under this technique, businesses continuously monitor their inventory levels. When
the quantity of a particular item reaches the reorder level, an order is immediately
placed with the supplier. This method is particularly useful for products that have
relatively stable demand and predictable delivery times. It helps businesses maintain a
steady supply of goods and prevents sudden stock shortages that could disrupt sales or
production.

For example, a retail store may decide that when the stock of a particular product
falls to 50 units, it will place a new order with the supplier. If the supplier normally
takes five days to deliver the order, the store ensures that the remaining 50 units are
sufficient to meet customer demand during that period. Once the new stock arrives, the
inventory level is restored, and the monitoring process continues.

Advantages
1. Simple and easy to implement.
ii. Helps prevent complete stockouts by ordering at thé right time.
iii. Ensures continuous availability of products.
iv. Suitable for businesses with stable demand patterns.
Disadvantages
1. Requires constant monitoring of inventory levels.
i1. May not work effectively when demand fluctuates greatly.
iii. If the reorder point is ¢alculateddncorrectly, shortages may still occur.
iv. Unexpected supplier delays can lead to stockouts.

Overall, the Reorder Point System'isa practical and widely used reactive technique
that helps businesses maintain an.adequate level of inventory while responding to real-
time stock conditions.

2. Emergency Purchasing

Emergency purchasing is a reactive inventory control technique involving urgent
procurement at higher cost due to unexpected shortages. In this method, businesses
purchase goods urgently to avoid disruptions in operations, production or sales. Unlike
planned purchasing, emergency purchasing occurs without advance preparation and is
usually triggered by unexpected demand, supplier delays or inventory mismanagement.

This technique is often used when the company runs out of essential items that are
necessary for continuing business activities. When such a situation arises, managers
must act quickly to procure the required materials from available suppliers. In many
cases, companies may choose suppliers who can deliver goods immediately, even if the
cost is higher than usual. The main goal is to restore inventory as quickly as possible to
prevent losses or interruptions in service.
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For example, a restaurant may suddenly run out of a key ingredient such as cooking
oil during a busy weekend. To avoid stopping food preparation, the restaurant may
purchase oil immediately from a nearby supplier at a higher price. Although the cost is
greater, the restaurant can continue serving customers without interruption.

Emergency purchasing is particularly common in industries where demand is
unpredictable or where stockouts can cause serious operational problems. However,
frequent reliance on emergency purchasing may indicate poor inventory planning or
inefficient inventory management practices.

Advantages

1. Provides a quick solution during unexpected shortages.

ii.  Prevents disruptions in production or sales.

iii. Helps maintain customer satisfaction during urgent situations.

iv. Allows businesses to respond quickly to sudden demand changes.
Disadvantages

1. Usually involves higher purchasing costs.

ii. Limited supplier options may reducé bargaining power.

iii. May create pressure on management to make quick decisions.

iv. Frequent emergency purchasés indicate poorifiventory control.

In summary, emergency purchasingds an,important reactive technique that allows
businesses to overcome sudden inventory shortages, although it should ideally be used
only in exceptional cireumstances.

3. Stock-out Response

Stock-out response 1s a reactive inventory control technique used when an item is
completely out of stock, and customers or production processes still require the product.
In such situations, businesses must take immediate action to reduce the negative impact
of the shortage. The primary goal of this technique is to manage the consequences of a
stockout while ensuring that operations continue as smoothly as possible.

When a stockout occurs, companies may adopt several strategies to address the
problem. One common approach is to expedite deliveries, which means requesting
suppliers to deliver the required goods faster than usual. This may involve paying
extra charges for urgent shipping or prioritising the order in the supplier’s production
schedule. Another approach is to provide substitute products. If the exact item is
unavailable, businesses may offer alternative products that can meet the customer’s
needs. This helps maintain sales and customer satisfaction even when the preferred
product is not available.

In manufacturing companies, stock-out response may involve temporarily adjusting
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the production process by using alternative materials or rearranging production
schedules until the required materials arrive. In retail businesses, employees may inform
customers about the expected delivery date or recommend similar products.

For example, if a clothing store runs out of a specific shirt design, the store staff may
suggest another similar style to customers or place an urgent order with the supplier to
restock the product quickly.

Advantages

i.  Helps businesses handle unexpected shortages quickly.

ii. Reduces customer dissatisfaction during stockouts.

iii. Maintains business operations by using alternatives.

iv. Encourages flexible problem-solving during emergencies.
Disadvantages

1. May lead to additional costs for expedited deliveries.

ii.  Substitute products may not fully satisfy customers.

iii.  Frequent stockouts can damage the company’s,reputation.

iv. Can disrupt normal production or sales processes.

Overall, stock-out response is_an.important reactive inventory control technique
that focuses on minimising the gegative effects‘ofiinventory shortages and maintaining
business continuity until normal stock leévels,are restored.

2.3.4 Planning-Based Inventory Control Methods

A car manufacturing cepany that produces thousands of vehicles every month.
To avoid production délays, the company carefully plans when and how much of each
component, such as engines, tifes, and electronic parts, should be ordered and stored.
Using sales forecasts and production schedules, the company estimates the future demand
for these components and orders them in advance so that materials arrive exactly when
they are needed. This planning-based approach helps the company maintain optimal
inventory levels, prevent shortages, and reduce unnecessary storage costs. Planning-
based inventory control methods focus on forecasting demand, scheduling production,
and systematically planning to maintain optimal inventory levels. Instead of reacting
after shortages occur, these methods aim to anticipate future needs and ensure that
materials are available at the right time and in the right quantity.

Such techniques are widely used in modern supply chain management because they
help organisations balance customer demand, production schedules, and inventory
costs. By using data, forecasts, and planning tools, companies can avoid both stock-
outs (running out of materials) and overstocking (holding excessive inventory).
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2.3.4.1 Major Planning-Based Techniques
a. Economic Order Quantity (EOQ)

Economic Order Quantity (EOQ), discussed in the previous unit, is a widely used
inventory control method that determines optimal order size.. It is a technique used to
determine the most efficient quantity of goods that a company should order each time it
replenishes its stock. The main objective of EOQ is to minimise the total cost associated
with ordering and holding inventory. Inventory costs generally consist of two major
components: ordering costs and carrying (or holding) costs. Ordering costs include
expenses related to placing orders, transportation, paperwork, and communication
with suppliers. Carrying costs include expenses related to storing inventory, such as
warehouse rent, insurance, maintenance, and the risk of damage or obsolescence.

The EOQ method aims to find the optimal balance between these two types of costs.
If a company orders very small quantities frequently, the ordering costs will increase
because many orders must be placed throughout the year. On the other hand, if the
company orders large quantities at once, it will have to store the goods for a longer
period, which increases carrying costs. EOQ provides a formulasthat helps businesses
calculate the ideal order size where the total of thése two costs is minimised. This
method is especially useful for businesses that deal with steady demand and predictable
usage of materials. It helps managers plan theispuréhasing decisiofis more scientifically
instead of relying on guesswork. EOQ algo improves inventory efficiency because it
ensures that stock levels are maintained at an economical level.

For example, consider a stationery.shop that sells azound 10,000 notebooks per year.
If the shop orders notebooks ing/ery small quantities, 1t will have to place many orders
during the year, which increases ordering costs. If it orders too many notebooks at once,
the shop will need large storage space and may face risks of damage or slow sales. By
applying the EOQ method, the shop candetermine the best number of notebooks to
order each time, such as 500 notebooks per order. This ensures that the shop operates
efficiently while minimisiilg unnecessary costs. Overall, EOQ helps organisations
maintain the right amount of inyentory, reduce wasteful expenses, and ensure smooth
operations.

b. Material Requirements Planning (MRP)

Material Requirements Planning (MRP) is a computer-based inventory planning
system used primarily in manufacturing industries. It determines what materials are
required, how much is needed, and when they should be ordered or produced.

MRP works by analysing three key inputs:

1. Production Schedule (Master Production Schedule — MPS): Shows what
products need to be produced and when.

2. Bill of Materials (BOM): A detailed list of components and raw materials
required to manufacture a product.

3. Inventory Records: Information about current stock levels and outstanding
orders.
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By combining this information, MRP generates a material plan that helps companies
ensure the availability of raw materials while minimising excess inventory.

Industry Example: Manufacturing companies often integrate MRP with Enterprise
Resource Planning (ERP) systems. For instance, automobile manufacturers use MRP
systems to ensure that parts like engines, tires, and electronic components arrive exactly
when they are needed on the production line.

¢. Demand Forecasting

Demand forecasting involves predicting future customer demand using historical
sales data, market trends, and statistical techniques. Accurate forecasts help organisations
plan their inventory levels and production schedules effectively.

Common forecasting methods include:
1. Time series analysis based on past demand patterns
ii. Trend analysis to identify increasing or decreasing demand
iii. Market research and expert judgment

When demand is predicted correctly, businesses can'maintain sufficient inventory to
meet customer needs while avoiding unnecessary storage costs.

Example: A clothing retailer may analyse/previous years’ sales data to forecast demand
for winter jackets and stock the appropriate .quantity before the winter season begins.

Advantages of Planning-Based Techniques
Planning-based inventory ¢ontrol méthods'provide several benefits to organisations:

i. Reduction ofsstock-outs and exeess inventory: Proper planning ensures
materials afe available when needed while avoiding unnecessary stock
accumulation.

ii. Improved productions$cheduling: Manufacturing activities can be organised
more efficiently when material availability is known in advance.

ili. Cost efficiency: Companies reduce ordering, storage, and emergency
procurement costs.

iv. Better customer service: Adequate inventory ensures timely product delivery
and higher customer satisfaction.

Overall, planning-based inventory control methods help businesses maintain
operational efficiency, reduce costs, and improve supply chain performance.

2.3.5 Collaborative Inventory Replenishment Methods

Collaborative inventory replenishment methods involve active cooperation
and information sharing among supply chain partners, including manufacturers,
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suppliers, distributors, and retailers. Instead of each organisation managing inventory
independently, these partners coordinate their planning, forecasting, and replenishment
decisions to improve overall supply chain efficiency.

This approach has become increasingly important with the growth of digital supply
chains, real-time data systems, and enterprise resource planning (ERP) platforms.
By sharing sales data, inventory levels, and demand forecasts, companies can reduce
uncertainty, although this requires trust, data accuracy, and strong coordination..
Collaborative replenishment methods are widely used in industries such as retail,
consumer goods, electronics, and automotive manufacturing, where demand patterns
can change quickly and efficient coordination is essential.

2.3.5.1 Major Collaborative Methods
a. Vendor Managed Inventory (VMI)

A large supermarket chain that sells a popular brand of breakfast cereal supplied by a
food manufacturing company. Instead of the supermarket statfichecking stock levels and
placing orders manually, the supplier is given access to the store’s,sales and inventory
data through a shared digital system. When the cereal stock in the supermarket reaches
a predetermined minimum level, the supplier automatically arranges for new stock to
be delivered to the store. This system ensures thatishelves,arefalways stocked with
the product while reducing the workload for the retailer and improving coordination
between the supplier and the store. This is called Vendor Managed Inventory (VMI).
It is a supply chain strategy in which the supplier/is responsible for monitoring
and replenishing inventory at th€ buyer’s locations’In this system, the buyer shares
important information such agfsales datag inventory levels, and demand forecasts with
the supplier. Based on this information, the supplier determines when and how much
inventory should be delivered:

The main objective of VML is to reduce stock shortages, lower inventory holding
costs, and improve supply chain responsiveness. Because suppliers have direct access
to sales data, they can anticipate demand more accurately and plan production and
distribution more effectively.

Key characteristics of VMI:
i.  Continuous monitoring of inventory levels by the supplier
ii. Automated replenishment decisions
iii. Use of information systems such as Electronic Data Interchange (EDI) and ERP

iv. Reduced administrative work for the buyer

Case Study: Vendor Managed Inventory (VMI) — Collaboration between Walmart
and Procter & Gamble

Background

Walmart is one of the largest retail chains in the world, operating thousands of stores
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and handling a massive volume of consumer goods every day. Procter & Gamble (P&QG)
is a global manufacturer of household and personal care products such as detergents,
soaps, and cleaning supplies. Because Walmart sells large quantities of P&G products,
both companies needed an efficient system to manage inventory and ensure that shelves
remained stocked.

Problem

Before implementing Vendor Managed Inventory, Walmart relied on traditional
ordering methods where the retailer placed orders with suppliers based on its internal
estimates. This process often led to inventory imbalances, including stock-outs
during high demand and excess inventory during slow periods. In addition, delays
in communication between the retailer and supplier sometimes cause inefficient
replenishment and higher inventory holding costs.

Solution

To address these issues, Walmart and P&G adopted the Vendor Managed Inventory
(VMI) system. In this arrangement, Walmart shared real-time ‘sales and inventory data
with P&G through integrated information systems and electronic'data exchange. P&G
then used this information to monitor inventory levelghand determine when and how
much stock should be replenished at Walmart distribution eenters@nd stores.

Implementation

The implementation involved integrating both companies’ information systems
so that P&G could access Walmarf’s 8ales data, direetly. Advanced data analytics and
forecasting tools were used to analyse purchasing patterns and predict demand for
products such as laundry detergents and household goods. Based on these insights, P&G
automatically scheduled shipments to Walmart’s warehouses, ensuring that inventory
levels remained optimal without the retailer having to manually place orders.

Conclusion

The collaboration significantly improved supply chain performance for both
companies. Studies showithat VMI systems like the Walmart-P&G partnership can
reduce inventory levels by approximately 20-30% while improving product availability
and reducing stock-outs. The system also strengthened coordination between supplier
and retailer, reduced ordering errors, and became a benchmark example of successful
collaborative supply chain management.

b. Collaborative Planning, Forecasting, and Replenishment (CPFR)

A clothing retailer is planning for the upcoming winter season. The retailer works
closely with its clothing manufacturer by sharing past sales data, expected demand,
and planned promotional campaigns through a shared information system. Based on
this information, both the retailer and the manufacturer jointly forecast the demand for
winter jackets and schedule production and deliveries accordingly. This collaborative
approach ensures that the right quantity of products is produced and delivered at the
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right time, reducing the chances of stock shortages or excess inventory. This illustrates
the importance of CPFR in inventory management.

Collaborative Planning, Forecasting, and Replenishment (CPFR) is a more advanced
collaborative inventory management approach in which supply chain partners jointly
plan demand forecasts, production schedules, and replenishment strategies. CPFR was
first introduced in 1998 by the Voluntary Interindustry Commerce Standards (VICS)
Association (now part of GS1 US), a global supply chain standards organisation. The
main goal of CPFR is to improve supply chain performance by sharing accurate and
timely information between business partners.

In CPFR, partners collaborate through several steps, including:
1. Joint business planning — partners agree on goals and strategies

Joint business planning is the initial stage where supply chain partners collaborate
to define common objectives, performance targets, and operational strategies. During
this stage, both parties discuss expected market conditions; sales targets, promotional
activities, and resource allocation. This shared planning ensures that both organisations
work toward aligned goals and reduces conflicts im,later stages of the supply chain
process.

2. Demand forecasting — both parties share and reconcilesales forecasts

Demand forecasting involves both partners exchanging historical sales data, market
insights, and demand projections to estimate future ptoduct demand. By combining
information from retailers and suppliers, the forecast bécomes more accurate and reliable
than individual predictions. This collabetative forecasting helps reduce uncertainty,
prevent stock shortages, and minimise@xcess inventory.

3. Order planning —proeduction and réplenishment schedules are aligned

Order planning/focuses_entdetermining when and how much inventory should be
produced and delivesed to mect the forecasted demand. Suppliers coordinate their
production schedules with the' retailer’s replenishment requirements to ensure the
timely availability of prédu€ts. This alignment helps optimise production efficiency,
reduce lead times, and maintain a consistent flow of goods through the supply chain.

4. Execution and monitoring — performance is tracked, and adjustments are
made when necessary

Execution and monitoring involve implementing the agreed plans and continuously
tracking performance indicators such as sales, inventory levels, and order fulfilment
rates. Both partners review the results regularly to identify deviations from the planned
forecasts or schedules. When necessary, adjustments are made to forecasts orders or
delivery schedules to maintain supply chain efficiency and responsiveness.

Industry Example: Major retail companies such as Walmart, Target, and Carrefour
have adopted CPFR with key suppliers to improve demand forecasting accuracy.
Research in supply chain management indicates that companies implementing CPFR
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have achieved forecast accuracy improvements of 20-30% and inventory reductions of
10-15%.

CPFR also helps organisations respond quickly to market changes, seasonal demand
fluctuations, and promotional campaigns.

Benefits of Collaborative Methods

Collaborative inventory replenishment offers several important advantages for
supply chain partners:

i. Lower inventory carrying cost: By sharing information and coordinating
replenishment, businesses maintain optimal inventory levels and avoid excessive
storage costs.

ii. Improved product availability: Real-time data and coordinated planning
reduce stock-outs and ensure that products are consistently available to
customers.

iii. Better demand forecasting: Collaboration improves forecast accuracy by
combining insights from multiple supply chain partners.

iv. Stronger supplier relationships: Closegcooperation builds trust, improves
communication, and strengthens long-term pattnerships between suppliers and
retailers.

v. Enhanced supply chain efficiency: Reduced lead times and better coordination
lead to faster and more reliable product delivery.

Overall, collaborative replenishment methods play a crucial role in modern supply
chain management, enabling ‘Organisations to improve operational efficiency, reduce
costs, and deliver bettérservice tocustomers through strategic partnerships and shared
information systems.

2.3.6 Techniques for Qptimising Inventory Levels (check
numbering)

Organisations use classification and analytical techniques to maintain the right
balance between inventory cost and product availability. These techniques help
businesses determine which items require strict control and which can be managed with
simpler methods. By analysing factors such as demand patterns, value of items, and
usage rates, companies can allocate resources more efficiently in managing inventory.
As a result organisations can reduce unnecessary storage costs while ensuring that
essential products are always available when needed.

2.3.6.1 ABC Analysis

ABC Analysis is an inventory control technique that classifies items into different
categories according to their value, importance, and contribution to total inventory cost.
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This method is based on the idea that not all inventory items require the same level of
control or attention. Some items are extremely valuable and require strict monitoring,
while others are less valuable and require simpler control procedures. ABC analysis
divides inventory into three main categories: A items, B items, and C items.

“A” items represent the most valuable products in inventory, although they usually
exist in small quantities. These items contribute a large percentage of the total inventory
value and therefore require careful control, frequent monitoring, and accurate record
keeping. Because of their high value, businesses must ensure that these items are not
wasted, lost or overstocked. Examples include expensive machinery parts, luxury prod-
ucts or high-cost electronics.

“B” items are moderately important inventory items. Their value and quantity are
between A and C items. They require moderate attention and control. Businesses moni-
tor them regularly, but not as strictly as A items. Examples include mid-range consumer
goods or commonly used office equipment.

“C” items are low-value products that exist in large quantities. Although they make
up a significant portion of the inventory in terms of quantity, they tepresent only a small
percentage of the total inventory value. Because of their low value, these items require
simple and less strict control methods. Examples include small spare parts, packing
materials or everyday office supplies.

The main advantage of ABC analysis'is that it helps managers focus their atten-
tion and resources on the most important items. Instead of giving equal importance to
all products, companies can allocatesmore effert to coftrolling high-value items while
using simpler methods for less@importantones. “This improves efficiency in inventory
management and reduces unnecessary administrative work.

For example, in a supermarket, imported luxury chocolates may be classified as
A items because they are expensiverand contribute significantly to revenue. Branded
packaged snacks may fall into Bitems, while inexpensive items such as low-value con-
sumables such as packaging materials or small accessories may be classified as C items.

Table 2.3.1 ABC Analysis

Category Meaning Example

A items Very valuable but small quantity ~ Gold jewellery in a jewellery store
B items Moderately valuable Branded shirts in a clothing store
C items Low value but large quantity Buttons, packing materials

In conclusion, ABC analysis helps businesses prioritise inventory management
efforts and ensures better control of valuable resources.

2.3.6.2 VED Analysis (Vital, Essential, Desirable)

A hospital pharmacy that stores different types of medicines and medical supplies.
Some medicines, such as emergency injections and oxygen cylinders, are required
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immediately to save lives. Other medicines are needed for regular treatment, while some
are used occasionally and are not critical in emergencies. To manage these different
priorities effectively, the hospital classifies its inventory based on how critical each item
is to patient care. Here is the importance of VED Analysis in inventory management.

VED Analysis is an inventory classification technique that categorises items
according to their importance or criticality to operations. Items are divided into three
categories: Vital (V), Essential (E), and Desirable (D). Vital items are extremely critical
and stockouts must be strictly avoided. Because their absence can disrupt operations.
Essential items are necessary for normal functioning but short shortages can be tolerated,
while desirable items are less important and their absence does not significantly affect
operations.

Example: Healthcare companies and hospital networks such as Apollo Hospitals use
VED analysis to ensure that life-saving medicines, surgical equipment, and emergency
supplies are always available in their pharmacies and medical stores.

2.3.6.3 HML Analysis (High, Medium, Low Cost)

Consider a manufacturing company that puréhases many" different materials
for production. Some materials, such as specialised machinery components,
are very expensive, while others like screéWsp,nuts, sand packaging materials,
cost very little. Because the expensive items ‘represent a large investment,
the company needs to monitor them ‘more carefully than the low-cost items.
HML Analysis classifies inventory items'based on their unit price or cost. Items are
grouped into High-cost (H), Medium=cost (M)yand Low-cost (L) categories. High-cost
items require strict financial control, careful purchasing decisions, and close monitoring
because they involve a significant inyestment. Medium-cost items receive moderate
control, while low-cost items ‘are managed with simpler control procedures.

Example: Technolegy manufacturets'such as Apple Inc. apply cost-based inventory
control methods similar t6 ' HML analysis to closely monitor expensive electronic
components like processors and display panels, while lower-cost accessories receive
relatively less strict control.

2.3.6.4 FSN Analysis (Fast, Slow, Non-Moving)

A large retail store sells thousands of products every day. Some items like bottled
water, snacks, and basic groceries are purchased frequently and move quickly off the
shelves. Other products are bought occasionally, while some remain unsold for long
periods and occupy valuable storage space. To manage this efficiently, the retailer
classifies products according to how fast they move.

FSN Analysis categorises inventory based on the rate of usage or movement. Items are
divided into Fast-moving (F), Slow-moving (S), and Non-moving (N) categories. Fast-
moving items require frequent replenishment because they are sold or used regularly.
Slow-moving items need monitoring to prevent excess stock, while non-moving items
may indicate obsolete or dead stock that should be cleared or discontinued.
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Example: Large retail chains such as Walmart use movement-based analysis to track
product sales. Fast-moving items are continuously restocked, while slow or non-moving
products are often discounted or removed to optimise shelf space.

2.3.6.5 Combined Use of Techniques

A pharmaceutical company manages thousands of medicines and medical supplies.
Some drugs are both expensive and critical for patient treatment, while others are low-
cost but used frequently. To manage inventory more effectively, the company com-
bines different classification techniques to evaluate items from multiple perspectives.
Organisations often combine inventory control techniques such as ABC with VED or
FSN analysis to improve decision-making. This combined approach helps managers
consider multiple factors such as value, criticality, and usage rate simultaneously. By
integrating these techniques, companies can prioritise inventory control more effec-
tively and allocate resources where they are most needed.

Example: Pharmaceutical companies like Pfizer and largedospital supply chains fre-
quently combine value-based and criticality-based inventory analyses to ensure that
high-value and life-saving medicines are properly managed and always available.

® Recap

¢ Inventory Control Coficept : Inventerys€ontrol ensures that the right
quantity of goods isfavailableat'the right time while minimising storage
and operational costs.

¢ Inventory Contrfol Methods : @rganisations use different methods such
as JIT, EIFO, LIFO, and ' minimum—maximum stock systems to regulate
inventory flow

¢ Reactive Inventory Lontrol : This approach responds to current stock
conditions suchias shortages or sudden demand, rather than relying on
long-term planning.

¢ Planning-Based Techniques : Methods like EOQ, MRP, and demand
forecasting help organisations plan inventory levels based on predicted
demand.

¢ Collaborative Replenishment : Techniques such as VMI and CPFR
improve supply chain coordination through information sharing between
suppliers and retailers.

¢ Inventory Classification Techniques : ABC, VED, HML, and FSN
analyses help organisations prioritise and manage inventory based on
value, criticality, cost, and movement.
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Objective Questions
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12.

What does JIT stand for in inventory management?
Which inventory method sells the oldest items first?

What is the term for the predetermined level at which a new order is
placed?

Which method categorises inventory into A, B, and C classes?
Which technique classifies items as Vital, Essential, and Desirable?
What does EOQ determine in inventory management?

Which system allows suppliers to monitor inyentory at the buyer’s
location?

Which analysis classifies items as Fast, Slow, and Non-moving?
What does MRP stand for?
Which inventory method issues ghe most recently purchased items first?

What is the technique used when a company urgently purchases items
during shortages?

Which collaborativé methoddnvolves joint forecasting and planning
between supply chain partnérs?

Answers

Just In Time

FIFO method

Reorder point

ABC analysis

VED analysis

Optimal order quantity
Vendor Managed Inventory

FSN analysis
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9. Material Requirements Planning
10. LIFO method
11. Emergency purchasing

12. CPFR method

Self - Assessment Questions

1.  Explain the concept and importance of inventory control in warehouse
management.

2. Discuss the Just-In-Time (JIT) method and its adyantages and limitations.

3. Compare reactive inventory control methods “with planning-based
inventory control methods.

4. Describe the collaborative inventory replenishment methods VMI and
CPFR.

5. Explain the different technique§ used for optimising inventory levels such
as ABC, VED, HML, and FSN analysis.

1. Visit a retail stor@@mnwarechouse and observe how inventory is arranged
and managed. Prepare a short report describing the inventory control
methods used.

2. Analyse areal-world company (such as Walmart or Amazon) and explain
how it manages inventory using modern techniques.

3. Prepare an ABC classification for ten inventory items used in a small
business and explain why each item belongs to its category.

4. Use past sales data of a product (real or hypothetical) and forecast
demand for the next three months.

5. Design a simple inventory control plan for a small business using
techniques such as EOQ, reorder point, and minimum—maximum stock
levels.
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Unit —@

Introduction to Warehousing

Learning Outcomes

After completing this unit, the learners will be able to:
¢ explain the concept and need for warehousing in business operations

O identify the major functions performed by warehouses in supply chain
management

¢ distinguish between different types of warehouses and their ownership
structures

¢ comprehend material flow, storage systems, and the roleof Stock Keeping
Units (SKUs) in warehouse management

Prerequisite

Consider a large online/retail company that receives thousands of products
from manufacturers and suppliers every day. These products may include clothing,
electronic accessoriesghouseheld itemsgbooks, and personal care products. Since
customers are located in different’pagts of the country and place orders at different
times, the company cannot'send every product directly from the manufacturer to
the customer immediately. Instead, the products are received at warehouses, prop-
erly stored, sorted, packedand dispatched when customer orders are received.
Without an efficient warehousing system, products could be damaged, misplaced,
delayed, or become difficult to distribute efficiently. This situation demonstrates
the important role of warehousing in ensuring the smooth movement of goods
from suppliers to customers.

In modern supply chains, goods are often produced in large quantities and need
to be stored until they are required at different locations. Warehousing helps organ-
isations bridge the gap between production and consumption by providing safe
storage and supporting activities such as receiving, inspection, sorting, packing,
order processing, and dispatching. An efficient warehouse also helps organisations
maintain appropriate inventory levels, reduce transportation delays, protect goods
from damage, and respond quickly to customer demand. Therefore, understand-
ing the principles and functions of warehousing is essential for appreciating how
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effective storage and distribution contribute to efficient supply chain management
and customer satisfaction.

Warehousing, Inventory Control, Supply Chain, Storage Systems, Stock Keeping
Unit

Discussion

3.1.1 Warehousing

A mango farm in Kerala produces thousands of mangoes during the harvest season.
However, consumers do not purchase all the mangoes onithe same day. Some mangoes
are sent to shops immediately, while others neéd torbe stored sothey can be sold later
in different markets. If the farmer had no place to store the mangoes, many would spoil
before reaching customers. To prevent this, the mangoes are kept in a warehouse, where
they are safely stored, protected, and later transported to supermarkets and fruit markets
when needed. The warehouse connects productionfactivities with market demand,
ensuring that products producgd at one tiie can be used or sold later.

In modern business, production and consumption rarely occur at the same place or
time. Goods are oftensfianufactured in_one location and distributed across multiple
regional and interndtional markets:“Warehousing plays an important role in bridging
this gap between production and consumption.

A warehouse is more thanda storage facility It is a systematic facility used for
receiving, storing, proté€ting, and distributing goods efficiently. Warehouses help
businesses maintain a steady supply of products, prevent damage or loss, and ensure
that goods reach customers at the right time. With the growth of e-commerce, global
trade, and just-in-time supply chains, warehousing has become a strategic business
function rather than simply a place to store goods.

A well-known example of warehousing in action is Amazon. Amazon operates
thousands of fulfilment centres (warehouses) around the world. These warehouses
store millions of products such as electronics, books, clothes, and household items.
When a customer places an order online, the product is quickly picked, packed, and
shipped from the nearest warehouse. This efficient warehousing system allows Amazon
to deliver products quickly, sometimes within the same day, showing how important
warehousing is in modern business logistics.
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3.1.2 Need for Warehousing

Consider a rice mill in Kerala that produces a large quantity of rice immediately after
the harvest season. Farmers and mills may process tons of rice at once, but people buy
rice gradually throughout the year. If all the rice had to be sold immediately, the market
would become overcrowded with supply, prices might fall sharply, and much of the rice
could spoil due to improper handling. To solve this problem, the rice is stored safely
in warehouses or storage depots. From there, it is gradually distributed to wholesalers,
retailers, and supermarkets as demand arises. In this way, warehousing ensures that
goods produced at one time are available whenever consumers need them.

Warehousing is essential for modern businesses because it helps manage the time gap
between production and consumption. In most industries, production and consumption
occur at different times and locations, and markets are often located far from production
centers. Warehouses provide a safe and organised place where goods can be stored,
protected, and distributed efficiently. They help businesses maintain a steady supply,
reduce losses, and manage transportation and distribution effectively. Because of these
benefits, warchousing plays an important role in supply chain management, logistics,
and inventory control.

3.1.2.1 Major Reasons for the Need forgWarehousing
1. Storage of Surplus Production

Sometimes producers manufacture goods in quantities larger than the immediate
market demand. Warehouses allow'buisinessesyto stofe surplus production until it can
be sold later. For example, factories prodiicing electronics, clothing or packaged food
often manufacture in bulk to teduce préduction costs. Warehousing allows these goods
to be stored safely until retailers, or customers require them.

2. Balancing Seasonal Production’and Demand

Many goods, espeeially agricultural products, are produced only during certain
seasons but are consumed throtighout the year. Warehousing helps maintain a steady
supply of such seasonal goods.

For example, crops like rice, wheat, spices, and fruits are harvested at specific times,
but consumers need them all year round. Warehouses store these products so they can
be released gradually into the market.

3. Protection of Goods

Warehouses provide protection against damage, theft, moisture, pests, and
environmental conditions. Modern warehouses use proper storage systems, security
measures, temperature control, and inventory monitoring to keep goods safe. This
protection is especially important for perishable goods, electronics, pharmaceuticals,
and fragile products.
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4. Facilitating Bulk Purchasing and Distribution

Businesses often purchase or produce goods in large quantities to take advantage
of lower costs, discounts, and economies of scale. Warehousing allows companies to
store these goods and distribute them gradually to retailers or customers. This helps
businesses reduce costs and improve efficiency in supply and distribution.

5. Supporting Smooth Transportation and Logistics

Warehouses act as important distribution centers within transportation networks.
Goods may be temporarily stored before final distribution to various destinations to
their final destinations. This allows businesses to plan shipments efficiently, combine
goods from different suppliers, and ensure continuous flow in the supply chain.

3.1.3 Functions of Warehousing

A large online order fulfilment centre operated by Amazon handles thousands of
products, such as books, electronics, clothes, and householdiitems, every day. When
these products arrive at the warehouse, they are checked for quality and quantity and
then placed on shelves or storage racks. Computets,keep track ‘of how many items
are stored. When a customer places an order online, watehouse workers or automated
robots locate the item, pick it from the shelf, packitSecurelypand ptepare it for shipping.
Trucks then transport the package to the customer. This @xample shows that a warehouse
performs many activities beyond simply Storing goods. It manages the entire process
from receiving goods to preparing them for delivery.

Warehouses perform several operational and strategic functions that support the
smooth movement of goods/ within the supply chain. These functions ensure that
products are stored safely, tracked accurately, and delivered efficiently to the right
destination.

The main functions of warehousing are explained below.
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/ c
Receiving,Goods fr..f ENCiETER. Storage and Preservation

I.-'r of ,
| l

I

Inventory Control
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Transportation Coordination \ | Value-Added Services

Fig. 3.1.1 Functions of Warehousing
a. Receiving Goods

The first function of a warehouse is receiving incoming goods from manufacturers,
suppliers or distributors. During this stage, the warehouse staff:
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1. Verify the quantity of goods received against purchase orders.

ii. Inspect the quality and condition of the goods.

iii. Record the details in the inventory system.
This process ensures that only correct and undamaged goods enter the storage system.
b. Storage and Preservation

After receiving goods, the warehouse provides safe and organised storage. Modern
warehouses use:

1. Racks and shelving systems

ii. Pallets and containers

iii. Temperature-controlled storage
iv. Security systems and surveillance

These measures help protect goods from damage, theft,“moisture, pests, and
environmental conditions, ensuring that products remain in good ‘condition until they
are needed.

c. Inventory Control

Inventory control is a crucial function of warehousing. It involves maintaining
accurate records of all stored goodss

Warehouse management systems help buSinesses:
1. Track stock levels
il. Monitor inceining and outgoing’goods
iii. Prevent overstoeKing or stock shortages
iv. Improve supply chainplanning

Effective inventory control allows companies to respond quickly to changes in
demand.

d. Order Picking and Packing

When customers or retailers place orders, warehouse workers perform order picking
and packing. This includes:

1. Locating the required products in the warehouse
il.  Picking them from shelves or storage areas
iii.  Packing them securely for transport

iv. Preparing shipping labels and documentation
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Efficient order picking and packing ensure that customers receive the correct products
quickly and safely.

e. Transportation Coordination

Warehouses also support transportation and logistics activities. They help coordinate:
i.  Loading and unloading of trucks, trains or ships
ii.  Sorting goods for different destinations
iii. Dispatching shipments on time

This function ensures a smooth flow of goods between suppliers, warehouses, and
customers.

f. Value-Added Services

Modern warehouses often provide additional services beyond storage, known as
value-added services. These may include:

i.  Labelling and barcoding

ii.  Packaging or repackaging
iil. Sorting and grading

iv. Light assembly of products
v.  Quality inspection

These services help businésses improve efficiency, reduce handling costs, and
enhance customer satisfaction.

3.1.4 Importange of warehousing in Supply Chain Management

Suppose a customer in'Kerala orders a smartphone from an online store operated by
Flipkart. The smartphone may be manufactured in another state or even another country.
However, instead of sendingdt directly from the manufacturer, the product is first stored
in a nearby warehouse. When the customer places the order, the warehouse quickly
locates the item, packs it, and sends it through delivery services. Because the product
is already stored close to the customer, it can be delivered within one or two days. This
example shows how warehouses act as key links in the supply chain, ensuring that
products move efficiently from producers to customers.

A supply chain is the network that connects manufacturers, suppliers, warehouses,
distributors, retailers, and customers in the process of producing and delivering goods.
Warehousing plays a central role in supply chain management because it acts as a
storage and distribution hub. It helps to coordinate the movement of goods between
different stages of the supply chain and ensures that products are available when and
where they are needed. With the growth of global trade, e-commerce, and complex
distribution networks, warehousing has become an essential component for efficient
supply chain operations.
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The following points explain the importance of warehousing in supply chain
management.

i. Improves Product Availability and Customer Service

Warehouses ensure that goods are readily available for customers and retailers. By
storing products in advance, companies can quickly respond to customer orders. This
improves customer satisfaction, reduces waiting time, and ensures that products remain
available even during sudden increases in demand.

ii. Reduces Transportation Costs

Warehousing helps to reduce transportation costs by enabling bulk storage and
transportation. Instead of shipping small quantities frequently, companies can transport
large quantities of goods to warehouses and then distribute them gradually to different
markets. This reduces overall shipping costs and improves logistical efficiency.

iii. Supports Demand Forecasting and Inventory Planning

Warehouses allow businesses to monitor inventory levels and analyse demand
patterns. With proper data and inventory systems, cofapanies can predict future demand
and plan production accordingly. This helps businessesiavoid problems such as stock
shortages, excess inventory, and supply disrtptions. Effective! inventory planning
improves overall supply chain stability and'efficiency.

iv. Enables Fast Delivery

One of the most important rolés of warchousingstoday is supporting fast delivery,
especially in e-commerce. Karge online, retailers strategically place warehouses
in different regions so that productsdecan be delivered quickly to customers. These
warehouses often function as fulfillment/eenters, where orders are processed and
shipped immediatelydCompanies like Amhazon use advanced warehouse networks and
automation systems to enablessame-day or next-day delivery in many cities.

Warehousing is a“eritical link in modern supply chain management, connecting
manufacturers, distributors, retailers, and customers. By improving product availability,
reducing transportation costs, supporting inventory planning, and enabling fast delivery,
warehouses help businesses operate efficiently in highly competitive markets.

3.1.5 Types of Warehouses

Different types of goods require different kinds of storage facilities. For example,
a dairy company must store milk and ice cream in cold storage warehouses, while an
import business may store foreign goods in a bonded warehouse until customs duties
are paid. Similarly, large companies may operate their own private warehouses, while
smaller businesses may rent space in public warehouses.

This shows that warehouses are designed in different forms depending on the nature
of goods, ownership, and business requirements.

m SGOU - SLM - B.Com Honours - Materials and Warehouse Management 9%

i~

pL——
SREENARAYANAGURU
GPEN UNIVERSITY




1. Private Warehouses

Private warehouses are owned and operated by manufacturers, wholesalers or large
retailers for storing their own goods. These warehouses are part of the company’s
internal logistics system and are used exclusively for its operations.

For example, large retail companies like Walmart maintain private warehouses to
manage and distribute products to their stores.

Characteristics

i.  Greater control over operations : The company has full control over storage
methods, inventory management, and distribution processes.

ii. High initial investment : Building and maintaining a private warehouse
requires significant capital for land, buildings, equipment, and staff.

iii. Suitable for large and stable demand : Private warehouses are economical
when the company handles large volumes of goods regularly.

Private warehouses help businesses improve efficiency, maintain product quality,
and reduce dependency on external storage providers.

2. Public Warehouses

Public warehouses are commercial [storage facilities operated by third-party
providers that rent storage space to different businesses; Companies that do not want to
invest in their own warehouses cansstore theitgoods.in these facilities for a fee. These
warehouses are widely used byfsmall businesses, traders, and seasonal industries.

Characteristics

i. Low investmént for users:Businesses do not need to spend money on building
or maintaining a warehouse.

ii. Flexible storage space ;/Companies can rent space according to their needs and
increase or reduce it when required.

iii. Suitable for small or seasonal businesses : Businesses that operate only during
certain seasons or have limited storage needs benefit from public warehouses.

Public warehouses allow companies to reduce costs and maintain flexibility in their
storage operations.

3. Bonded Warehouses

Bonded warehouses are special storage facilities authorised by the government where
imported goods can be stored before the payment of customs duties. These warehouses
are important in international trade because they allow importers to delay duty payment
until the goods are actually sold or released into the market.

For example, goods entering India may be stored in bonded warehouses supervised
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by agencies such as the Central Warehousing Corporation.
Characteristics

i.  Useful in international trade : Helps importers manage cash flow by delaying
duty payments.

ii. Duty paid only when goods are released : Importers pay customs duties only
when the goods are taken out of the warehouse for sale or distribution.

ili. Government supervision : These warehouses operate under strict custom
regulations.

Bonded warehouses help businesses, manage import costs and handle international
shipments efficiently.

4. Distribution Centers

Distribution centers are modern warehouses designed mainly for quick movement of
goods rather than long-term storage. Their main purpose is to réeeive goods, sort them,
and distribute them quickly to retailers or customess. These facilities are commonly
used in e-commerce and retail supply chains.

For instance, companies like Amazon operate large distribution centers that process
thousands of orders every day.

Characteristics

i. High automation and AT systems : Advanced technologies such as barcode
scanners, warechouse management systems, and robotics are often used.

ii. Fastorder processing and shipping : Goods move quickly through the facility
to ensure rapid delivery.

iii. Efficient logisticsioperations : Distribution centers help reduce delivery time
and improve eustomer satisfaction.

These warehouses are€fifical for businesses that require fast and efficient distribution
of goods.

5. Cold Storage Warehouses

Cold storage warehouses are specialized storage facilities designed to store perishable
goods at controlled temperatures. They are commonly used for products such as fruits
and vegetables, meat and seafood, dairy products and vaccines and medicines. Cold
storage plays a vital role in industries such as food processing and pharmaceuticals.

Some of the characteristics are as follows

i. Temperature-controlled environment : Refrigeration systems maintain
specific temperatures to preserve product quality.
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ii. Prevents spoilage and quality loss : Protects goods from bacterial growth,
decay, and spoilage.

iii. Essential for perishable supply chains : Ensures that products remain fresh
during storage and transportation.

For example, dairy companies like Amul rely on cold storage warehouses to maintain
the quality of milk, butter, and ice cream before they reach consumers.

Different types of warehouses serve different business needs depending on factors
such as ownership, type of goods, and supply chain requirements. From private
warehouses used by large corporations to cold storage facilities for perishable goods,
each type plays a crucial role in ensuring efficient storage, protection, and distribution
of products in modern logistics systems.

3.1.6 Customer Groups and Ownership in Warehousing

Warehousing is an essential component of logistics and supply chain management.
Different types of organisations use warehouses to store goods safely, manage inventory
efficiently, and ensure smooth distribution. The typ€ ef customer using the warehouse
and the ownership structure of the warehouse both influence how the warehouse
operates, the level of control exercised, and the'costinvolved.

3.1.6.1 Customer Groups in Warehousing

Warehouses serve a wide range _of custemers depending on the nature of their
business operations.

1. Manufacturers

Manufacturers useswarehouses to store raw materials, semi-finished goods, and
finished products. ARaw materials“such as steel, chemicals, textiles or electronic
components are stored until they are needed for production. After manufacturing,
finished goods are stored temporarily before being distributed to wholesalers, retailers
or directly to customers, Watehousing helps manufacturers maintain a continuous
production process and avoid disruptions due to supply delays.

2. Wholesalers and Distributors

Wholesalers and distributors typically handle large quantities of goods purchased
from manufacturers. Warehouses allow them to store bulk inventory and distribute it
in smaller quantities to retailers or other businesses. Efficient warehousing enables
wholesalers to maintain product availability, reduce transportation costs through bulk
purchasing, and ensure timely delivery to their customers.

3. Retailers and E-Commerce Companies

Retailers and e-commerce companies rely heavily on warehouses to store products
close to target markets and ensure quick delivery to customers. Large retail chains
maintain distribution centers that supply goods to multiple retail outlets. E-commerce
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companies use advanced warehouses or fulfillment centers equipped with automated
systems to process online orders, manage inventory, and ship products quickly to
customers.

4. Government and Public Agencies

Government departments and public sector agencies use warehouses to store essential
commodities and strategic supplies such as food grains, medical supplies, fertilizers,
and disaster relief materials. These warehouses help maintain buffer stocks that can be
used during emergencies, natural disasters or shortages. In many countries, government
warehousing plays a crucial role in maintaining food security and price stability.

3.1.6.2 Ownership of Warehouses

Warehouses can be owned and managed by different entities. The ownership structure
affects operational control, investment requirements, and flexibility.

1. Private Ownership

Private warehouses are owned and operated by individualicompanies for their
own storage needs. Manufacturers, large retailers, ‘@and major distributors often build
private warehouses to maintain full control over inventory management, security, and
operations. While private warehouses requitefsignificant capitaldnvestment, they offer
greater flexibility and operational control.

2. Public or Third-Party Ownership

Public warehouses, also known as third-party” logistics (3PL) warchouses, are
operated by specialized warehousing «€ompanies that provide storage services to
multiple businesses. Companies rent space in these warehouses as needed. This option
is suitable for businesses;that do not want t@ invest heavily in their own facilities. Public
warehouses provide' professional ‘management, shared infrastructure, and flexible
storage arrangemefts.

3. Government Ownership

Government-owned warehouses are managed by government agencies to store
essential commodities or public distribution supplies. These warehouses support
national programs such as food security, agricultural procurement, and emergency
preparedness. Governments may operate large storage facilities to maintain reserves
and stabilize market supply.

4. Cooperative Ownership

In cooperative warehousing, multiple users jointly own and operate the warehouse
facility. This model is common among farmer cooperatives, small manufacturers or
trade associations. By sharing the facility, members reduce storage costs while still
gaining access to reliable warehousing services. Cooperative ownership promotes
collaboration and helps smaller businesses compete with larger firms.
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3.1.7 Material Flow and Storage Systems in Warehouses

Efficient warehouse operations depend on two important elements: material flow
and storage systems. Material flow ensures that goods move smoothly through the
warehouse, while storage systems organise goods so they can be stored safely and
retrieved quickly. Together, these systems help improve productivity, reduce costs, and
maintain inventory accuracy.

3.1.7.1 Material Flow

Material flow refers to the systematic movement of goods within a warehouse,
starting from the point where items are received from suppliers and ending when they
are dispatched to customers or other locations. A well-planned material flow reduces
unnecessary movement, minimises handling time, lowers labour costs, and decreases
the risk of product damage.

An efficient material flow is designed so that goods miove in a logical sequence
without backtracking or congestion. Warehouses often use“layouts such as U-flow,
I-flow or L-flow to ensure smooth movement of materials.

Stages in material flow include:

1. Receiving and Inspection: Goods arriving at the warehouse are unloaded and
checked for quantity, quality, and documentation. Any damaged or incorrect
items are identified and recorded before they enter storage.

2. Put-away into Storage dlocations: AftersinSpection, goods are transported to
designated storage locations within the warehouse. Proper labelling and location
management systems help enstire items are placed correctly.

3. Order Picking: When customerforders are received, workers or automated
systems retrieve the required items from their storage locations. Efficient picking
methods such asdatch picking, zone picking or wave picking help reduce time
and effort.

4. Packing and Dispatch: Picked items are packed securely, labelled, and prepared
for shipment. The goods are then moved to the dispatch area where they are
loaded onto transport vehicles for delivery.

Efficient material flow improves speed, accuracy, and overall warehouse performance.

3.1.7.2 Storage Systems

Storage systems are the methods and equipment used to store goods safely and
systematically in a warehouse. The choice of storage system depends on factors such
as product size, weight, demand frequency, and warehouse space availability. Proper
storage systems maximise space utilisation and make it easier to locate and retrieve
items.
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Common storage methods include:

i. Pallet Racking Systems: These are widely used for storing large quantities of
goods placed on pallets. Pallet racks allow forklifts to load and retrieve items
easily and help utilise vertical warehouse space.

ii. Shelving Systems: Shelving units are used for storing smaller items that can be
handled manually. They are commonly found in retail warehouses and spare-
parts storage areas.

ili. Automated Storage and Retrieval Systems (AS/RS): These are advanced
systems that use automated machines, cranes or robots to store and retrieve
goods. AS/RS increases efficiency, improves accuracy, and reduces the need for
manual labour.

iv. Bin Storage: Small components, spare parts, and tools are often stored in bins
or containers. This method helps organize small items and prevents loss or
mixing of parts.

Modern warehouses increasingly use barcode scanning and RFID (Radio Frequency
Identification) technology to track inventory in real time. These technologies improve
inventory accuracy, reduce errors, and allow warehouse, managers to monitor stock
movement efficiently.

3.1.8 Units of Handling and Stock Keeping Units (SKUs)

Efficient warechouse and invefitory managementfdepend on proper handling units
and product identification systems. Unit§ of handling help standardise how goods are
moved and stored, while Stock Keeping Units (SKUs) help identify and track each
product in the inventory., Together, they imiprove operational efficiency, accuracy, and
control in warehouse$ and retail operations.

3.1.8.1 Units of Handling

Consider a warehouse ghatstores bottles of fruit juice. Instead of moving each bottle
individually, the bottles are first packed into small boxes (cartons), with each carton
containing 12 bottles. Several cartons are then stacked together, forming one larger
unit of handling, called pallet. A forklift can easily lift and move the entire pallet to
the storage area or loading dock. This method saves time, reduces manual labour, and
prevents damage that might occur if workers handled each bottle separately. Thus, by
using standardised units such as cartons and pallets, warehouses can move, store, and
transport goods more efficiently and safely.

A unit of handling refers to the standard quantity or grouping in which goods are
handled, transported, and stored within a warehouse or during transportation. Instead
of moving individual items, goods are grouped into larger standardised units, making
handling easier and more efficient.
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Common units of handling include:

¢ Boxes or Cartons: Products are often packed into boxes or cartons for easier
storage and transport. Cartons protect items from damage and allow multiple
items to be handled together.

0 Pallets: Pallets are flat platforms made of wood, plastic or metal that allow
goods to be stacked and moved using forklifts or pallet jacks. Palletised loads
improve speed and safety in material handling.

¢ Containers: Large containers are used for bulk storage and transportation,
especially ininternational shipping. Containers protect goods from environmental
damage and make handling large quantities easier.

Standardising units of handling offers several benefits. It reduces manual effort,
speeds up loading and unloading processes, improves space utilisation, and minimises
the risk of damage to goods. Standard units also allow warehouses to design efficient
storage layouts and material handling systems.

3.1.8.2 Stock Keeping Unit (SKU)

A Stock Keeping Unit (SKU) is a unique identification ¢ode assigned to each specific
product in an inventory system. It helps busifiesses distinguishibetween products based
on characteristics such as type, size, colour, model or packaging. Each variation of a
product is treated as a separate SKU so that it can be tracked accurately in storage,
sales, and restocking processes.

For example, in a clothing store selling T-shirts, a blue T-shirt (size M), blue T-shirt
(size L), and red T-shirt (size M) wouldiall have different SKUSs even though they are the
same type of product. This allows the storg to know exactly how many pieces of each
variation are availablé 1n stock. SKJs make inventory management easier by enabling
accurate tracking, faster ordesprecessing, and better analysis of sales and demand, which
is why they are widely-used in warchouses, retail stores, and e-commerce businesses.

SKUs are usually represented using alphanumeric codes that make it easier for
warehouse staff and inventory systems to identify products quickly.

Importance of SKUs
SKUs play a vital role in inventory management for several reasons:

i. Accurate Inventory Tracking: Each product variation can be tracked
individually, reducing confusion and stock errors.

ii. Faster Order Processing: Warchouse staff can quickly locate and pick the
correct item when each product has a unique SKU.

iii. Better Sales and Demand Analysis: Businesses can analyse which specific
products sell more and make better purchasing and stocking decisions.
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Today, retail and e-commerce companies rely heavily on SKU-based inventory sys-
tems to manage thousands of products efficiently. These systems often work together
with barcode scanners, warehouse management software, and automated tracking tech-
nologies to maintain accurate and up-to-date inventory records.

Case Study: Warehousing in the Food Corporation of India (FCI)

The Food Corporation of India (FCI) was established in 1965 by the Government
of India. Its main objective is to ensure food security for the country by maintaining
adequate stocks of essential food grains such as rice and wheat. India produces large
quantities of food grains, especially during the harvest seasons of rabi and kharif crops.
However, these crops are harvested only once or twice a year, while people require
food grains every day. To manage this gap between production and consumption, FCI
developed a nationwide network of warehouses and storage depots. These warehouses
store food grains safely until they are distributed across different states through the
Public Distribution System (PDS).

Before an organised warehousing system was developed, India faced several major
challenges in food grain management:

0 Seasonal production: Rice and wheat were harvested in large quantities during
specific seasons but needed throughout.theyyear.

O Storage losses: Lack of proper storage facilities caused grains to spoil due to
moisture, pests, and poor handling.

¢ Uneven distribution: Some regions had surplus food grains while others faced
shortages.

¢ Food insecurity: Poor.and vulnerable populations struggled to access affordable
food.

Without propern storage-andydistribution systems, the country risked wastage of
valuable food grains and instability in food supply.

Solution

To address these problems, the Government of India strengthened the role of the Food
Corporation of India in managing food grain procurement, storage, and distribution.
FCI created a large network of scientifically managed warehouses and storage facilities
across the country. These warehouses are designed to store grains for long periods
while protecting them from moisture, pests, contamination, and spoilage.

By maintaining buffer stocks of food grains, FCI ensures that the government can
release grains whenever there is a shortage or an increase in demand.

Implementation

The solution was implemented through several coordinated steps:
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1. Procurement from Farmers : FCI purchases rice and wheat from farmers at
a Minimum Support Price (MSP) fixed by the government. This ensures that
farmers receive fair prices for their crops.

2. Storage in Warehouses : The procured grains are transported to warchouses
managed by FCI and other agencies such as the Central Warehousing Corporation
(CWC). These warchouses use scientific storage methods to maintain grain
quality.

3. Maintenance of Buffer Stock : A portion of the stored grains is maintained
as buffer stock to handle emergencies, crop failures or sudden increases in
demand.

4. Distribution through the Public Distribution System : Food grains are
transported from warehouses to fair-price shops under the Public Distribution
System (PDS), where they are sold at subsidised rates to eligible households.

5. Logistics and Transportation : A strong logistics fietwork involving railways,
trucks, and distribution centers ensures that food grainsireach every region of
the country, including remote areas.

Conclusion

The warehousing system developed by the Food Cotporation of India demonstrates
how effective storage and distribution can support national food security.

By maintaining large stocks of feed graims,and distfibuting them through the Public
Distribution System, FCI ensurés that millions of people across India have access to
essential food supplies throughout the yéar.

This case study highlights‘the critical f0le of warehousing in managing seasonal
production, preventifig wastage, stabilisSing food supply, and supporting large-scale
logistics operation$ in a countfypas vast and diverse as India.

Without warehousing, businesses would face frequent shortages, transportation
inefficiencies, higher operatiehal costs, and increased risk of product damage, making
it difficult to maintain a reliable supply of goods in the market.

® Recap

¢ Warehousing bridges production and consumption : Warehouses allow
goods produced at one time to be stored and supplied later when needed.

¢ Warehousing supports supply chain efficiency : It helps maintain product
availability, reduce transportation costs, and improve customer service.

¢ Warehouses perform multiple operational functions : Activities include
receiving goods, storage, inventory control order picking, packing, and
distribution.
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Different types of warehouses exist : Private, public, bonded, distribution
centers, and cold storage warehouses.

Ownership structures influence operations : Warehouses may be privately
owned, government-owned, public (third-party) or cooperative.

Material flow ensures efficient movement of goods : Proper movement
of goods inside warehouses improves productivity and reduces handling
time.

Storage systems organise inventory : Systems like pallet racking, shelving,
and automated storage improve space utilisation and accessibility.

Units of handling simplify logistics operations : Cartons, pallets, and
containers help move and store goods efficiently.

Stock Keeping Units (SKUs) enable accurate inventory tracking :
Each product variation is assigned a unique codesto manage inventory
effectively.

Objective Questions

10.
11.

12.

m
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What is the facility used for storing goods called?

Which activity involves checking incoming goods in a warehouse?
What term refers to the tracking of stock levels in a warehouse?
Which watehouse type is,owned by a single company for its own use?

What type ofsWwarchouse stores imported goods before customs duty
payment?

Which warehduse type is designed mainly for quick distribution rather
than long-term storage?

What technology helps identify and track products using unique codes?
What is the standard platform used to move goods using forklifts?
Which warehouse stores perishable goods at controlled temperatures?

What is the process of selecting goods from storage to fulfil orders
called?

Which organization in India manages large food grain warehouses for
national food security?

What system uses automated machines for storing and retrieving goods?
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Answers

1. Warehouse
Receiving Process
Inventory Control
Private Warehouse
Bonded Warehouse
Distribution Center
SKU System

Pallet Platform

2 L =_N e - s R

Cold Storage

—_
=]

. Order Picking

—_—
—_—

. Food Corporation
12. AS/RS System

Self - Assessment Questions

1. Explainfthe concept of warehousing and its role in modern business
operations.

2. Discuss the major #€asons for the need for warehousing in supply chain
management.

3. Describe the important functions performed by warehouses.

4. Compare different types of warehouses and their characteristics.

5. Explain the importance of Stock Keeping Units (SKUs) in warehouse and
inventory management.
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Assignments

1. Visit a local warehouse, storage facility or supermarket distribution
center and prepare a short report on its storage methods and operations.

2. Identify different products in a retail store and note how they are stored,
labelled, and arranged to facilitate inventory management.

3. Create a simple warehouse layout diagram showing receiving area,
storage area, picking area, and dispatch section.

4. Collect examples of SKU codes from retail products and explain how
they help in inventory tracking.

5. Study an e-commerce company such as Amazon or Flipkart and prepare
a report on how warehouses support fast delivery and supply chain
operations.

Reference

1. Ballou, R. H. (2004). Business logistics/supply chain management.
Pearson Education.
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Unit —@

Warehouse Management Systems and
Automation

Learning Outcomes

After completing this unit, the learners will be able to:

¢ explain the concept and functions of Warehouse Management Systems
(WMS)

¢ identify the key features and implementation step$§of WMS in warehouse
operations

¢ comprehend the role of automation technélegies in improying warehouse
efficiency

¢ analyse the economic benefits of consolidation, bféak-bulk, and sorting
operations in warehousing

A large pharmaceutical distribution centre receives thousands of medicines and
healthcare products from different manufacturers every day. Initially, employees
record incoming and outgoing items manually, which makes it difficult to identify
the exact location of produets and maintain accurate stock records. As the volume
of operations increases, mistakes in inventory records, delays in order processing,
and difficulties in identifying products may occur. To overcome these challenges,
the distribution centre introduces a Warehouse Management System (WMS) sup-
ported by barcode scanners and automated tracking technologies. Each medicine
is recorded in the system along with its quantity, storage location, batch details,
and expiry information. When an order is received, the system identifies the
required products and their locations, guides employees during picking, automat-
ically updates inventory records, and supports faster dispatch.

This example illustrates how technology has transformed traditional warehouse
operations. A Warehouse Management System enables organisations to monitor
inventory accurately, optimise the use of storage space, improve the speed and
accuracy of order fulfilment, and reduce human errors. Automation technologies
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further enhance warehouse efficiency by supporting activities such as receiving,
storage, picking, sorting, packing, and dispatching. Therefore, an understanding
of WMS and warehouse automation is essential for learners to appreciate how
technology improves operational efficiency, inventory accuracy, cost control, and
responsiveness within modern logistics and supply chain management.

Warehouse Management System, Automation, Inventory Tracking, Consolidation,
Break-bulk

Discussion

3.2.1 Warehouse Management Systems$y(WMS)

Consider a large e-commerce warehousefwhere thousandsgof customer orders are
received every day. When an order is placed online, the warehouse system immediately
identifies the location of the product inside the warehouse. The system directs workers
or automated robots to the exact shelf where the item is(stored. Once the item is picked,
the system updates the inventory automatically,isends the item to the packing section,
and prepares it for shipment. Without suc¢h a,system, workers would have to search for
products manually, which would take more time and increase the chances of errors. This
coordinated workflow is-enabled\through a'Warehouse Management System (WMS).

A Warehouse Management:System (WMS) is a specialised software system used to
control, monitor, andioptinise warehouse operations. It helps manage various warehouse
activities, including receiving/goods, storing products, tracking inventory levels,
picking orders, packing items$, and shipping them to customers. Modern warehouses
are no longer simple storage spaces; they function as technology-driven operational
centers that require accurate tracking, fast order processing, and real-time visibility of
inventory. A WMS integrates these activities into a single system, allowing warehouse
managers to monitor operations efficiently and make better decisions.

According to warehouse management literature such as Richards in Warehouse
Management, the implementation of a WMS significantly improves accuracy, increases
operational speed, and reduces overall warehouse operating costs.

A well-known company that uses advanced warehouse management systems is
Amazon. In Amazon’s fulfillment centers, WMS works together with robotics and
barcode scanning technology to track millions of products. The system guides workers
and robots to the correct storage locations, ensures accurate inventory records, and
enables the company to process and ship customer orders quickly and efficiently.
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3.2.2 Features of Warehouse Management Systems

A Warehouse Management System (WMS) includes several functional features
that help manage warehouse operations efficiently. These features improve inventory
accuracy, reduce operational errors, and increase productivity in the warehouse.

1. Real-Time Inventory Tracking: A WMS continuously monitors inventory
levels as goods move in and out of the warehouse. Technologies such as
barcode scanners and RFID systems help update inventory records instantly
and accurately.

2. Location Management: The system identifies and manages the exact storage
location of each item in the warehouse. These locations may include bins, racks,
shelves or pallets, helping workers store and retrieve items more quickly and
accurately.

3. Order Processing and Picking Support: A WMS supports order fulfilment by
guiding workers through optimised picking routes within the warehouse. This
reduces item search time and minimises order-picking ertors.

4. Integration with ERP and Supply Chain Systems: Warchouse Management
Systems can be integrated with Enterprise Resouree Planning (ERP) and other
supply chain systems. This integration allows, information to flow smoothly
between purchasing, production, inventory, and sales departments.

5. Reporting and Analytics: A WMS generates detailed reports and performance
analytics. Managers can analyse data'sueh.asdhventory turnover order accuracy,
warehouse productivity, and stéek levels, which helps in making better
operational decisions.

3.2.3 Implementation of Warehotise Management Systems (WMYS)

Consider a large retail e@mpany that manages thousands of products in its warehouse.
Previously, workers “recorded inventory manually, which often led to stock errors,
misplaced items, and delays i fulfilling orders. To solve these problems, the company
decided to implement a Warchouse Management System. First, the management studied
the warehouse operations to identify major issues such as inaccurate inventory records
and slow order processing. After selecting a suitable WMS software, they redesigned
the warehouse layout and entered all product data into the system. Employees were
trained to use barcode scanners and the new software. The system was then introduced
gradually, starting with a few warehouse sections before expanding to the entire facility.
Over time, the company was able to track inventory more accurately and process orders
faster. This example illustrates how WMS implementation requires careful planning
and organisational change.

Implementing a Warehouse Management System (WMS) is a strategic organisational
decision rather than simply installing new software. It involves changes in warehouse
processes, employee practices, data management, and technology integration.
Successful implementation ensures that warehouse operations become more efficient,

m SGOU - SLM - B.Com Honours - Materials and Warehouse Management 113

i~

Rt ——
SREENARAYANAGURU
GPEN UNIVERSITY




accurate, and responsive to customer demands.

3.2.3.1 Steps in Implementation

1. Assessing Warehouse Needs and Current Problems: The first step is to
analyze existing warehouse operations and identify problems such as inventory
inaccuracies, inefficient layouts or delays in order processing.

2. Selecting Suitable WMS Software: Organizations evaluate different WMS
solutions based on their operational requirements, budget, scalability, and
compatibility with existing systems.

3. Designing Warehouse Layout and Data Structure: The warehouse layout,
storage locations, product categories, and data structure must be properly
configured in the system to ensure efficient tracking and retrieval of goods.

4. Training Employees and Testing the System: Employees need proper training
to operate the new system, including the use of barcode scanners, data entry
procedures, and order processing workflows. The system is tested thoroughly to
identify and correct operational issues before full implementation.

5. Gradual System Rollout and Performance Monitoring: Instead of
implementing the system all at once organisations, often introduce it gradually.
Continuous monitoring helps organiSationsyidentify_operational issues and
optimise system performance overfgime.

3.2.3.2 Challenges in Implementation

Despite its benefits, implementing a WMS can piresefit several challenges:

i. High Initial Investment: Puarchasing software, hardware, and training
employees can require significant financial investment.

ii. Employee Résistance to Techmology: Workers may initially resist adopting
new technology duetomanfamiliarity or fear of change.

iii. Data AccuracyRequirements: A WMS requires accurate product and inventory
data for effective operation. Errors in data entry can affect system performance.

iv. Need for System Integration: The WMS must integrate with other systems
such as Enterprise Resource Planning (ERP) and supply chain management
systems.

With proper planning, employee training, and gradual implementation organisations
can overcome these challenges and successfully improve warehouse efficiency through
the use of a Warehouse Management System.

3.2.4 Benefits of Warehouse Management Systems (WMS)

A Warehouse Management System (WMS) offers several operational and strategic
benefits that improve the overall performance of warehouse operations. By automating
processes and providing real-time information, a WMS helps organisations manage
inventory more effectively and respond quickly to customer demands.
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1. ImprovedInventoryAccuracy: A WMS reduces manual errors by automatically
recording inventory movements using technologies such as barcode scanners
and RFID systems. This helps prevent stock mismatches and ensures accurate
inventory records.

2. Faster Order Fulfilment: The system optimises warechouse operations by
guiding workers through efficient picking and packing processes. As a result
orders can be processed and delivered faster.

3. Reduced Operating Cost: A WMS improves warehouse efficiency by
optimising space utilisation and increasing labour productivity. This helps
organisations reduce operational expenses and minimise waste.

4. Better Customer Service: Accurate inventory information and faster order
processing ensure that customers receive the correct products on time. This
improves customer satisfaction and strengthens business relationships.

5. Data-Driven Decision Making: A WMS provides detailed reports and
analytics on inventory levels, product movement orderaccuracy, and warehouse
productivity. Managers can use this information to identify trends, improve
planning, and make better operational decisions.

Large e-commerce companies rely heavily on advaneed Warghouse Management
Systems to manage large volumes of invefitory and, supportsS§ame-day or next-day
delivery services, ensuring quick and reliable service for customers.

3.2.5 Automation in Warehousing

Consider a large distribution warehouse where thousands of products must be
stored and shipped every day. Insteadf workers manually carrying items across the
warehouse, conveyor belts automatically move packages from the receiving area to
storage sections. Whefi an order is,placed, a robotic picking system retrieves the item
from the shelf, while automated guided vehicles (AGVs) transport the goods to the
packing area. In some_séctions, an automated storage and retrieval system (AS/RS)
stores products in high racks and retrieves them whenever needed. These machines
work together with computer’systems to complete tasks quickly and accurately, with
very little human effort. This example shows how automation improves the efficiency
of warehouse operations.

Automation in warehousing refers to the use of machines, robotics, and computerised
systems to perform warehouse activities with minimal human intervention. Automated
technologies are used to handle tasks such as storing goods, transporting materials,
sorting items, and fulfilling orders. Automation helps warehouses operate faster, reduces
manual labor, and improves overall operational efficiency.

Common examples of warehouse automation include:

¢ Automated Storage and Retrieval Systems (AS/RS): These systems use
computer-controlled machines to automatically store and retrieve products from
storage racks. They help maximize vertical space and reduce manual handling.
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¢ Conveyor Belts and Sorting Systems: Conveyor systems transport goods
automatically between different sections of the warehouse. Sorting systems
automatically identify, classify, and direct packages to their correct destinations.

0 Robetic Picking Systems: Robots assist in locating and picking items from
shelves for customer orders. This improves speed and accuracy in order
fulfillment.

¢ Automated Guided Vehicles (AGVs): AGVs are driverless vehicles that move
goods within the warehouse by following programmed paths or sensors.

Automation increases speed, improves accuracy, enhances worker safety, and reduces
operational costs. As a result, many modern warehouses adopt automation technologies
to handle large volumes of goods efficiently and meet the growing demand for faster
deliveries.

3.2.6 Dedicated vs. Shared Processing in Automation

Consider a large distribution warehouse that handles many-different products such as
electronics, clothing, and household items. In one section of the warehouse, a conveyor
system is used only for moving electronic productsifrom storage to packing. Since
the equipment is used only for this single category, the process becomes very fast and
efficient. In another section of the warehouse; a group of roboti€ picking machines is
used to handle many different types of products. These rebots pick clothing, books, and
small appliances depending on the orders received. Although this shared system may
take slightly more time because it deals withdifferent ptoducts, it allows the warehouse
to use the same equipment for multiple operations-This example shows the difference
between dedicated processing@and shared'processing in automated warehouse systems.

3.2.6.1 Dedicated Processing

Dedicated processing refers to a system where specific resources, such as equipment,
storage space or workersg@re assigned exclusively to a particular product, process or
operation. This type of processing is commonly used when there is high and stable
demand for certain products. Bécause the resources are specialised for a single function,
dedicated processing provides high efficiency, faster processing speed, and smooth
workflow. However, it often requires higher investment in equipment and infrastructure
and offers less flexibility if product demand changes.

Example: A conveyor line dedicated to handling only one product category, such as
packaged food items, in a large distribution center.

3.2.6.2 Shared Processing

Shared processing refers to a system where resources such as machines, robots or
storage areas are used for multiple products or operations. Instead of assigning equipment
to a single task, the same system handles different items based on operational needs.
This approach provides greater flexibility and better utilisation of equipment, making it
suitable for warehouses that deal with a wide variety of products. However, processing
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may be slightly slower compared to dedicated systems, as the equipment must adapt to
different items and tasks.

Example: In many e-commerce warehouses, shared robotic picking systems are used to
handle multiple types of products, such as books, clothing, electronics, and household
goods using the same automated equipment.

3.2.7 Economic Benefits of Warehouse Operations

Consider a central warehouse that receives large quantities of products from different
manufacturers such as food items, electronics, and household goods. Instead of each
supplier sending separate shipments to many retail stores, the products are first delivered
to the warehouse. The warehouse combines goods from different suppliers and sends
them together in a single truck to retail stores. At the same time, large shipments
received from manufacturers are divided into smaller quantities based on the needs
of individual stores. The warehouse also sorts products according to their destination
so that deliveries can be made quickly and accurately. Through these activities, the
warehouse helps reduce transportation costs, improve distributien efficiency, and ensure
that the right products reach the right locations on time.

Warehouses provide economic benefits by improving the efficiency of logistics
and reducing overall supply chain costs. Theymnot,only stere godds but also perform
important operations such as consolidation,break bulk, and sorting, which help optimise
transportation and distribution processes. [The following are the major benefits.

1. Consolidation

Consolidation refers to the gprocess ofaeombining several smaller shipments into a
single larger shipment before transportation. This helps reduce the transportation cost
per unit because goods are transported together instead of in multiple small deliveries.

Example: Productsdrom several suppliers are brought to a central warehouse and then
consolidated into one largefruckishipment for delivery to retail stores.

2. Break Bulk Operations

Break-bulk operationsinvolve dividing large shipments received from manufacturers
into smaller quantities for distribution to different customers, retail outlets or regional
warehouses. This process allows companies to transport goods in large volumes
initially and then distribute them in smaller, more manageable quantities. As a result,
transportation and handling costs across the supply chain are reduced.

3. Sorting Operations

Sorting operations involve classifying and organising products based on factors such
as destination, product category or customer orders.

By sorting products before dispatch, warehouses ensure that goods are sent to the
correct locations quickly and accurately. This improves delivery efficiency, reduces
errors, and shortens distribution time.

m SGOU - SLM - B.Com Honours - Materials and Warehouse Management 119

i~

Rt ——
SREENARAYANAGURU
GPEN UNIVERSITY




® Recap

0

Warehouse Management Systems improve operational control : WMS
software helps monitor and manage warehouse activities such as receiving,
storage order picking, and shipping.

Real-time inventory tracking increases accuracy : Technologies such
as barcode scanners and RFID help update stock records instantly and
reduce inventory errors.

Successful WMS implementation requires planning and training
Organisations must analyse warehouse needs, configure systems, train
employees, and gradually implement the system.

Automation enhances warehouse efficiency : Technologies like robots,
conveyor belts, and automated storage systems impzrove speed, accuracy,
and productivity.

Dedicated and shared processing systems support automation : Dedicated
systems focus on specific products while shared systenis handle multiple
products using common resources.

Warehouse operations provideé economic benefits : Activities such as
consolidation, break-bulk, and'serting help’optimise transportation and
reduce logistics costs;

Objective Questions

What software system is used to manage warehouse operations?
Which technolegy helps identify products using radio signals?
What system records inventory movements automatically?

Which warehouse technology uses machines to store and retrieve items
automatically?

What is the process of combining smaller shipments into one large
shipment called?

Which operation divides large shipments into smaller quantities for
distribution?

What system guides workers to product locations during order picking?

Which driverless vehicles move goods inside automated warehouses?
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9. What type of processing assigns resources exclusively to one product or
operation?

10. What type of processing allows the same equipment to handle multiple
products?

11. Which system provides reports and analytics on warechouse performance?

12. What operation organizes goods based on destination before delivery?

Answers

1. Warehouse Management System
RFID Technology

WMS System

AS/RS System

Shipment Consolidation

Break Bulk

WMS Guidance

AGYV Vehicles

2 gL =[N e -, oS> R

Dedicated Processing

._.
e

Shared Processing

—_—
—

. WMS Analytics

12. Sorting Operation

Self - Assessment Questions

1. Explain the concept and importance of Warehouse Management Systems
in modern warehousing.

2. Describe the major features of a Warehouse Management System.

3. Discuss the steps involved in implementing a Warehouse Management
System.
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4. Explain the role of automation technologies in warehouse operations.

5. Discuss the economic benefits of consolidation, break-bulk, and sorting
operations in logistics.

Assignments

1. Visit a warehouse, supermarket distribution center or logistics facility
and observe how technology is used for inventory tracking and order
processing.

2. Study an e-commerce company such as Amazon or Flipkart and prepare
a report on how WMS supports fast order fulfilment.

3. Identify different automation technologies used“in, warehouses (such
as conveyor systems, robots or barcode scanners) and explain their
functions.

4. Prepare a simple flowchart showing'thésteps involved in implementing
a Warehouse Management Systém in an organisation.

5. Analyse how consolidation ‘and break-bulk operations help reduce
transportation costs in supply chain managément.
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Unit - @
Inbound, Outbound, and Order Picking
Operations

Learning Outcomes

After completing this unit, the learners will be able to:

¢ explain the concept and functions of warehouse operations in supply chain
management

¢ describe the processes involved in inbound and outbound warehouse
operations

¢ 1identify different order-picking methods used in modern warehouses

¢ analyse the role of storage systems in improving order-picking efficiency

Prerequisite

Consider a large supermatket chaingreceiving a fresh supply of groceries and
household products from various suppliersievery morning. When the goods arrive,
warehouse employees first ¢heck the quantity, quality, and condition of the prod-
ucts before recordinig them m the invéntory system. The items are then moved
to their designated storage.locations based on their type, demand, and storage
requirements. When _individual stores place orders, warehouse workers identify
the required products, collectthem from the appropriate locations, pack them, and
prepare them for transportation to the respective stores. Although customers may
only see the products displayed on supermarket shelves, a series of well-organised
warehouse activities takes place behind the scenes to ensure their timely availabil-

ity.

Modern warehouses therefore function as important operational centres rather
than merely places for storing goods. Efficient inbound operations ensure the
proper receipt and inspection of materials, while outbound operations facilitate
accurate and timely dispatch. Order picking methods help workers locate and col-
lect the required products quickly and accurately. This unit introduces these essen-
tial warehouse activities and explains how appropriate storage arrangements, mate-
rial handling practices, and picking techniques contribute to efficient warehouse
operations. Understanding these processes enables learners to appreciate their role
in maintaining inventory accuracy, reducing processing time, improving delivery
performance, and enhancing overall customer satisfaction.
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Warehouse operations, inbound logistics, outbound logistics order picking,
storage systems

Discussion

4.1.1 Warehouse Operations

A large e-commerce warehouse that receives thousands of products every day.
Trucks arrive carrying goods such as electronics, clothing, and household items.
Workers unload these items at the receiving dock, scan their barcodes, and verify their
quantities. After inspection, the goods are moved to specific storage locations inside the
warehouse. Later, when customers place orders online, workers er automated systems
pick the required items from the storage shelves, paek them carcfully, and send them
to the shipping area, where they are dispatched to customers. Throughout this process,
barcode scanners and computer systems trackiévery movement/of goods so that the
company always knows where each produét is located:This continuous flow of goods
from receiving to storage, picking, packing, and shipping represents the everyday
activities that take place in a modern warehouse.

Warehouse operations involve managing thé®movement, storage, and handling
of goods within a warehouse to ensure efficient supply chain performance. These
operations ensure that products are received, stored safely, retrieved efficiently, and
delivered to customersgaecurately and onftime. A warehouse is therefore not merely
a storage facility but'a dynamic opefational hub that supports supply chain activities.
Effective warehouse operations help businesses maintain inventory accuracy, reduce
operational costs, and improve customer service.

A well-known examplé@efadvanced warehouse operations is Amazon. The company
operates large fulfilment centres worldwide, where millions of products are stored
and processed daily. Amazon uses warehouse management systems and barcode
technologies for tracking, while robotic systems support item movement and retrieval
and optimise picking, packing, and shipping. These technologies allow Amazon to
manage huge volumes of inventory and fulfil customer orders quickly, often delivering
products within one or two days. The company’s efficient warehouse operations are a
key reason for its success in global e-commerce.

4.1.2 Inbound Operations in Warehouses

Consider a retail distribution warehouse that supplies products to supermarkets.
A truck arrives carrying cartons of packaged food items from a manufacturer. First,
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workers unload the cartons at the receiving dock using forklifts or pallet jacks. Each
pallet is then scanned using a barcode scanner to match the shipment with the purchase
order. After unloading, warehouse staff inspect the goods to ensure the quantity and
product quality are correct and that no items are damaged. Once verified, the information
is entered into the warehouse’s inventory system. The goods are then transported to
designated storage areas such as pallet racks or shelves. This process, from unloading
to storing the goods, is known as inbound warehouse operations.

4.1.2.1 Steps in the Inbound Process
1. Receiving and Unloading Goods

The first step in inbound operations is receiving goods delivered by trucks, containers
or other transport vehicles. Workers unload the products using equipment such as
forklifts, pallet jacks, conveyor belts or cranes, depending on the type and size of goods.

Example: A supermarket warechouse receives pallets of packaged rice from a food
manufacturer. Workers unload the pallets from the truck and mowve them to the receiving
area.

Key tasks in this stage include:
¢ Checking delivery schedules
¢ Confirming the shipment corresponds to the purchase order
¢ Safely unloading goods

2. Verification and Inspection

After unloading, warehouse, staff verify the shipment by comparing it with the
purchase order or deliwery documents. They also inspect the goods to ensure they meet
quality standards. The inspection proeess includes the following:

i.  Checking quantity (number of cartons or pallets): The warehouse staff count
and verify the number®f cartons or pallets received to ensure they match the
quantity mentioned in the delivery documents or purchase order. This helps
confirm that the supplier has delivered the correct amount of goods.

ii. Identifying damaged goods: Workers carefully inspect the packages and
products to detect any damage that may have occurred during transportation or
handling. Damaged goods are recorded and usually returned to the supplier or
separated for further action.

iii. Ensuring correct product type and batch numbers: Staff check whether the
received products match the ordered product type and verify the batch or lot
numbers for proper tracking. This ensures the correct items have been delivered
and helps maintain traceability in case of recalls or quality issues.

iv. Confirming expiration dates for perishable goods: For items such as food,
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medicines or chemicals, workers verify the expiration dates before storing them
in the warehouse. This ensures that only safe and usable products enter the
inventory and helps prevent losses due to expired goods.

Example: In a pharmaceutical warehouse, staft carefully inspect medicine packages
to ensure they are not damaged and that expiration dates are valid. This step is crucial
because it prevents incorrect or defective items from entering the warehouse inventory.

3. Documentation and Data Entry

Once verification is completed, the details of the shipment are recorded in the
warehouse’s information system. Modern warehouses use technologies such as:

i. Barcode scanners: Barcode scanners read product codes and update inventory
records quickly and accurately RFID tags (Radio Frequency Identification)
enable automatic identification and tracking of products without manual
scanning. They allow warehouses to track items in real time as they move
through different locations.

ii. Warehouse Management Systems (WMS): A Warehouse Management System
is specialised software used to manage and control warehouse operations such as
receiving, storage, inventory tracking and shipping, It helps improve efficiency,
accuracy and overall warehouse prodactivity.

These technologies update inventory records and track product locations in real time

Example: In an electronics warehouse, eachylaptop carton is scanned using a barcode
reader. The system automatically updates the stock'level in the inventory database.

Proper documentation ensures:
¢ Accurate invenfory records
¢ Traceability of products
0 Efficient inventory planning
4. Put-Away of Goods

The final step in inbound operations is put-away, where goods are transported from
the receiving area to their assigned storage locations within the warehouse.Storage
locations may include the following:

i.  Pallet racks: Pallet racks are large storage structures used to store goods placed
on pallets in an organised and vertical manner. They help warehouses utilise
vertical space efficiently and allow forklifts to easily load and retrieve heavy
items.

ii. Shelving units: Shelving units consist of multiple shelves used to store smaller
or lightweight items that do not require pallets. They allow workers to easily
access and organise products for quick picking and storage.
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iii. Bin locations: Bin locations are small storage compartments or containers used
to store small parts, components or individual items. Each bin is usually labelled
so workers can quickly locate and track specific products.

iv. Temperature-controlled storage areas: These are special storage spaces
where temperature and sometimes humidity are carefully regulated to protect
sensitive products such as food, medicines, and chemicals. Maintaining proper
temperature conditions helps preserve product quality and safety.

Warehouse management systems often suggest the best storage location based on
factors such as product type, demand frequency, and available space.

Example: High-demand products in an e-commerce warehouse may be stored closer
to picking areas so that workers can retrieve them quickly when orders are received.

4.1.2.2 Importance of Efficient Inbound Operations
1. Prevents Entry of Damaged or Incorrect Goods

Proper inspection ensures that defective, expired or incorrect products are detected
immediately before they enter storage. This reduces‘eustomer complaints and product
returns.

Example: A damaged television detected during receiving can be returned to the
supplier immediately instead of reaching the customer.

2. Ensures Accurate Inventory Records

Recording correct quantitigs during iibeund operations ensures that the inventory
database reflects the actual stoek in thé warehouse.

Accurate records helpibusinesses:
¢ Plan produgtion orgpurchases
¢ Avoid stock shortages
¢ Reduce overstocking
3. Reduces Congestion and Handling Delays

Efficient inbound processes prevent trucks from waiting long at loading docks and
ensure smooth movement of goods inside the warehouse.

Proper scheduling and workflow management help:
0 Reduce labour time
¢ Improve space utilization
¢ Increase warehouse productivity

4. Overall Impact on Warehouse Performance
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Efficient inbound operations play a crucial role in the overall performance of the
warehouse. Accurate receiving and storage improve inventory accuracy, which supports
efficient picking, while picking speed primarily depends on layout and picking methods.
Companies like Amazon and Walmart rely heavily on automated inbound processes
using barcode scanners, conveyor systems, and warehouse management software to
handle millions of incoming products daily. Their efficient inbound operations allow
them to maintain high inventory accuracy and deliver products to customers quickly.

Inbound operations ensure accurate receipt, verification, and storage of incoming
goods. Efficient inbound management prevents errors, improves inventory accuracy,
and ensures smooth warehouse functioning, ultimately supporting effective supply
chain management.

4.1.3 Outbound Operations in Warehouses

In an e-commerce warehouse, outbound operations begin when a customer order is
received and processed for shipment . A customer places ah,order for a pair of shoes
through an online shopping platform. The warehouse system immediately receives the
order and sends the details to workers in the warehouse. A warehouse worker retrieves
the required product from its designated storage location. The shoes are then taken
to the packing station, where they are packed in a box, labelled vith the customer’s
address, and prepared for shipment. Finallygthe package is‘moved to the loading dock,
where it is loaded onto a delivery truck and transported to the customer. This sequence
of activities, from receiving an order to \dispatching the product, is called outbound
warehouse operations.

Outbound operations refer tg all warehouse activities involved in processing customer
orders and delivering goods from the #varehouse to customers, retailers or distribution
centers. These operations ensure that the right products are selected, packed correctly,
and shipped on time. Outbound ‘processes are crucial because they directly affect
delivery speed ordér accuracygand customer satisfaction. Efficient outbound operations
help businesses reducesshipping errors, lower operational costs, and improve overall
supply chain performance.

4.1.3.1 Steps in the Qutbound Process
1. Order Processing

The outbound process begins when a customer places an order. The order details are
received through systems such as enterprise software, online platforms or retail sales
systems. The warehouse management system then:

i. Confirms product availability: The warehouse system checks whether the
ordered product is available in stock before processing the order. This ensures
that only items that are currently available in the warehouse are prepared for
shipment.

ii. Generates a picking list: The system creates a picking list that contains details
of the products, quantities, and their storage locations in the warehouse. This list
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helps workers quickly locate and collect the required items.

iii. Assigns the order to warehouse workers: After generating the picking list, the
system assigns the order to specific warehouse workers or picking teams. This
helps organise the workflow and ensures that orders are processed efficiently
and without delay.

Example: When a customer orders a laptop from an online store, the system immediately
sends the order details to the warehouse so that the item can be prepared for shipment.

2. Order Picking

Order picking involves retrieving the required products from their storage locations
in the warehouse. It is often the most labour-intensive and time-consuming activity in
outbound operations.

Example: In a clothing warehouse, workers pick shirts, trousers, and jackets from
different shelves based on customer orders.

3. Packing and Labelling

After picking, items are securely packed and labelled to ensure safe and accurate
delivery . Packaging materials may include boxes, proteetive wraps, bubble wrap or
cushioning materials.

At this stage:
¢ Shipping labels are attached
¢ Invoices or packing slips are inclided
0 Barcodes or tracking numbers are generated

Example: Fragile dtems such as“glass products are packed with extra protective
materials before shipping:

4. Loading and Dispatch

The final stage of outbound operations is loading the packed goods onto transportation
vehicles such as trucks, vans, ships or aeroplanes for delivery. Warehouse staff organise
shipments based on:

¢ Delivery routes

¢ Customer location

¢ Transportation schedules

Once loaded, the goods are dispatched to customers, retailers or distribution centers.

Example: A supermarket distribution warehouse loads food products onto delivery
trucks that transport them to retail stores
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4.1.3.2 Importance of Efficient Outbound Operations
1. Ensures Timely Delivery to Customers

Efficient outbound operations help companies deliver products quickly and reliably.
Fast processing reduces delivery time and improves supply chain performance.

2. Reduces Shipping Errors and Returns

Accurate order picking and proper packing reduce the chances of sending the wrong
products to customers. This minimises returns, complaints, and additional costs.

3. Enhances Customer Satisfaction and Business Reputation

Customers expect fast and accurate deliveries. When businesses consistently deliver
orders on time and in good condition, customer trust and brand reputation improve.

4. Role in E-Commerce

E-commerce companies depend heavily on efficient outbound operations because
online customers expect very fast delivery. Companies such as‘Amazon, Flipkart, and
Walmart invest heavily in automated warehouses,“coenveyor systems, and advanced
warehouse management software to speed up outboundyprocesses. This allows them
to provide same-day or next-day delivery,«Which has beceme’a major competitive
advantage in the online retail industry.

Outbound operations ensure accurate picking, secure packing, and timely dispatch
of customer orders. Efficient outbound management ensures fast delivery, reduces
errors, and improves customeratisfaction, making it a critical component of modern
warehouse management.

4.1.4 Order Pigking Proeesses and Methods

Alarge online retail warehouse that receives hundreds of customer orders every hour.
Each order may contain different products located in different parts of the warehouse.
Workers must quickly find and collect the correct items before they are packed and
shipped.

To make this process faster and more efficient, warehouses use different order
picking methods. For example, a worker may pick items for one order at a time, collect
items for several orders in one trip or work only in a specific section of the warehouse.
In highly advanced warehouses, robots or automated systems may even retrieve the
products. These different techniques used to retrieve items from storage are known as
order picking processes and methods.

Order picking involves retrieving products from storage to fulfill customer orders
efficiently . It is considered one of the most critical warehouse activities because it
directly affects order accuracy, delivery speed, and customer satisfaction. Since workers
often travel long distances inside warehouses to retrieve items order picking can be
one of the most labour-intensive and costly operations in warehouse management. To
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improve efficiency and reduce time and labour costs, warehouses use different picking
methods depending on order volume, warehouse size, and technology availability.

1. Piece Picking

A small warehouse that supplies office stationery to different customers. A customer
places an order for 2 notebooks, 1 box of pens, and 1 stapler. A worker collects items
individually for a single order before processing the next. to collect each item one by
one, specifically for that single order. After gathering all the items, the worker sends
them to the packing area before starting the next customer’s order. This process, where
a worker completes one order at a time by picking items individually, is known as piece
picking. Piece picking, also called discrete picking, is the simplest picking method. In
this method, a worker picks items for one order at a time before moving on to the next
order.

Example: Small warehouses or local retail stores often use piece picking when the
number of daily orders is relatively low.

Characteristics
i.  Each order is handled separately.

ii.  Workers travel through the warehouse toseollect all itemsaequired for a single
order.

iii. It is easy to organise and manage.

Advantages
i.  Simple and easy to implement

ii. Reduces confusion in'order processing

Disadvantages
i.  Time consuming
ii.  Workers may travel long distances repeatedly

2. Batch Picking

A warehouse that receives several customer orders at the same time, and many
of these orders include the same product, such as a water bottle. Instead of going to
the storage shelf repeatedly for each order, a worker collects multiple water bottles
in a single trip and places them in separate bins on a cart for different orders. After
completing the trip, the items are sorted and sent for packing according to each order.
This method, where items for multiple orders are picked together in one trip, is called
batch picking. Batch picking involves collecting items for multiple orders in a single
trip through the warehouse. Instead of picking items separately for each order, workers
gather products for several orders simultaneously.

Example: An e-commerce warehouse may pick 20 orders containing the same product
at once instead of retrieving that product 20 separate times.
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Characteristics

1. Workers carry carts or containers with separate compartments for different
orders.

ii. Items for different orders are picked together during one trip.
Advantages

i.  Reduces travel time inside the warehouse

ii. Increases picking efficiency
Disadvantages

1. Requires sorting items into the correct orders after picking
3. Zone Picking

A large warehouse divided into different sections such ag,electronics, clothing, and
home appliances. Each worker is assigned to one specific zone and only picks items
located in that area when an order is received. For example, if a customer order includes
a laptop and a jacket, the electronics worker picks the laptop from the electronics zone
while another worker picks the jacket from the clothing'zene. TheAtems from different
zones are consolidated at a central staging orfsorting area before’packing and shipping.
This process, where workers pick items only within theitassigned warehouse sections, is
known as zone picking. In zone picking, the warehouse 18 divided into different sections
or zones. Each worker is responsible for picking itemsnly within their assigned zone.

Example: In a large distribution warehduse, one zone may store electronics while
another zone stores clothing. Workersdn each)zone pick items only from their assigned
area.

Characteristics
i.  Workers remain‘within ajspecific warehouse area.
il.  Orders move from one zone to another until all items are collected.
Advantages
i.  Reduces worker travel distance
ii. Improves specialisation and efficiency
Disadvantages
i.  Requires coordination to combine items from different zones
4. Wave Picking

A large warehouse that ships orders at specific times during the day based on delivery
truck schedules. Instead of processing orders one by one, the warehouse groups many
orders together into a “wave” and releases them for picking at the same time. Workers

1 34 SGOU - SLM - B.Com Honours - Materials and Warehouse Management $

SREENARAYANAGURU
OPEN UNIVERSITY



in different zones of the warehouse pick items for these grouped orders simultaneously
so that all items are ready for packing and shipping before the scheduled dispatch time.
This coordinated method of picking multiple orders according to planned shipping times
is known as wave picking. Wave picking combines elements of batch picking and zone
picking. Orders are grouped into “waves” based on shipping schedules, transportation
routes or delivery deadlines. Unlike batch picking, which groups orders based on similar
items, wave picking groups orders based on time schedules and shipping requirements.

Example: A warehouse may release a picking wave every two hours so that all items
for scheduled delivery trucks are ready at the same time. Wave picking is commonly
used in large distribution centers and e-commerce warehouses.

Characteristics

1. Orders are processed at specific times during the day.

ii.  Workers pick items for multiple orders simultaneously within assigned zones.
Advantages

i.  Synchronises picking with shipping schedules

ii. Improves coordination between picking, packing, and shipping
5. Automated Picking

A modern e-commerce warchouse where robots move along the warehouse floor
carrying shelves filled with produetssWhen a,customér places an order, the computer
system automatically identifies‘the locatien of'theitem and sends a robot to retrieve
the shelf containing that product. The #0bot brings the shelf to a worker or automated
station where the item is picked, packed, and prepared for shipping. Automated picking
uses robotic systems tefetrieve items withdigh speed and accuracy. Automated picking
uses advanced techfiologies such as‘robots, conveyor systems, and automated storage
and retrieval systems (AS/RS) topick items with minimal human involvement.

Example: Companies like Amazon use robotic systems in their fulfillment centers
where robots move shelv€§ containing products to workers, significantly increasing
picking efficiency.

Characteristics
i.  Robots or automated machines retrieve products from storage.
ii.  Systems use computer control and sensors to locate items.
Advantages
i.  Faster picking speed
ii. High accuracy

iii. Reduced labour dependency
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Order picking is a critical warehouse activity that involves retrieving products to
fulfill customer orders. Different methods such as piece picking, batch picking, zone
picking, wave picking, and automated picking help warehouses improve efficiency,
reduce labour costs, and process orders quickly, especially in large-scale distribution
and e-commerce operations.

4.1.5 Storage Systems for Efficient Order Picking

A large distribution warehouse that stores thousands of products such as electronics,
clothing, and packaged goods. Heavy items stored in bulk are placed on pallet racks,
where forklifts can easily retrieve them. Smaller products like mobile accessories are
stored in shelves and bins so that workers can quickly pick them by hand. Some fast-
moving items are placed in gravity flow racks, where boxes automatically slide toward
the picking area as soon as one is removed. In highly advanced warehouses, automated
storage and retrieval systems use computer-controlled machines to store and retrieve
items quickly. This organised storage arrangement helps workers find products faster
and improves order picking efficiency.

Storage systems refer to the different structures, equipment, and layout designs used
in warehouses to store products efficiently. Proper storage design is essential because it
directly influences picking speed, accuracy, andsoverall warehousé productivity. When
goods are stored systematically and in suitable storageiequipment, warehouse workers
can easily locate and retrieve items. Efficient storage systems also improve space
utilisation, reduce handling time, and support smooth warehouse operations.

1. Pallet Racking Systems

A large warehouse that stores hundreds of boxes of packaged food products for
supermarkets. Instead of stacking the boxes'on the floor, the warehouse places them on
wooden or plastic pallets‘and stores these pallets on tall metal racks arranged in rows.
Forklifts move through the aisles and lift the pallets onto the racks or retrieve them
when needed for shipment. This organised system of storing palletised goods on multi-
level racks, allowing casy access$ and efficient use of vertical space, is known as a pallet
racking system. Pallet ragking Systems are one of the most common storage solutions
used in warehouses for storing large quantities of goods on pallets.

Example: A supermarket distribution warehouse stores large quantities of packaged
food items on pallet racks so forklifts can quickly move them when needed.

Characteristics
1. Goods are placed on pallets and stacked on high racks.
ii.  Forklifts are used to place and retrieve pallets.
iii. Allows efficient use of vertical warechouse space.
Advantages

1. Suitable for bulk storage
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ii.  Supports easy forklift access
ii1.  Improves space utilization
2. Shelving and Bin Systems

A warehouse that stores small products such as mobile chargers, batteries, and
earphones. Instead of placing these items on large pallets, they are organised on shelves
and inside labelled bins so workers can easily find them. When an order is received,
the worker simply walks to the correct shelf or bin, picks the required item, and sends
it to the packing area. This method of storing small and medium-sized items on shelves
and in labelled containers for easy manual access is called a shelving and bin system.
Shelving and bin systems are used for storing smaller items that can be picked manually
by workers.

Characteristics

1. Consist of multiple shelves or bins arranged in rowss

ii.  Each shelf or bin contains specific products.

iii. Easy for workers to access during order picking.
Advantages

i.  Ideal for small and medium-sized products

ii.  Allows quick manual picking

iii. Improves product organdisation

Example: In an electronics warehouse, items like chargers, earphones, and cables are
stored in labelled bins foreasy identification.

3. Flow Through (Gravity)Racks

A warehouse that stores packaged food products such as juice cartons. Workers load
the cartons onto racks from. the back side, where the shelves are slightly sloped and
fitted with rollers. Due to gravity, the cartons slowly move forward toward the front
picking area, so when a worker removes one carton, the next carton automatically
moves into position. This system, where items move automatically from the loading
side to the picking side using gravity, is called a flow through (gravity) rack system.
Flow-through racks, also called gravity racks, use rollers or sloped shelves that allow
products to move automatically from the loading side to the picking side.

Example: Food distribution warehouses often use gravity racks so that products with
earlier expiration dates are picked first.

Characteristics
1.  Goods are loaded from the back of the rack.

ii.  Gravity moves the items forward toward the picking area.
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iii.  Facilitates FIFO (First In, First Out) inventory flow when properly managed.
Advantages

1. Supports FIFO (First In, First Out) inventory method

ii. Reduces handling effort

iii.  Speeds up order picking
4. Automated Storage and Retrieval Systems (AS/RS)

A large e-commerce warechouse where thousands of products are stored on very
tall racks. Instead of workers climbing ladders or using forklifts to retrieve items, a
computer-controlled robotic crane moves along the racks to locate the required product.
When an order is received, the system automatically identifies the storage location and
retrieves the item, delivering it to the picking or packing station. This advanced storage
method, where machines and computers automatically store and retrieve goods with
high speed and accuracy, is known as an Automated Storage and Retrieval System
(AS/RS). AS/RS are advanced warehouse technologies that use, computer-controlled
machines, cranes or robots to store and retrieve goods,automatically.

Example: Large e-commerce companies use_AS/RS systems where robots retrieve
items from storage racks and deliver them to packing stations:

Characteristics
1. Uses automated cranes or rebetic systems
ii.  Controlled by computer software
iii. Designed for high-density storage
Advantages
1. Very high picking accuracy
ii.  Faster retrieval of item$
iii. Reduced labour costs
5. Layout Planning for Fast Picking

A warehouse that sells popular products such as packaged snacks and beverages.
Since these items are ordered frequently, the warehouse stores them close to the packing
and dispatch area so workers can pick them quickly without walking long distances.
The warehouse also has wide, clearly marked aisles and uses barcode scanners to easily
identify product locations. This organised arrangement of storage areas, aisles, and
picking zones to reduce travel time and speed up order retrieval is known as layout
planning for fast picking. Proper warehouse layout planning plays a major role in
improving order picking efficiency. A well-designed layout reduces travel distance and
allows workers to move smoothly inside the warehouse. It includes:
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i. Frequently ordered items are stored near dispatch area : Fast-moving
products are placed closer to packing and shipping zones so they can be retrieved
quickly.

ii. Clear aisle design for smooth movement : Wide and well-organised aisles
allow workers, forklifts, and equipment to move easily without congestion.

iii. Use of barcode or RFID technology : Technologies such as barcode scanning
and RFID tagging help workers quickly identify product locations and update
inventory records accurately.

Efficient storage systems such as pallet racks, shelving and bin systems, gravity
racks, and automated storage systems help warehouses store goods in an organised
manner and speed up order picking. Proper warehouse layout planning further improves
productivity by reducing travel time and enabling faster retrieval of products.

4.1.6 Importance of Efficient Order Picking in Supply Chains

An online retail warehouse where hundreds of customer ‘orders are received every
hour. Each order requires workers to quickly locate the correct'items, pick them from
storage shelves, and send them to the packing and‘shipping area. If workers take too
long to find products or make mistakes while picking items, deliveries will be delayed,
and customers may receive the wrong products. However, when the warehouse uses
efficient picking methods, proper storage/systems, anditechnologies such as barcode
scanners, workers can pick items faster and more accurately. This allows orders to be
processed quickly and delivered to customets on time.

Order picking is one of the Mmost critical activities in warehouse operations because
it directly connects storage with order fulfillment and customer delivery. Efficient order
picking ensures that the right products are selected in the correct quantities and prepared
for shipment without.delay.

In supply chains orderspicking plays a major role in determining delivery speed,
operational efficiency, and customer satisfaction. Since workers spend significant time
locating and retrieving itemsdfrom storage locations order picking can account for
50-60% of total warehouse operating costs. Therefore, improving picking efficiency
through better warehouse layout, technology, and picking methods is a major priority
for warehouse managers.

Warehouse performance is often measured using key indicators such as picking
accuracy order cycle time, and order fulfilment rate. These metrics help evaluate
efficiency and service quality

4.1.6.1 Benefits of Efficient Order Picking
1. Faster Delivery Times

When items are picked quickly and accurately orders can be processed and shipped
faster. This helps companies meet customer expectations for quick delivery, especially
in industries such as e-commerce where same-day or next-day delivery is common.
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2. Lower Operational Cost

Efficient picking methods reduce the time workers spend searching for items
and walking through the warehouse. This lowers labour costs and improves overall
warehouse productivity.

3. Reduced Picking Errors

Accurate picking ensures that customers receive the correct products in the right
quantities. Technologies such as barcode scanners and warehouse management systems
help minimise mistakes.

4. Higher Customer Satisfaction

When customers receive their orders quickly and accurately, their trust in the
company increases. Efficient order picking, therefore, plays a key role in building
strong customer relationships and maintaining a positive business reputation.

Efficient order picking improves delivery speed, reducesioperational costs, mini-
mises errors, and enhances customer satisfaction. Since order pieking often represents
the largest portion of warehouse operating costs, improving this process is a key focus
for supply chain and warehouse managers.

® Recap

¢ Warehouse operation§ involve aeceiving, storing, picking, packing, and
shipping goods within a wareghouseyto support supply chain activities.

¢ Inbound operations ‘include reg€iving goods from suppliers, verifying
quality and quantity, reconding data, and storing products in designated
locations.

¢ Outbound operations iivolve processing customer orders, picking products
from storage, packifng them securely, and dispatching them for delivery.

¢ Order picking methods such as piece picking, batch picking, zone picking,
wave picking, and automated picking help improve efficiency and reduce
labour time.

¢ Storage systems like pallet racks, shelving and bins, gravity racks, and
automated storage systems help organise goods and enable faster order
retrieval.

Objective Questions

1.  What is the process of receiving goods into a warehouse called?
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Which system is used to manage warehouse operations digitally?

What device is commonly used to scan product codes in warehouses?
Which picking method involves collecting items for one order at a time?
Which picking method collects items for multiple orders in one trip?

In which picking method are workers assigned to specific warehouse
sections?

What type of storage system is used for storing goods on pallets?
Which storage system allows products to move forward using gravity?
What is the process of preparing products for shipment called?

Which technology allows automatic identification of products using
radio waves?

What document is used to verify incoming shipments against orders?

Which warehouse process ensures products are delivered to customers?

Answers

ey et
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Inbound operations
WarehousedManagement,System
Barcode scanner

Piece picking

Batch picking

Zone picking

Pallet racking

Gravity racks

Packing and labelling

RFID tags

. Purchase order

Outbound operations




Self - Assessment Questions

1. Explain the concept of warehouse operations and their role in supply
chain management.

2. Describe the steps involved in inbound warehouse operations.
3. Discuss the process and importance of outbound operations in warehouses.
4. Compare different order picking methods used in warehouses.

5. Explain various storage systems used to improve order picking efficiency.

Assignments

1. Visitaretail store or small warehouse and observe how goods are received
and stored. Write a short report on the.dinboundyprocess:

2. Analyse how e-commerce companies like'Amazon or Flipkart manage
outbound operations and fast delivery systems.

3. Prepare a diagram explaiming the flow of goods in warehouse operations
from receiving to shipping.

4. Compare piece picking and batch picking methods with suitable
examples.

5. Designga simple warehouse layout for a small online retail business
showing storage areas; picking zones, and dispatch sections.
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Unit —@

Warehouse Efficiency and Improvement
Techniques

Learning Outcomes

After completing this unit, the learners will be able to:

¢ explain the concept and importance of warehouse efficiency and
productivity

¢ identify key performance indicators used to measure warehouse
performance

¢ analyse techniques used to improve warehouse efficiency and operational
effectiveness

0 describe the importance of workforce planming, training, and safety in
warehouse operations

Prerequisite

Consider a large distribution centséthat supplies medicines and healthcare prod-
ucts to hospitals and pharmaeies across different regions. Every day, thousands of
products must be re€eived, stored, picked, packed, and dispatched within specific
time limits. Whefi an urgent.erder for medicines is received, warehouse employees
must locate the required products quickly, verify the quantities and batch details,
pack them properly, and send them for transportation. If the warehouse operates
efficiently, orders can beprocessed accurately and delivered on time. However,
poor storage arrangements, inadequate staffing, inefficient procedures, or inaccu-
rate inventory records can result in delays, errors, and increased operating costs.

This example demonstrates the importance of warehouse efficiency in modern
supply chains. An efficient warehouse makes effective use of space, equipment,
technology, time, and human resources while maintaining accuracy and service
quality. Warehouse performance can be improved through appropriate layout
design, modern technologies, employee training, effective workforce planning, and
regular measurement of productivity indicators. This unit introduces the concept
of warehouse efficiency and explains various methods of measuring warehouse
productivity, techniques for improving operational performance, and the impor-
tance of workforce planning and development. Understanding these aspects helps
learners appreciate how efficient warehouse management contributes to faster
order fulfilment, cost reduction, operational accuracy, and customer satisfaction.
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Warehouse efficiency, key performance indicators, inventory turnover, warehouse
productivity, workforce management

Discussion

4.2.1 Warehouse Efficiency

A large warehouse that stores products for an online retail company. Every day,
trucks deliver goods to the warehouse where workers unload them, record them in
the inventory system, and place them in storage locations. When customers place
orders online, workers quickly locate the items, pick them fiom the shelves, pack them,
and send them to the shipping area for delivery. If the warehouse is well organised
and supported by appropriate technologies such as_barcode scammers and warehouse
management systems, tasks can be completed more, efficiently| with fewer errors.
However, if the warehouse is poorly organised, workers, may spend too much time
searching for products, making errors or moving goods,unnecessarily. The ability of the
warehouse to perform these operations quickly, accurately, and with minimal waste of
time or resources is called warehouse efficiency.

Warehouses play a central role in‘supply chainsgfacting as the place where goods
are received, stored organised4 and prepated for distribution to customers or retailers.
Efficient warehouse operations ensurethat products move smoothly through the facility
and reach customers quickly. Warehouse efficiency refers to performing operations with
minimal waste of tinie, space, andytesoutces, while productivity measures the output
generated from these resourees. Efficient warehouses manage people, technology,
equipment, and processes cffectively so that goods can flow smoothly from receiving
to storage order picking, packing, and shipping.

In addition to efficiency organisations also focus on warehouse productivity.
Productivity measures the amount of output generated from available resources such as
labour, warehouse space, equipment, and technology. For example, productivity may
be measured by the number of orders processed per worker or the number of packages
shipped per hour.

Improving warehouse efficiency and productivity is important because it helps
companies:

1. Reduce operational costs
ii. Improve order accuracy
iii. Deliver products faster

iv. Increase customer satisfaction
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Companies continuously measure warehouse performance using indicators such as
order processing time, inventory accuracy, picking speed, and labour productivity.

Example: A well-known example of warehouse efficiency can be seen in the
operations of Amazon. The company operates large fulfilment centres that process
millions of orders every day using advanced technologies such as robots, automated
storage systems, and artificial intelligence. These robots assist in moving shelves and
transporting products to workers, improving speed and efficiency in order processing.
Amazon’s highly automated warehouses demonstrate how technology and efficient
management practices can increase productivity, reduce errors, and enable fast delivery
services such as same-day or next-day shipping.

4.2.2 Measuring Warehouse Efficiency and Productivity

A large warehouse that supplies products to supermarkets and online customers.
Every day, hundreds of orders are received, picked, packed, and shipped. To ensure
that operations run smoothly, the warehouse manager fegularly checks important
performance indicators such as how quickly orders are processed, whether customers
receive the correct products, and how efficiently warehouse space and labour are used.
If the manager notices that orders are taking too longto process or that workers are
making frequent picking errors, improvementsseanysbe made in storage layout, staffing
or technology. This process of evaluatingéwarehouse performance using measurable
indicators is known as measuring warehouse efficiency and productivity.

To improve warehouse operations, managers must measure performance using
specific indicators and metrics. These measurementshelp identify strengths, weaknesses,
and areas where operational improvemeénts, are needed. In warehouse management,
performance is commonly evaluated using Key Performance Indicators (KPIs) and
cost-based performancegmeasures. These tools allow managers to monitor efficiency,
reduce operational ¢osts, and improvescustomer service.

4.2.2.1 Key Performance Indicators (KPIs)

A warehouse that progessés hundreds of customer orders every day. The warehouse
manager wants to know whether the operations are running efficiently, so they track
several important measurements, such as how many orders are delivered without
mistakes, how long it takes to process an order, and how many items each worker
handles in an hour. By regularly monitoring these numbers, the manager can identify
problems such as slow order processing or frequent picking errors and take corrective
action. Key Performance Indicators (KPIs) are measurable values used to evaluate how
effectively a warehouse performs its operations. They help managers track productivity,
accuracy, and speed of warehouse processes. The following are the major indicators.

1. Order Accuracy Rate

A warehouse that processes 500 customer orders in a day. Each order contains
different products that must be picked, packed, and shipped correctly. If the warehouse
workers send the wrong product, incorrect quantity or miss an item in the package, the
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customer may return the order or make a complaint. By checking how many orders
are delivered correctly without any mistakes, the warehouse manager can evaluate the
performance of the order fulfilment process. This measure, which shows the percentage
of orders delivered accurately, is called the order accuracy rate. This indicator measures
the percentage of customer orders delivered without mistakes, such as incorrect items
or quantities.

1. High-order accuracy indicates reliable warehouse operations.
i1. Low accuracy may lead to customer complaints and product returns.

Example: If a warehouse processes 1,000 orders in a day and 980 are delivered
correctly, the order accuracy rate is 98%.

2. Order Cycle Time

A customer places an online order for a pair of shoes from a retail warehouse. As
soon as the order is received, the warehouse system sends the order details to workers
who locate the shoes on the shelf, pick them, pack them i 'a box, and prepare the
package for shipment. The total time taken from the moment the order is received
until the package is dispatched for delivery is measured by the warehouse manager
to evaluate operational speed. This total processing time,is known as the order cycle
time. Order cycle time refers to the total timé from receiving,ascuistomer order to final
delivery or dispatch, depending on the measurement seope. This includes:

i.  Order processing

ii.  Order picking

iii.  Packing

iv.  Shipping preparation

A shorter order Cycle time/means faster service and improved customer satisfaction.
3. Inventory Turnover

A warehouse that storés'packaged food products for supermarkets. If these products
are sold and replaced with new stock many times during the year, it means the goods
are moving quickly through the warehouse. However, if the products remain in storage
for a long time without being sold or used, they occupy space and may become outdated
or expired. By measuring how often the inventory is sold or used and replaced within
a certain period, managers can evaluate how efficiently stock is being managed. This
measure 1s known as inventory turnover. Inventory turnover measures how frequently
inventory is sold or used within a period, typically calculated as the ratio of cost of
goods sold to average inventory.

High inventory turnover indicates:
¢ Strong product demand

¢ Efficient inventory management
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Low turnover may indicate excess stock or slow-moving products.
4. Space Utilisation

A warehouse that stores thousands of products such as boxes of electronics and
packaged goods. If the warehouse only stores items on the floor and leaves large empty
spaces, much of the available storage area remains unused. To make better use of the
space, the warehouse installs tall storage racks and organises products efficiently so
more goods can be stored in the same area. By measuring how effectively the available
warehouse space is used for storing products, managers can evaluate the efficiency
of the storage layout. This measure is known as space utilisation. Space utilisation
measures how effectively warehouse space is used, considering both floor area and
vertical storage capacity.

Efficient space usage allows warehouses to:
¢ Store more products
¢ Reduce congestion
0 Improve operational flow

For example, using vertical pallet racks can_increase storage capacity without
expanding the warehouse building.

5. Labour Productivity

A warehouse where several werkers are, respomsible for picking and packing
customer orders. If one worker 1s able to, pick“and pack 120 items in an hour while
another worker processes only 70 items‘in the same time, the first worker is considered
more productive. By measuring how many units orders or tasks each worker completes
within a specific timegpetiod, warchousedmnanagers can evaluate employee efficiency
and identify areas for improvement. “This measure of the amount of work produced by
each worker is known asdabour productivity. Labour productivity measures output per
labour unit, such as ttems picked orders processed or value handled per worker within
a specific time period.

Improving labour productivity helps warehouses:
¢ Reduce labour costs
0 Increase operational efficiency

Example: A worker who processes 120 units per hour is more productive than one who
processes 80 units per hour.

4.2.2.2 Cost-Based Performance Measures

Besides operational KPIs, warehouse efficiency is also evaluated through cost-based
performance measures. These measures help managers understand how much it costs
to operate the warehouse.
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1. Cost per Order Processed

A warehouse that receives hundreds of customer orders every day. To process each
order, the warehouse must use resources such as worker time for picking and packing,
packaging materials like boxes and labels, and equipment such as forklifts and conveyor
systems. When the warehouse manager calculates the total operational expenses
involved in processing these orders and divides them by the number of orders handled,
they can determine the average cost required to process one order. This measure of the
total expense involved in handling a single customer order is known as the cost per
order processed. This measure calculates the average cost per order by allocating total
operational expenses across the number of orders processed. It includes labour costs,
packaging materials, equipment usage, and administrative expenses. Reducing the cost
per order improves profitability.

2. Cost per Unit Stored

A warehouse that stores thousands of products such as castons of packaged food and
electronic items. To keep these products in storage, the warchouse must pay for space,
electricity, equipment, and labour used to manage the inventoryaIf the total monthly
warehouse operating cost is calculated and divided by the number of units stored during
that period, managers can determine how much it costs'to store each individual item.
The average cost required to store one unit ofproduct,in thewarehouse is known as the
cost per unit stored. This indicator measurgs the averageicost of storing each unit over a
period, considering storage duration, space usage, and operational expenses.

It includes costs such as:

¢ Warehouse space

¢ Storage equipment

¢ Utilities anddmaintenance
Efficient storage systems and better inventory planning can reduce this cost.
3. Transportation and Handling Cost

A warehouse that receives products from suppliers and later sends them to retail stores
or customers. Workers use forklifts, pallet jacks, and conveyor belts to move goods inside
the warehouse, while trucks are used to transport the products to different locations. All
the expenses related to loading, unloading, moving goods within the warehouse, and
delivering them to their destination are carefully calculated by the warehouse manager.
These expenses together are known as transportation and handling cost. This refers
to expenses involved in internal material handling and external transportation, which
may be managed within warehouse or logistics operations depending on organisational
structure.

Examples include:

¢ forklift operation costs
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¢ loading and unloading expenses
¢ fuel and transportation charges

Reducing unnecessary movement and improving logistics planning can significantly
lower these costs.

Managerial Importance

Based on KPI and cost analysis, warehouse managers take corrective actions such
as:

i. Improve workflow and storage layout: Improving workflow and storage
layout involves organizing warehouse space so that goods move smoothly from
receiving to storage, picking, packing, and shipping areas. A well-planned layout
reduces unnecessary travel time for workers and equipment, which increases
efficiency and speeds up order processing.

ii. Adopt new technologies such as automation and warehouse management
systems: Using technologies such as automation, barcode scanners, and
Warehouse Management Systems (WMS) hélps track inventory accurately and
manage warehouse operations more efficiently, These systems reduce manual
errors, improve real-time visibility ofsstockiyand speed up processes like order
picking and inventory tracking.

iii. Optimise workforce allocation: Optimising workforce allocation means
assigning the right number.ef, workers to différent warehouse tasks based on
workload and demand.Proper workforee planning ensures that tasks such as
receiving, picking, and packingfare eompleted efficiently without overstaffing
or delays.

iv. Reduce operational costs whileimaintaining high service quality: Warehouse
managers aim to reduice, costs related to labour, storage, transportation, and
equipment ‘without affecting customer service. By improving processes and
using efficient systemss companies can lower operating expenses while still
delivering ordersdecurately and on time.

Measuring warehouse efficiency and productivity involves using performance
indicators such as order accuracy order cycle time, inventory turnover, space
utilisation, and labour productivity, as well as cost-based measures like cost per order
and transportation cost. These measurements help managers evaluate warehouse
performance and make informed decisions to improve efficiency and reduce operational
costs.

4.2.2.3 Service-Level Measures

A warehouse that supplies products to retail stores and online customers. Every day,
the warehouse receives many orders that must be picked, packed, and shipped quickly.
The warehouse manager carefully monitors whether orders are delivered on time,
whether customers receive the complete order, and how often products are returned
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due to damage or mistakes. If deliveries are delayed or customers frequently return
products, it indicates problems in warehouse operations. Measuring these customer-
focused outcomes helps the company understand how well the warehouse is serving its
customers. These performance indicators are known as service level measures.

Service level measures are customer-focused KPIs that evaluate how effectively a
warehouse meets service expectations in terms of delivery reliability order accuracy,
and product condition. High service levels indicate that the warehouse is operating
efficiently and providing good customer service.

Common Service Level Indicators

i.  On-time delivery rate : This measures the percentage of orders delivered to
customers within the promised delivery time. A high on-time delivery rate
indicates efficient order processing and logistics coordination.

ii. Order fulfillment rate : This indicator measures the percentage of customer
orders that are completed and shipped without shertages or missing items. A
high fulfillment rate shows that the warehouse maintains sufficient inventory
and efficient picking processes.

ili. Return or damage rate : This measures how often customers return products
due to errors in picking, handling, packaging,or other supply chain factors. A
lower return rate indicates better warehouse handling, packaging, and quality
control.

High service levels reflect effeetive ‘warchous€ management, accurate order
processing, and reliable delivery performance.

4.2.2.4 Techniques for Improving Warehouse Efficiency

Consider a largeswarchouse thatgiss€xperiencing delays in order processing and
frequent picking errors. Tesiffiprove efficiency, the warehouse manager reorganises
the storage layout sosthat frequently ordered items are stored near the dispatch area.
The warehouse also introducesdarcode scanning and warehouse management software
to track inventory accurately. Workers follow standardised procedures for picking,
packing, and shipping orders. Over time, these improvements reduce travel time,
minimise mistakes, and increase the speed of warehouse operations. Such strategies are
known as techniques for improving warehouse efficiency.

The selection of improvement techniques should consider cost, scale of operations,
and return on investment to ensure economic feasibility.

1. Warehouse Layout Optimisation

A well-designed warehouse layout improves operational efficiency by reducing
unnecessary movement of workers and equipment. Key practices include:

1. Designing clear aisles and logical storage locations so workers can easily locate
products.
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i1.  Placing fast-moving items near dispatch areas to reduce picking time.

iii. Minimising travel distance for workers, forklifts, and other equipment.
Proper layout planning helps increase productivity and reduce operational delays.
2. Use of Technology and Automation

Modern warehouses use advanced technologies to improve accuracy and efficiency.
Examples include:

1. Barcode and RFID tracking systems that provide real-time visibility of inventory
movement.

ii. Warehouse Management Systems (WMS) that plan and control warehouse
operations such as receiving, storage, and order picking.

iii. Automated Storage and Retrieval Systems (AS/RS)sand conveyor systems that
automatically move and retrieve products.

Technology reduces manual errors, improves iawentory accuracy, and speeds up
warehouse processes.

3. Inventory Optimisation Techniques

Efficient inventory management ensures that the right products are available at the
right time without excessive stock.

Important techniques include:

i.  ABC classification: Products are classified into categories (A, B, and C) based
on their value and.importance. High-value or high-impact items receive greater
attention and control basedsen’their contribution to revenue or operational
importance.

ii. Safety stock planning:/Maintaining a minimum level of inventory to prevent
stockouts during unexpected demand or supply delays.

iii. Demand forecasting: Using historical data and market trends to predict future
demand and avoid overstocking or shortages.

These techniques help maintain balanced inventory levels and improve warehouse
efficiency.

4. Process Standardisation and Continuous Improvement
Establishing clear and consistent procedures helps warehouses operate smoothly.
Key approaches include:

1. Standard Operating Procedures (SOPs) for receiving, picking, packing, and
shipping activities.
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ii. Regular performance monitoring using KPIs and operational metrics.

iii. Continuous improvement methods such as Lean management focus on
eliminating waste, improving process flow, and enhancing value delivery.

These practices ensure consistency, reduce operational errors, and improve overall
warehouse performance.

5. Efficient Order Picking Strategies

Since order picking is one of the most time-consuming warehouse activities,
improving picking methods significantly increases efficiency. Common strategies
include:

1. Batch picking, zone picking, and wave picking, which reduce travel time and
improve productivity.

ii.  Pick-to-light systems, where lights guide workers to the correct storage location.

iii.  Voice-picking systems, where workers receive instructions through headsets
while keeping their hands free.

By optimising order picking processes, warechouses ean process orders faster and
reduce operational costs.

Service level measures evaluate how effectively '@ warehouse meets customer
expectations through indicators such as ‘on-time deliyery order fulfilment rate, and
return rate. To improve warehouse efficiency, organisations use techniques such as
layout optimisation, automation technelogy, inventory optimisation, standardised
processes, and efficient picking strategi€s, which together enhance productivity, reduce
costs, and improve customer satisfaction.

4.2.3 Workforce Design and Development for Warehouse
Operations

A large warehouse thatspfocesses hundreds of orders every day. Even though the
warehouse uses machines, barcode scanners, and computers to track goods, skilled
workers are still needed to operate equipment, pick and pack items, and manage
warehouse systems. The warehouse manager plans how many workers are required,
trains them to use equipment safely, and sets performance goals to improve productivity.
Employees are also encouraged to work together and follow safety rules to avoid
accidents. These activities related to planning, training, and managing employees in
warehouse operations are known as workforce design and development.

Although modern warehouses use advanced technologies and automation, human
resources remain a crucial element in warehouse operations. Workers are responsible
for operating machines, handling goods, managing information systems, and ensuring
that orders are processed accurately and efficiently.
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Workforce design and development refers to the process of planning, training,
managing, and supporting employees so they can perform warehouse tasks effectively
and safely. Proper workforce management improves productivity, reduces operational
errors, and ensures smooth warehouse functioning.

1. Workforce Planning

Workforce planning involves determining workforce requirements based on workload
variability, demand fluctuations, and operational complexity. It includes the following:

i. Determining the required number of workers based on workload : Managers
estimate how many employees are needed for activities such as receiving goods
order picking, packing, and shipping.

ii. Balancing permanent and temporary staff during peak seasons : During
busy periods such as holiday seasons or sales events, warehouses may hire
temporary workers to manage increased demand.

Example: E-commerce companies often hire additional warehouse workers during
major online sales or festive shopping seasons to handle the higher volume of orders.

Effective workforce planning ensures that the warehouse has enough staff to meet
operational demands without increasing unnee€ssaty, labour,costst

2. Training and Skill Development

Warehouse employees must receive proper training to perform their tasks efficiently
and safely. Important training areas include:

i. Equipment handling and saféty procedures : Workers must learn how to
safely operate forklifts, pallet jacks, conveyor systems, and other warehouse
equipment.

ii. Use of WMS anddigital tools : Employees are trained to use Warehouse
Management Systems (WMS), barcode scanners, and digital inventory
tracking systems.

iii. Efficient picking, packing, and storage methods : Training helps workers
follow correct procedures for locating items, packing orders securely, and
storing goods properly.

Proper training improves worker productivity, reduces errors, and enhances overall
operational efficiency.

3. Performance Management and Motivation

Effective workforce management also involves monitoring employee performance
and motivating workers to achieve operational goals. Its practices include:

i.  Setting clear productivity targets : Managers establish performance standards
such as the number of orders processed per hour or items picked per shift.
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ii. Providing incentives and recognition : Employees may receive bonuses,
rewards or recognition for high performance and accuracy.

iii. Encouraging teamwork and communication : Strong collaboration between
workers improves coordination in tasks such as picking, packing, and shipping.

Motivated employees are more productive, make fewer errors, and contribute
positively to warehouse efficiency.

4. Workplace Safety and Ergonomics

Warehouse operations often involve physical tasks and heavy equipment, making
workplace safety extremely important. Important safety practices include:

i. Proper lifting techniques and protective equipment : Workers should use
correct lifting methods and wear protective equipment such as gloves, helmets,
and safety shoes.

ii. Safe equipment operation and emergency procedures : Employees must
follow safety guidelines when operating forklifts and other machinery and be
aware of emergency response procedures.

iii. Ergonomic workplace design : Woikstations vand equipment should be
designed to reduce physical straingfatigue, and risk of injury. Maintaining a
safe and comfortable working environment improves employee well-being,
increases productivity, and reduces workplace aceidents.

Workforce design and developiment in warehouse©perations involves planning staft-
ing requirements, providing efmployee training, managing performance, and ensuring
workplace safety. Even in automated warehouses, skilled and motivated workers remain
essential for efficient operationsiand successful supply chain management.

@ Recap D

¢ Warehouse efficiency refers to the ability of a warehouse to perform
operations quickly, accurately, and with minimal waste of resources.

¢ Warehouse productivity measures how effectively resources such as labour,
space, and equipment are used to process orders and manage inventory.

¢ Key Performance Indicators (KPIs) such as order accuracy rate order cycle
time, inventory turnover, space utilisation, and labour productivity help
evaluate warehouse performance.

¢ Cost-based performance measures like cost per order processed, cost per
unit stored, and transportation costs help organisations monitor operational
expenses.
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¢ Improvement techniques such as layout optimisation, automation,
inventory optimisation, and standardised procedures help increase
warehouse efficiency.

O Workforce design and development focuses on workforce planning,
training, performance management, and workplace safety to improve
productivity and reduce errors.

Objective Questions

1. What term describes the ability of a warehouse to perform tasks quickly
and accurately?

2. What indicators are used to measure warehouse performance?

(O8]

Which KPI measures the percentagedef orders delivered without
mistakes?

What is the total time taken fromdeceivingian orderto dispatch called?
Which indicator measures how frequently inventory is sold or used?

What metric measures hewseffectively waréhouse storage space is used?

NS W o

Which indicator measures thehyamount of work completed by each
worker?

ge

What meagstre €alculates the cost involved in processing one order?

9.  Which [indicater” measures whether orders are delivered within the
promised tifhe?

10. What system is;uséd to digitally manage warehouse operations?
11. Which technique classifies products based on value and importance?

12. What process involves planning and managing warehouse employees?

Answers

1. Warehouse efficiency

2. Performance indicators
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Order accuracy
Order cycle time
Inventory turnover
Space utilisation
Labour productivity
Cost per order

On-time delivery

. Warehouse Management System
. ABC classification

. Workforce planning

Self - Assessment Questions

Explain the concept of warehouse efficiency and its importance in supply
chain management.

Discuss the key performancegindicators used to measure warehouse
performance.

Explain cost-based petformance measures used in warehouse operations.
Describefdechniques,used to improve warehouse efficiency.

Discuss theiimportance of workforce design and development in warehouse
operations.

Assignments

O
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Study the warehouse operations of an e-commerce company and identify
the techniques used to improve warehouse efficiency.

Prepare a report explaining different Key Performance Indicators (KPIs)
used to measure warehouse productivity.

Design a simple warehouse layout that improves efficiency by reducing
travel distance and improving storage organisation.
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4. Analyse the role of technology such as barcode scanning, RFID, and
Warehouse Management Systems in improving warehouse operations.

5. Conduct a case study on how workforce training and safety practices
improve productivity in warehouse operations.
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Unit —@

Warehouse Safety and Hazardous
Material Handling

Learning Outcomes

After completing this unit, the learners will be able to:

¢ explain the concept and importance of warehouse safety in logistics
operations

¢ identify common hazards and safety management practices in warehouses

¢ describe the procedures for identifying and handling hazardous materials

¢ explain the role of personal protective equipment (PPE) in workplace
safety

Prerequisite

Consider a large food distributionfwarehouse where workers handle thousands
of cartons, refrigerated products, cleaning materials, and packaged food items
every day. Employees use pallet trucks, conveyor systems, ladders, and other
equipment to move goods between receiving, storage, and dispatch areas. During
a busy shift, a workeraniay aceidentally leave a carton in a passageway, creating a
tripping hazard, while another employee may improperly lift a heavy box and risk
injury. At the same time, afdamaged container of cleaning chemicals could leak
and create an additional safety hazard if it is not identified and handled properly.

Such situations demonstrate the importance of maintaining safety in warehouse
operations. Warehouses involve the continuous movement and handling of people,
equipment, and materials, making proper safety practices essential for preventing
accidents and injuries. Effective warehouse safety management includes identify-
ing potential hazards, following appropriate safety rules and procedures, handling
hazardous materials carefully, maintaining clean and organised work areas, and
providing suitable personal protective equipment (PPE). This unit introduces the
importance of warehouse safety, methods of identifying and managing hazards,
safe handling procedures for hazardous materials, essential workplace safety prac-
tices, and the role of PPE in protecting workers. Understanding these concepts
enables learners to appreciate how a strong safety culture contributes to a secure,
efficient, and productive warehouse environment.
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Warehouse safety, hazardous materials, personal protective equipment, safety
management, hazard identification

Discussion

4.3.1 Warehouse Safety

A large warehouse where hundreds of packages arrive every hour. Workers are
moving goods using forklifts, others are stacking products on high shelves, and some
employees are packing orders for delivery. One worker climbs a ladder to place a box
on a high rack. At the same time, a forklift driver moves quickly through the aisle. The
floor is slightly wet because of a leaking container, and another'worker carrying a heavy
load slips. Meanwhile, boxes stacked improperly begin to tilt and fall.

In this situation, several hazards appear simultaneously:
¢ Slippery floors can cause workers té fall.
¢ Improper stacking may lead to falling objects.
¢ Fast-moving forklifts mayfcollide with workefs.
¢ Workers lifting heavy fitems may strain their muscles.

Without proper safety,procedures, such‘as clear aisles, forklift training, protective
equipment, and hazard monitoringythése everyday warchouse activities can easily
result in serious ac€idents, SlipSytrips, and falls are among the most common causes of
non-fatal warehouse injuries, while lifting heavy loads often leads to musculoskeletal
disorders such as back injuriesr muscle strain.

Warehouse safety refers to the systematic practices, procedures, and regulations
designed to prevent accidents and protect workers, equipment, and stored goods within
a warehouse environment. It involves identifying potential hazards, implementing
safety measures, and training employees to work safely while performing logistics and
storage operations.

Warehouses are busy operational environments where goods, machinery, vehicles,
and workers interact continuously. Without proper safety measures, accidents such
as falls, collisions, fires or chemical exposure may occur. These incidents not only
harm employees but also cause financial loss, legal issues, and operational disruption.
Therefore, warehouse safety management is an essential responsibility of every
organisation. Modern businesses follow structured safety policies, employee training
programs, and regulatory guidelines to maintain a safe working environment.
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Example:

A well-known example of warehouse safety practices can be seen in the global
e-commerce company Amazon. Amazon operates hundreds of large fulfilment centres
worldwide where thousands of workers interact with robots, conveyor belts, and
automated storage systems.

To improve safety, Amazon introduced a robotic safety vest that protects employees
working near warehouse robots. The vest sends signals that cause nearby robots to slow
down or stop, preventing collisions when workers enter robotic zones. This technology
has been implemented in multiple warechouses to enhance worker safety by preventing
collisions between robots and employees.

In addition, Amazon warehouses implement:
¢ Employee safety training programs
¢ Automated systems to reduce manual lifting
¢ Protective equipment and safety monitoring
¢ Data analysis to identify accident risks

These initiatives demonstrate how modérn otrganisations«use technology and
management systems to enhance warehouge safety.

4.3.2 Warehouse Safety Management

Warehouse Safety Management refefs, to the systematic process of planning,
implementing, monitoring, and imptoving safety practices within a warehouse
environment to prevent accidents and protect workers, goods, and equipment. Since
warehouses involve gonstant movementOf materials, machinery such as forklifts, and
manual labour, they present vasious risks, including slips and falls, equipment collisions,
falling objects, and manual handling injuries. Warehouse safety management addresses
these risks through hazard idenfification, safety training for employees, proper use of
personal protective equipment (PPE), safe storage and stacking procedures, and regular
inspection of equipment and facilities. It also involves following workplace safety
regulations and maintaining emergency preparedness systems such as fire protection
and evacuation plans. By implementing effective warehouse safety management
organisations can reduce workplace injuries, improve operational efficiency, ensure
legal compliance, and create a safer and more productive working environment for
employees. Warehouse safety management typically includes the following process:

1. Hazard Identification
Organisations must identify common warehouse hazards such as:
1. Slips, trips, and falls

1. Forklift collisions
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iii. Improper stacking of materials
iv. Electrical hazards

v.  Chemical exposure

vi. Manual handling injuries

According to safety authorities, the most common warehouse injuries are
musculoskeletal disorders caused by lifting, bending or repetitive movements, and
incidents where workers are struck by vehicles or equipment like forklifts.

2. Safety Training
Employees receive training on:
i.  Proper lifting techniques
ii. Equipment operation (especially forklifts)
iii. Emergency procedures
iv. Use of personal protective equipment (PPE)

Research indicates that structured safety traifiifigyprograms can significantly reduce
workplace injuries

3. Safety Equipment and PPE
Workers may use personal protective Equipment. ineluding:
i.  Helmets
ii. Gloves
iii.  Safety shoe$
iv. Eye protection
v. Reflective jackets

Such equipment reduces the severity of injuries and protects workers from workplace
hazards.

4. Organised Storage and Layout
Warehouse managers ensure:
1. Clear aisles for vehicle movement
ii.  Proper stacking of goods
iii. Warning signs and safety markings

iv. Adequate lighting and ventilation

m SGOU - SLM - B.Com Honours - Materials and Warehouse Management 163

ey et

SREENARAYANAGURU
OPEN UNIVERSITY




Improper stacking or cluttered aisles can create trip hazards and increase the risk of
accidents.

5. Compliance with Safety Regulations

Many countries follow workplace safety standards issued by regulatory bodies such
as the Occupational Safety and Health Administration (OSHA). These standards require
organisations to maintain safe working conditions and provide necessary training and
equipment.

Warehouse safety is a structured approach that ensures safe interactions between
workers, machines, and materials. Through proper training, hazard identification, safety
equipment, and regulatory compliance organisations can significantly reduce accidents
and maintain efficient warehouse operations. Overall, warehouse safety is not just about
preventing injuries; it also improves productivity, employee morale, and organisational
reputation.

4.3.3 Warehouse Safety Rules and Procedures

Warehouse safety rules and procedures are structuted guidelines developed to prevent
workplace accidents and ensure the safe movement, storage, and handling of goods.
Because warehouses involve heavy materialsgmoving vehicles, méchanical equipment,
and large storage racks, clear safety progedures are mecessary to protect employees
and maintain smooth operations. These tules help reduce risks, promote responsible
behaviour among workers, and ensure compliance with occupational safety regulations.

4.3.3.1 General Safety Rales

General safety rules form ‘the basic foundation of warehouse safety management.
These rules focus onJmaintaining,an organized, hazard-free working environment so
that workers can pérform their tasks'safely and efficiently. Common safety practices
followed in warehouses_include:;

a. Keeping floors clean and free from obstacles such as packaging materials, spilled
liquids or loose items that could cause slips and trips. Regular housekeeping
ensures safe movement within the warehouse.

b. Proper stacking and storage of goods so that items do not fall or collapse. Goods
should be stored according to weight limits, size, and stability, with heavier
items placed at lower levels.

c. Clear marking of aisles, exits, and emergency routes using floor markings,
signs, and barriers. This helps workers and equipment operators navigate the
warehouse safely and ensures quick evacuation during emergencies.

d. Safe operation of forklifts and material handling equipment, including
maintaining designated driving lanes and limiting speed to avoid collisions with
workers or structures.
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e. Adequate lighting and ventilation inside the warehouse so workers can clearly
see their surroundings and avoid hazards. Good ventilation also helps control
dust, fumes, and heat.

These measures reduce the chances of slips, trips, collisions, falling objects, and
other common workplace accidents in warehouse environments.

4.3.3.2 Fire Safety Procedures

Warehouses often store large quantities of materials, including flammable or
combustible goods such as chemicals, packaging materials, textiles or fuels, making
fire prevention a critical safety priority. A small fire can quickly spread and cause severe
damage to goods, infrastructure, and employees. The following are safety precautions:

a. Installation of fire alarms, fire extinguishers, and sprinkler systems to detect and
control fires at an early stage.

b. Proper electrical wiring and regular maintenance “of,electrical equipment to
prevent short circuits, overheating or sparks that could trigger fires.

c. Safe storage of flammable materials awayawfrom heat |sources, including
machinery, electrical panels or open flames.

d. Clear emergency evacuation plans/hat guide workers to exits safely in case of
fire.

e. Regular fire drills and empleyee training to ensure workers know how to respond
quickly and calmly durifig emergencies.

Effective fire safety procedures protect both employees and stored goods while
minimising potential financial losses.

4.3.3.3 Equipment andfV¢hicle Safety

Warehouses rely heavily on material handling equipment such as forklifts, conveyors,
pallet jacks, cranes, andpautomated systems to move goods efficiently. However,
improper use of these machines can lead to serious accidents or damage.

To ensure safe operation, equipment and vehicles must be:

a. Regularly inspected and maintained to ensure all mechanical parts are
functioning properly and safely.

b. Operated only by trained and authorised personnel who understand the correct
procedures and safety precautions.

c. Used within safe load limits, preventing overloading that could cause equipment
failure or falling loads.

d. Controlled within safe speed limits, especially in areas where workers are
present.
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e. Equipped with warning signals and safety features, such as horns, lights, and
reversing alarms.

Following these safety rules helps prevent workplace injuries, equipment damage,
and operational delays.

4.3.3.4 Safety Training and Awareness

Safety training and awareness programs are essential to ensure that all employees
understand workplace hazards and know how to follow safety procedures effectively.
Even the best safety policies are ineffective if workers are not properly trained. The
organisations must provide the following:

a. Safety orientation programs for new employees to introduce them to warehouse
safety rules, equipment handling procedures, and emergency guidelines.

b. Periodic training sessions on hazard identification, emergency response, and
safe working practices.

c. Training on the use of personal protective equipment (PPE) such as helmets,
gloves, safety shoes, and reflective vests.

d. Display of warning signs, safety peostersjnand “instruetions throughout the
warehouse to remind employees of'safety precautions.

e. Regular safety meetings and awareness campaigns to encourage employees to
report hazards and follow safespractices.

Continuous training and awareness hélpybuild a strong safety culture, where every
worker actively contributes to maintaifiing a safe and responsible working environment.

4.3.4 Identification and Handling of Hazardous Cargo

Hazardous cargo tefetrs to materials that can pose risks to human health, property or
the environment if they are not stored, transported or handled correctly. These materials
may be flammable, explosive, toxic, corrosive, radioactive or chemically reactive.
Because warehouses often serve as storage and distribution centres for various types of
goods, including industrial chemicals and fuels, identifying and managing hazardous
materials is an important part of warehouse safety management.

Improper handling of hazardous cargo can lead to serious incidents such as fires,
explosions, chemical leaks, poisoning or environmental contamination. Therefore
organisations must follow strict safety procedures, labelling systems, and regulatory
guidelines to ensure that such materials are managed safely.

Examples of hazardous materials stored or transported through warehouses include:
a. Chemicals and industrial solvents used in manufacturing or cleaning processes.

b. Gas cylinders and fuels such as propane, oxygen or compressed gases.
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c. Explosive or flammable materials including certain chemicals, fuels, and
fireworks.

d. Radioactive or biomedical substances used in medical, scientific or industrial
applications.

Proper identification and careful handling of these materials are essential to prevent
accidents and protect workers.

4.3.4.1 Identification of Hazardous Cargo

Before hazardous cargo can be safely stored or transported, it must first be clearly
identified and classified. Proper identification allows warehouse staff, transport workers,
and emergency responders to understand the potential dangers and take appropriate
precautions.

Hazardous goods are identified using several standardised methods:

i.  Warning labels and hazard symbols placed on containers and packages. These
symbols visually indicate the type of danger, such as flammable, toxic, corrosive
or explosive substances.

il.  Safety Data Sheets (SDS), which are defailed decuments that provide information
about the chemical properties of afsubstance, potential hazards, safe handling
procedures, storage conditions, and emergency response measures.

iii. Regulatory classification_systems sueh as thé Globally Harmonized System
(GHS) and UN hazard€lassificatien are“used internationally in transportation
and storage, which categorise hazardous materials into specific hazard classes
based on their risks.

Proper identification ensures thatswarchouse workers know how to handle the
materials safely, what prote€tive,equipment to use, and how to respond effectively in
case of spills, leaks‘orother emergencies.

4.3.4.2 Safe Handling"and Storage Practices

Once hazardous cargo is properly identified organisations must follow strict handling
and storage procedures to minimise risks to workers, facilities, and the environment.
The following are key safety precautions:

a. Storing incompatible chemicals separately, as some substances can react
dangerously when mixed, potentially causing fires, explosions or the release of
toxic gases.

b. Using leak-proof and corrosion-resistant containers to prevent spills and
contamination. Containers should be properly sealed and clearly labelled.

c. Ensuring proper ventilation in storage areas to prevent the buildup of harmful
vapours Or gases.
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d. Limiting access to authorised and trained personnel only, since handling
hazardous materials requires specialised knowledge and safety precautions.

e. Providing appropriate personal protective equipment (PPE) such as gloves,
masks, protective clothing or safety goggles for workers handling hazardous
cargo.

f.  Followingnational and international regulations governing the storage, labelling,
packaging, and transportation of hazardous materials.

By following these safety practices, warehouses can significantly reduce the risk of
health hazards, fires, explosions, and environmental damage, while ensuring the safe
storage and movement of dangerous goods.

4.3.5 Personal Protective Equipment (PPE) in Warehouses

PPE (Personal Protective Equipment) refers to protective clothing, gear or equipment
worn by workers to reduce exposure to workplace hazards‘that could cause injuries or
illnesses. PPE acts as a protective barrier between the workeriand potential dangers
such as falling objects, sharp materials, chemicals, leud noise or meving machinery.

In warehouse environments, PPE is especially important because employees often
handle heavy goods, operate machines like forklifts,;and worksin areas where objects
may fall or equipment may move quickly. Common examples of PPE used in warehouses
include safety helmets (hard hats) to protect the head from falling objects, safety gloves
to prevent cuts or abrasions while handling materials,Steel-toe safety shoes to protect
feet from heavy items, high-visibility reflectiveivests to ensure workers are easily seen
by vehicle operators, and safety gogglesdo protect the eyes from dust or debris.

The use of PPE is usually required under workplace safety regulations, and employers
must provide proper equipment and training to ensure that workers use it correctly. By
wearing appropriate PPE, employees can significantly reduce the risk of workplace
injuries and maintain a safer working environment.

Employers are responsible for providing appropriate PPE and ensuring that workers
are trained in its correct'use, maintenance, and storage. When combined with proper
safety procedures and training, PPE significantly improves workplace safety.

4.3.5.1 Types of PPE Used in Warehouses

Different types of PPE are used in warehouses depending on the nature of the work
and the hazards present. Some common PPE items include:

a. Safety helmets (hard hats) : These protect the head from injuries caused
by falling objects, accidental bumps or impacts from equipment or shelving
structures.

b. Protective gloves : Gloves help protect workers’ hands from cuts, abrasions,
burns or chemical exposure when handling materials, tools or hazardous
substances.
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Safety shoes with steel toes : These shoes protect the feet from heavy items that
may fall during loading, unloading or stacking operations. They also provide a
better grip to prevent slipping.

High-visibility jackets or vests : These reflective garments make workers
easily visible to forklift operators and other vehicle drivers, especially in busy
warehouse areas.

Eye protection goggles and face shields : These protect the eyes and face from
dust, flying particles, sparks or chemical splashes.

Respiratory masks or respirators : These are used in dusty environments or
when handling chemicals to prevent inhalation of harmful particles, fumes or
vapours.

Using the appropriate PPE helps reduce exposure to workplace hazards and protects
workers during daily warehouse operations.

4.3.5.2 Importance of Proper PPE Usage

The effectiveness of PPE depends not only on its‘availability but also on its correct
and consistent use by employees. Proper PPE usage is essential for maintaining a safe
working environment. Correct use of PPE helps to:

a.

Prevent workplace injuries and health problems by protecting workers from
physical, chemical, and environmental hazards,

Ensure compliance with safety regulations and workplace standards, which
require organisations to providedprotective equipment and enforce its use.

Improve employee confidence and productivity, as workers feel safer and more
secure whengproper safety measures are in place.

Reduce medical«€osts and workplace accidents, helping organisations avoid
operational disruptions and financial losses.

Employers must ensure that suitable PPE is provided, properly maintained, and
replaced when damaged. At the same time, employees have the responsibility to wear
PPE correctly, inspect it before use, and follow safety instructions.

Together, these practices help create a safer warehouse environment and contribute
to the overall effectiveness of workplace safety management.
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® Recap

¢ Warehouse safety refers to the policies, procedures, and practices designed
to prevent workplace accidents and protect workers, goods, and equipment.

¢ Warehouse safety management involves identifying hazards, providing
safety training, using protective equipment, and following safety regulations
to reduce workplace risks.

¢ Safety rules and procedures such as proper stacking, clean floors, safe
equipment operation, and fire safety measures help maintain a safe working
environment.

¢ Hazardous materials handling requires proper identification using labels
and Safety Data Sheets (SDS), along with safe storage and handling
practices to prevent accidents.

¢ Personal Protective Equipment (PPE) such.as helmets, gloves, safety shoes,
reflective jackets, and goggles protect workers,from injuries and workplace
hazards.

Objective Questions

1.  What term refers to practices'used to prevent accidents in warehouses?

2. Which processtinvolves,identifying potential workplace risks?

W

What do€ument provides information about chemical hazards and safety
procedures?

he

Which equipment is‘fecommonly used to move heavy goods in warehouses?
What type of injury is commonly caused by lifting heavy loads repeatedly?
Which organisation issues workplace safety standards in the United States?
What type of materials can cause fire, explosion or chemical hazards?

What abbreviation is used for protective gear worn by workers?

2 @ =T &

Which safety practice ensures workers can quickly exit during emergencies?
10. Which equipment protects workers’ heads from falling objects?
11. What type of vest helps workers remain visible to vehicle operators?

12. Which document provides emergency and handling information for
hazardous chemicals?
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Answers

1.  Warehouse safety
Hazard identification
Safety Data Sheet
Forklift truck

2

3

4

5. Musculoskeletal disorders
6. Occupational Safety and Health Administration (OSHA)
7. Hazardous materials

8. Personal protective equipment

9. Emergency evacuation plan

10. Safety helmet

11. Reflective vest

12. Safety Data Sheet

Self - Assessment Questions

1. Explain(the con€ept of warechouse safety and its importance in logistics
operations.

2. Discuss the roleefwarchouse safety management in preventing workplace
accidents.

3. Describe general safety rules and procedures followed in warehouse
environments.

4. Explain how hazardous materials are identified and safely handled in
warehouses.

5. Discuss the importance of Personal Protective Equipment (PPE) in
maintaining workplace safety.
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Assignments

Visit a warehouse or logistics facility and observe the safety practices
implemented to prevent workplace accidents. Prepare a report on your
observations.

Prepare a case study explaining how safety training programs help reduce
workplace injuries in warehouse operations.

Identify different types of hazardous materials used in industries and
explain their safe storage and handling procedures.

Create a safety awareness poster highlighting the importance of PPE in
warehouse operations.

Analyse how modern technologies such as sensots, automated systems,
and safety monitoring tools help improve warehouseisafety.
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Unit —@

Warehouse Location Selection and
Site Analysis

Learning Outcomes

After completing this unit, the learners will be able to:

¢ explain the concept and importance of warehouse location selection in
supply chain management

¢ 1dentify the major factors influencing warehouse lecation decisions

¢ analyse macro-level considerations such as regienal demand and
transportation networks for site selection

¢ comprehend the role of computer-based models,and scientific planning in
selecting optimal warehouse locations

Prerequisite

Consider a dairy company that suppli€s milk, curd, butter, and other dairy prod-
ucts to supermarkets and retail outlets across several districts. Since many of these
products are perishablegitheyymust reach customers and retailers quickly while
maintaining properitemperature conditions. If the company’s warehouse is located
far from major markets or hias poor access to roads and transportation facilities,
delivery times may increase and transportation costs may rise. Frequent delays can
also affect product quality and result in wastage. To overcome these challenges,
the company may consider establishing a distribution warehouse close to major
consumption centres, well-connected roads, and reliable transportation facilities.
A suitable location can help the company reduce delivery time, control transporta-
tion costs, and maintain product quality.

This example highlights why warehouse location selection is an important
strategic decision in logistics and supply chain management. Organisations must
consider several factors before selecting a warehouse site, including proximity
to markets and suppliers, transportation facilities, availability of infrastructure,
operating costs, labour availability, demand patterns, and potential risks. This unit
introduces the principles and factors involved in warehouse location selection and
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explains how analytical approaches can assist managers in comparing alternative
locations. Understanding these concepts enables learners to appreciate how an
appropriate warehouse location can improve distribution efficiency, reduce logis-
tics costs, minimise delivery time, and enhance customer satisfaction.

Warehouse location, logistics infrastructure, transportation network, macro-level
analysis, supply chain efficiency

Discussion

5.1.1 Warehouse Location Selection

Consider an e-commerce company that sells.electronies,across Andia.. The company
initially operates a single warehouse located far fromnits major customer markets. As
order volumes increase, deliveries take 5—6 days, and transportation costs become
very high. Customer dissatisfaction increases due to delayed deliveries. The company
decides to analyse its distribution_network and establish warehouses closer to major
demand centres such as Mumbat, Delhi, and “Béfigaluru. The new location is near a
national highway and a major‘airport, allowing trucks and cargo flights to move goods
quickly. As a result:

a. Delivery timededuces from,5—6.days to 1-2 days.
b. Transportation costs'dectease because goods travel shorter distances.
c. Customer satisfaction improves due to faster service.

d. Inventory repleniShment from suppliers becomes easier.

This example shows how the choice of warehouse location directly influences
logistics performance, costs, and service levels. A poorly chosen location increases
operating costs and delays deliveries, while a strategic location improves efficiency
across the supply chain.

Warehouse location selection refers to the strategic process of determining the
most suitable geographic site for establishing a warehouse or distribution center so
that transportation costs, operational expenses, and delivery times are minimised
while service levels are maximised. This decision is strategically important because
relocating a warehouse involves significant financial and operational costs.. Therefore
organisations carefully evaluate multiple economic, infrastructural, and logistical
factors before choosing a location.
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A strategically located warehouse helps organisations achieve the following
objectives:

i.  Reduce transportation and distribution costs
ii. Improve delivery speed and customer service
iii. Ensure smooth flow of goods from suppliers to customers

iv. Increase overall supply chain efficiency

Modern businesses use a combination of managerial judgment and quantitative
analysis methods (such as network optimisation models and centre-of-gravity analysis)
to identify optimal locations for warehouses.

One of the best examples of strategic warehouse location planning is Amazon. The
company operates hundreds of fulfilment centres worldwide, each located strategically
near major urban markets and transportation networks.

For example:

a. Amazon places fulfilment centres near large population hubs to enable same-
day or next-day delivery.

b. Many warehouses are located near airpostsshighways, anddogistics corridors to
speed up transportation.

c. The company uses advanced data analytics and demand forecasting to determine
the most efficient locations for new: warehouses.

This strategy allows Amazon to maintain fast delivery speeds while keeping logistics
costs under control, providing the comipany,with a strong competitive advantage in
e-commerce logistics.

In summary, warehouse location¥selection is a critical logistics decision that
affects transportation costgdelivery efficiency, operational performance, and customer
satisfaction. By carefully analysing factors such as market proximity, infrastructure,
labour availability, costs, and regulatory environment, companies can design an
effective distribution network that supports long-term supply chain success.

5.1.2 Factors Influencing Warehouse Location Selection

Warehouse location decisions are influenced by several economic, operational, and
environmental factors. Since warehouses form a critical link between production and
consumption, selecting the right location helps organisations reduce logistics costs,
improve delivery performance, and enhance supply chain efficiency. The following
factors play a major role in determining the suitability of a warehouse location.

1. Proximity to Markets and Customers

One of the most important considerations in warehouse location selection is the
distance between the warehouse and the customer market. Warehouses located near
major demand centres allow companies to distribute goods more quickly and efficiently.
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When warehouses are situated near customers organisations benefit in several ways:
1. Reduced delivery time, enabling faster order fulfilment
ii. Lower transportation costs, especially for last-mile delivery
iii. Reduced risk of delays due to shorter travel distances

iv. Improved customer satisfaction through faster service

This factor has become increasingly important with the growth of e-commerce and
online retail, where customers expect same-day or next-day delivery. It is also critical
for industries dealing with perishable products such as food, pharmaceuticals, and
flowers, where quick delivery is necessary to maintain product quality. For example,
major e-commerce companies often establish regional distribution centers near large
metropolitan areas so that products can be delivered within a few hours of ordering.

2. Proximity to Suppliers and Production Centers

Another important factor is the distance between the watehouse and suppliers or
manufacturing facilities. Locating warehouses near production, centres or supplier
clusters improves coordination and reduces inboundflogistics costs.

Key advantages include:
i.  Faster replenishment of inventory, @nsuring that'stock levels remain stable

ii. Lower inbound transportation costs when raw materials or finished goods travel
shorter distances

iii. Better coordination with produ€tion schedules, allowing smoother flow of
goods from factories to warehouses

For manufacturing@©ompanies, warchetises located close to production units function
as buffer storage, helping maintain a continuous supply of goods for distribution. For
instance, automobile manufacturers often build warehouses close to their assembly
plants so that spare parts and finished vehicles can be stored and distributed efficiently.

3. Transportation and Connectivity

Efficient transportation infrastructure is essential for the success of warehouse
operations. Warehouses must be located in areas with strong connectivity through road,
rail, air or sea transport.

Good transportation access provides several benefits:
1. Faster movement of goods between suppliers, warehouses, and customers
ii. Reduced logistics and freight costs
iii.  Greater flexibility in choosing transport modes

iv. Improved reliability in delivery schedules

Locations with multimodal connectivity where road, rail, ports, and airports are

178 SGOU - SLM - B.Com Honours - Materials and Warehouse Management $

SREENARAYANAGURU
OPEN UNIVERSITY



all accessible are especially valuable. Such locations allow companies to select the
most efficient and cost-effective transport method for different types of shipments.
For example, warehouses near major highways, railway freight corridors, seaports or
international airports allow faster distribution both domestically and internationally.

4. Cost of Land, Labour, and Utilities

The total cost of establishing and operating a warehouse is a major factor influencing
location decisions. Organisations carefully analyse the economic feasibility of potential
sites by evaluating several cost components.

Important cost considerations include:
i.  Land cost and availability for building warehouses
ii.  Construction or rental cost of warehouse buildings
iii. Availability and cost of labour, including skilled and unskilled workers

iv. Utility expenses, such as electricity, water, fuel, and ' maintenance

Locations with lower operating costs can significantly improveé,a company’s long-
term profitability and competitiveness. However, businesses must balance low costs
with operational efficiency. Sometimes slightly higher costs are aceéepted if the location
provides better infrastructure or faster market access.

5. Government Policies and Regulations

Government policies and regulatory frameworks strongly influence warehouse
location decisions. Governments oftengintroduce policies to encourage logistics
development and attract investment.

Important policy factorssdinclude:
i.  Tax incentiyes and subsidies for logistics operations
ii.  Special econemic zones (SEZs) and industrial parks
iii. Customs regulations«and trade policies
iv. Environmental regulations and zoning laws

Many countries have developed logistics parks, free trade zones, and dedicated freight
corridors to improve supply chain infrastructure and attract warehouse investments. For
example, governments may provide tax benefits or reduced land prices in designated
industrial zones to encourage companies to establish distribution centers there.

6. Infrastructure and Technology Availability

Modern warehouse operations rely heavily on advanced logistics technologies
and infrastructure. Therefore, the selected location must support efficient digital and
physical operations.

Important infrastructure requirements include:
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1. Reliable electricity supply for automated systems and equipment
ii. High-speed internet connectivity for digital logistics operations

iii. Availability of logistics service providers such as transportation companies and
freight forwarders

iv. Support for warehouse technologies, including automated storage systems,
barcode scanning, and Warehouse Management Systems (WMS)

Locations with strong infrastructure allow companies to implement automation,
real-time inventory tracking, and digital supply chain management, which significantly
improve operational efficiency.

7. Risk and Safety Considerations

Organisations must also evaluate potential risks associated with a warehouse location
to ensure stable and uninterrupted operations.

Important risk factors include:
1. Natural disasters, such as floods, earthquakes, hurricanes or landslides
ii.  Political stability and regulatory consistency
iii. Security conditions, including theft and vandalism risks
iv. Environmental safety and sustainability concerns

Choosing a location with low risk and strong security measures helps protect
inventory, infrastructure, and/employee$ while ensuring that supply chain operations
continue without disruption.

In conclusion, watehouse location.se€lection depends on a combination of market
accessibility, tran§portationsfinfrastructure, operating costs, government policies,
technological infrastructure, and risk management considerations. Organisations must
carefully evaluate these factors to create an efficient logistics network that supports
both operational efficienéypand long-term business growth.

5.1.3 Macro Level Analysis for Warehouse Site Selection

Macro-level analysis refers to the broad evaluation of regions, countries or large
geographic areas before selecting a specific warehouse site. At this stage organisations
identify the most suitable region for warehouse development by studying market
demand, transportation networks, economic activity, and competitive positioning.

This analysis helps companies narrow down potential areas before conducting a
detailed site-level evaluation.

5.1.3.1 Regional Demand Analysis

Regional demand analysis involves studying market characteristics and consumption
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patterns in different geographic areas. The goal is to identify regions where product
demand is highest and where a warehouse would best support distribution activities.

Organisations typically analyse:
1. Population density and demographic trends
ii. Consumption patterns and purchasing behaviour
iii.  Economic growth and income levels

iv. Market growth potential

Regions with large populations and strong consumer demand are often preferred
because they allow companies to reach more customers efficiently.

For example, companies distributing consumer goods often locate warehouses near
large urban markets where demand is high. By positioning warehouses close to major
markets, firms can reduce delivery times and transportation costs while maintaining
high service levels. Regional demand analysis is particularly important for retail,
e-commerce, and fast-moving consumer goods (FMCG) industties, where demand is
concentrated in urban areas.

5.1.3.2 Transportation Network Analysis

Transportation network analysis examines the availability and quality of logistics
infrastructure in a region. Efficient transpottation systems are essential for the movement
of goods between suppliers, warehouses, andicustomers. Organisations evaluate:

i.  Highway and road networks
ii. Railway freight corridors
iii. Seaports and idland ports

iv. Air cargo facilities

Regions with strong multimedal transportation connectivity are highly suitable for
warehouse developmenteyforiwarehouse development because they offer flexibility in
transportation options and reduce logistics costs. For instance, warehouses located near
major highway intersections or freight corridors allow trucks to move goods quickly
across different regions. Similarly, warehouses near ports or airports are useful for
companies involved in international trade and rapid distribution. Good transportation
infrastructure improves delivery reliability, reduces transit time, and increases supply
chain efficiency.

5.1.3.3 Economic and Industrial Development

Regions with strong economic activity and industrial development are often preferred
for warehouse locations. Such regions generally possess better infrastructure, higher
trade volumes, and well-developed logistics services.

Important indicators of economic and industrial development include:
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i.  Presence of manufacturing clusters
ii. High trade and commercial activity
iii. Availability of logistics parks and industrial zones

iv. Strong transportation and distribution infrastructure

Regions that host multiple industries generate a continuous flow of goods, making
them ideal for warehouse operations. These regions also attract logistics providers,
transportation companies, and supply chain service firms. For example, areas with large
industrial corridors or export processing zones often become important logistics hubs
where warehouses and distribution centers are concentrated.

5.1.3.4 Competitive and Strategic Positioning

Organisations also analyse the location of competitors and distribution networks
when selecting warehouse sites. Understanding competitor strategies helps companies
position their warehouses in locations that provide a competitive advantage.

Key considerations include:
1. Locations of competitors’ warehouses and distribution centers
il.  Service coverage areas of competitor§
iii. Opportunities to provide faster delivery or better service

By strategically positioning wasehouses, compafies can serve markets more
efficiently than competitors afnd capture a larger market share. For example, if
competitors are concentrated in one region,)a company may establish a warehouse in
another strategic location that énables faster delivery to underserved markets. Strategic
positioning helps organisations steengthendheir market presence and improve customer
service performancg.

5.1.4 Computer-Based Models for Warehouse Location Selection

With the increasing complexity of modern supply chains organisations increasingly
rely on computer-based analytical models and optimisation software and software tools
to support warehouse location decisions. These models use mathematical techniques
and data analysis to determine the most efficient distribution network. Computer-based
models help companies evaluate multiple variables simultaneously and identify optimal
warehouse locations based on cost, demand, and service requirements.

5.1.4.1 Need for Computer-Based Models

Traditional decision-making methods often depend heavily on managerial judgment
and past experience. While useful, these methods may fail to capture the complex
relationships between various logistics variables.

Warehouse location decisions involve many interconnected factors, including:
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1. Transportation costs

ii. Demand distribution across markets
iii.  Inventory levels

iv. Service time requirements

v.  Number of warehouses in the network

Analysing all these factors manually can be difficult and time-consuming. Computer
models solve this problem by using mathematical algorithms and large datasets to
evaluate multiple scenarios and identify optimal solutions.

Benefits of computer-based models include:
i.  More accurate decision-making
ii.  Ability to analyze large volumes of data
iii. Identification of cost-efficient distribution networks

iv.  Support for strategic supply chain planning

5.1.4.2 Common Types of Location Models

Several analytical models are used to determine optimal warehouse locations. Some
of the most widely used models include the following:

a. Center of Gravity Method

The Center of Gravity Method is & commonly used technique for determining the
most economical warehouse loeation. It identifies a central point that minimises the
total transportation distance or costibetween the warehouse and its demand points.

This method considers:

¢ Geographic coordinates of customer or demand locations

¢ Shipment volume or transportation cost associated with each location
The Mathematical Equations

The coordinates of the optimal center $(x*, y*)$ are calculated using the following
weighted average formulas:

>
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z*, y*: The coordinates of the proposed new facility.

d;z, d;: The x and y coordinates of existing location . @

w;: The "weight" of location 4. This usually represents the volume of goods moved, the

number of containers, or the frequency of shipments to that specific site. @

n: The total number of existing locations.

By calculating weighted averages organisations can identify cost-efficient warehouse
locations. This method is often used during the initial planning stage of logistics network
design.

b. Transportation and Linear Programming Models

Transportation models and linear programming techniques are mathematical
optimisation methods used to determine the most efficient distribution network.

These models help organisations:

1. Minimise total logistics and transportation costs

ii.  Allocate shipments efficiently between warehouses andscustomers

iii. Determine the optimal number and locations of'warehouses
Linear programming models consides,constraints such‘as:

1. Warehouse capacity

ii.  Transportation cost

iii. Demand requirements

iv. Production‘availability

By solving these mathemati€al problems, companies can design cost-efficient supply
chain networks.

c¢. Simulation and Network Optimisation Software

Modern supply chains use advanced software tools and simulation models to analyse
warehouse location decisions. These tools can simulate various scenarios such as:

¢ Changes in customer demand
¢ Transportation disruptions

¢ Inventory fluctuations

¢ Service level trade-offs

Examples of supply chain network design software include specialised optimisation
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tools used by logistics planners to evaluate different warehouse configurations and
distribution strategies. Simulation allows organisations to test multiple scenarios before
implementing real-world decisions, reducing risk and improving strategic planning.

In summary, macro-level analysis helps organisations identify the most suitable
regions for warechouse development, while computer-based models provide scientific
tools for selecting optimal warehouse locations. Together, these approaches enable
companies to design efficient logistics networks that minimise costs, improve delivery
performance, and enhance supply chain competitiveness.

5.1.4 Importance of Scientific Location Planning in Modern
Supply Chains

In modern supply chains, warehouse location decisions are no longer based only
on intuition or managerial judgment. Organisations increasingly rely on scientific
location planning, which uses data analysis, mathematical.models, and supply chain
optimisation techniques to determine the most efficient locatiens for warehouses and
distribution centers.

Scientific location planning is important because supply chains today operate on a
large scale with complex distribution networksgmultiple supplierss global markets, and
high customer expectations for rapid delivery. Poorlyilocated warehouses can lead to
higher transportation costs, slower deliveries, and inefficient inventory management,
while well-planned locations improve the'overall performance of the supply chain.

1. Lower Transportation and'Distribution Cests

Transportation typically represents ghe of the largest components of logistics costs in
supply chain operations. Scientific location planning helps companies place warehouses
at locations that minimise the distance between suppliers, warehouses, and customers.

By analysing transportation routes, shipment volumes, and demand distribution
organisations can design networks that reduce:

i.  Total travel distaneefor goods
ii.  Fuel consumption and freight charges
iii. Handling and transfer costs

As aresult, companies can significantly lower overall transportation and distribution
expenses, improving profitability and operational efficiency.

2. Faster Delivery and Improved Customer Satisfaction

Modern customers increasingly expect fast, reliable, and convenient delivery
services, especially in sectors such as retail and e-commerce. Scientific location
planning enables organisations to position warehouses strategically near major markets
and transportation hubs.
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This results in:
1. Shorter delivery times
ii. Better service reliability
iii.  Ability to provide same-day or next-day delivery

Faster delivery enhances customer satisfaction and loyalty, which is critical in
competitive industries where customers have many alternative options.

3. Better Inventory Management Across Regions

Scientific warehouse location planning also improves inventory management and
distribution efficiency. When warehouses are strategically located, companies can
distribute inventory more effectively across different regions. The benefits include:

1. Balanced stock levels across warehouses

ii. Reduced risk of stockouts or overstocking

iii. Improved coordination between suppliers, warechouses, andiretail outlets
iv. Efficient replenishment of goods

This leads to better inventory visibility and control, which 1s'essential for maintaining
smooth supply chain operations.

4. Competitive Advantage in Logistics-Intensive Industries

In industries where logisti¢s performance is critical, such as retail, e-commerce,
automotive, and fast-moving consumér goods, efficient warehouse location planning
provides a major competitive \advantage/ Companies with well-designed logistics
networks can:

i.  Deliver products faster than competitors

1.  Operate at lower logisti€s costs

iii. Respond quickly to market demand changes
iv. Expand into new markets more easily

Efficient logistics infrastructure often becomes a key differentiating factor in business
success.

Global retailers and e-commerce companies invest heavily in supply chain analytics
and network design tools to determine optimal warehouse locations. By using advanced
technologies such as data analytics, optimisation models, and demand forecasting, these
companies continuously refine their distribution networks.

For example, Amazon has developed an extensive network of fulfilment centres
strategically located near major urban markets. This allows the company to provide
rapid delivery services while keeping logistics costs under control. Similarly, companies
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like Walmart use sophisticated logistics systems to manage their distribution centres
efficiently.

In conclusion, scientific location planning plays a vital role in modern supply chain
management. By combining data analysis, quantitative models, and strategic planning
organisations can select warehouse locations that minimise costs, improve delivery per-
formance, optimise inventory management, and strengthen their competitive position
in the market.

® Recap

0 Warehouse location selection: It refers to the strategic process of choosing
the most suitable geographic location for a warehouse to minimise logistics
costs and improve delivery efficiency.

¢ Importance of proximity to markets: Warehouses logated near customers
enable faster delivery, lower transportation costs, and improved customer
satisfaction.

¢ Role of infrastructure and connectivityipAccessito highways, railways,
ports, and airports supports efficiént movement of goods across the supply
chain.

0 Macro-level analysis: Organisatiens first{analyse regions based on
demand, economic development, andlogistics networks before selecting
specific sites.

¢ Use of analytical models: Computer-based models such as the center
of gravity nethod andilinearzdprogramming help companies determine
optimal warehousedecations scientifically.

Objective Questions

1. What is the main purpose of warehouse location selection?
2. Which factor focuses on closeness to demand centres?

3. What type of analysis studies large geographic regions before site
selection?

4.  Which model identifies a central location that minimises transportation
cost?

5. What infrastructure element helps goods move quickly between regions?
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Which factor considers land, labour, and utilities expenses?
Which analysis studies population and consumption patterns?
Which factor ensures safety from floods or disasters?

Which connectivity allows transportation through multiple modes?

. Which planning method uses data and mathematical models for decision

making?

. Which factor focuses on policies such as tax incentives and regulations?

Answers

2 L =2 e - oH» R

—_
=]

1.

Logistics efficiency

Market proximity

Macro-level analysis

Center of gravity method

Transportation network

Cost factors

Demand analysis

Computerbased analytical modelsRisk assessment

Multimodal cehnectivity

. Scientific planning

Government policies and regulations

Self - Assessment Questions

Explain the concept and objectives of warehouse location selection.

Discuss the major factors influencing warehouse location decisions.

Explain the role of macro-level analysis in warehouse site selection.
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4.
5.

Describe the importance of transportation networks in logistics planning.

Discuss the importance of scientific location planning in modern supply
chains.

Assignments

Study the logistics network of an e-commerce company and identify the
factors influencing the location of its warehouses.

Select a major Indian city and analyse its suitability as a warehouse hub
based on infrastructure and demand.

Collect information about transportation networks in a region and
evaluate how they affect warehouse location decisions.

Visit a local warehouse or distribution cénter and reportthe factors that
might have influenced its location.

Draw a simple supply chain network for ateétail company and suggest the
best location for its warehouse:
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Unit —@

Warehouse Layout, Equipment, and
Material Handling Systems

Learning Outcomes

After completing this unit, the learners will be able to:

O explain the concept and importance of warehouse layout and material
handling systems

¢ 1identify the key components and principles of effective warehouse layout
design

¢ describe different types of material storage equipment and handling
systems used in warehouses

¢ analyse how the integration of dayout and, handling systems improves
warehouse efficiency and safety

A large supermarket chain recetves hundreds of cartons of groceries every
day, such as rice, bisetiits, beverages, and household items. Trucks arrive early
in the morning, workers unload the cartons, store them on racks, pick items when
stores place orders, pack thém, and finally dispatch them to different outlets. If the
warehouse is properly organised with clear storage zones, wide aisles, racks, and
equipment like forklifts and conveyors, goods move smoothly, and orders are pro-
cessed quickly. But if the layout is poorly designed, workers may struggle to find
products, equipment may block aisles, and delays or accidents can occur.

This simple real-life situation shows why warehouse layout and material han-
dling systems are essential in logistics operations. A well-designed layout ensures
efficient use of space, smooth movement of goods, and improved safety for work-
ers. At the same time, appropriate handling equipment, such as forklifts, convey-
ors, and automated systems, helps reduce manual effort and speed up operations.
In this unit, students will learn how warehouse layout planning, storage equip-
ment, and material handling systems work together to improve warehouse produc-
tivity and supply chain performance.
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Warehouse layout, material handling systems, storage equipment, warehouse
automation, logistics efficiency

Discussion

5.2.1 Warehouse Layout and Material Handling

Consider a large supermarket distribution warehouse. Every morning, trucks arrive
with cartons of groceries such as rice, biscuits, and beverages. Workers unload the
cartons at the receiving dock, then move them to storage racks arranged in clear rows.
When a retail store places an order, employees or automatedanachines pick the required
items, pack them, and send them to the shipping area for delivery. If the warehouse
layout is properly designed, such as wide aisles, clearly marked, storage zones, and
suitable equipment, such as forklifts and conveyors, the goods move smoothly from
receiving — storage — order picking — packing — shipping. Workers spend less time
searching for products, and vehicles move without congestionsHowever, if the layout is
poorly planned, for example, narrow aisles, random storage locations or no designated
zones, workers and machines constantly €ross each other’s paths. This causes delays,
increases labour costs, and may lead to aceidents. This simple illustration shows how
warehouse layout and material¢handling direetlyginfluence efficiency and safety in
logistics operations.

Warehouse layout refers to the planned arrangement of storage areas, aisles, racks,
equipment, and workstations within a warchouse facility. It determines how space is
used and how matetials moye.from one stage of the warehousing process to another.

An effective warehouse layout is designed to ensure:
i.  Efficient use of spaee (both horizontal and vertical)
il.  Smooth flow of materials from receiving to shipping
iii. Easy access to stored goods
iv. Reduced travel time for workers and equipment
v. Improved safety and visibility within the warehouse

Research studies and industry reports show that an optimised layout significantly
improves productivity, reduces operational costs, and shortens order processing times.

Material handling is closely related to warehouse layout and refers to the movement,
storage, control, and protection of materials within a warehouse using equipment such
as forklifts, pallet jacks, conveyors, cranes or automated guided vehicles (AGVs).
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Proper handling systems reduce physical effort, minimise damage to goods, and speed
up warehouse operations.

Example

Amazon operates highly advanced fulfilment centres around the world where
warehouse layout and material handling technologies play a crucial role. These
warehouses use automated robots, conveyor systems, and optimized storage layouts
to move products efficiently. Amazon uses autonomous mobile robots that transport
storage shelves to workers for faster order picking. The integration of intelligent layout
design with automated material handling allows Amazon to process millions of orders
quickly and accurately.

5.2.1.1 Components of an Effective Warehouse Layout
1. Receiving Area

The receiving area is the entry point of goods into the warchouse, where materials
arriving from suppliers are unloaded from trucks or containers. At this stage, items
are checked for quantity, quality, and accuracy against purchaseiorders or delivery
documents. Properly organized receiving areas help prevent bottlenecks and ensure
that damaged or incorrect goods are identifiedbefore they enter storage.

2. Storage Area

The storage area is the section of the warehouse where goods are kept until they are
needed for order fulfilment. Produéts are arranged using storage systems such as pallet
racks, shelves, bins or automated storagéisystems to maximize space utilisation and
maintain organisation. A well-planned(storage area allows quick access to items while
protecting them from damage; less or envitonmental factors.

3. Picking Area

The picking arcansiwhere warchouse staff collect specific products according to
customer orders or inventory requests. Workers use picking lists, handheld scanners or
warehouse management Systems to locate and retrieve the correct items from storage.
Efficient picking areas reduce travel time, minimize errors, and improve the speed of
order processing.

4. Packing Area

The packing area is where picked items are assembled, packed securely, and prepared
for delivery. Workers ensure that the products are placed in suitable packaging materials
to prevent damage during transportation. Labels, invoices, and shipping documents are
also attached at this stage to ensure correct identification and tracking of orders.

5. Shipping Area

The shipping area is the final stage of warehouse operations where packed orders
are sorted and prepared for dispatch. Goods are organized according to delivery routes,
destinations or transport schedules before being loaded onto trucks or other transport
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vehicles. An efficient shipping area ensures timely delivery and smooth coordination
with transportation and logistics systems.

Awell-designed warehouse layout combined with efficient material handling systems
ensures smooth movement of goods, reduces operational costs, improves safety, and
enhances overall warehouse productivity. Because of its direct impact on supply chain
performance, layout planning and handling equipment selection are among the most
important managerial decisions in warehouse management.

5.2.2 Principles of Warehouse Layout Design

Warehouse layout design refers to the systematic arrangement of storage areas, aisles,
equipment, and operational zones to achieve maximum operational efficiency. A well-
planned layout ensures goods move smoothly through the warehouse while minimising
handling time, labour, and operational costs.

The main objective of warehouse layout design is to crgate an environment where
space is used effectively, materials flow efficiently, workers operate safely, and
modern technologies can be integrated easily. The following pring€iples guide effective
warehouse layout planning.

1. Efficient Space Utilisation

Efficient use of space is one of the mgst important principles of warehouse layout
design. Since warehouse space represents a significant operational cost organizations
must maximize the use of available.storage capacity.

Key aspects of efficient spaceitilisationdnelude:

i.  Proper use of both vertical and horizontal space within the warehouse. High
ceilings can befutilised byinstalling tall racks or automated storage systems.

ii. Minimising unused®©r “dead” space, such as empty areas between storage racks
or poorly designed aisles.

iii. Using high-densitysstorage systems such as pallet racking, drive-in racks or
automated storage and retrieval systems (AS/RS) where appropriate.

Efficient space utilisation allows warehouses to store more products within the same
area, reducing the need for additional storage facilities and lowering operational costs.

2. Smooth Material Flow

A well-designed warehouse layout ensures that materials move through the facility
in a logical and continuous flow without unnecessary delays or congestion. The ideal
material flow usually follows this sequence:

Receiving — Storage — Order Picking — Packing — Dispatch

To maintain smooth material flow, warehouses should ensure:
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i.  Clear and logical movement of goods between operational zones.

ii. Avoidance of backtracking, where goods move unnecessarily in opposite
directions.

iii. Minimisation of congestion caused by overlapping workflows.

iv. Clear separation of inbound and outbound areas to prevent operational
interference.

Efficient material flow reduces handling time, improves productivity, and enhances
the overall speed of warehouse operations.

3. Accessibility and Flexibility

Warehouse layouts must allow easy access to stored products, especially items that
are frequently picked or shipped. Accessibility helps reduce the time required to locate
and retrieve items.

Important considerations include:
i.  Placing high-demand items in easily accessible,locations near picking areas.

ii. Designing wide and well-organised aislesythat allow workers and material
handling equipment to move efficiefitly.

iii.  Creating a flexible layout that can accommodate changes in demand, seasonal
fluctuations or the introduction of new productdines.

iv. Using modular storageSystems, which can be easily expanded or rearranged as
the warehouse grows.

Flexibility is particulafly impostant inanodern supply chains where product variety
and demand pattern§ change frequently.

4. Safety and Ergonomics

Safety is a critical factordfi ' warehouse design because warehouses involve the use
of heavy equipment, large volumes of goods, and frequent worker movement. A safe
layout reduces the risk of accidents and ensures smooth operations.

Key safety considerations include:

1. Adequate aisle width to allow safe movement of forklifts, pallet jacks, and other
equipment.

ii.  Proper lighting and ventilation to improve visibility and maintain a comfortable
working environment.

iii. Clearly marked emergency exits and evacuation routes.

iv. Installation of fire detection and firefighting systems such as sprinklers and fire
extinguishers.
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v.  Ergonomic workstation design to reduce worker fatigue and injury.

A safe and ergonomic warehouse environment not only protects employees but also
improves productivity and reduces operational disruptions.

5. Integration with Technology

Modern warehouses increasingly rely on digital systems and automation technologies
to improve operational efficiency. Therefore, warehouse layouts must be designed to
support technological integration.

Important technological considerations include:

i.  Compatibility with Warehouse Management Systems (WMS) that monitor
inventory, track orders, and manage warehouse operations.

ii.  Support for barcode scanning and RFID tracking systems, which enable real-
time product identification and inventory control.

iii.  Space for automation equipment, such as conveyors, automated storage systems,
and robotic picking systems.

iv. Infrastructure for data connectivity and digital monitoring systems.

v. For example, companies such as Amazon use,highly automated warehouses
where layout design is closely integrated with robotics, real-time tracking
systems, and advanced inventory management technologies.

In conclusion, effective warghouse layout design plays a crucial role in improving
operational efficiency, reducing handling costs, ensuring worker safety, and enabling
the integration of modern logistics technologies. By following principles such as
efficient space utilisationgsmooth materialflow, accessibility, safety, and technological
integration organisations can creatéswarchouses that support efficient and reliable
supply chain operations.

5.2.3 Material Storagé Equipment and Systems

Material storage equipment refers to the tools, structures, and systems used to
store goods safely, systematically, and efficiently within a warehouse. Proper storage
equipment helps maximise space utilisation, protect goods from damage, improve
inventory control, and facilitate quick retrieval during order processing. In modern
warehouses, a variety of storage systems are used depending on product size, weight,
demand frequency, and handling requirements. The following are some commonly
used material storage equipment and systems.

5.2.3.1 Pallet Racking Systems

Pallet racking systems are among the most widely used storage solutions in
warehouses and distribution centers. These systems are designed for storing goods
placed on pallets (also called skids).
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Key features include:

i.  Vertical stacking of pallets, allowing warehouses to utilise vertical space
efficiently.

ii.  Easy access for forklifts and other material handling equipment.

iii. Organised arrangement of palletised goods in rows and levels.
Advantages:

i.  Efficient use of warehouse height

ii. Easy identification and retrieval of goods

iii.  Suitable for storing large quantities of products

Pallet racking systems are commonly used in distribution centers, manufacturing
warehouses, and retail logistics operations where large volumes of goods are handled.

. 5.2.1 Pallet Racking Systems

5.2.3.2 Shelving Systems

Shelving systems are used for storing small and medium-sized items that can be
handled manually. Unlike pallet racking, shelving systems usually do not require
forklifts.

Characteristics:
i.  Items are stored directly on shelves rather than on pallets.
ii.  Workers can manually pick and place items easily.

iii. Shelves are usually arranged in accessible aisles.
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Advantages:

i.  Ideal for order picking operations

ii. Easy organisation of products
iii.  Suitable for warehouses dealing with retail goods, spare parts or small packages
Shelving systems are widely used in retail warehouses, spare parts storage areas, and

e-commerce fulfilment centres.

. :l-!
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ving systems

5.2.3.3 Bin and D

s are designed for small components, tools, spare
ganized storage.

Bin and drawer stora
parts, and fastener quire

Key features:

1. Storage units contain multiple compartments, bins or drawers.
ii. Items are categorized and labeled for easy identification.

iii.  Frequently used in maintenance, repair, and manufacturing environments.
Advantages:

i.  Improved inventory control and organization
ii.  Quick retrieval of small items

iii. Reduced risk of losing small components

These systems are especially useful in automobile workshops, electronics ware-

houses, and maintenance departments.
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Fig. 5.2.3 Bin and drawer storage systems

5.2.3.4 Mobile Racking Systems

Mobile racking systems consist of movableracks mounted onrails or tracks, allowing
storage rows to be shifted as needed.

Fig. 5.2.4 Mobile racking systems
Key characteristics:

1. Only one working aisle is opened at a time while other racks remain compacted
together.

ii.  This system reduces the number of permanent aisles, increasing storage density.
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Advantages:
1. Maximizes storage capacity in limited floor space
ii.  Efficient for warehouses with expensive real estate or limited area

iii.  Suitable for storing archival materials, cold storage products or slow-moving
inventory

Mobile racking systems are often used in cold storage warehouses and document
storage facilities.

5.2.3.5 Automated Storage and Retrieval Systems (AS/RS)

Automated Storage and Retrieval Systems (AS/RS) are computer-controlled storage
systems that automatically place and retrieve goods from storage locations.

Fig. 5:2.5"Automated Storage and Retrieval Systems (AS/RS)
Main features include:
i.  Use of robots, cranes or automated shuttles to move goods.
ii. Integration with Warehouse Management Systems (WMS) for real-time control.
iii.  High-density storage structures designed for automation.
Advantages:
1. High storage density and efficient use of vertical space
ii.  Faster access to goods and reduced retrieval time
iii. Reduced labour requirements

iv. Improved inventory accuracy
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AS/RS systems are widely used in large distribution centers, e-commerce ware-
houses, and manufacturing facilities where speed and accuracy are critical.

5.2.3.6 Specialised Storage Systems

Certain products require special storage conditions due to their nature, value or safety
requirements. Specialised storage systems are designed to meet these specific needs.

In conclusion, material storage“equipment and systems play a crucial role in
warehouse management by ensuring organised storage, efficient space utilisation, safe
handling of goods, and faster order fulfilment. Selecting the appropriate storage system
depends on factors such as preduct characteristics, warehouse size, inventory turnover,
and operational requirements.

5.2.4 Material Handling System Design and Analysis

Material handling refers to the movement, protection, storage, and control of
materials and products within a warehouse or distribution facility. It includes all
activities involved in moving goods from the receiving area to storage, from storage to
picking zones, and finally to packing and dispatch areas.

An efficient material handling system is essential for improving warehouse
productivity, reducing operational costs, and ensuring safe handling of goods. Proper
system design focuses on speed, safety, cost efficiency, and smooth workflow throughout
warehouse operations.
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5.2.4.1 Objectives of Material Handling System Design

The design of a material handling system aims to optimize warehouse operations by
improving efficiency and reducing operational risks.

Key objectives include:
1. Reduce Handling Time and Labour Cost

Efficient material handling systems minimize unnecessary movements of goods and
reduce the amount of manual labour required. Automated and mechanized systems help
move materials faster, thereby increasing operational efficiency and lowering labour
costs.

2. Minimize Damage and Accidents

Proper handling equipment and organized movement paths reduce the risk of product
damage during transportation and storage. Well-designed systems also improve worker
safety by reducing manual lifting and hazardous operations:

3. Improve Speed and Accuracy of Operations

Modern material handling systems integrate with \digital technologies such as
barcode scanning and inventory management syStems. This imiproves the speed of
order processing and reduces errors in picking, packing; and dispatch.

4. Ensure Smooth Workflow within the Warehouse

A well-designed handling syStem ensures eontitious and logical movement of
goods from receiving, storage; picking,saeking, shipping without delays, congestion
or unnecessary handling.

5.2.4.2 Types of Material Handling Equipment

Different types|of matérial ‘handling equipment are used depending on the size,
weight, volume, and*handling requirements of goods. These can be broadly classified
into manual, mechanical, and.automated systems.

a. Manual Handling Equipment

Manual handling equipment relies primarily on human effort for moving materials.
These tools are simple, inexpensive, and suitable for small-scale operations.

Common examples include:
1. Hand trucks (dollies) used to move boxes and cartons
ii. Trolleys and carts used to transport goods within short distances
iii. Manual pallet jacks used to move palletized loads
Characteristics:

1. Suitable for small loads and short distances
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ii. Requires minimal investment
iii. Flexible and easy to operate

Manual handling equipment is commonly used in small warehouses, retail stores,
and light industrial operations.

Fig. 5.2.7 Manual Handling Equipment
b. Mechanical Handling Equipment

Mechanical handling equipment uses machines or powered devices to move materials
more efficiently than manual handling.

Examples include:
i.  Forklifts forliffing and transporting palletized goods
ii.  Cranes and hoistssfordifting heavy materials

iii. Conveyor systems for continuous movement of goods across different warehouse
zones

iv. Stackers and pallet trucks for stacking and retrieving loads
Advantages:

i.  Suitable for heavier loads and larger warehouses

ii. Faster movement of materials

iii. Reduced physical effort for workers

iv. Improved operational efficiency
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Mechanical equipment is widely used in manufacturing warehouses, distribution
centers, and logistics hubs.

.2.8 Mechanical handling equipment

c. Automated Handling Systems

Automated material handling systems use advanced technologies such as robotics,
sensors, and computer control to move goods with minimal human intervention.

Examples include:
¢ Conveyor belts with sensors and automated sorting systems

¢ Automated Guided Vehicles (AGVs) that transport materials along programmed
routes

¢ Robotic picking and sorting systems used in advanced warehouses
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Advantages:

0
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High productivity and faster processing speed
Reduced human labour requirements
Improved accuracy in order handling

Lower risk of workplace injuries

Automation is increasingly used in large e-commerce distribution centers and
high-volume logistics facilities.

Fig. 5.2.9 Automated material handling systems

5.2.4.3 Factors Affecting Handling System Selection

Selecting the appropriate material handling system depends on several operational
and economic factors. Organizations must evaluate these factors carefully before
choosing the equipment.

Important factors include:

1.

-

i~

Nature, Size, and Weight of Materials : Heavy or bulky goods require strong
mechanical equipment such as forklifts or cranes, while smaller items can be
handled using manual systems.

Volume and Frequency of Movement : Warehouses with high throughput
and frequent material movement benefit from automated or conveyor-based
systems.

Warehouse Layout and Available Space : The physical design of the
warehouse, aisle width, ceiling height, and storage arrangement influence the
type of equipment that can be used.
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4. Cost of Equipment and Maintenance : Organizations must consider both the
initial investment cost and long-term maintenance expenses when selecting
material handling systems.

5. Safety and Environmental Considerations : Handling systems should ensure
worker safety, reduce accident risks, and comply with environmental and
workplace regulations.

5.2.4.4 Analysis of Material Handling Efficiency

To ensure that material handling systems operate effectively, warechouse managers
regularly evaluate their performance using various efficiency measures.

Common evaluation metrics include:

1. Handling Cost per Unit : This measures the total cost involved in moving
each unit of goods within the warehouse. Lower handling cost indicates higher
efficiency.

2. Time Taken for Movement : The time required to meve goods between
different warehouse zones is analysed to identify delays or bottlenecks.

3. Equipment Utilisation Rate : This measurésshow effectively material handling
equipment, such as forklifts or congeyors, is used during operations.

4. Damage or Accident Frequency : Monitoring product damage rates and
workplace accidents helpsmidentifyy problemis in handling procedures or
equipment usage.

Continuous monitoring and analysis allow organisations to improve handling
processes, reduce operational ¢osts, and enhance overall warehouse performance.

In conclusion, material handling system design and analysis are essential for efficient
warehouse operations.«By selecting appropriate handling equipment, optimising
workflow, and regularly evaluating system performance organisations can achieve
higher productivity, lowes,costs, improved safety, and better supply chain efficiency.

5.2.5 Importance of Layout and Handling Integration

In warehouse management, layout design and material handling systems must be
closely integrated to achieve efficient operations. Warehouse layout determines the
physical arrangement of storage areas, aisles, and work zones, while material handling
systems determine how goods move within the facility. When these two elements
are properly coordinated, warehouse operations become faster, safer, and more cost-
effective.

Integration ensures that the movement of goods, storage methods, and operational
workflow are aligned, allowing materials to move smoothly from receiving to dispatch
without unnecessary delays or handling.
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1. Faster Order Processing

When warehouse layout and handling systems are designed together, goods move
through the warehouse in a logical and streamlined sequence, typically:

Receiving — Storage — Order Picking — Packing — Dispatch
Proper integration allows:

¢ Quick movement of materials between zones

¢ Reduced travel distance for workers and equipment

¢ Faster picking and packing operations

¢ Shorter order fulfillment time

This is especially important for industries such as e-commerce and retail, where
customers expect rapid order processing and quick delivery,

2. Better Space Utilisation

Integrated warehouse design ensures that storage equipment and material handling
systems fit efficiently within the available spacesFeor example:

i.  Pallet racks can be arranged to allow efficient forklift movement.
ii. Conveyor systems can be installed to connect key operational areas.
iii. Vertical storage systemsdan maximise themse of warehouse height.

Proper coordination between layout@and equipment helps minimise unused areas and
ensures optimal use of both fleor space and'vertical storage capacity.

3. Reduced Operational Cost

Efficient integration of layoutand handling systems significantly reduces operational
costs in several ways:

i.  Lower labour costs due to reduced manual handling
ii. Reduced transportation distance within the warehouse
iii. Improved equipment efficiency and utilisation

iv. Lower risk of product damage during movement

By minimising unnecessary movement and optimising workflow, companies can
achieve higher productivity with fewer resources.

4. Improved Worker Safety and Productivity

Warehouse safety is strongly influenced by the relationship between layout and
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handling systems. A well-integrated design ensures that workers and equipment can
operate safely and efficiently.

Important safety benefits include:
1. Clearly defined traffic paths for forklifts and workers
ii.  Adequate aisle width for equipment movement
iii. Reduced congestion and collision risks
iv. Ergonomic workstations for picking and packing

When safety is improved, workers experience less fatigue and fewer injuries, leading
to higher productivity and smoother operations.

Role of Modern Technology in Integration

Modern logistics facilities increasingly use data-driven design and automation
technologies to integrate warehouse layout and material handling systems. Advanced
planning tools and simulation software help managers design warehouses that optimise
both space utilisation and operational workflow.

For example, companies such as Amazon useshighly ‘automated warehouses where
layout planning is integrated with roboticdpicking systems, eonveyor networks, and
advanced inventory management systems. This integration allows the company to
process thousands of orders quickly and efficiently.

In conclusion, the integration’of warehouse layout and material handling systems
is essential for efficient warghouse operations. Proper coordination improves order
processing speed, maximises spac® utilisation, reduces operational costs, and
enhances worker safetys:As supply chaing become more complex, modern logistics
facilities increasingly rely on data amalytics, advanced planning tools, and automation
technologies to achieve highly integrated and efficient warehouse systems.
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® Recap

0

Warehouse layout concept: Warehouse layout refers to the organised
arrangement of storage areas, aisles, equipment, and operational zones
within a warehouse to ensure efficient use of space and smooth movement
of goods.

Components of warehouse layout: Key operational areas include receiving,
storage, picking, packing, and shipping zones that support the flow of
goods within the warehouse.

Principles of layout design: Efficient space utilisation, smooth material
flow, accessibility, safety, and technology integration guide effective
warehouse layout planning.

Material storage systems: Storage solutions such as pallet racks, shelving,
bin storage, and automated storage systems help organise goods and
maximise warehouse capacity.

Material handling systems: Manual, mechanicalyand automated handling
equipment facilitate the movemént of goods andiimprove operational
efficiency and safety.

Objective Questions

O
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What dog§ warehouse layoutrefer to in logistics operations?

Which areasof the warghouse receives goods from suppliers?

Which warehouseZone is responsible for assembling items for delivery?
What type of equipment is used to lift palletised goods in warehouses?
Which storage system is commonly used for palletised goods?

What system automatically stores and retrieves goods using computer
control?

Which principle focuses on maximising the use of warehouse space?

Which handling equipment moves goods continuously across different
zones?
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9. What type of handling system relies mainly on human effort?

10. Which storage system is suitable for storing small items such as tools and
spare parts?

11. Which warehouse area prepares goods for dispatch to customers?

12. What concept ensures smooth coordination between layout and material
handling systems?

Answers

1. Planned arrangement of warehouse space
Receiving area

Packing area

Forklift

Pallet racking

utomated Storage and Retrieval System (AS/RS)
Space utilisation

Conveyor system

2 L =& e B o B

Manual handling

—_—
S

Bin storage

[
—

. Shipping area

—
[\

. System integration

Self - Assessment Questions

1. Explain the concept and importance of warehouse layout in logistics
management.

2. Discuss the major components of an effective warehouse layout.

3. Describe the principles of warehouse layout design.
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4. Explain different types of material storage equipment used in warehouses.

5. Discuss the role of material handling systems in improving warehouse
efficiency.

Assignments

1. Visit a nearby warehouse or distribution centre and identify the layout
zones such as receiving, storage, picking, packing, and shipping.

2. Design a simple warehouse layout for a retail distribution centre showing
major operational areas.

3. Prepare a report on different material handlingyequipment used in
warehouses such as forklifts, conveyors, and pallet jagks.

4. Analyse how automation technologies impreve warehouse productivity
in large e-commerce companies.

5. Compare manual, mechanical, and automated material handling systems
in terms of cost, efficiency, and safety.
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Unit —@

Automated Storage and Retrieval Systems
(AS/RS) and Emerging Technologies

Learning Outcomes

After completing this unit, the learners will be able to:

¢ explainthe concept and objectives of warehouse automation and emerging
technologies

¢ describe the structure and functioning of Automated Storage and Retrieval
Systems (AS/RS)

¢ identify different stock-to-picker technologies and autemated material
handling systems used in warehouses

¢ analyse the impact of automationgéchnologies on warehouse efficiency,
productivity, and safety

Prerequisite

Consider a modérn automobile manufacturing plant that receives thousands
of spare parts and components every day, including tyres, batteries, engine parts,
electronic components; and fasteners. To maintain continuous production, these
materials must be identified/ stored, retrieved, and delivered to the appropriate
production stations at,thedequired time. In a traditional warehouse, employees
may spend considerable time moving around the facility and manually locating
materials. In a technologically advanced warehouse, automated guided vehicles
(AGVs), robotic systems, conveyors, barcode scanners, and computerised inven-
tory systems can perform many of these activities. The system can identify the
required component, determine its storage location, and automatically transport
it to the designated production area. This enables the manufacturing plant to
handle large volumes of materials with greater speed and accuracy.

This example illustrates how automation and emerging technologies are
transforming modern warehouse operations. Technologies such as Automated
Storage and Retrieval Systems (AS/RS), robotics, Artificial Intelligence (Al),
Internet of Things (IoT), automated guided vehicles, and smart material-han-
dling systems help organisations improve inventory accuracy, reduce manual
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effort, optimise storage space, and accelerate the movement of goods. However,
their implementation may also involve significant investment, technical require-
ments, maintenance needs, and employee training. This unit introduces the major
automation and emerging technologies used in warehouses, their applications,
benefits, and limitations, enabling learners to understand how technological inno-
vation contributes to warehouse efficiency and strengthens competitiveness in
modern supply chains.

Warehouse automation, AS/RS technology, stock-to-picker systems, autonomous
robots, smart warehousing

Discussion

5.3.1 Warehouse Automation and Emerging Technologies

Consider a large e-commerce warehouse that stores thousands of different products.
In a traditional warehouse, worker§'Walk through long aisles with carts or forklifts to
find items ordered by customefs. This process takes time, increases labour costs, and
can lead to errors such as picking the svrongitem. In a modern automated warehouse,
the process is different. When a customer places an order online, a computer system
immediately identifies the location of thé item. Instead of workers searching for the
product, robots move shelves.containing the items directly to a picking station where
the worker or robotic asm colleets the required product. Once the item is picked, the
shelf is returned automatically to its storage location.

For example, in many‘advanced fulfilment centres, small mobile robots travel across
the warehouse floor carrying racks of products. These Robots navigate using sensors,
cameras, and navigation software connected to a central warehouse management
system. The worker simply stands at a station while the robots bring the items to them,
significantly reducing walking time and increasing productivity. This “goods-to-person”
approach illustrates how automation and emerging technologies transform warehouse
operations, making them faster, safer, and more efficient.

Warehouse Automation

Warehouse automation refers to the use of technology and automated systems to
perform tasks such as storing, retrieving, sorting, and transporting goods with minimal
human intervention. It involves technologies like robotics, artificial intelligence (Al),
automated guided vehicles (AGVs), sensors, and warehouse management software.
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Objectives of Warehouse Automation

i. Improve Operational Efficiency: Automation helps warehouses perform tasks
faster and more smoothly by using machines, robotics, and software systems.

ii. Increase Accuracy: Automated systems reduce mistakes in order picking,
packing, and inventory management, ensuring the correct products are handled.

ili. Enhance Productivity: With automation, warehouses can process a larger
number of orders in less time compared to manual operations.

iv. Reduce Labour Dependency: Machines and automated systems perform
repetitive tasks, reducing dependence on manual labour for routine operations.

v. Minimise Human Errors: Automation reduces mistakes caused by fatigue,
misreading labels or manual handling.

vi. Streamline Repetitive Tasks: Activities such as picking, packing, sorting,
and inventory tracking are performed automatically er with minimal human
intervention.

vii. Faster Order Processing: Automated techmelogies enable warehouses to
handle and dispatch customer orders moze,quickly:

viii. Improve Reliability of Operations: Automated systems ensure consistent
and dependable warehouse operations, leading to better service and customer
satisfaction.

A well-known example of warghouse autemation s Amazon.

Amazon expanded warehouse automation by deploying Kiva robots, now integrated
under Amazon Robotiesy,in its)fulfilment centres. These small autonomous robots
move shelves containing products aefoss the warehouse floor and deliver them to
human pickers or|roboticsstations. Amazon adopted this technology after acquiring
Kiva Systems in 20120 The robpts significantly reduce the time required for workers
to locate items, increase orderdccuracy, and enable warehouses to process millions of
orders efficiently. By intégrating robotics, artificial intelligence, and advanced software
systems, Amazon’s automated warehouses can manage fluctuating demand, process
large volumes of orders, and maintain fast delivery services such as same-day shipping.

Automation has become particularly important with the rapid growth of e-commerce,
where customers expect fast delivery and accurate order fulfillment. Automated
warehouses help companies handle large volumes of orders, reduce delays, and maintain
consistent service quality.

5.3.2 Automated Storage and Retrieval Systems (AS/RS)

In a high-rise warehouse, racks of goods may extend several meters high. Instead
of workers using forklifts to access these racks, a computer-controlled machine travels
vertically and horizontally along rails to store or retrieve items from specific locations.
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The system automatically identifies the storage position and delivers the item to the
required station. Therefore, An AS/RS is a computer-controlled system designed to
automatically place and retrieve loads from defined storage locations. These systems
typically include automated cranes, shuttles, conveyors, sensors, and warehouse control
software.

The key advantages of AS/RS include:
i.  High-density storage by using vertical warehouse space efficiently.
ii. Improved accuracy in picking and inventory management.
iii. Enhanced safety by reducing forklift usage and manual handling.
iv. Faster throughput and order processing.

Because of these benefits, AS/RS is widely used in industries such as retail, automo-
tive, food and beverage, and manufacturing.

Fig. 5.3.1 Example of AS/VS

AS/RS systems use computer-controlled machines to automatically store and
retrieve goods from designated storage locations. These systems are designed to
improve warehouse efficiency, accuracy, and storage capacity by minimising manual
intervention. AS/RS typically uses automated machines such as robotic cranes, shuttles
or robotic arms that move along storage racks to place or retrieve goods. The entire
process is controlled through specialised software that coordinates equipment movement
and tracks inventory.

These systems are usually integrated with Warehouse Management Systems (WMS)
and enterprise software so that inventory movements are recorded in real time. When an
order is received, the system automatically identifies the location of the required items
and instructs the equipment to retrieve them quickly and accurately. AS/RS technology
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is widely used in large distribution centers, manufacturing warehouses, pharmaceutical
facilities, and e-commerce fulfilment centres where speed, accuracy, and high storage
density are essential.

5.3.2.1 Components of AS/RS

A typical AS/RS installation consists of several integrated components that work
together to automate storage and retrieval operations.

1. Automated Storage Racks : These are specially designed high-density storage
structures that allow machines to access storage locations efficiently. The racks
are usually tall and organised in multiple vertical levels.

2. Automated Cranes or Shuttle Systems : These machines travel along rails
within the storage racks to move goods between storage locations and picking
stations. Cranes are commonly used in high-bay warehouses, while shuttle
systems move horizontally between racks.

3. Conveyor Systems : Conveyors transport goods between receiving areas,
storage locations, and order picking stations¢They help maintain a continuous
flow of materials within the warehouse.

4. Sensors and Control Software : Sénsors monitor équipment movement and
ensure accurate positioning of loads. Control software manages the operation
of the system, coordinates machineé movements, and ensures safe functioning.

5. Integration with WMSsor ERP Systems« AS/RS systems are connected
to warchouse manageiment or enterprise resource planning systems. This
integration allows real-time imventory tracking, automated order processing,
and better coordination between watehouse operations and business planning.

5.3.2.2 Types of AS/RS

Different types of AS/RS systems are used depending on the size of goods, storage
requirements, and operationalfeeds.

1. Unit Load AS/RS

Unit load AS/RS is designed to handle large loads such as pallets or containers.
Automated cranes move along storage aisles and retrieve palletised goods from high
racks.

Characteristics:
1. Suitable for heavy or bulk products
i1. Common in manufacturing and large distribution centers

iii. Efficient use of vertical warehouse space
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Fig. 5.3.2 Unit load AS/RS
2. Mini Load AS/RS

Fig. 5.3.3 Mini load AS/RS

Mini load AS/RS systems are designed for smaller containers, cartons or plastic
totes. These systems are widely used for order picking in warehouses that handle many
small items.

Features:

1. Faster retrieval for small items

ii. High storage density for small products
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1. Suitable for retail and e-commerce warehouses

3. Vertical Lift Modules (VLMs)

Fig. 5.3.4 Vertical Lift Modules

Vertical Lift Modules are vértical automated storage systems designed to maximise
space utilisation in warehouses with limited floor space.

In this system:
O Trays are stored vertically within an enclosed structure.

¢ Anautomated lift retrieves the required tray and delivers it to an operator access
point.

Advantages:
1. Excellent space saving
ii.  Quick access to stored items

iii. Ideal for storing spare parts and small components
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4. Carousel Systems

Carousel systems consist of rotating shelves or bins that automatically bring stored
items to an operator.

There are two main types:
¢ Horizontal carousels : rotate horizontally like a conveyor loop

¢ Vertical carousels : rotate vertically like a Ferris wheel

These systems reduce the need for workers to travel through the warehouse, improv-
ing order picking efficiency.




5.3.2.3 Advantages of AS/RS

Automated Storage and Retrieval Systems provide several operational advantages:

i.

ii.

il

iv.

High Storage Density and Efficient Space Utilisation: AS/RS systems use
vertical storage racks and compact layouts, allowing warehouses to store more
goods in the same area.

Faster Retrieval and Order Processing: Automated machines retrieve goods
quickly, reducing order fulfillment time and improving customer service.

Reduced Labour Cost and Human Error: Automation reduces the need
for manual handling and minimises errors in picking, storing, and inventory
recording.

Improved Inventory Accuracy and Security: Because all movements are
tracked digitally, inventory records remain accurate, and goods are protected
from unauthorised access.

Enhanced Worker Safety: Workers are less exposedyto heavy lifting or
dangerous equipment, reducing workplace a¢eidents.

5.3.2.4 Limitations of AS/RS

Despite their advantages, AS/RS systems also have certain limitations.

i.

ii.

il.

High Initial Investment and Maintenance Cost: The installation of
automated storage systenis requires significant capital investment in equipment,
infrastructure, and software.

Requirement of Skilled Technical Support: Specialised technicians are
required to maintain andyrepair’ automated systems and manage software
operations.

Limited Flexibility for Certain Products: Some AS/RS systems may not easily
handle products withdrregular shapes, unusual sizes or constantly changing
packaging.

In summary, Automated Storage and Retrieval Systems (AS/RS) represent an
important advancement in modern warehouse automation. By combining robotics,
computer control, and inventory management software, these systems significantly
improve storage efficiency order processing speed, and inventory accuracy while
reducing labour requirements and operational risks.

5.3.3 Stock-to-Picker Systems

In traditional warehouse operations, workers travel through aisles to locate and pick
items from storage shelves. This approach is known as the picker-to-stock system and
often involves significant walking time and manual searching. In contrast, stock-to-
picker systems (also called goods-to-person systems) use automation to bring items
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directly to the worker at a picking station. Instead of employees moving around the
warehouse, automated equipment delivers the required products to them.

Stock-to-picker technologies reduce the time workers spend walking inside
the warehouse. By delivering products directly to picking stations, these systems
significantly increase picking speed and accuracy while minimising physical strain on
employees. Robots used in these systems are often equipped with sensors, cameras,
and navigation software that allow them to move autonomously within the warehouse.
These systems can operate continuously, allowing warehouses to handle large order
volumes efficiently.

This approach significantly improves warehouse efficiency because worker travel
time forms a major part of order picking operations. By reducing unnecessary movement,
stock-to-picker systems enable faster order processing and higher productivity. These
systems are increasingly used in large distribution centres and e-commerce fulfilment
facilities, where thousands of customer orders must be processed quickly and accurately.

Examples of Stock-to-Picker Technologies

Several technologies are used to implement stock-to-picker Systems in modern
warehouses.

i. Conveyor-Based Delivery Systems

In conveyor-based systems, totes, cartons or trays containing products move
automatically along conveyor belts from storage areas to picking stations.

Key features:
a. Continuous flow of goods between storage and workstations
b. High processing speed
c. Suitable for warehouses'handling large volumes of standardised products

Conveyor systems are widely used in sorting centers and large retail distribution
facilities.

ii. Shuttle-Based Storage Systems

Shuttle systems use automated shuttles that move along storage racks to transport
containers or trays between storage locations and picking stations.

Characteristics:
a. High storage density
b. Fast retrieval of goods
c. Efficient handling of small containers and cartons

These systems are commonly used in high-throughput warehouses where quick
access to stored items is essential.
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iili. Robotic Mobile Fulfilment Systems

Robotic mobile fulfilment systems use mobile robots that move storage shelves or
pods directly to picking stations.

In these systems:
a. Robots travel across the warehouse floor following digital navigation paths.
b.  When an item is needed, the robot brings the entire storage rack to the worker.
c. After picking, the robot returns the rack to its storage location.

This technology significantly reduces worker travel distance and increases picking
efficiency. It is widely used in highly automated e-commerce warehouses such as those
operated by Amazon.

iv. Vertical Lift Modules (VLMs)

Vertical Lift Modules are automated vertical storage systéms that deliver trays of
products directly to an operator at an access point.

Key advantages include:
a. Efficient use of vertical storage space
b. Quick access to stored items

c. Reduced walking and searching time

VLMs are commonly used i spare parts storage, manufacturing warehouses, and
high-value inventory environments.

5.3.3.1 Benefits of the Stoek-to-Picker Approach

The stock-to-picker systemyoffers several advantages that significantly improve
warehouse performances

¢ Reduction in Walking and Searching Time: Because items are delivered
directly to workers, the time spent walking through warehouse aisles is drastically
reduced. This allows employees to focus more on picking and packing tasks,
increasing productivity.

0 Higher Picking Speed and Order Accuracy: Automated delivery systems
ensure that the correct items are presented to workers at the right time. This
improves order picking speed and reduces the likelihood of human errors.

¢ Better Ergonomics and Reduced Worker Fatigue: Stock-to-picker systems
often present items at ergonomically designed workstations, reducing the need
for bending, reaching or lifting heavy loads. This improves worker comfort and
reduces fatigue.

¢ Efficient Handling of High Order Volumes: Modern warehouses, especially
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in e-commerce operations, process thousands of customer orders daily. Stock-
to-picker systems enable facilities to handle large volumes of orders quickly
and efficiently while maintaining high accuracy levels.

In summary, stock-to-picker systems represent a major advancement in warehouse
automation. By using conveyors, shuttle systems, robots, and automated storage
technologies, these systems reduce travel time, improve productivity, and enhance
order fulfilment efficiency. As order volumes continue to grow in modern supply
chains, stock-to-picker technologies are becoming increasingly important for high-
performance logistics operations.

5.3.4 Emerging Technologies
a. Autonomous Mobile Robots (AMRs)

A large warehouse where hundreds of customer orders need to be prepared every
hour. Instead of workers walking long distances to collect products from different
shelves, small intelligent robots move around the warehouse floor carrying items.
When an order is received, the warehouse management system,sends instructions to
these robots. The robots then navigate through the warehouse using sensors, cameras,
and built-in maps to avoid obstacles and safely reach, the correet storage location.
They pick up the required bins or shelves andstransport'them to@ worker or packing
station. After the item is collected, the robot'automatically returns the storage unit to its
place and moves on to the next task. This scenario illustrates how Autonomous Mobile
Robots (AMRs) work in modern warehouses by independently transporting goods and
assisting workers, thereby reducinggwalking time, inereasing efficiency, and speeding
up order fulfilment.

Autonomous Mobile Robots (AMRs) are intelligent robots that move materials
within a warehouse with minimal direét human intervention. Unlike traditional
automated guided vehicles (AGVS), AMRSs use sensors, cameras, and mapping software
to navigate dynamically throughithe warehouse.

Key features include:
i.  Ability to detect Obstacles and adjust routes automatically
ii.  Flexible operation without fixed tracks or guide paths

iii. Efficient transportation of goods between storage, picking, and packing areas

Advantages:
i.  Increased productivity
ii. Reduced manual labour for repetitive tasks

iii. Improved operational flexibility

AMRs are widely used in modern warehouses operated by companies such as
Amazon and Alibaba.
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b. Artificial Intelligence and Data Analytics

Artificial Intelligence (Al) and advanced data analytics play a major role in improving
warehouse decision-making and operational efficiency.

These technologies help organisations to:
i.  Predict demand patterns using historical data and forecasting models
ii. Optimise inventory placement and replenishment schedules
iii. Improve transportation routing and delivery planning

iv. Analyse warehouse performance and identify operational bottlenecks

Al-powered systems allow warehouses to become more responsive and adaptive to
changing market demand.

c¢. Internet of Things (IoT) Sensors

The Internet of Things (IoT) refers to a network of conneeted devices and sensors
that collect and share data in real time. In warehouses, IoT sensors are used to monitor
inventory, equipment, and environmental conditions,

Applications include:
i.  Real-time inventory tracking
ii. Monitoring temperature and humidity for sensitive goods
iii. Tracking movement of geods‘and equipment

iv. Monitoring machine performange and maintenance needs

IoT technology enables greater visibility and control over warehouse operations,
improving efficiencyfand reducing esrors.

i~

-
SREENARAYANAGURU

OPEN UNIVERSITY



d. Drones for Inventory Counting

Drones are increasingly used for inventory counting and warehouse inspection,
especially in large facilities with high storage racks.

These drones are equipped with cameras and barcode scanners that can quickly scan
product labels and verify inventory levels.

Benefits include:
i.  Faster and more accurate inventory counting
ii.  Ability to reach high storage locations easily
iii. Reduced need for manual stock checking using ladders or forklifts
iv. Lower labour cost and improved safety

Drones help warehouses perform cycle counting and inventory audits more effi-
ciently.

Fig. 5.3.8 Drones for Inventory Counting

e. Voice-Directed and Pick-to-Light Systems

Voice-directed and pick-to-light technologies are advanced order picking systems
that guide warehouse workers during picking operations.

Voice-Directed Systems: Workers wear a headset connected to the warehouse
management system. The system provides voice instructions guiding the worker to the
correct storage location and quantity of items to pick.

Pick-to-Light Systems: In this system, LED lights installed on storage racks
illuminate to indicate the exact location and quantity of items to be picked.
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Advantages of these systems include:
i.  Faster order picking
ii. Reduced picking errors
iii. Hands-free operation for workers
iv. Improved productivity and efficiency

These technologies are widely used in high-volume order fulfillment environments
such as retail and e-commerce warehouses.

Fig. 5.3.9:Veice-directed and pick-to-light System

In conclusion, emerging warehouse technologies such as autonomous robots,
artificial intelligence, 10T _sensors, drones, and smart picking systems are transforming
warehouse operations. These technologies enable smart and connected warehousing,
where operations are faster, more accurate, and highly automated, helping organisations
meet the growing demands of modern supply chains.

5.3.5 Material Handling Technologies in Warehousing

Material handling technologies play a vital role in warehouse operations by ensuring
the efficient movement, storage, protection, and control of goods. These technologies
help reduce manual labor, improve operational speed, increase accuracy, and enhance
overall warehouse productivity. Modern warehouses use a combination of mechanical
equipment, automation systems, and digital technologies to manage the flow of materials
from receiving to storage and finally to order dispatch. The following are some of the
major material handling technologies used in contemporary warehouses.
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5.3.5.1 Conveyor Systems

Conveyor systems are widely used for the continuous movement of goods across
different areas of a warehouse. They consist of belts, rollers or chains that transport
cartons, pallets or packages from one location to another automatically.

Key characteristics include:
i.  Continuous and automated movement of materials
ii. Reduction in manual handling
iii. High efficiency in high-volume warehouses

Conveyor systems are commonly used to move goods between receiving areas,
storage zones, picking stations, sorting systems, and dispatch areas.

Advantages:
1. Faster movement of goods
ii.  Reduced labour requirements
iii. Improved workflow and productivity

Conveyor technology is widely used in'large distribution centers and e-commerce
fulfillment facilities.

5.3.5.2 Automated Guided Vehicles (AGVs) and Autonomous Mobile
Robots (AMRS)

Automated Guided Vehicles (AGVs) and Autonomous Mobile Robots (AMRs) are
self-moving vehicles used to transport goods within warehouses without human drivers.
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AGVs typically follow predefined paths using magnetic strips, wires or markers,
while AMRs use advanced technologies such as sensors, cameras, and mapping software
to navigate dynamically.

Applications include:

i.  Transporting pallets between warehouse zones

ii. Delivering goods to picking or packing stations

iii. Moving materials between production and storage areas
Advantages:

1. Reduced labor costs

ii. Continuous operation with minimal supervision

iii. Improved safety and operational efficiency

These technologies are increasingly used in highly automated warehouses such as
those operated by Amazon.

Fig. 5.3.11 Automated Guided Vehicles (AGVs)
Robotic Picking Systems

Robotic picking systems use robotic arms equipped with artificial intelligence and
machine vision technology to automatically identify and pick items from storage
locations.

These systems are capable of:
¢ Recognizing different product shapes and sizes

¢ Grasping items using specialized robotic grippers




¢ Placing items into containers or conveyor systems for further processing
Advantages:

¢ High speed and consistent picking performance

¢ Reduced human error in order picking

O Ability to operate continuously without fatigue

Robotic picking systems are increasingly used in e-commerce fulfillment centers
and high-volume warehouses.

Fig. 5.3.124Robotic picking

Smart Storage and Retrieval Integration

Modern warehouses often combine multiple technologies to create fully integrated
material handling systems. Fhis approach connects different automated technologies
into a unified warehouse operation.

Typical integration includes:
1. Automated Storage and Retrieval Systems (AS/RS) for high-density storage
ii. Conveyor systems for the continuous movement of goods
iii. Robots and automated vehicles for transporting materials
iv.  Warehouse Management Systems (WMS) for real-time monitoring and control

This integration creates highly automated warehouse environments with minimal
manual intervention.

Benefits include:
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i.  Improved operational efficiency

ii. Real-time inventory visibility

iii.  Faster order processing

iv. Reduced operational errors and costs

In conclusion, modern material handling technologies such as conveyor systems,
AGVs, AMRs, robotic picking systems, and integrated automation platforms are
transforming warehouse operations. By combining these technologies with advanced
software systems organisations can create smart warehouses that deliver higher
efficiency, accuracy, and productivity in modern supply chains.

5.3.6 Impact of Automation on Warehouse Performance

Automation has become a major driver of efficiency and innovation in modern
warehouse operations. By integrating technologies such as fobotics, automated storage
systems, conveyor networks, and advanced software, warchouses can significantly
improve productivity and operational accuracy. Automation incteasingly replaces or
assists manual activities such as storage, picking, sorting, and transportation of goods.
As a result, warehouse operations become fastermore reliable, and less dependent on
manual labour. However, adopting automation requires,carcful planning and evaluation
of investment costs and operational needs:

a. Faster Order Fulfilment and Delivery. Speed

Automation significantly improves the speed of warehouse operations. Automated
systems such as conveyors, robotic picking systems, and automated storage and retrieval
systems (AS/RS) can move and process gogds much faster than manual processes.

Some of the benefitstare as follows:
i.  Reduced order processing time
ii. Faster picking and pacKing operations
iii. Ability to process a large number of orders simultaneously

These improvements enable companies to provide same-day or next-day delivery
services, which areincreasingly expected inmodern retail and e-commerce environments.
For example, highly automated fulfilment centres operated by Amazon use robots and
automated systems to process thousands of orders every hour.

b. Lower Operational and Labour Costs in the Long Term

Although warehouse automation requires significant initial investment, it can reduce
operational costs over time.

Automation helps organisations:

i.  Reduce dependence on manual labour
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ii. Lower labour training and recruitment costs
iii. Improve productivity per employee
iv. Reduce errors that lead to costly corrections

Over time, automated systems can operate continuously with minimal supervision,
allowing warehouses to achieve higher productivity at lower long-term operational
costs.

c. Higher Inventory Accuracy and Reduced Shrinkage

Automation systems are usually integrated with Warehouse Management Systems
(WMS) and digital tracking technologies such as barcodes and RFID tags.

This integration enables:
1. Real-time tracking of inventory movements
il.  Accurate stock recording
iii. Automated updates of inventory levels

As a result, warehouses experience fewer inventoryyerrors and reduced product
losses, commonly referred to as inventory shrinkages Accutatesinventory information
also improves demand planning and supply chain coordination.

d. Improved Safety and Working Conditions

Automation reduces the need for workers toperform physically demanding or
hazardous tasks, such as lifting heavy leads er working at high storage levels.

Automated systems improve safety by:
a. Reducing manual handling of'heavy materials
b. Minimising wotker exposure to dangerous equipment
c. Organising trafficflow within the warehouse

This creates a safer working environment, reduces workplace injuries, and improves
employee well-being.

e. Competitive Advantage for Logistics-Intensive Businesses

Automation allows companies to operate faster, more efficiently, and with greater
accuracy than competitors relying solely on manual operations.

Businesses that successfully implement automation can achieve:
i.  Faster order processing and delivery
ii. Higher customer satisfaction

iii. Lower operational costs
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iv. Greater scalability for future growth

For industries such as e-commerce, retail distribution, and manufacturing, efficient
logistics and warehousing provide a significant competitive advantage.
5.3.7 Challenges in Adopting Automation

Despite its benefits organisations must carefully evaluate several factors before
implementing automation technologies.

Important considerations include:
a. High initial investment costs for equipment and software
b. Technical expertise required to operate and maintain automated systems

c. Flexibility limitations for handling unusual product sizes or sudden operational
changes

d. Need for employee training and system integration

Therefore, companies must balance investment costs, operational flexibility, and
technological readiness before adopting automation solutions.

In conclusion, automation plays a crucial role in improving warehouse performance
by increasing speed, reducing costs, improving accuracy, and enhancing safety. While
the initial investment may be high, well-planned automation strategies can provide
long-term operational benefits and"a’strong cempetitive advantage in modern supply
chains.

@ SGOU - SLM - B.Com Honours - Materials and Warehouse Management 233

O

SREENARAYANAGURU
OPEN UNIVERSITY




® Recap

1. Warehouse automation: Automation involves the use of robotics, sensors,
and software systems to perform warehouse tasks such as storing,
retrieving, and transporting goods with minimal human intervention.

2. Automated Storage and Retrieval Systems (AS/RS): These computer-
controlled systems automatically store and retrieve goods from designated
storage locations, improving storage density and accuracy.

3. Stock-to-picker systems: Also known as goods-to-person systems, these
technologies deliver products directly to workers at picking stations,
reducing walking time and improving productivity.

4. Emerging warehouse technologies: Innovations such as autonomous
mobile robots, artificial intelligence, IoT sensors, and drones are
transforming warehouse operations and improving decision-making.

5. Impact of automation: Automation imptroves order processing speed,
reduces labour costs, increases inventoryhaccuracy, and enhances
workplace safety.

Objective Questions

1.  What is theprimaryobjective of warehouse automation?
2. What dges AS/RSsstand for in warehouse operations?

3. Which system automatically stores and retrieves goods from storage
locations?

4. What type of system delivers goods directly to workers at picking
stations?

5. Which technology uses intelligent robots that navigate warchouses
independently?

6. Which technology uses connected sensors to monitor warehouse
operations?

7. Which automated system rotates shelves to bring items to the operator?

8. Which technology is commonly used for automated inventory counting?
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10.
I1.

12.

Which software system tracks and manages warehouse inventory in real
time?

Which type of robot transports goods autonomously inside warehouses?

Which automated system moves goods continuously between warehouse
zones?

What type of technology guides workers during picking using voice
instructions?

Answers

e L JF e B o> B

._
S

11.
12.

Operational efficiency
Automated storage
ASRS system
Stock-to-picker
Autonomous robots
[oT sensors
Carousel system
Warehouse deones
WMS software
Mobile robots
Conveyor systent

Voice picking

Self - Assessment Questions

Explain the concept and objectives of warehouse automation.

Describe the components and working principles of Automated Storage
and Retrieval Systems (AS/RS).
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3. Discuss the advantages and limitations of AS/RS technology.

4. Explain stock-to-picker systems and their role in improving warehouse
efficiency.

5. Analyse the impact of emerging technologies such as robotics, Al, and
IoT on warehouse performance.

Assignments

1. Prepare a report on the role of robotics in modern warehouse automation.

2. Analyse how an e-commerce company uses automation to improve order
fulfilment efficiency.

3. Compare Automated Storage and Retrieval Systems, (AS/RS) with
traditional warehouse storage systems.

4. Identify emerging warchouse technologies suchhas diones, IoT, and Al
and explain their benefits in logigtics operations.

5. Design a conceptual model of a smart warehouse using automation
technologies such as robets, conveyor systéms, and inventory tracking
systems.
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Unit —@

Warehouse Safety Rules and
Procedures

Learning Outcomes

After completing this unit, the learners will be able to:

¢ explain the meaning, purpose and major principles of warehouse safety
and safe operating procedures.

¢ 1dentify common warehouse hazards and selectgsuitable preventive and
control measures for routine operations.

¢ applysafe procedures for housekeeping, stetage, manual handling, material-
handling equipment, loading docks, machinety and fire prevention.

¢ describe the essential steps in emefgency preparedness, incident reporting,
inspection and safety communigation.

¢ appreciate the role of training; supervision, technology and a positive
safety culture in sustainifig Safe warehousedperformance.

Imagine the beginning of albusy morning shift in a large distribution warehouse.
Trucks are waiting atgthe’loading dock, pallets are being moved into storage,
workers are picking orders, a maintenance technician is checking a conveyor, and
a forklift is travelling through a cross-aisle. Every activity appears normal because
these are tasks performed every day. Yet the same routine can become dangerous
within seconds if a spill is not cleaned, a pedestrian enters a vehicle route, a pallet
is stacked poorly, a docked trailer moves unexpectedly, or a worker reaches into a
jammed conveyor without isolating the energy. Warehouse safety therefore does
not depend on one warning sign or one safety officer. It depends on many people
making correct decisions repeatedly: planning work, following marked routes,
inspecting equipment, communicating clearly, maintaining housekeeping and
stopping an unsafe act before it develops into an accident. The learner should
approach this unit with a basic understanding of warehouse operations such as
receiving, storage, picking, packing and dispatch, because safety procedures must
be integrated into each of these activities rather than treated as a separate activity.
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A useful way to think about warehouse safety is to ask three questions before any
task begins: What can cause harm? Who or what can be affected? What controls
must be in place before the task starts? This simple habit converts safety from a
set of memorised rules into a practical method of decision-making. The answers
may involve physical hazards such as moving vehicles, falling goods, work at
height, damaged electrical equipment and slippery floors; ergonomic hazards such
as repetitive lifting, twisting or awkward reaching; and organisational hazards
such as poor supervision, rushing, unclear responsibilities or weak communication
between shifts. A safe warehouse is one in which these hazards are anticipated and
controlled systematically. The objective of this unit is therefore not merely to list
rules, but to explain why the rules exist, how they should be followed, and how
managers and workers can create a work environment in which safe behaviour is
the normal way of performing the job.

Warehouse safety, risk assessment, hierarchygof contrels, safe work procedure,
personal protective equipment (PPE), powered industrial‘triick, emergency action
plan, near-miss reporting

Discussion

6.1.1 Meaning and Impeortance of Warehouse Safety

Warehouse saféty refersstoithe organised policies, procedures, equipment, work
practices and behaviour§ used to prevent injury, ill health, property damage, product loss
and operational disruption during warehousing activities. A warehouse brings together
people, vehicles, storagelsystems, lifting equipment, electrical installations, loading
docks, packaging materials and sometimes hazardous substances within the same
operating space. The hazards are therefore interconnected. A small housekeeping failure
can become a vehicle incident; a damaged rack can become a falling-object hazard; an
unplanned maintenance action can expose a worker to electrical or mechanical energy;
and a blocked exit can worsen the consequences of a fire. Good safety management
recognises these connections and controls risk at the source. International guidance
from the Health and Safety Executive (HSE) and the U.S. Occupational Safety and
Health Administration (OSHA) repeatedly emphasises major warehousing risks such
as manual handling, workplace transport, slips and trips, storage systems, powered
industrial trucks, loading operations and machinery. In India, warehouse managers must
also follow applicable occupational safety, fire, building and electrical requirements,
while standards such as BIS IS 3594:2024 provide dedicated guidance on fire safety for
general storage and warehousing, including cold storages.
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Interesting to Know: A near miss is an event that did not cause injury or damage but had
the potential to do so. Treating near misses as free lessons is a powerful safety practice
because they reveal weaknesses before someone is hurt. For example, if a forklift narrowly
misses a pedestrian at a blind corner, the correct response is not simply to say that “nothing
happened”. The event should trigger a review of visibility, traffic routes, speed control,
mirrors, barriers, horn use and pedestrian behaviour. Learning from near misses is one of
the clearest signs of a mature safety culture.

The importance of warehouse safety can be understood from both human and business
perspectives. From the human perspective, every injury affects an individual, a family
and a team, and many warehouse incidents are preventable when hazards are recognised
early. From the business perspective, unsafe operations create hidden costs through
damaged goods, damaged racks and equipment, lost working time, investigation effort,
overtime, insurance claims, delayed orders, reputational harm and loss of customer
confidence. Safety and productivity are therefore not competing objectives. Well-
designed safety controls often improve productivity because‘they create clear traffic
routes, stable storage, good housekeeping, reliable equipment, consistent work methods
and better communication. A warehouse that constantly, operates through congestion,
improvised shortcuts and emergency correctionsyimay appear fast for a short time,
but it is usually unstable and costly. A gefiuinely efficient ' warchouse is predictable:
workers know where to walk, drivers know where to travel, loads are stored according
to capacity and compatibility, equipment is inspected before use, and deviations are
reported before they produce seriousieonsequences.

6.1.2 Hazard Identification,Risk Assessment and the Hierar-
chy of Controls

Safety rules aredmost effective when they are based on a clear understanding of
risk. Hazard identificationfis the process of recognising anything with the potential to
cause harm, while risk assessment considers the likelihood of the harmful event and the
severity of its consequences,dn warehouse work, assessment should examine routine
operations, non-routine activities such as maintenance and cleaning, seasonal peaks,
night work, contractor activities, changes in layout and equipment, and interactions
between people and vehicles. The assessment should not be a paperwork exercise
completed once and filed away. It should be reviewed whenever there is a significant
change, an incident or near miss, a new product, new machinery, new racking, revised
traffic pattern or evidence that an existing control is not working. Workers are valuable
participants in this process because they see practical problems that may not be obvious
from an office, such as blind spots, difficult reaches, unstable packaging, poor lighting
at a dock or congestion caused by a particular sequence of tasks.

Once a hazard is identified, the preferred approach is to control it as high as practicable
in the hierarchy of controls. Elimination is strongest because it removes the hazard
completely. Substitution replaces the hazard with a safer alternative. Engineering
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controls separate people from the hazard through physical design, such as pedestrian
barriers, machine guarding, dock restraints, interlocks or mechanical lifting aids.
Administrative controls include traffic rules, standard operating procedures, training,
work scheduling, signage, supervision and permits. Personal protective equipment is
important, but it is the final layer because it depends on correct selection, fit, use and
maintenance and does not remove the underlying hazard. For example, if pedestrians
and forklifts share a narrow route, providing high-visibility jackets alone is weaker than
redesigning the route to create physical separation. Similarly, telling workers to “lift
carefully” is weaker than reducing package weight, changing shelf height or providing
a lifting aid. The hierarchy helps managers avoid relying only on behaviour when the
workplace itself can be made safer by design.

Hierarchy of Controls for Warehouse Hazards

Remove the hazard

[ ELIMINATION J

[ SUBSTITUTION ]

Use a safer material, process or equipment

Separate people from hazards by design

[ ENGINEERING CONTROLS ]

[ ADMINISTRATIVE CONTROLS ]

Rules, training, scheduling, signage and supervision

PPE
Protect the worker when residual risk remains

Most effective Least effective

Fig. 6.1: Hierarchy of controls for warehouse hazards

[Nlustration prepared for this unit based on widely accepted occupational safety risk-
control principles used by NIOSH, OSHA and HSE.

Table 6.1: Common Warehouse Hazards and Preferred Controls

Hazard Typical Example Preferred Control Approach

Vehicle- Forklift crossing a picking walk- Separate routes with barriers;

pedestrian controlled crossings; speed mana-
. ) way : .
interaction gement; trained drivers
) Correct stacking; load limits; rack
Falling Unstable pallet or damaged rack- | . . ne> o
. inspection; impact protection;
goods ing

exclusion from danger zones
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Slips and Shrink-wrap, oil, water or broken knmedlate clear}-up ; waste ‘stat-
. . ions; floor maintenance; insp-
trips pallet on aisle . .
ection and reporting
Manual Frequent lifting of cartons from Redesign task;. mechanical aid;
. better shelf height; reduce load;
handling floor level -
traimning
Machinery . . Stop and 1solat§ energy; lockout/
Clearing a conveyor jam tagout; authorised maintenance
energy
procedure
Loading Forklift approaching unguarded Visual edge marking; S"?fe dist-
dock fall dock edoe ance; dock controls; trailer res-
£ traint/chocking; lighting
Combustible packaging near Housekeeping; separation; appro-
Fire o P £ing ved electrical system; detection/
1gnition source .
suppression; emergency plan

Source basis: OSHA Warehousing - Hazatdswand Selutions; HSE HSG76 and
INDG412; BIS IS 3594:2024.

Risk assessment should also consider the changing nature of warechouse work. A
route that is safe at 10 a.m. may become congested during a shift change or dispatch
peak. A floor that is dry during sormal operationmay become slippery when rainwater
is tracked through an open dock. A manuially handled carton may be acceptable when
moved occasionally but problematic when lifted hundreds of times per shift. Likewise,
a safe rack may becomemunsaferafter a forklift impact, unauthorised modification or
overloading. The practical lesson“isithat risk is dynamic. Controls should therefore
include observation and_feedback, not only written instructions. Supervisors should
watch how work is‘actually performed, compare it with the intended procedure and
correct the underlying reasonffor deviations. If workers repeatedly take a shortcut
across a vehicle lane, for'example, the route design, location of access points and
workflow may need review rather than relying solely on repeated warnings. Effective
safety management combines good rules with a workplace that makes the safe action
convenient and logical.

6.1.3 General Safety Rules to be Observed in a Warehouse

General warehouse safety rules create a common minimum standard for everyone
who enters or works in the facility. These rules should be communicated during
induction, reinforced by supervisors, displayed where useful and translated or explained
in a form workers can understand. They normally cover access control, housekeeping,
traffic management, equipment use, storage, personal protective equipment, fire
prevention, emergency response and reporting. The most important principle is that
no worker should continue an activity that appears immediately dangerous merely
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because production is under pressure. Stop-work authority should be clearly supported
by management so that workers can pause a task, secure the area and seek assistance
without fear of unreasonable blame. Rules should also apply to contractors, temporary
workers, delivery drivers and visitors in a manner relevant to their exposure. A visitor
may not need detailed forklift training, but the visitor must understand where to walk,
which areas are prohibited, what personal protective equipment is required and what to
do if an alarm sounds. Consistency prevents the warehouse from having two standards:
one for regular employees and another for everyone else.

6.1.3.1 Housekeeping, Floors, Aisles and Access Routes

Good housekeeping is one of the simplest and most powerful warehouse safety
controls. Floors, passageways, storerooms and working surfaces should be kept clean,
orderly and, as far as practicable, dry. Spills, broken pallets, straps, shrink-wrap, loose
packaging, protruding nails and other debris create slip, trip, puncture and vehicle-
control hazards. Waste should be removed through a routine system rather than left
for an end-of-day clean-up, because a hazard that remaifisyon the floor for several
hours has repeated opportunities to cause an accident. Permanent.aisles and emergency
routes should not be used as temporary storage..Materials must not obstruct fire
equipment, electrical panels, emergency exits, eye-wash facilities or access to first-
aid points. Lighting should allow workers andsdrivers to recoghise edges, changes
in level, obstacles and signage. Where floors are damaged, uneven or contaminated,
the underlying condition should be repaired instead of repeatedly warning workers to
“be careful”. A clean warehouse also makes unusual ¢onditions more visible; leaks,
damaged packages and rack impactssare easier to deteét when the normal environment
is orderly.

Housekeeping should be assigned as a shared operational responsibility, not treated
as a low-status cleaning task. The worker/who creates packaging waste should know
where to place it; thepicker who diseewvets a spill should know how to isolate and report
it; the supervisor should ensut@that clean-up equipment is available; and management
should ensure that ‘waste collection points do not themselves create obstruction or fire
loading. A useful practice is “clean as you go”, supported by scheduled inspections of
high-risk areas such as loading docks, battery charging points, packing stations and
cross-aisles. Particular attention is needed during peak periods when empty pallets,
cartons and packaging can accumulate quickly. If a spill involves an unknown or
hazardous substance, workers should not improvise. They should keep others away
and follow the site spill procedure; detailed identification and handling of hazardous
cargo will be addressed in Unit 2. Housekeeping performance can be improved through
simple visual standards showing how aisles, workstations and waste points should look
at the end of each task or shift.

6.1.3.2 Pedestrian and Forklift / Vehicle Safety

Warehouses are unusual workplaces because pedestrians and powered vehicles often
operate in close proximity. Forklifts, pallet trucks, reach trucks and delivery vehicles
have limited visibility, different stopping characteristics and turning behaviour that may
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surprise pedestrians. The strongest control is to separate people and vehicles wherever
reasonably possible by using dedicated walkways, guardrails, barriers, separate doors
and controlled crossing points. Routes should follow the paths people naturally need to
use so that workers are not encouraged to step outside the safe route. Floor markings,
signs and mirrors are useful, but they are more reliable when supported by physical
separation and good layout. Speed limits should reflect congestion, visibility, surface
condition and load stability rather than simply choosing one number for the entire
facility. Drivers should slow down at blind corners, cross-aisles, doorways and other
obstructed locations, use horns or warning devices as required, keep a clear view in the
direction of travel and never assume that a pedestrian has seen the vehicle. Pedestrians
should stay out of equipment lanes, avoid walking beneath elevated loads and make eye
contact with the operator where practical before crossing.

lllustrative Warehouse Traffic Separation

s g

RACKS RACKS RACKS

Ker( controls:

parate routes
. ]varked crossings
peed limits

[ —l « Horn at blind corners

*qood lighting

____ﬂ___J_____

Protected pedestrian route with barriers / marked crossings

Fig. 6.2: Tustrative separation of pedestrian and forklift traffic

Forklift safety beginsbéfore the truck moves. Only trained and authorised persons
should operate powered industrial trucks, and the training must relate both to the type of
truck and to the actual workplace. A pre-use inspection should identify obvious defects
involving tyres, forks, chains, mast, hydraulics, brakes, steering, horn, warning devices,
lights, seat restraint and leaks. An unsafe truck should be removed from service rather
than operated until the end of the shift. During travel, operators should keep loads
stable, within the rated capacity and low enough to maintain stability and visibility
except when the task requires lifting. Sudden acceleration, harsh braking and sharp
turning increase the chance of load shift or overturn. No person should ride on a forklift
unless the equipment is specifically designed for that purpose, and workers should never
be raised on bare forks or an improvised pallet. When a load blocks forward vision, the
operator should use a safe method appropriate to the site and truck, such as travelling
with the load trailing where permitted, and should use a spotter when visibility remains
inadequate.
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Traffic management should also address delivery drivers and contractors because
they may be unfamiliar with the site. Arrival instructions can explain speed limits,
parking locations, waiting zones, reversing rules, high-visibility requirements and
where drivers may stand during loading. Reversing should be reduced through layout
and one-way systems where practical because reversing increases blind-area risk. At
intersections with poor visibility, convex mirrors, warning lights or other controls can
supplement low speed and horn use. Automated mobile robots and driverless vehicles
do not remove the need for pedestrian protection; their routes and safeguarding must be
designed so that people are not trapped or struck. Supervisors should observe whether
marked routes are actually being used and investigate repeated deviations. A near miss
at a crossing, a collision with racking or frequent emergency braking are warning
signs that the traffic system needs improvement. Treating vehicle safety as a layout
and systems problem, rather than relying only on individual alertness, produces more
reliable protection.

Ilustration prepared for this unit. Control principles are based on OSHA powered-
industrial-truck guidance and HSE workplace-transport guidance.

Table 6.2: Example Pre-shift Forklift Safety Check

Item What the Operator Checks Action if Defective

Do not use if safety is affec-

k i hai .
Cracks, bending, wg8r, chain/ ted; report for competent insp-

Forks and mast . .
roller condition, obvious.damage

ection/repair
Tyres and Damage, excessive wear, missing | Report and remove from ser-
wheels components vice where unsafe
Brakes / Stop operation if performance
. Normal response‘and control >top op p
steering is abnormal

Horn / warning Repair before use where

Audible/visual warning operates

devices required for safe operation
. Leaks, damaged hoses, abnormal | Isolate and report; never touch
Hydraulics .
movement a pressurised leak
i .. D
Seat restraint / Present and functioning 0 not bypass or remove
guards safety devices

Battery / fuel Secure, no leakage; safe charging/ | Follow site procedure and
system fuelling condition report defects

General No unusual noise, loose parts or | Escalate before commencing
condition warning indicators work
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This is an instructional checklist; manufacturers’ instructions and site-specific
inspection requirements take precedence.

6.1.3.3 Safe Storage, Stacking and Racking

Safe storage means more than placing goods wherever space is available. Every
storage system has design limits, and the load imposed on racks, shelves, mezzanines
and floors must remain within rated capacities. Goods should be stored so that they
are stable, accessible and protected from impact. Pallets must be suitable for the load
and free from damage that could cause collapse; unstable or broken pallets should be
removed from service. Heavy items are generally safer at lower levels when operational
requirements permit, while frequently picked items should be positioned to reduce
excessive reaching and manual handling. Stacks should be built on a sound, level base
and should not lean into aisles or obstruct sprinklers, lighting, signs, exits or ventilation.
Mixed sizes and irregular loads require extra attention because gaps and poor load
distribution can reduce stability. Materials that can roll, slide or topple need restraints
or specialised storage. The objective is to prevent both sudden catastrophic collapse
and the smaller, repeated events in which cartons or loose objeets,fall during picking or
replenishment.

Racking should be inspected routinely for impact ‘damage, deformation, missing
safety components, loose fixings and unauthorisedyaltcrations. Forklift strikes are
particularly important because damage may be localised and not immediately obvious
to a casual observer. Workers should beftrained to report rack impacts immediately
and keep people away from a bay that appears unsafe'until it has been assessed by a
competent person. Load noticesfshould be visiblesand meaningful to the people who
replenish the racks. It is unsafé to assumé that because a load physically fits into a bay,
the rack can support it. Changes in pallet type, product weight or storage configuration
may change the structural. demand. Climbing on racking is prohibited unless the system
is specifically designéd and authorised«for access; appropriate access equipment should
be used instead. Rack proteetiomat vulnerable corners, good aisle width and disciplined
forklift operation reduce damage. A strong storage-safety programme combines design,
correct loading, inspection, repair control and clear responsibilities for reporting defects.

Table 6.3: Safe Stacking and Racking Checklist

Check Safe Practice

Load capacity Know and follow rack, shelf, pallet and floor load limits.

Use sound pallets appropriate to the product and handling

Pallet condition method.

Secure or contain unstable cartons; keep loads square and

Load stability balanced

Maintain required clearance from sprinklers, lights, doors,

Clearance . .
aisles and emergency equipment.
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Report impacts, bent uprights, damaged beams or missing

Rack damage locking devices immediately.
Picking access Use approved access equipment; never climb on racking.

. Remove loose wrap, broken timber and debris from storage
Housekeeping

and picking areas.

Review storage design when product weight, pallet size or

Change control handling equipment changes.

Source basis: HSE HSG76/INDG412 and general warehouse racking safety practice.
6.1.3.4 Manual Material Handling and Ergonomics

Safe Manual Handling: Keep the Load Close.and Move Smoothly

Good handling is not a fixed “safe weight”.
Risk depends on the task, load, posture, frequency, environmentiand individual capability.
@ Planthe lift: know the route, weight and
destination

@ Use a stable stance and bend at hips/knees
rather than twisting

@ Keep the load close to the body and maintain a
secure grip

LOAD

@ Turn with the feet; avoid sudden twisting
while carrying

@ Use a trolley, pallet jack or team lift when
risk remains

Fig. 6.37Basic prin¢iples for safer manual material handling

Manual material handling includes lifting, lowering, carrying, pushing, pulling
and supporting loads by bodily effort. It is a major concern in warehouses because
the same movement may be repeated many times during receiving, picking, packing
and replenishment. There is no single weight that is “safe” for every worker and every
situation. Risk depends on the load, posture, reach distance, frequency, duration,
grip, working height, twisting, space, floor condition, environmental factors and the
capabilities of the individual. The first question should therefore be whether the manual
handling can be avoided or reduced. Mechanical aids such as pallet jacks, trolleys,
conveyors, lift tables and vacuum lifters can remove much of the physical demand.
Packaging and storage design can also reduce risk by limiting container size, placing
heavy or frequently handled goods between knee and shoulder height and arranging
work so that the worker does not have to twist while carrying. Training is useful, but
training cannot compensate for a task that is poorly designed or demands excessive
force repeatedly.
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Where manual handling remains necessary, workers should plan the movement
before lifting. The destination and route should be clear, the load should be tested for
stability and grip, and assistance should be requested if the size or shape makes the task
difficult. A stable stance, a firm grip and a position close to the load reduce unnecessary
leverage on the body. The worker should move smoothly and avoid sudden jerking,
twisting or reaching while supporting the load; turning should be achieved mainly by
moving the feet. Loads that obstruct vision create an additional fall and collision hazard,
so a trolley or team handling may be more appropriate. Pushing is often preferable to
pulling when equipment and conditions allow because it may provide better control and
posture, but the force required, slope and wheel condition still matter. NIOSH provides
the Revised NIOSH Lifting Equation as a tool for analysing certain two-handed lifting
tasks, while HSE and NIOSH both stress the need to assess the task, load, environment
and worker rather than relying on a simple universal weight limit.

[Nlustration prepared for this unit based on NIOSH ergonomic guidance and HSE
manual-handling principles.

Think About It: A worker may lift a carton correctly once during a'demonstration, but the
real job may involve hundreds of lifts from a low pallet, frequent twisting, time pressure and
fatigue. Safety assessment must therefore study the real pattetn of work rather than judging
one isolated lift. Ergonomic improvement ofteh comes from changing shelf height, package
weight, wheel condition, work sequence or/use of mechanical aids, not merely repeating a

lifting slogan.

6.1.3.5 Loading and Unloading Safety at Docks

Loading docks are high-risk,areas becauise workers, forklifts, trailers and vertical
edges interact in a confined spacesA forklift can fall from a dock edge, a trailer can
move away unexpectedly, a.deckboard can fail, a load can shift inside a vehicle, or
a pedestrian can enter the path of moving equipment. Safe loading begins with clear
responsibility for controlling the vehicle and the loading zone. The trailer or truck
should be positioned comeetly and secured against unintended movement using the
site-approved method, which may include parking brakes, wheel chocks, dock restraints
or other systems appropriate to the operation. Dockboards, levellers and bridge plates
should be suitable for the expected load, properly positioned and inspected for damage.
The floor of the trailer and loading surface should be checked for obvious weakness,
contamination or obstruction before powered equipment enters. Dock edges should be
visible, lighting should be adequate and workers not involved in loading should be kept
away. Communication between the driver and warehouse team is essential so that the
vehicle does not depart until loading is complete and release is authorised.

Work inside trailers requires additional attention to space, ventilation, lighting and
stability. A forklift driver entering a trailer should confirm that the trailer is supported
and secured in accordance with the site procedure, and the combined weight of truck,
load and equipment should not exceed the capacity of the dock system or trailer floor.
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Loads should be arranged to maintain stability during both loading and transport. If
a driver must remain outside the cab, the site should provide a safe waiting location
away from vehicle movement. Pedestrians should never be permitted to stand between
a reversing vehicle and a fixed structure because this creates a crushing zone. Reversing
aids and spotters can help, but they do not replace a well-designed traffic plan. In wet
weather, dock surfaces can become slippery and braking performance may change;
housekeeping and speed should be adjusted accordingly. Dock safety is strongest
when vehicle restraint, edge protection, equipment condition, pedestrian exclusion and
communication all work together as a single system.

Loading Dock Safety Zone - lllustrative Layout

2. Secure trailer: brake/chock/restraint as applicable
WAREHOUSE
3. Inspect dockboard/leveller and rated capacity
4. Maintain clear, dry, well-lit working surfaces
Dock doof
{ TRAILER/ TRUCK
. Forklift
Pedestrian
1. Keep uninvolved pedestrians outside loading zone :I IZ
5. Confirm communication before vehicle departure

High-visibility dock edge / exclusion zone

Fig. 6.4:.d6ading dock safety zone - illustrative arrangement

[lustration prepared forthistunit using control principles from OSHA loading-dock
guidance and HSE loading/unloading guidance.

6.1.3.6 Working at Heéight and Access Equipment

Warehouse work at height may occur during stock checking, maintenance, order
picking or access to mezzanine levels. Falls can occur from ladders, platforms, loading
docks, mezzanines or improvised surfaces such as pallets and rack beams. The first rule
is to avoid working at height when the task can be performed safely from ground level,
for example by using scanners, cameras, automated retrieval or repositioning stock.
Where access is necessary, workers should use equipment that is designed for the task,
stable on the floor, properly maintained and suitable for the height and duration of
work. Portable ladders should not be used as a substitute for a working platform when
the task requires both hands, significant force or prolonged work. Workers must never
climb racking or stand on forklift forks, pallet loads or makeshift boxes to gain height.
Mezzanine edges, stairs and elevated work areas should have suitable guarding, and
access gates should maintain protection when materials are transferred.
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Access equipment should be inspected before use for obvious defects, contamination
and stability. A ladder should be positioned so that it cannot slip, and the user should
maintain secure contact and avoid overreaching; if the task requires the person to lean
outside a safe working position, the equipment should be moved. Mobile steps and order-
picking platforms should have functioning brakes or locking arrangements as designed.
Where powered access equipment is used, only trained and authorised workers should
operate it. Fall protection requirements depend on the equipment, task and applicable
law, so the warehouse procedure must be site-specific. The underlying safety principle
is simple: workers should not improvise access. Many serious warehouse falls begin
with a short task that appears too quick to justify obtaining the correct equipment.
Management should make safe access convenient by locating suitable steps or platforms
near the work and by planning replenishment so that frequently handled items are not
unnecessarily placed in difficult high locations.

6.1.3.7 Conveyors, Machinery and Control of Hazardous Energy

Conveyors and automated equipment improve warehouse productivity, but they
introduce pinch points, nip points, moving belts, rollers, chains‘and unexpected start-up
hazards. Guards, covers, emergency stops, pull courds, interlocks‘and sensing devices
should be kept in place and functional. Workers must not,bypass guarding or reach into
moving machinery to clear a carton, straighten"@belt or retrievé an item. The safest
response to a jam is to stop the system and follow the approved isolation procedure.
A machine that appears stopped may still contain hazardous electrical, mechanical,
pneumatic, hydraulic, gravitational, thermal or stored energy. For this reason,
maintenance and servicing requiref@formal hazardous-energy-control procedure such
as lockout/tagout. The procedufe should identify the energy sources, shutdown method,
isolation points, locks or tags, steps fot releasing or restraining stored energy and the
method for verifying that isolation is effective before work begins. Only authorised and
trained persons shouldperform théprocedtire, while affected workers should understand
that locked or taggéd equipment must not be restarted.

Basic Lockout/Tagout Logic for Maintenance Work

1 Prepare & notify [ 2 Orderly shutdown

3 Isolate all energy sources 4 Apply lock / tag

7 Perform maintenance 8 Inspect area, remove controls &

notify

CTTT

[ 5 Release or restrain stored energy [ 6 Verify zero-energy state

et e ey S

Only authorised, trained persons should apply energy-control procedures; site-specific procedures are essential.

Fig. 6.5: Basic lockout/tagout logic for maintenance work
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The discipline of energy isolation is particularly important during urgent breakdowns
because production pressure can encourage shortcuts. A worker may believe that
pressing the stop button is enough, but a stop control is usually not the same as isolating
the energy source. Stored pressure can remain in a pneumatic cylinder, a raised
component can fall under gravity, a spring can release, or another person can restart the
system from a remote control. A robust lockout/tagout process therefore begins with
preparation and communication, followed by orderly shutdown, physical isolation,
application of personal control devices, release of stored energy and verification. After
maintenance, the work area is checked, guards are restored, people are clear and the
person responsible removes controls according to the site procedure before energy is
restored. OSHA’s hazardous-energy standard is a widely used reference for this logic.
Every warehouse should adapt the principles to its own equipment, manufacturer
instructions and applicable legal requirements rather than using a generic checklist
without understanding the specific energy sources.

[Nlustration prepared for this unit based on OSHA 29 CFR 1910.147 hazardous-
energy-control sequence. Site-specific procedures are essential.

6.1.3.8 Electrical Safety and Battery Charging Areas

Electrical safety in a warehouse begins with keeping installations, cables, chargers,
portable equipment and distribution boardsdn good condition'and using them only for
their intended purpose. Damaged plugs, exposed conductors, temporary connections,
overloaded outlets and cables across walkways should be corrected rather than tolerated
as short-term solutions. Electricalopanels and isolators should remain accessible,
clearly identified and protected from storage that could obstruct emergency access.
Only competent persons should perfoun electrical repair or alteration. Moisture and
electrical equipment require|particular care, especially around docks, cold storage
entrances and cleaninggaetivitiesaWorkerséshould know how to report shocks, burning
smells, repeated tripping of proteetive devices or visible damage without attempting
unauthorised repair. Equipfent that has been damaged by impact or water should be
isolated until assessed."Safe electrical practice is closely connected with housekeeping
because combustible packaging stored against electrical equipment can increase the
severity of a fault, while’blocked access can delay isolation during an emergency.

Battery charging for electric forklifts and other equipment requires a designated
and controlled area because charging can involve electrical energy, heavy batteries,
corrosive electrolyte and the release of gases depending on battery type. The charging
station should be arranged according to manufacturer instructions and applicable fire
and electrical requirements, with adequate ventilation where needed, clear separation
from ignition sources and suitable emergency equipment. Smoking and open flames
should be prohibited in areas where flammable charging gases can accumulate. Workers
servicing batteries may require eye and face protection, gloves and facilities for dealing
with accidental exposure, depending on the battery chemistry and task. Mechanical
handling aids should be used for heavy batteries rather than unsafe manual lifting.
Chargers, leads and connectors should be inspected and protected from vehicle damage.
BIS IS 3594:2024 specifically notes fire-safety provisions for charging battery-operated
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forklifts in warehouse settings, showing why charging stations must be considered part
of the warehouse fire strategy rather than merely a convenient parking location.

6.1.3.9 Fire Prevention and Fire Safety

Warehouses can contain a large combustible fire load in the form of cartons, plastics,
wooden pallets, textiles and stored products. Fire prevention therefore depends on
controlling ignition sources, maintaining electrical equipment, managing hot work,
limiting unnecessary combustible waste and storing materials in a way that does not
defeat fire protection systems. Exits and escape routes must remain clear, and fire
doors should not be wedged open unless they are designed to release safely through
an approved system. Fire extinguishers, hose systems, alarms, detectors and sprinklers
should remain visible, accessible and maintained according to the applicable fire
strategy. Storage should maintain the clearances required by the relevant design around
sprinklers and other fire-protection components. Hot work such as welding or cutting
should only be performed under a controlled permit system with combustible materials
removed or protected and appropriate fire watch arrangements. Smoking should be
restricted to authorised areas well away from storage and charging hazards. The exact
fire-protection requirements depend on building design, commodity classification,
storage height and local regulation; warehouse managers should never improvise
changes that compromise a designed fire-safety syStem.

The warehouse emergency response to fire should \be simple enough to follow
under stress. Workers must know how to raise the alarm, which routes to use, where
to assemble and who is responsibledfor accounting for personnel. If the organisational
policy allows only designated trdined employeestouse portable extinguishers, all others
should evacuate rather than délay escapé. Where workers are trained and authorised to
use an extinguisher, they should do so only for an incipient fire when a safe escape route
remains available and.eonditions,do not ifivolve unacceptable smoke, heat, explosion
or chemical hazardst Emergency exits'should not be hidden behind stock or locked in a
way that prevents escape.rills should test the real plan, including contractors, visitors,
night shifts and peopleworking in remote zones. In the Indian context, BIS IS 3594:2024
provides a dedicated code of practice for fire safety of general storage and warehousing
including cold storages, and the National Building Code of India 2016 contains broader
building and fire-safety provisions. These references should be applied by competent
persons together with statutory requirements and local fire authority conditions.

6.1.3.10 Personal Protective Equipment (PPE)

Personal protective equipment provides an important final layer of protection, but it
should be selected from a task-specific risk assessment rather than issued as a one-size-
fits-all uniform. Common warehouse PPE may include safety footwear, high-visibility
clothing, gloves, eye protection, hearing protection and head protection depending
on the work area and hazard. Footwear may protect against dropped objects, sharp
materials or slipping; high-visibility clothing helps drivers see pedestrians but does not
replace route segregation; gloves may protect against rough packaging or chemicals
but can create entanglement risk near moving machinery if selected incorrectly. Eye
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and face protection may be required during battery servicing, strapping, cutting or
maintenance tasks where particles or liquid splash are possible. PPE should fit the user,
be compatible with other equipment, remain clean and serviceable and be replaced
when damaged. Workers should understand both what the PPE protects against and
what it does not protect against. Wearing a vest, for example, does not make it safe to

step unexpectedly into a forklift aisle.

Table 6.4: Illustrative PPE Selection in Warehouse Tasks

Task / Area

Possible PPE

Important Reminder

General warehouse

Safety footwear; high-
visibility clothing where

PPE does not replace
traffic separation and

movement vehicles operate housekeeping.
Handling rough or Task-appropriate gloves; eye Check grip and.

; SO . efitanglement risks before
sharp packaging protection if particles can fly

selecting gloves.

Battery maintenance /
electrolyte exposure

Chemical-resistant gloves;
eye/face protection;
protective clothingfas
required

Follow battery
manufacturer and site
emergency procedures.

Noisy equipment area

Hearing protection where
exposuré assessmentirequires
it

Control noise at source
where practicable.

Maintenance work

Task-specific eye; hand,
head, foet or respiratory
protection

Energy isolation and
guarding remain primary
controls.

Insulated clothing and gloves
suitable for temperature and
task

Manage reduced dexterity,

Cold storage condensation and slip risk.

[llustrative only. PPE must be selected from the actual hazard assessment,
manufacturer guidance and applicable regulations.

6.1.4 Standard Safety Procedures Before, During and After
Warehouse Work

A safe shift begins before production starts. Pre-shift preparation should confirm that
the work area is reasonably clean, emergency routes are open, lighting is adequate and
known hazards from the previous shift have been communicated. Equipment operators
should complete the required inspections, while supervisors should check whether
planned work creates unusual risks, such as a large inbound delivery, maintenance in
a live operating area, temporary contractors, changed rack configuration or unusually
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high pedestrian activity. Daily briefings can be short, but they should focus on actual
conditions rather than repeating generic messages. Workers should be assigned only
to tasks for which they are competent and authorised. The availability of PPE, spill
equipment, access equipment and mechanical handling aids should be checked before
they are needed. If a hazard cannot be controlled immediately, the area should be
isolated or the task postponed. This preparation reduces the temptation to improvise
once the operation is busy, and it creates a clear handover from planning into execution.

During receiving, workers should control the area around the vehicle, verify
documentation and load condition from a safe position and avoid standing where a
shifting load could fall when doors or curtains are opened. Damaged packaging, leaking
containers or unusual odours should be treated as warning signs and escalated according
to procedure. Pallets should be inspected before they enter storage, because broken
boards or unstable loads can create problems throughout the later process. Forklifts
and pallet trucks should travel only on designated routes at controlled speed, and loads
should not exceed equipment capacity. Put-away should follow location rules, rack
capacity and product compatibility requirements. If an item ¢annot be stored safely in
the assigned location, the correct response is to seek another approved location, not to
force the load into the space or remove a rack componént. Routine discipline at receiving
and put-away prevents hazards from being transferred deeper into the warehouse.

During picking and replenishment, workérs should keep aisles clear, use approved
access equipment and place picked goods in stable containers or pallets. Replenishment
by forklift and pedestrian picking shouldbe coordinated so that one activity does not
expose the other to falling goods or vehicle mevement.df the warehouse uses pick faces
beneath reserve pallet storage, the protection andoperating method should reflect the
storage design. Workers should avoid #€aching through racks, climbing on beams or
entering a zone where a load 18 being raised overhead. Packaging tools such as knives
and cutters should be_suitable for the task and stored safely when not in use. When
opening cartons orgemoving strapping, the worker should position the body so that
released tension ot sharp.edges do not strike the face or hands. Good picking safety
also protects produet quality because stable pallets, correct handling and controlled
movement reduce damaged goods and mis-picks.

Packing and dispatch operations can create hazards through repetitive motion,
knives, strapping, conveyors, manual lifting and congestion around outbound lanes.
Workstations should be arranged to keep frequently used materials within comfortable
reach and to reduce repeated bending or twisting. Strapping machines, sealers and
conveyors must retain guards and emergency stops, and jams should be cleared only
using the approved isolation procedure. Completed pallets should be wrapped or secured
to maintain stability during internal movement and transport. Dispatch lanes should be
organised so that loads do not block pedestrian routes, exits or fire equipment. Before
loading, the destination, route and load sequence should be confirmed so that workers
are not forced to rearrange unstable pallets inside a vehicle. The final check before a
truck leaves should include load security and completion of any site release process.
A hurried final five minutes can undo hours of safe work, so dispatch discipline is as
important as receiving discipline.
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At the end of the shift, the warehouse should be left in a condition that allows the
next team to begin safely. Equipment should be parked in designated areas, forks or
attachments lowered as required, power isolated or charging commenced according to
procedure and defects reported. Waste, empty pallets and temporary storage should be
removed from traffic routes. Damaged stock should be identified and segregated, not
left as an unexpected hazard. Supervisors should ensure that incidents, near misses,
maintenance restrictions, rack damage, spills, equipment defects and unusual customer
or product issues are recorded in the handover. Safety-critical information should never
depend on memory or informal conversation. A written or digital shift handover provides
continuity so that the next team knows which areas are restricted, which equipment is
unavailable and which controls are temporary. Good handover is particularly important
in 24-hour facilities where different teams may never meet directly.

Table 6.5: Example Safety-Critical Shift Handover

Topic Information to Pass to Next Shift

Spills, repairs, damaged racking, blocked routes, temporary

Restricted areas ; )
barriers or maintenance zones

Forklifts, conveyorssmchargers, dock/levellers or tools

Equipment status .
quip removed from service

Any alarm, extinguisher, exit, eye-wash or first-aid issue

Emergency equipment . .
gency equip requiring attention

Peak delivery#windows, temporary workers, unusual loads,

Operational changes
P & layout changes or contractors

What happenéd, immediate controls put in place and

Incidents / near misses . .
fusther action required

Hazardous / damaged™ | Location, isolation status and person responsible for
stock follow-up

[lustrative handover format; local procedures may require additional information.

6.1.5 Emergency Preparedness and Response

Emergency preparedness converts a dangerous event from a moment of confusion
into a sequence of known actions. The warehouse should identify credible emergencies
such as fire, serious injury, chemical spill, rack collapse, vehicle collision, loss of
power, extreme weather, gas release or other site-specific events. An emergency action
plan should define how an alarm is raised, how emergency services are contacted, who
has authority to stop operations, how workers evacuate or shelter when required, where
people assemble and how accountability is completed. The plan should consider workers
who may be isolated in cold rooms, mezzanines, yards or maintenance areas and should
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include contractors and visitors. Emergency routes must remain usable during the types
of events for which they are intended; a route that passes through the most likely hazard
zone is not an effective route. Plans should also address communication when normal
power or network systems fail. Training and drills should test practical understanding,
not simply attendance. Workers should know the sound or message associated with
each alarm and should never return to the building until an authorised all-clear is given.

The first priority during an emergency is protection of life. Workers should raise
the alarm, move away from immediate danger and avoid actions that create a second
casualty. First aid should be provided by trained persons within the limits of their
competence, while emergency medical assistance is obtained when needed. Machinery
should be shut down or isolated only if the person is trained and can do so without
delaying escape or entering a dangerous area. During a serious rack collapse, for
example, workers should stay outside the collapse zone because additional material
may fall; during a chemical release, the correct response may involve evacuation
or isolation rather than approaching the material. Emergency teams need accurate
information about the type of incident, location, missing persens, stored materials and
energy sources. The warehouse should keep emergency contagt, details and relevant
site information accessible. After the immediate evefit is controlled,re-entry should be
authorised by a competent person, and evidence should be preserved where safe so that
the cause can be investigated.

Warehouse Emergency Response: First-Minute Priorities

1 RECOGNISE Fire, spillinjury, collapse, vehicle incident or other emergency

2 RAISE ALARM Warn people; activate the site reporting/alarm system

Stop work; move away from immediate danger; do not create a second
3 PROTECT LIFE casualty

CALL / ESCALATE Contact emergency team/services according to the site plan

Shut down equipment or energy only if trained and it can be done
5 ISOLATE IF SAFE safely

6 EVACUATE / ASSEMBLE Use designated routes and report to the assembly point

7 ACCOUNT & INFORM Headcount; communicate missing persons and hazard information

Re-entry only after authorised all-clear; preserve evidence for
8 RECOVER SAFELY investigation

'S ™
£~
T U N N SR S W N

Fig. 6.6: First-minute priorities during a warehouse emergency

[1lustration prepared for this unit using general emergency-action principles reflected
in OSHA 29 CFR 1910.38 and HSE warehouse guidance.

Emergency drills should be planned to reveal weaknesses rather than merely prove
that a drill occurred. A drill can test whether alarms can be heard in noisy zones, whether
people use the nearest safe exit, whether visitors are accounted for, whether assembly
points remain clear of responding emergency vehicles and whether supervisors know

m SGOU - SLM - B.Com Honours - Materials and Warehouse Management 2.

3 =

%
Uoasg rme
SREENARAYANAGURU

OPEN UNIVERSITY



who is absent. Observers should record delays and unsafe behaviour and convert the
findings into corrective actions. Different scenarios may be used over time, such as a
blocked normal exit or an incident during night shift. The aim is not to surprise workers
dangerously, but to build confidence in the plan. Lessons from drills should also lead to
changes in layout, signage or equipment when needed. If employees repeatedly hesitate
at a junction because exit signs are unclear, the correct solution is to improve the sign
or route rather than simply telling them to remember better next time.

6.1.6 Safety Signs, Markings, Barriers and Communication

Visual communication helps workers recognise hazards quickly, but signs are effective
only when they support a well-designed system. Warehouses commonly use floor lines
to define walkways, vehicle lanes, exclusion zones and storage boundaries; signs to
indicate speed limits, mandatory PPE, no-entry zones and emergency equipment; and
barriers to physically separate people from traffic or falling-object hazards. The meaning
of colours and symbols should be consistent throughout the facility and should comply
with applicable standards. Too many signs can become visual moise, particularly if old
or irrelevant notices remain after a process changes. A good sign answers an immediate
question: what hazard is present, what action is required and where does the rule apply?
Markings should be maintained so that they remain visible under; warehouse lighting
and traffic wear. Temporary hazards require teémporary but elear€ontrol, such as cones
or barriers, yet temporary arrangements should not become permanent substitutes for
repairing the underlying problem.

Communication must also operate across, langudge, literacy and organisational
boundaries. Induction should eXplain the warchouse traffic system, emergency alarms,
reporting method, prohibited/acts andésite-specific PPE using demonstrations where
possible. Toolbox talks can focus on recent hazards or seasonal changes, while shift
briefings can communicate immediate _Operating conditions. Delivery drivers and
contractors shouldgéeeive concise information before entering operational areas. Workers
must know whomte contdet when they find damaged racking, a leaking container, an
unsafe forklift, a blocked exit or'a near miss. Reporting channels should be easy to use
and should produce visible folow-up; if workers report hazards repeatedly and nothing
changes, they will eventually stop reporting. Management should communicate not
only rules but also reasons. Explaining that a pedestrian barrier prevents entry into the
forklift tail-swing zone creates understanding that is stronger than a sign saying “Do
not cross”.

6.1.7 Inspection, Near-Miss Reporting and Incident Investi-
gation

Regular inspection is the warehouse equivalent of preventive maintenance for the
work environment. Inspections should examine conditions that can deteriorate between
formal audits: housekeeping, floor damage, traffic markings, lighting, rack condition,
pallet quality, dock equipment, emergency exits, fire equipment access, electrical leads,
machine guards and availability of required PPE. Some items require daily attention,
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while others may be checked weekly, monthly or through specialist inspection depending
on risk and regulation. Checklists are useful because they create consistency, but they
should not turn inspectors into box-tickers who ignore something unusual that is not
listed. Photographs, digital reporting and location tagging can improve follow-up.
Each finding should have a responsible person and target date, with urgent hazards
controlled immediately. Repeated findings in the same area indicate a management-
system problem. For example, repeatedly finding shrink-wrap in an aisle may show
that waste bins are poorly located or that staffing during peak periods is inadequate, not
simply that workers need another reminder to clean up.

Warehouse Safety Improvement Cycle

Investigate incidents Inspect, observe
& near misses, & measure

Fig. 6.7: Continuous warchouse safety improvement cycle

Near-miss and ineident reporting provides another source of safety intelligence.
Workers should report eventsysuch as dropped loads, forklift contact with racking,
emergency braking to.avoid a pedestrian, a pallet collapse without injury, electrical
arcing, a fall that did not produce injury or a dock restraint failure. The purpose is to
learn and control risk, nottegunish honest reporting. Serious events require immediate
preservation of the scene where safe, medical attention when needed and notification
through the organisation’s escalation process. Investigation should look beyond the
last act of the person involved. A worker may have stepped into a vehicle lane, but
why was the picking station located across the lane? A pallet may have collapsed, but
was the packaging inadequate or was the pallet already damaged? Root-cause thinking
considers layout, equipment, supervision, workload, training, maintenance and
procedure design. Corrective actions are stronger when they change the system rather
than merely instructing people to be more careful.

Safety performance should use both lagging and leading indicators. Lagging indicators
describe harm that has already occurred, such as injuries, lost-time cases or property
damage. Leading indicators show whether preventive activities are functioning, such as
completion of inspections, closure of corrective actions, near-miss reporting, training
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quality, equipment-defect response and observation of traffic compliance. A warehouse
with zero recorded incidents is not necessarily safe if workers are afraid to report
problems. Conversely, an increase in near-miss reports may reflect stronger reporting
culture rather than worsening safety. Managers should interpret data in context and look
for trends by location, shift, task and hazard type. The most valuable indicator is one
that leads to action. If data show repeated rack impacts at one aisle end, the response
might include changing the route, adding protection, reducing speed or improving
visibility rather than simply recording another monthly statistic.

[lustration prepared for this unit to show the Plan-Control-Check-Learn-Improve
logic of systematic safety management.

Table 6.6: Illustrative Warehouse Safety Inspection Points

Area Examples of Inspection Questions

Are walkways and vehicle lanes elear? Are barriers, mirrors

Traffic routes . .
“ and markings intact?

Any rack impact, leaning loads, damaged pallets, missing

Storage systems -
ge sy locks or overloaded locations?

Floors / Any spill, debris§ uneven surface, trailing cable or blocked
housekeeping access?

Material handling Are pre-useichecks eompleted? Any unsafe equipment still
equipment in service?

Is the edge visible? Are restraints/chocks/dockboards in safe

Loading dock condition?

Afe exits, alarms, extinguishers and emergency equipment

Fire / emergenc .
geney accessible?

Are guards and emergency stops present? Any evidence of

Machinery bypassed safety devices?

Is required PPE available and usable? Are lighting,

PPE If: Tati iti i
/ welfare ventilation and welfare conditions satisfactory?

The frequency and depth of inspection should be determined by risk, equipment
requirements and applicable law.

6.1.8 Training, Supervision and Safety Culture

Training should build competence, not merely provide information. Workers need
to understand the hazards of their tasks, demonstrate the correct method and know the
limits of their authority. Forklift operators require practical training and evaluation;
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maintenance personnel require equipment-specific energy-isolation knowledge;
workers using access equipment must know inspection and safe-use requirements; and
all workers need emergency, housekeeping, reporting and traffic information relevant to
their exposure. Refresher training may be needed after incidents, changes in equipment
or process, evidence of unsafe operation or long periods without performing the task.
Supervisors are critical because they translate policy into daily practice. A procedure
that is never enforced becomes optional, while a supervisor who encourages unsafe
shortcuts to meet a target teaches the team that production is more important than safety.
Good supervision plans work realistically, corrects deviations promptly, recognises safe
behaviour and escalates design problems that workers cannot fix themselves.

Safety culture describes the shared belief about how seriously safety is treated when
nobody is watching. In a positive culture, workers stop unsafe work, report near misses,
keep routes clear and challenge unusual conditions because they believe management
wants hazards identified early. In a weak culture, people hide defects, continue using
damaged equipment and treat repeated near misses as normal. Culture is shaped by
management decisions: whether unsafe equipment is actually, removed from service,
whether reported hazards are fixed, whether realistic staffing is provided during
peak periods and whether supervisors model the giles themselves. Reward systems
must be designed carefully. Incentives based only on “zero injuries” can discourage
reporting, while recognition for useful hazardddentification, corrective action and safe
improvement supports learning. Safety meetings should therefore discuss lessons and
controls, not only injury numbers. The goal is an environment in which safe work is
seen as professional work, not an obstacle te performance.

Illustrative Case - A Busy EMCG Warehouse: A distribution warehouse experiences
repeated near misses at the same cross-aisle. The first reaction is to remind forklift drivers to
use the horn. A deeperseview shows that a high stack of empty pallets blocks visibility, the
pedestrian walkway ends immediatelybefore the crossing, and the location is busiest during
shift handover. The strongér solution is to remove the visual obstruction, extend a protected
pedestrian route, install a clearly/marked crossing with improved visibility, review the need
for a one-way vehicle flowsand reduce vehicle movement during the busiest pedestrian
period. The case illustrates a central message of this unit: effective safety improvement
changes the system that produces unsafe interactions rather than relying only on repeated

warnings to individuals.

6.1.9 Role of Technology in Warehouse Safety

Technology can strengthen warehouse safety when it supports, rather than replaces,
sound operating principles. Warehouse management systems can improve inventory
accuracy and reduce unnecessary search and travel; telematics can record forklift
impacts, speed and maintenance alerts; cameras and proximity sensors can warn
operators about pedestrians or obstacles; wearable devices may provide location or
ergonomic information; and automated systems can remove workers from repetitive or
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hazardous handling. Digital checklists can ensure defects are recorded with photographs
and routed to the responsible person. However, technology creates new risks if it is
introduced without change management. Workers may become over-reliant on alarms,
sensors can be obstructed or poorly calibrated, and automated equipment may introduce
new maintenance or stored-energy hazards. Cyber or system failures can also affect
operations. Every technological control should therefore have clear operating limits,
inspection and maintenance requirements and a fallback procedure. A proximity alarm,
for example, should not be used as an excuse to remove physical pedestrian separation
where separation remains practical.

Data from technology can also improve safety planning. Repeated forklift impact
alerts may identify a badly designed corner; frequent emergency-stop activation
may reveal a conveyor bottleneck; heat maps from movement data may show where
pedestrians and vehicles interact; and digital incident systems can reveal patterns
across shifts or zones. The value lies in converting data into action. Managers should
avoid collecting large amounts of safety information without reviewing it. Technology
should also respect privacy and be implemented transparently so workers understand
what is measured and why. The most mature approach combines engineering design,
competent people, clear procedures and useful digital,support. Automation may reduce
some manual handling and pedestrian exposure, but itidoes not remove the need for
emergency planning, maintenance safety, guarding; energy. isolation and training. As
warehouses become more automated, the nature of hazards changes; safety management
must change with it.

6.1.10 Safety Proceduresgdor Contractors, Visitors and Tem-
porary Workers

Warehouses frequently depend on people who do not work in the facility every
day. Drivers, maintenanée techmicians,/electricians, pest-control teams, cleaners,
construction contractors, auditors, eustomers and temporary workers may all enter
operational areas. Their uafamiliarity with local traffic routes, alarms, restricted zones
and work practices can create a risk both to themselves and to regular employees. A
sound procedure therefore begins before entry. The host organisation should define who
is responsible for the visitor or contractor, what information must be provided, which
areas may be entered and what level of supervision is required. A short site induction
should explain the emergency alarm, assembly point, pedestrian routes, vehicle rules,
PPE requirements, prohibited activities and the method for reporting a hazard. The
induction should be proportionate to the person’s exposure: a visitor remaining in an
office needs different information from a contractor replacing a dock leveller. Signing
an entry register alone is not a safety control unless the person also understands how to
behave safely while on site.

Contractor work requires particular attention because maintenance and installation
activities can introduce hazards that are not part of normal warehouse operations.
Welding may introduce ignition sources; roof work may create a fall risk; electrical
work may expose live conductors; drilling may affect hidden services; and repair of
conveyors, dock equipment or racking may require energy isolation or exclusion zones.
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Before the work begins, the warehouse representative and contractor should exchange
relevant information about the task, the surrounding operation and any interacting
hazards. Responsibilities should be clear: who isolates equipment, who controls
access, who tests the area, who authorises restart and who verifies that tools, waste
and temporary barriers are removed at completion. Where a permit-to-work system is
required by site procedure or the nature of the work, it should be treated as a formal
communication and control process rather than as paperwork. The permit cannot make
unsafe work safe by itself; it is effective only when the stated precautions are actually
in place and checked.

Temporary workers also deserve deliberate planning. Peak seasons may bring a
rapid increase in labour at exactly the time when order volumes, vehicle movements
and pressure for speed are highest. A new worker who has not learned the layout
or product locations may be more likely to step into a vehicle route, use the wrong
access equipment, attempt an unfamiliar lifting task or bypass a procedure to keep
pace with experienced colleagues. Induction should therefore be followed by task-
specific instruction, demonstration and supervised practice. Supervisors should verify
competence rather than assume that previous warehouse expetience is equivalent to
knowledge of the present site. High-risk activities su¢h as operatingippowered industrial
trucks, working at height, maintaining machinery or handling safety-sensitive materials
should be restricted to workers who have the required training and authorisation. Clear
identification of mentors, simple visual instructions‘and frequent early feedback can
make temporary workers productive without sacrificing safety. The same standards
should apply to agency and permanent staff performing the same task.

Table 6.7: Example Entry and Control Requirements for Non-Routine Personnel

Person / activity

Minimum control before
exposure

Additional control where
needed

Delivery driver

Site" ftraffic rules; parking/
loading instruction; remain in
agreed(safe area

Key control / restraint proce-
dure; supervised access;
high-visibility clothing

Short-term visitor

Sign-in; emergency informa-
tion; pedestrian route; host
responsibility

Escort in operational areas;
PPE appropriate to exposure

Temporary
warehouse worker

General induction; task inst-
ruction; supervision; hazard-
reporting method

Competence verification
before high-risk work;
mentor or buddy support

Maintenance
contractor

Scope agreed; hazards excha-
nged; isolation and access
arrangements confirmed

Permit-to-work, lockout/
tagout, hot-work control,
work-at-height control or
exclusion zone as applicable
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Out-of-hours work, machine
isolation or spill-control
arrangements where
necessary

Chemical and equipment
Cleaning contractor | information; segregation
from live operations

Illustrative control matrix based on general warehouse, contractor-management
and safe-system-of-work principles; local rules must reflect the actual task and legal
requirements.

6.1.11 Managing Non-Routine Work, Change and Permit-to-
Work Activities

Many serious warehouse events occur during work that is unusual rather than during
the most familiar daily routine. Examples include clearing a difficult conveyor jam,
recovering a fallen pallet, repairing damaged racking, changing a battery system,
cleaning at height, modifying a mezzanine, installing automation or responding to a
breakdown during peak dispatch. The normal operating procedure may not adequately
cover these situations because the equipment stateg people involved and surrounding
conditions are different. A useful rule is that when the job, changes, the risk assessment
should also be reconsidered. Before a non-reutine'task starts, theé team should define
the work area, identify energy sources and stored ‘energy, consider falling objects
and vehicle movement, confirm access and rescue arrangements, and decide whether
normal operations must be stopped or segregated. The task should then be explained to
everyone affected, including adjacént workersswho may not be doing the maintenance
themselves. A five-minute disg¢ussion befére unusual work can prevent improvisation
that would otherwise develop/under timie pressure.

A permit-to-work iss@arformaliwritten or electronic authorisation used for selected
higher-risk or non4routine jobs. It'mormally identifies the equipment or location,
describes the work; statessthe required precautions, records isolations or tests, defines
the period of validity and identifies the people who authorise and accept the work.
Common applications may in€lude hot work, confined spaces, electrical work, roof
work, excavation, line breaking or certain maintenance activities, depending on the
facility. The strength of the system is not the document but the disciplined conversation
behind it. Before issue, the responsible person verifies that the work can start safely.
During the job, conditions are monitored and the permit is suspended if the scope
changes. At handback, the area is checked, guards and safety devices are restored,
people are clear, and the operating department formally accepts the equipment before
restart. This closed-loop approach prevents a machine or area from returning to service
while a worker, tool, temporary connection or unsafe condition remains.

Change management is equally important because a warehouse can become unsafe
gradually even when no single dramatic change occurs. A rack is moved to create more
space, a new product is stored at a different height, a pedestrian door is relocated, a
faster forklift model is introduced, a conveyor is extended or an automated vehicle route
is added. Each change may affect sightlines, aisle width, rack loading, fire protection,
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emergency access, traffic conflicts or manual handling. Before implementing a significant
physical or operational change, the organisation should ask what new hazards are
created, which existing controls are affected, whether drawings and procedures must be
updated, whether workers need training and whether emergency arrangements remain
valid. Trial operation can be useful, but it should have defined limits and observation
criteria. After implementation, supervisors should check the change in real operating
conditions rather than assuming that the design works exactly as planned. A formal
change record is particularly valuable where equipment, layout or software settings can
later be altered by different departments.

Restart after maintenance or change deserves a specific procedure. The pressure
to resume production can be strong, especially when orders are waiting, but a safe
restart must verify that people, equipment and information are ready. Tools, spare
parts and temporary supports should be removed; guards, covers and interlocks should
be restored; isolation devices should be cleared only by the authorised method; the
work area should be inspected; and affected operators should be informed of what has
changed. Where practical, equipment should first be tested in a controlled condition
with unnecessary people outside the hazard zone. Any unusual noise, vibration, leakage,
alarm or unexpected movement should stop the restart until investigated. Procedures,
inspection frequencies and maintenance records should be updated if the change creates
a new requirement. Treating restart as a plannedistage of the,job closes the gap between
maintenance safety and operational safetyf and it prevents the final few minutes of a
repair from becoming the most dangerous part of the task.

6.1.12 A Practical Warehouse Safety. €hecklist for Everyday
Use

A practical checklist helps learners cofinect the detailed rules in this unit with
everyday observation: Before entering.ah operational area, look for the condition of
the floor, clarity of/fpedestrianmmoutes, location of moving equipment and any temporary
restrictions. At a storagedocation, consider whether the pallet and racking appear sound,
the load is stable and the aisle i§ clear. Before manual handling, consider whether the
task can be avoided or assisted mechanically, whether the route is clear and whether
the load can be gripped and seen around. At a loading dock, confirm vehicle control,
dock equipment condition, edge visibility and pedestrian exclusion. Before interacting
with machinery, check that guards are in place and never attempt maintenance without
the required isolation. During the shift, report unusual smells, smoke, leaks, damaged
electrical items, rack impacts and near misses promptly. At the end of the shift, ensure
hazards are either corrected or clearly handed over. This systematic scan should become
a habit rather than a special activity performed only during formal inspections.

The checklist also demonstrates an important principle: safety is created through
layers. No single rule can make a warehouse safe. A forklift operator may be highly
skilled, yet a poor layout can still create collision risk. A rack may be correctly designed,
yet damaged pallets can still create falling loads. Workers may wear protective footwear,
yet a blocked aisle can still cause a fall. Emergency alarms may be excellent, yet a
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blocked exit can still turn a small fire into a tragedy. The manager’s task is therefore
to build multiple dependable controls around the major hazards and verify that they
remain effective. The worker’s task is to follow the controls, report deviations and
avoid bypassing safeguards. When these responsibilities are shared, safety becomes
part of operational quality. The same discipline that produces accurate inventory, timely
dispatch and reliable customer service also produces clean aisles, controlled traffic,
stable storage and well-maintained equipment.

¢ Warehouse safety is a systematic effort to prevent injury, ill health, prop-
erty damage, product loss and operational disruption during warehouse
activities.

¢ Hazard identification and risk assessment should“€ensider routine and
non-routine work, changes, peak periods, contractorshand interactions
between people, vehicles, storage systems‘and machinery.

¢ The hierarchy of controls gives prefefenée,to eliminatien, substitution and
engineering controls before administrative eontrols and PPE.

¢ Good housekeeping requires cléan and orderly floors, clear aisles, prompt
spill control and unobstructed emergency rodtes and equipment.

¢ Pedestrians and forKlifts shouldibe separated where practicable through
layout, barriers, marked rotites and controlled crossings, supported by
trained operators and speed management.

¢ Safe storage depends on'sound pallets, stable loads, visible load limits,
correct rack useginspection of damage and prevention of climbing on stor-
age systems.

¢ Manual handlidgsfisk depends on the task, load, posture, frequency, envi-
ronment and worker capability; mechanical aids and task redesign are pre-
ferred to relying only on lifting technique.

¢ Loading-dock safety requires control of vehicle movement, dockboard/
leveller condition, visible edges, clear surfaces, pedestrian exclusion and
communication before vehicle departure.

¢ Conveyors and machinery must retain guards and require approved haz-
ardous-energy isolation, such as lockout/tagout, before maintenance or
jam clearing.

¢ Fire safety requires ignition control, good housekeeping, clear exits, main-
tained fire-protection systems, emergency planning and compliance with
applicable fire and building requirements.
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PPE is the final layer of control and must be selected for the actual task and
maintained correctly.

Emergency plans should define alarm, evacuation, accountability, first

response and communication, and they should be tested through meaning-
ful drills.

Inspections, near-miss reporting and incident investigation provide infor-
mation for continuous improvement; stronger corrective actions address
system causes.

Training, supervision, worker participation and management fol-
low-through are essential for a positive warehouse safety culture.

Technology can support safety through sensing, telematics, automation
and digital reporting, but it must be integrated with sound design and pro-
cedures.

Objective Questions

O
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What is the process of identifying hazards and evaluating the likelihood
and severity of harm called?

Which level of the hierarchy of€entrols physically separates workers from
a hazard through design?

What is the safest general approach to pedestrian and forklift interaction in
a busy warehouse?

What shouldde done with a powered industrial truck that is found to be in
an unsafe operating condition?

Which warehouse practice requires floors, aisles and passageways to be
kept clean and orderly?

What safety process is used to prevent unexpected energisation of machin-
ery during maintenance?

Which warehouse area has a particular risk of vehicles or forklifts falling
from an edge?

What is an event called when no injury occurs but the event had the poten-
tial to cause harm?

What is the preferred first action when hazardous manual handling can be
eliminated by redesign or mechanical assistance?
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10. What document or plan explains how workers report and respond to emer-
gencies and evacuate safely?

11. Which type of control includes training, signage, work scheduling and
standard operating procedures?

12. Why should damaged racking be reported immediately after a forklift
impact?

Answers

1. Risk assessment

2. Engineering control

3. Separate pedestrian and vehicle routes wherever practicable

4. Remove it from service and report it for repait/inspection

5. Good housekeeping

6. Lockout/tagout or equivalent hazardous-energy-control procedure
7. Loading dock

8. Near miss

9. Avoid or reduee the ' manual handling at source

10. Emergeney actionplan
11. Administrative control

12. Because structiiral damage can reduce stability and create a collapse or
falling-object hazard

Self - Assessment Questions

1. Explain the concept and importance of warehouse safety and discuss why
safety and operational efficiency should be treated as complementary
objectives.

2. Describe the hierarchy of controls and illustrate how it can be applied to a
warehouse vehicle-pedestrian hazard.
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3. Discuss the major safety rules for forklift operation and pedestrian move-
ment inside a warehouse.

4. Explain the safety requirements for storage, stacking and racking, includ-
ing the management of rack damage.

5. Describe the principles of safe manual material handling and explain why
a single universal “safe lifting weight” is not sufficient.

6. Discuss safe procedures for loading docks, conveyors and warehouse
maintenance activities.

7. Explain the elements of warehouse emergency preparedness, inspection,
near-miss reporting and incident investigation.

Assignments

1. Visit a warehouse, retail backroom or distribution facility and prepare a
hazard map showing pedestrian routes, vehicle routesgStorage areas, load-
ing points and emergency exits./Suggest five practical improvements.

2. Prepare a one-page pre-shift safety checklist/for a warehouse forklift and
explain why each item issdmportant:

3. Observe or design /@ pickingdworkstation and identify manual-handling
and ergonomic risks. Suggést engineering or layout changes before pro-
posing training,or PPE.

4. Draw a safe loading-dock Tayout showing trailer position, dockboard/lev-
eller, pedestriafi exclusion zone, vehicle restraint/chocking arrangement
and communication point.

5. Prepare a shoftemergency action plan for a medium-sized warehouse
covering fire, serious injury and rack collapse. Include alarm, evacuation,
assembly and accountability procedures.

6. Conduct a mock warehouse safety inspection using Table 6.6 as a starting
point. Record at least ten observations and classify them by priority for
action.

7.  Collect three examples of warehouse near misses from news reports, case
studies or your own observation and analyse the system causes rather than
blaming only the individual involved.
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8. Compare a traditional warehouse and a highly automated warehouse in
terms of safety risks. Explain which hazards are reduced and which new
hazards may be introduced by automation.
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Unit —@

Handling Hazardous Cargo

Learning Outcomes

After completing this unit, the learners will be able to:

¢ explain the meaning, scope and major hazard classes of hazardous cargo
or dangerous goods encountered in warehousing and logistics operations.

¢ identify hazardous cargo systematically by using product identity, UN
numbers, proper shipping names, package marks, labels, placards,
documentation and package condition.

¢ interpret the purpose and structure of a Safety Data Sheet (SDS) and use
its information to support safe storage, handling, exposure control and
emergency response.

O apply general instructions for /receiving, moving, segregating, storing,
loading and dispatching hazardous cargo while recognising the need for
site-specific and mode-specific rules.

¢ describe appropriate'first actiofis, for damaged packages, spills, fires and
other incidents and apprecidte the role of competence, communication,
documentation and tegulatory compliance.

Imagine a warehouse receiving two ordinary-looking consignments at the same
time. One contains cartons of household cleaning products and the other contains
spare batteries for electronic equipment. A new worker may see only boxes,
labels and barcodes and may assume that both consignments can be unloaded,
stacked and stored like any other merchandise. Yet some cleaning products may be
corrosive or flammable, and some batteries may be regulated as dangerous goods
because damage, short-circuiting or heat can create fire or chemical hazards. The
risk is not always visible from the outside. Safe handling therefore begins before
the package is moved. The worker has to know what the product is, how it is
classified, what markings are present, whether the package is sound, where it may
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be stored and what action must be taken if something is wrong. The first safety
skill in hazardous cargo management is disciplined identification rather than quick
physical handling.

A second idea is equally important: the words hazardous chemical, dangerous
goods and hazardous cargo are related but are not always identical in legal
meaning. Workplace chemical systems such as the Globally Harmonized System
of Classification and Labelling of Chemicals (GHS) communicate physical, health
and environmental hazards through labels and Safety Data Sheets. Transport
systems classify dangerous goods for movement by road, rail, sea and air and
use UN numbers, proper shipping names, hazard classes, packing groups, marks
and transport labels. A warehouse may therefore receive both workplace hazard
information and transport hazard information for the same product. Learners do
not need to memorise every regulatory detail, but they must understand how these
systems work together so that they can recognise a hazardous consignment, obtain
the right information and follow the correct site procedure before unloading,
storing, picking or dispatching it.

Hazardous cargo, dangerous goods, UN numberproper shipping name, hazard
class, packing group, GHS Jabel, SafetyData Sheet (SDS)

6.2.1 Meaning and Scepe of Hazardous Cargo

Hazardous cargo is a practical logistics term for substances, mixtures, articles or
products that can create significant risk to people, property, transport equipment or the
environment because of their inherent properties. In formal transport regulations, the
widely used expression is dangerous goods. These goods may explode, burn, intensify
fire, release toxic vapours, cause severe burns, spread infection, emit radiation or create
other hazards if packages are damaged, incorrectly stored or exposed to unsuitable
conditions. The category is much broader than drums of industrial chemicals. It can
include paints, aerosols, gas cylinders, cleaning agents, laboratory reagents, pesticides,
fuels, certain batteries, dry ice, some medical specimens and many other materials
that may appear in ordinary commercial supply chains. This is why a warehouse
worker should never decide whether cargo is hazardous only by appearance, odour or
familiarity with the brand. Reliable identification depends on labels, transport marks,
documentation, supplier information and the SDS.
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The warehouse sits at an important interface between transport and storage. A package
may arrive under road, sea or air transport requirements, remain in storage for days or
months, and later be picked and prepared for another transport movement. Each stage
can expose different people to the same hazard. A leaking package that is contained
during transport may create a larger problem after it is placed on an unsuitable rack
above incompatible material. Similarly, a correctly stored chemical can become unsafe
if it is loaded into a vehicle without the correct marks, labels, documentation or package
orientation required for the next transport mode. Hazardous cargo management therefore
has to connect receiving, identification, storage, handling, emergency response and
dispatch. The aim is not merely to comply with paperwork; it is to maintain the chain of
hazard information and physical control from the moment the consignment reaches the
gate until it safely leaves the facility.

It is useful to distinguish three ideas. First, hazard means the inherent ability of a
substance or article to cause harm, such as flammability, toxicity or corrosivity. Second,
risk describes the likelihood and consequence of that harm occurring under actual
conditions. Third, control means the measures used to prevent or reduce the event,
such as segregation, ventilation, secondary containment, restrieted ignition sources,
suitable equipment, competent workers and emergency planning. A sealed container
of a flammable liquid has a hazardous property even when no vapour is present in the
workplace; its risk is controlled by keeping thespackage ntact, storing it appropriately
and preventing ignition if a release occurs. This distinction helps learners avoid two
common errors: assuming that hazardous cargo is always immediately dangerous, or
assuming that packaged cargo is harmless because it has not caused a problem in the
past.

Interesting to Know: A transport e¢lass number does not tell you that Class 8 is
“more dangerous” than Class\3. The numbers identify different kinds of transport
hazard. The actualgfisk” depends,on _the substance, quantity, package, condition,
environment and/activity being performed.

Table 6.8: Related Termsdsed in Hazardous Cargo Management

Practical meaning in a Typical source of

Term . .
warehouse information

General logistics expression for
cargo that can create significant
safety, health or environmental
risk

Course material, site pro-
cedures and transport doc-
uments

Hazardous cargo

Formal transport term for subst- | UN Model Regulations and
ances and articles regulated beca- | mode-specific transport rul-
use of hazards during transport es

Dangerous
goods
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Chemical classified for physical,

Hazar ) .
aza .dous health or environmental hazards in | GHS label and SDS
chemical .
workplace chemical systems
. Substances that may react dange- | SDS Sections 7 and 10,
Incompatible . . . ) :
materials rously if released and mixed, or | supplier advice and site

that can intensify an incident segregation policy

Package showing leakage, stai-
Damaged / ning, swelling, corrosion, heat
suspect package | damage, missing identity or other
abnormal condition

Visual inspection, receiving
checklist and emergency
procedure

Source basis: UNECE GHS and UN Model Regulations; HSE HSG71. Terminology
can have jurisdiction-specific legal meanings.

6.2.2 Why Hazardous Cargo Requires SpeciahHandling

Ordinary warehouse mistakes can become serious events when dangerous goods
are involved. Dropping a carton of packaged cemsumer goeds may cause only product
damage, but dropping a package containing a hazardous substance can release vapour,
liquid, powder or gas and immediately change the conditions of the work area. A forklift
impact can puncture a drum, crush an aetosol container or damage a battery. A small
leak from one package can attack thejpackaging of neatby goods, contaminate the floor,
reach drains or expose workerséwho do not know what has been released. Fire can also
escalate more quickly if flammable, oxidisingytoxic or reactive materials are present. For
this reason, hazardous cargo operations use layers of protection: accurate identification,
suitable packaging, confrolled quantities,.,ompatible storage, physical separation, fire
and spill controls, safe material-handling equipment, training, emergency information
and disciplined supervision. Each layer compensates for the possibility that another
layer may fail.

Special handling is 4l§o" required because different hazards demand different
controls. A flammable liquid requires attention to ignition sources, vapour control and
fire protection; a corrosive liquid requires attention to chemical-resistant containment
and protection from splash exposure; compressed gases introduce stored pressure and
cylinder stability hazards; oxidisers can make other materials burn more intensely; toxic
materials make containment and exposure prevention especially important; and lithium
batteries can present electrical, thermal and fire risks when damaged or defective. A
single “hazardous cargo area” is therefore not automatically safe for every regulated
product. The warehouse must know what is stored, understand compatibility and apply a
segregation policy based on reliable information. HSE chemical-warehousing guidance
emphasises that goods should be assessed as part of the receipt process before a storage
location is assigned, and that incompatible materials should be separated according to
local policy and product-specific information.
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Another reason for special handling is the number of organisations involved. A
manufacturer classifies and labels the product, a shipper prepares it for transport, a carrier
moves it, a warehouse receives and stores it, and another carrier may later collect it. If
any party loses or misreads the hazard information, the next party can make an unsafe
decision. For example, a warehouse that removes or obscures a package label during
repacking may leave a downstream worker without essential warning information. A
warehouse that accepts unidentified or damaged cargo without quarantine may expose
pickers and forklift drivers who were not part of the receiving process. Safe practice
therefore treats hazardous cargo information as an operational control that must remain
accurate, accessible and linked to the physical goods throughout their stay in the facility.

6.2.3 Classification of Dangerous Goods

The United Nations Recommendations on the Transport of Dangerous Goods -
Model Regulations provide the internationally recognised framework on which many
national and modal dangerous-goods systems are based. The Model Regulations assign
substances and articles to one of nine classes according tdytheir transport hazard or
predominant transport hazard. Some classes are subdividediinto divisions so that
a more specific hazard can be communicated. The .numerical sequence is simply an
identification structure; it is not a scale of severity. Fonexample, Class 2 covers gases,
Class 3 covers flammable liquids and Class 8 covers corrosive substances. A product
may also have a subsidiary hazard in addition to its primaryielass. Understanding the
class helps warehouse personnel recognisg¢ the broad nature of the hazard, but it is only
a starting point. The exact storage and handling decision must also consider the product
identity, package, quantity, SDS, subsidiary hazards, ¢ompatibility and applicable site
or transport requirements.

Nine transport hazard classes used for dangerous goods

3

FLAMMABLE
LIQUIDS

5

OXIDIZERS &
PEROXIDES

a4 6

FLAMMABLE
SOLIDS

TOXIC &
INFECTIOUS

7 8

RADIOACTIVE CORROSIVE
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[llustration prepared for this unit based on the class structure in the UN
Recommendations on the Transport of Dangerous Goods - Model Regulations, Rev. 24
(2025).

Table 6.9: Overview of the Nine Dangerous Goods Classes

Class General description Warehouse awareness

Specialist, highly controlled storage and
1 Explosives handling; only authorised facilities and
personnel should manage these goods.

Stored pressure, cylinder integrity, venti-
lation, temperature, securing and specific
gas properties are critical.

Gases: flammable, non-flam-
mable/non-toxic, or toxic

Control ignitiong,sources, releases and
3 Flammable liquids vapour accumulationj use appropriate stor-
age and containment.

Flammable solids; spontan- | Protect from ighition, moisture or conditions
4 eously combustible; dange- | spe€ified for thewparticular division and
rous when wet substance.

Can intensify fire or react strongly;
segregation’ from incompatible and com-
bustible materials is important.

Oxidizing substances and.org-
anic peroxides

. . Prevent exposure and loss of containment;
Toxic substaneces and)infec-

6 . infectious substances require specialised
tious substances
controls.

Subject to specialised transport, radiation-

7 Radioactive material . . . :
protection and licensing requirements.

Can burn tissue and attack materials; pack-
8 Corrosive substances aging compatibility, segregation and spill
protection are important.

Includes diverse hazards such as certain
Miscellaneous dangerous lithium batteries and environmentally
substances and articles hazardous substances; product-specific
assessment is essential.

Source basis: UN Model Regulations, Rev. 24 (2025). The table is a learner-oriented
overview and does not replace the Dangerous Goods List or mode-specific regulations.
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6.2.3.1 Packing Groups and the Degree of Transport Hazard

For a number of dangerous goods, the transport system also assigns a packing group
that indicates the degree of hazard for packing purposes. Packing Group I generally
represents high danger, Packing Group II medium danger and Packing Group III lower
danger within the applicable class and classification criteria. Not every dangerous good
is assigned a packing group, and the packing group should not be confused with the
hazard class. Two products can both be Class 3 flammable liquids but have different
packing groups, while some articles such as many batteries are regulated without a
packing group. Warehouse personnel normally use packing-group information to
verify documentation, packaging and handling requirements rather than to invent their
own storage rules. When the packing group shown on the document does not match
the package information or expected product classification, the consignment should
be stopped and referred for competent verification instead of being accepted on the
assumption that a simple clerical error has occurred.

The idea of multiple hazards is also important. A dafigerous good can present
a primary hazard and one or more subsidiary hazards. A material may be primarily
corrosive but also toxic, or primarily flammable whilg presenting anadditional health or
environmental concern. Transport labels communicateithese hazards in a standardised
form, while the SDS provides broader workplace.information. The warehouse should
therefore avoid a “single-label” mindset in®which only the'fost obvious symbol is
noticed. Receiving staff should read the full set of marks and labels, compare them with
the documents and SDS, and use the site segregation policy to determine the correct
location. Where hazard information,conflicts, is missing or cannot be reconciled, the
safe response is to quarantine and €scalate the consignment rather than choose a storage
location by guesswork.

6.2.4 Procedure for Identification of Hazardous Cargo

A practical identification,sequence before hazardous cargo is handled

® @ O)

STOP & CONTROL VERIFY IDENTITY READ HAZARDS
Keep package in a controlled Check product name, UN number Read transport marks / labels
receiving position and proper shipping name and GHS information

l

CHECK DOCUMENTS INSPECT CONDITION DECIDE LOCATION
Match transport document, SDS Look for leaks, heat, swelling, Accept and segregate, or
and inventory / order record corrosion, damage or missing marks quarantine and escalate

If identity or condition is uncertain, do not guess: isolate the package and obtain competent advice.

Fig. 6.8: Practical sequence for identifying hazardous cargo before handling
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[lustration prepared for this unit from the hazard-communication and dangerous-
goods identification principles in UNECE GHS, UN Model Regulations, OSHA
HazCom and HSE HSG71.

Identification is a sequence of checks rather than a single glance at a red diamond or
warning word. A reliable procedure begins by stopping the consignment in a controlled
receiving area, verifying the commercial product identity and then confirming whether
transport hazard information is present. The worker checks the package or transport
unit for a UN number, proper shipping name where required, class or division labels,
subsidiary risk labels, handling marks and other relevant marks. The information is
compared with the transport document, purchase order or shipment record and with the
SDS or supplier information. Finally, the physical condition of the package is assessed
before the goods are moved. If the identity is clear and the package is sound, the
consignment can proceed to the approved storage location. If the identity is uncertain,
labels are missing, documents conflict or there are signs of damage or leakage, normal
handling should stop and the package should enter the site’s controlled exception or
quarantine process.

6.2.4.1 Step 1 - Verify Product Identity andyShipmentiDescription

The first identification question is simple: whatexactly s being received? Warehouse
documents may show a trade name, stock-Keeping unit, purchase order description or
supplier code, while transport document§ may use a proper shipping name and UN
number. The worker should make sure that these descriptions refer to the same goods.
Similar commercial names can hidewery diffésent hazatds, and the same product family
may contain formulations withdifferent classifications. The package should therefore
be matched to its specific product identifier; hot merely to a brand. A practical receiving
system links the item master ot warehouse management system to hazard data so that
a product flagged as dangerous'geods cannot be put away until the required checks are
complete. Where a supplier changesa formulation or label, the warehouse should obtain
the current SDS and update 1ts tecords. Identification is strongest when commercial,
transport and safety information‘all point to the same product without contradiction.

6.2.4.2 Step 2 - Read"the UN Number, Proper Shipping Name, Marks
and Labels

The UN number is a four-digit identifier assigned within the dangerous-goods
transport system to a particular substance, article or group of goods. It is normally shown
with the letters “UN”, for example UN 1090 for acetone or UN 3480 for lithium ion
batteries transported on their own. The proper shipping name is the standard transport
name linked to the UN entry. Together, the UN number and proper shipping name
provide a much more reliable identity than an informal description such as “solvent”
or “battery.” The package may also carry one or more hazard labels showing the class
or division, along with marks for specific transport conditions. Receiving staff should
read all visible information, not only the largest label, and should compare it with the
transport document. If a label is damaged or hidden by shrink wrap, the issue should
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be corrected through the approved process before the package is accepted into normal
storage.

Marks and labels serve different purposes and can vary between workplace and
transport systems. A transport hazard label commonly uses a diamond-shaped design
with a class symbol and class number. A GHS workplace label uses hazard pictograms
together with a product identifier, signal word, hazard statements and precautionary
statements. Some packages may show both systems because they are moving through
transport and will later be used in a workplace. Learners should therefore avoid assuming
that two diamond symbols are duplicates. They may communicate different regulatory
information. The safest practice is to read the information in context: transport labels
help identify the dangerous-goods class for carriage and handling, while the GHS
label and SDS explain broader physical, health and environmental hazards relevant to
workplace use and storage.

Table 6.10: Hazardous Cargo Identification Checkpoints

. . Action if uncertain or
Checkpoint What to verify .
meorrect
. Product name, stock code . . .

Commercial o ’ . 2 Hold wreceipt and verify with
identity supplier and quantity gmatch supplier or purchasing function

the purchase / receipt/record
UN number / Transport identity is' present | Do not guess the classification;
proper shipping | where required” and ‘agteess| refer to competent dangerous-
name with documents goods personnel

Pri o e if . label
Hazard labels / rimary an.d .subs1d1ary hgzard ‘Quarz':lnt'lne if a required labe
marks labels are visible and©onsistent | is missing, damaged or cont-

with thesshipment description | radictory

t SD . . .

SDS / safety Curreg 3 S. or approyed Obtain current information
: ) safety.information is accessible
information . before normal storage or use

for workplace handling

No leak, staini i )
Package O CaK, SWININS, COITOSION, | yoo1ate and activate damaged-

o swelling, unusual heat, damage

condition package / emergency procedure

or unsecured closure

Approved location and compa- o

.. XPprov P41 Use controlled interim or quara-
Storage decision | tibility are confirmed before } .
ntine area until resolved
put-away

Instructional checklist based on UN dangerous-goods identification principles, GHS
hazard communication and HSE chemical-warehousing receipt guidance.
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6.2.4.3 Step 3 - Inspect the Package and Condition of the Consign-
ment

Acorrectly labelled package cansstill be unsafe ifits physical condition has deteriorated.
Receiving personnel should look for evidence of impact, puncture, crushed corners,
corrosion, broken seals, loose caps, wetness, powder residue, staining, bulging, unusual
odour, abnormal heat or other signs that containment may be compromised. Gas cylinders
should be checked for obvious damage and secure protective arrangements appropriate
to the product; battery packages should be checked for crushing, deformation, wetness
or signs of heating; drums and jerricans should be checked around closures and seams;
and combination packages should be checked for damage that may have affected the
inner receptacles. The purpose is not to conduct a technical engineering examination
but to detect conditions that make ordinary unloading or storage inappropriate. A
suspect package should not be “tested” by touching, smelling, opening or moving it
unnecessarily. The site’s isolation and escalation procedure should be used so that
competent personnel can decide the next action.

The condition of the whole load also matters. A consignment may have no visible
leakage yet be unsafe because packages have shifted, stacked incorrectly or fallen
against the vehicle doors. Opening the door without'censidering load movement can
expose the receiver to falling packages or a sudden.release: The unloading area should
therefore be controlled, the vehicle shoulddbe securedyagainst unintended movement,
and doors should be opened from a position that reduces exposure to unstable cargo. If
there is evidence of a spill, vapour, smoke or heat, workers should not enter the cargo
space simply to identify the produetsIdentification should be attempted from a safe
position using documentation,xternal marks and emergency information, while the
site emergency procedure is activated.Physical inspection supports identification, but
personal safety takes priority Over obtaining a closer look.

6.2.4.4 Step 4 - Check Docunients and Safety Information

Documentation ‘gives'the warehouse a second independent way to confirm what is
physically present. Depending/on the transport mode and jurisdiction, the shipment
may be accompanied by adangerous-goods transport document, declaration, shipping
paper, container or vehicle information and other records. The SDS is not a substitute for
every transport document, but it is a critical workplace source of hazard and handling
information. Receiving staff should know where current SDSs are stored, whether in
an electronic system or controlled paper file, and they should be able to retrieve them
quickly during normal work and emergencies. The transport document and SDS should
be linked to the same product identity. If the package says one thing, the shipping paper
another and the SDS a third, the consignment should be treated as unresolved. Speed of
receipt should never be allowed to override the basic requirement that the warehouse
knows what it is accepting.

6.2.4.5 Step S - Accept, Segregate or Quarantine

The final identification step is an operational decision. Goods that are correctly
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identified, properly packaged and in sound condition can be accepted into the approved
hazardous-goods inventory and moved to a storage location selected by the site’s
compatibility and segregation rules. Goods that are damaged, leaking, excessively hot,
wrongly labelled, undocumented or otherwise uncertain should move to a controlled
exception process. “Quarantine’ does not simply mean putting the package in any empty
corner; it means using a pre-planned area or procedure that controls access, prevents
incompatible mixing, protects drains and ignition-sensitive zones as appropriate, and
makes the status of the goods obvious to everyone. The warehouse should define who
has authority to release quarantined goods, who contacts the supplier or carrier, how
records are updated and how emergency services are informed if the risk escalates. A
good system prevents suspect cargo from quietly entering normal stock because of shift
changes or pressure to clear the receiving dock.

Ilustrative Example: A pallet is described on the purchase order as “solvent.” The
transport package shows UN 1090 and a Class 3 flammable-liquid label, while the
current SDS identifies the product as acetone and provides flammable-liquid precautions.
Because the identity, transport information and SDS are consistent and the packages are
intact, the pallet can move to the warehouse’s approved flammable-material location. If
the UN number or SDS did not match, the pallet'should be held for verification rather

than stored on assumption.

6.2.5 GHS Labels and Hazard Communication

Illustrative GHS workplace label: key information elements

Product identifier Hazard statements
Pictograms

PRODUCT IDENTIFIER: Example Cleaning Solve
Signal werqp ANGER

Hazard statements
Describes the nature and, where appropriate,
the degree of the hazard.

Precautionary statements

Prevention ¢ Response ¢ Storage ¢ Disposal

SUPPLIER: Example Chemicals Ltd. Emergency contact: [site / supplierwymber]

autionary statements

Supwéentification

Fig. 6.10: Ilustrative GHS workplace label and its main information elements

[lustration prepared for this unit based on the label-element framework in UNECE
GHS, Rev. 11 (2025), and OSHA Hazard Communication requirements. Example text
is illustrative only.
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The Globally Harmonized System of Classification and Labelling of Chemicals,
usually called the GHS, is a United Nations framework that helps communicate chemical
hazards consistently. It classifies chemicals by physical, health and environmental
hazards and provides harmonised label elements and a standard approach to Safety Data
Sheets. The label is designed so that a person can quickly recognise the product and the
principal warnings. Important elements include the product identifier, one or more hazard
pictograms, a signal word such as “Danger” or “Warning” where applicable, hazard
statements describing the nature of the hazard, precautionary statements describing
recommended prevention and response measures, and supplier information. The exact
label content depends on the classification. In a warehouse, the GHS label supports
decisions about exposure controls, storage conditions, emergency action and worker
training. It should remain legible and should not be removed, covered or replaced with
an informal label that loses the essential hazard information.

[Mlustration prepared for this unit based on the label-element framework in UNECE
GHS, Rev. 11 (2025), and OSHA Hazard Communication requirements. Example text
is illustrative only.

Warehouse employees should also understand the difference between GHS pictograms
and transport labels. The two systems are related because both communicate hazard, but
they are not interchangeable. A GHS pictogram is part of'a workplage chemical label and
is normally shown as a black symbol insideda red-berdered diamond. A transport label
is a dangerous-goods communication element for carriage and normally includes the
relevant transport class or division. A package may legally require transport labels even
when the same hazard is also represented ‘on,a GHS label. Conversely, the SDS may
describe health hazards that are sot the primary tfansport hazard. Good training teaches
workers to use both information systems: the transport label to recognise the class of
dangerous goods moving through logistics,/and the GHS label/SDS to understand the
chemical’s broader workplace hazards and/the precautions that apply during storage or
use.

Table 6.11: Workplaee GHS Information and Transport Dangerous-Goods Information

Aspect GHS'workplace hazard Transport dangerous-goods
P communication communication
Communicate chemical phy-
Main purbose sical, health and environmental | Communicate hazards and con-
purp hazards in workplaces and | ditions relevant to safe transport
supply
Typical Product identifier, supplier | UN number and proper shipping
identifiers information name
. GHS pictograms, s%gnal word, Class/division labels, subsidiary-
Visual elements | hazard and precautionary stat- |
ements risk labels and transport marks
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Detailed Mode-specific transport doc-
supporting Safety Data Sheet ument / declaration plus app-
document licable regulations
Exposure control, storage, | Receiving, acceptance,
Warehouse use | PPE, emergency and training | segregation, transport interface
decisions and dispatch verification

Source basis: UNECE GHS and UN Model Regulations. Requirements differ by
jurisdiction and transport mode; current rules must be consulted.

6.2.6 Safety Data Sheet (SDS)

The 16-section Safety Data Sheet (SDS)

1 2 3
R Hazard Composition / First-aid
ICentification identification ingredients measures
6
Fire-fighting Accidental Handling & Exposure controls /
measures release storage PPE
9 10 11 12
Physical & chemical Stability & Toxicological Ecological
properties reactivity information information
13 14 15 16
Disposal Transport Regulatory Other
considerations information information information

Sections 2, 4-8, 10 and 14 are especially useful during warehouse identification, handling and emergency planning.

Fig. 6.11: The 16-section structure of a Safety Data Sheet

[1lustration prepared for this unit based on UNECE GHS guidance and OSHA 29 CFR
1910.1200 Appendix D. Section headings are standardised; detailed legal requirements
depend on jurisdiction.

A Safety Data Sheet is the main structured document used to communicate detailed
information about a hazardous chemical. It is more comprehensive than a package
label because it brings together the identity, hazards, composition, first-aid measures,
firefighting information, accidental-release measures, handling and storage conditions,
exposure controls, physical and chemical properties, stability and reactivity, toxicology
and other information in a standard sequence. Under the GHS approach and widely
implemented hazard-communication systems, the SDS uses sixteen sections. This
consistency is valuable in a warehouse because a worker does not have to search a
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different document layout for every supplier. During a routine receipt, Sections 1, 2, 7,
8, 10 and 14 may be especially useful. During an incident, Sections 4, 5 and 6 become
immediately important. The SDS should be current, clearly linked to the product and
accessible to the people who need it during every shift.

Table 6.12: The 16 SDS Sections and Their Practical Warehouse Use

Section Heading How a warehouse may use it
. . Confirm product identifier, recommended use,
1 Identification .
supplier and emergency contact.
) Hazard(s) identification Understand classiﬁcatiqns, pictograms, signal
word, hazard and precautionary statements.
3 Composition / information | Identify hazardous ingredients in a substance or
on ingredients mixture where relevant.
. . Know immediate, first-aid guidance and important
4 First-aid measures
symptoms or effects,
) . Provi ith suitabl tinguishi
5 Fire-fighting measures rov.lde rs:sponders with sui able extinguishing
considerations and specific fire hazards.
. Guide trained response 1o leaks and spills, includin
6 Accidental release measures | it PONSe 1€ SPITS, Including
pfecautionsyand containment principles.
. Identify safe handling practices, storage conditions
7 Handling and storage Y Wneing p ’ &
and incompatibilities.
2 Exposure controls / personal | [dentify exposure limits, engineering controls and
protection PPE recommendations.
Physical and | chemieal | Understand properties such as physical state, odour,
9 . . .
properties flammability and other relevant characteristics.
.- .. Identif iti t id, 1 tibl terial
10 Stabilitgfand reactivity dentify conditions 0 avoid, incompa 1b e materials
and hazardous reactions or decomposition.
11 Toxicolegical information | Understand routes of exposure and health effects.
12 Ecological information Understand environmental hazards where provided.
. . . Support compliant waste and contaminated-
13 Disposal considerations upport - commp W
material disposal.
Check UN number, proper shipping name, class,
14 Transport information packing group and other transport information
where applicable.
. ) Identify additional latory infi ti li
15 Regulatory information dentify additional regulatory information supplied
for the product.
. . heck ti isi t th
16 Other information Chec preparation ./ revision date and other
explanatory information.

Source basis: OSHA 29 CFR 1910.1200 and Appendix D; UNECE GHS, Rev. 11.
The table focuses on practical warehouse use.
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6.2.6.1 How to Read an SDS for a Warehouse Decision

The SDS is most useful when it answers a specific operational question. If the
question is “What am I receiving?”, begin with Section 1 and compare the product
identifier with the package and records. If the question is “What can harm us?”, use
Section 2. If the question is “Where and how can it be stored?”, read Section 7 and
then confirm incompatibilities and reactivity in Section 10. If the task involves possible
exposure, Section 8 provides information on engineering controls and PPE. If a package
is leaking, Section 6 provides accidental-release guidance; if a worker has been exposed,
Section 4 provides first-aid information; and if there is a fire, Section 5 informs the
emergency response. Section 14 is particularly useful at the transport interface because
it may show the UN number, transport class and packing group. Reading the SDS in
this question-based way is faster and more reliable than treating it as a document that
is filed but rarely used.

The SDS must also be interpreted carefully. It does not remove the need for risk
assessment or site-specific procedures. A statement such€as “store in a cool, well-
ventilated place” has to be translated into an actual approved storage area with suitable
ventilation and temperature control. A PPE recommendation must, be matched to the
task, concentration, exposure route and equipment standards. A listed incompatibility
must be reflected in the warehouse segregation plan. Similarly, transport information in
Section 14 is helpful but should be verifiedfagainst the current'dangerous-goods rules
for the relevant mode, especially when special provisions, quantity limits or operator
variations may apply. The SDS is therefore a technical information source that supports
competent decisions; it is not a complete warehouse operating procedure by itself.

Important: An SDS should be accessible during emergencies, not locked in an
office or available only through a system/that may be unavailable during a power
or network failure. Sit€§ishouldiconsiderreliable backup access appropriate to their
operations.

6.2.7 General Instructions Before Handling Hazardous Car-
g0

Before hazardous cargo is moved, the warehouse should establish that the task is
understood and the necessary controls are ready. The worker should know the product
identity, principal hazards, approved route and destination, and any restrictions on
equipment or storage. The package should be inspected and the SDS or approved safety
information should be available. The receiving or handling area should be reasonably
clear of unrelated people and obstacles, and emergency equipment required by the site
plan should be accessible. Where flammable or reactive products are involved, ignition
or other triggering sources must be controlled according to the risk assessment and
facility design. Where exposure is possible, ventilation and appropriate PPE should
be available before the package is opened or handled in a way that could disturb
containment. This preparation is important because once a leaking drum or damaged
package is on a forklift, the opportunity to stop safely may be reduced.
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Competence is another precondition. Hazardous cargo should be handled by workers
who have received training appropriate to their duties and who understand the limits
of that training. A warehouse operative may be competent to move intact, correctly
packaged dangerous goods to an approved location but not competent to assess a
reacting package or perform spill cleanup. Supervisors should make these boundaries
explicit. Contractors and temporary workers require the same attention because
unfamiliarity with local routes, alarms and storage rules can create risk even when
they have general warehouse experience. The task should also be paused when there
is uncertainty: a wrong label, missing SDS, damaged container, unavailable storage
location or failed ventilation system is a reason to stop and escalate, not to improvise a
temporary workaround simply to maintain throughput.

Suitable handling equipment should be selected according to the package, load
and hazard. Pallets should be sound, forks should be positioned to support the load,
attachments should be approved for the task and equipment should not damage packages
through excessive clamping or poor positioning. Drums or cylinders should not be
dragged, dropped or rolled in ways that can damage closuresyor valves. If the product
requires protection from static discharge, heat, moisture, impaet or other conditions,
the site procedure should specify suitable equipment,and controls.\The safest general
principle is to minimise unnecessary handling. Every extra transfer, repalletising
step or temporary location creates another oppoftunity for,damage, mixing or loss of
identification. Efficient hazardous-cargo handling is‘therefore often the same as safe
handling: clear information, planned movement, stable loads, suitable equipment and
the shortest controlled route to the correctlocation.

Table 6.13: Pre-Handling Réadiness Cheek

Question Ready condition

Do we know exactlymwhat ‘the | Produ€t identity, UN number / classification
cargo is? where applicable and documents agree.

No visible leakage, heat, damage, swelling,

Is the package safe tesmove? . .
P & corrosion or unstable stacking.

Approved storage or staging location is identified

Do we know the destination?
before movement starts.

Travel route is clear, suitable and separated from

Is the route controlled? . .
unnecessary pedestrian activity.

Handling equipment and load-support method

. . . 0
Is suitable equipment available? are appropriate and inspected.

Are exposure and emergency | Required ventilation, PPE, spill/fire arrangements
controls ready? and communication methods are available.

Operators understand the task, hazards, stop-

Are workers competent? .. )
P work conditions and escalation route.

Illustrative readiness check based on HSE HSG71, GHS SDS information and
general safe-handling principles.
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6.2.8 Receiving, Unloading and Internal Movement

Receiving is the point at which the warehouse assumes physical control of the
consignment, so it should be designed as a deliberate safety checkpoint. The vehicle
should be positioned and secured according to dock or yard procedures before unloading
begins. The receiving team should review the shipment information, identify dangerous
goods and establish whether any special restrictions apply. The load should be observed
from a safe position before workers enter the vehicle or remove restraints. Packages
that have shifted, fallen or been crushed should be treated cautiously because the
outer packaging may hide damage to inner containers. Where a leak, vapour, smoke or
abnormal heat is suspected, the unloading process should stop and the area should be
controlled. The correct action is not to move the problem quickly into the warehouse; it
is to prevent additional people, vehicles and ignition sources from becoming involved
while the site emergency or damaged-package procedure is initiated.

During unloading, loads should be handled in a way that preserves package integrity
and hazard communication. Forks should not puncture contdiners, straps or stretch wrap
should not be cut in a way that allows unstable packages to fall,’and packages should not
be used as steps or supports. If mixed dangerous goods arrive on one vehicle, they may
need to be separated in the reception area before movingyto storage $0 that incompatible
materials are not staged together unnecessarilyasHSE chemical-warchousing guidance
specifically recommends assessing hazardss part of'the receipt procedure and moving
goods to the appropriate storage area as/soon as reasonably practicable. Temporary
staging should therefore be controlled and clearly identified; it should not become an
informal overflow zone where hazardeus cargo waits for hours among general goods.

Safe receiving and internal movement of hazardous cargo

4. STORE
2. INSPECT 3. MOVE SAFELY
1. RECEIVE Q
- L]
xxxx N m
Secure vehicle and Identity, labels, package Use suitable handling
control the unloading zone condition and documents equipment and route Segregate, record and

keep emergency access

Damaged, leaking or unidentified cargo should move to a controlled quarantine process, not directly into normal storage.

Fig. 6.12: Safe receiving and internal movement sequence for hazardous cargo

[lustration prepared for this unit from HSE chemical-warehousing receipt principles
and general dangerous-goods handling practice.
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Internal movement should follow routes that reduce interaction with pedestrians,
heat sources, incompatible storage and vulnerable areas. The warehouse management
system can support this by assigning hazard-based locations and preventing a picker
from scanning dangerous goods into an unauthorised slot. Physical signs and floor
markings should reinforce the digital system so that safe storage does not depend
entirely on software. Loads should remain stable and upright where required, and
any handling marks that indicate package orientation or special precautions should be
respected. When a package is dropped or struck, the event should be reported even if no
immediate leak is visible. Hidden damage may develop into a later failure, particularly
for pressurised containers, brittle inner receptacles or batteries. A short delay for
inspection is preferable to placing a damaged item deep inside a rack where a future
leak or fire will be harder to detect and manage.

6.2.9 Safe Storage and Segregation

Segregation is based on hazard and chemical compatibility

FLAMMABLES OXIDIZERS
Keep ignition sources controlled; protect Keep away from fuels, combustibles and other
from heat and incompatible oxidizers. incompatible materials.
CORROSIVES SPECIALIST / QUARANTINE
Separate incompatible acids / alkalis; use Hold uncertain, damaged or specialist cargo
compatible containment. under controlled access.

Always confirm compatibility using the SDS, supplier information and the site segregation policy.
Transport class alone is not enough.

Fig. 6.13: Conceptual segregation of hazardous cargo storage zones

[lustration prepared for this unit based on HSE HSG71 segregation principles. The
diagram is conceptual and not a regulatory separation-distance table.

Safe storage begins with the idea that hazardous cargo should not be placed wherever
there is free space. The location has to be suitable for the product, quantity, package
and hazard. Storage design may need features such as fire-resistant construction,
ventilation, temperature control, spill containment, chemical-resistant floors, restricted
access, suitable racking and separation from offices, public areas or ignition-sensitive
activities. The exact requirements depend on the substances and applicable law, but the
management principle is consistent: the warehouse should know the maximum types
and quantities intended for each zone and should prevent unauthorised stock from
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accumulating there. Good inventory control is therefore a safety control. When the
system shows what is stored, where it is stored and how much is present, supervisors
can assess compatibility, emergency implications and whether a location has exceeded
its intended capacity.

Segregation means keeping materials apart so that one incident does not cause a more
serious second incident. This can involve distance, separate rooms or compartments,
dedicated cabinets or stores, fire-resisting barriers, separate spill containment or other
engineered arrangements. A simple example is the need to keep oxidizing materials
away from fuels and other combustibles because an oxidiser can intensify a fire.
Another example is keeping chemically incompatible corrosives apart because mixing
after simultaneous package failure can generate heat or toxic gases. Importantly,
transport class alone may not provide enough information for chemical compatibility.
HSE HSG71 warns that substances that appear compatible in a general class-based
segregation table can still react together and recommends consulting safety data and
other sources for reactivity information. The site segregation policy should therefore
combine transport classification with product-specific SDS information, supplier advice
and facility risk assessment.

Secondary containment is another important storageéiconcept for liquids. Its purpose
is to keep a leak or spill from spreading to drains, othen storage zones or the wider
environment. Depending on the facility, this‘may be providediby bunds, curbs, sumps,
trays, spill pallets or another engineered system compatible with the substances stored.
The containment material itself must be suitable for the chemical, and drains should not
allow an uncontrolled release to leaye the area. Spill control equipment should also be
compatible with the expected prdducts and kept Where trained responders can access it
quickly. Because chemical properties differthe warehouse should not rely on a single
absorbent or cleanup method for every product. The SDS and site emergency plan
should determine whatssyappropriate. Equally, combustible waste, empty packaging
and pallets should not be allowed to @eéumulate around hazardous storage because they
can provide the first fuel in@ fireiand increase the severity of an incident.

Storage stability and package protection remain basic requirements even in a
specialised chemical areassHeavy packages should be stored where they can be handled
without dangerous reaching or unstable stacking, racking should be protected from
vehicle impact and load limits should be observed. Containers should be protected from
weather, excessive heat, moisture or direct sunlight when the product or packaging
requires it. Goods that degrade over time may require defined inspection frequencies,
storage periods or temperature conditions based on supplier information. Damaged
packages should not be hidden at the back of a rack. Routine inspections should look
for leakage, corrosion, crystallisation or residue around closures, bulging, faded labels,
damaged pallets, blocked containment and unauthorised mixed storage. The aim is
early detection so that a small packaging problem can be controlled before it becomes
a warehouse emergency.

SREENARAYANAGURU
OPEN UNIVERSITY



Table 6.14: Segregation and Storage Questions

Question Reason it matters

Determines the broad hazard controls
and whether multiple hazards must be
considered.

What are the primary and subsidiary
hazards?

What incompatibilities are listed in | Prevents dangerous reaction if two packages
SDS Sections 7 and 10? leak or are involved in the same incident.

Does the product need temperature, | Protects product stability and reduces
ventilation or moisture control? vapour, pressure or reaction risks.

Can a leak be contained without | Limits escalation, environmental release
reaching drains or other goods? and contamination.

Is the packaging compatible and | Prevents failure of containers and loss of
protected from impact? containment.

Is the location clearly marked and | Reduces wrong put-away, accidental
access controlled? exposure and unautherised handling.

Can emergency responders reach the | Supports isolation, firefighting, spill control
area? and rescue without blocked access.

Source basis: HSE HSG71 and GHS SBS,Sections 7 and 10. Site-specific engineering
and legal requirements may be more detailed.

6.2.10 Class-Spécific Handling Considerations

The following class-spéetfic guidance is intended to help learners recognise why
different cargoes cannot be managed by one generic rule. It should not be used as a
substitute for the current_ dangerous-goods regulations, the supplier’s SDS, specialist
instructions or the site’s risk assessment. Some classes, particularly explosives, infectious
substances and radioactive material, require specialist facilities, licensing, security or
technical competence beyond ordinary warehouse operations. In other classes, the same
general hazard can arise in very different forms. A small aerosol package, a drum of
flammable liquid and a gas cylinder can all contribute to fire risk but require different
storage and handling arrangements. The practical approach is therefore to use the hazard
class as an alert, then read the SDS and transport information to identify the specific
controls for the product in front of you.

6.2.10.1 Flammable Liquids and Flammable Solids

Flammable liquids and solids require strong control of ignition, releases and fire
spread. Packages should remain closed and protected from damage, and storage
should follow the approved flammable-material arrangement for the site. Smoking,
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hot work, unapproved electrical equipment and other ignition sources must be
controlled according to the hazardous-area assessment and facility rules. Ventilation
may be important because some flammable liquids can produce vapours that travel or
accumulate, especially in low or enclosed areas. Spill containment should prevent a
release from spreading across the warehouse or reaching drains. Mechanical handling
should minimise impact and static-generating or spark-producing conditions where
these are relevant to the substance and operation. Workers should not assume that a
small quantity is harmless; a limited release can still create a flammable atmosphere
in an unfavourable space. Sections 2, 5, 7, 8, 9 and 10 of the SDS provide essential
information for the storage and emergency plan.

6.2.10.2 Gases and Pressurised Containers

Gases introduce hazards that come both from the chemical and from the pressure of
the container. A cylinder can become a dangerous projectile if a valve or container is
severely damaged, while a leaking gas may create fire, toxicity, oxygen-displacement
or oxidising hazards depending on the product. Cylinders and other pressure
receptacles should be secured and handled with equipment intended for that purpose.
They should not be lifted by valves or protective caps, rolled uncentrolled, dropped or
exposed to damaging heat. Storage should respect the'specific gas category, ventilation
requirements, segregation rules and temperatuseslimits. Ainon-flammmable gas can still
be dangerous in a confined area if it displages oxygenyand an'oxidizing gas can make
other materials burn more vigorously. This is a good example of why the broad word
“gas” is not enough for a handling decision; the package label, SDS and transport
classification must be read togethes

6.2.10.3 Oxidizing Substances and®@rganic Peroxides

Oxidizers can supply or support oxygen for combustion and may cause other materials
to burn more intensely even whemythe exidizer itself is not a fuel. Organic peroxides
can have additional instabilitysdecomposition or temperature-control concerns. These
cargoes therefore tequir€ deliberate segregation from incompatible and combustible
materials and protection from gontamination. A spill of an oxidizer into sawdust, oily
waste, cardboard or othereombustible material can create a much more serious fire
situation than the original package alone. Housekeeping is consequently part of the
control strategy. Organic peroxide products vary widely, so the warehouse must follow
the specific storage temperature, quantity and segregation information supplied for
the material. If a package appears to be heating, swelling, venting or degrading, the
situation should be treated as abnormal and escalated to competent responders rather
than opened or cooled by an improvised method. Current regulatory and supplier
instructions are particularly important for these substances.

6.2.10.4 Toxic and Infectious Substances

Toxic substances require prevention of exposure by inhalation, skin contact, ingestion
or other relevant routes, while infectious substances require controls against exposure
to pathogens and are subject to specialised packaging and transport requirements.
In storage, the main concern for many toxic substances is loss of containment. A

SREENARAYANAGURU
OPEN UNIVERSITY



leaking package can expose workers directly, and a fire can spread toxic material
in smoke or contaminated firefighting water. Accordingly, access control, package
integrity, ventilation where required, compatible containment and rapid emergency
communication are important. Workers should not rely on smell as a warning because
some toxic materials have poor warning properties or may cause harm before an odour
is noticed. Infectious substances and many high-toxicity materials should be managed
only within procedures designed for those hazards. The warehouse should know when a
consignment exceeds the competence or facility scope of normal staff and should have
a clear route to specialist advice or refusal of the shipment.

6.2.10.5 Corrosive Substances

Corrosive substances can damage living tissue and may also attack metals, packaging,
racking or other materials. A leaking corrosive can therefore create a chain of failures by
damaging nearby packages and releasing additional substances. Different corrosives are
not automatically compatible with one another; some can react strongly if mixed. The
SDS should be used to identify incompatible materials andSuitable storage conditions,
and the segregation plan should prevent incompatible products from sharing the same
uncontrolled spill area. Shelves, trays and containment systems should be made of or
protected by materials suitable for the substances stoted. Handling should minimise
splash risk and package damage, and emergeney, eyewash, washing or other first-
response provisions should be determineddby the risk,assessment and SDS. Workers
should never attempt to “neutralise” an unknown spill based on informal knowledge.
Chemical cleanup or neutralisation must follow the site procedure and product-specific
instructions and be carried out onlysby: trained,personuel using compatible equipment.

6.2.10.6 Lithium Batteries and Qther Class 9 Articles

Class 9 contains a wide range of miscellaneous dangerous substances and articles,
so product-specific agsessment 1S €ssentidl. Lithium batteries are a common warehouse
example because they are newspresent in consumer electronics, power tools, mobility
devices, energy systems@nd spare-parts supply chains. Intact batteries can be transported
and stored safely when the appli¢able requirements are followed, but damaged, defective,
short-circuited, overheatgdsof poorly packaged batteries can present fire and thermal-
runaway hazards. Packages should be protected from crushing, conductive contact and
uncontrolled heat, and any battery showing swelling, leakage, burning smell, smoke,
heat or mechanical damage should be treated as abnormal and moved only under the
approved emergency or damaged-battery procedure. Air and sea transport rules for
batteries change frequently, so dispatch staff must use the current IATA/ICAO or IMDG
requirements rather than relying on an old checklist. The general warehouse principle is
simple: identify the battery type, keep packages sound and escalate any sign of damage
or heat.

6.2.10.7 Explosives and Radioactive Material - Specialist Control

Explosives and radioactive materials illustrate the limits of general warehouse
guidance. Class 1 explosives can present blast, projection, fire or mass-explosion
hazards and are controlled through specialised classification, quantity limits, separation,
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security and licensing requirements. Class 7 radioactive material is managed through
radiation-protection, package-design, transport-index, segregation and regulatory
systems that require trained and authorised personnel. Ordinary warehouse staff should
not attempt to create local rules for these materials based only on general knowledge of
the class label. A facility should first establish whether it is authorised and technically
capable of receiving the specific consignment. If not, the shipment should be refused,
redirected or held under the direction of competent specialists as permitted by law.
This principle also applies to any hazardous cargo whose properties or condition fall
outside the warehouse’s approved scope. Knowing when not to handle a product is an

important part of professional hazardous-cargo management.

Table 6.15: Class-Specific Safe-Handling Emphasis

Hazard group Main concern in warehousing Safe-handling emphasis

Flammable N Ignition con.tr01., compatlb.IG
o . Ignition, vapour or fire spread storage, ventilation and spill
liquids / solids -

containment.

Secure », receptacles,  protect
Gases Pressure plus chemical hazard valves / packages, ventilate and

segregate by gas hazard.

Oxidizers /
peroxides

Fire intensification/or reactive
decomposition

Keep away from incompatible
/ combustible materials; follow
product temperature and storage
instructions.

Toxic / infectious

Exposure or contafmination after
loss of containment

Access control, package inte-
grity, exposure prevention and
specialist procedures where
required.

Corrosives

Tissueburns, package / structural
attack and incompatibility

Chemical-resistant containment,
splash prevention and segregation
based on SDS reactivity.

Class 9 / batteries

Diverse product-specific hazards

Read the specific entry and
current modal rules; protect
batteries from damage and short
circuit.

Explosives /
radioactive

Specialist high-consequence
hazards

Handle only in authorised faci-
lities with specialist proce-dures
and competent personnel.

Learner-oriented summary based on the UN Model Regulations, HSE HSG71 and
current modal dangerous-goods frameworks. It is not a substitute for product-specific

requirements.

6.2.11 Personal Protective Equipment, Hygiene and Expo-

sure Control
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Personal protective equipment is important but should be used as part of a wider system
of exposure control. The preferred approach is to keep hazardous material inside sound
packaging, minimise handling, use suitable ventilation or containment, and separate
workers from releases through engineering and procedural controls. PPE then provides
an additional layer where exposure cannot be fully prevented. Section 8 of the SDS is
a key source for exposure limits, engineering controls and recommended protection,
but the site risk assessment must translate this information into specific equipment.
Gloves must be made of a material compatible with the chemical and the expected
duration of contact; eye and face protection must match the splash or particle hazard,
protective clothing must suit the task; and respiratory protection, where required, must
be selected, fitted and managed within a competent respiratory-protection programme.
A generic pair of gloves and a dust mask are not universal protection for hazardous
cargo.

Hygiene controls are equally important because hazardous substances can be carried
away from the work area on hands, clothing, footwear or tools. Eating, drinking and
smoking should be prohibited in hazardous handling areas a¢ecording to site rules, and
workers should wash before breaks and after handling where contamination is possible.
Contaminated PPE should not be taken into clean welfare areas 'without an approved
decontamination process. Reusable equipment should'be inspected, cleaned and stored
so that its protective function is maintained, Workers should also know the limits of
PPE: a glove can tear, a respirator can be gneffective if the wrong cartridge is used or
the face seal is poor, and protective clothing can create heat stress. Supervision should
therefore focus on correct selection and use,not simply on whether a worker is wearing
something that looks protective.

Table 6.16: Examples of EXposure-Contrel Decisions

Situation

Preferred control approach

PPE role

Intact sealed packa-
ges in routine moves
ment

Maintain package integrity,
stable pallets and planned
handlifig route

Basic site PPE as required by
risk assessment.

Potential splash
during controlled
transfer or repacking

Use closed / contained
system and splash-control
design where possible

Chemical-compatible gloves,
eye / face and clothing
protection as specified.

Dust or vapour
that may become
airborne

Enclosure, local exhaust or
other engineered ventilation

Respiratory protection
only within an appropriate
programme when required.

Damaged or leaking
package

Isolate area and use trained
emergency response proce-
dure

Responder PPE selected
from substance and incident
conditions; ordinary staff
withdraw.
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Evacuate and use emergency | Do not rely on normal
services / specialist respon- | warehouse PPE for firefigh-
ders ting or unknown atmospheres.

Fire or unknown
atmosphere

[Nlustrative only. PPE and exposure controls must be selected from the product SDS,
task risk assessment and applicable occupational-safety requirements.

6.2.12 Damaged Packages, Spills and Leaks

A spill or leak changes the situation from routine logistics to incident response.
The first actions should protect people and prevent escalation. Workers should raise
the alarm, keep others away, stop unnecessary vehicle and pedestrian movement and
identify the product from a safe position using labels, transport documents and the
SDS. If the substance is flammable, reactive or otherwise sensitive, site procedures may
require control of ignition or other initiating sources without exposing workers to the
release. The response should then follow the facility emergeney plan. Only personnel
who are trained, equipped and authorised for the particular level of response should
attempt containment or cleanup. A small-looking spill,.can be deceptive if the material
is highly toxic, reactive or volatile, so response level should be based on the product
and conditions rather than on appearance alone."When identity is unknown, the safest
assumption is that the release may be hazardous until competent assessment shows
otherwise.

First actions when a hazardous cargo package leaks or spills

ALERT ISOLATE

Raise the alarm and notifysthe supervisor / Keep people away and control access to the affectefl
emergency contact. area.

IDENTIFY PROTECT

Use the label, UN number and SDS from a safe Use PPE and controls specified for trained

position. responders.

CONTAIN REPORT

Only trained, equipped personnel follow the spill Record the incident and arrange safe recovery /
plan. disposal.

Do not improvise cleanup chemistry, enter a vapour cloud, or touch a hot / reacting package. Escalate to competent emergency responders.

Fig. 6.14: First actions for a leak or spill from hazardous cargo
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Ilustration prepared for this unit from SDS Section 6 concepts, HSE HSG71 spillage-
control guidance and general emergency-response principles.

Spill-control materials must be suitable for the substance. HSE HSG71 notes that
sites may use absorbent granules, sand, booms, sealing materials, salvage containers or
other controls where appropriate, but also emphasises that the chosen materials must
be compatible with the spilled product. This is why a warehouse should not improvise
with whatever absorbent is closest. The SDS and site spill plan should identify suitable
equipment and where it is stored. Contaminated absorbents, damaged packaging and
cleanup waste may themselves become hazardous waste and need correct labelling,
containment and disposal. Drains may need protection to prevent environmental
release, but workers should only take such action when it can be done safely and is
part of the emergency procedure. After the immediate response, the incident should be
investigated so that packaging, handling, storage or supplier problems are corrected
before similar goods are received again.

Damaged-package management also requires traceabilifyz. The package should be
clearly identified as quarantined or under incident control, and stock records should
prevent it from being picked or dispatched accidentally. If gooeds are transferred to
a salvage or overpack container by qualified personnel, the resulting package must
retain the required hazard identity and be managed under the applicable dangerous-
goods rules. Photographs and receiving regords can help communicate the condition
to the supplier or carrier, but workers shotlld not delay urgent safety actions to collect
evidence. The warehouse should define who decides whether goods can be returned,
repacked, disposed of or transferred to a speeialist contractor. This avoids the common
problem of a damaged drum or battery remainingfor days in a temporary area because
no one has clear ownership of the next decision.

6.2.13 Fire and Emergency Reésponse

Fire involving (hazardou§ €argo can produce hazards beyond heat and flame.
Containers may fail, gases may be released, toxic or corrosive smoke may be produced,
oxidizers may intensify combustion and contaminated firefighting water may affect
the environment. The emeéfgency plan should therefore identify the dangerous goods
inventory, storage zones, access routes, isolation points, drainage or containment features
and the way hazard information will be provided to emergency responders. Staft should
know how to raise the alarm, where to evacuate, how to account for people and when
not to attempt firefighting. Section 5 of the SDS contains product-specific firefighting
information, but ordinary warehouse workers should use portable extinguishers only
if they are trained, the site procedure allows it, the fire is at an appropriate early stage
and there is a safe escape route. Unknown or rapidly developing hazardous-cargo fires
require professional emergency response.

Accurate communication during an emergency is a control measure in its own right.
A call that says “there is a chemical leak in the warehouse” is much less useful than
one that provides the location, product identity or UN number, visible hazard label,
approximate quantity, condition of the package and whether anyone has been exposed.
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The emergency team can then retrieve the SDS and relevant transport information
before approaching the scene. Warehouses should therefore keep accessible inventory
information and train supervisors to communicate concise hazard details. Regular drills
can test whether staff can locate SDSs quickly, whether alarms are heard in loading areas,
whether evacuation routes remain open and whether the emergency team can identify
what is stored in the affected zone. A drill should be used to discover weaknesses and
improve the plan, not simply to complete a compliance checklist.

Hazardous cargo emergency communication chain

DISCOVERER SHIFT / SUPERVISOR EMERGENCY TEAM

m

TERNAL RESPONDERS MANAGEMENT

—> —> —> —>

Raise alarm Activate site plan Assess SDS / hazards Fire / medical / Notification, recovery,
withdraw from danger isolate area control if competent regulatory support investigation

The exact chain depends on the site emergency plan. The important principle is rapid, accurate transfer of identity, hazard and location information.

Fig. 6.15: Example communication chain during a hazardous cargo emergency

[lustration prepared for this unit from general emergency-action planning principles.
The actual chain must follow the facility emergency plan and applicable law.

6.2.14 Loading, Dispatchand theAransport Interface

Dispatch is the point at which the warehouse hands hazardous cargo back into the
transport system. Beforesloading;, staff shoulld verify that the selected goods match the
order and dangerous-goods description, that packages remain in sound condition, and
that marks and labels areqresent and legible. The transport document or declaration
should be prepared or checked by competent personnel according to the applicable
mode. The vehicle, container of unit should be suitable for the cargo, and load planning
should consider segregation, orientation, securing and protection from damage. Where
air transport is involved, the IATA Dangerous Goods Regulations and ICAO Technical
Instructions apply detailed acceptance, packaging, marking, labelling and documentation
requirements, including many product-specific restrictions. Sea transport uses the IMDG
Code. Road and rail requirements depend on the jurisdiction. The important warechouse
principle is to use the current edition for the actual mode rather than assuming that a
previous shipment was prepared correctly under today’s rules.

Load securing is especially important because hazardous packages that move during
transport can be crushed, punctured or placed in contact with incompatible goods. Pallets
should be stable, packages should not be loaded under excessive weight and closures or
valves should be protected from impact. The handling team should respect orientation
arrows and other special marks where required. If a package is found damaged during
picking or staging, it should be removed from the dispatch flow and assessed; wrapping
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a leaking or crushed package with stretch film is not a substitute for compliant salvage
or repackaging. The handover process should also ensure that the carrier receives the
required documents and information. A strong dispatch check protects not only the
warehouse but drivers, ports, airports, terminals, emergency responders and the final
customer who may handle the package later in the supply chain.

Table 6.17: Hazardous Cargo Dispatch Verification

Check What good practice confirms
) Picked item matches the order, UN entry / product identity and
Identity . )
current classification.
Package No damage, leakage, swelling, contamination or unstable palle-
condition tisation.
Marks and labels Required transport marks / labels aréypresent, visible and not
obscured.
. Current mode-specific dangerous-goods document / declaration
Documentation

is complete where required.

Compatibility and | Segregation, orientation and load, securing are appropriate for
load plan the transport unit.

Carrier / mode State, operatof, port, airline orther applicable variations have
requirements been checked.

Driver / carrier receives required information and the load is

Handover réleased byrauthoriséd personnel.

Ilustrative dispatch ch@eeklist based on UN Model Regulations and current modal
dangerous-goods systems such as IMDG and IATA DGR. Exact requirements vary.

6.2.15 Documentation, Inventory and Traceability

Good hazardous-cargo documentation allows the warehouse to answer four questions
at any time: what dangerous goods are present, where they are located, how much is
present and what safety information applies. The inventory system should link the stock
record to the product identifier and current SDS and should preserve the dangerous-
goods classification information needed for receiving and dispatch. Location controls
can prevent incompatible products from being stored together and can alert supervisors
when a hazard zone approaches its approved capacity. Physical labels and signs should
remain aligned with electronic records so that an emergency responder is not dependent
on a computer screen to understand the area. When products are moved, repacked,
returned or disposed of, the inventory should be updated promptly. Accurate records are
also important for regulatory reporting, emergency planning, supplier communication
and investigation after incidents.
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Traceability is especially valuable when information changes. A supplier may issue a
revised SDS, a transport rule may be amended, or a product may be recalled because of
packaging defects. If the warehouse knows which batches were received, where they are
stored and which customers received them, action can be targeted instead of stopping
the entire operation. Document control should therefore include version dates for SDSs
and procedures, authorised access to classification data and a process for removing
obsolete information. Workers should be trained to recognise that an old printed SDS
can be a safety problem even if it looks complete. The safest information system is
one in which the current approved document is easy to obtain and obsolete copies do
not remain in workstations, notice boards or emergency files where they could be used
during a critical decision.

6.2.16 Training, Competence and Safety Culture

Training for hazardous cargo should be matched to job function. A receiving clerk
needs to recognise dangerous-goods marks, detect discrepancies and know when to
quarantine a shipment. A forklift operator needs to understand how hazardous packages
canbe damaged and what to do after an impact or spill. A picker needs to recognise storage
restrictions and damaged stock. A dispatch employeeé,may require formal dangerous-
goods training for the transport mode and tasks they perform. Emergency responders
need a deeper level of competence, including use of specialised PPE and spill or fire
procedures. Competence is more than attgnding a classroom session: workers should
demonstrate that they can retrieve an SDS, identify a hazard label, use the receiving
checklist and follow the stop-work and repoiting process. Refresher training should be
provided when procedures, produéts, regulations;equipment or responsibilities change.

Safety culture determines Whether the waitten system works when the warehouse
is busy. During peak periods; there can be pressure to accept a late vehicle quickly,
put damaged cartons ifito-an empty location or dispatch a shipment before paperwork
is fully checked. Al strong safety culture makes it normal to stop the process when
hazard information is misSing or conditions are abnormal. Supervisors should support
workers who raise concerns and/ishould investigate repeated identification or packaging
problems instead of treating them as isolated mistakes. Near misses, such as a forklift
striking a hazardous-goods pallet without causing leakage, should be reported because
the next impact may have a different outcome. Learning from these events helps the
warehouse improve layout, equipment protection, supplier requirements, training and
supervision before a serious incident occurs.

6.2.17 Regulatory Context: India and International Trans-
port Interfaces

In India, hazardous-chemical storage and emergency planning can involve several
legal and regulatory frameworks depending on the substance, quantity and activity.
Important examples include the Manufacture, Storage and Import of Hazardous
Chemicals Rules, 1989 under the Environment (Protection) Act; the Chemical Accidents
(Emergency Planning, Preparedness and Response) Rules, 1996; and, for petroleum
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and certain controlled materials, rules and approvals administered by the Petroleum
and Explosives Safety Organisation (PESO), such as the Petroleum Rules, 2002. The
applicability of these requirements depends on thresholds, substance categories and
facility circumstances, so a warehouse should obtain competent legal and technical
advice rather than relying on a simplified classroom summary. The purpose of this unit is
to give learners the operational concepts needed to understand why classification, SDS
information, segregation, emergency planning and authorised storage arrangements are
essential parts of hazardous-cargo management.

International transport adds another layer. The UN Model Regulations provide the
common technical foundation for dangerous-goods classification, packaging, marking,
labelling and documentation, but the rules applied in practice are mode specific. For sea
transport, the International Maritime Dangerous Goods (IMDG) Code, 2024 Edition
including Amendment 42-24, became mandatory on 1 January 2026. For air transport,
the 67th Edition of the IATA Dangerous Goods Regulations is effective during 2026 and
reflects the ICAO Technical Instructions together with IATA operational provisions.
These editions change over time, especially for rapidly developing areas such as battery
transport. A warehouse that ships dangerous goods internationally should therefore
maintain a process for checking the current regulatign, state or operator variations and
staff training requirements. Historical knowledge is“useful, but eurrent compliance
depends on the current rule set.

Remember: This unit explains general principles for learning. Actual storage,
packing, transport and emergency actions must follow/the current law, the applicable
transport mode, the product SDSgSupplier instsuctions and the warehouse’s approved
risk assessment and procedures.

6.2.18 Practical Hazardous Cargo Handling Checklist

A practical checklist helpsi€nyert the concepts in this unit into observable behaviour.
Before receipt, the watehouse should know whether dangerous goods are expected
and whether the approved stopage location is available. At receiving, workers verify
identity, class, documentation and package condition. Before movement, they confirm
the route, equipment and destination. In storage, they check segregation, containment,
labels, access and package condition. During picking and dispatch, they preserve marks
and labels, remove damaged stock from the workflow and verify the requirements of
the next transport mode. During any abnormal condition, they stop routine work, raise
the alarm and use the emergency plan. These steps are not separate bureaucratic tasks.
Together they maintain continuity of control: the identity and hazard are known, the
package remains intact, incompatible materials remain apart, workers are protected and
emergency information is available when needed.

The checklist also shows why hazardous-cargo safety depends on systems rather than
memory. A skilled worker can still make an error if the warehouse management system
allows an incompatible location, if an SDS cannot be found, if labels are obscured
by repacking, if the receiving area is congested or if supervisors reward speed more
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than correct checks. Management should therefore review both individual performance
and system design. Audits can compare physical stock with inventory records, inspect
segregation and containment, check the availability of SDSs, review training status
and test the emergency communication process. Performance measures might include
damaged packages, quarantine events, documentation discrepancies, spill incidents,
near misses and corrective-action completion. The goal is not to drive reports to zero by
discouraging reporting; it is to use the information to reduce the conditions that create
hazardous events.

Table 6.18: Everyday Hazardous Cargo Handling Checklist

Stage Key questions

Is the product approved for the site? Is the SDS current? Is suitable

Before receipt : .
P storage capacity available?

Do the package, UN number / labels, documents and product identity

At receivin :
ving agree? Is the package intact?

Before Is the route clear? Is the handling equipment suitable? Is the
movement destination confirmed?

Are segregation, contaifiment, ventilation / temperature and access

In storage
g controls correct?

During routine | Are there leaksycorrosion, swelling, heat, damaged labels, unstable
inspection pallets or blécked emergency access?

At picking / Is the package still sound; correctly marked / labelled and compliant
dispatch forthe actual transportdnode?

Stop, isolate; alert, identify from a safe position and follow the

If abnormal .
emergency / quarantine procedure.

Instructional checklist synthesised from the sources cited in this unit. Local
procedures and legal requirements take precedence.
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Hazardous cargo or dangerous goods can create significant physical,
health, environmental or transport risks and may include ordinary com-
mercial products as well as industrial chemicals.

Safe handling begins with positive identification using product identity,
UN number, proper shipping name, transport labels / marks, GHS infor-
mation, documents and package condition.

The UN dangerous-goods system uses nine hazard classes; some goods
also have subsidiary hazards and, where applicable, packing groups I, 11
or III for packing purposes.

GHS workplace labels communicate product identity, pictograms, signal
words, hazard statements, precautionary statements, and supplier infor-
mation, while transport labels communicate dangeroussgoods hazards for
carriage.

The Safety Data Sheet follows a 16-seetion fotmat and supports identi-
fication, first aid, firefighting, spill response;, storage; PPE, compatibility
and transport decisions.

Hazardous cargo should be accepted into notmal stock only when iden-
tity, documentation and'package condition are satisfactory; uncertain or
damaged goods require a contrdllied quarantine or emergency process.

Safe receiving and internal movement require controlled unloading, suit-
able equipmenitystablenloads, préservation of labels and rapid movement
to an approved storage location.

Segregationgprevents an incident involving one product from escalating
through reaction or fite involving another; transport class alone may not
be enough to détermine chemical compatibility.

Storage controls may include ventilation, temperature control, secondary
containment, restricted access, compatible racking and protection from
impact, heat, moisture or ignition sources as appropriate.

Class-specific hazards require different controls; explosives, infectious
substances and radioactive material may require specialist facilities and
authorised personnel.

PPE is the final layer of exposure control and must be selected from the
actual task, SDS, risk assessment and equipment standards rather than
issued as a universal solution.
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¢ Spills and damaged packages require alarm, isolation, safe identification
and response by trained and equipped personnel; unknown releases should
not be investigated by close approach or smell.

¢ Dispatch requires verification of package condition, marks, labels, docu-
mentation, segregation, load securing and the current requirements of the
actual transport mode.

¢ Accurate inventory, current SDSs, staff competence, emergency commu-
nication and a positive stop-work culture are essential for sustained haz-
ardous-cargo safety.

¢ In India and international trade, hazardous-cargo operations may be sub-
ject to multiple national and modal regulations; current legal and techni-
cal requirements must always be checked.

Objective Questions

1. What four-digit identifier is commonly used in the dangerous-goods
transport system to identify a substance or article?

2. Which document provides.detailediinformation on hazards, first aid, fire-
fighting, accidental release, handling and storage of a hazardous chemi-
cal?

3. How many major transport hazard classes are used in the UN danger-
ous-goodsgystem?

4. What does Packing Group I generally indicate for goods to which packing
groups apply?

5. Which SDS seétion contains handling and storage information?
6.  Which SDS section normally contains transport information?

7.  What should a warehouse do when a dangerous-goods package is leaking
or its identity is uncertain?

8. Why is transport class alone not always enough to decide whether two
chemicals can be stored together?

9. What is the main purpose of segregation in hazardous-cargo storage?

10. Which GHS label element uses words such as “Danger” or “Warning”?
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I1.

12.

13.
14.

What is the preferred action for ordinary warehouse staff when a package
is hot, reacting or releasing unknown vapour?

Which current international code governs packaged dangerous goods car-
ried by sea?

What is the main reason to keep SDSs current and readily accessible?

Which organisation administers the Petroleum Rules, 2002 in India?

Answers

10.
I1.

12.
13.

14.
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UN number

Safety Data Sheet (SDS)
Nine

High danger

Section 7

Section 14

Isolate / quarantine it and activate the approved escalation or emergency
procedure

Because produets within the samie transport class may still be chemically
incompatible and can reactif mixed

To preventyan incident involving one material from escalating through
contact with another

Signal word

Withdraw to a safe position, raise the alarm and use trained / specialist
emergency response

International Maritime Dangerous Goods (IMDG) Code

So workers and responders can base current handling and emergency
decisions on correct hazard information

Petroleum and Explosives Safety Organisation (PESO)
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Self - Assessment Questions

1. Explain the meaning of hazardous cargo and discuss why dangerous-goods
identification is a critical first step in warehouse safety.

2. Describe the nine dangerous-goods classes and explain the difference
between a hazard class, a subsidiary hazard and a packing group.

3. Explain a systematic procedure for identifying hazardous cargo at the
receiving stage, including documents, labels, marks and package condi-
tion.

4. Discuss the purpose and 16-section structure of a Safety Data Sheet and
explain how warehouse personnel use it during routine handling and
emergencies.

5. Explain the principles of safe storage and segregationef hazardous cargo,
with particular reference to incompatibility, containment and inventory
control.

6. Discuss general and class-specifigfinstructions forsafely handling flam-
mable, oxidizing, corrosive, toxic, gaseous and lithium-battery cargo.

7. Explain the correct first actions\for damaged packages, spills and fires
and discuss the importanece of emergency communication and trained
responders.

8. Describe the major ehecks required before hazardous cargo is loaded and
dispatched bytoad, sea or air.

Assignments

1. Collect five examples of products commonly found in commerce that
may be regulated as dangerous goods. For each, identify the likely hazard
class and explain why ordinary appearance can be misleading.

2. Designareceiving checklist for a warehouse that handles hazardous cargo.
Include identity, package condition, UN number, labels, documentation,
SDS availability, segregation and quarantine criteria.

3. Draw a simple hazardous-cargo storage plan for a medium warehouse
showing general goods, flammables, oxidizers, corrosives, quarantine,
spill equipment, emergency exits and vehicle / pedestrian routes. Explain
the logic of the layout.
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Prepare a comparison table between GHS workplace labels and dangerous-
goods transport labels. Include their purpose, information elements and
how each is used in a warehouse.

Choose one hazardous cargo class and prepare a short case study describing
a plausible receiving or storage incident, the immediate safe actions and
the longer-term corrective actions.

Review the current IMDG Code or IATA Dangerous Goods Regulations
information available from the relevant official organisation and write a
short note on why warehouses must use current editions rather than old
checklists.

Identify the main Indian regulatory frameworks that could affect the
storage or handling of hazardous chemicals in a warehouse and explain
why applicability should be confirmed by competent legal / technical
personnel.

Reference

United Nations Economic Commission for Europe (UNECE). (2025).
Globally Harmonized System of €lassification and Labelling of Chem-
icals (GHS), 11th gévised edition (ST/SG/AC.10/30/Rev.11). United
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United Nations Economic Commission for Europe (UNECE). (2025).
Recommendations on the Transport of Dangerous Goods: Model Regu-
lations, 24th revised,edition (ST/SG/AC.10/1/Rev.24). United Nations.

International Maritime Organization. (2024). International Maritime Dan-
gerous Goods (IMDG) Code, 2024 Edition, Amendment 42-24. IMO.

International Air Transport Association. (2026). Dangerous Goods Regu-
lations (DGR), 67th edition. IATA.
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Time: 3 Hours Max Marks: 70

Section A
Answer any 8 questions. Each question'carries one mark. (8x1 =8)
1.  What is the purpose of safety stock?
What do you mean by hazardous cargo?
What is codifi€ation of materials?

What is ISM?

2.
3
4
5. List out any one reasondor holding inventory?
6. Whatis BEP?
7.  MRP stands for?
8. Write any two features of Warehouse Management Systems?
9. What is AGVs?
10. PPE refers to?

Section B

Answer any six questions. Each question carries two marks. (6x2=12)

11. Write a short note on why hazardous cargo requires special handling?
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12. List out any 4 objectives of materials management?
13. What is VED analysis?
14. What is strategic sourcing?
15. What are the Characterestics of raw materials?
16. Write a short note on FIFO and LIFO?
17. What do you mean by Key Performance Indicators?
18. What are the advantages of Bin and Drawer storage?
Section C
Answer any six questions. Each question carries five marks. (6x5=30)
19. Explain the material handling technologies in warehousing.
20. What are the factors affecting Handling System Selection?
21. Explain the techniques for improving warehguse efficiency?
22. Explain SKU and its importance?
23. Describe the techniques of optimizing Inventory, Levels?
24. What is the role of CVP analysis i inventory decisions?
25. Briefly explain the types©f Inventory?
26. Describe the procedure of outbound legistics?
Section D
Answer any twg questionssEach question carries 10 marks. (2x10 =20)

27. Discuss the“eoncept, objectives, significance and functions of materials
management in moderf Organisations.

28. Examine the strategic sourcing process and explain how ethical and sustainable
sourcing contributes to organisational success.

29. Analyse the major inventory management policies and strategies such as EOQ,
Safety Stock, Reorder Level and JIT.

30. Explain the procedure for Identification of Hazardous Cargo?
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Model Question Paper- set-I11
Fifth Semester Bachelor Of Commerce (B.Com) Examination
Major Discipline Specific Elective
B.Com (FYUGP)
Materials and Warehouse Management -SGB24CM506ME
(CBCS - UG)
2024-25 - Admission Onwards

Time: 3 Hours Max Marks: 70

Section A
Answer any 8 questions. Each question'carries one mark. (8x1 =8)
1. Whatis HML?
What is spend analysis?
What does EQQ determing?

State any two needs of warehousing?

2.

3

4

5. What is wave picking?
6. What do you mean by inventory turnover?

7. What is strategic sourcing?

8. Which inventory type consists of partially completed goods?
9.  Which cost arises when inventory is stored in a warehouse?
10. What is the purpose of supplier development?

Section B

Answer any six questions. Each question carries two marks. (6%2 =12)

11. Differentiate between ABC and VED analysis.
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12.
13.
14.
15.
16.
17.
18.

State any four objectives of materials management.

Explain the significance of spend analysis in sourcing decisions.
What are the objectives of supplier management?

Distinguish between raw materials and finished goods.

What is the role of reorder level in inventory control?

How does holding cost affect profitability?

Explain the concept and importance of warehouse safety?

Section C

Answer any six questions. Each question carries five marks. (6x5 =30)

19.
20.
21.

22.
23.

24.
25.
26.

What is AS/RS and explain its components?
Explain the role of macro-level analysis in warehouse site selection.

Describe general safety rules and proeedures followed in warehouse
environments.

Explain the different storage systems‘available,for efficient order picking?

What are the steps in involved in implementation of warehouse management
systems?

Discuss the different typ@s of inventory-costs with suitable examples.
State the importance of holding inventory in managerial decision making?
Explain the esséntial elements of a valid contract?

Section D

Answer any two questions. Each question carries 10 marks.  (2x10 =20 Marks)

27.

28.

29.

30.

Explain classification and codification of materials, techniques of classification,
objectives of codification and types of codification?

Elaborate reactive control methods and its techniques and planning based
inventory control methods?

Explain different types of warehousing, Characterestics of each type and the
type of ownership of warehouses?

What do you mean by warehouse operations, explain its types and procedure
involved in each type of operations?

SREENARAYANAGURU
OPEN UNIVERSITY



av@3ay 1900211 1™o

il @OE3 TVIG(ANDBID:6Mo

Qilvlal®o20]1 M206Mo

(Da0(AlTVIBAIY Qil86B6mMo

N0 1B0006D MO BOEEM

#)010)5l@3 alan) ameBas

ey ItlY]ed edmSlenemo

M eMan3dlaimlwiw allssasemo

MIMHHAURVWAD] ald06Mo

WOMI (DAL TDNOWIMIERB6Mo

ROMIBRBAIOE:-AI06MO

GeNIoWOUOANG3 @1S6813) A0

DEMOIMBH(BGR RILINHHEGEM

3)0Ta])® (101003

SREENARAYANAGURU OPEN UNIVERSITY

Regional Centres

Kozhikode

Govt. Arts and Science College
Meenchantha, Kozhikode,
Kerala, Pin: 673002
Ph: 04952920228
email: rckdirector@sgou.ac.in

Tripunithura
Govt. College
Tripunithura, Ernakulam,
Kerala, Pin: 682301
Ph: 04842927436
email: rcedirector@sgou.ac.in

Thalassery
Govt. Brennen College
Dharmadam, Thalassery,
Kannur, Pin: 670106
Ph: 04902990494
email: rctdirector@sgou.ac.in

Pattambi
Sree Neelakanta Govt. Sanskrit College
Pattambi, Palakkad,
Kerala, Pin: 679303
Ph: 04662912009
email: rcpdirector@sgou.ac.in



L BEFORE YOU EVEN
VOONC THINK OF RAGGING

W

= Blacklisting =

4

Download

AN \ ~ auined Career -
RALING ~ Ruined

App : :

Don't just stand and watch. Slﬁp R - Character
Visit UGC Website i.e. www.ugc.Ac.in & www antinaging. i agging regulations.

i Are You Being Ragged ?
Ministry of Education 4 fareafasera Srgar ST

: \ University Grants Commission | :
o Government of India wnms e quality higher education for all

DON'T LEFIT,
BE TOOLAT

SAY)

LOVE YOURSELF
AND ALWAYS BE
HEALTHY

SREENARAYANAGURU OPE

The State University for Education, Training and Research in Blended Format, Kerala

e




Materials and Warehouse Management
COURSE CODE: SGB24CM506ME

ISBN 978-81-bL88475-5-2

YouTube
Sreenarayanaguru Open University
91788168"847552

Kollam, Kerala Pin- 691601, email: info@sgou.ac.in, www.sgou.ac.in Ph: +91 474 2966841





