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1.1 INTRODUCTION

Production and Operations Management (POM) is a critical management function that
focuses on the efficient and effective transformation of inputs into completed goods and
services. It is critical in every business, whether production or service-oriented, since it
guarantees that resources are used to their full potential to fulfill consumer demand.
Operations are an organization's backbone. Businesses cannot offer quality products or
services on schedule if their operations are not managed effectively. POM is responsible for
the planning, organization, coordination, and management of all production resources and
processes, assuring efficiency and customer satisfaction.

1.2 LEARNING OBJECTIVES

The learners will able to understand the following concepts

1. Define the terms production management and operations management.
2. Explain the function and significance of production and operations management in
manufacturing and service businesses.
3. Identify and describe the process of transforming inputs into outputs.
4. Use relevant examples to differentiate between production and operations
management.

5. Explain the role and responsibilities of production and operations management.
6. Determine the critical decision areas in operations management, such as process

design, capacity planning, and quality management.

1.3 MEANING OF PRODUCTION AND OPERATIONS MANAGEMENT:

Production : Production is the process of transforming raw materials into completed
commodities via the use of machinery, labor, and technology. It entails the methodical
structuring of operations to produce products that fulfill consumer demands. Production can
be categorized as: Manufacturing produces tangible items such as automobiles, furniture, and
electronics. Service production refers to intangible things such as banking, healthcare, and
education.

Previously, production was done manually and on a limited scale. Production systems got
more sophisticated as industries grew, technologies advanced, and consumer demand
increased. This resulted in the development of scientific methods for controlling production,
giving rise to Production and Operations Management as a specialist field.

Operations Management : Operations management is a larger notion that includes not just
manufacturing but also all organizational activities involved in the delivery of products and
services. To achieve efficiency, operations are planned, scheduled, monitored, and controlled.
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Key Definition: According to Jay Heizer and Barry Render: "Operations management is
the process of planning, organizing, and supervising the production and manufacturing of
goods or services."

According to Slack, Chambers, and Johnston: “Operations management is the activity of
managing the resources which are devoted to the production and delivery of products

and services.”

Production characteristics:

1. Production generates utility.

2. It necessitates methodical procedures.

3. It necessitates the coordination of personnel, materials, machinery, and processes.
4. The aim is to add value.

Differences between Production Management and Operations Management.

1. Production Management and Operations Management are closely linked concepts that
concern the efficient production of products and services. While Production Management is
more conventional and narrowly focused, Operations Management is wider and more
thorough. Understanding the distinctions between the two aids in comprehending how
modern businesses perform efficiently.

2. Production Management is largely concerned with the manufacture of physical things.
It entails actions such as planning, organizing, directing, and regulating the manufacturing
process, which converts raw resources into final goods. Its scope is mostly limited to factories
and manufacturing facilities.Operations Management, on the other hand, encompasses both
production and service operations. It encompasses not only the manufacture of physical items
but also the administration of services such as healthcare, banking, education, transportation,
and hospitality. Thus, its scope is significantly broader than that of Production Management.

3. Production Management produces physical things that can be seen, handled, stored,
and transported, such as vehicles, garments, or machines. Operations Management, on the
other hand, creates both physical things and intangible services. Services such as education,
medical treatment, and customer service are intangible and cannot be saved for future use.

4. Production Management is mostly used in manufacturing companies where tangible
items are produced. Operations Management is used in a wide range of enterprises, including
industrial corporations and service providers such as hospitals, airlines, and information
technology companies.

5. Production Management is a conventional method of managing manufacturing
operations. It was appropriate for the industrial age, when the primary emphasis was on mass
production and factory efficiency. Operations management is a modern idea that has grown to
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meet the demands of globalization, competitiveness, technology, and customer focus. It
promotes flexibility, quality, speed, and the consumer.

6. Production management choices are primarily concerned with production planning
and control, plant layout, material management, and quality control. All of these decisions
fall under Operations Management, which also encompasses process design, capacity
planning, supply chain management, service design, sustainability, and continuous
improvement.

7. Production Management is more inwardly focused, emphasizing efficient
manufacturing procedures. Operations Management is more customer-focused, ensuring that
products and services satisfy their requirements in terms of quality, cost, and delivery time.

1.4 OBJECTIVES OF PRODUCTION AND OPERATIONS
MANAGEMENT

Production and Operations Management objectives can be summarized as follows:

1. Right and appropriate product quality : One of the key goals of POM is to
manufacture things with the desired quality. Quality should not be excessively high (which
raises costs) or too low (which dissatisfies clients). Maintaining consistent quality helps to
create customer trust while reducing rework and rejection.

2. Right quantity : Production should be carried out in sufficient quantities to meet
demand. Overproduction produces surplus inventory and increases storage expenses, whereas
underproduction causes shortages and customer loss. POM enables accurate forecasting and
production planning.

3. Right Time (Just in delivery) : Another crucial goal is to ensure that things are created
and delivered on schedule. Delays in production can result in consumer unhappiness, loss of
goodwill, and increased costs. Efficient scheduling and control facilitate meeting delivery
deadlines.

4. Keeping Production Cost minimum by :
(a) Eliminating waste

(b) Improving Productivity

(©) Using resources effectively

5. Production and operations management provides the greatest possible use of resources
such as:

(a) Manpower

(b) Machinery
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(©) Materials

(d) Capital
(e) Proper utilization minimizes idle time, breakdowns, and waste.

6. Production runs smoothly: POM strives to maintain a consistent and seamless flow of
production by minimising bottlenecks, equipment malfunctions, and material shortages. This
provides ongoing operations and increased efficiency.

7. Flexible Operations : An important goal is to maintain flexibility so the manufacturing
system can easily adapt to:

(a) Changes in client demand

(b) Product design modifications.

(c) Technological advances

8. Customer satisfaction : Customer satisfaction leads to repeat business and market
growth.All manufacturing processes eventually attempt to satisfy client needs by providing:
(a) Good-quality items.

(b) Reasonable prices.

(c) Timely delivery.

9. Employee Safety and Satisfaction : POM also prioritises safe working environment
and increasing staff morale. Motivated and pleased people perform more effectively, which
boosts production and quality.

10. Continuous Improvement : Production and operations management emphasises
continuous improvement in processes, technology, and methodologies in order to boost
efficiency and lower costs over time.

1.5 SCOPE OF PRODUCTION AND OPERATIONS MANAGEMENT

Production and Operations Management (POM) is a critical management functional area
concerned with the planning, organising, directing, and controlling of the manufacturing
process for goods and services. Production and Operations Management is broad in scope,
encompassing all operations connected to the efficient and effective conversion of inputs
such as persons, materials, machines, money, and processes into finished goods and services.

POM's scope ranges from the inception step of product design to the final level of
distribution. It is critical for accomplishing organisational objectives such as cost reduction,
quality improvement, customer happiness, and competitive advantage.
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1. Product Design & Development : Product design and development are important
aspects of Production and Operations Management. It entails creating products that meet
customer requirements while keeping production costs low. This stage involves making
decisions about product features, quality standards, materials, and specifications. Good
product design increases market acceptance and ease of manufacture.

2. Designing and selecting processes : The term "process design" relates to deciding on
the best production approach. It entails deciding on the sort of production method, such as job
production, batch production, mass production, or continuous manufacturing. Proper process
selection ensures that resources are used efficiently, workflow runs smoothly, and
manufacturing is cost effective.

3. Plant location and layout : POM includes decisions about plant location and layout.
Facility location entails determining the best cost-effective site for establishing a
manufacturing unit, taking into account aspects such as raw material availability, labour,
transportation, and market access. Plant layout focusses on placing machinery, equipment,
and workstations to ensure material flow and reduce handling costs.

4. Capacity Planning : Capacity planning is concerned with determining the required
production capacity to meet present and future demand. It guarantees that the organisation
has enough resources to meet market demands without underutilising or overloading
facilities.

5. Production planning and control : Production planning and control are fundamental
aspects of Production and Operations Management. Forecasting demand, scheduling
production, routing work, dispatching, and follow-up are some of the operations covered. The
primary goal is to ensuring that production runs smoothly, efficiently, and according to plan.

6. Material management : Materials management is a crucial component of POM. It
entails purchasing, storing, moving, and controlling raw materials and components. Effective
materials management cuts waste, prevents shortages, and lowers inventory costs.

7. Inventory management : Inventory management guarantees that a sufficient supply of
raw materials, work-in-progress, and finished commodities is maintained. Proper inventory
control reduces carrying costs, prevents stockouts, and ensures continuous output.

8. Quality management : Quality management is another key aspect of POM. It entails
establishing quality standards, inspecting, controlling, and continuously improving. The goal
is to deliver defect-free products that match customer requirements while reducing rejections
and rework.

9. Maintenance management : Maintenance management is concerned with the care of
machines and equipment in order to maintain ongoing production. Preventive and corrective
maintenance help to reduce breakdowns, extend machine life, and increase output.

10. Cost control and productivity enhancement : POM aims to reduce production costs
and increase productivity by implementing improved procedures, technology, and work study
methodologies. Efficient operations result in lower costs and increased profitability.
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11. Environmental and Safety Management : Production and Operations Management is
also responsible for maintaining safe working conditions and meeting environmental norms.
Proper safety measures safeguard employees and reduce accidents, whereas environmental
management encourages long-term operations.

Production System :- The production system includes functions such as input, process,
output, demand forecasting, and manufacturing control. Where input refers to the utilisation
of persons, materials, machines, and money. Introduction to Production Management (9
minutes) and Methods. The term "process" relates to manufacturing activities such as
semifinished products, byproducts, and finished products. Output refers to the ultimate
product as specified. Demand forecasting refers to consumer demand and how it changes in
the market as a result of market competition. A manufacturing control system monitors
inventories and facility location to ensure that production runs smoothly and efficiently. A
production system is the use of management functions in the production process by planning,
organising, directing, and regulating managerial operations in the process of efficiently and
effectively transforming input into desired output. The production system covers all actions
that turn input into output for a desired product or service. Consumer pleasure is generated by
the system, regardless of whether the service is physical or immaterial. According to certain
writers, the production system is also known as the operation system, hence production
management might be referred to as operations management.

1.6 TYPES OF PRODUCTION

Production may be classified into three categories. The whole manufacturing process is
concerned with converting input into output and services for the benefit of mankind.
Considering this kind of manufacturing can be:

l. Flow Production: Flow production is also known as mass manufacturing. Production
in this category occurs in a sequential manner. There will be no break between the two
manufacturing processes. To ensure a consistent flow of operations, use updates and more
machines. This form of production is better suited for high-demand items. The advantage of
this manufacturing is that each production process can be strictly controlled and measured in
terms of input and output. Maximum attention may be paid to raw material supply, machine
capacity, and quality standards so that any flaws in the manufacturing process can be
promptly discovered, resulting in qualitative production in each phase. For example :-
Motorcycle, Car

2. Batch Production: When there is a limited scope of flow production, or when the
sequence of production is unavailable in certain production companies, batch production is a
better option. In this category, each product is broken down into smaller components. This
process is known as batch production. Under this form of production process, the entire
production system is separated into several batches or components based on the product's
specifications. To make the production process more efficient, various equipment may be
utilised for each batch, and the quality of each batch can be accurately measured. On the
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other side, a product may be provided in several functional areas. For example Bakery
products, Pharmaceutical producted, Textile Mills etc.

3. Unit Production : This is a sort of manufacturing in which the client has placed a
particular order. In general, this form of production is for a certain time period and does not
have a recurrent aspect. This form of manufacturing is carried out by the organisation in
response to client demand for the product. This form of manufacture has precise standards,
quality, size, colour, weight, and packaging specifications. The majority of manufacturing
organisations do not choose unit production owing to the expense, and in most situations, it is
not a regular production process. Eg. Aircraft manufacturing, Shipbuilding, Designing
specific kind of jewellery etc.

1.7 RESPONSIBILITY OF PRODUCTION MANAGER

1. In general, a production manager is in command of a production organisation. A
production manager's responsibilities include five "P"s: (1) Product (2) Plant (3) Process (4)
Programs, and (5) People. His/ her responsibilities are stated below.

1. Product: The product is the direct link between manufacturing and marketing. It is
intended for the market's clients. The product is being looked after by all of the producing
companies. A product should be high-quality, low-cost, dependable, easily accessible, smooth
delivery, simple handling, after-sales service, and have good and long-lasting performance. A
production manager is responsible for looking into the above-mentioned attributes of a
product when it is being produced in the organization

2. Plant: A production manager's principal task is to inspect the organization's plant.
When dealing with the plant, this covers the building, equipment, machinery, and other plant-
related factors. The production manager should guarantee that the plant is capable of meeting
both the organization's current and future needs. While dealing with the plant, the production
manager should be concerned with machinery and equipment maintenance, machinery
installation safety, equipment operational efficiency, and environmental protection.

3. Process: This involves the manufacturing process. The transformation of input into
output is the job of the production manager. A finished product can be made from input that
has been transformed into a semi-finished product, and a semi-finished product can be turned
into another finished product. As a result, a production manager's role is to oversee all
procedures in order for the product to be available on time. In this process, the production
manager is responsible for determining the kind of production, the number of processes
required, the product layout, the safety of each operation, and the cost of each operation.

4. Programs: It contains the production timetable. Every product should be created
according to a schedule. manufacturing schedules can be planned ahead of time so that
manufacturing The Introduction to Production Management 11 procedure will proceed easily.
The production program specifies the time for each manufacturing step, the date of the final
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product to be created, the date of delivery in each phase, the assembly, packaging, and
dispatch processes, and payment after despatch.

5. People: This is one of a production manager's primary tasks. The people side of a
production manager includes the workmen's talent, knowledge, and competence, as well as
the management personnel's intellect, all of which are necessary for producing a quality
product. A production manager's role is to ensure that individuals involved in the
manufacturing of the end product as well as each production process are used efficiently and
effectively. Both labour and administrative personnel must be effective at delivering the
product on time in order for the manufacturing organization's financial sustainability to be
sustained.

Production Management relation with to other Management Functions : A well-designed
manufacturing and service production make use of a company's inherent competences which
are its unique strengths. Such characteristics might include a highly capable and talented
personnel, powerful distribution networks, or it could be the capacity to produce new items or
goods and even adjustment of production to make the output at a faster rate. A talented
production manager will collaborate with other functions to maximize the organization's
strengths. In general, processes involve the use of people, machines, equipment, procedures,
and materials in a systematic sequence of stages or activities.

Some of the interconnections with other functional areas of the business organization are
outlined below:-

l. Production Management-Marketing Interconnection: Marketing is in charge of
recognizing client demands, creating and sustaining demand for the company's goods,
assuring customer happiness, and identifying new markets and product opportunities. The
firm's strategic positioning and market segmentation decisions have a significant impact on
its manufacturing and production strategy. Furthermore, marketing serves as the primary
information receptionist between production and the product market. Marketing defines what
type of goods customers value. This begins with product creation, positioning, price,
forecasts, and promotions, both before and after product introduction. Interdisciplinary
collaboration in manufacturing and marketing choices dates back many decades. Most
production-marketing conflicts stem from a lack of wide consensus on crucial organizational
issues such as product line width, delivery time, and service or quality levels. The link
between these two areas provides significant leverage in most organizations. Improved
knowledge and trust between production and marketing drives many organizations to greater
levels of effectiveness.

2. Production Management-Human Resource Interconnection: No plant manager
would deny the need of competent people management in operating an efficient operation.
The human resource function encompasses operating methodologies like as continuous
improvement and overall quality, which rely heavily on human inputs. Personnel and
production function organisation decisions have a considerable impact on both structural and
infrastructural considerations. Such challenges are not specific to the production function;
they affect other activities and are better addressed through the human resource management
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function. In services, the human resource focus is critical since customers' impressions of an
organisation are often shaped by their interactions with customer contact workers, such as
customer service agents. As more organisations adopt 'flextime', the production function must
build unique process configurations to accommodate personnel with little disturbance to work
flow. Production Management and Human Resource departments must collaborate to recruit
and train staff, which in turn will enhance employee well-being and growth, as well as
promoting motivation, are critical to the practical effectiveness of management strategies.

3. Production Management—Finance Interconnection:- The interconnection between
production management and finance is made up of capital equipment, various cost reduction
& cost-control programs, price-volume choices, and inventories. Because asset acquisition
and management are critical decision-making components, finance and production must
collaborate to understand the nature of production technology and the practice-performance
gap in their organisation. To track success, the organisation must provide consistent, objective
platforms for evaluation. Finance offers information on product and service expenses, which
managers may use to evaluate operational success. Production managers should understand
financial methods, limitations, and capacities. The level of collaboration between operational
planning and budgeting is frequently used to determine their performance.

4. Production Management - Information Systems Interconnection : Information
systems provide, analyse, and coordinate the information requirements of production.
Production is directly impacted by the organization's dispersed processing environment, as
well as the expansion and evolution of Enterprise Resource Planning (ERP) systems. It
enables organisations to create relevant information and make it available when necessary.
The operational plans become the driving force behind all corporate planning, including
hiring, cash flow, and marketing campaigns. IT is critical to Computer Integrated
Manufacturing (CIM) systems.

Important decisions taken by the Production Management System

A production management system's decisions are grouped into three fundamental types which
are undermentioned:-

1. Strategic Decisions. Strategic decisions are those that concern the long-term
importance of a manufacturing organization. Under this choice, it is required to investigate
the production unit's future capabilities in terms of product, manufacturing process, and
available facilities to fulfill the market's predicted demand. This sort of choice is concerned
with a long-term production plan pertaining to product and manufacturing process so that the
maximum product can be provided in the shortest amount of time at the lowest possible cost
of production. Some strategic decisions include:

(a) In the future, the production unit will launch a new product.
(b) A decision to adjust the product's production method.
(c) Make a decision to modify the way manpower and machinery are utilised.

(d) Development of a new facility in the manufacturing unit for the future.
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2. Operating Decisions: Operating decisions are those that are made to fulfil the day-to-
day operations of a manufacturing unit in order to meet the market needs of customers.
According to this resolution, production managers must examine the day-to-day operations of
the production unit and recommend ways to improve the situation so that maximum
production may be achieved. Some operational decisions include:

(a) Choosing to keep the required amount of raw material for each manufacturing step.

(b) Determine the production schedule for the following month based on the order.

(c) The deployment of skilled and unskilled workers for production purposes in each unit.

(d) Decision on the terms and conditions of payment for finished products.

3. Control Decision: This is a managerial decision made within the manufacturing unit.
This decision requires the implementation of control mechanisms to ensure the financial
health of the production organisation. When various efforts are made to employ labour,
machines, materials, and money effectively in order to keep production costs to a minimal
during a given time period. When a manufacturing unit experiences a financial shortfall, a
production manager often makes control choices. Some control choices include:

(a) Determining the appropriate action to be taken in response to a certain department's
failures. (b) A decision to improve labour costs and implement efforts to lower them in order
to increase profitability.

(c) Decision to adjust quality control measures in order to increase the product's quality in
response to consumer demand.

(d) Preventive actions that will be implemented to improve the plant and machinery's
working efficiency.

(e) Steps must be made to improve product quality so that the product's price is competitive
in the market.

Finally, all of the decisions discussed above are made in order to enhance production capacity
and product quality so that more income may be earned in the manufacturing unit. The
fundamental goal of the aforementioned decisions is to create the most goods at the lowest
possible cost in order to enhance profitability.

Advantages of Production and Operations Management:

Production and operations management are critical to an organization's success. It guarantees
that goods and services are produced efficiently, inexpensively, and in accordance with
customer specifications. Effective Production and Operations Management has various
benefits for both the organisation and society.

1. Reduced Production Costs : Effective production and operations management helps to
reduce production costs by improving work processes, decreasing waste, regulating
inventories, and enhancing labour efficiency. Lower expenses enable businesses to remain
competitive and profitable.
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2. Improved Product Quality : POM prioritizes quality management through thorough
inspection, quality control, and continuous improvement. Consistent quality improves
customer happiness, decreases rework and rejection, and fosters a positive brand image.

3. Resource utilization is efficient : One of the primary benefits of POM is the most
efficient use of resources such as people, machines, materials, money, and processes. Proper
planning and control help to eliminate waste, idle time, and resource misuse, which leads to
increased productivity.

4. On-time production and delivery : POM guarantees that goods and services are
manufactured and delivered on time by using effective scheduling and production planning.
Timely delivery increases consumer trust and aids in the maintenance of long-term
commercial partnerships.

5. Improve Inventory Control : POM assists in maintaining optimal inventory levels of
raw materials, work-in-progress, and finished commodities. Effective inventory management
lowers storage costs, eliminates stock outs, and ensures that production runs smoothly.

6. Production flows runs smoothly: Production and Operations Management guarantees
that production runs smoothly and uninterrupted by eliminating bottlenecks, machine
malfunctions, and material shortages. This leads to better coordination between departments.

7. Better Inventory Control : POM aids in maintaining optimal inventory levels of raw
materials, work-in-progress, and finished commodities. Effective inventory management
lowers storage costs, eliminates stockouts, and assures smooth manufacturing operations.

8. Active coordination and control : POM improves cooperation among areas including
purchasing, marketing, finance, and human resources. Proper control systems enable
management to monitor performance and take remedial action as necessary.

9. Support for Organisational Growth : Efficient production and operations management
facilitates corporate expansion and growth by allowing the organisation to improve
production capacity, introduce new goods, and compete effectively in the marketplace.

10.  Increased productivity : POM increases productivity by implementing better work
practices, effective training, and the efficient use of machines and labour. Higher productivity
translates to more production from the same or fewer resources.

11. Enhanced customer satisfaction : POM contributes to great customer satisfaction by
providing high-quality products at reasonable costs and fast delivery, resulting in repeat sales
and increased market share.

1.8 SUMMARY

Production and operations management may be described as the conversion of inputs into
outputs based on market demand. The goal of production management is to maximize
product output while keeping costs to a minimum. The production function involves the
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manufacture of numerous utilities in order to serve a big number of market customers. The
term "production system" refers to the most efficient use of production aspects such as
labour, materials, machinery, money, and management in the manufacturing process in order
to achieve high-quality output at a low cost. The production unit can use a variety of
production methods to achieve both quantitative and qualitative output.

The production management system benefits customers, suppliers, employees, organizations,
and society. A production manager's roles and responsibilities include overseeing the plant,
product, process, program, and personnel to ensure that the product is supplied on time and at
a reasonable price. Various decisions must be made throughout the production process. The
decisions are strategic, operational, and controlled decisions that can assist the production
manager in producing high-quality products at a cheap cost.

1.9 GLOSSARY

Production/Operations Management (POM): It is the process of managing inputs (men,

materials, machines, capital) to create products or outputs (goods/services).
Capacity Planning: It is designing the system so as to reach at maximum output capability.

Inventory: It includes the resources in the form of raw materials, materials under process, or
finished goods held in stock.

Logistics: This department is responsible for managing the flow and storage of goods.
Efficiency: It can be obtained by dividing output by input.

Total Quality Management (TQM): This is practice which emphasise on the
organization-wide focus on quality.

Quality Control (QC): It includes all the systems to maintain desired quality levels.

1.10 CHECK YOUR PROGRESS (MULTIPLE CHOICE QUESTIONS)

1. Production management mainly deals with:
A. Marketing of goods
B. Conversion of inputs into outputs
C. Financing business activities
D. Hiring employees

2. Operations management is concerned with:
A. Only manufacturing activities
B. Only service activities
C. Both manufacturing and service activities
D. Financial management

3. Which of the following is an input in a production system?
A. Finished goods
B. Services
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C. Raw materials
D. Customer satisfaction
4. Which function is NOT a part of production management?

A. Product design

B. Quality control

C. Sales promotion

D. Production planning

5. The term “operations” refers to:
A. Only factory work
B. Activities that create value
C. Financial transactions
D. Marketing strategies

6. The scope of operations management includes:
A. Inventory management
B. Scheduling
C. Quality assurance
D. All of the above

7. Operations management is important because it:
A. Controls finance
B. Ensures efficient production
C. Manages advertising
D. Handles legal matters

Key to multiple choice questions:-

1.B 2.C 3.C 4.C 5.B 6. D 7. B
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1.12 GLOSSARY

Enterprise Resource Planning: An application that uses a central database to manage and
integrate an organization's primary business operations, including supply chain,
manufacturing, finance, and personnel, into a single, cohesive platform.

Module: It is a stand-alone functional component of an ERP system that is intended for a
particular business domain, such as finance, HR, inventory, or supply chain management.
Business Intelligence: It refers to processes and instruments that gather, examine, and

display corporate data in order to facilitate improved decision-making.

Procurement: It refers to sourcing goods, amenities, or raw materials from suppliers.

1.13 SUGGESTED READINGS

O Singh, S. P. —  Production and  Operations  Management
A comprehensive text covering planning, design, control, operations strategy, and modern
tools such as JIT and Six Sigma.

0 Jain, K. C. —  Production and Operations Management
An accessible introduction to key topics such as forecasting, productivity, quality, and
inventory management.

0 Murthy, C. S. V. —  Production and Operations Management
Focuses on fundamentals such as production planning & control, materials management, and
plant layout.

0 Bhat, K. Shridhara -  Production and  Operation = Management
A student-oriented book that explains basic definitions, processes, and decision areas in
operations.

0 Stevenson, William J. —  Production/Operations Management
A leading global textbook that blends theoretical concepts with practical applications and
examples.
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1.14 TERMINAL QUESTIONS

1. Define Production and Operations Management.

2. Discuss the objectives of Production and Operations Management.

3. Explain the importance of quality in Production and Operations Management.
4. Distinguish between Production Management and Operations Management.
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UNIT-2
MANUFACTURING SYSTEM

Contents
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Learning Outcomes

Upon successful completion of this unit, learners will be able to:

Define the structure and key components of a manufacturing system using the input-
transformation-output model.

Analyze the fundamental trade-off between product volume and variety and its impact
on process selection.

Explain the characteristics, advantages, and limitations of the four primary production
process types (Job, Batch, Mass, Continuous) with relevant Indian examples.

Compare the strategic production strategies: Make-to-Stock (MTS), Make-to-Order
(MTO), and Assemble-to-Order (ATO), linking them to inventory and lead time
decisions.

Differentiate between the main types of facility layouts (Process, Product, Fixed
Position, Cellular) and Justify layout selection based on production factors.

Assess the role and structure of advanced systems, namely Flexible Manufacturing
Systems (FMS) and Computer-Integrated Manufacturing (CIM), in enhancing
competitive advantage.
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2.1 INTRODUCTION

This unit provides a foundational understanding of the Manufacturing System, which
represents the organizational and technological methodology firms use to transform raw
inputs into finished products. In the context of Managerial Economics and Production and
Operations Management (POM), the manufacturing system is the critical operational
framework that dictates a firm's cost structure, production efficiency, required capacity, and
market responsiveness. For a manager, understanding how to structure and manage
production is paramount to optimizing resource allocation and defining a competitive
strategy. This module clarifies the fundamental choices firms face regarding volume, variety,
and operational layout. Before engaging with this unit, learners should possess a working
knowledge of core economic concepts, including the basic production function, the
relationship between fixed and variable costs, the principles of economies of scale, and the
fundamental concept of organizational efficiency. This background is essential for
understanding the managerial trade-offs inherent in choosing a production system.

2.2 CONCEPTUAL FRAMEWORK OF THE
MANUFACTURING SYSTEM

2.2.1 Definition and Scope

A manufacturing system is best defined as an organized, integrated collection of resources,
including machines, tools, software, processes, and skilled personnel, utilized to create goods
or services. The system dictates the entire operational flow, which has deep implications for
long-term decisions concerning capacity planning, the required equipment specifications,
design of work systems, and overall operational expenses. An effective manufacturing system
serves as the backbone of an enterprise, incorporating a series of operative programs
necessary to make production both efficient and effective.

2.2.2 The Systems Model: Input, Transformation, Output, and Control

The universally accepted model for understanding any production system outlines four
interdependent core elements that dictate how value is created. The first element, Inputs,
represents the basic resources that will be transformed. These resources include tangible
assets such as materials, machinery, and energy, as well as intangible assets like labor,
capital, and crucial information or data. The second element is the Process, or transformation
function, which involves the methods and techniques applied to convert the inputs into the
desired outputs. This transformation may involve physical changes (machining, assembly,
blending) or management functions (scheduling, testing).

The third element, Outputs, comprises the desired results of the process, the finished
products or services. It is important to note that outputs also include secondary results, such
as waste, scrap materials, or pollution. The final and most critical element is Control and
Feedback. The production process is not merely a linear sequence of events but a dynamic,
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controlled system. The control mechanism ensures that the desired output quality and
quantity are achieved by constantly monitoring the transformation process. Real-time data
collection and analysis monitor progress, identify bottlenecks, and track machine
performance. This information forms the basis of the feedback loop, allowing managers to
adjust the inputs or modify the process itself (e.g., changing resource allocation or altering
scheduling) to ensure goal alignment.

The effectiveness of a manufacturing system relies heavily on the efficiency of this
closed-loop information flow and the quality of management decisions that regulate the
system. Components of Manufacturing Operations Management (MOM), such as production
planning, scheduling, inventory management, and quality control, are fundamentally the
mechanisms through which managerial control is exercised, leading to sustained optimization

of operations.
Table 1: The Manufacturing Systems Model Components
System Element Description Examples in Manufacturing
Input Resources required for Raw materials, machinery,
transformation. labor, information, capital.
Process Methods used to convert Machining, assembly,
(Transformation) inputs into desired outputs. | blending, testing, scheduling.
Output Products, services, or desired Finished goods, sub-
outcomes. assemblies, scrap, waste
products.
Control & Monitoring and adjustment Quality checks, production
Feedback mechanism to ensure goal data analysis, inventory
alignment. adjustment, machine
performance tracking.

2.3 CLASSIFICATION OF PRODUCTION PROCESSES: THE
VOLUME-VARIETY MATRIX

2.3.1 The Strategic Choice: Volume vs. Variety

The choice of a manufacturing process is a strategic decision dictated by the characteristics of
the product, primarily the relationship between production volume and product variety
(customization). This relationship is typically inverse: higher production volumes favor
standardization and automated methods to maximize economies of scale, whereas low
volumes and highly customized products require flexible, adaptable methods. Managers are
thus tasked with making fundamental design decisions to balance market demands for
customization and operational capabilities for cost-effective production.
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2.3.2 The Product-Process Matrix (Hayes and Wheelwright)

The Product-Process Matrix serves as a foundational concept in operations management,
acting as a framework for aligning product characteristics with the most appropriate process
type. It matches product stages (from unique, low-volume) with process structures (from job
shop to continuous flow). Achieving an optimal fit—often represented by operations falling
along the matrix's diagonal—is crucial for competitive performance. A misalignment, such as
attempting to produce high-variety, customized products using highly dedicated, standardized
mass production equipment, introduces excessive setup costs and delays, thereby degrading
efficiency and diminishing profitability. Therefore, the matrix helps managers ensure that the
chosen process supports the strategic objectives of the firm.

2.3.3 Detailed Process Types and Characteristics
(a) Job Production (Job Shop)

Job production, also known as custom production or bespoke manufacturing, focuses on
creating single, unique products entirely tailored to specific customer requirements. This
system is characterized by very low volume and maximum customization. While this method
offers high customization, it results in higher costs and lower overall efficiency compared to
standardized methods, mainly due to the variability and unique processes required for each
order. A typical Indian example is the work of a skilled goldsmith crafting custom ornaments
on demand, where production is intermittent and based purely on customer orders.

(b) Batch Production

Batch production involves producing a specific set quantity of a particular product. Once that
set (batch) is complete, the production system is re-tooled or reset to manufacture another
variant or a different product altogether. This method offers a flexible approach, allowing
adjustments for product variations and is often suitable for small-scale productions. Batch
production focuses on balancing flexibility and efficiency, aiming for economies of scale
within the batch quantity. In the Indian context, Small to Medium Enterprises (SMEs) utilize
small batch manufacturing to cost-effectively test markets with new products. A practical
example includes auto component manufacturers, such as those producing electrical or
machinery components, who run specific part models in batches before switching to
components for a different vehicle model.

(c) Mass Production (Flow Production/Repetitive)

Mass production, often called flow production, is characterized by the continuous production
of large volumes of identical, standardized products, typically moving along an assembly
line. These processes are highly repetitive and suitable for standardized goods. This method
is extremely cost-effective for high volumes due to extensive standardization and inherent
economies of scale. However, its major limitation is the near-total lack of customization or
flexibility. Standardized consumer electronics and the main assembly lines in large
automotive plants represent typical applications of mass production in India.

Unit 2 Manufacturing System Page 20



BBA(N) 604 Production and Operations Management Uttarakhand Open University

(d) Continuous Production (Process Manufacturing - Continuous)

Continuous production is the most automated and advanced form of mass production, where
the process runs incessantly, often 24 hours a day, without interruption. This system is best
suited for materials that are typically fluids, gases, powders, or slurries, which are perpetually
processed through chemical or mechanical reactions. Continuous production ensures
maximum efficiency and consistency, built specifically for high demand involving thousands
or millions of units. While achieving high throughput, it offers virtually no flexibility or
capacity for customization. Examples in the Indian industry include oil refineries, cement
manufacturing, and large-scale fast-moving consumer goods (FMCG) process plants, such as
those operated by packaged food giants like Nestlé India or Hindustan Unilever (HUL).
Furthermore, major Indian pharmaceutical firms like Dr. Reddy's Laboratories and Mylan
Pharmaceuticals are currently implementing continuous manufacturing lines, highlighting its
critical role in high-volume, quality-sensitive sectors.

Table 2: Comparative Analysis of Production Process Types

Process Volume | Variety/ Focus Key Indian Industry
Type Customiz Characteristic Example
ation
Job Very Very Flexibility, Unique, one-off | Bespoke tailoring,
Production Low High Customization products. specialized
machinery repair.
Batch Low to High Balance, Production in Auto components,
Production | Medium Flexibility groups, requires specialized
frequent garment runs.
changeover.
Mass High Low Efficiency, Standardized, Car assembly
Production Cost- repetitive lines, standard
Effectiveness assembly. consumer
electronics.
Continuous | Very | Very Low | Consistency, Non-stop, Oil refining,
Production | High Automation uninterrupted cement, bulk
flow (24/7) pharmaceuticals.

2.4 STRATEGIC PRODUCTION PLANNING: MTS, MTO, AND
ATO

The decision regarding the production process is intrinsically linked to the strategic choice of
how and when to hold inventory relative to customer demand. These strategies define the
firm’s competitive positioning in terms of cost, speed, and customization.

2.4.1 Production Decoupling Point and Lead Time
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The fundamental difference between these strategies lies in the location of the customer
decoupling point—the point in the production flow where the process transitions from being
driven by demand forecasts (speculation) to being driven by actual customer orders
(reaction). The position of this point determines the customer lead time and the associated
inventory risk for the firm.

2.4.2 Make-to-Stock (MTS)

In the Make-to-Stock strategy, the final product is manufactured and held in inventory based
on demand forecasts. The decoupling point is located at the finished goods warehouse,
meaning production is entirely speculative. This strategy offers the shortest customer lead
time, often allowing for immediate delivery. However, it incurs the highest inventory holding
cost and risks, as the finished goods inventory may become obsolete or unsold if forecasts are
inaccurate. MTS is commonly used in Mass and Continuous production environments (e.g.,
packaged food products).

2.4.3 Make-to-Order (MTO)

The Make-to-Order strategy involves beginning production only after a specific customer
order has been placed. Products are often customized from scratch based on the customer’s
precise specifications. Here, the decoupling point resides at the raw materials or design phase.
While MTO provides maximum customization, order quantities are usually smaller, per-unit
costs are higher, and lead times are the longest due to the time required for procurement,
manufacturing, and assembly. MTO is typically linked to Job Shop production.

2.4.4 Assemble-to-Order (ATO)

The Assemble-to-Order strategy is a hybrid model that combines elements of both MTS and
MTO, and it is increasing in popularity across many industries. Under ATO, standard
components and sub-assemblies are manufactured and stocked based on forecasts (the MTS
component). However, the final assembly is deferred until a specific customer order arrives,
detailing the desired configuration. This strategic approach allows companies to achieve mass
customization, providing a degree of personalization, while simultaneously maintaining
competitive pricing and substantially shorter lead times compared to pure MTO. ATO
requires less capital investment than MTO because only sub-assemblies need to be
anticipated, not the entire supply chain. For the Indian market, particularly in sectors like
configurable electronics or configurable vehicles, adopting ATO offers a vital competitive
edge by balancing responsiveness with operational efficiency.

Table 3: Strategic Production Strategies Comparison

Strategy Customer Inventory Risk | Customization Lead Time
Decoupling Level
Point
Make-to-Stock | Finished Goods High (Risk of Low Shortest.
(MTS) obsolescence) (Standardized)
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Assemble-to- | Sub-Assemblies/ Medium Medium Medium
Order (ATO) Components (Components (Configurable) | (Assembly time
stocked) only).
Make-to-Order | Raw Materials Low (Only High (Made Longest.
MTO) custom raw from scratch)
materials)

2.5 FACILITY LAYOUT DESIGN AND IMPLEMENTATION

The facility layout refers to the physical arrangement of production resources, including
equipment, workstations, and storage areas. The layout choice is a strategic decision that
profoundly impacts operational metrics such as efficiency, speed, and cost structure.!

2.5.1 Strategic Objectives of Layout Planning

Effective layout design is not merely about positioning equipment randomly; it requires
systematic analysis of production processes and workflow patterns to create an integrated and
optimal manufacturing environment. Key objectives include minimizing material handling
costs and unnecessary movement, ensuring efficient use of labor, preventing bottlenecks and
downtime, and maximizing the utilization of available floor space. A crucial objective for
dynamic markets is building in flexibility so the layout can easily adapt to changes in
production volume or product design in the future.

2.5.2 Factors Influencing Layout Selection
The optimal layout depends on a careful analysis of the following operational factors :

e Product Characteristics: The volume and variety of products, as well as their size and
complexity, are the primary determinants.

e Process Requirements: The sequence of operations, the technology required, and the
level of automation needed constrain the choices.

e Cost and Investment: The layout choice must balance the initial capital investment
(e.g., specialized versus general-purpose equipment) against the projected operational
and labor costs.

e Workflow Efficiency: The layout must be designed to facilitate continuous material and
product movement, reducing nonproductive tasks and cycle times.

2.5.3 Types of Facility Layouts
(a) Process Layout (Functional Layout)

In a process layout, machines and workstations are grouped together based on function or
type (e.g., all grinding machines in one department, all testing stations in another). This
layout is ideally suited for factories dealing with many different products or small custom
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orders, correlating directly with Job Shop and Batch production systems. Since products
follow varied paths based on their processing needs, the flow of resources is often "jumbled,"
leading to potentially costly and time-consuming material handling. A significant operational
consequence is that materials often wait in queues between departments, resulting in higher
levels of Work-In-Process (WIP) inventory. This layout requires general-purpose, versatile
machines and multi-skilled labor capable of operating various equipment types.

(b) Product Layout (Line Layout)

A product or line layout arranges machines and workstations in a linear sequence according
to the specific steps required to manufacture a single, standardized product. This layout is
best employed when a factory manufactures one type of product in large amounts, such as
bottled drinks or automobiles. The flow is sequential and smooth, enabling rapid, continuous
material movement and minimizing material handling costs. Operations using a product
layout typically achieve high throughput rates and maintain low WIP inventory levels. This
arrangement necessitates dedicated, specialized equipment. For a garment manufacturer, this
layout involves a sequence of stations dedicated to sewing cloth, adding buttons, inspecting
seams, and packaging the finished garment.

(¢) Fixed Position Layout

In a fixed position layout, the major component or product remains stationary, and all
necessary labor, equipment, accessories, and materials are brought to that central location.
This layout is essential when the product is extremely large, highly complex, or when the cost
of moving the primary material is prohibitively high. Real-world applications in India include
large-scale projects like the construction of dams, commercial buildings, shipbuilding, or the
manufacturing of massive equipment such as hydraulic and steam turbines.

(d) Cellular Layout (Group Technology Layout)

The cellular layout uses the principle of group technology to cluster equipment needed for
similar parts (known as "part families") into dedicated cells. This layout is designed to
capitalize on the strengths of both the Process and Product layouts—offering flexibility while
maintaining high flow efficiency. By processing families of parts within self-contained cells,
it drastically reduces unnecessary material movement and can lower WIP inventory levels by
promoting continuous flow within the cell boundaries. However, while the Cellular
Manufacturing System (CMS) offers significant operational benefits, current studies show
that the implementation rate of CMS remains low in Indian industries, indicating that this is a
potential area for future focused operational investment.

Table 4: Operational Trade-offs: Process vs. Product Layout

Feature Process Layout Product Layout (Line)
(Functional)
Underlying Process Job Shop/ Batch Mass/ Continuous
Production Production
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Material Flow Variable, Jumbled Linear, Sequential
(Departments by function). | (Stations by product step)
Flexibility/ High (Handles high Low (Handles high
Adaptability variety) volume)
Equipment Type General purpose, versatile Specialized, dedicated.
WIP Inventory High (Due to waiting and | Low (Smooth, continuous
batch processing) flow)
Throughput Rate Lower throughput Higher throughput
Labor Skill Multi-skilled workers Specialized, less skilled
required workers (repetitive tasks)

2.6 ADVANCED MANUFACTURING SYSTEMS: FMS AND CIM

As market demands shift toward faster delivery and higher customization, modern
manufacturing has increasingly relied on advanced, integrated, and flexible systems to
maintain competitiveness.

2.6.1 Flexible Manufacturing System (FMS)

A Flexible Manufacturing System (FMS) is a highly automated, computer-controlled
production setup specifically designed to readily adapt to changes in the type and quantity of
goods being produced. The system's primary goal is to optimize production efficiency by
quickly adapting factory operations to fluctuations in customer demand or supply chain
priorities, thereby supporting a make-to-order production strategy.

The structure of FMS relies on automation, integrating technologies such as Computer
Numerical Control (CNC) machines, robotics systems (for assembly, handling, and
inventory), and Programmable Logic Controllers (PLCs). A centralized computer system
controls the material handling systems, machines, and robots, automating the entire process.

The "flexible" aspect is derived from two types of operational agility:

a) Routing Flexibility: The system can quickly modify the path a product follows,
allowing parts to bypass a malfunctioning machine or switch the processing sequence
for a new product design.

b) Machine Flexibility: Multiple versatile machines within the system can perform the
same tasks. If one machine is operating incorrectly, others can immediately take over,
reducing downtime and allowing output to increase quickly when demand rises.

While FMS enhances efficiency and reduces labor costs through automation, it requires a
significant initial capital investment in specialized equipment and relies on skilled technicians
for maintenance. The concept of FMS, though initially focused on machining, has been
successfully extended in India to large organizations in non-traditional sectors like shoe
manufacturing and railway coach production.
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2.6.2 Computer-Integrated Manufacturing (CIM)

Computer-Integrated Manufacturing (CIM) is an overarching management approach that uses
computer control to unify the entire production enterprise. It serves as the digital foundation
for a "smart factory," integrating individual functional areas such as design, analysis,
planning, purchasing, production, and quality control using a common database.

CIM achieves its integration by linking various computer-aided techniques, including
Computer-Aided Design (CAD), Computer-Aided Engineering (CAE), Computer-Aided
Manufacturing (CAM), and Enterprise Resource Planning (ERP) systems. By facilitating
real-time data flow, CIM enables closed-loop control processes based on constant input from
sensors on the factory floor.

This level of integration results in powerful strategic benefits:

e Superior Quality and Consistency: Real-time quality monitoring, automated
inspection systems, and reduced human error lead to improved product quality and
consistency.

e Enhanced Flexibility: CIM allows the factory to be rapidly modified to accommodate
different products or change production volumes quickly.

Reduced Costs and Lead Times: Streamlined operations reduce variability, scrap, and rework
rates, leading to lower production costs and shorter lead times. CIM implementation
represents a key pillar in the ongoing industrial shift towards Industry 4.0, ensuring that every
step of the value chain is digitally interconnected and optimized.

1

P
.’1 -~ Check Your Progress-A

|
Q1. Define a manufacturing system and mention any two of its key components.

Q2. Define Flexible Manufacturing System (FMS).
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2.7SUMMARY

This unit explains the manufacturing system as the core operational framework through
which organizations transform inputs into finished goods. A manufacturing system integrates
resources such as materials, machines, technology, and human skills to achieve efficient and
effective production. The systems model-—comprising input, transformation, output, and
control—highlights how managerial decisions and feedback mechanisms ensure quality,
productivity, and alignment with organizational goals. The unit emphasizes the strategic
importance of the volume—variety trade-off, which guides the selection of appropriate
production processes. Based on this trade-off, manufacturing systems are classified into job
production, batch production, mass production, and continuous production, each differing in
flexibility, scale, and cost efficiency. The product—process matrix assists managers in
aligning product characteristics with suitable process choices. Strategic production planning
is discussed through Make-to-Stock (MTS), Make-to-Order (MTO), and Assemble-to-Order
(ATO) approaches, which determine inventory levels, customer lead time, and customization.
The unit also covers facility layout design, explaining process, product, fixed position, and
cellular layouts and their operational implications. Finally, the unit introduces advanced
manufacturing systems such as Flexible Manufacturing Systems (FMS) and Computer-
Integrated Manufacturing (CIM), highlighting their role in enhancing flexibility, integration,
and competitiveness in modern manufacturing environments.

~ = |
oc,‘;b 2.8 GLOSSARY
> £
@ > Job Production: Bespoke manufacturing for single, unique products.

> Batch Production: Producing a set quantity of a product before resetting

for another variant.

» Continuous Production: Non-stop, uninterrupted production flow, ideal for high
volume.

» Customer Decoupling Point: The location where production shifts from being forecast-
driven to order-driven.

» Make-to-Order (MTO): Production starts only after the customer order is received.

> Assemble-to-Order (ATOQO): Standard components are stocked, and final assembly
occurs upon order.

» Process Layout: Grouping machines and workstations by their functional type.

» Product Layout: Linear arrangement of equipment in the sequence of operations.

» Work-In-Process (WIP): Inventory or semi-finished goods waiting between
operational steps.

» Flexible Manufacturing System (FMS): Computer-controlled production system
designed for rapid adaptability to changes in product type and quantity.

> Routing Flexibility: The ability of an FMS to adjust the sequence of operations for
different parts.

» Computer-Integrated Manufacturing (CIM): The use of computer systems to
integrate all functional areas of a manufacturing enterprise.
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» Quality Assurance: Measures taken to ensure finished products meet specified quality
standards.
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2.11 TERMINAL QUESTIONS

Explain the manufacturing system and describe its key components using the input—
transformation—output—control model.

Discuss the volume—variety trade-off and explain how it affects the choice of
production processes.

Describe and compare Job Production, Batch Production, Mass Production, and
Continuous Production with suitable examples.

Explain the Product-Process Matrix (Hayes and Wheelwright) and discuss its
managerial significance.

What is the customer decoupling point? Explain its role in determining production
strategy and lead time.

Compare Make-to-Stock (MTS), Make-to-Order (MTO), and Assemble-to-Order
(ATO) strategies in terms of inventory risk, customization, and responsiveness.
Explain the concept of facility layout planning and discuss the objectives of an
effective layout.

Describe the types of facility layouts—Process, Product, Fixed Position, and
Cellular—highlighting their advantages and limitations.

Explain the structure and working of a Flexible Manufacturing System (FMS). How
does flexibility enhance operational performance?

Discuss Computer-Integrated Manufacturing (CIM) and explain how it contributes to
integration, quality improvement, and competitive advantage.
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3.1 INTRODUCTION

This unit introduces the foundational concepts of product design—the strategic process of
defining the distinctive attributes and functionalities of a product. In today’s competitive global
marketplace, a company’s long-term success hinges on its capacity to innovate and bring forth

new products and services that meet evolving customer needs.

You will also explore the concept of process selection, which involves determining the most
suitable methods and workflows required to manufacture a product or deliver a service. Both
product design and process selection play a critical role in shaping product quality, controlling
production costs, and ensuring customer satisfaction. A poorly designed product or a

misaligned production process can compromise quality and diminish market appeal.

To meet customer expectations, a product must strike a balance between thoughtful design,
affordability, and relevance to market demand. This unit emphasizes the principles behind
designing offerings that are not only functional and appealing but also feasible to produce

within cost and time constraints

A design may look impressive on paper, but for it to succeed in the real world, it must be
manufacturable using accessible materials, efficient processes, and appropriate technology.
Moreover, the final product—whether a tangible good or a service—must deliver competitive

value in terms of performance, aesthetics, durability, and overall user experience.

3.2 LEARNING OBJECTIVES

In this unit, a learner would be able to understand about

e Concept of Product Design
e (lassification of a Product design
e (Characteristics of a good production designer

e Errors and lates development s in the filed of product design

3.3 PRODUCT DESIGN

The initial phase of any production strategy typically begins with the design of the product or
service. This design must not only appeal to the target market but also align with cost-efficiency

goals. Effective design decisions encompass a range of considerations, including the selection

Unit 3 Product Design Page 31



BBA (N) 604 Production and Operations Management Uttarakhand Open University

of product features, the intended quality standards, the choice of materials, and the implications

for production costs.

To achieve these design objectives, professionals involved in product development—
particularly design engineers—must possess a strong understanding of key concepts and
terminology related to product and service design. Their ability to integrate customer
expectations with operational feasibility is essential for delivering offerings that are both

marketable and economically viable.

A product can be broadly described as anything developed to fulfill customer needs or solve
specific problems. In essence, it is the outcome of converting raw materials or inputs into a

form that holds value and can be offered for sale.

In the context of manufacturing and retail, products are typically tangible—physical goods
that customers can see, touch, and use. Conversely, in service-based industries, products are
intangible, taking the form of experiences, expertise, or outcomes that cannot be physically

possessed but deliver value through performance or interaction.

Product design is a critical function that involves formulating detailed specifications to ensure
that a product is not only operationally effective but also visually appealing and durable over
its intended lifespan. A well-designed product must balance functionality, aesthetics, and

reliability to meet customer expectations and market standards.

Importantly, product design is the foundational step that comes before the actual manufacturing
process begins. It sets the blueprint for production, influencing everything from material

selection and cost efficiency to quality control and user satisfaction.

The generation of a new product often stems from a variety of sources, each contributing unique

insights and perspectives. Key origins include:
o Market Research: Systematic analysis of consumer behavior, trends, and unmet needs.

e Product Development Initiatives: Internal projects aimed at innovation or enhancement

of existing offerings.

e Customer Feedback: Suggestions and insights from users that highlight potential

improvements or new features.

e Sales Team Input: Frontline observations from sales professionals who understand market

dynamics and customer preferences.
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e Individual Creativity: Ideas conceived by individuals—whether employees,

entrepreneurs, or inventors—who envision novel or improved products.

It’s important to recognize that not every idea evolves into a market-ready product. However,
every successful product is ultimately the result of refining and realizing someone’s original

concept.

Once a company has compiled a list of promising product concepts, the next step is to evaluate
and select those with the highest potential for market success. This evaluation typically occurs
during a new-product conference, where representatives from key departments—such as
sales, product engineering, manufacturing, and marketing—come together to assess feasibility,

alignment with business goals, and customer appeal.

This collaborative process ensures that diverse perspectives are considered, from technical
viability to market readiness. However, it’s not uncommon to encounter resistance to change
among some participants. Such resistance may stem from risk aversion, past experiences, or
departmental priorities, and must be managed constructively to foster innovation and

consensus.

3.4 CLASSIFICATION OF A PRODUCT

Products can be broadly categorized by analysing the nature and pattern of customer needs they
are intended to fulfil. This approach to classification helps businesses align their offerings with
consumer expectations, usage behaviour, and purchasing motivations. By understanding the
underlying demand patterns, organizations can tailor their product strategies to better serve

distinct market segments and enhance customer satisfaction.

l PRODUCT \
Industrial Capital Consumer Defence
Goods Goods Goods Goods
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Industrial goods

It refers to raw materials or partially processed items that are further transformed into finished
products, machinery, or equipment. These goods are not intended for direct consumption but

are essential inputs in the production process of consumer goods.

For instance, steel sheets are a classic example of industrial goods. An automobile manufacturer
purchases steel sheets not for personal use, but to fabricate vehicles that will eventually be sold
to end consumers. Other common examples include electric motors, solenoid valves, pressure
gauges, and temperature controllers—all of which serve as components or tools in larger

manufacturing systems.

The design and specifications of industrial goods are typically shaped by the functional
requirements of the capital goods sector. In many cases, buyers provide detailed technical

specifications to ensure the goods meet their operational standards and integration needs.
Capital Goods

Capital goods refer to physical assets such as machinery, equipment, and tools that are utilized
in the production of other goods or in the generation of energy. Examples include prime movers,
machine tools, and industrial systems that serve as foundational components in manufacturing

and infrastructure.

Unlike consumer goods, the design of capital goods tends to remain stable over longer periods,
as frequent changes can disrupt operational efficiency and increase costs. Typically, the
specifications—whether functional or aesthetic—are provided directly by the purchasing

organization to ensure the product aligns with their technical and performance requirements.
Consumer goods

The products purchased by individuals for personal use or consumption. Unlike industrial or
capital goods, these items are directly intended to satisfy everyday needs and preferences of

end-users.

The design of consumer goods is primarily shaped by customer tastes, lifestyle trends, and
usability expectations. Manufacturers in this segment face intense competition, often more
aggressive than in the capital goods sector. As a result, companies invest heavily in market
research to understand consumer behavior and define quality benchmarks that resonate with

target audiences.
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Due to the competitive nature of the market, pricing strategies for consumer goods are typically
geared toward affordability. Firms aim to offer value-driven products at attractive price points

to capture market share and, in some cases, establish dominance within their niche.
Defence Goods

Defence goods are specialized products developed to support national security and military
operations. Unlike consumer or industrial goods, these items are not traded in open markets
and are typically subject to strict confidentiality and regulatory oversight. Due to their sensitive

nature, competition in this sector is minimal.

The design specifications for defence equipment are often classified and governed by stringent
protocols. Production is primarily managed by government-owned facilities, ensuring control
over quality, secrecy, and strategic deployment. However, in exceptional situations—such as
wartime or urgent national requirements—private sector firms may be commissioned to

manufacture arms, equipment, or support systems under government directives.

3.5 PRODUCTION DESIGNER

An effective product design engineer must embody a blend of versatility, creativity, and
technical expertise. Their role demands a deep understanding of the physical sciences that form
the foundation of engineering, along with broad knowledge of diverse materials and
manufacturing processes. Beyond technical proficiency, they must be attuned to organizational
dynamics and human factors, recognizing how design decisions impact usability, workflow,
and customer experience. Visual appeal also plays a crucial role in product success; therefore,
the engineer must either incorporate aesthetic considerations into the design or collaborate with
specialists to ensure the product is attractive without compromising functionality. Above all,
cost awareness is essential. Every design choice—from materials to production methods—
must be evaluated through the lens of economic feasibility, as cost considerations ultimately

influence market viability and profitability.
Successful Product Designer

A product design engineer must be versatile, creative, and well-informed person. He not only
must have an in-depth study of the essential physical sciences that underlie engineering, but he
also must have a comprehensive knowledge of a considerable variety of materials and of
production processes. He must be familiar with the organisation and the human factors. He

must also be conscious that appearance is a highly significant factor in selling a product and he
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has to either design his product with that in mind or get help in the problem of achieving good
appearance without sacrificing utility. Most important of all, he must be cost conscious, as
almost all actions are based eventually on cost. Some basic traits of a successful product

designer are:

Creativity: Product design is inherently a creative profession. The ability to think creatively is
not limited to one discipline or a select group of individuals; rather, it exists in varying degrees
across many fields. An artist expresses ideas through sketches, a journalist conveys concepts
to readers, a teacher nurtures student growth, a scientist formulates theories, and a production
engineer enhances manufacturing methods or introduces better materials to improve products.
Creativity is often associated with originality, yet it also involves refining and upgrading
existing products as much as inventing new ones. Within engineering, any new creation must
serve a practical purpose—it should add value to people’s lives while remaining acceptable and
marketable. A mindset focused on “how to improve something,” balanced with sound

judgment, defines the hallmark of a truly effective and innovative product design engineer.

Innovative Thinking: A solid grasp of the core principles of physics, chemistry, mathematics,
and engineering provides a strong platform for innovative thinking. Equally important is
hands-on experience within the chosen field. Aspiring engineers cannot be expected to design
effective components without exposure to a wide variety of parts and an understanding of their
applications and manufacturing processes. Still, knowledge alone serves only as the
groundwork for creativity; it does not automatically inspire it. True creative ability emerges
from personal traits such as curiosity, intuition, inventiveness, initiative, and perseverance.

Among these, curiosity often generates more ideas than any other quality.

Curiosity: One effective way to nurture curiosity is by cultivating the habit of observation. For
engineers in particular, attentiveness to man-made objects around them is crucial. They should
question how an item is manufactured, what materials are used, why it was designed in a
specific size and shape, how its finishing was achieved, and what its cost might be. Such
inquiries often inspire creative thinkers to identify opportunities for improvement or to design
superior alternatives. In today’s competitive global market, observation may also reveal

methods to lower production costs.

Thinking Ability: Many innovative thinkers emphasize the importance of stepping away from
routine tasks to focus on problems that truly interest them. They observe that moments of

mental relaxation often allow ideas to emerge more naturally. A notable Indian example is M.
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Visvesvaraya, the legendary engineer and statesman. During his career, he often used periods
of quiet reflection to devise groundbreaking solutions, such as the automatic floodgates system
for dams, which revolutionized water management in India and laid the foundation for modern
irrigation practices. He strongly believed in nurturing young engineers and encouraged them

to devote time to independent thinking.

Another inspiring case is Dr. A.P.J. Abdul Kalam, whose early life challenges—including
limited resources and a modest upbringing—did not deter his focus. Instead, the absence of
distractions allowed him to concentrate deeply on scientific problems, ultimately leading to

pioneering contributions in India’s missile and space programs.

Without dedicating time for reflection, it becomes difficult to direct the mind toward a specific
purpose. When one deliberately sets aside time to think, it enables deeper focus on a problem.
True concentration requires the mind to remain engaged with a single idea or issue in a logical
manner for a sustained period. Practices such as Yoga can help cultivate this ability, training

the mind to maintain attention on a chosen subject for a defined duration

Persistence: Innovators such as Dr. Verghese Kurien, known as the “Father of the White
Revolution” in India, were not mere dreamers but individuals of remarkable energy and
persistence. They combined initiative with ingenuity to transform their ideas into reality.
Whenever a concept struck them, they documented it, refined it, and worked tirelessly—often
for long hours—to bring it to life. This disciplined effort, along with the practice of recording
and revisiting ideas, sharpened their thinking, strengthened their perspective, and helped

eliminate impractical or less useful notions.

3.6 EFFECT OF PRODCUT DESIGN ON COST

Product design is not merely about aesthetics or functionality; it is a strategic decision that
directly influences the cost structure of a business. For management students, understanding
this relationship is crucial because design choices affect production expenses, pricing
strategies, and ultimately organizational competitiveness. In today’s dynamic markets, firms
must balance creativity with cost efficiency to deliver value to customers while sustaining

profitability
I. Product Design as a Cost Driver

Every stage of product design—from conceptualization to prototyping—has cost implications.
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Material selection: Choosing premium materials increases durability but raises procurement

costs. Conversely, opting for cheaper substitutes may reduce expenses but compromise quality.

Complexity of design: Intricate designs often require specialized machinery or skilled labor,

which escalates manufacturing costs.

Standardization vs. customization: Standardized designs lower costs through economies of
scale, while customized products increase costs due to smaller batch sizes and higher

variability.
II. Impact on Manufacturing Costs
Design decisions shape the efficiency of production processes.

Ease of assembly: Products designed with fewer components or modular structures reduce

assembly time and labor costs.

Waste reduction: Designs that optimize material usage minimize scrap and wastage, lowering

raw material expenses.

Automation compatibility: Products designed for automated production lines reduce reliance

on manual labor, cutting long-term costs despite initial investment in technology.
III.  Influence on Operational Costs

Beyond manufacturing, product design affects operational expenses such as logistics, storage,

and maintenance.

Packaging and transportation: Lightweight designs reduce shipping costs, while compact

shapes optimize storage space.

Durability and reliability: Well-designed products require fewer repairs and replacements,

lowering warranty claims and after-sales service costs.

Energy efficiency: Products designed to consume less energy reduce operating costs for

customers, enhancing perceived value and brand reputation.
IV.  Cost Implications Across the Product Life Cycle

The effect of design on cost extends beyond initial production.

Introduction stage: High design and development costs are incurred during prototyping and
testing.
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Growth stage: Efficient designs enable scaling up production at lower marginal costs.

Maturity stage: Design improvements focus on cost reduction through simplification and
standardization.

Decline stage: Redesigning products for niche markets or recycling components can
minimize losses.

V.  Strategic Swaps
Managers must balance cost considerations with customer expectations.

Cost vs. quality: Overemphasis on cost reduction may harm product quality and brand
image.

Innovation vs. affordability: Innovative designs attract customers but often involve higher
R&D expenses.

Short-term vs. long-term costs: Investing in sustainable design may increase upfront costs
but reduce long-term environmental compliance expenses

Thus, Product design is a powerful determinant of cost across manufacturing, operations, and
the entire product life cycle. Effective design choices can reduce expenses, improve efficiency,
and strengthen market positioning.

3.7 ERRORS IN PRODUCT DESIGN

A product may fail to achieve success in the marketplace if its design contains certain flaws.

While there can be numerous mistakes, some of the most significant are outlined below:

e Inaccurate assessment of product value
Misjudging the actual worth of a product often leads to poor market acceptance.
Conducting a thorough value analysis helps minimize this risk. Even if a product is not
made from the finest materials or of the highest quality, it can still dominate the market if
its perceived value is superior compared to competing alternatives.

e Neglecting ergonomics in design
Overlooking human factors and ergonomic principles during product development can
result in items that are uncomfortable or impractical to use, thereby reducing customer
satisfaction and demand.

e Errors in product form and appearance
Mistakes in determining the appropriate size, shape, and geometric features of a product,
along with poor packaging design, can negatively influence consumer perception and

usability.
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e Failure to anticipate future competition
Ignoring potential competitive challenges in the market may cause a product to lose
relevance quickly. Strategic foresight in design is essential to maintain long-term
competitiveness.

e Improper pricing decisions
Regardless of quality, if the selling price is set beyond the purchasing capacity of the target
customers, the product will struggle to gain acceptance. Pricing must align with both market
expectations and consumer affordability.

e Underutilization of existing manufacturing resources
Not leveraging available production facilities and capabilities can increase manufacturing
costs, which in turn raises the selling price and reduces competitiveness.

e Overlooking distribution challenges
Failing to foresee difficulties in transporting and delivering the product to customers can

hinder market penetration and increase overall costs.

3.8 LATEST DEVELOPMENTS

» CONCURRENT ENGINEERING

Today, design engineers are expected to be expert in many disciplines that may range from
manufacturing to human factors. As this is very difficult to realise, the team approach to
designing is an alternative option. Concurrent Engineering or 'Simultaneous Engineering' as
sometime it is called can be defined-as "the simultaneous, interactive and interdisciplinary
involvement of professionals belonging to areas such as design, manufacturing and field
support to decrease, product development cycle time while ensuring factors such as
performance, reliability, quality, and support responsiveness. The importance of the application
of concurrent engineering is greater where the design has a significant impact on the
production, testing, and servicing costs of the product, i.e. where the decisions made during the
design phase of an item have the biggest impact on the overall cost of that item duiing its life
span. Concurrent engineering recognises the fact that in order to compete effectively in today's
global market, all costs associated with the product from design to shipment stage must be
reduced. The centre stage of concurrent engineering is a team effort in which professionals
belonging to different disciplines work hand-in-hand during the design and development of a

new product.
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» REVERSE ENGINEERING

Reverse engineering refers to the process undertaken by individuals other than the original
designer to develop the functional specifications of a product or equipment by carefully
analyzing an existing item. The primary purpose of this exercise is to create either a clone or a

surrogate version of the original.

e Clone: A cloned product is intended to replicate the original as closely as possible. It must
match the original in terms of function, form, operating mechanism, and fit, even if minor
variations arise due to practical limitations. Essentially, the goal is to reproduce the original

item in its entirety.

e Surrogate: A surrogate product, on the other hand, performs the same function and fits in
the same space as the original, but it may differ in appearance or in the mechanism used to
achieve the function. While it ensures compatibility and usability, it does not necessarily

mirror the original design in every detail.

The process of creating a clone is generally more demanding than producing a surrogate, as it
requires a higher level of precision, technical sophistication, and detailed analysis. Reverse
engineering, therefore, can range from relatively straightforward tasks to highly complex
undertakings, depending on whether the objective is to replicate the original exactly or simply

to deliver a functional substitute.

» REENGINEERING

Reengineering refers to the process of examining and modifying an existing item or system
with the aim of reshaping it into a new and improved form that offers greater utility. The central
goal of any reengineering initiative is to deliver a superior product or function at the same cost,

or alternatively, to achieve a comparable level of quality at a reduced cost.

In practice, reengineering can be understood as a form of reworking or retrofitting of an existing
product. This may involve refurbishment or enhancement to improve aspects such as reliability,
safety, or ergonomics. Essentially, reengineering focuses on studying and altering the internal
mechanisms or functional elements of a product so that it can be updated with modern features

and technologies, while still retaining its original purpose and core functionality.

Thus, reengineering is not about reinventing the product entirely, but about adapting it to

contemporary needs and technological advancements. Common terms often used
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interchangeably with reengineering include modernization, retrofit, renewal, and

redevelopment.

~

® L CHECK YOUR PROGRESS- A

1. What is the first step in the Product Design?

. Prototype modelling

o ®

. Market research and idea generation

. Customer satisfaction

o o

. Product verification

N

. Which is commonly used in product design in the current scenario?
. CAD (computer-aided design)

. Adobe

. Ms office

o o e

o,

. Email

w

. Good Product Design aids an organization by

)

. Increasing production defects

on

. Reducing customer satisfaction

c. Giving competitive advantage

[oN

. Limiting innovation

=

. Which factor is most important in product design thus satisfying customer needs?

. Customer preferences

o @

. Profit maximization

o

. Government regulations

o,

. Demand and supply paradigm

5. Product Design mainly focuses on:

a. Advertising and pricing strategies

b. Creating the physical aspects of a product
c. Innovative ability

d. Distribution communication
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3.9 SUMMARY

In this unit, you have explored the essential principles that underpin the creation of profitable
and marketable products. The product design function is concerned with developing
specifications that ensure the item is functionally reliable, visually appealing, and capable of

delivering satisfactory performance over a reasonable lifespan.

To achieve this, a product design engineer must possess versatility, creativity, and a strong
knowledge base. Design choices directly influence production costs, making product design a
critical determinant of both customer satisfaction and organizational profitability. A
well-designed product should meet several requirements, including reliability, accuracy,

attractive appearance, affordability, and the ability to generate adequate returns.

However, design flaws can lead to market failure. For this reason, companies must carefully
evaluate product designs before introducing them to consumers. Two important approaches in

modern design practice are:

3.10 GLOSSARY

Product Design

The structured process of creating and refining a product’s specifications to ensure it is
functional, reliable, visually appealing, and capable of meeting customer needs while

remaining cost-effective.
Concurrent Engineering

A collaborative approach where experts from different fields—such as design, manufacturing,
and marketing—work together at the same time during product development to reduce errors,

shorten development cycles, and improve overall efficiency.
Reverse Engineering

The practice of studying and analysing an existing product to understand its design and

functionality, often with the aim of creating a similar version or improving upon it.

KEY TO THE ANSWERS - A

1.b 2.4 3.c 4.a 5b
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?_ 3.13 TERMINAL QUESTIONS

® |

1. Discuss the role of product design in determining the overall cost of a product?

2. Evaluate the significance of concurrent engineering in modern product development?
3. What is Reverse Engineering, and how does it contribute to product innovation?

4. Identify and explain common design errors that lead to product failure in the market?

5. What are the qualifications of a successful production designer?
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UNIT-4
PLANT LOCATION
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Learning Outcomes

Upon successful completion of this unit, you should be able to:

v

v

Explain the strategic importance and structural impact of plant location on long-term
costs and competitiveness.

Differentiate the primary location drivers, i.e., cost versus customer access, for
manufacturing and service operations.

Describe the critical macro and micro factors, including clustering and quality of life,
that influence location selection.

Analyze the systematic, three-stage process used by organizations to arrive at the
optimal site choice, from regional selection to site feasibility.

Apply the Factor Rating Method to objectively evaluate location alternatives by
incorporating weighted quantitative and qualitative criteria.

Demonstrate the use of the Center of Gravity Method for minimizing distribution costs
within a multi-point logistics network.

Evaluate the complex role of government policy, Special Economic Zones (SEZs), and
regulatory challenges (like land acquisition and environmental clearances) in the Indian
location decision context.
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4.1 INTRODUCTION

Plant location refers to the strategic choice of a geographical region and the specific site
within that region where a new business, factory, or service facility will be established. This
decision is often irreversible, or at least tremendously costly to change once fixed. Since
locating a facility typically involves significant capital expenditure on land, construction, and
specialized infrastructure, an incorrect choice can saddle the organization with a structural
cost disadvantage for decades. For instance, choosing a site far from suppliers means
perpetually high inbound transportation costs, regardless of how efficiently the internal
operations are managed. Similarly, choosing a location with unreliable power supply or poor
labor climate instantly undermines competitive advantage. Therefore, location planning is not
merely a logistical task but a critical strategic plan that defines the firm’s long-term
profitability and competitive position. This unit will guide you through the systematic process
of making location decisions. We will begin by differentiating location strategies for
manufacturing versus service firms. We will then examine the various factors—economic,
regulatory, social, and cultural—that influence this choice, paying special attention to the
unique context of Indian business operations, including the impact of GST and Special
Economic Zones (SEZs). Finally, we will learn how to apply essential quantitative
techniques, specifically the Factor Rating Method and the Center of Gravity Method, to
ensure the final site selection is objective and optimally positioned to meet business goals.

4.2 THE STRATEGIC CONTEXT OF PLANT LOCATION

The location of a plant or facility refers to its geographical position relative to input
resources, other operations, and the customers it serves. Management undertakes this
significant decision for three primary reasons: when a new company is established and
requires a facility, when an existing business needs to relocate (perhaps due to the need for
larger premises), or when the organization decides to expand its operations into new
geographical areas.

Structural Cost Inflexibility

Location decisions are highly strategic because they lock in a significant portion of the
organization's costs for many years. This is known as structural cost inflexibility. An
organization that chooses an inappropriate location may suffer from permanently high
costs—such as elevated transportation or energy costs—which make it difficult and
expensive to remain competitive or even survive in the long term.? Because relocation is
extremely disruptive and capital intensive, managers must prioritize rigorous evaluation
before finalizing the site.

Location Drivers: Manufacturing vs. Service

The factors considered during location selection vary drastically depending on the type of
operation, whether it is manufacturing goods or providing a service.
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Table 4.1. Features of Manufacturing and Service Facility

Feature Manufacturing Facility Service Facility (e.g., Retail
(e.g., Automobile Plant) Bank, Restaurant)
Primary Goal Cost Minimization Revenue Maximization
Key Location Proximity to resources, labor, | Convenience and easy access
Criterion utilities, and reduced for the customer
operational cost
Typical Size/Cost | Large in size; high cost of Smaller in size; less costly;
construction and assets often leased

Relocation Rare and difficult More frequent and less
Frequency disruptive

For manufacturing firms, the criteria focus on tangible costs: the cost of constructing the
plant, the nature and cost of the labor force, the availability and cost of energy, and
transportation costs for raw materials and finished goods. In contrast, a service business, such
as a restaurant or a barber shop, must prioritize market accessibility and customer proximity,
as the service interaction is immediate and demands convenience for the client.

4.3 FACTORS INFLUENCING PLANT LOCATION DECISIONS

The factors influencing location selection can be categorized into macro (regional) and micro
(site-specific) elements.

4.3.1 Macro Factors (Regional and Economic Analysis)

These factors affect broad geographic regions and usually involve complex governmental or
economic environments.

(a). Raw Materials and Supplies

Proximity to suppliers of raw materials, parts, and components is crucial, especially for
industries that process bulky, heavy, or perishable raw inputs. If the raw material loses a lot
of weight during processing (a weight-losing process, such as converting iron ore into steel),
locating near the source minimizes the costly transportation of waste material.

For instance, the Cement Industry in India heavily relies on limestone reserves. Companies
like ACC Cement in Madhya Pradesh (near Katni) and UltraTech Cement in Rajasthan
choose their locations primarily based on the abundance and accessibility of limestone, their
most important raw material, to substantially reduce transportation costs.
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(b). Proximity to Markets

Location near the market is preferred if the product is fragile, susceptible to spoilage, or
relatively inexpensive where transport costs add significantly to the final price. Assembly-
type industries also often benefit from locating near their final markets. For service
organizations, like drugstores and clinics, demographics and direct market accessibility are
the main factors driving location decisions.

(¢). Labor Characteristics

The quality, availability, and cost of labor are decisive factors. Managers must evaluate not
just the prevailing wages, salaries, and benefits but also the productivity of the workforce. A
region offering very low wages but also very low productivity may ultimately be more
expensive than a region with higher wages but highly skilled, efficient workers. Intangible
factors like the general work ethic and employee attitude are also evaluated.

(d). Industrial Clustering (Agglomeration Economies)

Sometimes, locating near similar and competing organizations is beneficial—a phenomenon
known as industrial clustering or agglomeration. While counter-intuitive, this strategy
provides significant benefits, which management calls external economies of scale.

For example, the Jute Industry is concentrated around Kolkata in West Bengal, benefiting
from proximity to the Hooghly River, which provides water for processing and dense rail/port
infrastructure for exports. Similarly, IT companies cluster in specific urban centres. The
benefit here is that a ready pool of specialized, trained labor, established vendor networks for
components, and localized repair and maintenance services are already available, often
outweighing the potential disadvantage of competing for resources in a crowded location.

4.3.2 Micro Factors (Site-Specific and Qualitative Analysis)

Once a region is selected, the focus shifts to specific plot details and the local community
environment.

(a). Utilities and Infrastructure

The basic infrastructure must be robust. This includes the reliability and cost of utilities like
electricity, water, and gas. Beyond utilities, the site must have access to major roads and
reliable public transportation facilities for employees.

(b). Site and Construction Costs

This includes the purchase price of the land, taxes, and the estimated costs associated with
preparing the land for construction, building the facilities, and installing equipment.

(). Quality of Life and Community Factors

These are qualitative factors vital for employee retention and satisfaction, especially when
attracting skilled or managerial talent. They include the availability and quality of schools,
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climate, recreation opportunities, and cultural amenities. Furthermore, the local community’s
general attitude towards the industry and the company plays a role; a supportive community
facilitates smoother operations, while a hostile one can lead to constant disruption.

4.4 THE SYSTEMATIC PROCESS OF LOCATION SELECTION

Because of the high stakes involved, location selection follows a disciplined, multi-stage
process.

Step 1: Regional/Country Screening (Macro Level)

The initial stage involves evaluating large geographic areas, such as entire states or regions,
based on fundamental criteria. The selection team focuses on factors that vary significantly
between regions, such as market growth potential, tax policies, political risk, general labor
climate, and climate. This stage screens out unsuitable regions, resulting in a short list of
promising states or large economic zones.

Step 2: Community and Site Selection (Micro Level)

Once a few regions are shortlisted, the analysis zooms in on specific communities and
industrial sites within those regions. Detailed evaluation includes infrastructure access (roads,
utilities), specific inexpensive land parcels, local zoning regulations, and the quality of local
services (schools, hospitals). During this stage, the company often engages with local public
officials to discuss necessary permits, potential problems, and available state or municipal
incentives.

Step 3: Financial Feasibility and Final Decision

The final stage involves rigorous financial analysis. The team estimates precise construction
costs, determines operating costs for each shortlisted site, and conducts a comprehensive
feasibility analysis. This analysis ensures that the projected costs and benefits yield a high
rate of return for the project, leading to the selection of the single, optimal site. This final step
often employs the quantitative techniques described below.

4.5 QUANTITATIVE TECHNIQUES FOR LOCATION
ANALYSIS

Managers use specific mathematical tools to introduce objectivity into the final decision
process, especially when comparing a handful of feasible alternatives identified through the
systematic screening process.

(A). The Factor Rating Method (FRM)
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The Factor Rating Method is a widely used decision-making tool that allows managers to
incorporate both quantifiable (e.g., land cost) and qualitative (e.g., community attitude)
factors into a single, objective scoring system. It ensures that non-cost factors are not ignored
simply because they are difficult to measure.

Procedure of the Factor Rating Method

1) List Relevant Factors: Identify all critical success factors relevant to the business (e.g.,
labor pool, distance to suppliers, land cost).

2) Assign Weights (W): Assign a weight to each factor reflecting its relative importance to
the company, often on a scale of 0 to 1.0 or 0 to 100.

3) Rate Locations (R): For each factor, assign a score (rating) to every potential location
based on a uniform scale (e.g., 1 to 10 or 1 to 100). Higher scores indicate better
performance.

4) Calculate Weighted Score: For each factor, multiply the factor's assigned weight (W)
by the location's rating (R).

5) Sum Total Score: Compute the sum of all weighted scores for each location.

6) Select Location: The location with the highest total weighted score is the preferred
choice.

Numerical Example: Applying the Factor Rating Method

Consider a firm, like a hospital administration, needing to decide between two locations
(Location 1 and Location 2) for a new facility. The firm identifies five critical factors and
assigns them weights based on strategic importance.

Table 4.2. Factor Rating Method Calculation for Healthcare Site Selection

Factor Weight Loc 1 Loc 1 Score Loc 2 Loc 2 Score
W) Rating (R1) | (W xR1) | Rating (R2) | (WxR2)

Facility 8 3 24 (8 x 3) 5 40 (8 x5)

Utilization

Total Patients 5 4 20 (5x4) 3 15(5x3)

Per Month

Avg. Time Per 6 4 24 (6x4) 5 30 (6x5)

Emergency Trip

Land and 3 1 3(3x1) 2 6(3x2)

Construction

Costs

Employee 5 5 25(5x5) 3 15(5x3)

Preferences

Total 96 106
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Based on the weighted assessment, Location 2 is the preferred site, achieving a higher total
score of 106 compared to Location 1’s score of 96. This method successfully quantified the
importance of operational factors (utilization and emergency time) and softer factors
(employee preference) against hard costs.

(B). The Center of Gravity Method (CoG)

The Center of Gravity Method is a quantitative logistics approach used primarily by
distribution-focused businesses (like warehouses, distribution centres, or logistics hubs) to
find an optimal single location that minimizes the total transportation costs and distances to
all demand points. It is particularly useful in optimizing a network of facilities post-GST
implementation in India, where state borders no longer pose a significant tax barrier.

Theoretical Foundation

The method assumes that each existing customer location or warehouse exerts a "pull" on the
new facility proportional to the volume of goods (demand) moved to or from that point. The
goal is to find the geographic point that balances these demands, thereby minimizing total
travel effort.

CoG Formulae

The optimal X and Y coordinates (Cx and Cy) for the new facility are calculated using the
coordinates of existing locations and the volume of goods associated with those locations :

X-coordinate of New Facility (C,) = 2(diz X Vi)
Vi
d; i
Y-coordinate of New Facility (C,) = %

Numerical Example: Center of Gravity Calculation

Suppose a company wants to locate a new distribution center to serve three existing
warehouses, aiming to minimize logistics costs. The locations and daily volumes are given
below:

Table 4.3. Input Data for Center of Gravity Calculation

Location Volume (Vi) X-Coordinate | Y-Coordinate
(Units/Day) (dix) (diy)
Warehouse 1 2,500 200 50
Warehouse 2 1,300 300 100
Warehouse 3 5,000 100 150
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Total ¥ Vi 8,800

Calculation for Optimal X-Coordinate (Cx):

(200 x 2,500) + (300 x 1,300) + (100 x 5,000)

Ca = 8,800
¢ 500,000 + 390,000 + 500,000
o 8,800
C. — 1,390,000 o
8,800

Calculation for Optimal Y-Coordinate (Cy):

(50 x 2,500) + (100 x 1,300) + (150 x 5,000)

C
y 8,800
. - 125,000 + 130,000 + 750,000
v 8,800
1,005,000
— 2 o114
Cy 8,800

Conclusion and Application: The optimal location is mathematically calculated to be at
coordinates (158, 114). It is crucial to understand that this coordinate is a theoretical ideal, a
point of departure. It is highly unlikely that an available industrial plot exists exactly at
(158, 114). Managers must use this coordinate to identify the nearest few feasible sites (e.g.,
available industrial parks or land parcels) and then utilize the Factor Rating Method to
compare these real-world alternatives based on factors like zoning, local infrastructure, and
land costs. This complementarity ensures both optimal logistics and practical feasibility.

4.6 THE INFLUENCE OF THE INDIAN REGULATORY AND
POLICY ENVIRONMENT

Location planning in India is heavily influenced by government policies, taxation structures,
and complex land and environmental regulations.

(a). Impact of Goods and Services Tax (GST)

The introduction of the Goods and Services Tax (GST) in 2017 fundamentally reshaped
location strategies for logistics and distribution networks. Prior to GST, the fragmented state-
level tax structure (with taxes like Central Sales Tax and Octroi) often forced businesses to
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set up smaller warehouses near state borders purely to manage complex tax compliance and
avoid interstate barriers.

GST replaced this complex mixture of central and state taxes with a single, unified tax
system. This created a single national market, significantly lowering logistical costs and
streamlining the supply chain. The major implication for plant location is the shift from a tax-
driven location strategy to a pure logistics-driven strategy. Firms are now able to consolidate
their distribution networks into fewer, larger, and more centrally located regional hubs,
minimizing total distribution distance and volume costs, making techniques like the Center of
Gravity Method far more relevant than before.

(b). Special Economic Zones (SEZs) and Industrial Dispersal

The Government of India has long used location policy measures, such as the creation of
Special Economic Zones (SEZs) and offering incentives for backward area development, to
influence the location of industry. These measures are often intended to disperse industries
away from congested metropolitan areas to promote the development of less developed
regions. State governments often provide attractive subsidies, such as margin money
subsidies on bank loans or capital subsidies on land and machinery, to attract manufacturing
units.

The Challenge of Land Acquisition and Social Conflict

Despite the economic benefits offered by SEZs, managers must navigate significant social
and political risks, primarily related to land acquisition. Land laws in India are complex and
can delay or prevent businesses from acquiring large parcels needed for modern factories.
The analysis of SEZ locations reveals that many are strategically mapped near accessible
criteria (national highways, large cities) but are often sited on agriculturally productive land.
This strategy can lead to fear over the acquisition of fertile cultivable land, creating a massive
backlash from political parties and activists, as seen in conflicts like Nandigram.

When developers focus primarily on proximity to urban areas, critics suggest the primary
interest may be in land accumulation and speculation—the developer acts as a "land
rentier"—rather than facilitating actual industrial production. For a managerial decision, this
implies that the potential financial incentives and tax breaks offered by an SEZ must be
carefully weighed against the severe risk of project delay, public resistance, and legal
complications arising from choosing a politically or socially contentious location. A
political/social feasibility score is thus a mandatory addition to the location evaluation matrix.

(c). Environmental and Regulatory Clearances

Another necessary consideration is regulatory compliance. Industrial projects, particularly
manufacturing plants, require various environmental clearances based on the Environmental
Impact Assessment (EIA) notification. This process, which involves public hearings and
appraisals by regulatory authorities, can take a significant amount of time—for instance, 180
days from the time complete information is received. Such long clearance timelines introduce
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regulatory uncertainty and must be factored into the project schedule and location risk
assessment.

4.7 ILLUSTRATIVE EXAMPLES / APPLICATIONS

Application 1: Jute Industry Clustering in West Bengal

The Jute industry provides a classic example of location choice driven by a confluence of
material and infrastructure factors, leading to industrial agglomeration.

Location: The industry is overwhelmingly centered in and around Kolkata, West
Bengal.

Locational Rationale: Jute processing requires large volumes of water for washing and
retting, which is easily accessible via the Hooghly River. Furthermore, West Bengal
offers proximity to the raw jute production areas. Crucially, the region possesses
established dense rail and port infrastructure, which is essential for exporting finished
jute products globally.

Learning: This centralization significantly lowers operational costs for all firms in the
cluster due to shared access to skilled labor, specialized services, and efficient export
infrastructure, demonstrating that proximity to resources and specialized infrastructure
can create insurmountable competitive advantages.

Application 2: Fertilizer Plants (Market and Resource Proximity)

Fertilizer production demonstrates a dual location strategy based on either resource proximity
(for feedstock) or market proximity (for agricultural demand).

Namrup Fertilizer Plant, Assam (Resource-Driven): This plant is strategically located
close to natural gas reserves. Natural gas is the primary feedstock for urea
manufacturing. By locating near the gas source, the company secures a steady, cost-
effective supply of the resource, which is often difficult and expensive to transport long
distances.

Panipat Fertilizer Plant, Haryana (Market-Driven): This plant is located near major
agricultural zones in Haryana. While natural gas may need to be piped in, the location
prioritizes quick and low-cost distribution of the finished fertilizer product directly to the
farmers and agricultural cooperatives it serves.

Learning: This highlights how different stages of the supply chain—or the
characteristics of the raw material versus the finished product—dictate the optimal
location strategy.
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.: “ Check Your Progress-A

I
Q1. What is meant by plant location, and why is it considered a long-term strategic

decision?

Q2. What is the Factor Rating Method (FRM)?

4.8 SUMMARY

Plant location refers to the strategic decision of selecting a geographical region and a specific
site for establishing a manufacturing or service facility. This decision is crucial because it
involves heavy capital investment and creates long-term commitments in terms of costs,
infrastructure, and operational efficiency. An incorrect plant location can lead to permanent
cost disadvantages, such as high transportation expenses, unreliable utilities, or labor-related
problems, which are difficult and costly to rectify later. The choice of plant location differs
significantly between manufacturing and service organizations. Manufacturing firms
primarily focus on cost minimization by considering factors such as proximity to raw
materials, labor availability, energy costs, and transportation. In contrast, service
organizations emphasize customer accessibility and revenue maximization. Location
decisions are influenced by macro factors, including availability of raw materials, market
proximity, labor characteristics, and industrial clustering, as well as micro factors such as site
costs, infrastructure, utilities, and quality of life. A systematic three-stage process is followed
for location selection: regional screening, community and site selection, and final financial
feasibility analysis. To enhance objectivity, quantitative techniques like the Factor Rating
Method and the Center of Gravity Method are used to compare alternative sites. In India,
plant location decisions are strongly affected by government policies, GST implementation,
Special Economic Zones, land acquisition challenges, and environmental regulations.
Overall, plant location is a critical strategic decision that shapes long-term competitiveness
and operational success.
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4.9 GLOSSARY
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 Plant Location: The selection of the geographical region and specific site
for establishing a facility.

% Structural Cost Inflexibility: The long-term, fixed nature of costs (like transportation

and utilities) determined by the location decision.
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Industrial Agglomeration (Clustering): The geographical concentration of similar
industries to leverage shared infrastructure and specialized labor.

Weight-Losing Process: A manufacturing process where the raw material is
significantly heavier than the finished product (e.g., steel or cement production).

Factor Rating Method (FRM): A quantitative decision-making tool that uses weighted
criteria and scores to evaluate location alternatives.

Center of Gravity Method (CoG): A logistics optimization technique used to find the
location that minimizes total distribution distance proportional to demand volume.
Special Economic Zone (SEZ): Designated geographical area in India offering specific
fiscal and regulatory benefits to attract industry.

Dispersal Policy: Government intervention aimed at promoting the establishment of
industries in economically less developed regions.

Land Rentier: A term referring to a developer whose interest is primarily in profiting
from land value appreciation or speculation, often associated with SEZ development
near urban centers.

Community Attitude: A qualitative, micro-factor reflecting local support or hostility
towards a proposed industrial project.

Total Weighted Score: The sum of the products of weights and ratings used in the
Factor Rating Method to determine the preferred location.

Inbound Transportation Costs: The cost associated with moving raw materials and
supplies to the plant.

Outbound Transportation Costs: The cost associated with distributing finished goods
from the plant to the customers or markets.

Feasibility Analysis: The final financial assessment conducted to ensure the proposed
location and project yield an acceptable rate of return.
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? 4.12  TERMINAL QUESTIONS

1. Explain the concept of plant location and discuss its strategic importance in
determining long-term cost structure and competitiveness of an organization.

2. Distinguish between manufacturing and service facility location decisions. Explain
the major factors influencing each with suitable examples.

3. Describe in detail the macro and micro factors influencing plant location decisions.
Explain how these factors affect managerial decision-making.

4. Explain the systematic process of plant location selection. Discuss each stage
involved from regional screening to final site selection.

5. Discuss the Factor Rating Method (FRM) as a tool for plant location analysis. Explain
the procedure with a suitable numerical illustration.

6. Explain the Center of Gravity Method. Discuss its relevance in modern logistics and
distribution planning, especially in the post-GST scenario in India.

7. Critically examine the role of government policies, Special Economic Zones (SEZs),
and regulatory frameworks in influencing plant location decisions in India.

8. Analyze the problems related to land acquisition and environmental clearances in
India and explain how they impact industrial location decisions.

9. With suitable examples, explain the concept of industrial clustering (agglomeration
economies) and its significance in plant location planning.

10. “Plant location is a long-term, irreversible decision.” Justify this statement by
explaining structural cost inflexibility with appropriate illustrations.

11. A retail chain is evaluating three sites (A, B, C). Use the Factor Rating Method to
determine the optimal location based on the following data:
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Factor Weight | Site A Rating | Site B Rating | Site C Rating
(1-10) (1-10) (1-10)
Customer 0.40 8 7 9
Traffic
Lease Cost 0.30 5 8 6
Proximity to 0.15 6 4 7
Competitors
Community 0.15 7 6 5
Infrastructure

12. A company needs to locate a new regional warehouse (NW) to serve three markets

with the following coordinates and volumes. Find the optimal (Cx, Cy).

Market X-Coordinate | Y-Coordinate Volume (Vi)
(dix) (diy) (Tons/Week)
Market P 50 100 10,000
Market Q 150 200 5,000
Market R 250 150 8,000

13. Location X has a Total Weighted Score of 95. The factors and weights are: Labor
Cost (W=0.4, R=9), Infrastructure (W=0.3, R=8), and Local Taxes. If the rating for
Local Taxes is 7, what is the weight (W) assigned to Local Taxes? (Assume weights
sum to 1.0).

14. If the calculated Center of Gravity for a proposed facility is (120, 180), and the only
available industrial park is at (150, 210), explain what further steps must be taken
before finalizing the location.
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UNIT-5
LAYOUT PLANNING
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5.9 Illustrative Examples / Applications
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5.14 Terminal & Model Questions

Learning Qutcomes

Upon successful completion of this unit, the learner will be able to:

v Explain the core concept, strategic significance, and key objectives of facility layout
planning, emphasizing material handling and productivity.

v Describe the fundamental principles guiding effective layout design, such as material
flow optimization and the necessity of safety and ergonomics.

v Differentiate systematically between the four major types of production layouts
(Product, Process, Fixed Position, and Combination/Hybrid), linking them to specific
production characteristics.

v' Analyze the crucial strategic factors, specifically flexibility and expandability, that
dictate the long-term feasibility and adaptability of a layout design.

v' Apply the qualitative technique of the Activity Relationship (REL) Chart to assess
necessary closeness between departments using standard codes (A, E, 1, O, U, X).

v Utilize quantitative tools, such as the Travel Chart (From-To Matrix), to measure and
minimize the non-value-added cost associated with material handling.

v Evaluate layout applications through real-world examples from Indian manufacturing
(Tata Motors) and retail (Big Bazaar) sectors, demonstrating the principles in practice.
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5.1 INTRODUCTION

Facility layout planning stands as a cornerstone of Production and Operations Management
(POM), serving as a crucial, long-term strategic decision that determines how effectively an
organization utilizes its resources to create value. Much like selecting the right plant location
(a topic covered in the previous unit), the physical arrangement of the production facilities—
the layout—Iocks in operational efficiencies and costs for years, or even decades. Layout
planning is essentially the development of a "master blueprint" that defines the optimal
arrangement of machinery, equipment, workstations, storage spaces, and necessary service
facilities within a factory or a service establishment.

The primary managerial challenge lies in designing an integrated manufacturing or service
environment that supports organizational objectives, such as maximizing utilization of
machines, manpower, and materials. If the flow of material is hindered, machines are idle, or
workers must travel excessive distances, the layout is fundamentally flawed, leading to
continuous, repetitive operational waste. Operations managers must analyze production
processes, workflow patterns, and operational requirements systematically to create this
integrated environment. Since revising an existing layout is often prohibitively expensive,
requiring stopping production and relocating heavy machinery, managers must treat the initial
layout decision as a high-stakes capital investment with long-term financial implications.

This unit is designed to equip undergraduate learners with the knowledge necessary to
understand the strategic and operational implications of layout planning. It will explore the
fundamental goals driving effective layout design, differentiate between the standard types of
layouts based on production needs (volume and variety), and introduce systematic tools—
both qualitative and quantitative—used by operations managers to compare and select the
most cost-effective arrangement for any given business context.

5.2 CONCEPT AND DEFINITION OF PLANT LAYOUT

Plant layout, often referred to simply as facility layout, is fundamentally about optimizing the
physical setting of an operation. It involves arranging machines, equipment, work areas,
material storage points, and movement paths in a planned way. This arrangement must
account for the space required for all supporting activities, including indirect labour, storage,
and material movement routes.

The goal of facility layout is to provide a master blueprint for the arrangement of facilities to
maximize the use of the primary resources i.e., Machines, Manpower, Materials, and the
available space/time, to ensure coordination among all internal operations and ultimately
increase productivity. If the flow of material is hindered, machines are idle, or workers must
travel excessive distances, the layout is fundamentally flawed, leading to continuous,
repetitive operational waste that impacts efficiency and throughput.
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5.3 OBJECTIVES AND PRINCIPLES OF EFFECTIVE LAYOUT
DESIGN

The design of an effective layout is driven by several operational and strategic objectives
aimed at efficiency, cost control, and safety.

Primary Objectives of Layout Planning

1) Reduction in Material Handling Cost: This is arguably the most critical operational
objective. Effective layouts minimize the distance materials travel and eliminate
unnecessary movement between workstations, directly reducing production costs and
accelerating cycle times. Since material handling often accounts for a significant portion
of operating costs, minimizing travel distance for material and manpower is a key goal.

2) Increased Productivity and Reduced Manufacturing Time: A strategically planned
layout streamlines the entire production flow. By arranging facilities in a logical
sequence and minimizing bottlenecks, the time required to manufacture a product is
decreased, leading to higher output and improved operational throughput.

3) Effective Utilization of Space: An efficient layout maximizes the use of cubic space,
encompassing not just the floor area but also vertical space. This includes careful
planning of aisles and gangways to ensure better accessibility and monitoring, and
designing storage areas based on criteria like capacity, flow, and traceability of
materials.

4) Improved Safety and Ergonomics: Layouts must prioritize worker safety and comfort.
This involves ensuring sufficient work space, providing natural light and ventilation,
controlling noise and vibrations, and arranging workstations ergonomically. Prioritizing
safety through clear pathways and emergency access is a non-negotiable principle.

5) Flexibility for Future Expansion: The layout must not be rigidly fixed. It should be
designed to accommodate future changes, such as increases in volume, new product
introductions, or technological upgrades, without demanding a complete and costly
restructuring.

5.4 CORE PRINCIPLES GUIDING LAYOUT

Effective layout design is guided by established principles that ensure operational harmony
and long-term viability:

a) Principle of Material Flow Optimization: This principle requires layouts to minimize
material handling distances and eliminate any backtracking or cross-movement, favoring
a smooth, logical, often unidirectional flow between processes.
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b) Principle of Safety and Accessibility: Factory floor designs must prioritize worker
safety through proper spacing, clear pathways, and emergency access routes. Aisle
planning is crucial for both safety and effective supervision.

c) Principle of Flexibility and Adaptability: Modern manufacturing demands that
facilities be able to accommodate changing product requirements and volume
fluctuations. The layout should be flexible enough to allow for technological upgrades
without requiring extensive physical disruption.

5.5 FACTORS INFLUENCING LAYOUT SELECTION

Selecting the appropriate layout is a systematic process driven by both the immediate needs
of the product and the long-term strategy of the organization.

5.5.1 Product and Process Characteristics

The fundamental factors influencing layout choice are defined by the nature of the product
and the conversion process required:

a) Volume and Variety of Production: This combination is the ultimate determinant.
Facilities producing high volume with low product variety (standardized goods) require
sequential flow, whereas facilities producing low volume with high variety (customized
goods) require flexibility in movement.

b) Required Sequence of Operations: The steps involved in manufacturing dictate the
flow path. If the operations are standardized and fixed (e.g., in continuous processing), a
dedicated line is logical. If the sequence is complex and variable, equipment must be
grouped functionally.

¢) Machinery and Equipment Requirements: The physical attributes of the equipment,
including its size, specific utility connections (power, exhaust), and maintenance access,
significantly restrict its placement and movement.

5.5.2 Strategic and Long-Term Factors

Beyond immediate efficiency, effective layout planning must be viewed as a long-term
strategic investment. The decision must incorporate future unknowns to minimize long-term
financial risk.

a) Flexibility: Flexibility is the layout’s ability to change quickly and economically to
adapt to shifting product mixes, variations in customer demand, or technological
advances. A layout that is highly efficient for a specific product but cannot adapt to
change exposes the company to high obsolescence risk.

b) Expandability: This critical factor refers to the capacity to accommodate future growth,
such as adding a new assembly line or extending a warehouse, with the least possible
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cost and disruption. If a growing company (a common scenario in India) chooses a rigid
layout but fails to anticipate space for expansion, the eventual cost of moving or
rebuilding the plant to increase capacity can far exceed the initial investment. Therefore,
managers must not view layout as a one-time engineering decision; it must anticipate
modifications, making the calculation of the long-term risk premium associated with
rigidity a core strategic task.

5.6 TYPES OF PRODUCTION LAYOUTS

Facility layouts are broadly classified into four main types, based predominantly on the
combination of production volume (quantity) and product variety (customization).

5.6.1 Product Layout (Line Layout)

In a product layout, the machines and workstations are arranged in a straight line or
sequential path, corresponding directly to the steps of the manufacturing process.

e Key Feature: The work flows continuously and rapidly from one operation to the next,
dedicated almost entirely to a single, standardized product or a narrow range of similar
products.

e Suitability: This layout is ideal for high-volume, standardized production, such as
bottling plants, electronic goods assembly, or large-scale food processing.

e Advantages: It results in low material handling costs (due to short, straight paths), low
work-in-progress (WIP) inventory, high output volume, and simplified scheduling.

e Disadvantages: It requires high capital investment in specialized equipment, and it
offers the lowest flexibility, meaning it is highly vulnerable to complete shutdown if a
single critical machine fails.

5.6.2 Process Layout (Functional Layout)

The process layout groups similar equipment or functions into specialized departments. For
instance, all lathes are in the '"Turning Department', and all quality control stations are in the
'Inspection Department'. The product moves intermittently, following a varied, often complex
route between these functional areas, dictated by its unique processing requirements.

o Key Feature: The flow is intermittent and characterized by high variability. The
material movement paths are typically long and jumbled.

e Suitability: It is ideal for job shops, custom fabrication, or facilities handling low-
volume, high-variety production, where each customer order may require a different
sequence of operations.
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Advantages: It provides maximum flexibility, allowing for a wide range of products and
processes. It is also highly resilient to machine breakdown, as work can be easily shifted
to an alternative machine within the same functional department.

Disadvantages: It leads to high material handling costs, increased Work-In-Progress
(WIP) inventory (since products wait between functional areas), and requires more
complex routing and scheduling.

5.6.3 Fixed Position Layout (Project Layout)

The fixed position layout is employed when the product or major material is massive, heavy,
or immovable, making the cost of transportation prohibitive. In this setup, the product

remains stationary, and all resources—labor, materials, tools, and small machinery—are

brought to the worksite.

Key Feature: The resources move to the static product, requiring intense coordination
and logistical planning for delivery and sequencing of activities.

Suitability: It is used for extremely large items manufactured in very small quantities
(project-based), such such as shipbuilding, construction of large power generators, or
civil infrastructure projects.

Advantages: It eliminates product movement cost and is necessary for inherently non-
portable products. It also allows for maximum customization throughout the build
process.

Disadvantages: Requires high logistical complexity, often results in lower utilization of
specialized equipment (since it is moved), and requires highly skilled, mobile labor.

5.6.4 Combination Layout (Hybrid or Cellular Layout)

The combination layout (or hybrid layout) integrates the benefits of both Product and Process
layouts, suitable for operations with medium volume and medium variety. The most

sophisticated form is the Cellular Layout, where groups of dissimilar machines required to
complete a "family" of parts are arranged in a tight configuration called a cell.

Key Feature: Within the cell, the flow is smooth and sequential (like a product layout),
achieving efficiency. However, the cells themselves are treated as departments, and
work is routed between cells based on batch requirements (like a process layout).

Real-World Context: Car assembly is a prime example. The main assembly line
adheres to a rigid product flow, but specialized areas—such as painting, which must
handle different colours in batches—often adopt a process layout approach before
feeding back into the main product line. This balances the need for mass production
efficiency with the necessary specialization required for product variants.

Table 5.1: Comparison of Major Production Layouts
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Feature Product Layout Process Layout Fixed Position
(Line) (Functional) Layout
Volume/ Variety High Volume, Low Volume, High | Very Low Volume,
Low Variety Variety High Variety
Flow Pattern Straight Intermittent/ Resources move to
Line/Continuous Jumbled Flow product
WIP Inventory Low High Medium/ Variable
Flexibility Lowest Highest High
Material Low Cost, High Cost, High Logistical
Handling Cost Mechanized Complex Paths Coordination Cost

5.7 QUANTITATIVE AND QUALITATIVE LAYOUT
TECHNIQUES

The systematic design of a facility layout involves both qualitative assessment of necessary
relationships (e.g., noise control or safety) and quantitative analysis of physical flow (e.g.,
measuring distance and trips).

Qualitative Assessment: The Activity Relationship (REL) Chart

When designing a layout, not all relationships between departments are based purely on flow
volume. Many are based on subjective, qualitative constraints. The Activity Relationship
(REL) Chart is utilized within Systematic Layout Planning (SLP) to formalize these non-
material flow requirements.

The Codes and Application

The chart assigns one of six standard codes to every pair of departments to denote the
required closeness. These codes translate operational needs (like safety, supervision, or
shared utilities) into required proximity. The codes are ranked by importance: A > X >E > 1
>0>U.

e A (Absolutely Necessary): Departments must be adjacent due to continuous flow,
shared heavy equipment, or immediate quality control requirements (e.g., raw material
receiving and initial processing).

e X (Undesirable): Departments must be physically separated due to conflicting factors
like noise, vibration, cleanliness issues, or safety hazards (e.g., a foundry near an
electronics assembly area).

To ensure the design is practical, expert practice suggests limiting the most restrictive
relationships. Managers typically ensure that no more than 5% of all departmental pairings
are assigned an 'A' or 'X' rating, and no more than 10% are assigned an 'E' rating. This
prevents management from designing an overly restrictive or geometrically impossible layout
that cannot function efficiently in the real world.
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Table 5.2: Activity Relationship (REL) Chart Codes

Code Closeness Rating Interpretation of
Relationship

A Absolutely Necessary Must be adjacent.

E Especially Important Very close proximity needed.

I Important Desirable to be close.

O Ordinary Closeness OK Proximity does not matter.

U Unimportant Location is irrelevant.

X Undesirable Must be kept separate (e.g.,
due to safety, dust, noise).

5.8 QUANTITATIVE LAYOUT ANALYSIS: MATERIAL FLOW
AND TRAVEL CHARTS

The quantitative analysis of layout focuses on minimizing the total cost incurred by material
movement.

Material Handling (MH) as a Cost Driver

Operations management strives to eliminate time spent where value is not added. Material
displacement time—the time spent moving, waiting, or storing materials—is a non-value-
added activity that directly drives cost. The Operational Material Handling Cost (OMH)
accounts for these costs, including the expense of unloading parts, transporting them between
stations, and loading them onto the next station. Inefficient layouts can result in material
handling time consuming a large percentage of total operational time (in some instances,
nearly 40%).

The Travel Chart (From-To Matrix)
The Travel Chart, or From-To Matrix, is the systematic tool used to quantify movement.

e Purpose: This square matrix numerically documents the flow of workers, materials, or
equipment between every workstation (from $i$ to $j$). The entries usually represent
the number of material handling trips made, the weight of the material moved, or the
total quantity transported.

e Optimization: The goal of using the Travel Chart is to analyze existing or proposed
movement patterns. By calculating the total flow frequency multiplied by the distance
traveled, the manager obtains the total weighted distance, which serves as the primary
metric for comparison. The optimal layout is the one that minimizes this total weighted
distance, ensuring that high-flow activities are placed closest together.
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Calculating Distance and Cost

In a factory setting, movement is typically constrained by aisles and columns, following
perpendicular paths. Therefore, distance must be calculated using the Rectilinear Distance
formula.

1) Rectilinear Distance (djj): This is the distance measured by summing the absolute
differences in the X and Y coordinates between two areas, 1 and j:

Rectilinear (Manhattan) Distance di; = |z; — x| + |yi — y;)

This method provides a realistic measure of movement along the factory floor's grid system.

2) Total Operational Material Handling Cost (OMH): The overall cost of movement for a
layout is calculated by summing the cost of all individual movements:

Total Operating Material Handling Cost (OMH) = Z Z (fij ¥ dij X cij)
i

Here, fjj is the flow frequency (trips or volume), djj is the Rectilinear distance, and c;j is the
material handling cost per unit distance (e.g., cost wages adjusted for distance). This
quantitative assessment transforms the layout problem into a direct financial control
mechanism. The ability to link the physical arrangement of departments (coordinates)
directly to a measurable operational cost (OMH) provides managers with clear, objective
data to justify capital investments and compare layout alternatives.

5.9 ILLUSTRATIVE EXAMPLES / APPLICATIONS

5.9.1 The Hybrid Layout in Indian Automotive Sector: Tata Motors PCBU

Tata Motors' Passenger Car Business Unit (PCBU) in Pune provides a practical example of a
Hybrid Layout essential for balancing the demands of mass-market volume and high product
variety.

e Assembly Efficiency (Product Flow): The core process—from stamping to welding
(Body-in-White) to final vehicle assembly—is highly automated and sequential,
functioning as a dedicated Product Layout. This ensures efficient, high-volume
throughput for the standardized chassis and body structure.

e Specialized Flexibility (Process Grouping): Specialized operations, such as engine
component fabrication, axle production, and especially the Paint Shop, often require
batch processing based on specifications (e.g., different colours or engine variants).
These functions are grouped by process or function, adopting a Process Layout principle,
before the components feed back into the main line for final integration. This strategic
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blend allows the company to minimize total cycle time while retaining the necessary
flexibility to handle customizations required by the domestic market.

5.9.2 Retail Layouts: The Grid System at Big Bazaar

Facility layout concepts extend seamlessly into the service sector, particularly retail, where
the objective is to maximize customer exposure to products and facilitate smooth purchasing.

Large format Indian hypermarkets, such as Big Bazaar, extensively use the Grid Layout.

e Layout Structure: The grid layout features long, straight, parallel aisles with
merchandise displayed on shelves on both sides.

e Strategic Function: This highly organized structure maximizes the product display
space available (linear footage) and simplifies inventory management. It is designed for
quick and efficient shopping, especially for customers with a specific list. Furthermore,
by controlling the traffic flow down specific aisles, the layout ensures that customers are
exposed to a wide variety of merchandise, potentially increasing impulse purchases. This
demonstrates how layout in the service sector directly supports the revenue-generation
strategy, rather than solely focusing on production cost minimization.

5.9.3 Numerical Application: Optimizing Layout to Reduce Material Handling Distance

Scenario: A manager needs to arrange three workshops (W, M, D) in a new facility. The
objective is to minimize the Total Weighted Distance (TWD). Assume no unit handling cost

(ci=1).

e Initial Coordinates: W(10, 10), M(40, 10), D(40, 40).

e Weekly Material Flow (trips, fij): W-M: 150; M-D: 100; W-D: 50.
Step 1: Calculate Initial Distances (Rectilinear)

e dwwm =140-10] + [10-10] = 30 + 0 = 30 meters

e dwp = [40-40| + [40-10| = 0 + 30 = 30 meters

e dwp=1[40-10| + |40-10| = 30 + 30 = 60 meters

Step 2: Calculate Total Weighted Distance (Initial Layout)

Total Weighted Distance (TWD) = (150 x 30) + (100 x 30) + (50 x 60)

TWD = 4,500 + 3,000 + 3,000 = 10,500

Step 3: Optimization Strategy

The highest flow is W-M (150 trips). The layout should be revised to place W and M closer.
The lowest flow (W-D) can tolerate a longer distance.
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e Proposed New Coordinates: W(10, 10), M(20, 10), D(40, 40).
Step 4: Calculate Optimized Distances (Rectilinear)
e dwwm =120-10] +]10-10] = 10 + 0 = 10 meters (Reduction achieved).
e dwp = |[40-20| + [40-10]| =20 + 30 = 50 meters
e dwp=1[40-10| + |40-10| = 30 + 30 = 60 meters
Step 5: Calculate Total Weighted Distance (Optimized Layout)
TWD = (150 x 10) + (100 x 50) + (50 x 60)
TWD = 1,500 + 5,000 + 3,000
Total Optimized Weighted Distance = 9,500 meter-trips.

Conclusion: By prioritizing the movement between the two highest-volume workshops (W
and M), the total operational movement was reduced by 1,000 meter-trips (from 10,500 to
9,500), achieving a measurable efficiency gain that translates directly into lower material
handling costs.

1
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L 1
Q1. Define plant (facility) layout.

Q2. Differentiate briefly between Product Layout and Process Layout.

5.10 SUMMARY

Layout planning is a vital long-term strategic decision in Production and Operations
Management, as it determines how effectively an organization utilizes its machines,
manpower, materials, and space. A well-designed facility layout ensures smooth material
flow, reduced handling costs, improved productivity, enhanced safety, and better utilization
of resources, while a poorly designed layout results in inefficiencies, delays, and continuous
operational waste. Since layout changes involve high costs and production disruption, initial
layout decisions must be taken carefully with a long-term perspective. The unit explains the
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concept and objectives of plant layout, emphasizing cost reduction, productivity
improvement, space utilization, safety, and flexibility for future expansion. It outlines key
principles such as material flow optimization, safety and accessibility, and adaptability to
change. Layout selection is influenced by product characteristics, production volume and
variety, process requirements, machinery constraints, and strategic factors like flexibility and
expandability. Four major types of production layouts are discussed: Product Layout for
high-volume standardized production, Process Layout for low-volume customized jobs,
Fixed Position Layout for large immovable products, and Combination (Hybrid/Cellular)
Layout for medium volume and variety. The unit also introduces qualitative and quantitative
layout techniques, including the Activity Relationship (REL) Chart and Travel (From-To)
Chart, to minimize material handling costs. Practical applications from Indian manufacturing
and retail sectors illustrate how layout planning supports operational efficiency and strategic
goals.

|

5.11 GLOSSARY

e
S
~ L& = & Plant Layout: The physical arrangement of resources (machines,

equipment, stations) within a facility to ensure efficient material flow.

% Product Layout: An arrangement where all equipment is placed in a sequence
corresponding to the steps required to manufacture a single product type.

% Process Layout: An arrangement where similar machinery or processes are grouped
together into specialized departments (functional grouping).

% Fixed Position Layout: A layout where the primary product or material remains
stationary, and all necessary resources are moved to the site.

“ Hybrid Layout: A layout combining features of both Product and Process layouts, often
employing manufacturing cells.

< Material Handling Cost (MHC): The operational cost associated with transporting,
loading, and unloading materials between workstations.

% Flexibility: The degree to which a layout can adapt to changes in production
requirements, such as product mix or technology.

< Expandability: The strategic ability to increase the facility's capacity without incurring
major restructuring costs.

< Activity Relationship (REL) Chart: A systematic planning tool used to determine the
required qualitative closeness or separation between functional areas.

< A Rating: The code in the REL Chart signifying that two departments must be adjacent

(Absolutely Necessary).

% X Rating: The code in the REL Chart signifying that two departments must be separated

(Undesirable).

% Travel Chart (From-To Matrix): A quantitative matrix recording the volume or
frequency of material movement between all pairs of locations.

% Rectilinear Distance: The distance between two points measured along perpendicular
axes (following aisle paths).

< Ergonomics: The science of designing the work environment and workstations to
maximize worker comfort, health, and productivity.
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% Grid Layout: A retail layout utilizing long, straight, parallel aisles, commonly found in

™

\L_ #

supermarkets and hypermarkets.
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7 5.14 TERMINAL QUESTIONS

1. Explain the concept of plant (facility) layout and discuss its strategic importance in
Production and Operations Management.

2. Describe the objectives and core principles of effective layout planning with suitable
examples.

3. Analyze the factors influencing the selection of an appropriate plant layout.

4. Compare Product Layout and Process Layout in terms of suitability, advantages, and
limitations.

5. Explain Fixed Position Layout and Combination (Hybrid) Layout with practical
illustrations.

6. Describe the Activity Relationship (REL) Chart and explain the significance of
different REL codes in layout design.

7. Explain the role of the Travel Chart (From-To Matrix) in minimizing material
handling cost.

8. Discuss the importance of flexibility and expandability in layout planning for long-
term organizational growth.

9. Illustrate the application of layout planning concepts in the service sector with
reference to retail layouts.

10. Evaluate how an efficient layout contributes to productivity, safety, and cost reduction
in an organization.

11. Analyze the application of layout principles in the service sector. How do the
objectives change when applying these concepts to a retail store versus a
manufacturing plant?

12. Department P is at (50, 60) and Department Q is at (10, 20). If the unit handling cost
(cij) 1s 22.50 per meter, and flow (fjj) is 80 units per shift, calculate the Material
Handling Cost per shift between P and Q. (Hint: Calculate Rectilinear Distance first:
|50-10| + |60-20|. Then use the OMH formula.)

13. A manager has placed two departments (A and B) at (2, 5) and (10, 15). Calculate the
Rectilinear distance and compare it with the straight-line (Euclidean) distance.

Euclidean Distance d=+/(z3—21)2 + (g2 — 11)?

14. Two layouts are proposed for a warehouse. Calculate the Total Weighted Distance for
both and state the preferred layout.

o Flow: D1-D2 = 500 trips; D2-D3 =200 trips; D1-D3 = 50 trips.
o Layout A Distances: D1-D2=15m, D2-D3=20m, D1-D3=35m.
o Layout B Distances: D1-D2=25m, D2-D3=10m, D1-D3=30m.

15. A company must ensure that the distance between its Main Assembly (MA) at (10,
10) and its Final Inspection (FI) is exactly 30 meters. Provide two possible sets of
coordinates for FI that satisfy this constraint.

16. Efficiency Percentage: If the total time for a batch to complete processing operations
is 240 minutes, and the total time the batch spends in movement/transit is 115
minutes, calculate the percentage of time that is dedicated to non-value-added
displacement. 10
(Hint: Calculate the proportion of displacement time to total elapsed time.)
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17. If the cost coefficient (cj) for movement between Department A and B is 3.00, and
between B and C is X1.00, and all distances are 20m. Flow A-B is 100 trips; B-C is
300 trips. Calculate the total Material Handling Cost.
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UNIT-6
PRODUCTIVITY AND PRODUCTION ORDER
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Learning Outcomes

Upon successful completion of this unit, the learner will be able to:

Define productivity and explain its economic and managerial significance for firm
performance and national growth.

Calculate and analyze the different types of productivity measures, specifically Partial
Factor Productivity (PFP), Multifactor Productivity (MFP), and Total Factor
Productivity (TFP).

Identify critical factors influencing operational productivity and evaluate strategies—
including technology adoption, Lean methodologies (such as 5S), and skill
development—tfor enhancing performance.

Articulate the definition, purpose, and essential components (Bill of Materials and
Routing) required for executing a Production Order.

Trace and explain the complete life cycle of a Production Order, from its initial creation
and release through execution, confirmation, and final financial settlement.
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e Analyze the strategic linkage between Production Order processing and the core
functions of Production Planning and Control (PPC), demonstrating its role in managing
capacity, cost, and scheduling.

6.1 INTRODUCTION

Production and Operations Management (POM) is fundamentally defined as the application
of management principles, including planning, organizing, directing, and controlling, to the
transformation function within an entrepreneurship. This involves converting diverse inputs,
such as raw materials, labor, machines, and methods, into desired outputs, whether goods or
services. The primary goal of effective POM is to achieve maximum efficiency, optimal
resource utilization, and high levels of customer satisfaction. This unit focuses on two
essential, interlocking concepts that dictate managerial success in the production
environment: Productivity and the Production Order. Productivity serves as the crucial metric
used to quantify operational efficiency and competitiveness. It answers the fundamental
question of how well resources are being utilized. Conversely, the Production Order is the
foundational operational instrument, the structured roadmap, that translates strategic
production plans (which dictate what and when) into controlled, executable actions on the
shop floor (which detail how). High productivity is achieved through the disciplined
execution and meticulous control provided by a robust Production Order system.
Understanding this symbiotic relationship is critical for future managers seeking cost
minimization and timely delivery in competitive global markets.

6.2 CONCEPTUAL FRAMEWORK OF PRODUCTIVITY

6.2.1 Definition and Strategic Significance

Productivity is defined as the measure of the efficiency of production of goods or services,
expressed as a ratio of aggregate output to the aggregate input utilized over a specified
duration.” In its most basic form, the formula is stated as:

Productivity = M

Input

This ratio is a fundamental driver of corporate growth and success. By increasing
productivity levels, organizations can generate higher output and corresponding profits
without needing to proportionally increase resource inputs or headcount. The operational
improvement achieved leads to lower costs, greater competitiveness, and the ability to deliver
enhanced value to customers.

On a macro level, productivity holds significant importance for national economic
development. Increases in national productivity are directly linked to raising living standards
because an increase in income per capita improves a population's capacity to purchase goods
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and services, invest in education, and contribute to social programs. Therefore, the pursuit of
productivity improvement is not merely an internal efficiency goal but a strategic imperative
that benefits both the firm and the broader economy.

6.2.2 Productivity versus Efficiency

While the terms productivity and efficiency are often used interchangeably, they represent
distinct managerial concepts. Efficiency generally relates to doing things right—specifically,
minimizing waste in resources (time, material, labor) during a process. For instance,
productive efficiency is achieved when labor, materials, and energy are utilized in the most
effective way possible to maximize output and minimize waste.

Productivity, conversely, measures the overall rate of output achieved relative to the rate of
input consumed. A manager can improve operational productivity by ensuring high
productive efficiency, which streamlines processes, mitigates unnecessary production,
reduces defects, and maximizes resource allocation. The critical managerial focus, therefore,
must shift beyond simply increasing output volume to optimizing the conversion ratio itself—
working "smarter" by leveraging process streamlining and technology rather than relying
solely on working "harder". This optimization is crucial for long-term competitiveness while
maintaining high standards of quality.

6.3 ADVANCED PRODUCTIVITY MEASUREMENT
TECHNIQUES

In operations management, measuring productivity accurately requires moving beyond the
simple overall ratio to isolating and quantifying the contributions of individual factors. Three
primary measurement techniques are used for varying levels of analysis: Partial Factor,
Multifactor, and Total Factor Productivity.

6.3.1 Partial Factor Productivity (PFP)

Partial Factor Productivity (PFP) is the ratio of output to a single class of input. These
measures are highly useful for quick operational monitoring and internal departmental
control.

Common examples of PFP include:

1) Labor Productivity: Output / Labor Input (e.g., units per employee or GDP per
worker).

2) Capital Productivity: Output / Capital Used.
3) Material Productivity: Output / Material Input.

Application Example (Labor Productivity):
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Consider a scenario where a manufacturing workforce produces 15,000 units during a
quarter, utilizing 1,500 total hours of direct labor.

15,000 units

Labor Productivity =
abor Froductivity 1,500 labor hours

10 units per labor hour

This measurement provides managers with a clear, specific metric (such as output per worker
or labor utilization rates) to monitor the efficiency of the labor input.

6.3.2 Multifactor Productivity (MFP)

Multifactor Productivity (MFP) is a more refined measure that calculates the ratio of total
output to a subset of inputs, where the inputs are aggregated and often converted into a
common monetary unit (cost).

QOutput

Multi-Factor Productivity (MFP) =
ulti-Factor Productivity ( ) Cost of Labor + Cost of Material + Cost of Capital Used

MFP provides a significantly superior metric for strategic decision-making compared to PFP.
This advantage stems from the ability to assess value creation by incorporating the costs
associated with resource substitution. For example, if a company invests heavily in automated
machinery (increasing capital cost), the resulting productivity gain must be sufficient to offset
that cost increase relative to the output produced. By converting inputs to a common
monetary denominator, MFP allows management to justify these trade-offs and understand
their true financial impact.

Application Example (MFP Analysis):

Consider a current logging operation yielding 240 crates, with inputs costing $3,600 for labor
and $1,000 for raw logs (material cost).

240 crates
($3,600 Labor) + ($1,000 Material)

Current Multi-Factor Productivity (MFP) =

24
Current MFP = 0 ~ 0.0522 crates per dollar
4,600

If the company hires a professional buyer (an increase in labor cost by $192) and this
expertise leads to a higher yield of 260 crates from the same number of logs.

260 crates

New Multi-Factor Productivity (MFP) —
ew Multi-Factor Productivity (MFP) = re e S~ 1$7109 Buyer Cost) T ($1,000 Material)

260
4,792

New MFP = ~z 0.0543 crates per dollar
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The move to the new method, despite increasing costs, results in an MFP improvement of
approximately 4.0% ([0.0543 - 0.0522] / 0.0522) This detailed calculation confirms that the
strategic decision to hire the specialized buyer created superior financial value per dollar of
total input, demonstrating the managerial power of MFP.

6.3.3 Total Factor Productivity (TFP)

Total Factor Productivity (TFP) measures output against all inputs aggregated. TFP is
generally utilized in macro-economic studies, as it attempts to capture the portion of
productivity growth that is not explained by increases in measurable inputs (labor and
capital). It is often associated with the analysis of major shifts in the production function due
to broad technological progress or fundamental institutional changes.®

The table below summarizes the utility of these measurement techniques for operations

managers:
Table 6.1. Comparative Analysis of Productivity Measures
Measure Formula Inputs Purpose/Insight
Considered
Partial Factor | Output/ Single | One factor (Labor Quick operational
Productivity Input (e.g., OR Capital OR benchmarking and specific
(PFP) Labor Hours) Material) resource control.
Multifactor Output / (Cost A subset of Evaluates efficiency gains
Productivity | of Labor + Cost | inputs, aggregated | from resource substitution
(MFP) of Material + by cost. trade-offs and technological
Other Costs) changes across major inputs.
Total Factor Output / Total | All inputs (Labor, Comprehensive view of
Productivity Aggregate Material, Capital, efficiency and strategic
(TFP) Inputs Energy, Services) analysis of productivity
growth drivers.

6.4 ANALYSIS OF FACTORS AFFECTING PRODUCTIVITY

Organizational productivity is subject to numerous internal and external variables. Effective
operations management requires continuously monitoring and improving these factors.

6.4.1 Core Functional Competencies and Resources

Performance in the manufacturing sector is deeply influenced by the core functional
competencies held by the firm.

1) Technical Competency: This involves the skills, training, and effectiveness of the
workforce in operating machinery and executing production methods. Measurement
metrics such as output per worker and labor cost per unit are used to pinpoint individual
worker efficiency.
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2) Concept (Idea) Competency: This refers to the organizational capacity for innovation,
including the generation and implementation of new technology and improved
manufacturing ideas. Strong idea competency is essential for adopting new features and
processes needed to fight intense market competition.

3) Material and Equipment Management: Productivity relies heavily on the efficient
operation of physical assets. Managers must track metrics such as Overall Equipment
Effectiveness (OEE)—which calculates the performance and quality of manufacturing
machinery—and minimize downtime and maintenance issues, which are significant
productivity drags. Efficient management also includes maximizing material reusability.

6.4.2 Capital, Technology, and Market Dynamics
External and strategic factors significantly drive productivity growth:

e Capital Accumulation and Technological Progress: Academic analysis suggests that
labor productivity growth is primarily driven by capital accumulation (investment in
infrastructure and new equipment) and technological progress (shifts in the production
frontier). Firms must continually invest to remain competitive.

e Innovation Adoption Constraints: In dynamic markets, rapid technological innovation
places pressure on firms to perform well. However, restricted budgets often lead to
limited or no investment in new technology by smaller companies, resulting in limited
productivity adoption across the manufacturing sector.

e Market Competition and Value: Globalization and the open nature of the Indian
market have intensified competition. To attract and retain customers, companies must
provide superior product value at an optimum cost. This requires continuous operational
improvement to identify and rectify internal weaknesses.

e Supply Chain Resilience: External disruptions, such as geopolitical tensions or
pandemics, can severely reduce manufacturing productivity. Aligning the internal
manufacturing process with the supply chain framework is essential to ensure a
continuous and robust flow of materials and components.

6.5 CORE STRATEGIES FOR OPERATIONAL PRODUCTIVITY
ENHANCEMENT

Productivity enhancement strategies span from major technological investments to
fundamental improvements in process management and workplace organization.

6.5.1 Technological and Process Optimization

1) Automation and Robotics: Adopting automated systems and robotics is a direct
strategy to reduce variability in labor input, increase consistency in output quality, and
improve overall operational efficiency.
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2) Digital Integration and ERP Implementation: Utilizing Enterprise Resource Planning
(ERP) systems is critical for centralized data management, particularly in complex
industries like textiles, where managing size/color variations, raw material inventory,
and production batches manually is difficult. ERP implementation, or specialized HR
management systems (HRMS), eliminates reliance on inefficient manual tools like
spreadsheets for basic processes such as attendance capture, payroll calculations, and
validation. This streamlining frees up resources and reduces errors.

3) Line Balancing and Bottleneck Removal: Managers must identify and address
production bottlenecks—the operation with the longest cycle time—as these constrain
overall throughput. Strategies like Line Balancing involve systematically allocating
workloads to different workstations to ensure each receives the same amount of time to
complete its tasks. For example, if a core insertion activity takes 75 minutes, other
workstations must be balanced to match this cycle time. Techniques such as Kanban (a
pull system) are utilized to eliminate waiting time between non-congruent machines,
thus improving overall process cycle efficiency.

6.5.2 The 5SS Methodology (Lean Management Foundation)

The 5S methodology is a highly effective, low-capital investment approach derived from
Lean Management principles. It is designed to reduce waste and optimize productivity by
establishing and maintaining an orderly, visual workplace. The 5S pillars provide the
necessary foundation for introducing more complex Lean methods later, such as Just-in-Time
(JIT) production.

The methodology is cyclical, resulting in continuous improvement as the five pillars are
maintained:

Table 6.2. the 5S Methodology for Workplace Productivity

S-Term Action Description Productivity Impact
(Japanese)

Seiri (Sort) Remove | Eliminating all unnecessary items | Reduces inventory holding
that are not required for current costs, minimizes clutter,
operations. This often uses "red and improves search

tagging" for non-essential items. efficiency.

Seiton (Set in | Arrange Systematically organizing and Reduces time wasted

Order) arranging necessary tools and searching for tools and

materials in a logical, designated materials, streamlining
place. workflows.

Seiso (Shine) | Clean Thoroughly cleaning the Improves safety, prevents
workspace, equipment, and premature equipment wear,
maintaining proper upkeep. and aids in early detection

of maintenance issues.

Seiketsu Formaliz Establishing consistent Ensures consistency in

(Standardize) |e procedures, visual controls, and operation and prevents
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checklists to maintain the first reversion to disorganized
three S’s. states.
Shitsuke Disciplin Making 5S practices a routine Fosters a long-term culture
(Sustain) e habit through training, audits, and | of continuous improvement
leadership commitment. and operational excellence.

6.6 THE PRODUCTION ORDER: DEFINITION, PURPOSE,
AND COMPONENTS

6.6.1 Definition and Strategic Purpose

A Production Order (or Job Order in some costing systems) is a formal, detailed document
that serves as the central control mechanism for in-house manufacturing. It functions as a
roadmap, guiding the physical transformation of raw materials into finished products
Production orders convert planned independent requirements (PIRs) or confirmed customer
sales orders into concrete, actionable steps for the shop floor.

The strategic purpose of the Production Order is multi-faceted:

a) Execution Authorization: It formally releases the production process, providing
necessary instructions and authorization to the workforce.

b) Resource Allocation: It dictates precisely which resources—materials, labor, machine
time, and capacity—must be allocated to complete the job.

c) Cost Control: It is the primary tool for Job Order Costing, accurately capturing all
direct material, direct labor, and overhead costs incurred during the specific job run.
This precise attribution is necessary for determining profitable pricing and assessing
variances.

d) Quality Management: It schedules and documents specific checkpoints and criteria
necessary to ensure the finished product meets all predetermined specifications.

6.2 Essential Components for Execution

For a Production Order to be effective, it must contain comprehensive, unambiguous
information, typically structured across several critical components:

1) Product Specifications: Detailed information regarding the item to be manufactured,
including the required quantity, dimensions, materials, and any special finishing
requirements.

2) Bill of Materials (BOM): A complete, hierarchical list of all raw materials,
components, and sub-assemblies needed for the production run, including the required
quantities of each. The BOM serves as the source document for inventory management
and material withdrawal.
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3)

4)

5)

6)

Routing Information (Route Sheet): This is the core instruction set that defines the
manufacturing process flow. Key details include:

o The sequence of operations required.

o Which specific work centers, machines, jigs, and fixtures will be used.

o The estimated run time, efficiency, and capacity utilization for each operation.

o The classification of required personnel or skill levels needed to execute the work.

Production Schedule: A timeline outlining the planned start and end dates for the
overall order, as well as intermediate deadlines for each major manufacturing stage. This
schedule must factor in current production capacity and other orders in the pipeline.

Quality Control and Handling Instructions: Specific inspection requirements at
predetermined points in the process to catch issues early, along with detailed instructions
for handling and packing components as they move between stages.

Production Order Status: A system module that indicates the order’s current position
in the workflow (e.g., Created, Released, Partially Confirmed, Technically Completed).

6.7 THE PRODUCTION ORDER LIFE CYCLE AND
PROCESSING FLOW

The life cycle of a Production Order follows a standard sequence of steps, managed
rigorously through status changes, ensuring that operational activities are properly integrated
with inventory, capacity, and financial systems.

6.7.1 Planning and Release (Pre-Execution)

a)

b)

c)

d)

Order Creation: The process begins when inventory needs or customer requirements
(Sales Orders) are translated into manufacturing specifications. The Production Order is
created in the system, detailing the product, BOM, and planned routing.

Raw Material Planning: The system checks the BOM against current inventory to
ensure all necessary components are available when needed. An availability check is
typically executed automatically at this stage.

Scheduling: Based on the routing information and required run times, the system
allocates resources (machines, labor) and sets the specific timelines for the start and
completion of each operation, factoring in existing production capacity.

Order Release: The order is formally released, changing its status to "Released". This
status management step is crucial as it forms the basis for all further processing,
authorizing shop floor execution and material withdrawal.
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6.7.2 Execution and Confirmation

a) Goods Issue (Material Withdrawal): Following the release, the necessary raw
materials listed in the BOM are physically withdrawn from inventory and issued to the
production work center. This transaction links the material costs to the specific
production job for accurate costing.

b) Production Execution: Manufacturing takes place according to the prescribed routing
instructions and schedule. Quality checks occur at the designated predetermined points
to proactively address any potential defects.

¢) Confirmation: This is the feedback loop from the shop floor to the system. Workers
report the actual quantity produced, the actual labor hours consumed, and machine run
times. Confirmation data is vital because it immediately captures the true resource
consumption, allowing for a precise comparison against the planned consumption
defined in the routing and schedule.

6.7.3 Completion and Settlement

a) Goods Receipt: Once production is finalized and the finished product meets all
specifications, the completed quantity is formally received into the finished goods
inventory. This step marks the physical completion of the order.

b) Settlement: This is the final financial and technical step. All actual costs tracked against
the Production Order (material, labor, overhead) are reconciled and allocated to the
finished goods inventory or the corresponding sales order. The order status is then
typically changed to "Technically Completed," closing the job for further execution
activities.

The status management throughout this life cycle ensures transactional integrity. For
instance, without a 'Released' status, materials cannot typically be issued, maintaining control
over inventory. Furthermore, the systematic capture of confirmation data allows management
to immediately identify and quantify variances between planned and actual resource usage, a
fundamental step in driving continuous cost control and performance improvement efforts.

6.8 STRATEGIC LINKAGE: PRODUCTION ORDER,
PRODUCTIVITY, AND PRODUCTION PLANNING &
CONTROL (PPC)

The Production Order is the central data and execution element within the larger framework
of Production Planning and Control (PPC). PPC is commonly defined by four sequential
stages: Routing, Scheduling (the planning stages), Dispatching, and Follow-Up (the control
stages).
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6.8.1 Integration with PPC Stages

a)

b)

d)

Routing: This first stage determines the path of production, defining the necessary
equipment, sequence, and materials. The Production Order contains the result of
routing—the official Route Sheet and the Bill of Materials—which outlines the planned
standard for the job. This standardization minimizes non-value-added movement and
time.

Scheduling: This stage determines when operations will occur. The Production Order is
the item being scheduled, dictating that its operations be linked to specific capacity and
timelines. Effective scheduling ensures all materials, equipment, and labor are available
at the right time, leading directly to streamlined processes and prompt customer
deliveries.

Dispatching: Dispatching is the initiation of physical production, starting when the
Production Order status is set to 'Released'. This involves physically issuing necessary
components, work orders, tools, and drawings to the required workmen. By taking these
necessary steps to implement the program chalked out in routing and scheduling,
dispatching eliminates delays and worker frustration caused by operational interruptions.

Follow-Up: This control stage involves monitoring the execution to determine if there
are bottlenecks or inefficiencies. The Production Order feeds the Follow-Up stage
through confirmation data (actual run times, scrap rates, quality issues). This data
capture allows for performance tracking and method variance analysis.

Table 6.3. The Four Stages of Production Planning and Control (PPC) and the Production

Order
PPC Stage Function in PPC Role of Production Productivity
Order Contribution
Routing Defines the specific Houses the official Bill Standardizes process
work sequence and of Materials (BOM) and | flow, reducing variability
resource requirements. | Route Sheet (the planned and non-value-added
execution standard). time.
Scheduling Sets execution Calculates and enforces | Ensures optimal resource
timelines and allocates deadlines based on alignment for efficient
resource capacity. allocated capacity and | use of time and material,
overall production supporting reliable on-
pipeline. time delivery.
Dispatching | Authorizes the start of | Transitions to 'Released’ Minimizes operational
work and issues status, initiating material delays and improves
necessary components/ withdrawal and employee satisfaction by
instructions. authorizing shop floor providing all resources
execution. promptly.
Follow-Up Monitors progress, Provides the actual time Facilitates continuous
tracks quality metrics, and quantity data via improvement by
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and identifies confirmation for variance | providing objective data
deviation. tracking and bottleneck for system analysis.
detection.

6.8.2 Analysis of Method Variance

A crucial element linking the Production Order to productivity analysis is the ability to track
method variance. The routing in a Production Order defines the standard, most efficient path
(Standard Run Time). However, in dynamic situations, managers might decide to use an
alternate process or machine to ensure customer demand is met, particularly if primary
equipment is loaded above 100% capacity. While using an alternate process fulfills the
customer requirement, it often negatively affects overall productivity because the alternate
routing is typically less efficient. The Production Order system tracks this method variance
by comparing the Actual Run Time (using the alternate routing) against the Standard Run
Time. This analysis is vital because it quantifies the true cost and efficiency loss associated
with the deviation, ensuring that short-term success (meeting the deadline) does not obscure
underlying, long-term systemic inefficiencies that need to be addressed in the standard
operating procedure. This continuous loop of data capture, comparison, and variance tracking
is the managerial engine of operational excellence.

6.9 MANAGERIAL RELEVANCE AND COST IMPLICATIONS

Effective management of productivity and the Production Order system directly impacts a
firm's financial health, inventory position, and market reputation.

6.9.1 Precision in Costing and Pricing

The Production Order is indispensable for financial control. By acting as the receptacle for all
costs associated with a specific job, it facilitates Job Order Costing. This involves accurately
collecting and allocating direct material, direct labor, and manufacturing overhead costs to
the individual product batch. For modern businesses, particularly those handling custom or
bulk orders in complex environments like the textile industry, accurate costing (materials,
labor, overheads) is necessary to determine product profitability and set competitive market
pricing. Without the detailed tracking provided by the Production Order, costing relies on
estimates, which can lead to inappropriate pricing and diminished profitability.

6.9.2 Optimization of Resources

A well-executed Production Order system reduces resource waste in multiple ways. Accurate
raw material planning, based on the BOM and schedule, shows precisely when materials
must be purchased. This advanced notice allows the procurement team to buy in advance,
potentially finding better deals and improving supplier relationships. Furthermore, by
detailing material requirements precisely, the system eliminates both material shortages
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(which halt production) and material surpluses (which tie up working capital in unused
inventory).

6.9.3 Quality and Customer Relationship Management

The Production Order system streamlines processes, ensuring that internal resources and
materials are ready exactly when needed, keeping production running smoothly and avoiding
interruptions.’ This streamlining directly translates into reliable, prompt deliveries. High
productive efficiency, resulting in minimized waste and defects, ensures consistency.
Reliable on-time delivery and consistent quality are key factors that improve customer
satisfaction, increase customer retention, and generate positive referrals, thereby sustaining
long-term competitive advantage.

6.10 IMPLEMENTATION AND REAL-WORLD APPLICATION
IN THE INDIAN CONTEXT

The principles of productivity and Production Order management are universally applicable,
but their implementation requires careful consideration of the Indian industrial context,
particularly the prevalence of Micro, Small, and Medium Enterprises (MSMEs).

6.10.1 Productivity Improvement in Indian MSMEs

While large Indian corporations often drive productivity growth through capital accumulation
and technology, a vast segment of the Indian manufacturing sector, consisting of MSMEs,
achieves substantial productivity gains through the adoption of fundamental managerial
techniques.

e Work Study and Bottleneck Analysis: Small-scale industries benefit significantly from
the application of Work Study (Time and Method Study). Researchers have
demonstrated that productivity enhancement can be achieved through the comprehensive
analysis of raw material flow, leading to the consolidation and elimination of
unnecessary steps. For instance, identifying a bottleneck (like a CNC machine with a
cycle time of 68 seconds) and implementing a pull system like Kanban can eliminate
waiting time and drastically improve overall Process Cycle Efficiency (PCE).

e Adoption of Management Practices: Rigorous experimental evidence involving
management consulting services in Indian manufacturing plants confirmed that the
adoption of basic, standardized managerial practices yields strong results. These
practices include maintaining a tidy factory floor to reduce accidents and facilitate
material movement, systematically recording and analyzing quality problems daily to
address defects, and implementing performance-based incentive systems for workers and
managers. These low-cost, high-impact interventions prove that mastering basic
manufacturing disciplines is often the first and most critical step toward sustainable
profitability.
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6.10.2 ERP and Digital Transformation for Order Management

In industries characterized by high complexity and variability, digital systems become
indispensable for controlling the Production Order process.

o Textile and Garment Sector: The Indian textile and garment industry, often dealing
with bulk and custom export orders involving complex size and color variations, cannot
rely on manual paperwork or spreadsheets. Specialized Garments ERP software
centralizes data from design to dispatch, enabling accurate costing, smarter inventory
management (tracking fabric and trim wastage), and faster production planning based on
machine capacity. The ability to track batches from raw material to finished stage using
barcoding, integrated via the Production Order, is essential for quality control and
compliance.

e Organizational Streamlining: Digital integration enhances indirect productivity by
streamlining organizational functions. Case studies, such as the adoption of a centralized
HR management system by Ajmera Tyres, demonstrate the efficiency gained when
operations like attendance validation and payroll calculation are moved off decentralized
spreadsheets. These administrative efficiencies free up internal resources to focus on
core production activities.

1

.: ~ Check Your Progress-A

I
Q1. What is productivity?

Q2. What is the 5S methodology?

6.11 SUMMARY

This unit established that sustained success in Production and Operations Management rests
on two interconnected pillars: accurate measurement of Productivity and controlled execution
via the Production Order. Productivity, measured effectively through Multifactor Productivity
(MFP), determines the financial health of the conversion process and guides strategic
investment decisions (e.g., technology adoption and capital accumulation). The Production
Order serves as the formal mechanism for realizing planned productivity gains. By detailing
specifications, the Bill of Materials, and Routing information, it transforms abstract plans into
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controlled execution steps. Its life cycle, from Creation and Release through Confirmation
and Settlement, is integrated directly into the Production Planning and Control (PPC) stages
of Routing, Scheduling, Dispatching, and Follow-Up. Crucially, the Production Order
provides the necessary structure for precise Job Order Costing and enables management to
track method variance, ensuring that operational efficiency is continuously maintained and
improved, often through fundamental, low-cost strategies like the 5S methodology and Work
Study, which are particularly effective in the Indian industrial context.

|

6.12 GLOSSARY

<

>
<>
——

>

% Productivity: Ratio of output to input over a specified period.

% Partial Factor Productivity (PFP): Output measured against a single
input factor.

< Multifactor Productivity (MFP): Output measured against a subset of inputs
aggregated by cost.

% Production Order: A formal document authorizing and controlling the in-house
manufacturing process.

% Bill of Materials (BOM): A complete list of all required raw materials and components
for an order.

*,

*e

% Routing: The step-by-step instructions defining the sequence of operations and work
centers.

% Production Planning and Control (PPC): The management framework comprising
Routing, Scheduling, Dispatching, and Follow-Up.

% Dispatching: The process of initiating production by issuing work orders and materials.

«» Method Variance: The difference between actual run time and standard run time,
usually resulting from using an alternate process.

% 5S Methodology: A Lean system for workplace organization (Sort, Set in Order, Shine,
Standardize, Sustain).

+ Line Balancing: Allocation of workloads to different workstations to equalize task
completion times.

% Overall Equipment Effectiveness (OEE): Metric measuring the performance and

quality efficiency of manufacturing machinery.
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6.15 TERMINAL QUESTIONS

o

1. Define productivity and explain its strategic importance at both the organizational and
national economic levels. Distinguish clearly between productivity and efficiency
with suitable examples.

2. Explain the different methods of measuring productivity. Discuss their managerial
relevance with illustrations.

3. Analyze the major factors affecting productivity in manufacturing organizations. How
do capital, technology, market competition, and supply-chain resilience influence
productivity?

4. Discuss the core strategies for enhancing operational productivity. Explain the role of
automation, ERP systems, line balancing, bottleneck analysis, and the 5S
methodology in improving production efficiency.
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10.

Define a Production Order and explain its strategic purpose in modern manufacturing
systems. Describe the essential components of a Production Order in detail.

Explain the complete life cycle of a Production Order, from order creation to final
settlement. Highlight the importance of status management at each stage.

Discuss the relationship between Production Order and Production Planning &
Control (PPC). Explain how routing, scheduling, dispatching, and follow-up are
integrated through a Production Order.

What is method variance? Explain how Production Orders help in identifying and
analyzing method variance and its impact on productivity and cost control.

Examine the managerial and cost implications of Production Orders. How do
Production Orders support accurate job costing, pricing decisions, inventory
optimization, and customer satisfaction?

Critically discuss the implementation of productivity improvement and Production
Order systems in the Indian context, with special reference to MSMEs and ERP-based
digital transformation.
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UNIT-7

PRODUCTIVITY AND WORK STUDY, METHOD
STUDY., AND WORK MEASUREMENT

Contents

7.1 Introduction

7.2 Productivity and Work Study Concepts

7.3 Method Study: Improving the Process

7.4 Work Measurement: Setting the Standard Time

7.5 Illustrative Examples / Applications

7.6 Summary

7.7 Glossary

7.8 Reference/ Bibliography

7.9 Suggested Readings
7.10 Terminal & Model Questions

Learning Outcomes

After studying this unit independently, you should be able to:

Explain the core concept of productivity and differentiate strategically between partial
productivity measures (like labor productivity) and Total Factor Productivity (TFP).
Describe the holistic objectives and guiding principles of Work Study, emphasizing its
role in resource optimization and standardization.

Analyze existing work methods systematically using the six sequential steps of the
SREDIM procedure (Select, Record, Examine, Develop, Install, Maintain).

Apply standard recording symbols and interpret various visual recording techniques such
as Flow Process Charts and Flow Diagrams.

Describe the detailed procedure for Time Study, including the critical necessity of
breaking down tasks into small, measurable elements.

Differentiate clearly between Observed Time, Normal Time, and Standard Time,
focusing on the role and application of the Performance Rating Factor.

Calculate Standard Time for an operation, ensuring the incorporation of essential
Allowances (Personal, Fatigue, and Delay).

Evaluate the practical benefits of Work Study through real-world examples, illustrating
tangible time, cost, and labor savings in industrial settings.
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7.1 INTRODUCTION

This unit moves beyond strategic resource allocation and focuses intensely on improving
operational efficiency at the ground level. In today's dynamic global environment, especially
within the context of the Indian economy, businesses, from large manufacturers to small
service providers, must continuously reduce costs and increase output without compromising
quality. The fundamental concept driving this goal is Productivity. Productivity is more than
just working hard; it is about working smartly and efficiently. It measures how effectively an
organization converts its economic inputs, such as raw materials, labour, and capital, into
valuable goods and services (output). For a manager, improving productivity is the core
pathway to long-term economic growth and achieving a higher standard of living for the
stakeholders and employees. This unit introduces the powerful scientific framework known as
Work Study. Work Study is a systematic approach designed to achieve productivity
improvement primarily through optimizing work methods and standardizing the time required
for tasks. It is particularly valuable because it often yields significant improvements without
demanding large capital investments, making it highly relevant for resource-conscious
businesses, including Small and Medium Enterprises (SMEs) across India. Work Study is
divided into two inseparable parts: Method Study (determining the right way to do the job)
and Work Measurement (determining the standard time required to do the job the right way).
By the end of this unit, you will possess the tools necessary to analyze any operation,
diagnose inefficiencies, develop optimal procedures, and set fair, achievable performance
standards.

7.2 PRODUCTIVITY AND WORK STUDY CONCEPTS

7.2.1 The Foundation of Efficiency: Productivity

Productivity is generally expressed as the ratio of output (goods or services produced) to the
input (resources consumed). When output increases relative to input, productivity improves.

Defining and Measuring Productivity

Increased productivity fundamentally means making more goods and services with fewer
resources. In operations management, the ability to measure productivity is essential for
assessing performance and justifying investments.

Types of Productivity Measurement:
1) Partial Productivity: This measures output against a single type of input.

o Labour Productivity: The most common measure, calculated as the ratio of GDP or
total output to total hours worked. For example, tonnes produced per worker shift.

o Capital Productivity: Measures how efficiently physical capital (machinery, plant,
and equipment) is used to generate output.
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o Material Productivity: Measures the output relative to the amount of materials
consumed. High material productivity is crucial in industries facing high commodity
costs, like construction or garment manufacturing.

2) Total Factor Productivity (TFP): This is a holistic and strategic measure that considers
the output in relation to al/ inputs combined (labour, capital, materials, etc.). TFP is vital
for managerial decision-making because it captures improvements in overall production
efficiency that are not directly attributable to simply using more labour or capital. TFP
reflects advancements in technology, better organizational structure, improved supply
chain logistics, and overall management systems.

A manager focused purely on labour productivity might pressure workers to work faster.
However, a manager focused on TFP recognizes that significant, sustainable growth comes
from investing in better systems—such as better equipment, worker training, or process
redesign. TFP is therefore the true measure of operational excellence and innovation.

Key Factors Influencing Operational Productivity
Operational productivity is affected by numerous internal and external factors:

1) Management and Planning: Effective production planning and scheduling ensure that
resources are available when needed. Setting clear, Specific, Measurable, Achievable,
Relevant, and Time-Bound (SMART) goals provides employees with focus and
minimizes wasted effort.

2) People and Skills: The retention, morale, and skill level of the workforce are direct
drivers of efficiency. Investing in professional development and offering training
programs boosts both productivity and employee morale.

3) Technology and Maintenance: The state of equipment and assets is critical. Regular
maintenance prevents unforeseen delays, while using modern technology streamlines
repetitive processes.

4) Process Streamlining and Improvement: Minimizing distractions, improving work-
life balance, and simplifying processes are essential strategic steps. Furthermore,
fostering a culture of continuous improvement, where employee feedback is encouraged
and valued, ensures that processes are refined regularly.

7.2.2 Work Study: Principles and Objectives

Work Study is the primary technique used to attack the problem of inefficiency
systematically. It provides a means of raising productivity by optimizing the effectiveness of
human and material resources.
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Definition and Components

Work Study is a systematic examination of the methods of carrying out activities to effect
improvements. Its aim is to optimize the use of human resources, equipment, and materials
by eliminating waste and unnecessary effort.

The two main components of Work Study are:

1) Method Study: Concerned with simplifying work, reducing unnecessary movements,
and developing standardized, efficient work procedures.

2) Work Measurement: Concerned with setting the standard time required to perform the
task using the standard method.

Core Objectives of Work Study

Work Study is an inexpensive yet powerful tool designed to optimize operations without
relying on large capital investments. Its objectives are comprehensive:

e To Optimize Resource Utilisation: Ensuring that time, space, materials, equipment,
and labour are used most economically.

e To Eliminate Waste: Identifying and reducing non-value-adding activities, such as
delays, unnecessary transportation, and excessive storage.

e To Standardize Operations: Defining the single best way (method) to perform a task
and the expected time (standard time) for that task.

e To Improve Workplace Safety and Ergonomics: Applying ergonomic principles to
prevent accidents and occupational diseases, making the work environment safer and
more comfortable.

e To Enhance Worker Satisfaction: By making work easier, more motivating, and more
rewarding, which includes involving workers in the design of the new method.

e To Provide Management Data: Generating reliable data on productivity, costs, and
quality to facilitate better planning and decision-making.

7.3METHOD STUDY: IMPROVING THE PROCESS

Method Study, often called motion study, is the systematic recording and critical examination
of existing and proposed ways of doing work, as a means of developing and applying easier
and more effective methods and thereby reducing costs.

7.3.1. The Systematic Procedure (SREDIM)

The Method Study procedure is typically followed through six specific steps, often
remembered by the acronym SREDIM.
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S — Select

The first step involves selecting the job, operation, or process to be studied. Selection is based
on economic significance. Priority is usually given to:

e Operations that are bottlenecks (slowing down the entire production line).
e Operations involving high costs (labour or material).
e Operations involving repetitive movement or long distances.
e Operations that frequently result in scrap or low quality.
R - Record

Once selected, all relevant facts about the existing method must be recorded systematically,
accurately, and completely. This stage relies heavily on visualization tools like charts and
diagrams. The recording process must use standardized symbols to ensure clear
communication and recognition of activities without ambiguity.

E — Examine

This is the critical analysis phase. The recorded facts are subjected to a rigorous questioning
technique. The examiner critically questions the purpose, place, sequence, person, and means
of every element of the work.

The core principle here is ECRS:

e Eliminate: Can the element be removed entirely? (e.g., eliminating unnecessary
movement or inspection).

e Combine: Can two or more elements be performed together?
e Rearrange: Can the sequence of elements be changed for better flow?

e Simplify: If the element cannot be eliminated, combined, or rearranged, how can it be
performed more easily?

D — Develop

Based on the critical examination, a new, improved method is developed. This new method
should be safer, more economical, and more productive than the previous one. Developing
the best method often involves integrating human factors (ergonomics) and technological
improvements.

I — Install

The improved method must be installed formally. This involves obtaining approval from
management, training the workers on the new standardized procedure, and ensuring the
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necessary tools and layouts are in place. The new method must be documented and
recognized as the official Standard Operating Procedure (SOP).

M — Maintain

The final step is often overlooked but essential: maintaining the new method.®
Implementation success is not final unless the new standard is adhered to consistently.
Managers must periodically audit the method to ensure that operators do not slip back into
old, inefficient habits. This dedication to maintenance supports a culture of continuous
improvement.

7.3.2. Recording Techniques in Method Study

To facilitate the Recording and Examination phases, method study uses standard symbols,
charts, and diagrams.

Standard Process Chart Symbols

The following five symbols are universally used to represent activities in process charts:

Symbol Activity Description

O Operation | An  activity that changes the
characteristics of a component (e.g.,
cutting, assembling, typing).

] Inspection | Checking for quality or quantity (e.g.,
counting parts, testing a circuit).

- Transport | Movement of the subject from one
place to another (e.g., moving material
using a forklift).

D Delay Waiting or unavoidable interruption
(e.g., waiting for material, machine
breakdown).

\V Storage Keeping the object in a designated place
under controlled conditions (e.g.,
storing finished goods in a warehouse).

Charts Used in Method Study

Charts record sequences and timing of activities. They can be classified as macro-motion
(process overview) or micro-motion (individual movements).

a) Flow Process Charts: These charts provide a detailed, step-by-step graphic
representation of the entire process sequence—all operations, transportations,
inspections, delays, and storages. They typically track the movement of material
(material type) or the activity of a person (operator type). The flow process chart shows
what happens and in what sequence, including time required and distance moved.
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b) Two-Handed Process Charts: These are micro-motion charts used for highly repetitive
tasks performed at a single workstation. They record the activities of the operator’s left
hand and right hand simultaneously to identify non-productive motions, such as
unnecessary holding or searching. The goal is to balance the work between the two
hands, ensuring productive use of both.

Diagrams Used in Method Study

Diagrams visually represent the layout and movement paths, making it easy to identify spatial
inefficiencies like backtracking or congestion.

a) Flow Diagrams: This is a scale drawing of the work area, often based on the plant
layout, on which the route followed by the material, product, or operator is traced. By
visualizing the path, analysts can quickly spot long, winding, or inefficient movements.

b) String Diagrams: Used when movements are complex and overlap frequently. A thread
or string is used on the layout diagram to trace the path taken by the subject. The length
of the string indicates the total distance traveled, and the density of the strings reveals
areas of congestion or high traffic frequency. This helps optimize the layout and identify
the most optimal routing.

7.4 WORK MEASUREMENT: SETTING THE STANDARD TIME

Once Method Study has established the optimal way to perform a job, Work Measurement is
applied to determine the Standard Time—the time a qualified worker needs to complete the
job at a defined level of performance.

7.4.1 Definition and Role

Work Measurement, primarily executed through Time Study, systematically determines the
time required to carry out a specified task under specific conditions by a qualified worker.!'”
This Standard Time is the basis for accurate cost estimation, wage setting, production
scheduling, and capacity planning.

7.4.2 Detailed Procedure of Time Study
The time study procedure is highly systematic, ensuring objectivity and fairness.
Step 1: Preparation and Selection

The analyst defines the objective, ensures the operator is properly trained, and confirms that
the standard method (developed by Method Study) is currently being used. The task is then
broken down into small, distinct, and measurable elements.
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Step 2: Recording Observed Time (Tobs)

The operator is timed using a stopwatch for multiple cycles of the operation. The observed
time (Tobs) for each element in each cycle is recorded. The average observed time is
calculated for each element by summing the recorded times and dividing by the number of
observations.

Step 3: Performance Rating (Rating Factor)

Human effort is variable. A key step in time study is leveling this variability by applying a
Performance Rating Factor (R).

e The performance rating is a judgmental comparison of the observed worker's pace
against a defined "normal" pace (which is typically rated as 100%).

e If the worker performs faster than normal (e.g., 120%), the rating factor is 1.20. If they
perform slower (e.g., 90%), the factor is 0.90.

e The rating factor standardizes the time, ensuring the result is not biased by whether the
specific observed worker was exceptionally fast or slow.

Step 4: Calculating Normal Time ($T_N§)

The Normal Time is the time required for a qualified worker to perform the operation,
working consistently at the standard (100%) pace, with no allowances for breaks or delays.

The formula for Normal Time is:

Performance Rating Factor
100

Normal Time (Ty) = (Average Observed Time) x

The Normal Time for the entire operation is the sum of the Normal Times of all individual
elements.

7.4.3 Incorporating Allowances

No human worker can maintain a 100% pace continuously throughout an 8-hour shift. They
require time for personal needs, rest from fatigue, and unavoidable minor delays. Allowances
are percentages added to the Normal Time to arrive at a realistic, achievable Standard Time.

Allowances must be based on objective data, such as company policy or internal studies, and
must be transparent to maintain trust with the workforce.

Types of Allowances

a) Personal Allowance (Ap): Time allowed for the worker’s basic personal needs (e.g.,
restroom, drinking water). For light work, this is usually 2% to 5% of the working day.
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b) Fatigue Allowance (Ar): Time needed for the worker to recover from physical or
mental strain associated with the job. This allowance is higher for heavy work, work
performed under poor conditions (hot, humid atmosphere), or highly repetitive mental
tasks.

c) Delay Allowance (Ap): Time provided for unavoidable delays outside the operator's
control, such as brief machine adjustments, checking drawings, waiting for the
supervisor, or minor tool replacement.

Step 5: Calculating Standard Time (Ts)

Standard Time is the total time needed to complete the task, accounting for the inherent time
needed for the work (Tn) plus the necessary human and operational interruptions
(Allowances).

If the Total Allowance Percentage is represented by Artotal (€.2., 12% allowance means Atotal=
0.12), the Standard Time is calculated as:

A ota
Standard Time (Ts) = Ty x (1— 1T051)

This resulting time, Ts, is the final fair target time that management uses for production
planning and control.

75 ILLUSTRATIVE EXAMPLES / APPLICATIONS

To solidify your understanding, let us review how these concepts are applied in real-life
business scenarios, particularly within the Indian industrial context.

7.5.1 Real-World Application: Productivity Improvement in an Indian Process Industry

The globalization of the Indian economy requires small and medium industries to achieve
substantial improvements in productivity, quality, and cost. Work study provides a
framework to address these challenges.

Consider a case study involving XYZ Ltd, a small battery production unit in India. The firm
was struggling with high labor costs and process delays due to outdated methods.

Work Study Implementation: The management applied Method Study techniques, focusing
on identifying bottlenecks and high-cost manual processes.

Problem Analysis Result (Method Study) Solution Implemented
Identified
Old Casting | Low production rate, causing delays in | Installed an advance casting
Machine subsequent stages (a bottleneck). machine with a high production
Technology rate.
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Manual Plate | Very low finishing rate and high labor | Installed an automated plate
Finishing cost due to dependence on manual | finishing machine.
effort.

Sourcing of | Battery containers were sourced | Changed sourcing policy to
Components | without necessary holes, requiring | purchase battery containers in a
extra time for modification before use. | ready-to-use condition (with holes).

Quantifiable Results:

The strategic changes resulting from the Work Study led to measurable efficiency gains. A
comparison of the old ("Present") versus the optimized ("Proposed") method showed
significant savings:

Category Present Proposed Saving
Method Method
Total Process | 12957 minutes | 12833 minutes | 123 minutes 42
Time 18 seconds 36 seconds seconds
Quantity of 56 laborers 50 laborers 6 laborers
Labour

These improvements demonstrate that systematic analysis, identifying process flaws and
strategically simplifying work (such as changing component sourcing), can lead to substantial
reductions in production time and labor costs, directly improving competitiveness. This
confirms the principle that Work Study often eliminates waste and justifies focused capital
investment where it provides the highest return.

7.5.2 Numerical Example 1: Calculating Normal Time

A Work Study analyst observed a worker performing the task of fitting an electrical
component into a control panel. The observations for Element A (‘Position and Fit
Component') were recorded over five cycles in seconds:

Cycle No. Observed Time
(seconds)

1 18

2 20

3 19

4 21

5 17
Average 19 seconds

The analyst determined that the observed worker was performing slightly faster than the
average qualified worker, so a Performance Rating Factor of 95% (0.95) was applied.

Unit 7 Productivity and Work Study, Method Study, and Work Measurement Page 100




BBA(N) 604 Production and Operations Management Uttarakhand Open University

Calculation Steps:

1) Calculate Average Observed Time (Tavg):

1 2 1 2141
Average Time (Ty,) = S+ 59+ 17 = % = 19 seconds

2) Calculate Normal Time (Tn):

Rating Factor

N 1Ti Tn) = Tay
ormal Time (Ty) Avg X 100

Ty = 19 % % = 19 x 0.95 = 18.05 seconds

The Normal Time for Element A is 18.05 seconds.
7.5.3 Numerical Example 2: Calculating Standard Time

Suppose the total Normal Time (Tn) for the entire control panel assembly operation is 75
seconds. Management policy determines the following unavoidable allowances:

e Personal Allowance (Ap): 5%
e Fatigue Allowance (Ar): 8%
e Unavoidable Delay Allowance (Ap): 2%
Calculation Steps:
1) Calculate Total Allowance Percentage ($A_{Total}$):

Total Allowance (Aria) = Ap + Ar + Ap

Argta = 5% + 8% + 2% = 15%

2) Calculate Standard Time (Ts): The total allowance fraction is 15/ 100 =0.15.

Standard Time (Ts) = Ty x (1 + Allowance Fraction)
Ts = 75 x (1+0.15)
Ts = 75 x1.15

Ts = 86.25 seconds

The Standard Time for the control panel assembly operation is 86.25 seconds. This time
represents the fair and achievable target time for production planning.
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: ' Check Your Progress-A

L
Q1. Define Total Factor Productivity (TFP)?

Q2. What is Work Measurement?

7.6 SUMMARY

This unit focuses on improving operational efficiency through the concepts of productivity
and work study, which are essential for effective production and operations management.
Productivity i1s defined as the ratio of output to input and reflects how efficiently resources
such as labor, capital, and materials are utilized. The unit explains different measures of
productivity, including partial productivity (labor, capital, and material productivity) and
Total Factor Productivity (TFP), emphasizing that TFP provides a more comprehensive and
strategic view of organizational efficiency. The unit introduces Work Study as a systematic
and non-capital-intensive technique for productivity improvement. Work Study consists of
two complementary components: Method Study, which focuses on finding the best way of
performing a job, and Work Measurement, which determines the standard time required to
perform the job using the best method. The SREDIM procedure—Select, Record, Examine,
Develop, Install, and Maintain—is explained as the structured approach for conducting
method study. Various recording techniques such as flow process charts, two-handed process
charts, flow diagrams, and string diagrams are discussed to analyze and eliminate
inefficiencies. The unit also explains time study, including observed time, performance
rating, normal time, and standard time. Finally, the role of allowances—personal, fatigue, and
delay—is highlighted to ensure realistic and fair performance standards. Overall, the unit
emphasizes systematic analysis, standardization, and continuous improvement to achieve
sustainable productivity gains.

|

7.7 GLOSSARY
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% Productivity: A measure of economic efficiency calculated as the ratio of
output to input.

Unit 7 Productivity and Work Study, Method Study, and Work Measurement Page 102



BBA(N) 604 Production and Operations Management Uttarakhand Open University

Y/
°

Y/
°

Y/
°

Y/
°

Y/
0.0

Y/
0.0

Total Factor Productivity (TFP): Productivity measure considering all inputs (labor,
capital, materials); reflects technological and systemic efficiency improvements.

Work Study: A systematic technique comprising Method Study and Work
Measurement used to enhance efficiency and productivity.

Method Study: The systematic recording and critical examination of existing and
proposed work methods to develop easier and more effective procedures.

SREDIM: The acronym for the six procedural steps of Method Study: Select, Record,
Examine, Develop, Install, Maintain.

Flow Process Chart: A macro-motion chart showing the sequence of operations,
transports, inspections, delays, and storages in a process.

Two-Handed Process Chart: A micro-motion chart analyzing the simultaneous
activities of the operator’s left and right hands.

Work Measurement: The technique used to establish the Standard Time required for a
qualified worker to carry out a job.

Time Study: The specific technique of Work Measurement that determines time based
on direct observation and measurement.

Observed Time: The actual time recorded by the analyst for an element during a time
study.

Performance Rating Factor: A factor (percentage or ratio) applied to observed time to
adjust for the operator's speed relative to the normal working pace.

Normal Time (Tn): The time required to complete a task working at 100% effort,
before the addition of allowances.

Standard Time (Ts): The final target time for an operation, equal to Normal Time plus
necessary allowances.

Personal Allowance: Time added to Tn to account for basic human needs (e.g.,
restroom breaks).

Fatigue Allowance: Time added to Tn to allow the worker to recover from physical or
mental strain.
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?— 7.10 TERMINAL QUESTIONS

[~

Define Productivity and explain the concept of Total Factor Productivity (TFP). Why is
TFP considered a more comprehensive measure than partial productivity?

What is Work Study? Explain its objectives and discuss how it contributes to
productivity improvement in organizations.

Describe Method Study in detail. Explain the six steps of the SREDIM procedure with
suitable examples.

Explain the importance of the Record and Examine stages in Method Study. How do
these stages help in eliminating waste?

Discuss the various recording techniques used in Method Study. Explain the use of
Flow Process Charts and Flow Diagrams.

What is Work Measurement? Describe the detailed procedure of Time Study.

Explain the concepts of Observed Time, Normal Time, and Standard Time. How are
they related to each other?

What is Performance Rating Factor? Explain its role and importance in calculating
Normal Time.

Discuss the need for allowances in Work Measurement. Explain the different types of
allowances used in time study.
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10) “Work Study is a non-capital-intensive technique for productivity improvement.”
Discuss this statement with reference to Indian industries.

11) Explain the relationship between Method Study and Work Measurement. Why must
Method Study precede Work Measurement?

12) Describe how Work Study techniques help in improving labor efficiency, reducing
costs, and enhancing workplace safety.

13) Explain how standard time is calculated for an operation. Discuss its importance in
production planning and control.

14) A worker assembled 25 units in 8 hours. Calculate the labor productivity in units per
hour. If the new method allows the worker to assemble 35 units in 8 hours, calculate the
percentage increase in productivity.

15) An operator’s average observed time for a complex welding task is 6.5 minutes. The
time study analyst rates the operator’s performance at 120%. Calculate the Normal
Time for this welding task.

16) The Normal Time for a machine setup process is 15 minutes. The company provides a
Personal Allowance of 5% and a Fatigue Allowance of 10%. Calculate the Standard
Time required for the setup.

17) The components of a packaging operation have the following Normal Times: Element
A (Load Box) = 5.0 seconds, Element B (Seal Box) = 3.5 seconds, Element C (Label
Box) = 4.0 seconds. The total allowance is 15%. Calculate the Standard Time for the
entire packaging operation. (Hint: First, calculate the total Normal Time by summing
up T for all elements.)

18) An analyst recorded an average time of 150 seconds for a cleaning task. The worker
was rated at 80% (performing slower than normal). If the total allowances (including
personal and delay) are 18%, calculate the Normal Time and the Standard Time for the
task.
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UNIT-8

PRODUCTION PLANNING TECHNIQUES: ROUTING

AND SCHEDULING

Contents
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8.10 Reference/ Bibliography

8.10 Suggested Readings
8.11 Terminal & Model Questions

Learning Outcomes

Upon successful completion of this unit, the learner should be able to:

Explain the fundamental role of routing and scheduling within the Production Planning
and Control (PPC) cycle.

Describe the systematic procedure for developing a production route and detail the
necessary documentation, such as the Route Sheet.

Differentiate clearly between routing (path optimization) and scheduling (time
optimization) using relevant criteria.

Analyze the strategic trade-offs and managerial implications of employing forward
versus backward scheduling techniques.

Evaluate job sequences using quantitative performance metrics such as Average Flow
Time, Lateness, and Makespan.

Apply key priority rules (FCFS, SPT, EDD) to solve single-machine job sequencing
problems.

Apply Johnson’s Algorithm to find the optimal sequence and minimum makespan for N
jobs on two machines.
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% Assess the practical applications of dynamic routing and scheduling in modern logistics
and supply chain efficiency, particularly within the Indian business context.

8.1 INTRODUCTION

For any manufacturing or service organization, converting raw inputs into finished output is a
complex process that requires meticulous planning. Production Planning and Control (PPC) is
the systematic process that ensures the right quantity of products is manufactured at the right
time, minimizing costs and maximizing efficiency. While earlier units focused on strategic
issues like facility location and product design, this unit delves into the operational core: the
translation of long-term strategy into executable daily tasks. The two fundamental techniques
that govern this translation are Routing and Scheduling. Routing determines the sequence and
path that work must follow, answering the questions of where and how production operations
occur. Once the path is set, Scheduling takes over to determine when each operation must
start and finish, ensuring deadlines are met and resources are utilized optimally.

Effective routing and scheduling are absolutely crucial for managerial decision-making.
Failures in these areas lead to increased operational costs, lengthy manufacturing lead times,
severe bottlenecks (where work piles up), and ultimately, failure to meet customer delivery
deadlines. By mastering these techniques, a manager learns how to systematize the
conversion process, optimize the utilization of key resources—men, machines, material, and
money—and ensure a continuous, streamlined flow of work. This unit will first establish the
structured processes of routing and scheduling, highlighting the differences and strategic
implications of time planning. We will then move into quantitative methods, known as job
sequencing, which provide rigorous algorithms like the Shortest Processing Time (SPT) rule
and Johnson’s Algorithm to help managers determine the mathematically optimal order and
timing of tasks.

8.2 ROUTING: DETERMINING THE PATH OF PRODUCTION

8.2.1 Definition and Objectives of Routing

Routing is the crucial pre-production planning step that defines the precise path and sequence
of operations that raw materials must follow through various machines, departments, and
work centers until they are transformed into finished goods. Essentially, routing provides a
comprehensive map of the manufacturing process. It manages the fundamental questions of
“What” needs to be produced, “How” it will be produced, and “Where” the production will
take place.

The core objectives of establishing a robust routing plan are multifaceted:

e Systematic Conversion: Routing provides a highly systematic method for converting
raw inputs into finished outputs, ensuring efficiency and consistency.
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Resource Utilization: It aims for the optimum utilization of all resources—Ilabor,
machinery, and materials—by standardizing processes and minimizing waste.

Continuous Flow: An effective route ensures a smooth and continuous flow of
materials, eliminating costly and time-consuming backtracking within the factory.

Foundational Planning: Routing is essential because the time standards and sequence it
establishes form the critical basis for all subsequent production steps, including
scheduling, dispatching, and monitoring progress.

8.2.2 Systematic Procedure for Routing

Routing is not an arbitrary decision but a systematic process requiring careful analysis. The
procedure typically follows these steps:

1))

2)

3)

4)

)

Product Analysis and Component Breakdown: The entire product is thoroughly
analyzed. If the product is complex, it is broken down into all its individual components
and parts. At this initial stage, production managers decide whether to manufacture a
specific component internally in the factory or to purchase it from an external supplier
(the ‘make-or-buy’ decision).

Determining Operations and Sequence: For every component that must be made
internally, the production engineers establish the exact manufacturing operations
required (e.g., molding, drilling, inspection, painting). Crucially, the correct order, or
sequence, of these operations is determined. This sequence forms a route network,
where each operation is assigned an operation number and a successor operation,
mapping the work flow.

Determining Resource Capacity and Quality: The routing section must analyze the
required production standards and estimations. This involves detailed data collection
regarding machine characteristics and available capacities to ensure that the necessary
quantity and quality of output can be achieved.

Selecting Machines and Work Centers: Based on the operations determined in step 2,
specific machines, work centers, or departments capable of performing the task are
assigned to each step in the sequence.

Preparation of Route Sheet: Finally, all the decisions regarding the sequence, resource
allocation, and time standards are formalized into a binding document known as the
Route Sheet.

The thoroughness of this process holds significant long-term organizational consequences. If

the processing times and resource requirements are not accurately estimated during routing,
the subsequent scheduling efforts will be fundamentally flawed. This inaccuracy can lead
directly to missed deadlines, inefficient resource use, and excessive costs, demonstrating that

routing accuracy is a prerequisite for effective scheduling. Furthermore, the routing plan, by
defining the continuous flow, greatly influences the strategic design of the factory building

Unit 8 Production Planning Techniques: Routing and Scheduling Page 108



BBA(N) 604 Production and Operations Management Uttarakhand Open University

and the arrangement of installed machinery, thereby shaping significant, long-term capital
investments.

8.2.3 Documentation: The Route Sheet

The Route Sheet serves as the blueprint or detailed map of the manufacturing process. It is a
mandatory document that provides both information and instructions for converting raw
materials into finished components or assemblies. It is the foundation upon which all time
management (scheduling) and resource allocation decisions are built.

A typical Route Sheet includes basic information about the job and detailed information
about each step:

Table 8.1. Route Sheet Key Information

Information Field Description and Purpose

Operation Number | Defines the sequential step (e.g., Op. 10: Rough Cutting, Op.
and Description 20: Drilling).

Work Center / Identifies the specific physical location (machine, labor, or
Machine Center ID | department) where the task must be performed.

Setup Time The time required to prepare the specific machine or work
center before the job can begin (e.g., changing tools or fixtures).

Run Time The actual time taken to execute the operation on the product.
(Processing Time)

Wait Time / Queue | The estimated time the job will spend waiting in line or in

Time buffer storage before or after the operation.
Send Ahead The quantity that can be moved to the next operation before the
Quantity entire batch is complete, to speed up overall flow.
Scrap Factor The allowance for expected material wastage or component
Percentage rejection during the operation.

8.2.4 Types of Routing Systems
Routing is highly dependent on the type of production environment:

e Job Shops: These facilities handle highly customized or unique products (e.g.,
specialized machine parts or bespoke furniture). Routing here must be extremely flexible
and customized, as nearly every job follows a unique path through the factory.

e Batch Production: Here, routing uses standardized sequences for consistency within a
specific lot or batch. While the route is generally consistent for the batch, minor
variations might be needed between different batches depending on specification
changes.
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e Mass Production/Flow Shop: This environment produces high volumes of standardized
products (e.g., car assembly line). Routing is highly optimized, rigid, and repetitive to
minimize production time and maximize continuous throughput.

8.3 SCHEDULING: DETERMINING THE TIME OF
PRODUCTION

8.3.1 Definition and Objectives of Scheduling

Scheduling is the time element of production planning and control. It takes the established
route and allocates specific start and finish times to each operation, ensuring the entire
process aligns with capacity and customer deadlines. As defined by Kimball and Kimball,
scheduling is the determination of the time required to perform the entire series of routed
operations, accounting for all relevant factors.

The main objectives of effective scheduling are operational and customer-focused:

1) Meet Customer Demands: Ensure timely delivery of products in the required
quantities, minimizing lead times and enhancing customer satisfaction.

2) Optimal Resource Utilization: Minimize equipment idle time, balance staff workloads,
and maximize the efficiency of machinery and labor.

3) Coordinate Activities: Coordinate all activities—from raw material supply and
logistics to final assembly—into a unified timeline.

4) Identify Bottlenecks: Serve as a dynamic tool to anticipate potential issues, such as
machine failures or supplier delays, and implement corrective actions before they
negatively impact the schedule.

8.3.2 Routing vs. Scheduling: A Critical Distinction

While routing and scheduling are interdependent, their focus and objectives are
fundamentally different. Routing is concerned with spatial optimization (the where and how),
while scheduling is concerned with temporal optimization (the when and for how long).

Table 8.2. Distinguishing Routing and Scheduling

Aspect Routing Scheduling
PPC Focus Defines the operational sequence | Defines the time slots and timing.
and path.
Optimization Optimize material flow and | Optimize workloads, meeting due
Goal resource placement. dates, and resource availability.
Key Inputs Customer locations, vehicle | Processing times (from routing),
capacities, production standards. | due dates, real-time traffic data,
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resource availability.

Managerial Systematize work and achieve | Create realistic time slots and
Objective resource effectiveness. balance staff workloads.

8.3.3 Classification of Scheduling Techniques

Production scheduling techniques are broadly classified based on the direction of planning :

(1). Forward Scheduling

Mechanism: This technique is a 'push’ system where planning begins immediately upon
receipt of a job or order. Work starts as soon as resources are available and progresses
sequentially through the operations, seeking the earliest possible completion time.

Advantages: It maximizes the utilization of resources right away, and it determines the
fastest possible delivery date, which is useful when capacity utilization is the highest
priority or when the customer requests an urgent delivery.

Disadvantages: Since work is started early regardless of the required due date, it often
results in high levels of finished goods inventory or Work-In-Progress (WIP) inventory,
tying up capital unnecessarily.

(2). Backward Scheduling

Mechanism: This technique is a 'pull' system, synonymous with Just-In-Time (JIT)
manufacturing principles. Planning starts from the mandated customer delivery due date.
It calculates the necessary production start date by working backward, subtracting
required lead times for transportation, loading, picking, packaging, and processing.

Advantages: It inherently minimizes WIP and finished goods inventory because
materials are only processed precisely when needed for synchronized completion.

Disadvantages: It may result in planned idle time for non-bottleneck resources, as these
resources are only scheduled for work when their output is needed by a later stage.
While this is efficient from a total system perspective, planners focusing purely on
immediate maximum utilization might find the idle resources uncomfortable.

It is generally recognized that backward scheduling yields a superior, more capital-efficient
plan because it reduces inventory costs. However, many companies prioritize the constant
utilization of costly machinery, leading to a focus on forward scheduling, even if it sacrifices
the efficiency gained by minimizing inventory investment. This managerial choice reflects a
fundamental trade-off: optimizing system-wide capital efficiency versus maximizing
immediate machine throughput. In reality, modern planning systems often use a hybrid
approach, starting backward, and switching to forward planning if it is determined that the
due date cannot be met on time.
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8.4 SEQUENCING RULES FOR SINGLE MACHINE
SCHEDULING (N JOBS ON 1 MACHINE)

8.4.1 Introduction to Sequencing and Performance Measures

Sequencing is a specialized component of scheduling that deals with the order in which jobs
are processed on a single, shared workstation or machine, when multiple jobs are waiting
(competing) for that resource. Since only one job can be processed at a time, the order of
execution greatly affects efficiency and customer satisfaction.

The manager’s objective in sequencing is to find the order that optimizes one or more
quantitative performance measures.

Table 8.3. Key Performance Metrics

Metric Definition Calculation / Significance
Flow Time | The total duration a job spends in the | C;, The average should be
(Completion | system, from arrival until completion | minimized, as low flow time

Time) (includes waiting and processing). reduces inventory capital tied up.

Lateness (L;)

The difference between a job's completion
time and its promised due date. Lateness
can be positive (late) or negative (early).

L; = C;j - Dj. Used to track delivery
performance.

Tardiness The amount of time a job is delayed past | T; = Max(0, L;). High tardiness

(Ty) its due date. Tardiness is always zero or | leads to customer dissatisfaction
positive. and penalties.

Makespan | The total time required to finish the entire | Used primarily to measure overall

(Cmax) batch of $N§ jobs, from the start of the | resource utilization and system

first job until the completion of the last
job.

efficiency for a batch of work.

8.4.2 Common Priority Rules

Priority rules are simple heuristics (rules of thumb) used to decide which job to process next:

a) First-Come, First-Served (FCFS):

o Rule: Jobs are processed strictly in the order they arrive at the work center.

o Evaluation: Although FCFS is simple and fair in the sense that waiting jobs are
handled in order, it performs poorly regarding operational efficiency metrics like
average flow time, inventory levels, and lateness.

b) Shortest Processing Time (SPT):

o Rule: The job with the smallest required processing time remaining is selected next.
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o Evaluation: SPT is overwhelmingly superior for internal operational metrics. It
consistently yields the minimum average flow time, the minimum average number
of jobs in the system (minimizing WIP inventory), and the minimum average job
lateness. However, its drawback is that very long jobs might be delayed indefinitely
if there is a continuous stream of short jobs waiting.

c) Earliest Due Date (EDD):
o Rule: The job with the earliest (closest) due date is selected next.

o Evaluation: EDD is the best rule when customer service and deadline adherence are
paramount. It guarantees that the maximum tardiness (the worst delay for any single
job) will be minimized. While it focuses on external commitments, it does not
perform as well as SPT on internal measures like average flow time or WIP
inventory.

The choice between SPT and EDD encapsulates a classic strategic dilemma faced by
managers: cost minimization versus service maximization. If a company operates in a highly
cost-sensitive sector where capital tied up in inventory (WIP) is a major concern, the manager
will favor SPT to achieve fast throughput and low average flow time. Conversely, if the
market demands stringent service levels and penalizes missed deadlines severely, the
manager must choose EDD to safeguard customer relationships and minimize the risk of a
single, catastrophic delay.

8.5 JOHNSON'’S ALGORITHM: SN§ JOBS ON 2 MACHINES

8.5.1 Rationale for Johnson's Rule

When jobs must be processed through multiple machines in the same sequence (a Flow
Shop), single-machine rules like SPT or EDD are no longer sufficient to find the optimal
global sequence. Johnson’s Rule, developed by S. M. Johnson, is a specific, powerful
algorithm used to find the single optimal sequence that minimizes the Makespan (total
completion time) for N jobs that must be processed sequentially on exactly two machines
(Machine 1 followed by Machine 2, or M1 — M2).

The algorithm's structure is based on the logic that to minimize the total time the system
takes, we must minimize the idle time that occurs between the two machines. This is
achieved by quickly moving short jobs through the system and strategically delaying long
jobs only when necessary.

8.5.2 Steps for N Jobs on 2 Machines (M1 — M2)

The procedure for applying Johnson’s Rule is systematic and involves prioritizing jobs based
on the shortest processing time across both machines:
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1) Tabulate Data: Create a table listing all N jobs and their processing times for Machine
1 (M) and Machine 2 (M>).

2) Find the Global Minimum Time: Identify the single smallest processing time among
all entries in the entire table (M and M>»).

3) Apply Decision Rules and Sequence:

o Rule A (M1 Priority): If the smallest time belongs to a job on Machine 1, schedule
that job in the earliest available slot in the overall sequence.

o Rule B (M2 Priority): If the smallest time belongs to a job on Machine 2, schedule
that job in the latest available slot in the overall sequence.

4) Remove and Repeat: Once a job is sequenced (either at the start or end), remove it
from the list of available jobs. Repeat Steps 2 and 3 until all jobs are placed in the
sequence.

5) Calculate Makespan: Use the optimal sequence to construct a detailed scheduling table
to track the start, finish, and transfer times for each job on both machines to calculate the
minimum total elapsed time (Makespan) and machine idle times.

The underlying principle here is to minimize the amount of time Machine 2 is waiting for
material from Machine 1. By executing jobs with a short M; time early, the workload is
cleared quickly on the first machine, ensuring a steady stream of work for M. Conversely, by
scheduling jobs with a short M> time last, the manager ensures that the second machine is not
tied up waiting for the completion of a long job on Mi unnecessarily. This systemic
optimization specifically targets the minimization of total machine idle time between jobs,
which directly reduces the Makespan.

8.5.3 Extension to N Jobs on 3 Machines (M1 — M2 — Ma)

Johnson's Rule is mathematically optimal only for two machines. For sequencing problems
involving three or more machines, finding the absolutely optimal solution becomes
significantly more complex, often requiring advanced heuristic methods.

However, the 3-machine problem (M; — Mz — M3) can sometimes be converted into an
equivalent 2-machine problem, allowing the manager to apply Johnson’s Rule if a strict
condition is met:

e Conversion Condition: The conversion is possible if the maximum processing time on
the intermediate machine (M>) is less than or equal to the minimum time on M; OR the
minimum time on Ms.

min(M;) > max(M;) OR min(Ms) > max(M)
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e New Virtual Machines: If this condition holds true, two new virtual machines, G and
H, are created:

o Virtual Machine G = M; + Mz (Total time on the first two machines)
o Virtual Machine H = M + M3 (Total time on the last two machines).

e The standard 2-machine Johnson’s rule is then applied to the processing times of the
new virtual machines (G and H) to determine the optimal sequence.

This need for a very specific mathematical condition illustrates the exponential complexity
introduced by adding just one more machine. In real-world manufacturing environments with
four or more machines, managers typically rely on sophisticated scheduling software or
simulation models, as simple analytical techniques cannot guarantee the optimal sequence.

8.6 ILLUSTRATIVE EXAMPLES / APPLICATIONS

Example 1: Quantitative Analysis of Single Machine Sequencing (FCFS vs. SPT)
This example demonstrates how different sequencing rules impact efficiency metrics.

Scenario: A welding workstation receives four jobs (J1, J2, J3, J4).

Job (Arrival Processing Due Date (Hours
Order) Time (Hours) from now)
1 8 20
12 4 12
J3 12 24
J4 6 18

Task: Determine the average flow time and average lateness for (a) FCFS and (b) SPT.

(a) FCFS Sequence (J1, J2, J3, J4)

Job PT (P) Start Completion | Due Date | Lateness
Time Time (C;j) (Dj) (Ci—Dj)
J1 8 0 8 20 -12
2 4 8 12 12 0
J3 12 12 24 24 0
J4 6 24 30 18 12
Total 30 74 0

e Average Flow Time: 74 / 4 = 18.5 hours.

e Average Lateness: 0 / 4 = 0 hours. (Note: While average lateness is zero, the last job,
J4, 1s 12 hours late.)
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(b) SPT Sequence (J2, J4, J1, J3)

(Sequence determined by ordering by shortest Processing Time: 4, 6, 8, 12)

Job PT (P) | Start | Completion | Due Date | Lateness
Time Time (Cj) D)) (Gi—Dy)
]2 4 0 4 12 -8
J4 6 4 10 18 -8
J1 8 10 18 20 -2
I3 12 18 30 24 6
Total 30 62 -12

e Average Flow Time: 62 /4 =15.5 hours.
e Average Lateness: -12 / 4 = -3 hours.

Conclusion: The SPT rule significantly reduced the average flow time from 18.5 hours
(FCFS) to 15.5 hours, meaning jobs spent less time tied up in the system, minimizing
inventory holding costs.

Example 2: Quantitative Application of Johnson’s Algorithm (N Jobs on 2 Machines)

Scenario: Five jobs (A, B, C, D, E) must be processed through two sequential machines,
Cutting (M) and Polishing (M3). Times are in minutes.

Job M1 (Cutting) | M2 (Polishing)
A 5 2
B 1 6
C 9 7
D 3 8
E 10 4

Task: Find the optimal sequence and the minimum Makespan.
Step 1: Apply Johnson's Rule to Find the Optimal Sequence

a) The overall minimum time is 1 minute (Job B on M;). According to Rule A, $BS$ is
placed first. Sequence:

b) The next minimum time is 2 minutes (Job A on M). According to Rule B, $AS is placed
last. Sequence:

¢) The next minimum time is 3 minutes (Job D on Mi). According to Rule A, $DS is
placed in the next available slot at the beginning. Sequence:

d) The next minimum time is 4 minutes (Job E on M3). According to Rule B, $E$ is placed
in the next available slot at the end. Sequence:

¢) Only Job C remains. Sequence:
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Optimal Sequence: B-D-C-E-A

Step 2: Calculate Makespan

The sequence is used to calculate the actual flow of work. Note that a job cannot start on M»
until M has completed it (M Out time).

Scheduling Calculation Table (Optimal Sequence: B-D-C-E-A)

Job Mi In M1 Out M: In M: Out
(Completion Time)
B 0 1 1 7 (1+6)
D 1 4 (1+3) 7 15 (7+8)
C 4 13 (4+9) 15 22 (15+7)
E 13 23 (13+10) 23 27 (23+4)
A 23 28 (23+5) 28 30 (28+2)

Minimum Makespan: The total elapsed time to finish all jobs is the completion time of
the last job, which is 30 minutes.

Idle Time for M2: The second machine waits for 1 minute for Job B, waits from minute
7 to 7 (0 wait) for Job D, waits from minute 15 to 15 (0 wait) for Job C, waits from
minute 22 to 23 (1 minute wait) for Job E, and waits from minute 27 to 28 (1 minute
wait) for Job A. Total Idle Time for M is 1 + 0+ 0+ 1 + 1 =3 minutes.

Application 3: Indian Industry and Dynamic Scheduling

In the rapidly growing Indian economy, particularly in logistics and supply chain

management, routing and scheduling have moved beyond static paper planning to become
dynamic, competitive tools.

)

2)

E-commerce Logistics and Real-Time Optimization: The rapid proliferation of e-
commerce in India requires precise, rapid delivery. Companies now rely on real-time
data integration, utilizing GPS and machine learning (Al-powered solutions) to enhance
their scheduling systems. These systems dynamically predict disruptions, such as
unforeseen traffic congestion or road closures common in Indian metros, and instantly
reroute vehicles and adjust schedules. This ability to adapt ensures high service quality
and strengthens customer trust by providing accurate delivery windows, differentiating
the successful logistics providers from others.

Optimizing the Indian Dairy Supply Chain: India is the top milk-producing country,
necessitating highly efficient, specialized logistics. Dairy operations often employ
Vehicle Routing Problem with Backhauls (VRPB) models. These models optimize
routes not just for delivery (outbound packaged milk) but also for simultaneous
collection (inbound raw milk from villages). Effective route planning here significantly
reduces the operational cost of physical distribution, which otherwise constitutes a large
portion of the final price of the product.
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3) Construction and Fleet Efficiency: In sectors requiring heavy machinery transport,
such as construction in cities like Bengaluru, strategic route planning and maintenance
scheduling are key to operational efficiency. By streamlining fleet movement and
utilizing better routes, companies can ease wear and tear on vehicles, reduce fuel
consumption, and dramatically reduce downtime, leading to productivity increases.

1

.: ~ Check Your Progress-A

I
Q1. What is routing in Production Planning and Control (PPC)?

Q2. Differentiate between routing and scheduling?

8.7 SUMMARY

Production Planning and Control (PPC) plays a vital role in converting raw materials into
finished goods efficiently and economically. Unit—8 focuses on two core production planning
techniques—Routing and Scheduling—which translate strategic production plans into
executable operational activities. Routing determines the path and sequence of operations that
materials follow through machines, departments, and work centers. It answers questions
related to what, how, and where production activities will take place. A systematic routing
process ensures optimal utilization of resources, smooth material flow, and forms the
foundation for subsequent planning activities. The Route Sheet is a key document that
records operational details such as machine allocation, setup time, processing time, and
waiting time. Scheduling, on the other hand, deals with the time dimension of production. It
allocates start and finish times to each operation along the predetermined route to meet
delivery deadlines and balance workloads. The unit clearly distinguishes routing from
scheduling and explains forward and backward scheduling techniques, highlighting their
managerial trade-offs. The unit further introduces job sequencing, especially for single-
machine environments, using priority rules such as FCFS, SPT, and EDD, along with
performance measures like flow time, lateness, and makespan. Johnson’s Algorithm is
discussed as an optimal solution for sequencing jobs on two machines. Practical examples
and Indian industry applications demonstrate the relevance of routing and scheduling in
modern operations management.
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operations.
Scheduling: Allocating specific start and finish times to operational tasks.
Route Sheet: A production document listing the sequence, resources, and time estimates
for a job.
Forward Scheduling: Planning from the present date forward, optimizing for machine
utilization.
Backward Scheduling: Planning backward from the due date, optimizing for inventory
reduction (JIT).
Sequencing: Establishing the order of jobs awaiting processing at a shared work center.
Shortest Processing Time (SPT): A priority rule favoring the job requiring the least
operation time.
Earliest Due Date (EDD): A priority rule favoring the job with the closest deadline.
Flow Time: The total time a job spends waiting and being processed in the system.
Makespan (Cmax): The total time required to complete an entire batch of jobs.
Tardiness: The amount of time a job is delayed past its due date (a positive value only).
Lateness: The difference between completion time and due date, which may be positive
or negative.
Work-In-Progress (WIP): Inventory that has started but not yet completed processing.
Flow Shop: A manufacturing layout where all products follow the same fixed sequence
of machines.
Vehicle Routing Problem with Backhauls (VRPB): A logistics planning model
optimizing for simultaneous delivery and collection trips.
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?—[ 8.11 TERMINAL QUESTIONS

1) Explain the concept of routing in Production Planning and Control. Discuss its
objectives, systematic procedure, and significance in manufacturing organizations.

2) What is scheduling? Distinguish clearly between routing and scheduling. Explain
forward and backward scheduling techniques with their advantages and limitations.

3) Discuss sequencing rules for single-machine scheduling. Explain FCFS, SPT, and
EDD rules and evaluate their impact on performance measures such as flow time,
lateness, and makespan.

4) Explain Johnson’s Algorithm for sequencing N jobs on two machines. Describe the
steps involved and illustrate how it minimizes makespan.

5) What is a Route Sheet? Explain its contents and role in effective production planning
and control.

6) Discuss the practical applications of routing and scheduling in Indian industries,
particularly in logistics, dairy supply chains, and construction sectors.

7) Explain the concept of performance measures in job sequencing. Define flow time,
lateness, tardiness, and makespan with their managerial relevance.
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UNIT-9
PRODUCTION CONTROL
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Learning Outcomes

Upon successful completion of this unit, the learner will be able to:

v Explain the meaning, scope, and strategic objectives of Production Control (PC).

v Differentiate clearly between the proactive nature of Production Planning and the
reactive nature of Production Control.

v Describe the sequential, detailed steps involved in the Control Phase: Dispatching,
Follow-up/Expediting, and Inspection.

v Analyze the importance of variance measurement and the application of Corrective and
Preventive Actions (CAPA) in closing the control loop.

v Evaluate how Production Control methodologies must be adapted based on the volume
and variety of the production system (Job, Batch, or Continuous/Flow).

v' Apply simple priority dispatching rules, such as Shortest Processing Time (SPT) or
Earliest Due Date (EDD), to sequence jobs efficiently.

v Relate Production Control concepts to enhancing efficiency and quality assurance in
real-world Indian manufacturing scenarios.
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9.1 INTRODUCTION

Having studied Production Planning, which included defining the path of work (Routing) and
setting the timelines (Scheduling), in the previous unit, you are now prepared to delve into
the crucial second half of the Production Planning and Control (PPC) system: Production
Control. Production Control (PC) is the operational function that bridges the gap between the
theoretical plans created by management and the actual execution on the factory floor. While
planning determines the necessary targets and prescriptive elements (what, when, how much
to produce), control is the central management process that oversees, manages, and tracks the
execution of production tasks. In any real-world manufacturing setting, whether it is a small
unit producing auto parts or a large textile mill, unforeseen issues—such as machine
breakdowns, material shortages, or quality deviations—can cause significant deviations from
the plan. Production Control serves as the systematic mechanism designed to monitor
performance, measure outcomes against planned targets, identify these variances, and initiate
timely corrective action to bring the operation back on track. Production Control uses various
control techniques specifically designed to achieve optimal levels of production performance,
focusing on minimizing waste and maintaining a consistent flow of output.’ For any
successful manager in a commercial or industrial organization, understanding Production
Control is fundamental, as it directly dictates resource efficiency, cost management, and
timely delivery, ultimately impacting customer satisfaction and profitability. This unit will
provide a deep understanding of the sequential functions of control, from launching the work
to ensuring continuous improvement.

9.2 THE CONCEPT AND NATURE OF PRODUCTION
CONTROL

9.2.1 Defining Production Control (PC)

Production Control (PC) is defined as the management of the production process to ensure
efficient and effective operations. It serves as the supervisory and monitoring function that
guarantees the factory floor adheres to the predetermined plans regarding quality, quantity,
and time.

Production Control operates by monitoring the actual output, comparing it to the scheduled
targets, and measuring performance against the established standards. Crucially, if any
corrective action is required—due to material delays, quality failures, or machine
downtime—it is initiated through the production control mechanism. Effective PC requires
accurate forecasting, detailed scheduling from the planning phase, and real-time monitoring
of the entire production process.’ Its components often include capacity planning, materials
management, and continuous process improvement initiatives.
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9.2.2 Strategic Objectives of Production Control

The goal of PC is not simply to produce goods, but to ensure that the right products are

produced at the right time, in the right quantity, and at the optimal cost.

a)

b)

d)

Optimizing Resource Utilization: Production Control ensures that internal resources,
such as skilled personnel, specific work centers, machines, and tooling, are used
efficiently. By coordinating the preparation and use of these resources, PC helps
increase the productivity of the entire internal operation.

Ensuring Timely Delivery: By establishing and maintaining efficient schedules and
actively tracking progress, PC helps meet production deadlines. This consistency in
delivery is a primary factor in improving customer satisfaction.

Minimizing Costs and Waste: Effective control techniques actively monitor activities
to minimize waste, reduce lead times, and control production costs, ensuring the
manufacturing business remains economical and profitable. The function aligns closely
with lean manufacturing principles by identifying and eliminating non-value-added
activities and excessive steps that prolong timelines.

Maintaining Optimal Inventory Levels: PC integrates closely with materials
management to ensure raw materials and components are available when production
needs them, while simultaneously maintaining the lowest possible stock level to reduce
holding costs and risks associated with excess inventory.

Facilitating Cross-Departmental Coordination: PC acts as a coordinating link,
aligning the operational activities of production with other critical departments such as
sales (managing demand), purchasing (ensuring timely material flow), and customer
service (providing accurate delivery commitments).

9.3 PRODUCTION PLANNING VERSUS PRODUCTION
CONTROL: THE SYNERGY

For overall manufacturing success, Production Planning and Control (PPC) must work
cohesively as two phases of a single strategy.

9.3.1. The Proactive Nature of Planning

Production Planning is the initial, proactive stage where the strategy for production is created.
It focuses on setting the stage by answering the prescriptive questions: What to produce,
When to produce, and How much to produce. The primary functions of this stage are:

a)

Routing: This defines the exact operational path—the equipment, resources, materials,
and sequence—required to transform raw material into the finished product.
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b) Scheduling: This establishes the production timetable, determining the specific dates
and times when operations should start and finish. It involves creating various schedules,
such as Master Schedules and Operation Schedules, to manage the time element.

9.3.2 The Reactive Nature of Control

Production Control is the executive and monitoring stage that begins once the plan is
formalized and production starts. It is a reactive process, continuously ensuring that execution
aligns with the pre-established routing and scheduling decisions.

The effective interplay between planning and control forms a continuous feedback loop
crucial for operational agility. Planning sets the standards (the benchmark or expectation),
and Control measures the actual outcome against those standards. If a variance (deviation)
occurs, the control function leads directly to corrective action (Expediting and Replanning).
This systematic ability to identify deviations and adjust quickly allows managers to rapidly
respond to unforeseen operational failures, such as machine breakdowns, or changes in
demand, thereby improving the organization's overall operational performance and
competitive advantage. Furthermore, by monitoring execution and tracking starting/finishing
times , the control function establishes accountability, ensuring that specific processes and
resources assigned to a job are executed properly.

Table 2: Key Distinctions Between Planning and Control

Basis of Production Planning (PP) Production Control (PC)
Comparison
Nature Proactive, Prescriptive Reactive, Diagnostic, Corrective
(Defines the strategy) (Ensures adherence)
Focus Question What is to be done, and when | Are we performing efficiently,
should it finish? and how do we fix deviations?
Key Functions Routing, Scheduling, Capacity Dispatching, Expediting,
Planning, Forecasting Inspection, Corrective Action
Core Goal Setting the optimal operational | Ensuring optimal performance
strategy from the existing system

9.4 THE FUNCTIONS OF PRODUCTION CONTROL:
EXECUTION AND MONITORING

The operational functions of Production Control are sequential, focusing on launching the
work, tracking its progress, and making necessary adjustments.

9.4.1. Dispatching: The Launchpad of Production

Dispatching is the physical implementation of the production plan. It is the moment the plan
moves from paper to the shop floor, starting the actual manufacturing operations. Dispatching
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involves the release of orders and their instructions, ensuring the availability of all items
needed for employees to perform their jobs according to routing and scheduling directions.

Detailed Steps in Dispatching:

1) Issuance of Materials and Fixtures: This step involves the formal release of raw
materials, components, or specific fixtures from the store to the appropriate work center
in the required quantities necessary for actual production.

2) Issuance of Orders (Job Tickets): Providing the formal authority required to initiate
the work. This includes issuing job orders, drawings, instruction sets, and material lists
to operators and supervisors.

3) Tool and Gauge Issuance: Ensuring that any specialized tools, jigs, or measuring
gauges necessary for specific operations are issued and ready at the designated
workstation.

4) Time Recording Initiation: Dispatching begins the process of control by maintaining
records of the exact starting time of each job. This also includes recording the idle time
of machines, which is a key piece of data for later efficiency analysis.

5) Movement Control: Managing the movement of semi-finished work from one process
to the next, following the predetermined routing instructions.

Types of Dispatching: Dispatching can be organized as either centralized or decentralized.’
Centralized dispatching involves a single authority (the PPC department) issuing all orders,
which provides tight control. Decentralized dispatching delegates the authority to issue
instructions and material releases to departmental supervisors, offering greater flexibility and
speed on the shop floor but requiring high levels of standardization across all units.

9.4.2. Follow-Up or Expediting: The Vigilance Function

Expediting, frequently referred to as follow-up, is the stage dedicated to monitoring the
production progress.’ Its function is to check the progress of production against the planned
schedule, ensuring it is carried out as intended.

The Goal of Expediting: The main goal of expediting is two-fold: (1) to compare the actual
performance achieved against the initial plans, and (2) to identify bottlenecks, defects, and
loopholes in the production process.

Expediting as a Preventive Mechanism:

The process of expediting is vital because it functions as an early warning system rather than
simply a mechanism for historical record-keeping. By continuously checking the status of
jobs (Work-in-Progress or WIP) and collecting information related to start/finish times ,
expediting tests the validity of the initial planning assumptions. If a major machine is
frequently breaking down or if the actual processing time is consistently longer than
scheduled, the expediting team flags this issue as a variance. This signals a flaw in the initial
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scheduling or capacity assumptions, allowing management to initiate replanning or mobilize
resources instantly (e.g., maintenance teams) to prevent the bottleneck from slowing down
the entire operation and destroying the schedule.

Detailed Activities of Expediting:

1) Checking Work-in-Progress (WIP): Regularly verifying the status of jobs at multiple
workstations relative to their scheduled completion time.

2) Data Collection: Collecting real-time information related to the movement of materials,
start and finish times, and preliminary inspection results.

3) Variance Investigation: Identifying significant deviations and investigating why a job
is late or why a process is exceeding its estimated time.

4) Progress Reporting: Preparing detailed progress records and promptly reporting any
deviations to production management so that immediate corrective action can be taken.

9.4.3 Inspection and Corrective Actions: Closing the Loop
A. Inspection: Quality Assurance During Production

Inspection is an inherent function of Production Control, performed to ensure that all planned
approaches and quality standards are consistently maintained.

o Integrated Inspection: Effective PC integrates inspection not just at the end of the line
(final quality check) but during the production process. Inspection during production
helps detect defects or issues early while the product is still being manufactured. This
allows necessary adjustments to be made immediately, preventing further waste of time
and material, which is far more efficient than discovering large quantities of defective
finished goods later.

e Data Input: The results from the inspection process are collected during expediting and
are used directly to inform the management team about quality deviations, feeding into
the final phase of the control loop.

B. Deviation and Corrective Actions (CAPA)

The control loop is finalized when expediting identifies a variance (a deviation from the
plan) and corrective steps are taken. The systematic approach to handling significant
variances is known as Corrective and Preventive Actions (CAPA).

The CAPA Management Process:

1) Identification: Identifying the quality event or significant deviation (e.g., a batch is
rejected due to poor quality, or a project milestone is missed).

2) Evaluation: Determining the extent and severity of the problem and assessing the level
of intervention required.
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3)

4)

Root Cause Analysis (RCA): This is the most critical step. Instead of simply fixing the
symptom (e.g., rushing a late job), RCA investigates the underlying cause of the failure.
Was the delay due to poor scheduling, substandard materials, or operator error?

Resolution Planning and Implementation: Implementing Corrective Actions (CA) to
address the immediate problem and establishing Preventive Actions (PA) to ensure the
root cause is eliminated, thereby preventing the problem from reoccurring in the future.

By diligently following the CAPA process, Production Control successfully transitions from
being merely a system of reaction to current problems to being a powerful system of

prevention and continuous improvement, maximizing long-term efficiency and quality.

9.5 PRODUCTION CONTROL IN DIFFERENT
MANUFACTURING ENVIRONMENTS

The complexity and the core focus of the Production Control system must change based on
the organization's method of production.

9.5.1 Control in Job Production

Nature: Production of unique, customized items in small, often single-unit quantities
(e.g., a specialized construction project or bespoke engineering work). This method
offers maximum flexibility but operates at a higher cost and lower intrinsic efficiency.

PC Focus: Control must be extremely flexible and detailed. Since every order is unique,
routing and scheduling are customized. PC focuses heavily on capacity allocation,
ensuring specialized tools, materials, and highly skilled labor are available exactly when
needed. Expediting is critical because delays impact unique customer relations and high-
value contracts.

9.5.2 Control in Batch Production

Nature: Production of moderate quantities of identical products in batches or groups
(e.g., apparel, pharmaceutical runs, or specific flavors of packaged snacks). This system
balances flexibility with efficiency.

PC Focus: Managing changeovers and setup economics. The primary control challenge
is minimizing the unproductive time spent setting up, cleaning, and reconfiguring the
machinery between different product batches (e.g., switching from producing 500 loaves
of bread to 1000 cookies). Dispatching is crucial for coordinating the material releases
for the next batch while the current one is being finished. Inspection focuses on sample
testing to ensure batch acceptance criteria are met.

Unit 9 Production Control Page 127



BBA(N) 604 Production and Operations Management Uttarakhand Open University

9.5.3 Control in Flow or Continuous Production

e Nature: Production of standardized goods in extremely high volumes, where the product
flows continuously (e.g., cement manufacturing, bottling, or oil refining).!! This method
is highly efficient but lacks flexibility.

e PC Focus: Maintaining synchronization and process flow integrity. Routing and
scheduling are fixed and stable. The primary function of control is to prevent
interruptions (such as machine failure or material starvation). PC relies on real-time
automated monitoring of critical parameters (flow rates, pressure, temperatures) and
immediate mobilization of resources if a process deviation is detected. Advanced
Planning and Scheduling (APS) systems are used to maximize throughput on critical
bottleneck resources by minimizing planned downtime, like cleanout intervals.

9.6 ILLUSTRATIVE EXAMPLES / APPLICATIONS

9.6.1 Numerical Example: Applying Dispatching Priority Rules (SPT)

The Shortest Processing Time (SPT) rule is a fundamental priority rule used in the
Dispatching phase to sequence waiting jobs when optimizing for speed and minimizing work-
in-progress (WIP). SPT dictates that the job with the shortest operation time is processed
first.

Scenario: A workshop has five jobs (J1 to J5) waiting for a single machining center.

Job Processing Time Due Date (DD) (Hours
(Pj) (Hours) from Now)
I 5 10
2 3 8
I3 10 15
J4 8 14
J5 4 20

Step 1: Apply the SPT Rule

The jobs are sequenced by processing time in ascending order: J2 (3), J5 (4), J1 (5), J4 (8), J3
(10).

Step 2: Calculate Completion Time and Lateness

Lateness of Job j = max (0, C; — DD)

Table. SPT Scheduling
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Job (SPT | Processing Completion Due Date | Lateness (C;j -
Order) Time (P;) Time (Cj) (DD) DD)
12 3 0+3=3 8 0
J5 4 3+4=17 20 0
J1 5 7+5=12 10 12-10=2
J4 8 12+8=20 14 20-14=6
I3 10 20+ 10=30 15 30-15=15
Totals 30 72 - 23

Step 3: Analyze Performance

The total processing time is 30 hours. The Mean Flow Time (Average Completion Time) is
calculated as

Total Completion Time 72

Average Completion Time = Number of Jobs =5 = 14.4 hours

The SPT rule is highly effective at minimizing this flow time, although it prioritizes small
jobs at the expense of potentially delaying the longest job (J3), leading to higher lateness for
that specific order.

9.6.2. Real-Life Illustration: Production Control at Tata Motors

Tata Motors, a leading Indian automotive manufacturer, exemplifies the use of highly
sophisticated Production Control due to the complexity and sheer volume of passenger and
commercial vehicles produced.

(a) Integrated Dispatching and Material Control: Automotive assembly lines require
thousands of components to converge at precise moments. Tata Motors’ PC system relies on
integrated Enterprise Resource Planning (ERP) systems to manage material requirement
planning (MRP) and capacity planning. The dispatching function, supported by this
technology, executes Just-in-Time (JIT) material delivery. It must ensure that complex
components like engines or dashboards are issued and moved to the exact point on the
assembly line at the scheduled minute, preventing both waiting time and excess inventory
accumulation.

(b) Expediting and Bottleneck Management: In the automotive sector, where production is
continuous or mass-flow based, maximum utilization of resources is critical. The expediting
teams use real-time visibility tools to monitor the health of every work center. If a machine (a
bottleneck resource) shows signs of slowing down, the control system immediately detects
the variance. The corrective action taken is rapid—mobilizing maintenance or diverting
work—to maximize the throughput on that critical resource, thereby protecting the overall
revenue stream.
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9.6.3 Case Illustration: Batch Control in the Indian FMCG Sector (Emami)

The Indian Fast-Moving Consumer Goods (FMCQG) industry, home to major brands like
Emami, requires meticulous Production Control, especially for products with short shelf lives
and high quality expectations.

(a) Batch Tracking for Compliance: For FMCG, which often deals with foods or
cosmetics, batch tracking is crucial for inventory control and compliance. Emami manages a
vast product range, and its PC system ensures that when a batch is manufactured, the system
records the precise materials, processing times, and quality results. This is essential because if
a quality issue arises, the system allows for targeted recalls of only the affected batch, rather
than the entire stock, minimizing financial loss and protecting the brand reputation.

(b) Quality Deviation and CAPA: Production control ensures that sampling strategies are
implemented to evaluate product quality throughout the production cycle. If inspection
reveals a deviation (e.g., incorrect ingredient ratios or packaging defects), the control system
immediately initiates a root cause analysis. This investigation determines whether the failure
was due to a material fault or a process issue, allowing managers to implement a formal
Corrective Action (fixing the current batch) and a Preventive Action (changing the operating
procedure) to ensure the high standards required by the highly competitive Indian FMCG
market are maintained.

1

i~
.t: . Check Your Progress-A

|
Q1. What is dispatching in Production Control??

Q2. Explain the role of expediting (follow-up) in ensuring smooth production flow.

9.7 SUMMARY

Production Control is a vital operational function within the Production Planning and Control
(PPC) system that ensures the effective execution of production plans on the shop floor.
While production planning decides what, when, and how much to produce, production
control focuses on monitoring actual performance and aligning it with predetermined
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standards of quality, quantity, time, and cost. It acts as a bridge between managerial plans and
real manufacturing operations by identifying deviations and initiating timely corrective
actions. The core objectives of production control include optimal utilization of resources,
timely delivery of products, minimization of costs and waste, maintenance of appropriate
inventory levels, and coordination among various departments such as production,
purchasing, and sales. The main functions of production control are dispatching, expediting
(follow-up), and inspection. Dispatching initiates production activities by issuing materials,
tools, and job instructions. Expediting continuously monitors progress, detects bottlenecks,
and reports variances. Inspection ensures adherence to quality standards during production,
not merely at the final stage. Production control systems vary according to manufacturing
environments such as job, batch, and continuous production. Effective production control
enhances efficiency, reduces delays, supports quality assurance, and contributes significantly
to customer satisfaction and organizational profitability.

3

= " 9.8 GLOSSARY

s
ﬁ % Production Control (PC): The management function of monitoring and
regulating the actual output, resource use, and timing against planned

targets to ensure efficient execution.

< Dispatching: The function of initiating production by issuing all necessary materials,
instructions, tools, and authorization orders to the shop floor.

< Expediting (Follow-up): The continuous monitoring process of checking job progress,
comparing actual time against the schedule, and identifying and reporting bottlenecks.

“ Routing: The planning function that defines the specific sequence of operations and the
path materials must follow through the production facility.

% Scheduling: The planning function that fixes the time and specific dates when each
defined operation should start and finish.

% Variance: The measured difference or deviation between the actual performance
achieved and the planned or standard performance expected.

% Bottleneck: A resource or workstation in the production process that limits the overall
capacity of the system, causing work to accumulate upstream and slowing down the
entire flow.

% Corrective Action (CA): Measures taken to eliminate the root cause of a non-
conformity or deviation that has already occurred.

< Preventive Action (PA): Steps taken to eliminate the root cause of a potential non-
conformity to stop it from occurring in the future.

< Batch Production: A manufacturing system where groups (batches) of identical items
are produced, requiring the system to be reconfigured between different runs.

% Shortest Processing Time (SPT) Rule: A priority dispatching rule where the waiting
job that requires the least amount of operational time is selected and processed first.

% Mean Flow Time: The calculated average time taken for a set of jobs to be completed,
measured from the time they arrive until they are finished.
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10.

11.

12.

13.

7 9.11 TERMINAL QUESTIONS

Explain how Production Control ensures the optimal utilization of resources.

Describe the four key activities involved in the Dispatching function.

Elaborate on the function of Inspection during production and its connection to quality
control.

If a factory uses decentralized dispatching, what potential advantage and disadvantage
might it face?

Discuss the critical difference in control focus between Batch Production and
Continuous Production.

Explain the concept of variance analysis in the context of expediting and its managerial
utility.

Why is the coordination of PC with the Purchasing Department essential for cost
control?

Write a short note on the strategic importance of inventory control as an objective of PC.
Four jobs (W, X, Y, Z) arrive at a machine. Their processing times are 10, 4, 15, and 6
days, respectively. Calculate the job sequence, completion time for each job, and the
Mean Flow Time using the SPT rule.

Use the data from Question 1. If the due dates for W, X, Y, and Z are 20, 10, 30, and 12
days, respectively, calculate the total lateness and the mean lateness using the SPT
sequence.

Job A was scheduled to be completed in 50 hours with an expected material cost of
%15,000. The actual time taken was 62 hours, and the material cost incurred was
%14,500. Calculate the time variance (in percentage) and the cost variance (in Rupees).
A batch production run was planned for 2,000 units with an expected defect rate of 2%.
The actual output was 1,980 usable units. Calculate the production shortage variance (in
units) and the actual defect rate (in percentage).

A machine experiences 10 hours of planned downtime and 5 hours of unplanned idle
time in a 100-hour period. Calculate the Machine Utilization Rate and the Unplanned
Idle Time Percentage.
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UNIT-10
PERT AND CPM

Contents

10.1 Introduction

10.2 Conceptual Foundation: Project Management and Network Techniques

10.3 Constructing Project Networks (Activity-on-Arrow Model)
10.4 Critical Path Method (CPM): Time Analysis

10.5 Program Evaluation and Review Technique (PERT): Probabilistic Approach

10.6 Comparative Analysis and Applications

10.7 Hlustrative Examples / Applications

10.8 Summary

10.9 Glossary

10.10 Reference/ Bibliography
10.11 Suggested Readings

10.12 Terminal & Model Questions

Learning Outcomes

Upon completing this unit, dear learner, you will be able to:

Explain the historical background and core concepts of PERT and CPM as
complementary project planning tools.

Describe the components and fundamental rules for constructing project network
diagrams using the Activity-on-Arrow (AOA) approach.

Differentiate clearly between the deterministic approach of CPM and the probabilistic
approach of PERT.

Apply the Critical Path Method (CPM) to calculate activity times (Earliest Start, Earliest
Finish, Latest Start, Latest Finish) and determine project float (slack).

Analyze uncertainty in project duration by calculating Expected Time, Variance, and
Standard Deviation for PERT activities.

Apply statistical methods, specifically the Z-score, to calculate the probability of
completing a project by a specific target deadline.

Evaluate the managerial significance of network analysis for scheduling and control in
real-world operational scenarios, particularly in the Indian business environment.
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10.1 INTRODUCTION

In today's dynamic business environment, organizations constantly undertake large, complex,
and often non-routine tasks, known as projects. These can range from launching a new
product, setting up a new manufacturing plant, developing a major piece of software, or
constructing critical infrastructure, such as new rail tracks or highways in India. Managing
such projects requires meticulous planning, precise scheduling, continuous monitoring, and
effective resource control. PERT and CPM were both developed around 1958 and share the
fundamental goal of helping managers achieve these objectives. They provide a visual
blueprint of the project—the network diagram—that defines all required tasks (activities),
their sequence, and their interdependencies. By analyzing this network, managers can identify
the most time-consuming sequence of activities, known as the Critical Path.

While complementary, these two techniques serve distinct purposes based on the
predictability of the project. CPM is a deterministic model, focusing on cost-time trade-offs
in projects with well-defined, predictable activities, such as construction projects. PERT,
conversely, is a probabilistic model, designed to manage the high time uncertainty found in
novel ventures like research and development (R&D) or complex defense projects. Mastering
PERT and CPM equips you with essential managerial tools for timely decision-making,
improved coordination among departments, and the ability to ensure projects are delivered on
time and within budget. This unit will guide you step-by-step through the theory, network
construction, calculation procedures, and practical applications of both methods.

10.2 CONCEPTUAL FOUNDATION: PROJECT MANAGEMENT
AND NETWORK TECHNIQUES

10.2.1 Project Characteristics and Need for Planning

A project is defined as a temporary endeavor undertaken to create a unique product, service,
or result. In operations management, projects deviate from routine, repetitive manufacturing
tasks, presenting unique challenges regarding scheduling and resource allocation. Since
projects are non-routine, managers must meticulously define the tasks, establish their logical
sequence (dependencies), and assign start and completion dates. This structured approach is
essential for large-scale production, installation, and coordination efforts.

10.2.2 Definition, History, and Scope of PERT and CPM

The Program Evaluation and Review Technique (PERT) was developed by the United States
Navy in 1958 for the highly complex Polaris missile program. Because the program involved
cutting-edge R&D with highly uncertain task durations, PERT was designed to provide a
means of analyzing and representing the tasks, focusing intensely on time estimation. It is
primarily a time-focused, planning, and scheduling tool for projects where the time required
for activities is not known definitively.
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The Critical Path Method (CPM) was introduced concurrently in 1958 and is also a
scheduling technique, but it is used for projects where activity times are reasonably certain
and predictable. CPM focuses on the trade-off between project duration and cost, often
incorporating techniques like crashing (expediting activities to reduce time at increased cost).
Both PERT and CPM rely on network diagrams consisting of nodes (events) and arrows
(activities) to map the project flow. The goal is the same: to analyze this network to
determine the shortest possible duration for the entire project by identifying the sequence of
activities that dictates this duration—the Critical Path.

10.3 CONSTRUCTING PROJECT NETWORKS (ACTIVITY-ON-
ARROW MODEL)

Project network diagrams visually represent the sequence of work. We focus here on the
Activity-on-Arrow (AOA) representation, which is commonly used for both PERT and CPM
analysis.

10.3.1 Activities, Events (Nodes), and Precedence Relationships

a) Activity: This is the actual work or task that consumes time and resources. Activities are
represented by the arrows (arcs) in the network diagram and are often denoted by letters
(A, B, C) or by the events they connect (e.g., Activity 1-2).

b) Event (Node): This represents a point in time, specifically the start or completion of one
or more activities. Events are typically represented by circles (nodes) and are often
numbered. An event is a milestone and, crucially, consumes no time or resources itself.

c) Precedence Relationship: This defines the required logical sequence. An activity
cannot begin until its predecessors (the activities immediately preceding it) are
completely finished.

10.3.2 Rules for Drawing AOA Diagrams

To ensure the network diagram is logically sound and mathematically analyzable, specific
rules must be followed :

a) Unique Start and End: The network must begin with a single start node (usually
numbered 1) and conclude with a single end node, representing the project's completion.

b) Directional Flow: All arrows must indicate the direction of the work, moving forward
in time. A project network must be acyclic; that is, no activity should ever precede itself
or create a loop.

c¢) Unique Activity Representation: Each distinct activity must be represented by only
one arrow in the network.
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d) Unique Connection: Two nodes can be connected directly by at most one arrow. This
rule often necessitates the use of dummy activities to maintain network integrity.

10.3.3 The Necessity and Role of Dummy Activities

A dummy activity is a zero-duration, zero-cost task represented by a dotted arrow. It is a
conceptual tool, not an actual task, used purely to define precedence relationships correctly
and to satisfy the rules of network construction.

Dummy activities are typically needed in two scenarios:

1) Preserving Unique Identity: If Activities A and B both start at Event 1 and end at
Event 2, this violates the rule that two nodes can be connected by at most one arc. A
dummy is introduced to split the path while maintaining the correct logical sequence.

2) Clarifying Dependencies: This is the more complex role. A dummy is introduced when
activities share some, but not all, immediate predecessors. For example, suppose
Activity X depends only on Activity A, but Activity Y depends on both Activities A and
B. Without a dummy, forcing X to wait for A and Y to wait for A and B might lead to an
incorrect structure. A dotted line ensures that the dependencies are accurately modeled,
thereby preserving the logical flow required for subsequent quantitative analysis.

If a project manager fails to correctly place dummy activities, the foundation of the
quantitative analysis—the sequence and completion times—is flawed. The calculated Earliest
Start and Earliest Finish times for subsequent activities will be incorrect, potentially leading
to an incorrect Critical Path and costly resource misallocation in the field.

10.4 CRITICAL PATH METHOD (CPM): TIME ANALYSIS

The Critical Path Method (CPM) is an analysis technique used to calculate the time
characteristics of every activity in a network based on its single, deterministic duration ($t$).
This calculation requires two key steps: the Forward Pass and the Backward Pass. The output
of this analysis is the total project duration and the identification of the Critical Path.

10.4.1 Forward Pass Calculation (Determining Earliest Times)

The Forward Pass starts at the project's beginning (time 0) and moves toward the finish,
determining the earliest possible times that activities can start and finish. This calculation
ensures that all preceding tasks are completed before a subsequent task begins.

a) Earliest Start Time (ES): This is the earliest moment an activity can begin. For the first
activity, ES is usually 0. For any subsequent activity, ES is equal to the Earliest Finish
(EF) time of its immediate predecessor. If an activity has multiple predecessor activities
(a merge event), the highest (maximum) of all the preceding EF values must be selected
as the ES for the current activity. This rule guarantees that all required work leading into
the merge point is finalized before the next task can commence.
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b) Earliest Finish Time (EF): This is the earliest time an activity can be completed. It is
calculated by adding the activity's duration (t) to its earliest start time (ES):

EF=ES +t

The maximum EF calculated for the final event determines the minimum total duration of the
entire project.

10.4.2 Backward Pass Calculation (Determining Latest Times)

The Backward Pass starts at the project's completion (using the final EF as the final LF) and
moves backward toward the start node, determining the latest times an activity can start or
finish without delaying the overall project.

a) Latest Finish Time (LF): This is the latest possible time an activity can be completed
without delaying the overall project finish date. For the last activity in the project, LF is
set equal to the maximum EF found in the Forward Pass. For any preceding activity, the
LF is equal to the Latest Start (LS) time of its immediate successor activity. If an
activity has multiple successor activities (a burst event), the lowest (minimum) of the
successor LS values must be selected as the LF for the current activity. Selecting the
minimum LS is crucial because it ensures that the current activity does not delay the
successor activity that has the tightest deadline.

b) Latest Start Time (LS): This is the latest possible time an activity can begin without
delaying the overall project. It is calculated by subtracting the activity's duration (t) from
its latest finish time (LF):

LS=LF-t
10.4.3 Understanding Float (Slack)

Float, also known as slack (S), is the amount of time an activity can be delayed without
negatively impacting the project schedule. It represents managerial flexibility and indicates
where resources can potentially be borrowed or redistributed.

a) Total Float (TF): This is the maximum time an activity can be delayed from its ES
without delaying the project's overall scheduled completion date.

TF=LS - ES

TF=LF - EF

Unit 10 PERT and CPM Page 138



BBA(N) 604 Production and Operations Management Uttarakhand Open University

b) Free Float (FF): This is the amount of time an activity can be delayed without delaying
the ES of any immediately succeeding activity. This measure is particularly useful for

Free Float (FF) = Essuccessor - EFcu.rreut

coordinating sub-teams, as it defines the buffer time available before impacting the start
time of the next team's work package.

10.4.4 Identifying and Analyzing the Critical Path

The Critical Path is the sequence of activities that has the longest total duration, stretching
from the start of the project to its completion. Activities on the Critical Path are identified by
having zero total float (TF = 0). This is the central managerial implication of CPM: any
delay, even one day, in a critical activity will automatically delay the entire project. Managers
must therefore allocate their most attention, resources, and control efforts to activities that fall
on this path.

The calculation of LS and LF via the backward pass is fundamentally a control mechanism.
By establishing the latest permissible times, management creates defined deadlines (LF) and
starting limits (LS) for every task. If an activity is observed to be approaching its calculated
$LS$ limit, management is immediately alerted that the project is facing imminent delay,
allowing for proactive intervention before the overall schedule is compromised.

10.5 PROGRAM EVALUATION AND REVIEW TECHNIQUE
(PERT): PROBABILISTIC APPROACH

PERT is employed when the duration of tasks is highly uncertain, such as in research,
development, or cutting-edge engineering projects. It is a probabilistic model that
acknowledges the time variability inherent in such ventures.

10.5.1 The Three Time Estimates
To manage time uncertainty, PERT requires three expert time estimates for each activity :

a) Optimistic Time (O): The shortest possible time required to complete the task,
assuming everything goes better than expected (e.g., highly efficient resource allocation
and no complications).

b) Pessimistic Time (P): The longest possible time required, assuming major problems,
delays, or significant complications occur (worst-case scenario).

c) Most Likely Time (M): The best estimate of the time required under normal working
conditions and typical resource availability.
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10.5.2 Calculating Expected Time (Tk)

Since the actual duration is unknown, PERT uses a weighted average formula, derived from
the approximation of the Beta Distribution, to calculate the most realistic expected time (Tk)
for each activity.

The formula is:

4M + P
Expected Time (Tg) = O—i_f
In this calculation, the most likely time ($M$) is given four times the weight of the optimistic
($08%) and pessimistic ($P$) estimates combined. This weighting factor ensures that the
calculation is biased toward the most probable outcome, providing a statistically sound and
more reliable prediction of the time needed to complete the task than a simple average would.

10.5.3 Calculating Activity Variance (¢?) and Standard Deviation (o)

To quantify the level of uncertainty or risk associated with the task duration, PERT requires
the calculation of variance and standard deviation.

1) Standard Deviation (o): This measures the degree of dispersion or spread in the
possible completion times for a single activity. A high standard deviation indicates a
wide spread between the optimistic and pessimistic estimates, signifying higher risk.

Standard Deviation (0) = ————

2) Variance (¢%): This is the square of the standard deviation. Variance does not hold
much significance for a single activity but is essential for calculating the overall project
risk when activities are combined.

2
Variance (0%) = (PSO)

10.5.4 Project Probability Analysis

The true power of PERT lies in its ability to determine the probability of completing the
entire project by a specific target deadline (T). This analysis assumes that while individual
task times may follow a Beta distribution, the sum of activity times along the critical path
follows a standard Normal Distribution (a bell-shaped curve).

The steps for probability analysis are:

1) Identify the Critical Path: First, calculate the Tk for all activities and use these Tg
values as the durations in a standard CPM analysis (Forward and Backward Pass) to find
the critical path.
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2)

3)

4)

5)

6)

Calculate Expected Project Duration (p): This is the sum of the Expected Times (TE) of
only the activities that lie on the critical path.

Mean Project Completion Time (x) = Z T'g(critical)

Calculate Project Variance (6project): The project variance is calculated by summing
the variances (6?) of only the activities on the critical path.

Project Variance (o? ) = ZU(Ecritical)

project

Calculate Project Standard Deviation ($\sigma {project}$): This quantifies the overall
uncertainty of the project's minimum duration.

2

Project Standard Deviation (oprject) = 1/ Tproject

Calculate the Z-Score: The Z-score (or standard normal deviate) measures how many
standard deviations the manager's desired Target Time (T) is away from the Expected
Project Duration ().

T—p

T project

Standard Normal Variate (Z) =

Determine Probability: The calculated Z-score is then referenced against a standard
Normal Distribution table (which provides the area under the curve) to determine the
statistical probability of achieving the target date T or earlier.

This application transforms scheduling from a simple time estimation into a proactive risk

management tool. By calculating the Z-score, a manager gains statistical certainty (e.g., "75%
chance of meeting the deadline") and can make informed decisions about whether to add
resources to high-variance critical tasks to improve the likelihood of on-time completion.

10.6 COMPARATIVE ANALYSIS AND APPLICATIONS

10.6.1 Detailed Distinction between PERT and CPM

Although used interchangeably in some contexts, the core differences between PERT and
CPM dictate their appropriate usage in operations management.

Table 10.1. Comparison of PERT and CPM

Aspect PERT (Program Evaluation and CPM (Critical Path
Review Technique) Method)
Model Probabilistic Model (uses statistical | Deterministic Model (uses
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Type methods, Beta Distribution) single fixed estimates)
Time Three estimates (O, M, P) to handle | Single, definite time estimate
Estimates | uncertainty
Focus Primarily Time (planning, | Time and Cost Trade-off
estimation, uncertainty analysis) (minimizing cost, crashing)
Nature of | Non-repetitive, high uncertainty | Repetitive, predictable
Jobs (R&D, defense, novel processes) (Construction, manufacturing,
maintenance)
Critical Does not specifically distinguish | Clearly separates critical and
Activities between critical and non-critical | non-critical tasks.
activities during initial estimation.
Crashing The  technique of  crashing | Crashing 1is a common
(expediting tasks) is not generally | technique used to reduce
applied. project duration.

10.6.2 Managerial Applications in Production and Operations

Both techniques offer comprehensive benefits, including effective task scheduling, timely
decision-making, promotion of departmental coordination, and long-term planning. Their
application is pervasive across various industries, especially in India's rapidly growing

infrastructure and IT sectors.

)

2)

3)

Construction and Infrastructure: CPM is the technique of choice for large, complex
construction projects in India, such as housing development, road construction (e.g., in
Mabharashtra), or major rail track laying. Activities like laying foundations, erecting
steel, or pouring concrete are highly repetitive and have known durations, making the
deterministic nature of CPM ideal for optimizing resource allocation and managing cost.

Product Launches and IT Systems: When companies launch new, innovative products
or implement new Enterprise Resource Planning (ERP) systems (a concept covered in
Unit XV of your course), the initial phases (design, research, testing) involve significant
uncertainty. PERT 1is invaluable here to plan and coordinate these uncertain activities,
providing a realistic view of the project duration by considering the probabilistic nature
of the tasks.

Hybrid Approach: Managers often employ both techniques within a single project. For
instance, in a large housing development, securing highly uncertain government permits
might be scheduled using PERT, while the actual structural construction uses CPM. This
combined approach leverages the strengths of both: PERT for managing risk in the
uncertain segments and CPM for controlling time and cost in the predictable segments.*’
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10.7 ILLUSTRATIVE EXAMPLES / APPLICATIONS

10.7.1 Case Study Illustration: Infrastructure Project Scheduling

A concrete application of these methods can be seen in India’s infrastructure drive. Consider
a contractor working on a section of a national highway. The bulk of the work, such as earth-
moving, asphalt laying, and bridge construction, has known durations and involves clear cost
implications. The project management team will primarily use CPM for this portion, focusing
on identifying the critical structural tasks that must be completed on time to avoid fines for
project delays. They will use the calculated float to shift resources dynamically between non-
critical tasks (like guardrail installation) and critical tasks (like foundational bridge work).

However, if the project involves securing environmental permits or navigating land
acquisition (which is often highly variable and political in India), the team might switch to
PERT. They would gather optimistic, most likely, and pessimistic estimates for the
bureaucratic steps. This PERT analysis would reveal the statistical probability of meeting the
target start date for physical construction, helping senior management prepare for potential
delays caused by high-risk, uncertain activities. This hybrid approach ensures both time risk
and cost efficiency are managed effectively.

10.7.2 Numerical Example 1: Critical Path Calculation (CPM)

Problem: A small IT project to launch a new e-commerce module has the following
activities and estimated durations (in days). Determine the critical path and the minimum
project duration.

Activity Duration (t) Predecessor
A (1-2) 5 -

B (1-3) 8 -
C(2-4) 4 A

D (3-4) 2 B

E (4-5) 6 C,D

F (3-5) 5 B

Step-by-step Solution:
Step 1: Conceptualize the AOA Network Diagram
e Start Node 1 begins activities A and B.
e Activity A ends at Node 2. Activity B ends at Node 3.

e Activity C (from 2) and Activity D (from 3) both precede E. They merge at Event 4.
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e Activities E (from 4) and F (from 3) both end at the Finish Node 5.
(Note: A diagram would visually show the connections, but the key is understanding the
dependencies.)

Step 2: Perform Forward Pass (Calculate ES and EF)
The project starts at ES=0.

o Activity A (1-2): ES=0.EF=0+5=35.

o Activity B(1-3): ES=0. EF=0+8=28.

o Activity C (2-4): ES=EF(A)=5.EF=5+4=09.

o Activity D (3-4): ES must be Max = 8. EF =8 + 2 = 10.

o Note: Since D depends on B, and C depends on A, Event 4 is a merge point. We must
take the maximum EF of C (9) and D (10). Therefore, SES$ for Activity E starts at
10.

e Activity F (3-5): ES=EF(B)=8.EF=8 +5=13.
e Activity E (4-5): ES = 10 (Max EF ending at Node 4). EF =10 + 6 = 16.

The overall project duration is the maximum EF at the final node (Node 5): Max [EF(E)=16,
EF(F)=13] = 16 days.

Step 3: Perform Backward Pass (Calculate LF and LS)
We start at the Finish Node 5, setting LF = 16 days.
e Activities E (4-5) and F (3-5): LF = 16.
o Activity E: LS=16-6=10.
o Activity F: LS=16-5=11.

e Activities C (2-4) and D (3-4): Their $LFS$ is the $LS$ of their successor, E. LF =
LS(E) = 10.

o Activity C: LS=10-4=6.
o Activity D: LS=10-2=8.
e Activity A (1-2): LF=LS(C)=6.LS=6-5=1.

e Activity B (1-3): Node 3 is a burst point (activities D and F start here). We must take the
minimum of their LS values: Min=8. LF=8. LS =8 -8 =0.

Step 4: Calculate Total Float (TF) and Identify the Critical Path

The critical path consists of activities where TF = LS - ES = 0.
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Table 10.2. Calculation Summary (Time Markers)

Activity | Duration | ES EF LS LF TF Critical?
(t) (LS-ES)

A (1-2) 5 0 5 1 6 1 No

B (1-3) 8 0 8 0 8 0 Yes
C(2-4) 4 5 9 6 10 1 No

D (3-4) 2 8 10 8 10 0 Yes

E (4-5) 6 10 16 10 16 0 Yes

F (3-5) 5 8 13 11 16 3 No

Conclusion: The Critical Path is the sequence of activities with zero float: B — D — E. The
minimum project duration is 16 days.

10.7.3 Numerical Example 2: PERT Probability Calculation

The critical path identified in Example 1 is B-D-E, with an expected project duration of 16
days (based on deterministic estimates). Now, assume these critical activities have the
following three time estimates (in days). Calculate the probability of completing the project
in 17 days.

Activity Optimistic (O) | Most Likely (M) | Pessimistic (P)
B (1-3) 6 8 10
D (3-4) 1 2 3
E (4-5) 4 6 14

Note: For the purposes of this SLM unit, we will conceptually utilize the standard Z-table,
understanding that a Z-score of 0 is 50%, and higher positive Z-scores correspond to higher
probabilities.

Step-by-step Solution:
Step 1: Calculate Expected Time (Tk) and Variance (6?) for Critical Activities
We use the formulas: Te= (O +4M + P)/ 6 and 6> =[(P — O) / 6]*.

Calculation of Tg and Variance for Critical Activities

Activity | O M P TE TE c? c?
Calculation | (days) | Calculation

B (1-3) 6 8 10 (6 +4*8 + 8 [(10-6) /6] 0.444
10)/6 =(0.667)*

D (3-4) 1 2 3 | (1+4%2+3) 2 [B-1)/6]*=| 0.111

/6 (0.333)°

E (4-5) 4 6 14 (4 +4%6 + 7 [(14-4) /6] 2.778

14)/6 = (1.667)*
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Step 2: Determine Project Parameters
1) Expected Project Duration (p): Sum of Tk for critical activities.
Expected Project Duration (n) =8 + 2 +7 =17 days

2) Target Time (T): The manager wants to know the probability of finishing in 17 days.
T =17 days

3) Project Variance (o%project): Sum of variances (c?) for critical activities.
0%project = 0.444 + 0.111 +2.778 = 3.333

4) Project Standard Deviation (62project): The square root of the project variance.
] q proj

Project Standard Deviation (oprject) = V3.333 ~ 1.826 days

Step 3: Calculate the Z-Score

The Z-score formula compares the target time to the expected project time relative to the

project risk (Gproject).

z - L-H

Oproject

17-1

7 _ 717

1.826

0

7 = — =

1.826 0

Step 4: Determine Probability

A Z-score of 0 means the Target Time (17 days) is exactly the same as the Expected Project
Duration (17 days). In a standard Normal Distribution, the Z-score of 0 is the mean, and the
probability of completing the project on or before the mean is 50%.

Conclusion: There is a 50% probability of completing the project in 17 days or less.
Managerial Implication of Z-Score:

Suppose the manager’s target time was 20 days.

z - T-#
Oproject
20 — 17
1.826
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A manager would look up Z=1.64 in a Normal Distribution table and find the corresponding
probability area, which is approximately 0.9495. This means there is a 94.95% chance of
finishing the project within 20 days. This quantification of risk is the central benefit of using
PERT.

1

~n
.t: .~ Check Your Progress-A

I
Q1. Define PERT and state its primary objective.

Q2. What is the Critical Path in a project network?

10.8 SUMMARY

This unit explains PERT (Program Evaluation and Review Technique) and CPM (Critical
Path Method) as systematic network-based tools used for planning, scheduling, and
controlling projects in production and operations management. A project is defined as a non-
routine, time-bound activity requiring careful coordination of tasks and resources. Both
PERT and CPM were developed in 1958 and help managers visualize project activities,
identify dependencies, and determine overall project duration through network diagrams. The
unit elaborates on Activity-on-Arrow (AOA) network construction, defining key components
such as activities, events (nodes), precedence relationships, and the role of dummy activities
in maintaining logical accuracy. It outlines essential rules for drawing valid project networks.
CPM is presented as a deterministic approach, where activity durations are known with
certainty. The unit explains time analysis through Forward Pass and Backward Pass methods
to calculate ES, EF, LS, LF, and float, enabling identification of the critical path, where zero
float activities directly affect project completion. PERT is discussed as a probabilistic
technique, suitable for projects with uncertain activity durations. It uses three time
estimates—optimistic, most likely, and pessimistic—to calculate expected time, variance, and
standard deviation. The unit further explains probability analysis using Z-scores to assess the
likelihood of completing a project within a target time. Thus, the unit emphasizes managerial
decision-making, risk assessment, and effective project control using PERT and CPM in real-
world operational environments.
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10.9 GLOSSARY

L=
@ e Activity: A specific task or work element of a project that consumes time
and resources, represented by an arrow in an Activity-on-Arrow (AOA)

network.

e Activity-on-Arrow (AOA) Network: A project network representation in which
activities are shown by arrows and events are shown by nodes.

e Backward Pass: A scheduling technique used in CPM to calculate the latest start and
latest finish times of activities without delaying the project.

e Critical Path: The longest sequence of activities in a project network that determines
the minimum project completion time. Activities on this path have zero total float.

e C(ritical Path Method (CPM): A deterministic project management technique used
when activity durations are known and predictable, focusing on time and cost control.

e Dummy Activity: A zero-time, zero-cost activity represented by a dotted arrow, used
only to maintain correct precedence relationships in a network.

e Earliest Finish Time (EF): The earliest possible time at which an activity can be
completed, calculated as EF = ES + activity duration.

e Earliest Start Time (ES): The earliest time an activity can begin after all its preceding
activities are completed.

e Event (Node): A point in time marking the start or completion of one or more
activities; it does not consume time or resources.

e Float (Slack): The amount of time an activity can be delayed without affecting the
overall project schedule.

e Forward Pass: A scheduling process used to calculate earliest start and earliest finish
times of activities in a project network.

e Free Float (FF): The time an activity can be delayed without delaying the start of its
immediately succeeding activity.

e Latest Finish Time (LF): The latest time an activity can be completed without
delaying the project completion.

e Latest Start Time (LS): The latest time an activity can begin without delaying the
project.

e PERT (Program Evaluation and Review Technique): A probabilistic project
management technique used when activity durations are uncertain, especially in R&D
projects.

e Precedence Relationship: The logical order that determines which activities must be
completed before others can begin.

e Standard Deviation (6): A measure of variability or uncertainty in activity duration in
PERT analysis.

e Total Float (TF): The maximum time an activity can be delayed without delaying the
overall project completion.

e Variance (0?): The square of the standard deviation, representing the degree of
uncertainty in activity duration.
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e Z-Score: A statistical measure used in PERT to determine the probability of completing
a project within a specified time.
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? 10.12 TERMINAL QUESTIONS

N —

10.

11.

12.

13.
14.

15.

16.

17.

18.

19.

20.

Define PERT and CPM. Explain their role in project planning and control.

. Differentiate between PERT and CPM with respect to model type, time estimation,

focus, nature of jobs, and managerial application.

Explain the concept of a project network. Describe the Activity-on-Arrow (AOA)
method of network representation.

Define activities, events (nodes), and precedence relationships. Explain their
significance in project network construction.

Discuss the rules for drawing an Activity-on-Arrow (AOA) network diagram.

What are dummy activities? Explain their necessity and role in project networks with
suitable examples.

Explain the Critical Path Method (CPM). Describe the steps involved in identifying the
critical path of a project.

Explain the Forward Pass and Backward Pass techniques used in CPM. How are ES,
EF, LS, and LF calculated?

What is float (slack)? Explain total float and free float and discuss their managerial
importance.

Define the critical path. Why do activities on the critical path require special managerial
attention?

Explain the concept of probabilistic time estimation in PERT. Discuss optimistic, most
likely, and pessimistic time estimates.

Describe the method of calculating Expected Time, Variance, and Standard Deviation
in PERT.

Explain how probability analysis is carried out in PERT using the Z-score.

Discuss the managerial applications of PERT and CPM in production and operations
management.

Justify the use of a hybrid approach combining PERT and CPM in complex projects
involving both uncertainty and predictability.

A project has a p (Expected Duration) of 45 days and a Gproject (Standard Deviation) of 5
days. Calculate the Z-score and probability of completing the project in 50 days (Target
Time, T).

Activity X has O=10, M=12, P=14 days. Activity Y has O=5, M=10, P=21 days.
Calculate the $T E$ and Variance (6?) for both activities. Which activity carries higher
risk?

Calculate ES, EF, LS, LF, and TF for the following activities and determine the critical
path and project duration: A(2), B(3), C(4), D(6). Predecessors: A(-), B(-). C(A), D(A).
E(B, C).

A project has the critical path A-C-E with corresponding variances of 2, 4, and 3 days.
What is the Project Standard Deviation?

In the following table, calculate Tk for all activities and determine the Expected Project
Duration by finding the critical path.

Activity Predecessor (0] M P
A - 4 5 12
B - 1 2 3
C A 3 4 5
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UNIT-11
MATERIALS MANAGEMENT

Contents

11.1 Introduction
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11.8 Summary

11.9 Glossary

11.10 Reference/ Bibliography

11.11 Suggested Readings

11.12 Terminal & Model Questions

Learning Outcomes
Upon completion of this unit, the learner will be able to:

v Explain the core concepts, scope, and strategic objectives of Materials Management in
the context of cost control and operational efficiency.

v" Describe the crucial role of the Purchasing Function and apply the principles of the Five
'R's (Right Quality, Quantity, Time, Price, Source).

v Differentiate between the functions of Purchasing and Stores Management, outlining the
key responsibilities of each.

v' Analyze the importance of Material Identification systems, such as Codification, for
avoiding ambiguity and standardizing materials.

v Evaluate how Standardization, Simplification, and Variety Reduction serve as proactive
tools to reduce material costs and obsolescence.

v' Apply the concepts of ABC, VED, and FSN analysis to categorize and prioritize
inventory for customized managerial control.

v Calculate basic measures related to material stock levels and cost savings resulting from
improved process efficiency.

v Discuss the strategic implications of MM in building a resilient supply chain and
achieving corporate sustainability goals.
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11.1 INTRODUCTION

Materials Management (MM) represents a foundational pillar of Production and Operations
Management. It is defined as the process of strategically coordinating and controlling the
entire flow of materials, ranging from raw ingredients and components to supplies and
finished goods, throughout an organization’s lifecycle. Materials management encompasses
all activities from the initial planning stage right through to final acquisition and internal
utilization. The fundamental goal of this discipline is to ensure the right materials are
available at the right time, in the right quantity and quality, and critically, at the lowest
possible cost. For manufacturing, logistics, and service industries—especially those vital to
the Indian economy—effective materials management is not merely an administrative
function; it is a source of strategic advantage over competitors.

Materials management plays a vital role in managerial decision-making because it
functions as a crucial integrator, reconciling inherently conflicting organizational objectives.
For instance, the Marketing department typically aims to maintain high inventories to ensure
immediate customer service, which supports revenue generation. Conversely, the Finance
department seeks low inventory investment to minimize capital blockage and reduce
associated carrying costs. Historically, if individual departments optimized their own
performance (e.g., the Transportation department minimizing per-unit shipping costs by
ordering the largest possible shipment), the overall organizational objective often suffered
due to increased inventory carrying costs. Therefore, effective materials management is the
systematic discipline focused on establishing the optimal balance across these conflicting
goals. Its successful implementation ensures that customer service, production costs,
inventory investment, and distribution costs are managed collectively to maximize the
company’s total profitability and ensure operational stability. By taking a proactive approach
that begins with comprehensive planning and demand forecasting, materials management
moves an organization away from reactive purchasing and toward streamlined, cost-effective
operations.

11.2 THE CONCEPT AND SCOPE OF MATERIALS
MANAGEMENT

11.2.1. Definition and Key Components

Materials Management (MM) is formally defined as the comprehensive function responsible
for the planning and controlling of materials to ensure their readiness and availability when
required by the organization. It seeks to gain complete control over how materials—which
include raw materials, supplies, equipment, and finished goods—are handled, encompassing
planning, sourcing, purchasing, and ultimate utilization.

The scope of MM is extensive, integrating multiple organizational functions rather than just
handling inventory. Key components of materials management include material planning
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(demand forecasting), procurement, inventory control, quality control, warehousing, and
distribution. The size of the business often dictates the precise breadth of the MM scope.

11.2.2. Core Objectives and Strategic Importance

The ultimate goals of effective materials management are to achieve cost-effective operations
and maximize customer satisfaction. Several detailed objectives contribute to these
overarching goals:

1) Uninterrupted Flow of Materials: Providing essential materials precisely when and
where needed is perhaps the most critical operational objective. Failure to do so results
in costly production delays and service interruptions. A shortage of inputs during the
manufacturing process can cause the overall cost of production to increase sharply due
to idle time and missed targets.

2) Inventory Optimization: Managers must ensure that inventory levels are optimized,
meaning there is neither overstocking nor understocking. Maintaining low inventory
levels, relative to sales, means less working capital is tied up in stock, thereby
maximizing financial efficiency.

3) Reduced Procurement and Possession Costs: Through proper organization, strategic
sourcing, and streamlined processes, materials management significantly reduces the
expenditure related to acquisition, handling, and holding of materials.

4) Quality and Compliance Assurance: MM ensures that all procured materials meet the
necessary quality standards and regulatory requirements. This focus on material quality
directly supports the achievement of high-quality outcomes for the finished product.

When organizations effectively implement materials management strategies, they gain a
strong competitive advantage. This advantage stems from the discipline's ability to maintain
high business efficiency, boost profitability, and strengthen market competitiveness.

Effective materials management creates a substantial competitive position by improving
supply chain resilience and fostering strong supplier relationships. This is crucial in today's
unpredictable market environments. By implementing comprehensive strategies and
leveraging technology, businesses can continuously improve how they track, allocate, and
store materials. Furthermore, contemporary materials management often incorporates
sustainable practices and environmental considerations. By focusing on resource utilization
strategies and reducing waste, companies appeal to eco-conscious consumers, thereby
ensuring that cost control supports long-term corporate governance and sustainable growth.

Table 11.1. Strategic Objectives of Materials Management

Core Objective Description / Direct Impact on Business
Managerial Goal
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Uninterrupted Ensuring materials are | Prevents costly production delays and

Flow available exactly when | service interruptions, protecting output
and where needed. targets.

Cost- Procuring materials at the | Reduces procurement, possession, and

Effectiveness lowest possible total cost. | overall production costs, improving

margins.

Inventory Achieving ideal stock | Minimizes working capital tied up in

Optimization levels (avoiding | inventory and reduces carrying costs,
over/under-stocking). freeing up cash.

Quality Assurance | Ensuring materials meet | Supports regulatory compliance and
required standards before | guarantees high-quality final product
entering production. outcomes.

11.3 THE PURCHASING FUNCTION: THE FIVE 'R'S

11.3.1 Defining Procurement and its Link to MM

The Purchasing Function, or Procurement, is the essential activity of acquiring goods,
services, or works from external sources to meet the needs of the organization. It is a strategic
component of materials management, involving systematic planning, supplier identification,
negotiation of contracts, and the ongoing management of supplier relationships. The success
of any manufacturing operation is largely dependent on the strategic and efficient
procurement of the necessary inputs.

11.3.2 The Principles of Efficient Purchasing (The Five 'R's)

Efficient purchasing is governed by five key principles, often referred to as the Five 'R's.
Adhering to these principles helps minimize total inventory costs and maximizes
procurement effectiveness.

1) Right Quality: This ensures that the materials procured are suitable for their intended
purpose. Quality is determined using specifications and must preserve the integrity of
the final product.” Purchasing teams must understand the technical requirements to
prevent the acquisition of materials that are either unnecessarily expensive or inadequate
for the job.

2) Right Quantity: Determining the optimal quantity involves balancing the cost of
placing an order (ordering cost) with the cost of holding the inventory (carrying cost).
Techniques like Economic Order Quantity (EOQ) modeling are often used to determine
the quantity that minimizes these total costs.

3) Right Time: Materials must be available precisely when the production schedule
requires them. This is managed by monitoring stock levels and placing replenishment
orders when the stock reaches the reorder level, ensuring that materials arrive before a
stockout occurs.
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4) Right Price: This principle requires securing the most appropriate price through
competitive supplier comparisons, negotiation, and volume discounts. The goal is not
simply the lowest price, but the best overall value that accounts for quality and
reliability.

5) Right Source: This involves selecting reliable and capable suppliers who meet
performance, financial stability, and regulatory compliance standards. Establishing
strong supplier relationships is vital for a resilient supply chain.

The pursuit of the 'Right Price' necessitates a sophisticated approach that looks beyond the
simple unit cost. Cost reduction in procurement should not serve as a short-term fix but as a
long-term strategy for achieving sustainable efficiency and financial stability. This involves
adopting a strategic, organization-wide approach that includes renegotiating supplier
contracts, using technology like Al to streamline processes, and enforcing compliance to
prevent unauthorized or "maverick spend".

Furthermore, strategic purchasing departments focus heavily on cost avoidance. Cost
avoidance means preventing unnecessary expenses and mitigating risks before they
materialize, rather than only securing measurable cost savings on a transaction. By
maintaining quality and stability through strategic sourcing and rigorous risk management,
the procurement team ensures that initial price reductions do not lead to much higher hidden
costs down the line, such as scrap, rework, or production downtime. Both cost reduction and
cost avoidance together contribute to a more competitive and financially stable organization.

11.3.3. Overview of the Purchasing Procedure
The purchasing process generally involves a sequence of standardized steps:

1) Purchase Requisition: Initiated by the production or stores department when stock hits
the reorder level.

2) Defining Specifications: Checking technical requirements and quality standards for the
material required.

3) Supplier Selection and Tendering: Identifying potential sources, comparing
quotations, and evaluating supplier capability (Right Source, Right Price).

4) Issuing Purchase Order (PO): Formal instruction to the supplier containing all Five R
details.

5) Follow-up and Expediting: Tracking the order status to ensure delivery at the Right
Time.

6) Receipt and Inspection: Checking the incoming goods for quantity and quality
compliance upon arrival.

7) Invoice Clearance: Matching the purchase order, the goods receipt note, and the
invoice for final payment processing.
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11.4 STORES MANAGEMENT AND MATERIAL CONTROL

11.4.1. Role and Major Responsibilities of Stores Management

Stores management focuses on the physical aspect of material control—storekeeping.® Its
function is to ensure that all activities related to stock control and storekeeping are carried out
efficiently.

The major responsibilities of the stores function include:

e Receipt and Incoming Goods: This process involves checking, counting, and formally
accepting materials and parts arriving from vendors or internal production units.

e Inspection: Examination of incoming materials to confirm that they meet the required
quality standards and specifications. This work is often handled in conjunction with a
specialized Quality Control inspection department.

e Storage and Preservation: The core duty is to physically house materials safely. This
includes protecting stock from pilferage, theft, damage, deterioration, and fire. Proper
preservation techniques must be used to maintain the quality of stored materials.

o Identification of Materials: Systematically defining and describing all stock items,
which includes preparing a plan for stores codes and implementing standardization
measures.

e Material Handling: Safe and efficient movement of materials within the store and
factory, whether manual or mechanical. Different handling methods must be used for
heavy, fragile, flammable, or delicate items.

e Issue and Dispatch: Releasing materials to the production floor based on demand
requisitions or dispatching finished goods to customers.

11.4.2. Material Identification: Codification Systems

Codification is the process of assigning a unique identification code—usually
alphanumeric—to every single item used or stored by the organization. This system is
implemented to standardize item names and descriptions and to eliminate ambiguity across
departments.

Benefits of Effective Codification:

e Avoids Duplication: By assigning a unique code, managers can easily identify materials
already in stock, preventing duplicate ordering.

e Standardization and Simplification: It serves as a basis for grouping similar items,
which facilitates standardization efforts.
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e Improved Storage: Codes simplify identification, making materials easier to store and
track.

e Streamlined Accounting: Codification makes material accounting and inventory
auditing much more efficient.

Effective coding systems must be simple, unique, compact, and flexible enough to
accommodate future needs. Common types include numerical systems, alphabetical systems,
and mnemonic systems, which use letters as memory aids (e.g., 'SS' for stainless steel).
Colour coding is also used, particularly for items like electrical cables, to ensure immediate
visual identification.

Codification functions as the critical link connecting the physical world of inventory with the
organizational information technology (IT) infrastructure. Modern materials management
relies heavily on software, often through an Enterprise Resource Planning (ERP) system, to
function seamlessly. Without a standardized and unique code for every material that is
consistent across purchasing, warehousing, and production, IT systems cannot accurately
track stock levels or forecast demand. This absence of data integrity immediately
compromises the effectiveness of sophisticated management software, leading to significant
errors, unnecessary duplicate orders, and overall inefficient resource allocation. Thus, the
integrity of the codification system is paramount to maximizing the utility of a company’s
entire investment in information technology for materials management.

11.5 STANDARDIZATION, SIMPLIFICATION, AND VARIETY
REDUCTION

11.5.1 Standardization

Standardization is the process of fixing certain standards for quality, size, composition,
processes, or material specifications. The core purpose of standardization is to deliberately
limit the variety of items used or produced. This action helps eliminate wastage of labor,
money, and material, directly contributing to lower product costs.

Advantages of Standardization:

e Design Efficiency: The design department benefits from having fewer specifications,
drawings, and parts lists to prepare and issue.

e Resource Allocation: Less qualified personnel can handle routine design work, freeing
up experts for complex tasks.

e Procurement Power: By reducing variety, the volume purchased for the standardized
items increases, allowing the company to secure better quantity discounts.

e Quality Consistency: Standardized inputs ensure consistent quality in the final product.
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11.5.2 Simplification and Variety Reduction
The concept of simplification is closely linked to standardization.

e Simplification: This is the strategic process of reducing the variety of products
manufactured or the range of assemblies, parts, materials, and designs used internally.

e Variety Reduction: This is the managerial objective to reduce the total number of
unique stock items (SKUs) maintained by the organization.

Advantages of Simplification and Variety Reduction:

a) Lower Production Costs: Fewer parts and varieties mean simpler production
operations.!°

b) Inventory Control: Simplification directly reduces the necessary inventory, resulting in
better inventory control and lower carrying costs.

¢) Reduced Obsolescence: The risk of materials becoming technologically or functionally
outdated is reduced.

d) Improved Service: By focusing on fewer items, management can dedicate more
attention to critical stock, leading to fewer stockouts and improved customer service
levels.

¢) Lower Procurement Costs: Fewer purchase orders for a smaller range of items means
lower administrative procurement costs. The increased volume per item also leads to
better quantity discounts, reducing the unit cost of each item.

Standardization and Simplification are powerful strategic interventions because they achieve
sustained, proactive cost reduction. Unlike traditional inventory control which reacts to
existing stock problems, these techniques eliminate the root causes of complexity and cost—
excessive variety—at the design and planning stages. By changing the specifications of
materials used, the organization permanently minimizes the need to purchase, store, and
manage redundant items. This strategy minimizes the administrative overhead and logistical
complexity associated with managing a vast diversity of stock, thereby ensuring that
efficiency gains and cost reductions are sustainable and improve long-term profitability.

11.6 INTRODUCTION TO INVENTORY CLASSIFICATION
TECHNIQUES

Organizations often manage thousands of different stock keeping units (SKUs). Treating all
these items with the same level of managerial control would be inefficient. Inventory
classification techniques categorize stock based on different parameters—financial value,

Unit 11 Materials Management Page 159



BBA(N) 604 Production and Operations Management Uttarakhand Open University

operational criticality, or usage rate—to optimize warehouse efficiency and prioritize
managerial attention.

11.6.1. ABC Analysis: Always Better Control (Value Based)

ABC analysis classifies inventory based on its annual consumption value (monetary
significance). This method is rooted in the Pareto Principle (the 80/20 rule), which often
suggests that approximately 20% of the items account for 80% of the total inventory value.

e A-Class Items (High Value): These are the high-value items that consume the largest
portion of capital investment (e.g., 70-80% of value, 10-20% of items). They require the
tightest control, highly accurate demand forecasting, and frequent monitoring.

e B-Class Items (Medium Value): These require moderate control and regular
monitoring.

e (C-Class Items (Low Value): These constitute the majority of items by count (e.g., 50-
60% of items) but represent a small portion of the total value (e.g., 5-10%). They require
the most relaxed control systems.

11.6.2 VED Analysis: Vital, Essential, Desirable (Criticality Based)

VED analysis classifies items based on their operational criticality—that is, their impact on
the organization’s system functionality if they are suddenly unavailable. This technique is
particularly important for maintenance, repair, and operating (MRO) supplies, especially in
industries like healthcare or power generation.

e V (Vital): Items whose stockout causes an immediate and critical production halt or
service disruption (e.g., a critical spare part or primary raw material). These items must
always be in stock, requiring high safety stock levels.

e E (Essential): Items whose stockout causes temporary disruption or operational
slowdown, but which can be managed with minor adjustments or quick alternatives.
Moderate stock levels are maintained.

e D (Desirable): Items whose stockout causes no major disruption to operations (e.g.,
general office supplies). Minimal stock can be maintained.

11.6.3 FSN Analysis: Fast, Normal, Slow Moving (Usage Based)

FSN analysis classifies items based on their consumption rate and the frequency with which
they are issued or used.

e F (Fast Moving): Items with high consumption rates and frequent issues. These should
be stored in easily accessible locations.

e N (Normal Moving): Items with regular but moderate consumption.
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e S (Slow Moving): Items with low consumption rates or infrequent usage. These should
be reviewed periodically for potential obsolescence to prevent unnecessary capital
blockage.

The primary purpose of FSN analysis is to optimize inventory levels and improve storage
management strategies. It guides decisions on storage layout (placing Fast items near picking
points), helps in capital management, and supports efficient identification of potentially
obsolete stock.

Table 2: Key Inventory Classification Techniques Comparison

Technique Classification Focus of Primary Management Policy
Basis Control

ABC Annual Financial Focus tight control on 'A' items;
Analysis Consumption investment and | highly accurate demand forecasting

Value (Monetary) | accountability. and strict purchasing oversight.

VED Operational Assuring system High safety stock for 'V' (Vital)

Analysis Criticality/ availability and items; strict technical inspection

Vitality zero downtime. protocols.
FSN Usage Rate/ Replenishment | Frequent review for 'F' items; active
Analysis Movement intervals and strategy for disposal/write-off of 'S'
Frequency storage items.
arrangement.

11.6.4 Hybrid Classification: The Matrix Approach

While individual analyses offer specific advantages, modern inventory control often
combines them to create a hybrid classification, such as the ABC-VED matrix. This is
necessary because reliance on a single classification can be misleading. For instance, an item
may be classified as C-class (low financial value) but simultaneously be Vital (V) to
operations (CV). If this low-cost, vital item runs out, production halts, causing massive
financial losses despite the item's negligible cost.

The matrix approach generates nine sub-categories (AV, AE, AD, BV, BE, BD, CV, CE,
CD), allowing for the implementation of differentiated managerial control policies.

For example, for CV items (Low Value, Vital), the policy must be dictated by criticality: high
safety stock and tight availability control are mandated, despite the low financial oversight
needed. Conversely, for AD items (High Value, Desirable), the policy must focus on
financial control (accurate tracking, negotiation) but can accept a lower safety stock level
since a stockout would not immediately halt the entire operation.
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The implementation of the hybrid classification system yields significant operational
improvements. By identifying which items require continuous availability (V items) and
which move quickly (F items), management can optimize the physical layout of the
warehouse. This involves prioritizing storage locations (creating a "pick-face" plan) so that
frequently accessed or critical items are placed in easily reachable areas. This optimization
drastically minimizes the time and labor cost associated with the internal logistics of put-
away, picking, and packing, directly contributing to lower operational costs and supporting
the organization’s profitability objectives.

11.7 ILLUSTRATIVE EXAMPLES / APPLICATIONS

11.7.1 Real-Life Application: Materials Management in Indian Industry

Materials management is recognized as a major concern for the profitability of any large
industrial organization in India, particularly due to the prevalence of high inventory levels
and the need for efficient procurement processes within a complex business environment.

Case of an Indian Petroleum Refinery:

A study conducted on an Indian petroleum refinery highlighted the need for radical
improvement in its materials management function. The refinery implemented Business
Process Re-engineering (BPR) focusing on two critical areas: "materials planning and
procurement" and "warehousing and surplus disposal”.

The BPR exercise involved a detailed analysis of the existing processes, identifying key
inefficiencies (such as outdated planning methods and slow procurement), and developing re-
engineered processes based on customer value analysis. This strategic intervention required
the application of modern Information Technology tools and the use of analytical
frameworks, such as a vendor selection model. The successful integration of technology and
revised processes demonstrates that continuous strategic re-evaluation and modernization are
essential for large-scale Indian industries to maintain cost competitiveness and operational
excellence.

Example in Cement Manufacturing:

Similarly, cement manufacturing companies in India, such as Ambuja Cement, Ultratech
Cement, and ACC Cement, constantly evaluate their material management practices. They
conduct research to compare their current methods with popular, scientifically proven
management techniques. The objective is always to implement materials management with
optimum utilization, ensuring high efficiency and increased profitability, showcasing a
widespread industry focus on minimizing material waste and maximizing resource flow.
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11.7.2 Numerical Illustration 1: Calculating Cost Savings from Quality Improvement
(Scrap Reduction)

Improving the quality of manufacturing processes or incoming materials directly reduces
scrap and rework costs, resulting in measurable cost savings.

Scenario: A component manufacturing unit in Pune, Maharashtra, aims to reduce defects.
The performance measure used is the First Time Through (FTT) rate, which tracks how often
a product passes quality checks without needing rework.

e Annual scrap cost (cost incurred due to waste): X 35,00,000
e Current First Time Through (FTT) Rate: 75%
e Target FTT Rate (Improved efficiency): 85%

Step 1: Calculate the percentage increase in FTT efficiency.

Improvement in First-Time-Through (FTT) = 85% — 75% = 10%

10%

% 100 ~ 13.33%
75% ’

Relative Increase in FTT =

Step 2: Calculate the Annual Actual Cost Savings (Scrap Reduction).

Annual Cost Savings = Annual Scrap Cost x Relative Increase in Efficiency
Annual Cost Savings = ¥ 35,00,000 x 0.1333
Annual Cost Savings ~ ¥ 4,66,550

By improving the internal quality process, the company expects to save approximately
4,66,550 annually just by reducing scrap material.

11.7.3 Numerical Illustration 2: Determining Maximum and Minimum Stock Levels

Materials managers must establish clear control levels to signal when to reorder and when
stock is excessive. The Minimum Level and Maximum Level are crucial guides for the
storekeeper.

Data Provided for Component B (used in bicycle manufacturing):
e Reorder Level (RL) =300 units (The level at which a new order is placed)
e Reorder Quantity (RQ) = 600 units (The quantity ordered)
e Minimum Consumption per week = 25 units

e Maximum Consumption per week = 50 units
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e Minimum Lead Time (Time to get supplies) = 2 weeks
e Maximum Lead Time = 3 weeks
(1). Calculate Minimum Stock Level (Safety Stock):

The minimum level represents the stock that should be held to cover consumption during the
worst possible scenario (maximum consumption during maximum lead time) after the order
is placed.

Minimum Stock Level = Reorder Level (RL) - (Maximum Consumption per week x
Maximum Lead Time)

Minimum Stock Level = 300 units - (50 units/week x 3 weeks)
Minimum Stock Level =300 - 150 = 150 units
(2). Calculate Maximum Stock Level:

The maximum level represents the highest stock permissible to avoid excessive capital
blockage and carrying costs.

Maximum Stock Level = Reorder Level (RL) + Reorder Quantity (RQ) - (Minimum
Consumption per week x Minimum Lead Time)

Maximum Stock Level = 300 units + 600 units - (25 units/week x 2 weeks)
Maximum Stock Level =900 - 50 = 850 units

Managerial Takeaway: The storekeeper now has defined boundaries: if the stock falls
below 150 units, it is in the danger zone, requiring urgent attention. If the stock exceeds 850
units, the material planning department must be notified to review future procurement
schedules to prevent unnecessary overstocking.

: ~ Check Your Progress-A

I
Q1. What is meant by Materials Management?

Q2. What is ABC analysis?
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11.8 SUMMARY

Materials Management is a vital component of Production and Operations Management that
focuses on planning, sourcing, storing, and controlling materials to ensure smooth and cost-
effective operations. The primary objective of materials management is to make available the
right quality and quantity of materials at the right time, from the right source, and at the right
price. By coordinating purchasing, inventory control, stores management, and material
handling, it helps organizations balance conflicting objectives such as customer service,
production efficiency, and inventory investment. The unit explains the scope and importance
of materials management, highlighting its role in cost control, operational efficiency, and
supply chain resilience. The purchasing function is discussed in detail through the Five ‘R’s,
which guide efficient procurement practices. Stores management ensures proper receipt,
inspection, storage, preservation, and issue of materials, while material identification through
codification helps standardize items and avoid duplication. The concepts of standardization,
simplification, and variety reduction are presented as proactive tools for reducing material
costs and minimizing obsolescence. Inventory classification techniques such as ABC, VED,
and FSN analysis are explained to show how materials can be prioritized based on value,
criticality, and usage. Overall, effective materials management enhances productivity,
reduces waste, improves financial performance, and supports sustainable organizational
growth.

|

\oc,‘;" 11.9 GLOSSARY

P>~ <
@ < Materials Management (MM): The systematic control of all activities

related to the flow of materials from raw stage to usage.
Procurement: The strategic function encompassing sourcing, supplier selection,

0’0

contract negotiation, and purchasing.

The Five 'R's: The basic principles of efficient purchasing: Right Quality, Quantity,

Time, Price, and Source.

% Cost Avoidance: Measures taken to prevent future unnecessary costs or expenses, often
through risk mitigation and policy compliance.

% Stores Management: The aspect of material control concerned with the physical
storage and custody of goods.

% Codification: Assigning a unique code to each material item to standardize

R/
0.0

identification and prevent ambiguity.

% Standardization: Establishing fixed specifications or standards for materials, processes,
or quality to reduce variety and waste.

% Simplification: The process of reducing the variety of products, parts, or materials used
by the organization.
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ABC Analysis: An inventory classification technique based on the annual consumption
value of items (Always Better Control).

VED Analysis: An inventory classification technique based on the operational criticality
of items (Vital, Essential, Desirable).

FSN Analysis: An inventory classification technique based on the usage frequency or
consumption rate of items (Fast, Normal, Slow Moving).

Carrying Costs: The costs associated with holding inventory, including storage,
insurance, capital blockage, and obsolescence.

Maverick Spend: Purchases made outside of agreed-upon procurement policies or
contracts.

Reorder Level (RL): The stock level at which a new purchase order must be placed to
ensure materials arrive on time.
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?-‘, 11.12 TERMINAL QUESTIONS

1) Define Materials Management and explain its scope and strategic importance in
Production and Operations Management.

2) Explain the Five ‘R’s of efficient purchasing and discuss their role in achieving cost-
effectiveness in procurement.

3) Describe the major functions and responsibilities of Stores Management in an
industrial organization.

4) Explain the concept of material codification and discuss its importance in effective
materials control.

5) Discuss the role of standardization, simplification, and variety reduction in
minimizing material costs.

6) Explain ABC, VED, and FSN inventory classification techniques and state the basis
of classification for each.

7) What is the ABC-VED matrix? Explain how hybrid classification helps in better
inventory control.

8) Discuss how materials management helps in balancing customer service, production
costs, inventory investment, and distribution costs.

9) Explain the importance of inventory control levels such as reorder level, minimum
level, and maximum level.

10) Describe the role of materials management in improving supply chain efficiency and
organizational competitiveness.

11) A company's annual consumption value is X 10,00,000. It observes that 15% of its 500
total stock items account for 75% of the total consumption value. Identify the quantity
of A-class items and the consumption value of B- and C-class items combined.

12) A firm currently incurs an annual scrap cost of I 20,00,000. Their current
manufacturing efficiency (FTT rate) is 80%. If they implement new quality control
measures and improve the FTT rate to 88%, calculate the annual cost savings
achieved through scrap reduction. (Hint: Use the relative percentage increase in
efficiency).

13) Component K has a Reorder Level (RL) of 450 units and a Reorder Quantity (RQ) of
400 units. Daily minimum consumption is 25 units, and maximum consumption is 50
units. The minimum lead time is 4 weeks, and the maximum lead time is 5 weeks.
Calculate the Minimum Stock Level for Component K.
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14) If a company's average materials inventory is X 2,50,000 and they improve their Days
of Inventory (DOI) from 90 days to 60 days, calculate the percentage improvement in
DOI. (Hint: Calculate percentage improvement by dividing the reduction in days by
the original DOI).
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UNIT-12
MATERIALS PLANNING AND CONTROL

Contents

12.1 Introduction

12.2 Foundations of Materials Planning and Control

12.3 Materials Planning System: Material Requirements Planning (MRP)

12.4 Strategic Materials Control Techniques (Non-Quantitative)

12.5 Advanced Material Systems and Integration

12.6 Quantitative Control Techniques

12.7 llustrative Examples / Applications

12.8 Summary

12.9 Glossary

12.10 Reference/ Bibliography
12.11 Suggested Readings

12.12 Terminal & Model Questions

Learning Outcomes

Upon successful completion of this unit, you will be able to:

Explain the fundamental difference between materials planning and materials control in
the context of production management.

Describe the key objectives and organizational scope of an effective materials planning
and control system.

Analyze the crucial inputs required for the Material Requirements Planning (MRP)
system, including the Master Production Schedule (MPS) and the Bill of Materials
(BOM).

Apply the step-by-step processing logic of MRP, including the determination of gross
and net requirements.

Differentiate and evaluate various strategic, non-quantitative materials control
techniques such as Standardization, Simplification, and Codification.

Calculate important quantitative control parameters, including Re-order Level,
Minimum Level, and Economic Order Quantity (EOQ).

Assess the role and challenges of advanced systems like Just-in-Time (JIT) and
Enterprise Resource Planning (ERP) in optimizing materials flow, especially within the
Indian business context.
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12.1 INTRODUCTION

Materials form the lifeline of any manufacturing or production organization. In the context of
production and operations management, "materials" encompass raw goods, components, sub-
assemblies, spare parts, and finished products held in inventory. For many organizations,
particularly those in the manufacturing sector in India, the cost of materials often constitutes
the largest percentage of the total product cost. Therefore, the efficient handling, movement,
and utilization of materials directly impact the profitability and competitiveness of the
business. This unit focuses on Materials Planning and Materials Control, which are the two
critical pillars of effective Materials Management. Materials Planning is the proactive
function; it involves determining the type, quantity, and precise timing of materials required
to meet forecasted production goals. This involves looking ahead, analyzing demand, and
structuring the production process. Conversely, Materials Control is the execution and
regulatory function. It ensures that the planned materials are acquired, stored, and consumed
efficiently, optimizing stock levels and minimizing waste. Effective materials management is
crucial for managerial decision-making because it directly influences cash flow, resource
utilization, and customer satisfaction. If a company fails in planning, it may face stockouts,
resulting in missed orders and damaged customer trust. If it fails in control, it may incur
excessive inventory carrying costs, tying up valuable capital. By studying this unit, you, as a
future manager, will gain the necessary tools—from sophisticated systems like Material
Requirements Planning (MRP) to fundamental techniques like Standardization and Just-in-
Time (JIT)—to strike the vital balance between material availability and cost containment.

12.2 FOUNDATIONS OF MATERIALS PLANNING AND
CONTROL

Materials planning and control are inextricably linked, yet they serve distinct purposes within
the supply chain. Together, they aim to achieve uninterrupted production flow and optimum
resource utilization.

12.2.1 Materials Planning: Definition and Objectives

Materials planning involves looking forward to anticipate future needs. It is essentially the
process of accurately determining what specific materials, components, and raw goods are
needed, in what precise quantities, and exactly when they must be available at the production
site to match anticipated demand.

Key Objectives of Materials Planning:

1) Ensuring Timely Availability: The primary goal is to ensure that materials arrive just
when they are needed for production, thus preventing stockouts and avoiding costly
production delays.
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2) Optimizing Procurement: By knowing future requirements precisely, planning
facilitates efficient purchasing. This allows the procurement team to negotiate better
volume discounts and reduce procurement errors.

3) Minimizing Waste and Obsolescence: Accurate planning reduces the risk of
overstocking, which, in turn, minimizes carrying costs and reduces the chance of
materials becoming outdated or obsolete before use.

4) Capacity Matching: Planning makes certain that the anticipated capacity utilization
matches the forecasted demand, utilizing resources like machinery, labour, and raw
materials efficiently.

12.2.2 Materials Control: Definition and Objectives

Materials Control is the set of mechanisms and procedures used to regulate the physical flow,
storage, and consumption of materials after the planning stage is complete. While planning
deals with what is needed, control deals with how efficiently it is managed, tracked, and
utilized. Materials controllers coordinate the movement of goods between different
departments and ensure operations follow established company and industry regulations.

Key Objectives of Materials Control:

1) Stock Optimization: Maintaining stock levels at a point that balances the cost of
holding inventory (storage, insurance) against the cost of running out (stockouts,
production halts).

2) Cost Reduction and Cost Control: By reducing setup time, minimizing idle time on
machines, and preventing duplicate purchases, control systems actively facilitate cost
management.

3) Quality Assurance: Ensuring that the purchased materials meet the specified quality
standards before they enter the production process.

4) Coordination and Flow Management: Coordinating with departments like sales,
production, and order management to ensure an uninterrupted flow of materials and
products.

12.2.3 Differentiation between Materials Planning and Control

While intertwined, planning sets the strategy, and control executes it. The efficiency of
control is fundamentally limited by the accuracy of the planning.! If the underlying materials
plan (based on demand forecasts) is deeply flawed, the control function—no matter how
efficiently it manages inventory—will still be optimizing the wrong actions.

Table 12.1: Distinction between Materials Planning and Control

Feature Materials Planning Materials Control

Nature of Activity | Proactive, strategic Reactive/ Regulatory,
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operational
Focus Area Future requirements (What, | Execution, utilization,
When, How Much) stock levels
Core Tool Material Requirements | Inventory Models (EOQ,
Planning (MRP) Stock Levels), JIT
Main Goal Determining demand and | Optimizing costs and
scheduling requirements minimizing waste

12.3 MATERIALS PLANNING SYSTEM: MATERIAL
REQUIREMENTS PLANNING (MRP)

Material Requirements Planning (MRP) is the backbone of materials planning in modern
manufacturing. It is a systematic, often software-based, approach designed to manage
inventory, production, and scheduling for manufacturing operations.

12.3.1 Core Concept and Benefits of MRP

MRP calculates the materials and components needed to produce a finished product, ensuring
their availability at the correct time and in the right quantities.

MRP answers three fundamental questions for management:
1) What materials are needed?
2) How much of each material is needed?
3) When are they needed?
By answering these questions proactively, MRP achieves several objectives:

e Inventory Optimisation: It allows the business to maintain minimal inventory levels,
reducing carrying costs while ensuring that stockouts are avoided.

o Production Efficiency: Accurate scheduling reduces idle time for workers and
machinery, thereby increasing overall output.

e Cost Reduction: By aligning procurement activities closely with production needs,
MRP helps minimize material and labour costs.

e Timely Delivery: Timely availability of all necessary components ensures quicker order
fulfillment, improving customer satisfaction.

12.3.2 Key Inputs to the MRP System

MRP integrates data from several sources to make its calculations. The reliability of the
entire system hinges on the accuracy and currency of these input files. The process requires
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robust internal data management because reliance on inaccurate data will lead to incorrect
orders, delays, and wasted resources.

(1). Master Production Schedule (MPS): The MPS is the key input detailing the quantity of
finished products and when they are planned to be produced over a specific period (the
planning horizon). It is built upon customer orders and sales forecasts. The MPS essentially
quantifies the total demand that the MRP system must satisfy.

(2). Bill of Materials (BOM): The BOM, sometimes called the product structure, is a
comprehensive, hierarchical list of all raw materials, components, and sub-assemblies
required to manufacture a single unit of the final product. It specifies the quantity of each
material needed and defines the structural relationship between parts and assemblies.
Engineers are typically responsible for creating and maintaining the BOM, and its accuracy is
paramount for determining precise material requirements.

(3). Inventory Status File (ISF): The ISF provides real-time data on material availability. It
details:

e Current stock levels (on-hand inventory).
e Materials already on order (scheduled receipts).
e Lead times (the time required to receive materials after placing an order).

Table 12.2: Key Inputs to the Material Requirements Planning (MRP) System

MREP Input File Purpose Data Contained
Master Production | Defines What and When the | Finished goods quantities and
Schedule (MPS) final product is needed required completion dates.

(Demand).
Bill of Materials Defines the Structure of the List of all components, sub-
(BOM) product (What goes into it). | assemblies, and quantities per
unit.
Inventory Status Defines the Availability On-hand stock, materials on
File (ISF) (What stock is already order, and component lead
present). times.

12.3.3 The MRP Processing Logic (Gross to Net)

The MRP process translates the finished product requirements (from MPS) into time-phased
requirements for every single component and raw material, working backward from the
delivery due date. This process is often called explosion and time-phasing.

Steps in MRP Processing:
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1) Determine Gross Requirements (Total Need): The system first takes the final product
quantity required by the MPS for a given period (e.g., 100 motorcycles needed in Week
8). This is the Gross Requirement.

2) Explode the Bill of Materials: The gross requirement is broken down through the
BOM hierarchy. For example, if 100 motorcycles need 200 wheels, the gross
requirement for wheels is 200. This process continues down to the lowest level of raw
materials.

3) Determine Net Requirements (Actual Order): This is the core calculation. The system
takes the Gross Requirement and subtracts the material already available in the
inventory (ISF).

Net Requirements = Gross Requirements - Available Inventory

This calculation determines the exact quantity of material that must be ordered or
produced internally.

4) Time-Phasing (Scheduling Planned Orders): The system then determines when the
order must be placed, not when the material is needed. It works backward from the
required arrival date using the component's lead time (e.g., if a component is needed in
Week 5 and its lead time is 3 weeks, the Planned Order Release must happen in Week
2).

The MRP output consists of the detailed schedule of when to release planned orders
(purchase orders or internal production orders) and the necessary quantities to ensure the
MPS is met.

12.4 STRATEGIC MATERIALS CONTROL TECHNIQUES
(NON-QUANTITATIVE)

While quantitative tools like MRP and EOQ focus on when and how much to order, several
strategic, non-quantitative techniques provide structural improvements to materials
management by simplifying the entire operations landscape. These techniques are critical
because they reduce complexity, which inherently lowers costs and improves quality over the
long term.

12.4.1 Standardization

Standardization is the process of establishing fixed standards or units of measure for the
quality, size, performance, and extent of materials, tools, equipment, or processes.

Impact and Benefits:

By setting a standard, a company reduces the number of unique items it handles. For
example, agreeing to use only bolts with "8 threads per inch length for a 1-inch diameter rod"
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ensures that all manufacturers and maintenance teams understand the specification without
confusion.

e Interchangeability: Standardized components can be used across different products or
machines, simplifying maintenance and spare parts inventory.

e Quality Improvement: Standardization allows for better control over material
properties and performance characteristics, which ensures the final product meets
desired quality standards (e.g., standardized titanium alloys for aircraft components
ensures high strength).

e Reduced Design Work: Design departments spend less time preparing new
specifications and drawings, allowing more focus on improving established designs.

12.4.2 Simplification and Variety Reduction

Simplification involves reducing the overall variety, types, grades, and sizes of materials or
finished products currently in use or being manufactured. It often goes hand-in-hand with
standardization.

Strategic Impact on Cost and Efficiency:

Variety reduction is immensely powerful for cost control. If an organization finds that 100
different parts can be rationalized into just 1 standardized part, the inventory required can be
drastically reduced.

e Inventory Cost Reduction: Even reducing variety from two items to one can cut down
inventory and associated costs by 30%. Less variety means less capital tied up, lower
storage costs, and reduced risk of obsolescence.

e Improved Procurement: Fewer items mean larger purchase volumes for the remaining
items. This enables the company to secure better quantity discounts, significantly
lowering the unit cost of procurement.

e Better Service and Focus: With fewer items, the purchasing and inventory teams can
give more personalized attention to the critical components, reducing stockouts and
improving the service level.

12.4.3 Codification and Material Specification
Codification:

Codification is the process of assigning a unique identification code (often numerical or
alphanumeric) to every item held in inventory. This is crucial for efficient data management,
especially in automated systems.

o Benefits: Codification ensures uniformity in material identification, minimizing
discrepancies and miscommunication across departments. It streamlines inventory
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management by enhancing the tracking of stock levels, which is a prerequisite for
optimized inventory control.

Material Specification:

Material specifications are detailed written descriptions outlining the exact properties,
composition, dimensions, and performance characteristics that materials must meet.

e Ensuring Safety and Quality: Clear specifications are vital in industries where material
failure can cause significant harm (e.g., specifying materials for brake components in the
automotive industry to ensure reliability).

e Supplier Relationships: Detailed specifications facilitate clear communication and set
non-negotiable expectations with suppliers, leading to improved material quality and
reduced supply chain delays.

12.5 ADVANCED MATERIAL SYSTEMS AND INTEGRATION

12.5.1 Just-in-Time (JIT) Philosophy

The Just-in-Time (JIT) system is a management philosophy that dictates producing and
delivering exactly what is needed, in the exact quantity, and at the right time, whether the
'customer’ is the final purchaser or the next process on the production line.

Core Principle: Waste Elimination

JIT is fundamentally centered on eliminating all forms of waste (or muda). The seven classic
types of waste include overproduction, waiting time, transportation, processing, inventory,
motion, and defects. By striving for continuous improvement (Kaizen), JIT creates a lean,
flexible production system.

Key Elements of JIT:

e Pull System (Kanban): Instead of pushing materials through production based on a
schedule (like MRP), JIT uses a pull system where production or material ordering is
triggered only when the subsequent stage signals a need. Kanban cards are a simple tool
used to "pull" products through the process.

e Small Batch Sizes: The ideal batch size in JIT is one item, which increases flexibility
and allows rapid changeovers.

e Quality at Source: Every worker is made responsible for the quality of their own
output, preventing defects from moving downstream.
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Challenges and Implementation in India:

JIT production is a zero-buffer system. While eliminating inventory buffers saves significant
storage and holding costs and improves cash flow, it makes the production system highly
sensitive to disruptions.

For Indian industries, the successful implementation of JIT often requires significant
modification to procedures and culture. The common challenges include:

1) Infrastructure Instability: Issues like transportation delays (due to logistics) or power
supply disruptions can immediately halt the entire production line when buffers are
eliminated.

2) Supplier Reliability: JIT demands extremely reliable suppliers who can deliver small
quantities frequently and guarantee quality. Building this high level of trust and
performance takes time and structural commitment.

Many Indian manufacturers adopt JIT elements (like continuous improvement and quality
control) while maintaining strategic minimum safety stocks to buffer against the inherent
uncertainties of the local supply environment.

12.5.2 Enterprise Resource Planning (ERP) Integration

Enterprise Resource Planning (ERP) systems are integrated software solutions that streamline
and automate operations across various departments—including finance, HR, sales, and
manufacturing. MRP often functions as a core manufacturing module within a larger ERP
system.

The Role of ERP in Materials Management:

ERP integration moves materials management from an isolated function to a strategic,
responsive operation.

o Centralized Data: ERP centralizes data from sales, inventory, and manufacturing
systems, providing relevant parties with real-time access to information.

e Optimizing the Flow: By integrating the Materials Planning (MRP) calculations with
sales orders (demand) and financial management (cost tracking), ERP optimizes the
entire order management and fulfillment process.

e Faster Response to Issues: If a delay occurs in the manufacturing phase or a shipping
delay is anticipated, an integrated ERP system can automatically alert inventory teams,
customers, and business management, allowing for proactive adjustments. This shift in
capability transforms materials management by focusing on optimizing the performance
of the entire supply chain, rather than just optimizing individual inventory levels.
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12.6 QUANTITATIVE CONTROL TECHNIQUES

Quantitative techniques are mathematical tools used to determine the exact quantity and
timing of material orders, minimizing costs associated with ordering and holding inventory.

12.6.1 Stock Levels

To prevent both overstocking and stockouts, managers establish specific operational stock
levels for all key materials.

1) Re-order Level (ROL): This is the level of stock at which a new order must be placed.
It ensures that the new stock arrives before the existing stock drops to zero, considering
the maximum lead time (delivery period) and maximum consumption rate.

Re-order Level = Maximum Consumption x Maximum Re-order Period

2) Minimum Level (Safety Stock): This is the lowest acceptable stock level. This buffer
stock is maintained to protect against unforeseen delays in delivery or sudden spikes in
usage. Production should never fall below this level.

Minimum Level = Re-order Level — (Normal Consumption x Normal Re-order Period)

3) Maximum Level: This is the highest quantity of stock a company should hold. It
prevents overstocking, which ties up excessive capital and incurs high carrying costs.
Maximum Level = Re-order Level + Re-order Quantity - (Minimum Consumption x
Minimum Re-order Period)

4) Average Stock Level: This is simply the average inventory held over a period.

(Minimum Level + Maximum Level)

b =

Average Stock Level =
or

1
Average Stock Level = Minimum Level + _ (Re-order Quantity)

12.6.2 Economic Order Quantity (EOQ)

The Economic Order Quantity (EOQ) is the precise quantity of material to be ordered in a
single batch to minimize the total annual inventory cost. The total inventory cost comprises
two main components that move in opposite directions:

1) Ordering Cost: The cost associated with placing and receiving an order (e.g.,
administrative expenses, transportation). This cost decreases as the order size increases
(fewer orders are placed).

2) Carrying Cost (Holding Cost): The cost of holding inventory (e.g., storage, insurance,
obsolescence, interest on capital tied up). This cost increases as the order size increases.
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EOQ finds the ideal order size where these two opposing costs are minimized and equal.

The EOQ Formula:
Economic Order Quantity (EOQ) = W
Where:

e A = Annual Consumption (or Annual Demand) in units.
e O =Cost of Placing One Order (Ordering Cost).
e C = Annual Cost of Carrying One Unit in Inventory (Carrying Cost).

If C is given as a percentage of the unit cost, then:

Carrying Cost per Unit (C) = Unit Cost x Carrying Cost Percentage

12.7 ILLUSTRATIVE EXAMPLES / APPLICATIONS

12.7.1 Numerical Application 1: Calculating Stock Levels

Consider a manufacturing company, Vimal Engineering Pvt. Ltd., which uses a critical
component 'ZYP' in its heavy machinery production. The following data is available:

Usage/ Quantity Value
Normal Usage 50 units per week
Minimum Usage 25 units per week
Maximum Usage 75 units per week
Re-order Quantity (EOQ) 300 units
Re-order Period (Lead Time) 4 to 6 weeks

Objective: Calculate the Re-order Level (ROL), Maximum Level, and Minimum Level for
component 'ZYP".

Solution:
1. Calculation of Re-order Level (ROL)

The ROL ensures stock is ordered at a point where it is certain to arrive before a stockout,
requiring the most extreme usage scenario (Maximum Usage and Maximum Lead Time).

Re-order Level = Maximum Consumption x Maximum Re-order Period

Re-order Level = 75 units/week x 6 weeks

Unit 12 Materials Planning and Control Page 179



BBA(N) 604 Production and Operations Management Uttarakhand Open University

Re-order Level =450 Units
2. Calculation of Minimum Level (Safety Stock)

The Minimum Level protects against normal fluctuations. It requires the ROL minus the
expected consumption during the normal lead time. The Average Re-order Period is
calculated as (4 + 6) / 2 = 5 weeks.

Minimum Level = ROL - (Normal Consumption x Average Re-order Period)

Minimum Stock Level = 450 units — (50 units/week x 5 weeks)

Minimum Stock Level = 450 — 250 = 200 units

3. Calculation of Maximum Level

The Maximum Level determines the highest safe inventory limit. It is calculated based on the
assumption that the new order arrives when stock is at its lowest possible point (Minimum
Consumption $\times$ Minimum Lead Time).

Maximum Level = ROL + Re-order Quantity - (Minimum Consumption x Minimum Re-
order Period)

Maximum Stock Level = 450 units + 300 units — (25 units/week x 4 weeks)
Maximum Stock Level = 750 — 100 = 650 units
Interpretation: Vimal Engineering must place an order when the stock drops to 450 units. If
everything runs smoothly, the stock should fluctuate between a minimum of 200 units and a

maximum of 650 units. The 200 units serve as the vital safety stock to ensure continuity of
production.

12.7.2 Numerical Application 2: Economic Order Quantity (EOQ)

ABC Electronics Ltd., a manufacturer of electrical components in Pune, requires 6,400 units
of a specific relay switch annually. The cost of placing one order (O) is X75. The unit cost of
the relay switch is 36, and the annual inventory carrying cost percentage is 25% of the unit
cost.

Objective: Determine the EOQ (optimal order size).
Solution:

We use the standard EOQ formula:
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[2x A
Economic Order Quantity (EOQ) = XTXO

Step 1: Identify and Calculate Variables
e Annual Demand (A) = 6,400 units
e Ordering Cost (O) =75 per order
e Carrying Cost (C) = Unit Cost x Carrying Cost Percentage
C=36x25% =36 x 0.25=31.50 per unit per year

Step 2: Apply the EOQ Formula

2xAx0
FE =\ —F
oQ C

2 x6,400 x 75
bog - [ ZEOTS
@= 1.50

960,000

EOQ = . ’50 = /640,000

‘EOQ — 800 units‘

Step 3: Calculate Related Metrics

e Number of orders per year:

Annual Demand 6,400
EOQ 800

Number of Orders = = ‘ 8 orders per year

e Time between two consecutive orders (in months):

12 months 12
Ti Bet Ord = =_—=|1. ths
tme between Lrders Number of Orders 8

Interpretation: ABC Electronics should place 8 orders per year, with each order consisting
of 800 relay switches, placed every 1.5 months, to minimize their combined ordering and
inventory holding costs.

12.7.3 Indian Business Application: ERP Success in Manufacturing

In the dynamic environment of Indian manufacturing, particularly among mid-sized
enterprises, real-time materials planning and inventory tracking have become vital for
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maintaining competitiveness. A mid-sized Indian electronics manufacturer, for example,
previously relied on manual methods, like spreadsheets, to manage their production schedules
and track components. This administrative delay caused frequent stock shortages and
unpredictable production flow. By implementing an integrated Enterprise Resource Planning
(ERP) system, the company achieved the following critical improvements in materials
planning and control:

1) Automated Planning and Integration: The ERP system automated the MRP
calculations, instantly factoring in customer orders (MPS) and current stock levels (ISF).
This replaced manual tracking and guesswork, ensuring materials procurement was
perfectly synchronized with the production line.

2) Real-Time Visibility: Integrating inventory management with the finance and sales
functions provided real-time visibility into both raw material stock and finished goods
availability across various locations.

3) Measurable Results: This successful integration resulted in substantial gains:

o A 25% improvement in on-time delivery because materials were always available
when production needed them.

o A 30% reduction in inventory costs by eliminating overstocking and minimizing
excess capital tied up in slow-moving inventory.

This application demonstrates how modern, integrated planning systems like ERP transform
materials management from a cost-incurring necessity into a strategic driver of efficiency and
profitability.

1

i~
!: . Check Your Progress-A

I
Q1. What is meant by Materials Planning?

Q2. What is Economic Order Quantity (EOQ)?
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12.8 SUMMARY

Unit 12 focuses on Materials Planning and Control, a vital function in production and
operations management that directly influences cost efficiency, productivity, and customer
satisfaction. Materials include raw materials, components, spares, and finished goods, and
they often represent the largest share of total production cost. The unit explains that effective
materials management rests on two pillars: materials planning and materials control.
Materials planning is a forward-looking activity that determines what materials are required,
in what quantity, and at what time, based on demand forecasts. In contrast, materials control
is an execution-oriented function that ensures proper storage, movement, usage, and
monitoring of materials to avoid shortages and excess inventory. The unit discusses Material
Requirements Planning (MRP) as a systematic approach to planning materials. MRP relies on
three key inputs: the Master Production Schedule (MPS), Bill of Materials (BOM), and
Inventory Status File (ISF). It converts gross requirements into net requirements through
time-phased calculations. Strategic non-quantitative techniques such as standardization,
simplification, and codification are highlighted for reducing complexity and long-term costs.
Advanced systems like Just-in-Time (JIT) and Enterprise Resource Planning (ERP) are
examined for their role in improving integration and efficiency. Finally, quantitative tools
such as stock levels and Economic Order Quantity (EOQ) help organizations minimize
inventory-related costs while ensuring uninterrupted production.

<L 7
\oc.,‘;" 12.9 GLOSSARY
<
@ % Materials Planning: The process of estimating and scheduling future

requirements for raw materials, components, and spares based on
demand forecasts.

¢ Materials Control: The process of regulating the movement, storage, and utilization
of materials to optimize efficiency and minimize costs.

% Material Requirements Planning (MRP): A system, often computerized, used to
calculate the time-phased needs for components and materials required to meet the
Master Production Schedule.

¢ Master Production Schedule (MPS): The primary input to MRP, specifying

the quantity of final products to be produced and the dates they are due.

Bill of Materials (BOM): A structured list detailing all components, sub-assemblies,

7/

0

and raw materials required to produce one unit of a finished product.

Inventory Status File (ISF): A record detailing the current stock levels, materials on

order, and lead times for all items.

% Lead Time: The duration between placing an order for material and actually
receiving the material.

¢ Gross Requirement: The total quantity of a component needed for production, before

K/
X4

)

accounting for any existing inventory.
¢ Net Requirement: The actual quantity of a component that must be ordered or
produced internally, calculated as Gross Requirement minus Available Inventory.
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Economic Order Quantity (EOQ): The optimal size of an order that minimizes the
total annual cost of holding inventory and placing orders.

Carrying Cost: The cost associated with holding inventory for a period, including
storage, insurance, obsolescence, and interest.

Ordering Cost: The administrative and logistical costs incurred each time an order is
placed, irrespective of the order size.

Re-order Level (ROL): The stock level at which a new purchase order must be
initiated to prevent stock depletion during the lead time.

Minimum Level (Safety Stock): The emergency buffer stock held to mitigate risks of
delays or high usage rates.

Standardization: Establishing fixed dimensions, quality measures, and performance
units for materials and components, promoting interchangeability.

Simplification: The systematic process of reducing the unnecessary variety of
products, types, or grades of materials used.

Codification: Assigning unique numerical or alphabetical codes to identify and track
materials efficiently.

Just-in-Time (JIT): A manufacturing philosophy aimed at eliminating waste by
producing items only when they are needed.

Kanban: A visual signaling system (e.g., cards or containers) used in JIT to manage
the flow of materials and limit work-in-process inventory.
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? 12.12 TERMINAL QUESTIONS

1) Define Materials Planning and Materials Control. Discuss their objectives and explain
why both are essential for effective production management.

2) Explain the concept of Material Requirements Planning (MRP). Describe its core
objectives and benefits in manufacturing organizations.

3) Discuss in detail the three key inputs of the MRP system—Master Production
Schedule (MPS), Bill of Materials (BOM), and Inventory Status File (ISF).

4) Explain the MRP processing logic, clearly distinguishing between gross requirements
and net requirements with suitable illustrations.

5) Evaluate the role of standardization, simplification, and codification as strategic non-
quantitative techniques of materials control.

6) What is Just-in-Time (JIT)? Explain its core principles and analyze the challenges
faced by Indian industries in implementing JIT.

7) Discuss the importance of Enterprise Resource Planning (ERP) in materials planning
and control. How does ERP improve coordination across the supply chain?

8) Explain the concept of stock levels in inventory control. Derive and explain Re-order
Level, Minimum Level, and Maximum Level.

9) What is Economic Order Quantity (EOQ)? Derive the EOQ formula and explain its
significance in minimizing inventory costs.

10) “Effective materials management improves profitability and operational efficiency.”
Justify this statement with reference to modern materials planning and control
techniques.

11) A company requires 10,000 units of Material P annually. The cost of placing one
order is X500, and the annual carrying cost per unit is X10. Calculate the Economic
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Order Quantity (EOQ). (Hint: Use the standard EOQ formula, A = 10,000, O = 500, C
=10.

12) Calculate the Re-order Level, Minimum Level, and Maximum Level for Component
Z based on the following data:

o Consumption (Normal: 150 units/week, Minimum: 100 units/week, Maximum: 200
units/week).

o Lead Time (Minimum: 3 weeks, Maximum: 5 weeks).

o Re-order Quantity: 1,200 units. (Hint: Average Lead Time is 4 weeks.)

13) Annual demand for a bearing is 4,800 units. The unit price is 220. Ordering cost is
%60 per order, and the carrying cost is 15% per annum. Calculate: (i) EOQ, and (ii)
Number of orders per year. (Hint: First calculate C: 320 * 0.15 =33.00.)

14) An organization operates 360 days a year. The annual demand is 7,200 units. The lead
time is 8 days. Daily consumption is steady at 20 units/day. Calculate the Re-order
Point (ROL). (Hint: ROL = Daily Consumption x Lead Time.)

15) The following data relates to Material Q: Annual Consumption: 15,000 units, EOQ:
1,500 units, Ordering Cost: 325 per order. Calculate the annual carrying cost per unit
(C). (Hint: Rearrange the EOQ formula to solve for C.)
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UNIT-13
MATERIALS HANDLING

Contents

13.1 Introduction
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13.12 Suggested Readings

13.13 Terminal & Model Questions

Learning Outcomes
Upon successful completion of this unit, the learner should be able to:

v' Explain the meaning, scope, and strategic objectives of material handling (MH),
focusing on cost minimization and safety assurance.

v Describe and apply the Ten Principles of Material Handling for process optimization,
standardization, and planning.

v Differentiate systematically between fixed path and variable path material handling
equipment (MHE) based on flexibility, volume, and cost characteristics.

v' Analyze the key factors influencing MHE selection, including material properties,
facility constraints, and total life-cycle costs.

v Calculate the basic Material Handling Cost (MHC) per unit using the components of
labor, equipment, and facility costs.

v Evaluate MH system performance using key quantitative metrics, specifically focusing
on productivity (Receiving Efficiency) and quality (Material Handling Damage).

v Analyze the strategic relationship between facility layout (Unit V) and MH efficiency,
understanding how layout adjustments yield quantifiable cost reduction.

v' Apply MH concepts using contemporary Indian business examples, addressing the
challenges and necessity of integrating automation and technology in logistics.

Unit 13 Material Handling Page 187



BBA(N) 604 Production and Operations Management Uttarakhand Open University

13.1 INTRODUCTION

In the journey of transforming raw materials into finished goods, significant effort is spent
not on processing the material, but simply on moving it. This necessary function, moving
materials safely and efficiently, is known as Materials Handling (MH). MH is the critical link
that ensures seamless flow between the stages of procurement, production, warehousing, and
distribution. For operations managers and business administrators, the study of materials
handling is essential because while movement adds cost, it rarely adds value to the product
itself. In a typical manufacturing or logistics operation, handling activities can account for a
substantial percentage of total operational expenses. Therefore, optimizing this process is a
direct and strategic path to minimizing operating costs and enhancing profitability.

Materials Handling is formally defined as the comprehensive process of safely transporting
raw materials from their receiving location, moving them through the necessary steps of the
production line (including inspection, storage, and assembly), and subsequently transferring
the finished products to warehousing or dispatch for final distribution to customers. The
overarching goal of MH is to ensure the right material is delivered to the right place, at the
right time, and in the right condition, all while controlling costs and maintaining high levels
of worker safety. As you study this unit independently, you will find that mastering the
principles of MH is foundational to effective supply chain management and facility layout
planning. In competitive markets, particularly within India’s growing e-commerce and
manufacturing sectors, strategic MH planning is necessary to boost operational throughput,
minimize damage, and maintain a competitive edge through speed and cost reduction.

13.2 FUNDAMENTALS OF MATERIALS HANDLING

13.2.1 Definition and Strategic Scope

Material handling involves all operations related to the efficient movement and storage of
materials throughout the organizational pipeline. Its scope is vast, covering the journey of
goods from the moment they are received, through internal storage and production
movement, until they are unitized, packaged, and shipped out.

From a management viewpoint, Material Handling (MH) is defined by its strategic
objectives, which include improving the productivity of operations, reducing storage costs,
and maintaining both material quality and worker safety. When procurement receives raw
materials, the MH system ensures they are safely stored using the right equipment and made
readily available for the production team when demanded.

A fundamental concept used to understand and manage MH is the metric for work.
Analytically, the measure of material handling work being performed is calculated by
multiplying the material flow (measured by volume, weight, or count per unit of time) by the
distance the material is moved. Because movement is generally considered non-value-adding,
the strategic goal is to minimize this product of flow and distance.
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13.2.2 Objectives and Benefits

An effective materials handling system is a core component of maximizing efficiency and
controlling costs within a facility. The key objectives directly translate into operational
benefits:

Key Objectives and Corresponding Benefits:

1) Maximize Space Utilization: By treating space as three-dimensional (cubic space),
effective handling systems enable greater storage density, which can defer or eliminate
costly facility expansion.

2) Enhance System Integration: Coordinating all activities—receiving, production,
storage, and shipping—into a single, operational system. This streamlining reduces
bottlenecks and ensures continuous movement.

3) Reduce Transportation and Picking Time: Efficient MHE selection and flow paths
lead to quicker retrieval and movement of goods.

4) Ensure Worker Safety: Introducing ergonomics and standardization reduces the
involvement of human labor in heavy lifting, minimizing work-related injuries and
associated liabilities.

5) Enable Real-time Inventory Control: When movement is synchronized and logged
(often through integrated IT), managers can maintain accurate, real-time knowledge of
stock levels and locations.

Table 13.1: Objectives and Benefits of an Effective Materials Handling System

Objective Key Strategic Goal Managerial Benefit
Category
Efficiency & Cost Minimize material Lower operational expenses
handling work and increased profitability
Quality & Service | Minimize product damage Reduced rework, lower
and reduce cycle time rejection rates, and improved
customer satisfaction
Space & Layout Maximize use of three- Increased storage capacity,
dimensional space potentially deferring facility
expansion costs
Human Factors Incorporate ergonomic Reduced work-related
designs and standard injuries and simplified
procedures training

13.3 THE TEN PRINCIPLES OF MATERIALS HANDLING (IN
DETAIL)
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These ten fundamental principles are crucial guidelines for designing, evaluating, and
improving material handling systems, ensuring they contribute to overall productivity and
profitability.

a)

b)

d)

g)

h)

Planning Principle: Every activity related to movement and storage must be based on a
comprehensive plan defined in advance. This planning requires multidisciplinary
collaboration, involving input from operations specialists, engineers, finance experts,
and management, to define the most effective and safest way to move materials.

Standardization Principle: This principle advocates for consistency in the methods,
equipment, and procedures used for similar tasks. Standardization reduces complexity,
streamlines training, and simplifies maintenance. For instance, standardizing pallet or
container sizes across the facility ensures compatibility with all lifting and storage
equipment.

Work Principle: Material handling work, which is non-value-adding, should be
minimized without sacrificing productivity. Managers must simplify processes by
reducing, combining, shortening, or eliminating unnecessary moves. Every pickup and
set-down is a distinct move that adds to the work metric. Strategies include ensuring the
shortest possible straight-line distance between points and utilizing gravity to assist
movement where feasible and safe.

Ergonomic Principle: The work environment and procedures must be designed to adapt
to the physical abilities and limitations of the worker. This means designing equipment
and workstations that reduce physical stress, minimize manual lifting, and accommodate
natural body movements, thereby protecting worker health and improving long-term
efficiency.

Unit Load Principle: Materials should be appropriately sized and configured into unit
loads—such as items stacked and wrapped on a pallet. Handling materials in unified
loads, rather than individual items, drastically reduces the total number of moves
required and is crucial for maximizing the efficiency of mechanical MHE.

Space Utilization Principle: Management must make effective and efficient use of all
available space, treating it as cubic space. In storage areas, the goal is to maximize
density (stacking high) while maintaining accessibility. When transporting, overhead
space should be considered, such as with overhead conveyors or bridge cranes.

System Integration Principle: All material movement and storage activities must be
functionally integrated to operate as a coordinated system. This integration should span
receiving, inspection, production, and shipping. Modern IT systems are essential for
managing the seamless flow of information that coordinates these interdependent
physical activities.

Automation Principle: Where operationally and financially sound, material handling
should be mechanized or automated to enhance consistency, predictability, and
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operational efficiency. Automated solutions like conveyors, robotics, or Autonomous
Guided Vehicles (AGVs) are implemented for this purpose.

o Strategic Requirement: A crucial strategic consideration is that pre-existing
processes and methods must be simplified and optimized (fulfilling the Work
Principle) before installing automated systems. Automating an inherently inefficient
or poorly laid-out process merely makes the waste faster and more expensive,
leading to the kind of operational discrepancies that can harm performance.

Environmental Principle: Equipment selection should account for sustainability,
favouring solutions that are reusable, recyclable, and eco-friendly. This involves
considering the material used in containers and the disposal strategy for equipment at the
end of its life.

Life-Cycle Cost Principle: Financial analysis must extend beyond the initial capital
investment. The true cost of MHE is the total cost over its entire operational life (Life-
Cycle Cost), which includes installation, training, maintenance (preventive and
predictive), energy consumption, and long-term replacement planning.

13.4 CLASSIFICATION AND TYPES OF MATERIAL
HANDLING EQUIPMENT (MHE)

MHE is generally grouped into four main categories: storage and handling equipment, bulk

material equipment, industrial trucks, and engineered systems. For operational purposes,
MHE is often broadly classified based on its path flexibility.

13.4.1. Categorization: Fixed Path vs. Variable Path

The selection between these two categories depends entirely on the required flow volume,
frequency, and flexibility.

Fixed Path Equipment: These devices move materials frequently over a predetermined,
fixed path. They are suitable for continuous movement and very high volume operations,
such as a continuous assembly line. They have a very high initial hardware cost and
limited accessibility, but they deliver consistent speed and throughput. Examples include
conveyors and specific types of cranes.

Variable Path Equipment: These devices offer adaptable routing and can move loads
intermittently across a wide, flexible access area. They are utilized when flow volume is
low or intermittent, or when materials need to be transported to varied destinations. They
generally have a lower hardware cost but rely more on human or autonomous control.
Examples include forklift trucks and AGVs.
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Table 13.2: Comparison of Fixed Path and Variable Path Material Handling Equipment

Feature Fixed Path Equipment (e.g., | Variable Path Equipment
Conveyor) (e.g., Forklift)
Path Flexibility Very limited; fixed or High; adaptable routing and
restricted area wide access area
Volume Suitability High volume, continuous Low to intermittent, varied
movement movement
Initial Cost High hardware/installation Generally lower hardware
cost cost
Example Belt Conveyors, Bridge Industrial Trucks, AGVs,
Cranes, Screw Conveyors Pallet Jacks

13.4.2. Examples of Fixed Path Equipment

1) Conveyors: These systems use belts, rollers, chains, or screws to move goods. They are
justified when flow volume is sufficient to support the fixed investment.

o Unit-Load Conveyors: Move discrete items (e.g., roller or flat-belt conveyors).

o Bulk-Handling Conveyors: Used for free-flowing material (e.g., magnetic-belt,
bucket, and screw conveyors).

2) Cranes and Hoists: Cranes provide more flexibility than conveyors in terms of the
shape and weight of the loads handled. They operate within a restricted area but can
move horizontally using tracks and vertically using hoists. Examples include bridge, jib,
and gantry cranes, often used for handling heavy, bulky raw materials or for precision
placement.

13.4.3. Examples of Variable Path Equipment

1) Industrial Trucks: These are essential for flexible movement. Pallet jacks are hydraulic
tools for short distances, while the forklift truck is the most prominent industrial truck,
used for both horizontal transport and vertical stacking. The OM brand, for instance, is a
leading vendor in the Indian market for industrial trucks.

2) Automated Guided Vehicles (AGVs): These are driverless vehicles that utilize
automation to move materials with precision and efficiency. Indian firms are
increasingly adopting AGVs, including custom-engineered solutions such as Pallet
Stacker AGVs and specialized Very Narrow Aisle (VNA) Truck AGVs, which are key
in maximizing vertical storage capacity in dense facilities.
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13.5 FACTORS GOVERNING MHE SELECTION

Selecting the correct MHE is a complex strategic decision. Failure to choose appropriate
equipment or manage it correctly can result in damaged products, wasted energy, higher
maintenance costs, and workplace accidents.

13.5.1 Material and Flow Characteristics

Type of Material: The intrinsic properties of the material (fragility, shape, weight,
chemical nature) directly determine the required features, such as lift capacity, material
construction, and gripping method. For example, dry food ingredients require specific
equipment design for dust control.

Volume and Frequency: This factor directly maps onto the fixed-path vs. variable-path
decision. High volume and continuous flow necessitate fixed automation, while low
volume or occasional tasks justify manual or non-fixed systems.

Distance of Movement: Long distances usually favor continuous, high-speed automated
systems, whereas short internal moves might rely on simple industrial trucks.

13.5.2 Facility and Engineering Constraints

The physical limitations of the building impose strict criteria.

Space Limitations: A manager must consider available floor space, ceiling dimensions
(for vertical stacking), aisle width (for maneuvering), and whether the equipment can
integrate with existing storage layouts.

Engineering Factors: These include the structural strength and condition of the floor,
door dimensions, and accessibility. These factors determine if heavy equipment, like
certain cranes, can even be physically accommodated.

Work Environment: Special environments, such as those requiring fire protection or
low-temperature operation (e.g., cold storage), demand specific equipment materials and
compliance with safety standards.

13.5.3 Economic and Human Factors

Cost and ROI: The decision must rely on comparing the total Life-Cycle Cost, ensuring
the return on investment justifies the expenditure against alternative methods.

Labor Skill Level: Automated or complex MHE requires highly skilled labor for
operation, training, and troubleshooting, which must be factored into the decision.
Simple, manual handling requires less skill.

Reliability and Service: Reliability of the equipment is paramount to avoid costly
downtime. For large Indian operations, the reputation of the supplier and the availability
of prompt, quality after-sales service for maintenance and spare parts are vital concerns.
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13.6 THE STRATEGIC ROLE OF FACILITY LAYOUT

Facility layout, covered in an earlier unit, is not merely about arranging machines; it is a
strategic decision that forms the foundation of MH efficiency.

Layout as a Primary Cost Reducer

As the Work Principle demonstrates, Material Handling Cost (MHC) is heavily dependent on
the distance materials travel. A poorly optimized layout, characterized by excessive travel
distances, congestion, and workflow interruptions, generates massive non-value-added costs.

By strategically optimizing the layout—for example, shifting from a straight-line flow to a U-
Shape—a manager directly shrinks the 'distance moved' variable in the work equation. This
geometrical change can result in immediate, quantifiable cost reductions. Investing in layout
optimization is thus considered a fundamental step that must precede capital investment in
new MHE, as it ensures that any subsequent equipment purchases are used within an already
efficient framework.

13.7 COST ANALYSIS AND PERFORMANCE EVALUATION

13.7.1 Components of Material Handling Cost (MHC)

MHC includes all direct and indirect expenditures related to the movement and storage of
goods.

a) Labor Cost: Wages, benefits, and training costs for all personnel involved in operating,
scheduling, and maintaining MHE.

b) Equipment Cost: Includes capital recovery (depreciation or lease), energy/fuel,
insurance, and the running cost of maintenance and repairs.

c) Facility Cost: Overhead costs associated with the physical space occupied by aisles,
storage areas, and docks.

d) Damage Cost: The financial value of goods damaged during handling.
13.7.2 Calculating Material Handling Cost per Unit

This core metric provides a standardized basis for comparing handling efficiency across
different methods, volumes, or facilities.
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Total Annual Material Handling Costs
Volume of Material Moved

Material Handling Cost per Unit =

13.7.3 Key Performance Indicators (KPIs) for MH Systems

To prevent cost cutting from harming quality or speed, managers must use a balanced
scorecard incorporating productivity and quality metrics.

a) Receiving Efficiency (Productivity): Measures the effectiveness of manpower utilized
during the goods receiving process. Higher values indicate better labor utilization.

Volume of Inventory Received

Receiving Efficiency =
Ving Y Number of Operator Hours Worked

b) Material Handling Damage (Quality): Measures the financial cost of product loss due
to handling errors. Minimizing this metric ensures that cost reductions in labor or
equipment are not achieved at the expense of high losses from damaged inventory.

. . Dollar Value of Damaged Goods and Materials
Material Handling Damage (%) = Total Cost of Goods Sold (COGS) » 100

I13.8 ILLUSTRATIVE EXAMPLES / APPLICATIONS

13.8.1 Real-Life Illustration: Quantifiable Cost Savings through Layout Redesign

Scenario: A company, PT. XYZ, implemented a layout redesign based on facility analysis.
They moved from a traditional straight production flow to a U-Shape arrangement. The
analysis identified that the initial straight flow resulted in excessive, non-productive
movement between departments. The calculated Material Handling Cost (OMH) for the old
layout was X53,550.

Impact of Redesign: By strategically placing highly interactive departments closer together
in the U-Shape, the distance materials had to travel was significantly reduced. The calculation
revealed that the new layout minimized the Material Handling Cost to 341,310.

Thus, the company achieved a direct saving of 212,240 simply by changing the physical
geometry of the flow path. This case powerfully illustrates that strategic layout planning is a
primary driver for minimizing material handling costs, fulfilling the Work Principle even
before any new equipment is purchased.
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13.8.2 Indian Industry Application: Automation in Logistics

The push toward automation in India is driven by the need to boost efficiency, lower
operational costs, and improve accuracy in logistics, especially for companies dealing with e-
commerce and rapid distribution.

Leading firms have embraced technology:

e Tata Motors: Implemented smart warehousing solutions, utilizing automated inventory
management systems. This provides real-time tracking, significantly reducing the human
error inherent in manual inventory documentation and ensuring timely supply to the
production line.

e AGYV Adoption: The use of specialized Autonomous Guided Vehicles (AGVs), such as
those designed for Very Narrow Aisles (VNA), allows warehouses to maximize storage
density—a critical advantage in India’s space-constrained urban environments.

Despite this momentum, studies focused on Indian warehouses underscore a challenge: the
strong negative correlation found between MHE utilization and performance highlights that
merely increasing the use of equipment is insufficient. Efficiency gains require a calculated
approach where MHE selection and deployment are backed by strong operational planning,
proper training, and stringent maintenance protocols to avoid performance harm caused by
inadequate management.

13.8.3 Numerical Example 1: Calculation of Material Handling Cost per Unit

A dairy factory in Pune incurs the following monthly costs related to moving packaged milk

cartons:
Cost Component Monthly Cost (%)
MH Labor (Wages/Benefits) 1,10,000
Equipment (Power, Depreciation, 45,000
Maintenance)
Facility (Aisle/Storage Overhead) 25,000
Total Volume Handled 50,000 crates
Solution:

1) Total Monthly MHC: X1,10,000 + 45,000 + 25,000 =X1,80,000

2) MHC per Unit:

Total Material Handling Cost
Volume Handled

Material Handling Cost per Unit = _21,80,000 = T 3.60 per crate
50,000 crates

Material Handling Cost per Unit =
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13.5.4 Numerical Example 2: Measuring Receiving Efficiency KPI

An industrial components supplier in Chennai utilizes three warehouse operators to manage
incoming stock for 8 hours. During this period, they successfully received and processed
5,760 distinct components (SKUs).

Data:

e Volume of Inventory Received: 5,760 components

e Total Hours Worked: 3 operators x 8 hours = 24 man-hours
Solution:

1) Receiving Efficiency Formula:

Volume Received

Receiving Efficiency = Man-H Worked
an-Hours Worke

2) Efficiency Calculation:

5,760 components
Receiving Efficiency = — P = 240 components per man-hour
24 man-hours

Managerial Application: This result provides the manager with a quantifiable baseline of
productivity. If efficiency were found to be low, the manager would investigate bottlenecks,
such as inconsistencies in inventory documentation, to improve the rate of processing.

: . Check Your Progress-A

I
Q1. State any two strategic objectives of an effective materials handling system.

Q2. What is meant by the Work Principle in materials handling?
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13.6 SUMMARY

Materials Handling (MH) is a vital function in Production and Operations Management that
focuses on the safe, efficient, and economical movement and storage of materials throughout
the production and distribution process. Although material movement does not add direct
value to a product, it contributes significantly to operational costs; therefore, effective MH
planning plays a strategic role in cost minimization, productivity enhancement, and safety
assurance. MH covers activities from receiving raw materials to moving work-in-process
items and finally transferring finished goods to storage or dispatch. The unit explains the
fundamentals, objectives, and benefits of materials handling, emphasizing efficient space
utilization, system integration, reduction of handling time, worker safety, and real-time
inventory control. A detailed discussion of the Ten Principles of Materials Handling—such as
planning, standardization, work minimization, ergonomics, unit load, automation, and life-
cycle cost—provides a structured framework for designing effective MH systems. The
classification of Material Handling Equipment (MHE) into fixed path and variable path
systems highlights trade-offs between cost, flexibility, and volume handling. The unit also
identifies key factors governing MHE selection, including material characteristics, facility
constraints, and economic considerations. Furthermore, it establishes the strong relationship
between facility layout and MH efficiency, demonstrating how layout optimization directly
reduces handling costs. Finally, cost analysis methods and performance indicators such as
Material Handling Cost and Receiving Efficiency are introduced to evaluate MH system
effectiveness in real-world operational settings.

>
= 13.7 GLOSSARY
5 <
@ < Materials Handling (MH): The efficient movement, storage, protection,

and control of materials throughout the production and distribution cycle.

% Material Handling Work: The analytical measure calculated as material flow
(volume/weight) multiplied by the distance moved.

% Fixed Path Equipment: MHE that moves material along permanent, specific routes,
suitable for continuous, high-volume flow (e.g., conveyors).

% Variable Path Equipment: MHE that allows for flexible routing and wide access areas,
suitable for intermittent, lower-volume movement (e.g., forklifts).

% Unit Load Principle: The practice of grouping individual items into a larger,
standardized unit (like a pallet) for efficient mechanical handling.

< Ergonomic Principle: The science of designing workplaces and equipment to adapt to
the worker’s abilities, minimizing strain and ensuring safety.

% Life-Cycle Cost Principle: The principle that financial decisions should be based on the
total cost of equipment ownership over its entire lifespan, including maintenance and
operation.

< Conveyors: Fixed-path systems using belts, rollers, or chains to transport materials
frequently between specific points.
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Industrial Trucks: Variable-path, self-propelled vehicles used for horizontal transport
and lifting, such as forklifts and pallet jacks.

Autonomous Guided Vehicle (AGV): Computer-controlled, variable-path vehicles
used for automated movement and stacking, often tailored for specific warehouse tasks.
Receiving Efficiency: A KPI measuring the volume of inventory received per man-hour
worked by warehouse operators.

Material Handling Damage: A quality KPI measuring the dollar value of goods
damaged during handling relative to the total cost of goods sold.

Space Utilization Principle: The concept of effectively and efficiently using all three
dimensions (cubic space) available in storage and work areas.

System Integration Principle: The requirement that all handling and storage activities
be coordinated into a unified, operational system, often requiring IT support.
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?-‘, 13.10 TERMINAL QUESTIONS

1) Explain the concept of Materials Handling and discuss its strategic importance in
production and operations management.

2) Describe the Ten Principles of Materials Handling and explain how they help in
reducing material handling costs.

3) Classify Material Handling Equipment into fixed path and variable path systems.
Compare them with suitable examples.

4) Discuss the major factors governing the selection of Material Handling Equipment in
an industrial organization.

5) Explain the role of facility layout in improving material handling efficiency and
reducing operational costs.

6) What is Material Handling Cost (MHC)? Explain its components and significance in
managerial decision-making.

7) Describe the key performance indicators used to evaluate the effectiveness of a
materials handling system.

8) Explain the importance of life-cycle cost analysis in the selection of material handling
equipment.

9) Discuss the role of automation and technology in modern material handling systems
with reference to Indian industry.

10) With the help of a suitable example, explain how layout redesign can lead to
measurable savings in material handling costs.

11) A cold storage facility has annual Material Handling Costs totaling 315,00,000. It
handles 1,50,000 crates annually. Calculate the Material Handling Cost per crate.
(Hint: MHC / Volume)

12) A receiving dock processed 6,300 cartons in one 9-hour shift using three operators.
Calculate the Receiving Efficiency in cartons per man-hour. (Hint: Volume / Total
Man-Hours)

13)If a company's total COGS for the year was 395,00,000 and the value of goods
damaged due to internal handling errors was %4,75,000, calculate the Material
Handling Damage Percentage. 14 (Hint: (Damage Value / COGS) x 100)

14) A project requires moving 100 tones of material over 50 meters. If a manager finds a
way to change the layout to reduce the distance moved to 40 meters, what is the
percentage reduction in the Work (Flow x Distance)? (Hint: Calculate initial work,
final work, and percentage reduction in work)
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15) A company invested 34,00,000 in a new electric forklift. Annual labor costs related to
the forklift are X1,20,000, and annual maintenance/power costs are 330,000. If the
forklift is expected to handle 50,000 units per year, calculate the annual operating
MHC (excluding the initial investment) per unit. (Hint: Calculate (Labor +
Maintenance) / Volume)
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UNIT-14
INVENTORY CONTROL

Contents

14.1 Introduction

14.2 The Nature and Scope of Inventory Control
14.3 Classification and Types of Inventory
14.4 The Three Major Inventory Costs

14.5 Economic Order Quantity (EOQ) Model
14.6 Reorder Point (ROP) and Safety Stock
14.7 Selective Inventory Control Techniques
14.8 Illustrative Examples / Applications

14.9 Summary

14.10 Glossary

14.11 Reference/ Bibliography

14.12 Suggested Readings

14.13 Terminal & Model Questions

Learning Outcomes

Upon successful completion of this unit, the learner will be able to:

v" Explain the fundamental concepts of inventory, stock, and inventory control, and their
relevance to operational profitability.

v Differentiate between the various types of inventory based on their stage (Raw
Materials, WIP, Finished Goods) and function (Safety Stock, MRO).

v Analyze the trade-off relationship between the three major categories of inventory costs:
ordering, carrying, and shortage costs.

v Calculate the Economic Order Quantity (EOQ) and the corresponding minimum total
annual inventory cost.

v" Determine the optimal Reorder Point (ROP) for an item, incorporating the essential
buffer provided by safety stock.

v' Evaluate and Apply selective inventory control techniques such as ABC and VED
analysis for prioritizing management resources.

v Describe how modern Indian businesses utilize advanced strategies like Just-in-Time
(JIT) and predictive analytics for effective inventory management.
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14.1 INTRODUCTION

Inventory control constitutes one of the most critical operational and financial functions
within Production and Operations Management. For any commercial enterprise, whether it is
a small manufacturing unit or a giant corporation like Amazon India, inventory represents the
goods, merchandise, or materials that the business holds either for the purpose of resale or for
subsequent transformation into finished products. Given that inventory often represents one
of the largest financial assets of a company, second only to human capital, its effective
management directly influences financial health and competitive capability. Inventory control
is defined as the systematic process of tracking current stock levels while continuously
monitoring customer demand. This process ensures that a business secures the precise
quantity of products required at the correct time, thereby avoiding the dual pitfalls of
overstocking and understocking. Overstocking ties up valuable capital and increases costs,
while understocking leads to lost sales and customer dissatisfaction. This unit introduces the
foundational principles necessary for maintaining an optimal inventory level. Learners will
explore the diverse types of inventory, the fundamental cost trade-offs involved, and essential
quantitative techniques such as the Economic Order Quantity (EOQ) and Reorder Point
(ROP). Furthermore, the unit examines selective control methods, including ABC and VED
analysis, which enable managers to focus resources efficiently. Mastering these concepts
provides the managerial capability to stabilize production flow, safeguard customer service,
and significantly enhance overall profitability.

14.2 THE NATURE AND SCOPE OF INVENTORY CONTROL

14.2.1. Definition and Objectives

Inventory control is an operational discipline focused on the physical goods already present
within the storage facility or warehouse. It employs practices and policies designed to track
and regulate these stock levels, ensuring the products required by customers are available in
adequate quantities precisely when needed.

The central objectives of implementing effective inventory control are multifaceted,
extending beyond simple stock tracking to impacting financial performance :

1) Minimizing Inventory Costs: A primary goal is to achieve the lowest possible total
cost, which includes balancing the cost of placing orders against the cost of physically
holding the stock.

2) Preventing Stockouts: Maintaining sufficient stock prevents lost sales and avoids
damaging customer trust and loyalty, thereby safeguarding future revenue streams.

3) Optimizing Stock Accuracy: Rigorous tracking prevents inventory inaccuracies,
reducing theft, damage, and mismanagement risks. Automated data synchronization aids
in maintaining alignment across different systems.
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4) Improving Cash Flow: By avoiding overstocking, businesses reduce the amount of
working capital tied up in slow-moving assets, freeing up capital for expansion or
reinvestment, which significantly supports business growth.

The management of inventory is increasingly viewed as a crucial tool for financial resilience.
By precisely monitoring and controlling stock levels, operational precision is directly linked
to financial strength. When companies can effectively forecast and stock products based on
demand, they avoid unnecessary expenditure on excess inventory. Conversely, they are
positioned to adapt swiftly to unexpected market fluctuations or supply chain disruptions,
mitigating risk and allowing capital to be utilized strategically.

14.2.2. Inventory Control vs. Inventory Management
Although the terms are often used interchangeably, a distinct difference exists in their scope :

e Inventory Control: This function focuses on regulating and monitoring the stock that is
already inside the warehouse. It deals with optimizing existing levels, preventing theft,
and minimizing damage.

e Inventory Management: This is the broader discipline. It regulates the entire flow of
goods, starting from forecasting future needs, sourcing and procuring the product,
moving the item to the warehouse, and finally, managing its final distribution to the
customer. Inventory control practices form a vital component within the larger
framework of inventory management.

14.3 CLASSIFICATION AND TYPES OF INVENTORY

Inventory is classified primarily based on its stage in the production process or its specific
function within the operations chain.

14.3.1. Inventory Based on Production Stage

1) Raw Materials: These are the basic inputs acquired from external suppliers that are
scheduled to be converted into finished products. For a large-scale textile company in
Ahmedabad, raw materials would include cotton bales or synthetic fibers.

2) Work-in-Progress (WIP): WIP consists of items that have already entered the
manufacturing process but are not yet fully completed. These items carry accumulated
value in terms of the cost of the initial raw material, the labor time invested, and the
overhead expenses allocated so far. An example would be the partially assembled engine
or body panels awaiting final painting in an automobile factory like Tata Motors.

3) Finished Goods: These are the products that have successfully completed the entire
production cycle. They are packaged, inspected, and ready to be sold or distributed to
the consumer. For a furniture manufacturer, the finished pieces—such as completed
chairs, desks, or dressers—constitute finished goods inventory.
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14.3.2. Inventory Based on Function and Need

1) MRO (Maintenance, Repair, and Operating) Supplies: These essential materials are
needed to ensure the plant, machinery, and facilities operate smoothly. Crucially, they
do not become a physical part of the final product. Examples for a manufacturer include
lubricants, cleaning supplies, spare parts for equipment, and tools or safety gear.

2) Safety Stock (Buffer Stock): This is a deliberate, reserve quantity of inventory
maintained to act as a buffer against two types of uncertainty: unexpected surges in
customer demand or unforeseen delays in the supplier's lead time (the time taken to
receive a new order).

3) In-Transit Inventory: This category accounts for items currently moving or being
delivered from one location to another, such as goods shipped from the supplier's factory
to the company's warehouse.

4) Seasonal Inventory: This stock is accumulated ahead of anticipated high-demand
periods, such as stocking up on woolens before the winter season or crackers before
Diwali.

When managers evaluate the efficiency of their production process, the quantity of Work-in-
Progress (WIP) inventory is particularly revealing. A high ratio of WIP inventory relative to
finished goods often suggests bottlenecks, slow throughput, and potentially inefficient
manufacturing processes. Conversely, a lean operation that minimizes WIP, such as those
adopting the Just-in-Time philosophy, demonstrates highly synchronized and efficient
conversion of raw materials into finished, sellable products. Therefore, monitoring WIP
levels provides a powerful internal metric for the entire production unit’s efficiency, not just
a measure of stored goods.

14.4. THE THREE MAJOR INVENTORY COSTS

Effective inventory control mandates balancing three main categories of costs. These costs
often operate in opposition to one another, requiring managers to find a mathematical and
operational equilibrium to minimize the overall financial outlay.

14.4.1. Ordering or Setup Costs

Ordering costs are incurred whenever a company places a request for inventory from an
external supplier (or setup costs when setting up internal machinery for a new production
run). These costs are transaction-based and accumulate with the frequency of orders.

The components of ordering costs include :

e C(lerical and Administrative Expenses: Costs associated with preparing and processing
purchase orders.
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e Sourcing Time: Time and labor spent locating, negotiating with, and expediting
suppliers.

e Inbound Logistics: Transportation costs for getting the goods to the warehouse.

e Receiving and Inspection: Costs related to the receipt of the items, unloading them,
inspecting them for quality, and transferring them into storage.

The total annual ordering cost is inversely related to the size of the order quantity (Q). If a
company places large orders infrequently, the total number of orders placed annually
decreases, thus reducing the total annual ordering cost.

14.4.2. Carrying or Holding Costs

Carrying costs, also known as holding costs, are expenses associated with physically storing
and maintaining inventory over a period, typically calculated on an annual, per-unit basis.
Placing large orders increases the average inventory level, leading to higher annual carrying
costs.

Key components of carrying costs include:

e Physical Storage Costs: Rent or depreciation of the warehouse facility, along with
overheads such as utilities (electricity, lighting, climate control) and facility
maintenance.

e Financial and Security Costs: Insurance against loss, theft, or damage; security
personnel; and property taxes, if applicable.

e Inventory Risk Costs: Financial losses due to spoilage (especially for perishable
goods), deterioration, pilferage (theft), and obsolescence (where the product becomes
outdated or goes out of style).

e Opportunity Cost of Capital: This is one of the most significant, yet often overlooked,
carrying costs. It represents the potential profit lost because the money is tied up in
purchasing and holding inventory instead of being invested in alternative revenue-
generating opportunities or expansion projects.

14.4.3. Shortage or Stockout Costs

Shortage costs occur when an organization is unable to meet customer demand due to
insufficient stock levels. These costs can be immediate and visible, or they can be long-term
and catastrophic.

Components of shortage costs include:

e Direct Costs: Lost revenue from the unfulfilled sale. This may also involve costs for
filling back-orders through expedited or priority shipping, or procuring replacement
stock at higher than standard wholesale prices.
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e Operational Costs: Machinery idle time or employee downtime if raw materials are
unavailable for production.

e Goodwill Loss: The most profound cost of a stockout is the dissatisfied customer and
the resulting damage to the company's reputation and trust.

This loss of customer trust translates into a potential loss of future revenue streams. If a
stockout causes a customer to switch to a competitor, the business loses not just the revenue
from the immediate transaction but potentially the entire lifetime value (CLV) that the
customer would have generated through repeat purchases. Therefore, managers recognize that
the operational failure to control inventory levels directly threatens the company’s long-term
sales forecast and market position.

Order Size Annual Annual Risk/ Cost Trade-off
Q) Ordering Cost | Carrying Cost
Large Decreases Increases (more Minimizes ordering
(fewer orders) capital tied up) costs, maximizes
holding cost
Small Increases (more | Decreases (frees | Maximizes ordering
frequent orders) up capital) costs, minimizes
holding cost

14.5 ECONOMIC ORDER QUANTITY (EOQ) MODEL

The Economic Order Quantity (EOQ) model is a fundamental technique in inventory control
designed to calculate the optimal size of a purchase order. The core aim of EOQ is to identify
the quantity that minimizes the total annual cost resulting from the conflicting relationship
between ordering costs and carrying costs.

14.5.1. Concept and Formula

The optimal order quantity ($Q"*$) is achieved at the point where the total annual ordering
cost is precisely equal to the total annual carrying cost. At this point, the combined annual
cost of ordering and carrying the inventory reaches its minimum.

The standard EOQ formula is:

Economic Order Quantity (EOQ, Q) = \/@

Where:
e Q= The optimal order quantity in units.

e D = Annual Demand in units.
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e S =Ordering or Setup Cost per order.
e H = Holding or Carrying Cost per unit, per year.

The total annual inventory cost (TIC), excluding the initial purchase price, is calculated as the
sum of the annual ordering cost (AOC) and the annual carrying cost (ACC):

Total Inventory Cost (TIC) = Annual Ordering Cost (AOC) + Annual Carrying Cost (ACC)
Annual Ordering Cost (AOC)

AOC = (9) x 8

Annual Carrying Cost (ACC)

ACC

Il
—
| O
S—

X

T

14.5.2. Assumptions and Limitations

The basic EOQ model is known as a deterministic model because it assumes that all variables
are known and certain. This simplification allows for straightforward calculation but also
imposes significant limitations in dynamic business environments.

Assumptions of the Basic EOQ Model:

1) Constant Demand: The annual demand ($D$) is known, predictable, and distributed
evenly throughout the year.

2) Stable Costs: The ordering cost ($S$) and holding cost ($H$) remain fixed and do not
fluctuate based on economic factors or volume.

3) Instantaneous Delivery: The entire quantity ordered is received immediately upon
placement of the order (or the lead time is zero).

4) No Shortages: Stockouts are assumed not to happen, meaning there are no shortage
costs to consider.

5) Fixed Purchase Price: The cost per unit remains constant, and no quantity discounts are
available, regardless of how large the order size is.

Limitations of the Model:
Because these assumptions rarely hold true in reality, the EOQ model can face limitations:

e Demand Variability: The model fails to account for seasonal effects or sudden market
shifts that cause demand to fluctuate, leading to potential inaccuracies in forecasting.
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e Supplier Uncertainty: It ignores real-world supply chain challenges, such as
unexpected material shortages from the supplier or unforeseen transport delays.

e Discount Opportunities: By assuming a constant price, the model can overlook
significant purchase discounts offered for buying inventory in larger quantities, which
might make ordering above the calculated EOQ financially advantageous.

The mathematical framework of the EOQ, which seeks to drive the total inventory cost to its
minimum by balancing annual ordering cost (AOC) and annual carrying cost (ACC),
provides the theoretical groundwork for modern lean strategies. The Just-in-Time (JIT)
philosophy, notably utilized by manufacturers like Tata Motors, fundamentally attempts to
make the optimal order quantity ($Q$) as small as possible. If the order quantity is
minimized, the annual carrying cost (ACC) also approaches zero. To maintain cost
optimization (where AOC = ACC), the company must simultaneously drive the cost per order
($S$) towards zero. JIT achieves this by streamlining supplier relationships, using electronic
ordering, and optimizing logistics, essentially engineering the ordering cost and carrying cost
down to the minimum possible levels.

14.6 REORDER POINT (ROP) AND SAFETY STOCK

While EOQ dictates how much to order, the Reorder Point (ROP) determines the specific
stock level at which the order should be placed. The goal is to ensure that the new supply
arrives just before the existing inventory is completely exhausted.

14.6.1. Lead Time and ROP Calculation

The determination of the ROP is fundamentally based on two key factors: the rate of demand
and the lead time.

e Lead Time: This is the defined duration, measured in days, weeks, or months, between
the moment the purchase order is officially placed and the moment the ordered goods are
physically received into the inventory stock.

In a perfectly deterministic environment where demand and lead time are constant, the ROP
is calculated simply as the usage during the lead time:

Basic ROP Formula (Deterministic):
ROP = Daily Demand x Lead Time (in days)
14.6.2. Incorporating Safety Stock

In reality, neither demand nor lead time is perfectly constant. Demand may spike
unexpectedly, or the supplier may encounter logistical delays. Relying solely on average
figures carries a high risk of stockout. To mitigate this risk, a Safety Stock (buffer stock) is
incorporated. Safety stock is a reserve quantity maintained specifically to cover unforeseen
variations.
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The real-world calculation for ROP is therefore:
ROP Formula (Probabilistic/Real-World):
ROP = Average Daily Demand x Average Lead Time + Safety Stock

The calculation of the necessary safety stock requires managers to perform a calculated risk
assessment. Inventory management tools, particularly ROP and safety stock, serve as
strategic instruments of risk mitigation focused on sustaining customer service. The
determination of safety stock involves balancing the financial cost of holding the buffer
(Carrying Cost, H) against the potential financial and goodwill losses resulting from an
unexpected shortage (Shortage Cost). This decision essentially quantifies the cost a manager
is willing to incur today to insure the business against unknown market or supply risks
tomorrow.

14.7 SELECTIVE INVENTORY CONTROL TECHNIQUES

When a company deals with thousands of unique inventory items, it is impractical and costly
to apply the same level of rigorous control (like detailed EOQ calculations and continuous
monitoring) to every single item. Selective inventory control techniques address this
challenge by classifying inventory items based on their importance, allowing managers to
allocate resources proportionally.

14.7.1. ABC Analysis (Always Better Control)

ABC analysis classifies inventory items based on their monetary value to the business,
calculated as the Annual Consumption Value (ACV), which is the unit cost multiplied by the
annual demand. This method uses the Pareto Principle (the 80/20 rule) to structure
management focus.

The categories are defined as follows:

1) Category A (High Value): These items represent a small fraction of the total number of
items but account for the vast majority of the total inventory value.

o Characteristics: Typically 10% to 20% of the total inventory items, but account for
70% to 80% of the total annual consumption value.

o Management Strategy.: Requires the tightest possible control, continuous monitoring,
highly accurate demand forecasting, and rigorous security measures. Techniques
like JIT and precise EOQ calculations are most appropriate here.

2) Category B (Medium Value): These items are important but less critical than A items.

o Characteristics: Generally account for about 30% of total items and 15% to 20% of
the total annual consumption value.
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o Management Strategy: Requires moderate monitoring, perhaps periodic review
systems, and standard inventory policies.

3) Category C (Low Value): These items make up the bulk of the inventory volume but

represent very little financial commitment.

o Characteristics: Comprise the largest group, often 50% to 60% of total items, but
account for only 5% to 10% of the total annual consumption value.

o Management Strategy: Minimal control is required. These items are often bulk
ordered in large quantities to minimize the number of orders placed (thereby
reducing high ordering costs S) and only monitored intermittently.

Category Approximate | Approximate % Required Control Level
% of Items of Annual Value
A (High Value) 10% —20% 70% — 80% Strict, Continuous
Monitoring, Tighter
Security
B (Medium Value) 30% — 40% 15% —20% Moderate, Periodic Review,

Standard EOQ Application

C (Low Value) 50% — 60% 5% — 10% Simple, Bulk Ordering,

Minimal Monitoring

14.7.2 VED Analysis (Vital, Essential, Desirable)

VED analysis classifies inventory based on its operational criticality, which is independent of
its monetary cost. This method is essential for industries where a stockout of even a low-cost
item could halt production or threaten safety, such as in pharmaceutical manufacturing or
equipment maintenance.

Vital (V): These items are absolutely critical to the core functioning of the business. A
shortage causes an immediate and often catastrophic stoppage of production or service.
They must always be in stock, requiring maximum safety stock buffers.

Essential (E): These items are important, but a temporary shortage would not
immediately halt operations. Delays or temporary alternative solutions might be
possible, but production efficiency would be compromised. They require moderate
inventory levels.

Desirable (D): These items are useful but non-critical. Their absence causes only minor
inconvenience or marginal inefficiency. They can be stocked minimally and ordered
when supply is low.

By integrating ABC (Value) and VED (Criticality), management can identify and address
operational vulnerabilities that a purely financial approach (like ABC alone) would overlook.
For example, a specialized bolt used in crucial machinery might be a C-item (low monetary
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value) but a V-item (vital operational requirement). If only ABC analysis is used,
management might bulk order the bolt and ignore it, risking production halt if it fails. By
recognizing it as a V-C item (Vital but Cheap), the manager understands that a highly
controlled, dedicated safety stock must be maintained, even if its cost does not justify
rigorous financial monitoring. This integrated strategy ensures resources are allocated based
on potential operational impact, minimizing the most severe risks.

14.8 ILLUSTRATIVE EXAMPLES / APPLICATIONS

14.8.1 Numerical Example: Economic Order Quantity (EOQ) and Total Annual Cost

Scenario: An Indian manufacturing firm, Shakti Tools, uses a specific type of high-grade
steel bar. Management wants to determine the optimal order quantity.

Given Data:
e Annual Demand (D): 10,000 bars
e Ordering Cost per Order (S): 32,500
e Holding Cost per Unit per Year (H): 350
e Purchase Price per Unit (P): I800
Step 1: Calculate the Economic Order Quantity (EOQ)

The formula for EOQ is used to find the quantity (Q) that minimizes total cost:

Economic Order Quantity (EOQ) = 4/ w

2 % 10,000 x 2,500
EOQ = \/ 50

50,000,000
EOQ = 4 2
0d 50

EOQ = +/1,000,000 = 1,000 units

The optimal order size for Shakti Tools to minimize total ordering and carrying costs is 1,000
bars per order.

Step 2: Calculate the Total Annual Inventory Cost (at EOQ)

The total annual inventory cost is the sum of the ordering cost and the carrying cost.
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1) Annual Ordering Cost (AOC):

AOC = (g) x 8

10,000
1,000

AOC = ( ) x 2,500
AOC = 10 orders x 2,500 = 325,000

2) Annual Carrying Cost (ACC):

ACC = 500 units x 50 = ¥25,000

3) Total Annual Inventory Cost (TIC, excluding purchase price):

TIC = AOC | ACC
TIC = 25,000+ 25,000 = 350,000

Note that at the EOQ, the Annual Ordering Cost and the Annual Carrying Cost are always
equal, which validates the optimality of the calculated quantity.

14.8.2 Numerical Example: Calculating Reorder Point (ROP) with Safety Stock
Scenario: Ganga Garments, a textile exporter, manages a critical dye component.
Given Data:

e Average Daily Demand (Usage): 30 kg

e Supplier Lead Time (Average): 8 days

e Safety Stock (calculated based on variability): 100 kg
Step 1: Calculate Usage During Average Lead Time

This is the expected amount of dye that will be consumed while the order is in transit.

Usage During Lead Time = Average Daily Demand x Average Lead Time

Usage = 30 kg/day x 8 days = 240 kg

Step 2: Calculate the Reorder Point (ROP)

The ROP must cover the expected usage plus the safety buffer.
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Reorder Point (ROP) = Usage During Lead Time + Safety Stock
ROP = 240 kg + 100 kg

ROP = 340 kg

Ganga Garments must trigger a new purchase order when the inventory level drops to 340 kg.
This ROP ensures that even if the order is delayed or if demand is slightly higher than
average during the 8-day lead time, the 100 kg safety stock will prevent a complete stockout.

14.8.3. Case Illustration: Modern Inventory Control Strategies in India
Ilustration 1: Tata Motors and Just-in-Time (JIT) Logistics

Tata Motors, a leading Indian automotive manufacturer, employs the Just-in-Time (JIT)
inventory model. JIT is a strategy aimed at radically reducing inventory costs by having
components delivered from suppliers precisely when they are needed for the assembly line,
rather than holding large buffer stocks. The firm’s Pune plant utilizes real-time tracking
systems to coordinate seamlessly with its vast supplier network, ensuring the synchronized
delivery of parts. This strategy aligns with lean manufacturing principles, which enhance
efficiency and reduce waste by minimizing work-in-progress and raw material inventory. The
result is significantly reduced carrying costs and an inherently agile supply chain that can
quickly adapt to production schedule changes or fluctuations in market demand.

Ilustration 2: Amazon India and Predictive Analytics

In the fast-paced retail sector, Amazon India manages one of the most complex supply chains
globally, leveraging fulfillment centers across numerous states. To manage inventory, the
company moves beyond static models like EOQ by integrating robotics and Artificial
Intelligence (Al) to utilize predictive analytics. These advanced systems analyze historical
data, current sales trends, and seasonal spikes to accurately forecast customer demand. Based
on these predictions, inventory is strategically allocated and positioned in fulfillment centers
nearest to the areas of anticipated high demand. This dynamic approach ensures stock aligns
perfectly with market needs, successfully preventing both inventory overstocking and
stockouts, enabling rapid service delivery (like same-day delivery), and optimizing logistics
costs.

1
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.t: -~ Check Your Progress-A

I
Q1. What is meant by inventory control?
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Q2. What is safety stock, and why is it maintained by organizations?

14.9 SUMMARY

Inventory control is a crucial function within Production and Operations Management as it
directly affects a firm’s profitability, cash flow, and customer satisfaction. Inventory refers to
raw materials, work-in-progress, finished goods, and supportive items such as MRO supplies
held by an organization. Effective inventory control ensures that the right quantity of items is
available at the right time, preventing problems of overstocking and stockouts. The unit
explains the nature and scope of inventory control and clearly distinguishes it from inventory
management, which has a broader focus covering procurement, forecasting, and distribution.
Inventory is classified based on production stages and functional needs, helping managers
understand its role within the operational system. A major focus is placed on the three key
inventory costs—ordering costs, carrying costs, and shortage costs—which often conflict
with each other and require careful balancing. The Economic Order Quantity (EOQ) model is
introduced as a fundamental quantitative tool to determine the optimal order size that
minimizes total inventory cost. Alongside EOQ, the concept of Reorder Point (ROP) and
safety stock is discussed to ensure uninterrupted supply during lead time uncertainties. The
unit also highlights selective inventory control techniques such as ABC and VED analysis,
enabling managers to prioritize control efforts. Modern practices like Just-in-Time and
predictive analytics demonstrate the evolving, strategic role of inventory control in Indian
business organizations.
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@ % Inventory: Goods or materials held for resale or production.

Inventory Control: The process of tracking stock levels to maintain

optimal quantities.

Work-in-Process (WIP): Partially completed items requiring further work.

MRO Supplies: Maintenance, Repair, and Operating materials needed for running the

facility

Ordering Cost (S): Cost incurred per order placed (e.g., clerical time, freight).

Carrying Cost (H): Cost incurred for storing inventory (e.g., rent, insurance,

opportunity cost).

< Opportunity Cost: The profit lost because capital is tied up in inventory instead of
being invested elsewhere.

% Shortage Cost: Loss due to running out of stock (e.g., lost sales, goodwill damage).

< Economic Order Quantity (EOQ): The optimal order size that minimizes total
ordering and carrying costs.
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Lead Time: The time period between placing an order and receiving the stock.

Reorder Point (ROP): The specific stock level that triggers a new order placement.
Safety Stock: Inventory buffer held to guard against uncertainty in demand or lead time.
Annual Consumption Value (ACV): Unit cost multiplied by annual demand, used in
ABC analysis.

ABC Analysis: Classification based on monetary value (Annual Consumption Value).
VED Analysis: Classification based on operational criticality (Vital, Essential,
Desirable).
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14.13 TERMINAL QUESTIONS

10.

1.

12.

13.

14.

15.

16.

. Explain the concept and importance of inventory control in production and operations

management.

Classify inventory based on production stage and functional use with suitable
examples.

Discuss the three major inventory costs and explain how they influence inventory
decisions.

Derive and explain the Economic Order Quantity (EOQ) model, stating its
assumptions and limitations.

Explain the concept of Reorder Point (ROP) and justify the need for safety stock in
inventory control.

Describe ABC analysis and VED analysis. Why is their combined use considered
strategically important?

How does inventory control contribute to improved cash flow and profitability of an
organization?

[lustrate, with examples, the application of modern inventory control practices such
as Just-in-Time (JIT) and predictive analytics in Indian businesses.

Distinguish between ordering costs and carrying costs, and explain their trade-off
relationship.

Critically analyze the role of selective inventory control techniques in managing
large-scale inventories.

A company has an annual demand (D) of 1,200 units, ordering cost (S) of X150 per
order, and carrying cost (H) of *10 per unit per year. Calculate the EOQ and the total
annual ordering and carrying costs at this quantity.

Calculate the total annual cost for the company in Q1 if the purchase price per unit is
%100. (Note: Total cost includes purchase price + TIC).

Calculate the Reorder Point (ROP) for a product with an average daily demand of 15
units, an average lead time of 6 days, and a calculated safety stock of 50 units. [Hint:
ROP = (Demand x Lead Time) + Safety Stock.]

If the lead time for a component is usually 3 days, but occasionally extends up to 10
days due to Indian logistics issues, and daily usage is 100 units, estimate the safety
stock required. (Hint: Calculate usage difference between maximum and average lead
time.)

A firm sells 5,000 units annually (D). The current order quantity (Q) is 500 units, and
the ordering cost (S) is 10 per order. Calculate the number of orders placed per year
and the total ordering cost.

An item has an Annual Demand of 10,000 units, a per-order cost ($S$) of %20, and a
holding cost (H) of X1 per unit per year. What is the EOQ?
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15.1 INTRODUCTION

Enterprise Resource Planning (ERP) refers to integrated software systems designed to manage
and streamline business processes across departments. It provides a centralized platform
where finance, HR, supply chain, marketing, and operations can share information seamlessly.

ERP is not just a technology—it is a management philosophy that emphasizes integration,
efficiency, and real-time decision-making.

There is a popular saying that a specialist is “someone who knows everything about nothing,”
or in simpler terms, “knowing more and more about less and less.” The evolution of
information technology has followed a similar trajectory. Initially, the focus was on the study
of computers as a whole. Gradually, this field branched into hardware and software, and
software itself became further specialized into system software and application software.
Enterprise Resource Planning (ERP) stands as a modern example of this specialized category
of application software.

In today’s competitive environment, achieving and sustaining an edge over rivals is the
fundamental goal of every business. However, organizations often struggle with the challenge
of integrating information from multiple, disconnected IT systems. Studies indicate that nearly
40% of corporate IT budgets are consumed by maintaining outdated legacy systems. To
overcome this issue, companies are increasingly investing in enterprise-wide information
systems, commonly referred to as ERP applications.

Much of the academic and professional literature on ERP has concentrated on the early phases
of its lifecycle—covering aspects such as adoption, decision-making, acquisition, and
implementation. This unit explores the journey of ERP systems as commercial software
packages designed to integrate transaction-oriented data and streamline business processes
across the entire enterprise.

ERP Life Cycle
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15.2 LEARNING OBJECTIVES

In this unit, a learner would be able to understand:

e Meaning and Concept of ERP

e Evolution of ERP Systems

e Modules and Implementation of ERP
e Benefits and Challenges of ERP

e Growth and Future of ERP in India

15.3 EVOLUTION OF ERP SYSTEMS

Early Foundations: Pre-1960s

Before the advent of computerized systems, businesses relied on manual methods such as
ledger books, paper-based bills of materials, and basic accounting practices to manage
operations. These methods were time-consuming, error-prone, and lacked integration across
departments. The introduction of mainframe computers in the 1940s and 1950s marked the first
step toward automation, enabling organizations to process large volumes of data more
efficiently

1960s—1970s: Material Requirements Planning (MRP)

The 1960s witnessed the development of Material Requirements Planning (MRP) systems,
which focused on inventory control and production scheduling. MRP allowed businesses to
calculate material requirements based on demand forecasts and production schedules. This
innovation reduced excess inventory and ensured timely availability of raw materials. By the
1970s, MRP had become a widely adopted tool in manufacturing industries, laying the
foundation for more advanced resource planning systems

1980s: Manufacturing Resource Planning (MRP II)

In the 1980s, MRP evolved into MRP II (Manufacturing Resource Planning). Unlike MRP,
which focused mainly on materials, MRP II integrated additional aspects such as capacity
planning, shop floor control, and financial management. This expansion allowed organizations
to align production schedules with broader business objectives. MRP II emphasized cross-
functional integration, making it a precursor to modern ERP systems. It also introduced
simulation capabilities, enabling managers to test “what-if” scenarios for better decision-
making

1990s: Emergence of ERP

The 1990s marked the formal birth of Enterprise Resource Planning (ERP). ERP extended
beyond manufacturing to encompass finance, human resources, procurement, logistics, and
customer relationship management. Unlike MRP II, ERP provided a single, unified database
that ensured consistency of information across departments. This integration eliminated
duplication, improved transparency, and enabled real-time decision-making.
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ERP systems became essential for large corporations seeking to streamline operations and
achieve competitive advantage. Vendors such as SAP, Oracle, and PeopleSoft emerged as
leaders in the ERP market, offering comprehensive solutions tailored to diverse industries.

2000s: ERP II and Web-Based Systems

With the rise of the internet, ERP systems evolved into ERP II, which extended functionality
beyond internal operations to include external stakeholders such as suppliers, customers, and
partners. ERP II incorporated Customer Relationship Management (CRM), Supply Chain
Management (SCM), and Business Intelligence (BI) tools.

Web-based ERP systems allowed remote access, enabling global organizations to manage
operations across multiple locations. This era also saw the rise of cloud computing, which
reduced upfront costs and made ERP accessible to small and medium enterprises (SMEs).

2010s—Present: Intelligent ERP (iERP)

Modern ERP systems, often referred to as intelligent ERP (iERP), integrate advanced
technologies such as Artificial Intelligence (AI), Machine Learning (ML), Internet of
Things (IoT), and Blockchain. These systems provide predictive analytics, automate routine
tasks, and enable real-time monitoring of assets and logistics.

For example:
e Al-driven ERP can forecast demand and optimize supply chains.
e [oT integration allows tracking of equipment performance and inventory in real time.

e Blockchain enhances transparency and security in financial transactions and supply
chains.

Cloud-based ERP platforms such as Oracle NetSuite, Microsoft Dynamics 365, and SAP
S/4HANA dominate the current market, offering scalable, subscription-based solutions that
support digital transformation initiatives

15.4 MODULES OF ERP

Enterprise Resource Planning (ERP) systems, which combine many corporate operations into
a single platform, have become the foundation of contemporary businesses. ERP modules are
specialist parts made to manage particular organizational procedures, guaranteeing smooth
communication, consistent data, and effective operations. While each module focuses on a
certain area, taken as a whole, they provide a comprehensive system that facilitates strategic
expansion and decision-making.

1. Human Resource Management Module
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The HRM module oversees hiring, payroll, training, performance reviews, and attendance,
among other employee-related procedures. It guarantees that businesses can monitor worker
productivity, adhere to labor regulations, and keep correct personnel records. Employee access
to pay leave balances, and instructional schedules is made possible by features like self-service
portals, which lessen the workload for employees.

2. Finance and Accounting Module

This module, which manages the general ledger, account payable, accounts receivable,
budgeting, and financial reporting, is essential to ERP systems. It enables businesses to stay in
line with accounting rules by giving them immediate access into financial transactions. Errors
are decreased via automated procedures, and dashboards provide information on cash flow,
profitability, and spending patterns.

3. Sales and Marketing Module

The sales module streamlines order management, quotation generation, customer relationship
tracking, and invoicing. It integrates with inventory and finance modules to ensure accurate
billing and timely delivery. Marketing functionalities include campaign management, lead
tracking, and customer segmentation, helping organizations enhance customer satisfaction and
boost revenue.

4. Inventory Management Module

Inventory control guarantees ideal stock levels, minimizing both excesses and shortages. This
module keeps track of spare parts, completed goods, and raw materials throughout warehouses.
Accuracy is increased by features like demand forecasting, batch tracking, and barcode
scanning. Stock availability is guaranteed to match client demand through connectivity with
purchasing and sales modules.

5. Procurement Module

The procurement module manages supplier relationships, purchase orders, vendor evaluation,
and contract management. It automates the procurement cycle, from requisition to payment,
ensuring transparency and cost efficiency. By integrating with inventory and finance modules,
it helps organizations avoid over-purchasing and ensures timely supplier payments.

6. Production and Manufacturing Module

This module is essential for manufacturing companies. It manages scheduling, resource
allocation, quality assurance, and production planning. It guarantees the availability of raw
materials when needed by integrating with procurement and inventories. Capacity planning,
product lifecycle management, and machine maintenance scheduling are examples of advanced
features that improve operational efficiency.

7. Customer Relationship Management Module

CRM focuses on building and maintaining strong customer relationships. It tracks customer
interactions, preferences, and feedback. Features include sales pipeline management, after-
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sales support, and loyalty programs. Integration with sales and marketing modules ensures that
customer data is used effectively to personalize services and improve retention.

8. Supply Chain Management Module

SCM manages the movement of products and services from vendors to clients. Distribution
management, demand forecasting, logistics, and transportation are all included. SCM
guarantees on-time delivery, lowers expenses, and improves customer satisfaction through
integration with the purchasing, inventory, and sales modules. Accountability throughout the
supply chain is enhanced by real-time shipment tracking.

9. Project Management Module

This module assists businesses with project planning, execution, and monitoring. It contains
tools for budgeting, risk management, scheduling, and resource allocation. Project managers
are able to monitor development in relation to milestones and guarantee timely completion.
Costs and labor are in line with project objectives thanks to integration with the finance and
HR modules.

10. Quality Management Module

Quality control guarantees that goods and services fulfil predetermined requirements. Planning
inspections, recording defects, keeping an eye on compliance, and managing remedial action
are all included. It guarantees that quality is upheld across the supply chain through cooperation
with the manufacturing and purchasing modules, which lowers reworking and customer
complaints.

11. Business Intelligence Module

BI modules offer sophisticated reporting and analytics features. They use trend analysis,
predictive analytics, and dashboards to turn unprocessed data into useful insights. Real-time
data allows managers to make well-informed decisions. Every facet of organizational
performance is covered by BI thanks to connection with all other modules.

12. Warehouse Management Module

Warehouse tasks including picking, packing, dispatching, and storage are the main topics of
this module. It guarantees precise order fulfilment and maximizes space use. Manual errors are
decreased by features like automated workflows and RFID tracking. Logistics operations run
smoothly thanks to integration with SCM and inventory systems.

13. E-Commerce Module

With the rise of digital platforms, ERP systems often include e-commerce modules. These
manage online sales, product catalogs, customer orders, and payment gateways. Integration
with CRM, inventory, and finance modules ensures that online transactions are processed
efficiently and customer experiences are seamless.

14. Compliance and Risk Management Module
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This module makes sure that rules including labor laws, tax laws, and industry standards are
followed. Additionally, it gives mitigation methods and detects potential risks like supply chain
disruptions or financial fraud. Integration with the HR and finance modules ensures adherence
to organizational procedures.

15. Research and Development Module

The R&D module facilitates the creation of products, testing, and development for companies
that prioritize innovation. It monitors resource usage, intellectual property management, and
project advancement. The successful transfer of new goods into manufacturing and their
compliance with standards are guaranteed by connection with manufacturing and quality
modules.

15.5 ERP IMPLEMENTATION

Implementing Enterprise Resource Planning is one of the biggest projects for any company
looking to streamline operations, increase productivity, and become competitive in the long
run. ERP systems enable smooth data flow and well-informed decision-making by combining
many functions—finance, personnel, logistics, sales, and manufacturing—on a single platform.
However, meticulous preparation, methodical execution, and ongoing oversight are necessary
for successful implementation.

Understanding ERP Implementation

ERP implementation refers to the process of installing, configuring, and adopting ERP software
within an organization. It is not merely a technical exercise but a strategic transformation that
impacts people, processes, and technology. The goal is to replace fragmented systems with a
centralized solution that improves transparency, reduces redundancy, and supports growth.

Key Phases of ERP Implementation

ERP implementation typically follows a structured methodology, which includes several
critical phases:

e Planning and Preparation: Organizations begin by defining objectives, identifying
stakeholders, and assessing readiness. A clear roadmap is established, including timelines,
budgets, and resource allocation.

o Business Process Analysis: Existing workflows are studied to identify inefficiencies and
gaps. This step ensures that ERP aligns with organizational needs rather than simply
automating outdated practices.

o System Design and Configuration: The ERP software is customized to match business
requirements. Modules such as finance, HR, or supply chain are configured, and integration
with legacy systems is planned.

o Data Migration: Accurate and clean data is transferred from old systems to the new ERP
platform. This step is crucial, as poor data quality can undermine the entire implementation.
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o Testing: Rigorous testing ensures that the system functions correctly, integrates seamlessly,
and meets performance expectations.

e Education and Change Management: Workers receive instruction on how to operate the
system efficiently. To overcome opposition and foster acceptance, change management
techniques are used.

e Go-Live and Support: To minimize interruption, the system is frequently introduced in
stages. Post-implementation assistance guarantees seamless operations and quickly
resolves problems.

15.6 BENEFITS OF ERP IMPLEMENTATION

1. Streamlined Business Processes

One of the most significant benefits of ERP implementation is the streamlining of business
processes. Traditionally, organizations relied on fragmented systems for finance, HR, sales, and
supply chain management. ERP consolidates these into a single platform, eliminating
duplication and reducing manual effort. Automated workflows ensure that tasks such as order
processing, payroll, and inventory tracking are completed faster and with fewer errors. This
integration enhances coordination across departments and improves overall productivity.

2. Improved Data Accuracy and Transparency

ERP systems provide a centralized database where all organizational information is stored and
updated in real time. This reduces the risk of inconsistencies and ensures that managers and
employees work with accurate data. Transparency in operations allows decision-makers to
monitor performance, identify bottlenecks, and take corrective action promptly. For example,
finance managers can access real-time cash flow data, while supply chain teams can track
inventory levels across multiple warehouses.

3. Enhanced Decision-Making

With accurate and timely information, ERP systems empower leaders to make informed
decisions. Advanced reporting and analytics tools provide insights into sales trends, customer
behavior, and production efficiency. Predictive analytics can forecast demand, helping
organizations plan resources effectively. This data-driven approach reduces reliance on
intuition and supports evidence-based strategies, which are critical in competitive markets.

4. Cost Efficiency

ERP implementation may require initial investment, but it leads to long-term cost savings.
Automation reduces administrative overhead, minimizes errors, and lowers operational costs.
For instance, automated procurement processes prevent over-purchasing, while optimized
inventory management reduces storage expenses. By improving resource utilization, ERP
systems help organizations achieve higher profitability.

5. Better Customer Service
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Customer satisfaction is a key driver of success, and ERP systems directly contribute to
improving service quality. Integrated CRM modules track customer interactions, preferences,
and purchase history. This enables organizations to respond quickly to inquiries, personalize
services, and resolve issues efficiently. Timely order fulfillment and accurate billing further
enhance customer trust and loyalty.

6. Regulatory Compliance

ERP systems often include compliance management features that help organizations adhere to
legal and industry standards. Automated tax calculations, audit trails, and documentation
ensure transparency and reduce the risk of penalties. In industries such as healthcare or
manufacturing, ERP systems support compliance with safety and quality regulations,
safeguarding both the organization and its stakeholders.

7. Scalability and Flexibility

ERP systems are designed to grow with the organization. As businesses expand into new
markets or diversify their product lines, ERP modules can be added or customized to meet
evolving needs. Cloud-based ERP solutions, in particular, offer flexibility by allowing remote
access and easy integration with emerging technologies. This scalability ensures that ERP
remains relevant in dynamic business environments.

8. Employee Empowerment

ERP systems empower employees by providing self-service portals for tasks such as leave
applications, payslip downloads, and training schedules. This reduces dependency on HR or
administrative staff and fosters a sense of autonomy. Additionally, ERP systems facilitate
collaboration by enabling teams to share information seamlessly, breaking down silos within
the organization.

9. Risk Management

ERP systems enhance risk management by providing visibility into potential issues such as
supply chain disruptions, financial irregularities, or compliance gaps. Early detection allows
organizations to implement corrective measures before problems escalate. Built-in security
features also protect sensitive data from unauthorized access, ensuring organizational
resilience.

15.7 CHALLENEGS OF ERP IMPLEMENTATION

1. High Cost of Implementation

ERP systems demand significant investment in software licenses, hardware infrastructure,
training, and consultancy. For small and medium enterprises, these costs can be overwhelming.
Even large organizations struggle with budget overruns when unexpected customization or
extended timelines arise. The financial burden often becomes a major barrier to successful
implementation.

2. Resistance to Change
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Employees accustomed to existing systems may resist adopting ERP. Fear of job loss, increased
monitoring, or unfamiliar workflows can create anxiety. Without effective change
management, resistance can lead to poor adoption, reduced productivity, and even sabotage of
the new system. Building trust and involving employees in the transition is essential.

3. Complexity of Business Process Reengineering

ERP systems often require organizations to redesign their processes to align with standardized
modules. This reengineering can be disruptive, as it challenges established practices and
demands new workflows. Managers must balance the need for efficiency with the realities of
organizational culture, which can slow down or complicate implementation.

4. Data Migration Issues

Transferring data from legacy systems to ERP platforms is one of the most challenging tasks.
Inaccurate, incomplete, or redundant data can compromise system reliability. Cleaning and
validating data requires time and expertise, and errors during migration can lead to operational
disruptions and loss of trust in the system.

5. Customization Risks

While ERP systems offer standardized modules, organizations often demand customization to
meet unique needs. Excessive customization increases complexity, costs, and implementation
time. It can also reduce system stability and make future upgrades difficult. Striking a balance
between standardization and customization is a persistent challenge.

6. Training and Skill Gaps

ERP systems are sophisticated, requiring users to learn new interfaces and processes.
Insufficient training leads to errors, frustration, and underutilization of the system.
Organizations must invest in comprehensive training programs, but balancing training time
with ongoing work responsibilities is often difficult

7. Time-Consuming Implementation

ERP projects frequently exceed planned timelines. Delays occur due to scope creep, technical
issues, or resistance from stakeholders. Extended implementation disrupts operations and
increases costs, leading to frustration among employees and management. Careful project
management and realistic scheduling are necessary to mitigate this challenge.

8. Vendor Dependence

ERP implementation often creates long-term dependence on vendors for support, upgrades, and
troubleshooting. If the vendor fails to deliver timely assistance or increases costs, organizations
may face operational risks. Choosing the right vendor and negotiating clear service agreements
is crucial.

Despite careful planning, ERP projects sometimes fail to deliver expected benefits. Failure may
result from poor leadership, inadequate training, or misalignment between ERP capabilities and
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organizational needs. Such failures not only waste resources but also damage employee morale
and stakeholder confidence.

15.8 GROWTH OF ERP IN INDIA

ERP adoption in India began in the late 1990s, primarily among large corporations in
manufacturing and IT services. Over time, the scope expanded to include sectors such as retail,
healthcare, education, and government institutions. The rise of affordable cloud-based ERP
solutions has made these systems accessible to small and medium enterprises (SMEs), which
form the backbone of India’s economy.

For example, Infosys and TCS not only use ERP internally but also provide ERP consulting
and implementation services to clients worldwide. Similarly, Reliance Industries adopted SAP
ERP to manage its complex supply chain and financial operations, setting benchmarks for
large-scale ERP deployment in India. Companies like Tata Motors and Mahindra &
Mahindra use ERP to manage production planning, inventory, and quality control. ERP helps
them align with global standards while supporting initiatives like Make in India. Giants such
as Flipkart and Big Bazaar rely on ERP systems to integrate sales, inventory, and customer
relationship management. This ensures timely delivery and efficient warehouse operations.
Hospitals like Apollo Hospitals use ERP to manage patient records, billing, and supply chain
for medical equipment, improving service quality and compliance. Universities such as Amity
University and IITs have implemented ERP systems to streamline admissions, examinations,
and student services. The Indian Railways has adopted ERP solutions for managing ticketing,
logistics, and maintenance, reflecting the government’s push toward digital governance.

15.9 GOVERNMENT INITIATIVES

Enterprise Resource Planning is now a crucial tool for businesses looking for process
integration, efficiency, and transparency. The Indian government has acknowledged ERP as a
critical facilitator of digital transformation, especially in areas like taxation, public sector firms,
small and medium-sized businesses (SMEs), and agriculture. The nation's larger goal of a
digital India and e-Government can be seen in a number of efforts that have been started to
promote ERP adoption.

1. ERP-Based Computerization of PACS

One of the most significant government initiatives is the computerization of Primary
Agricultural Cooperative Societies (PACS). The Ministry of Cooperation has launched a
nationwide project worth 22,516 crore to implement a common ERP-based software across
more than 63,000 PACS.

e The ERP system integrates PACS with District Central Cooperative Banks (DCCBs) and
State Cooperative Banks (SCBs).

e It ensures a Common Accounting System (CAS) and Management Information
System (MIS), improving transparency, accountability, and efficiency in rural credit
delivery.
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This initiative is crucial for strengthening India’s cooperative sector, which plays a key
role in agricultural financing and rural development

2. Bharat ERP for MSMEs

The government, in collaboration with SAP, has introduced the “Grow with SAP — Bharat
ERP?” initiative to support Micro, Small, and Medium Enterprises (MSMEs).

e MSMEs contribute nearly 38% to India’s GDP and 46% to exports, yet many struggle
with outdated systems.

o Bharat ERP provides affordable, cloud-based ERP solutions tailored to Indian SMEs,
helping them modernize supply chains, manage compliance, and compete globally.
This initiative aligns with Startup India and Make in India, empowering small businesses
to adopt digital tools without heavy financial burden

3. Digital India and ERP Integration

The Digital India program emphasizes the use of integrated IT systems across ministries and
departments. ERP solutions are promoted as part of this initiative to:

o Standardize workflows and reduce duplication.
o Enable interoperability between government platforms.

e Support e-governance by  improving  service delivery to  citizens.
For example, ERP-based systems are being used in Indian Railways for ticketing,
logistics, and maintenance, ensuring efficiency in one of the world’s largest public
transport networks.

4. Public Sector Enterprises (PSEs)

Several public sector enterprises have adopted ERP systems under government encouragement.
e ONGC uses ERP for managing exploration projects and financial reporting.
o BSNL has implemented ERP to streamline billing and customer service.

o Indian Railways integrates ERP for supply chain and asset management.
These initiatives reflect the government’s push for transparency, accountability, and
modernization in public enterprises.

5. GST Compliance through ERP

The introduction of the Goods and Services Tax (GST) in 2017 made ERP systems highly
relevant. Businesses gain from fewer manual errors and better adherence to regulatory
standards; ERP modules now feature computerized GST compliance, streamlining submitting
taxes and reporting. This integration shows how the adoption of ERP across industries is
directly influenced by government policies.
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s

® L CHECK YOUR PROGRESS- A

1. What does ERP stand for?

a. Enterprise Resource Program

b. Enterprise Resource Planning

c. Electronic Resource Planning

d. Enterprise Requirement Process

2. Which of the following is a common module of an ERP system?
a. Virtual Reality

b. Human Resources

c. Video Making

d. Printing

3. Which of the following is an example of ERP software?
a. Microsoft Excel

b. WhatsApp

c. Mozilla Firefox

d. SAP

4. What is one major advantage of using an ERP system?
a. Increased complexity

b. Data duplication

c. Better decision-making

d. Slower implementation

5. ERP helps organizations by:

a. Formation of errors

b. Reducing efficiency

c. Improving coordination between departments
d. Limited communication

15.10 CASE STUDY: ERP IMPLEMENTATION IN TATA STEEL

Tata Steel, one of India’s largest steel producers, faced challenges in the late 1990s and early
2000s with fragmented legacy systems. Different departments (procurement, production,
finance, HR) operated on standalone software, leading to, data duplication, Inefficient
reporting, delays in decision-making, and lack of real-time visibility across operations.

To overcome these issues, Tata Steel decided to implement an Enterprise Resource Planning
system.

The objectives of ERP implementation would include: Data Integration, increased efficiency,
assured transparency, improved scalability, etc.
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While implementing the process, a number of multiple vendors were evaluated, Tata Steel
partnered with SAP for ERP deployment, ERP modules were implemented gradually—starting
with finance and procurement, followed by production and HR, Training programs were
conducted to prepare employees for the new system, ERP was tailored to suit the steel
industry’s specific needs, such as raw material tracking and production scheduling, Pilot testing
was done in select plants before full-scale rollout.

With the introduction of ERP systems in TATA Steel, the concern of duplication was reduced
and manual errors were eliminated, the managers could access live data for better decision
making, coordination between the departments was enhanced between procurement,
production and maintenance. The delivery outcome was improved and made little faster.

Tata Steel’s ERP journey highlights how large Indian enterprises can leverage technology to
transform operations. Despite challenges, the ERP implementation delivered long-term
efficiency, transparency, and competitiveness. This case demonstrates that ERP is not just a
software upgrade but a strategic organizational change initiative.

15.11 SUMMARY

Enterprise Resource Planning (ERP) is an integrated software solution that connects core
business functions such as finance, human resources, supply chain, production, and customer
service into a unified system. By centralizing data, ERP eliminates duplication, enhances
transparency, and enables real-time decision-making. Organizations benefit from improved
efficiency, streamlined workflows, and better resource utilization. ERP also supports
scalability, allowing businesses to adapt to growth and changing market demands. Successful
implementation requires careful planning, employee training, and change management.
Ultimately, ERP is not just technology it is a strategic tool for organizational transformation
and competitiveness.

15.12 GLOSSARY

Enterprise Resource Planning: An application that uses a central database to manage and
integrate an organization's primary business operations, including supply chain, manufacturing,
finance, and personnel, into a single, cohesive platform.

Module: It is a stand-alone functional component of an ERP system that is intended for a
particular business domain, such as finance, HR, inventory, or supply chain management.
Business Intelligence: It refers to processes and instruments that gather, examine, and display

corporate data in order to facilitate improved decision-making.

Procurement: It refers to sourcing goods, amenities, or raw materials from suppliers.
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e 1515 TERMINAL QUESTIONS

e Describe how ERP integrates different organizational functional areas?

e What difficulties/challenges do Indian businesses face during ERP implementation?
e How does ERP improve customer relationship management in the service sector?

e Which essential ERP system modules are frequently utilized in Indian businesses?
e How can ERP help businesses make decisions in real time?
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