CHAPTER ONE: OPERATIONS FUNCTION
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1.1 INTRODUCTION

Efficient and effective management of production resources (human resource, raw materials, etc) is a critical success factor in this global economy. It is a source of strategic growth and competitiveness in the market. One of the responsible functions to this end is Operation management involves the design and control of a system responsible for the productive use of resources in the development of products or services.
Operations management is the managing of these reproductive resources .It entails the design and control of systems responsible for the productive use of human resource, raw materials, equipment   and facilities in the development of a product or service. The way how we manage productive resources is critical to strategic growth and competitiveness.
1.2. DEFNITION OF PRODUCTION AND OPERATIONS MANAGEMENT 

There is no one single definition given to the term operations and production management. The following are few of the definitions given by different writers. 
· Operation management deals with the production of goods and services that people buy and use every day. It is a function that enables organization to achieve their goals through efficient acquisitions and utilization of resources.
· OM refers to the interaction and control of the process that transform input into finished goods and services. 
· OM may be defined as the design, operation and improvement of the production systems that create the firm’s primary products or services.
· OM may be defined as the management of the direct resources required to produce the goods and services provided by an organization. It is the derivative of the organization strategy and mission .The following model summarize the field of OM in a broad business context.
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Fig.1.1 operations management in business context 

Market place includes the form’s customers for its products or services which drives the corporate strategy of the firm. This strategy is based on the corporate mission and in essence reflects how the firm plans to use all its resources and functions to gain competitive advantage.

As it is shown in figure 1.1, production management is involved with the selection, organization, and control of resources to produce the desired product or services. Its most fundamental characteristics are the processes that convert resources such as raw materials, labor, buildings, managerial skills, knowledge and machines into outputs that can be exchanged for money through the marketing process. 
The process used in operation system to transform inputs is to some desired outputs consists the five P’s of operation management, that is, 
· People (the direct and indirect workforces,
· Plants (factories or service branches)
· Parts (materials or incase of services, the supplies)
· Processes (equipment and steps by which production is accomplished)
· Planning and control (procedures and information management uses to operate the system. 

In a net shell, operations management is concerned with the activities, concepts and techniques employed is producing goods and services. When emphasis was on the production of goods alone, the term production management was used to describe these managerial responsibilities. The term “Operations Management” is more applicable today because of the equal emphasis on producing both goods and services.  

1.3. OBJECTIVES OPERATIONS MANAGEMENT 
The primary objective operations and production management is to effectively manage and utilize those resources of the firm that are essential for the production of goods and services. Production management refers to the management of activities related to the production of goods.
On the other hand, operations management is a step ahead of production management, or it can be said that the production management is a part of the operations management. Operations Management, as the name suggests is the administration of business operations, by the managers of the organization. Operations management helps the firm to achieve its sales and business objectives by producing goods and services that meet the need of consumers. Sales and profit will increase if the product produced satisfies the customers’ needs. The role of the operation manager is to ensure that products or services are always available and reaches customers promptly. He also makes sure that raw materials are transformed successfully into finished products. One importance of operation management is to improve the overall productivity of the business. Resources are also used properly in other to eliminate wastage and boost profit.
The most common objectives of operations are cost, dependability, quality, delivery, and flexibility. Other objectives include innovation, safety, and environmental sustainability.

1.4. SCOPE OF OPERATIONS MANAGEMENT  
1. Location of Facilities: The most important decision with respect to the operations management is the selection of location, a huge investment is made by the firm in acquiring the building, arranging and installing plant and machinery. And if the location is not suitable, then all of this investment will be called as a sheer wastage of money, time, and efforts.
So, while choosing the location for the operations, company’s expansion plans, diversification plans, the supply of materials, weather conditions, transportation facility and everything else which is essential in this regard should be taken into consideration.
2. Product/Service Design: It is all about an in-depth analysis of the customer’s requirements and giving a proper shape to the idea, which thoroughly fulfills those requirements. It is a complete process of identification of needs of the consumers to the final creation of a product/service which involves designing and marketing, product development, and introduction of the product to the market.
3. Process Design: It is the planning and decision making of the entire workflow for transforming the raw material into finished goods, It involves decisions regarding the choice of technology, process flow analysis, process selection, and so forth.
4. Plant Layout: As the name signifies, plant layout is the grouping and arrangement of the personnel, machines, equipment, storage space, and other facilities, which are used in the production process, to economically produce the desired output, both quality wise and quantity wise.
5. Material Handling: Material Handling is all about holding and treatment of material within and outside the organization. It is concerned with the movement of material from one go down to another, from go down to machine and from one process to another, along with the packing and storing of the product.
6. Material Management: The part of management which deals with the procurement, use and control of the raw material, which is required during the process of production. Its aim is to acquire, transport and store the material in such a way to minimize the related cost. It tends to find out new sources of supply and develop a good relationship with the suppliers to ensure an ongoing supply of material.
7. Quality Control: Quality Control is the systematic process of keeping an intended level of quality in the goods and services, in which the organization deals. It attempts to prevent defects and make corrective actions (if they find any defects during the quality control process), to ensure that the desired quality is maintained, at reasonable prices.
8. Maintenance Management: Machinery, tools and equipment play a crucial role in the process of production. So, if they are not available at the time of need, due to any reason like downtime or breakage etc. then the entire process will suffer.
Hence, it is the responsibility of the operations manager to keep the plant in good condition, as well as keeping the machines and other equipment in the right state, so that the firm can use them in their optimal capacity.
1.5. OPERATIONS DECISION MAKING
Hundreds of decisions are made every day in the operation activity. Even minor decisions determine the company’s success or failure. It ranges form simple judgmental to complex analysis which can also involve judgment (past experience & common sense). They involve a way of blending objective and subjective data to arrive at a choice. The use of quantitative methods of analysis adds to the objectivity of such decisions. 
The major areas in which operations managers make decisions are: 
1. Strategic decision 
· Product and service plan 
· Competitive priorities (TQM, statistical process, 
·  Location, capacity and layout decision 
2. Design decisions 
· Deals with actual production system 
· Process design   technology 
· Job design
3. Operating Decision–deals with operating the factory the system once it is in place. It includes forecasting, materials management, inventory management, aggregate planning, scheduling.

1.6. OPERATIONS AS A FUNCTION 
In every business organization there are basic functions, that is, finance, human resource, marketing, production/operation and others such as information system. However, production and operations function is the foundation of any business. Today’s competitive and economic realities demand companies upgrade their skill in production. Because, no matter how other functions are effective, if it is difficult to think of success without having a product that can fit the requirements of customers. Doing so requires knowledge and application of operations management techniques. 

In most organizations, operations is an internal function that is buffered form the external environment by other organizational functions such as marketing, finance, human resource management, purchasing, R and D departments etc.  The following figure depicts this relationship
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Fig. 1.2 Operation management as a function of business



1.7. OPERATIONS SYSTEM 
Operation management is the core of most business organization. It is responsible for the creation of an organization is goods or services. Inputs are used to obtain finished goods or services using one or more transformation process. To ensure that the desired outputs  are obtained , measurements  /assessment/evaluation/are taken at various points  in the transformation  process (feedback) and then compared to previously established standards to determine if corrective action is needed (control). 
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Fig. 1.3 The conversation process 

The essence of the operations function is to add value during the transformation process. Value added is the term used to describe the difference between the costs of inputs and the value or price of out puts. Typical examples are given in the table 1 below.

Table 1. Input transformation output relationship for typical systems

	System
	Primary input
	Resources
	Primary transformation
	Desired output

	Hospital
	Patient
	MDS, nurses medical supplies, equipment, food, bed etc
	Health care (physiological)
	Healthy individuals

	Restaurant
	Hungry customer
	Food, chief waiters
	Well prepared well served food
	Satisfied customers

	Automobile factory
	Sheet steel engine parts
	Tools, equipment, workers
	Fabrication and assembly of car
	High quality cars

	College University
	High school graduate 
	Teachers, books, class rooms 
	Imparting knowledge and skills, information 
	Educated individuals

	Department Store 
	Shoppers 
	Displays, stocks of goods, sales, clerks 
	Attract shoppers promote products 
	Sales to satisfied customers


1.8. REASONS FOR THE STUDY OF OPERATIONS MANAGEMENT 
OM is an integrative body of knowledge; whose skills are needed in industries as diverse health care, education, telecommunications, lodging, food, service, banking, consulting and manufacturing.
OM is one of three major functions (marketing, finance, and operations) of any organization and we study how people organize themselves for productive enterprise.
Describing the three basic functions of a firm:
· Marketing – generates demand
· Production/operations – creates the product
· Finance/accounting – tracks how well the organization is doing, pays bills, collects the money
So we study operations management for following main reasons, no matter what industry:
· To learn how people organize themselves to be productive and profitable at their chosen enterprise and enhance its service to society.
· To learn how goods and services are produced.
· To learn what operations managers do so it can be put to use in numerous opportunities.
· To improve the reputation of an organization and thus has a positive influence on its capability to achieve growth and stability goals. 
· To ensures that products meet the quality standards and customers' expectations.
· We want to know how goods and services are produced.
1.9. NEW OPERATIONS THEMS
The study demonstrates that the persistent central ideas of operations management concern manufacturing strategy, with specific interests in strategy typologies, best practices, and the resource‐based view. Other central themes are performance measurement, case study method and process management. A central theme of contemporary operations management is focus on the customer. This is commonly understood to mean that if a company does focus on its customers and it’s able to consistently deliver what the customer wants in a cost-effective manner, then the company should be successful.
Five Transforming Frontline Recent Trends in Operations Management
· Priority on Well-Being and Safety. All operations managers will focus more on safety and health for the following long periods. 
· Digitizing Manual Processes.
· Improving Company-Wide Communications.
· Fast Responding to Demand.
· Prompt Resolution To Problems and automation
1.10. EFFICIENCY AND EFFECTIVENESS
The terms efficiency and effectiveness are thought to be the same and sometimes it is used in place of each other. However, both are different. Efficiency and effectiveness are two terms that are most commonly used in management. Efficiency refers to the act of performing activities with minimum wastage of time and optimum usage of resources, so that the work done is faster and in an error free manner. Efficiency means doing things “right”—whether that means moving faster, getting work done with fewer resources, accomplishing big projects with a smaller budget, or otherwise doing “more” with “less.”
Effectiveness is a broader concept than efficiency and it is related to the extent to which work is done in order to achieve the desired or targeted outcomes. Effectiveness means working on the “right” things—that is to say, things that drive business value and move the needle on company goals. In other words, we can say it is the extent to which someone or something is successful towards meeting the desired outcome. Both these concepts are widely used for assessing the performance of the employees in an organization.
1.11. PRODUCTIVTY MEASURE
Productivity is a common measure of how well a country, industry or business unit is using its resources (or factors of production). In its broadest sense, productivity is defined as:

Productivity = 
To increase productivity, we want to make this ratio of output to inputs as large as practical. Productivity is what we call a relative measure. In other words, to be meaningful, it needs to be compared with something else. Comparison can be made with similar operations within its industry, or it can measure productivity over time within the same operation.

Productivity may be expressed as partial measures, multifactor measures, or total measures. If we are concerned with the ratio of output to a single input; we have a partial productivity measure. If we want to look at the ratio of out put to a group of inputs (but not all inputs), we have a multifactor productivity measure. If we want to express the ratio of all outputs to all inputs, we have a total factory measure of productivity   that might be used to describe the productivity that might be used to describe the productivity of an entire organization or even a nation.

	Partial Measure = 

Multifactor Measure = 

	Total Measure = 
Where: L = Labor
	      K = Capital
	      E = Energy
	     Rm = Raw materials 

Example 1 ABC Co. produces apple pies sold to supermarkets has been able to work with his current equipment, to produce 24 pies per bushel of apples. He currently purchases 100 bushel per day and each gallon requires 3 labor –hours to process. He believes that he can hire a professional food broker, who can buy better – quality apple at the same cost. If this is the case he can increase his production to 26 pies per bushel. This labor hour will have the impact on productivity (pies labor hours) if the food broker is hired. The professional food broker works 8 hours per day. Calculate: 
1. The current labor productivity 
2. Labor productivity with food broker 
Solution: 

Current     Labor productivity =  
                                               = 8 pies /labor hour


Labor productivity with food broker =     

                                                          = 

                                                          = 8.44 pies /labor hours 

Using last year (i.e. 8 as a base, the increase is 5.5%= 8.44/8 =1.055 or 5.5% increase over last year.
Example 2 A) Determine the productivity of four workers who installed 640 square yards of carpeting in 8 hours per day. 
B) Calculate the productivity of a machine that produces 60 units in two hours 
 	 Solution: 

Productivity =  


                     =   


                     = 
            
                     = 20 yards/hour     

Productivity =   


                      =   

                      = 30 pieces /hour 

Example 3 A company that produces fruits and vegetable is able to produce 400 cases of canned peaches in one half hour with two workers. What is labor productivity?

Solution 
Labor productivity   =    Quantity produced 
                                          Labor hours 

                                =  400 cases 
                                    2workers X1/2 hour /workers 

                                 = 400 cases per hour
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2.1 Identifying Missions and Strategies
Each of a firm’s strategies should be established in light of (1) the threats and opportunities in the environment and (2) the strengths and weaknesses of the organization. Ultimately, every strategy is an attempt to answer the question, “How do we satisfy a customer?” within these constraints.
An effective operations management effort must have a mission so it knows where it is going and a strategy so it knows how to get there.
Mission
Economic success, indeed survival, is the result of identifying missions to satisfy a customer’s needs and wants.
Definition: We define the organization’s mission as its purpose - what it will contribute to society. Mission statements provide boundaries and focus for organizations and the concept around which the firm can rally. The mission states the rationale for the organization’s existence. Developing a good strategy is difficult, but it is much easier if the mission has been well defined. The mission can also be thought of as the intent of the strategy - what the strategy is designed to achieve.

Once an organization’s mission has been decided, each functional area within the firm determines its supporting mission. By “functional area” we mean the major disciplines required by the firm, such as marketing, finance /accounting, and production/operations. Missions for each functional area are developed to support the firm’s overall mission. Then within that function lower-level supporting missions are established for the operation management functions.
Strategies: - are plans for achieving goals.  The organization strategy provides the overall direction for the organization.  It is broad in scope, covering the entire organization.  Operations strategy is narrower in scope, dealing primarily with the operations aspect of the organization.
Operations Strategy relates to products, processes, methods, operating resources quality, costs, lead times, and scheduling.
Operations strategy is concerned with setting broad policies and plans for using the resources of the firm to best support the firm’s long-term competitive strategy.   It has a long-term impact on the nature and characteristics of the organization.  In large measure, strategies affect the ability of and organization to compete.
· To maintain a competitive position in the marketplace, a company must have a long-range plan.
· This plan needs to include the company’s long-term goals, an understanding of the marketplace, and a way to differentiate itself from its competitors. 
· All other decisions made by the company must support this long-rang plan. Otherwise, each person in the company would pursue goals that he or she considered important, and the company would quickly fall apart. 
2.1.1 Common operation strategies
Traditional strategies of business organizations have tended to emphasize cost minimization or product differentiation.  While not abandoning these strategies, many organizations are adopting new strategies that are based on quality and/or time.
1. Time Based Strategies 
This strategy focus on reducing the time required to accomplish various activities (such as the time taken to develop new products or services and to market them, the time needed to respond to a change in customer demand, or the time needed to deliver a product or perform a service).  By doing so, organizations seek to improve service to the customer, and to gain a competitive advantage over rivals who take more time to accomplish the same tasks.

The rational is that by reducing time; costs are generally less, productivity is higher, quality tends to be higher, product innovations appear on the market earlier, and customer services improved.
Some of the areas in which organizations have achieved time reductionneeded in accomplishing tasks are:
· Planning time
· Product/service design time
· Processing time
· Change over time
· Delivery time
· Response time for complaints.
2. Quality-based Strategies: This strategy focuses on satisfying the customer by integrating quality in to all phases of the organization.  This includes not only the final product or service that is provided to the customer, but also the processes related to the design, production, or service after the sale.
2.2. Operations Strategy formulation in Manufacturing and in Services
A Japanese professor, Noriaki Kano, suggested three classes of customer requirements:
1. Dissatisfiers: requirements that are expected in a good or service. If these features are not present, the customer is dissatisfied, sometimes very dissatisfied.
2. Satisfiers: requirements that customers say they want.  
3. Exciters/delighters: innovative good or service features that customers do not expect.  
· Basic customer expectations - dissatisfiers and satisfiers – are generally considered the minimum performance level required to stay in business and are often called order qualifier.  These two purchasing criteria’s are:
· Order Qualifiers:  Screening criterion that permits a firm’s products or services to be considered as possible candidates for purchase.
· Order winners are goods and service features and performance characteristics that differentiate one customer benefit package from another, and win the customer's business. They are Criterion that differentiates the products or services of one firm from another. 
2.2.1. Understanding Customer Wants and Needs
· Search attributes: are those that a customer can determine prior to purchasing the goods and/or services.  These attributes include things like color, price, freshness, style, fit, feel, hardness, and smell.  Goods such as supermarket food, furniture, clothing, automobiles, and houses are high in search attributes.
· Experience attributes: are those that can only be distinguished after purchase or during consumption or use.  Examples of Experience attributes are friendliness, taste, wear ability, safety, fun, and customer satisfaction.  
· Credence attributes: are any aspects of a good or service that the customer must believe in, but cannot personally evaluate even after purchase and consumption.  Examples would include the expertise of a surgeon or mechanic, the knowledge of a tax advisor, or the accuracy of tax preparation software. 
Customers evaluate services in ways that are often different from goods such as:
· Customers seek and rely more on information from personal sources than from non-personal sources when evaluating services prior to purchase. 
· Customers use a variety of perceptual features in evaluating services. 
· Customers normally adopt innovations in services more slowly than they adopt innovation in goods. 
· Customers perceive greater risks when buying services than when buying goods. 
· Dissatisfaction with services is often the result of customers’ inability to properly perform or co-produce their part of the service.
· These insights help to explain why it is more difficult to design services and service processes than goods and manufacturing operations.
2.2.2. Focusing on Core Capabilities
· To successfully implement an operations strategy, be it within a manufacturing firm or within a service, certain core capabilities must be identified.  These core capabilities allow the firm to establish its competitive priorities in the marketplace. 
 Core capabilities can thus be defined as that skill or set of skills that the operations management function has developed which allow the firm to differentiate itself from its competitors.  Similar core capabilities need to be identified in the other functional areas too, and each of these functional capabilities should be aligned to meet the overall goals of the firm. To focus on these core capabilities, firms, both in manufacturing and services, have begun to divest themselves of those activities that are not considered to be critical to their success.  In manufacturing, more and more components and subassemblies that were previously built in-house are now being subcontracted or outsourced to suppliers.  As a result, the material cost in most manufacturing companies, as a percentage of total manufacturing costs, has substantially increased in recent years.  On the other hand, the labor cost, as a percentage, has been drastically reduced, often to less than 5 percent of total costs. 
2.2.3. OPERATIONS STRATEGY MEANS ADDING VALUE FOR THE CUSTOMER
· How often have we heard the expression “customers want their money’s worth”?Unfortunately, from a manager’s point of view, it’s not that easy. Customers want more than their money’s worth, and the more they receive for their money, the more value they see in the goods and services they are purchasing.
· In determining the value of a product, be it a good or a service, customers take intoconsideration all of the benefits derived from the product and compare it with all of the costs of that product. 
· If, in the opinion of the customer, the benefits exceed the costs, then customers perceive value in the product. 
· The more the benefits exceed the costs, the more value the product provides.
Perceived customer value = Total benefits
                                               Total costs
· When this ratio is >1, customers perceive value; the greater the number, the more value. 
· When this ratio is < 1, customers feel they have overpaid for the product, that they have been “ripped off,” and are highly unlikely to buy that product again in the future.
· Another way of looking at this is;
    Perceived customer value = Total benefits − Total costs 
· When the difference between the benefits and costs is positive, customers perceive value; when it is negative, they believe they have overpaid for the product.
· One of the goals in the development of an operations strategy, therefore, should be to maximize the value added to the goods and services that are provided by the firm.
2.3. Competitive Priorities
The competitive priorities are the ways in which the Operations Management function focuses on the characteristics of cost, quality, flexibility and speed. The firm’s customers will determine which of the competitive priorities are emphasized.The key to developing an effective operations strategy lies in understanding how to create or add value for customers. Specifically, value is added through the competitive priority or priorities that are selected to support a given strategy.Skinner and others initially identified four basic competitive priorities.These were cost, quality, delivery(speed & reliability), and flexibility. These four priorities translate directly into characteristics that are used to describe various processes by which a company can add value to the products it provides. There now exists a fifth competitive priority—service—and itwas the primary way in which companies began to differentiate themselves in the 1990s.

1. Cost
· Within every industry, there is usually a segment of the market that buys strictly on the basis of low cost. To successfully compete in this niche, a firm must necessarily, therefore, be the low-cost producer. But, as noted earlier, even doing this doesn’t always guarantee profitability and success.Products sold strictly on the basis of cost are typically commodity-like (flour, petroleum, and sugar.) 
· In other words, customers cannot easily distinguish the products made by one firm from those of another. As a result, customers use cost as the primary determinant in making a purchase.However, this segment of the market is frequently very large and many companies are lured by the potential for significant profits, which are associated with large unit volumes of product. As a consequence, the competition in this segment is exceedingly fierce—and so is the failure rate
2. Quality
· Quality can be divided into two categories: product quality and process quality. The level of quality in a product’s design will vary as to the particular market that it is aimed to serve. Obviously, a child’s first two-wheel bicycle is of significantly different quality than the bicycle of a world-class cyclist. The use of thicker sheet metal and the application of extra coats of paint are some of the product quality characteristics that differentiate a Mercedes- Benz from a Hyundai. One advantage of offering higher-quality products is that they command higher prices in the marketplace. The goal in establishing the “proper level” of product quality is to focus on the requirements of the customer. 
· Overdesigned products with too much quality will be viewed as being prohibitively expensive. 
· Under designed products, on the other hand, will lose customers to products that cost a little more but are perceived by the customers as offering much greater benefits.
· Process quality is critical in every market segment. Regardless of whether the product is a child’s first two-wheeler or a bicycle for an international cyclist, or whether it is a Mercedes-Benz or a Hyundai, customers want products without defects.Thus, the goal of process quality is to produce error-free products.

3. Delivery speed and reliability
· Another market niche considers speed of delivery to be an important determinant in its purchasing decision. Here, the ability of a firm to provide consistent and fast delivery allows it to charge a premium price for its products. George Stalk Jr., of the Boston Consulting Group, has demonstrated that both profits and market share are directly linked to the speed with which a company can deliver its products relative to its competitors.In addition to fast delivery, the reliability of the delivery is also important. 
4. Flexibility
· From a strategic perspective, in terms of how a company competes, flexibility consists of two dimensions, both of which relate directly to how the firm’s processes are designed.One element of flexibility is the firm’s ability to offer its customers a wide variety of products.The greatest flexibility along this dimension is achieved when every product is customized to meet the specific requirements of each individual customer. This is often referred to as mass customization. Examples of firms that have achieved this level of flexibility include: Dell Computers and the National Bicycle Industrial Company in Japan.
· The other dimension of flexibility is how fast a company can change its production facilities to produce a new line of products. This dimension is growing in importance, as product life cycles become shorter and shorter. Sony provides a good example here with its ability to quickly produce new models of its Walkman. Because it has this high degree of changeover flexibility, Sony is able to easily substitute new Walkman models for those models that do not sell well.
5. Service
· With product life cycles becoming shorter and shorter, the actual products themselves tend to quickly resemble those of other companies. As a consequence, these products are often viewed as commodities in which price is the primary determinant in deciding which one to buy. A good example of this is the personal computer (PC) industry.
·  Today, the differences in the products offered among the different PC manufacturers are relatively insignificant, so price is the prime selection criterion.To obtain an advantage in such a competitive environment, firms are now providing “value-added” service.Many of Canada’s banks are embracing the Internet to provide customers with value added services. For example, it is quite simple to pay a credit card bill post dated using the bank’s website. This helps customers avoid forgetting to pay the bill by the due date as well as saving a trip to the mailbox or waiting in line at a branch.
Below table summarizing the relationship between a customer’s priority and a firm’s strategy:
	Customer’s priority
	Firm’s strategy

	Cost
	Minimizing product costs and waste, maximizing productivity

	Quality
	Designing superior, durable products, minimizing defects

	
Flexibility
	Adaptability in product design and output, utilizing general-purpose machinery and multi-skilled workers

	Delivery
	Maintaining reliable and speedy delivery services


2.4 Competitive Advantage
Competitive advantage is a term as the extra edge that a firm has over their industry peers (Reid and Sanders, 2005). The capability of a firm in managing its operation can be transformed into its competitive advantage if it can identify and tap into its intangible resources.
Competitive Priorities- The Edge
· Four Important Operations Questions: Will you compete on –
	Cost?
		  Quality?
				Time?
					   Flexibility?
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3.1. INTRODUCTION 
The essence of any organization is the products or services it offers. There is an obvious link between the design of those products or services and the success of the organization that have well-designed products or services. Firms that have well-designed products or services are more likely to realize their goals than those with poorly designed products or services. Hence, organizations have a vital stake in a good product and service design. This unit presents the major aspects of product and services design and how the process to produce them is designed and selected.
Product and service design plays a strategic role in the degree to which an organization is able to achieve its goals. It is a major factor in customer satisfaction, product and service quality, and production costs (price). Because product design is concerned with the functional (use) and visual requirements necessary to meet the demands of the market place and at the same time achieve an acceptable rate of return. Decisions related to product designs have far reaching effect on the future of an organization.  Therefore, great care must be taken while designing a product/service. 
3.2. REASONS FOR PRODUCT OR SERVICE DESIGN
Organizations become involved in product or service design for a variety of reasons. An obvious one is to be competitive by offering new products or services. Another one is to make the business grow and increase profits. Furthermore, the best organizations try to develop new products or services as an alternative to downsizing.
Sometimes product or service design is actually redesign. This, too, occurs for a number of reasons such as customer complaints, accidents or injuries, excessive warranty claims, or low demand. This desire to achieve cost reductions in labor or materials can also be a motivating factor.
3.3 OBJECTIVE OF PRODUCTS OR SERVICES DESIGN

More generally, products or services design intended to achieve the following objectives

· To bring new or revised products or services to the market place as fast as possible

· To design products and service that have customer appeal

· To increase the level of customer satisfaction

· To increase quality

· To reduce cost
3.4. PRODUCT DESIGN 
Most of us might think that the design of a product is not that interesting. After all, it probably involves materials, measurements, dimensions, and blueprints. When we think of design we usually think of car design or computer design and envision engineers working on diagrams. However product design is much more than that. Product design brings together marketing analysts, art directors, sales forecasters, engineers, finance experts, and other members of a company to think and plan strategically. It is exciting and creative, and it can spell success or disaster for a company.
Product design is the process of defining all the features and characteristics of just about anything you can think of. It design deals with conversion of ideas into reality. Every business organization has to design, develop and introduce new products as a survival and growth strategy. Developing the new products and launching them in the market is the biggest challenge faced by the organizations.
The entire process of need identification to physical manufactures of product involves three functions: marketing, product development, and manufacturing. Product development translates the needs of customers given by marketing into technical specifications and designing the various features into the product to these specifications. Manufacturing has the responsibility of selecting the processes by which the product can be manufactured. Product design and development provides link between marketing, customer needs and expectations and the activities required to manufacture the product. 
3.4.1 PRODUCT DESIGN PROCESS

1. Idea Development – considered issues:
Benchmarking: in the process of studying the practices of companies considered “best in class” and comparing your company’s performance against theirs.
Benchmark against a company completely different line of business is also possible.
Reverse engineering: process of disassembling a product to analyze its design features.
Early supplier involvement (ESI): Involving suppliers in the early stages of product design
2. Product screening
After product idea is developed it is evaluated to determine the likelihood of its success. Issues like Operations, Marketing and Finance will be explored.
Break-even analysis
It is a technique used to compute the amount of goods a company would need to sell to cover its costs. Useful tool at product screening stage!
Fixed costs: costs a company incurs regardless of how much it produces
Variable costs: costs that vary directly with the amount of units produced
Younker Total cost = FC + (VC) Q, where; FC = fixed cost, VC = variable cost per unit and Q = number of units produced
Revenue = (SP) Q, where; SP = Selling price per unit
   At break-even, total cost = total revenue,   FC + (VC) Q = (SP) Q 
Break-even quantity (QBE) =     FC  
                                                  SP - VC
3. Preliminary Design & Testing
Prototypes are built and tested. For service companies this may entail testing the offering on a small scale and working with customers to refine the service offering.
4. Final Design
The final specifications are then translated into specific processing instructions to manufacture the product. Product design must support the business strategy.
3.5. STRATEGIES FOR NEW-PRODUCT INTRODUCTION

There are three fundamentally different ways to introduce new products.

1. Market pull- According to this view, the market is the primary basis for determining the products a firm should make, with little regard to existing technology.

· A firm should make what it can sell.

· The customer needs are determined, and processes needed to supply the customer. The market will “pull” through the products that are made.

2. Technology push- In this view, technology is the primary determinant of the products that the firm should make, with little regard for the market.

· This approach suggests that “ you should sell what you can make”. The firm should pursue a technology based advantage by developing superior technologies and products.
· The products are then pushed into the market, and the marketing’s job is to create demand for these superior products.
· Since the products have superior technology, they will have a natural advantage in the market and the customers will want to buy them.

3. Inter-functional View- This view holds that the product should not only fit the market needs but have a technical advantage as well.

· To accomplish this, all functions (e.g., marketing, engineering, operations, and finance) should cooperate to design the new products needed by the firm.
· Often this is done by forming cross functional teams that are responsible for development of the new product.
· Cross-functional rivalry and friction must be overcome to achieve the degree of cooperation required for inter functional product development to succeed.


a. PRODUCT DESIGN TOOLS

This section provides an overview of various approaches to product design, including product life cycles, manufacturing design, remanufacturing, robust design, concurrent engineering, computer-aided design, quality function deployment, value analysis (value engineering), Taguchi method, product variety and modular design.

1. Product Life Cycle

Many new products go through a product life cycle in terms of demand. In the last stage of a life cycle, some firms adopt a defensive research posture whereby they attempt to prolong the useful life of a product or service by improving its reliability, reducing costs of producing it (and, hence, the price), redesigning it, or changing the packaging.
2. Manufacturing Design

The term design for manufacturing (DFM) is also used to indicate the designing of products that are compatible with an organization’s capabilities. A related concept in manufacturing is design for assembly (DFA). A good design must take into account not only how a product will be fabricated, but also how it will be assembled. Design for assembly focuses on reducing the number of parts in an assembly, as well as the assembly methods and sequence that will be employed. Environmental regulations and recycling have given rise to another concern for designers, design for recycling (DFR). Here the focus is on designing products to allow for dis-assembly of used products for the purpose of recovering components and materials for reuse.

3. Remanufacturing

Remanufacturing refers to removing some of the components of old products and reusing them in new products. This can be done by the original manufacturer, or another company. Among the products that have remanufactured components are automobiles, printers, copiers, cameras, computers, and telephones.
4. Robust Design

Some products will perform as designed only within a narrow range of conditions, while other products will perform as designed over a much broader range of conditions. The latter have robust design. The more robust a product, the less likely it will fail due to a change in the environment in which it is used or in which it is performed.
The Taguchi method is one of the most popular tools used in robust design. Taguchi’s approach is based on three principles:

(i) when the value of a product attribute, such as shape or length, deviates from its target value, the cost to society (consumers and producers) in terms of lower quality increases more than linearly (increases at an increasing rate).

(ii) The design features of the product and the production process together determine the amount of variation in the product attributes.

(iii) Using experimentation, those product and process characteristics that affect product attributes can be determined, and by manipulating these characteristics, products can be designed to reduce the attribute variations that result from normal production variations.

5. Concurrent Engineering

To achieve a smoother transition from product design to production, and to decrease product development time, many companies are using simultaneous development, or concurrent engineering. In its narrowest sense, concurrent engineering means bringing design and manufacturing engineering people together early in the design phase to simultaneously develop the product and the processes for creating the product.
6. Computer-Aided Design (CAD)
Computers are increasingly used for product design. Computer-aided design (CAD) uses computer graphics for product design. The designer can modify an existing design or create a new one by means of a light pen, keyboard, a joystick, or a similar device. Once the design is entered into the computer, the designer can maneuver it on the screen. The designer can obtain a printed version of the completed design and file it electronically, making it accessible to people in the firm who need this information (e.g., marketing). A major benefit of CAD is the increased productivity of designers. No longer is it necessary to laboriously prepare mechanical drawings of products or parts and revise them repeatedly to correct errors or incorporate revisions.
7. Quality function deployment

An important aspect of product design is to identify customers’ preferences with respect to product features and to convert them into appropriate technical or design attributes. Professor Yoji Akao developed a structured method for doing this called quality function deployment (QFD). The method is based on completing a series of matrices and then combining them into a comprehensive table referred to as the house of quality.

8. Value analysis (or value engineering) 
It is a design methodology developed by Lawrence Miles in the late 1940s that focuses on the function of the product, rather than on its structure or form, and tries to maximize the economic value of a product or component relative to its cost. Three important aspects of value analysis are (i) the use of multidisciplinary teams, (ii) a systematic procedure for evaluating product functionality and value, and (iii) a focus on product simplification.
9. Modular Design

Modular design makes it possible to have relatively high product variety and low component variety at the same time. The basic idea is to develop a series of basic product components, or modules that can be assembled into a large number of different products. To the customer, it appears there are a great number of different products. To operations, there are only a limited number of basic components and processes.
Modular design offers a fundamental way to change product design thinking. Instead of designing each product separately, the company designs products around standard component modules and standard processes. Common modules should be developed that can serve more than one product line, and unnecessary product frills should be eliminated. This approach will still allow for a great deal of product varieties but the number of unnecessary product variations will be reduced.
10. Product Variety

The issue of product variety must be considered from both marketing and an operations point of view. From a marketing point of view, the advantage of a large number of products is the ability to offer customer more choices. Sales may drop if the firm does not offer as many products as its competitors. From an operations point of view, high product variety is seen as leading to higher cost, greater complexity, and more difficulty in specializing equipment and people.

The ideal operations situation is often seen as a few high volume products with stabilized production configurations. Operations managers often prefer less product variety. There is an optimum amount of product variety which results in maximum profits. Both too little and too much product variety will lead to low profits.
3.7. SERVICE OPERATIONS DESIGN
Service is an intangible product, which is produced and consumed simultaneously. Therefore, a service never exists, only the results of the service can be observed. If you get a haircut, the effect is obvious, but the service itself was produced and consumed at the same time.

Simultaneous production and consumption is a critical aspect of service, because it implies that the customer must be in the production system while production takes place. The simultaneity of production and consumption indicate that service cannot be stored or transported; it must be produced at the point of consumption. For operations this means that capacity must be located at or near the customer’s location and that the service cannot be produced now and placed into inventory for later consumption.
Service consists of acts and interactions that are social contacts. The interaction between the producer and customer at the time of production is a critical attribute of service. There are professional services such as medicine, law, education and architecture; and capital-intensive services; such as airlines, electric utilities; mass services such as retailing, wholesale, and fast food.
Most services come bundled with facilitating goods in a service-goods package. For example when customers go to a restaurant, they receive not only the food but the service, which they hope is fast, courteous, and pleasant. The service product bundle consists of three elements:
1. The physical goods (facilitating goods)
2. The sensual service provided (explicit service)
3. The psychological service (implicit service)
3.7.1. SERVICE DELIVERY SYSTEM DESIGN

The design of the service delivery system addresses the question of “how” the service concept is delivered to target customers. A service system is characterized by the relationships occurring between people, service processes, and physical elements, these dimensions must be considered jointly to effectively plan and conceive the service delivery system. Therefore, the design decisions include aspects of structure, infrastructure, and integration. Structural choices relate to the physical aspects of the service system such as facilities, layout, and equipment. Infrastructural choices refer to the role of service providers such as job design, policies, and skill set.
3.7.2. SERVICE DESIGN 
1. Service design often focused on intangible factors (e.g peace of mind, ambiance that does product design )
2. In many instances service are created and delivered at the same time (eg a haircut, a car wash). In such instance there is less latitude in finding and correcting errors before the customer has a chance to discover them. Consequently, training, process design, customer relations are particularly important.
3. Service cannot be inventoried this poses restrictions on flexibility and makes capacity design very important.
4. Services are highly visible to consumers and must be designed with that in mind; this adds an extra dimension to process design, one that usually is not present in product design.
5. Some services have low barriers to entry and exit. This place additional pressure on service design to be innovative and cost effective.
6. Location is often important to service design, with convenience as a major factor. Hence, design of service and choice of location are often closely linked.
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4.1. PRODUCTION PROCESSES
When you look at different types of companies, ranging from a small coffee shop to IBM, it may seem like there are hundreds of different types of processes. Some are small, like your local Starbuck’s, and some are very large, like a Ford Motor Company plant. Some produce standardized “off-the-shelf ” products, like Pepperidge Farm’s frozen chocolate cake, and some work with customers to customize their product, like a gourmet bakery that makes cakes to order. Though there seem to be large differences between the processes of companies, many companies have certain processing characteristics in common. In this section we will divide these processes into groups with similar characteristics, allowing us to understand problems inherent with each type of process.
All processes can be grouped into two broad categories: intermittent operations and continuous operations. These two categories differ in almost every way. Once we understand these differences we can easily identify organizations based on the category of process they use.
Intermittent Operations: Intermittent operations are used to produce many different products with varying processing requirements in lower volumes. Examples are an auto body shop, a tool and dye shop, or a health-care facility. Because different products have different processing needs, there is no standard route that all products take through the facility. Instead, resources are grouped by function and the product is routed to each resource as needed. Think about a health-care facility. Each patient, “the product,” is routed to different departments as needed. One patient may need to get an x-ray, go to the lab for blood work, and then go to the examining room. Another patient may need to go to the examining room and then to physical therapy.
Intermittent operations; tend to organize their resources by grouping similar processes together and having product routed through facility based on their needs. Provide great flexibility but have high material handling costs and challenge scheduling resources.
Continuous Operations: Continuous operations are used to produce one or a few standardized products in high volume. Examples are a typical assembly line, cafeteria, or automatic car wash. Resources are organized in a line flow to efficiently accommodate production of the product. Note that in this environment it is possible to arrange resources in a line because there is only one type of product. This is directly the opposite of what we find with intermittent operations.
Continuous operations; arrange resources in sequence to allow for an efficient buildup of product. 
The most common differences between intermittent and continuous operations relate to two dimensions: (1) the amount of product volume produced, and (2) the degree of product standardization. Product volume can range from making a single unique product one at a time to producing a large number of products at the same time. Product standardization refers to a lack of variety in a particular product. Examples of standardized products are Fruit-of-the-Loom white undershirts, calculators, toasters, and television sets. The type of operation used, including equipment and labor, is quite different if a company produces one product at a time to customer specifications instead of mass production of one standardized product. Specific differences between intermittent and continuous operations are shown in Table below.DE
Table: Differences between Intermittent and Continuous Operations
	Decision 
	Intermittent operation 
	Continuous operations 

	Product variety 
	Great 
	Small

	Degree of standardization
	Low 
	High

	Organization of resources
	Grouped by function 
	Line flow to accommodate
processing needs

	Path of products through facility 
	In a varied pattern, depending on product needs 
	Line flow

	Factor driving production
	Customer orders 
	Forecast of future demands

	Critical resource
	Labor intensive
	Capital 

	Type of equipment 
	General purpose
	Specialized

	Degree of automation
	Low
	High

	Work-in-process inventory
	more 
	Less



The Continuum of Process Types:  Dividing processes into two fundamental categories of operations is helpful in our understanding of their general characteristics. To be more detailed, we can further divide each category according to product volume and degree of product standardization as follows. Intermittent operations can be divided into project processes and batch processes. Continuous operations can be divided into line processes and continuous processes. 
Now let us look at what makes these processes different from each other.
Project processes are used to make one-at-a-time products exactly to customer specifications. These processes are used when there is high customization and low product volume, because each product is different. Examples can be seen in construction, shipbuilding, medical procedures, creation of artwork, custom tailoring, and interior design. With project processes the customer is usually involved in deciding on the design of the product. The artistic baker you hired to bake a wedding cake to your specifications uses a project process.
Batch processes are used to produce small quantities of products in groups or batches based on customer orders or product specifications. The volumes of each product produced are still small and there can still be a high degree of customization. Examples can be seen in bakeries, education, and printing shops. The classes you are taking at the university use a batch process.
Line processes are designed to produce a large volume of a standardized product for mass production. With line processes the product that is produced is made in high volume with little or no customization. Think of a typical assembly line that produces everything from cars, computers, television sets, shoes, candy bars, even food items.
Continuous processes operate continually to produce a very high volume of a fully standardized product. Examples include oil refineries, water treatment plants, and certain paint facilities. The products produced by continuous processes are usually in continual rather than discrete units, such as liquid or gas. Also, these facilities are usually highly capital intensive and automated.
4.2. CAPACITY PLANNING
Capacity – maximum output rate that can be achieved by a facility
Capacity planning is deciding on the maximum output rate of a facility
Measuring available capacity
· Design capacity – maximum output rate under ideal conditions
· Effective capacity – maximum output rate under normal conditions
· Actual output- the output rate that is actually achieved
Calculating capacity:                         actual output                actual output
(How well capacity is used)            effective capacity                design capacity

Best operating level: volume of output that results in lowest average unit cost
Economies of scale – condition in which the average costs of a unit produced is reduced as the amount of output is increased
Diseconomies of scale – condition in which the cost of each additional unit made increases
Focused factories – facilities that are small, specialized, and focused on a narrow set of objectives
4.2.1. MAKING CAPACITY PLANNING DECISIONS
Step 1: Identify capacity requirements;
· Forecasting capacity
· Capacity cushions – (additional capacity added to regular capacity requirements to    provide greater flexibility)----Strategic implications
Step 2: Develop capacity alternatives;
                                3 options: - Do nothing;
                                                - Expand large now;
                                                 - Expand small now with the option to add later.
Step 3: Evaluate capacity alternatives.
4.3. CAPACITY AND LEVEL OF OPERATION
The best operating level is the level of capacity for which the average unit cost is at a minimum.  This level of operation is shown in the figure below: 
Average cost/unit
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As we move down the curve, we achieve economies of scale until we reach the best operating level and we encounter diseconomies of scale as we exceed this point. The upward swing of unit cost as volume increases results from: 
· using less efficient machines 
· working overtimes 
· increasing the cost of maintenance or 
· using inexperience or less skilled employees 
4.4. DEVELOPING CAPACITY ALTERNATIVES
An organization needs to examine alternatives for future capacity from a number of different perspectives. Most obvious are economic considerations. Such as; will an alternative be economically feasible? How much will it cost? How soon can we have it? What will the operating and maintenance costs be? What will its useful life be? Will it be compatible with present personnel and present operations?
A number of techniques are useful for evaluating capacity alternatives from an economic standpoint. Some of the more common are cost-volume analysis (Break-even analysis), financial analysis, decision theory, and waiting line analysis. Only cost volume analysis and decision tree are described in this unit. 
1. Break-Even Analysis 
Though different tactics can be used to adjust demand to existing facilities, the strategic issue is, of course, how to have facility of the correct size. Break-even analysis may help with that decision. 
Breakeven can aid capacity decisions by identifying the processes with the lowest total cost for the volume expected. The objective of break-even analysis is to find the point, in dollars and units, at which cots equal revenues-which is the break-even point. Break-even analysis requires an estimation of fixed costs, variable cost, and revenue. 
Fixed costs are costs that continue even if no units are produced such as depreciation, taxes, debt and mortgage payments where as variable costs are those that vary with the volume of units produced. The major components of variable costs are labor and materials and other costs such as the portion of the utilities that varies with volume. 
Another element in break-even analysis is the revenue function that begins at the origin and proceeds upward to the right increasing by the selling price of each unit. Where the revenue function crosses the total cost line is the break-even point, with a profit corridor to the right and a loss corridor to the left. Break-even analysis assumes that costs and revenue increase in direct proportion to the volume of units being produced. However, neither fixed costs nor variable costs (nor, for that matter, the revenue function) need be a straight line.

Example: 
XYZ Company is now contemplating to adding new line of product, which require leasing new machine for a monthly payment of Br. 6000. Variable costs would be Br.0.2 per unit, and the product would be sold for Br.0.7 each. 
Required: 
1. What should be the monthly production capacity of a machine for achieving a breakeven point?
2. What should be a production capacity so that a firm can achieve a profit target of Br. 4000? 
Solution: 
 1. Given: 
	Fixed cost (FC) = Br.6000
	Variable cost per unit (V) = Br. 0.2
	Price per unit (P) = Br. 0.7
	Breakeven point (Q) =?
At a breakeven point, a firm earns zero normal profit. That is total revenue equals total cost and hence profit becomes zero. Thus, 
Total profit = total revenue (TR) – Total cost (TC) 
Total profit = TR – TC 
		TR = P X Q
		TC = Total variable cost (which is V x Q) + FC, hence
Total profit = (P X Q) – (V X Q + FC) 
At break-even point total profit is zero. Thus, 
	0 = PQ – VQ – FC
	0 = Q (P – V) – FC
	FC = Q (P – V)
	Q = FC (P – V)
Q = FC  (p – v) = Br. 6000  (0.7 – 0.2) = 12,000 units of pies per month. In order to achieve the break even goal a firm must lease a machine that has a monthly production capacity of 12,000 units. 
2. Given: 
	Total profit = Br.4000
	P = Br. 0.7
	V = Br. 0.2
	FC = Br. 6000
The quantity level required to achieve any profit level is obtained as follows: 
	Total profit (TP) = TR – TC 
		TP = PQ – VQ – FC
		TP + FC = PQ – VQ
		TP + FC = Q(P – C) 
		Q = (TP + FC)  (P – V) 
		Q = (Br.4000 + Br.6000)  (Br. 0.7 – Br. 0.2) = 20,000 units.
To achieve this profit level per month, a firm must lease a machine with the monthly production capacity of 20,000 units.
2. Decision Tree
Decision tree is a tree like diagram that depicts alternatives and their possible outcomes. This tool can be used to evaluate alternative capacities and enable managers make appropriate decisions.
Example. A firm that plans to expand its product line must decide whether to build a small or a large facility to produce the new products. If it builds a small facility and demand is low, the net present value (NPV) after deducting for building costs will be Br. 400,000. If demand is high, the firm can either maintain the small facility or expand it. Expansion would have a net present value of Br. 450,000 and maintaining the small facility would have a net present value of Br. 50,000. 
If a large facility is build and demand is high, the estimated NPV is Br. 800,000. If demand turns out to be low, the NPV will be Br. -10,000. 
The problem that demand will be high is estimated to be 0.60, and the problem of low demand is estimated to be 0.4. 
Required: 
A. Draw the tree diagram.
B. Which alternative capacity should be build? What is the expected NPV of the alternative chosen?


Solution: 
A.Br. 400,000
Maintain 
small
Low demand (0.4)

Br. 50,000
430,000


430,000
expand
High demand
(0.6)
Build small


Br. 450,000

Br. 800,000
High demand (0.6)
476,000

Build Large


Low demand (0.4)

Br. -10,000


Decision point 
Chance event
B. The expected NPV 
i. Build small facility: 					ii. Build large facility 
	High demand = 0.6 x 450,000				High demand = 0.6 x 800,000
		          = 270,000					          = 480,000
	Low demand = 0.4 x 400,000 			Low demand = 0.4 x(– 10,000)
		          = 160,000					          = -4,000
Expected value = 270,000 + 160,000 			Expected value = 480,000 + (-4000)
		 = 430,000 Br                                                               =476,000 Br
Decision: The firm should build the large facility with the highest expected profit 
                 i.e., Br. 476,000. 
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5.1. INTRODUCTION 

Where should a plant or service facility be located? This is a top question on the strategic agendas of contemporary manufacturing and service firms particularly, in this age of global markets and global production. Dramatic changes in trade agreements, both in North America and Europe, have made the world truly a “global village,” allowing companies greater flexibility in their location choices. In practice, however, the question of location is very much linked to two competitive imperatives:
1. The need to produce close to the customer due to time-based competition, trade agreements, and shipping costs.
2. The need to locate near the appropriate labor pool to take advantage of low wage costs and /or high technical skills.
Location of plant should be based on the company’s expansion plan and policy, diversification plan for the products, changing sources of raw materials and many other factors. The purpose of the location study is to find the optimal location that will results in the greatest advantage to the organization. Location analysis is deciding on the best location for a facility. 
Location decision is an integral part of the strategic planning process of every organization. Although it might appear that location decision are mostly one-time problem pertaining to new organization, the fact is that existing organization often have a bigger stake in these kinds of decisions than new organization. In other words, location problems are common to new and existing businesses.
5.2. THE NEED FOR LOCATION DECISIONS
Existing organization becomes involved in location decision for a variety of reasons. The following are some of the reasons for such decisions (other than the need for greater capacity).

1. Opportunity for expanding market share 
From such as banks, fast food chains, supermarkets, and retail stores view location as part of marketing strategy, and they look for locations that will help them to expand their markets. Basically, the location decisions in those cases reflect additional new location to existing suppliers.
2. Business growth in demand
A similar situation occurs when an organization experiences a growth in demand for its products or service that cannot be satisfied by expansion at an existing location. The addition of a new location to complement an existing system is often a realistic alternative.
3. Depletion of Basic resources 
Some firms become presented with location decision because of the depletion of basic inputs. For example fishing and logging operations are forced to relocate due to the temporarily exhaustions of fish or forest at a given location. Mining and petroleum organization face the same sort of situation, although usually over a longer time horizon.
4. Shift in Market /demand
If the demand for the product does not exist in the existing location, it is a good reason to consider and find out a better location.
5. Operating Costs 
Cost of doing business in a particular location reach at a point where other locations begin to look more attractive. In this case, the company may shift to a cost effective location. 
6. Merge of companies 
Merger of companies changes the ownership titles and may require change in management and operation of the merging firms, and then leading to location decisions.
7. Introduction of new product
This may require to a new resource, labor or material which may not exist in the existing location. Therefore, firms make a location decision to produce a sell their new product.




5.3. THE NATURE OF LOCATION DECISION
1. Strategic importance of location decision
· Location decisions are closely tied to an organization’s strategic planning process
· Location choices can impact capacity and flexibility
· Location decisions are strategically important for other reason as well:
· Entail a long-term commitment
· Have impact on investment requirement, operating costs and revenues, and operations
· Their strategic importance to supply chain
2. Objectives of location
· All organizations attempt to identify the best location available but no single location may be significantly better than the other
· Most organizations do not set out with the intention of identifying the one best location; they hope to find a number of acceptable location from which to choose
· Location criteria can depend on where a business is in the supply chain
3. Supply chain considerations
· Supply chain management must address supply chain configuration: determining the number and location of suppliers, production facilities, warehouse, and distribution center
· The location of these facilities can involve a long term commitment of resources, so known rashes and benefits should be considered carefully
· Importance of these decisions is under scored by the fact that they reflect the basic strategy for accessing customer markets, and the dictions will have a significant impact on costs, revenues, and responsiveness
4. Location options
a. Expand existing facilities: if there is adequate room for expansion. Expansion costs are less than those of other alternative
b. Add new locations while retaining existing ones: adding locations can be a defensive strategy designed to maintain a market share of to prevent competitors from entering a market.
c. Shut down at one location and move to another: an organization must weight the costs of move and the resulting benefits against the costs and benefits of remaining in an existing location
d. Do nothing: if a detailed analysis of potential locations fails to uncover benefits that make one of the previous 3 alternatives attractive
5.4. FACTORS AFFECTING LOCATION DECISIONS
· Proximity to sources of supply, to customers, to source of labor and to financial institutions;
·  Community considerations (such as aspiration to products, culture, value and norms; Facilities  for education, shipping, recreation, transportation , religious workshop, entertainment, the quality of policy, food and  medical services, attitude   towards the company, the size of the community, Cost and availability of utilities, Environmental regulations, Taxes and Existence of development support or incentive.
·  Site considerations ( such as climate, whether conditions, and general terrain);
·  Quality-of-life issues( availability of health and education centers, and infrastructural facilities 
· Globalization – process of locating facilities around the world and
· Other considerations (including inflation, political stability, etc.
3.5. FACILITY LOCATION ANALYSIS METHODS 
Various quantitative models are used to help determine the best location of facilities. Evaluation of alternative regions, sub regions, and community is termed micro analysis. Evaluation of specific sites in the selected community is termed micro analysis. 
Techniques used to support macro analysis include: 
· Breakeven analysis (cost – profit - volume analysis) 
· Factor rating method and
· The Center of gravity method 
1. Cost Profit Volume Analysis
 The economic comparison of location alternatives is facilitated by the use of cost-volume profit analysis. The analysis can be   done numerically or graphically.
Graphical assumptions:
Fixed costs are constant for the range of probable output. 
Variable costs are linear for the range of probable output. 
The required level of output can be closely estimated
Only one product is involved. 
Graphical procedure
Step1. Determine the fixed and variable costs associated with each location alternative. 
Step2. Plot the total-cost lines for all location alternatives on the same graph. 
Total cost = FC + VC x Q
	Where:
		FC = fixed cost
		VC = variable cost per unit
		Q = quantity or volume of output
Step 3. Determine which location will have the lowest total cost for the expected level of output. Alternatively, determine which location will have the highest profit. 
Example.  Fixed (land, property taxes, insurance, building etc) and variable costs (labor, raw materials, transportation, overhead) for four potential plant locations are shown below. 
	Location
	Fixed cost per year
	Variable cost per year

	A
	$250,000
	$11

	B
	100,000
	30

	C
	150,000
	20

	D
	200,000
	30



Plot each location’s fixed cost (at output = 0) and the total cost at 10,000; and connect the two points with a straight line. See the accompanying graph.



[image: ]
b) The approximate ranges for which the various alternatives will yield the lowest costs are shown on the graph. Note that location D is never superior. The exact ranges can be determined by finding the output level at which line B and C and A cross. To do this set their total cost equations equal and solve for Q, the breakeven output level. Thus, for B and C. 
$100,000 + $30Q = $150,000 + $20Q
Solving, you find Q = 5, 000 units per year. 
For C and A: 
$150,000 + $20Q = $250,000 + $11Q
Solving, Q = 11,111 units per year. 
C. From the graph, you can see that, location C provides the lowest total cost. 
For a profit analysis, compute total profit using the following formula: 
		Total profit = QR – (FC + VC x Q) = Q(R – VC) – FC, 
Where: 
	R = revenue per unit. 		FC = total fixed cost 
	Q = total units of products (quantity) 
	VC = variable cost per unit 
2. Factor rating method 
Factor ratings are frequently used to evaluate location alternatives because 
1. their  simplicity facilitates communication about why one site is better than another 
2.  they enable mangers to  bring  diverse location consideration into the evaluation  process 
3. Then faster consistency and judgment about location alternatives.

Procedures: 
1. List the most relevant factors in the location decision 
2. Assign a weight to each factors that indicates its relative importance compared with all other factors. The weight sum should be 1.00
3. Decide on a common scale for all factors. Each factors should be rated, say form 1 (very low ) to 5 (very high) , according to its relative importance 
4. Score rate each location alternative (1-100)or (1-10)
5. Multiply factor weight or rate by the   score (location rate for  each factor , and sum the results for each location alternatives 
6. Choose the location that has the highest composite score. The score indicates alternative locations are most promising. 
Example 1:  ABC shoe factory intends to open a new branch store. The exhibit below contains information on two potential locations, 1 and 2. Which location is promising?


Decision: Since the larger score (i.e. 390) is obtained for location 2, it should be selected.
3. Center of gravity method 
For locating single facilities that considers the existing facilities, the distance between them, and the volumes of goods that need to be shipped.
It is used to locate intermediate or distribution warehouses. 
This method begins by locating the existing locations on a coordinate grid system. The purpose is to establish relative distance between locations. The center of gravity is found by calculating the X and Y coordinates that will result in the minimal transportation cost. This is given by the following weighted formula. 
Cx = dix Vi
           Vi
Cy = diyVi
         v2
Where: 
Cx 	= X coordinate of the center of gravity
Cy	= Y coordinate of the center of gravity 
Dix	= X coordinate of the ith location 
Diy       = Y coordinate of the ith location 
Vi	= Volume of goods moved to or from the ith location 
Example 1: A refining company needs to locate an intermediate holding facility between its refining plant and its major distributors. The coordinate map is the following. 
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Shipping Volumes and the coordinates of the destinations shown in map is summarized as follows: 
Location 	X              Y		Gallons of Gasoline/month (000')
Plant		325          75			1500
A 		400         150			 250
L                     450         350                            450
G                    350         400                             350
T                      25          450                             450

dix = 325
diy = 75 
Vi = 1500
Cx =   (325x1500) + (400 x 250) + (450x450) + (350x350) + (25x450)
                                 1500 + 250 + 450 + 350 + 450 
Cx = 925,750 = 307.9
         3000
Cy=  (75x1500) + (150 +250) + (350x450) + (400x350) + (450x450)
                                                      3000
     = 216.7
X and Y coordinate are approximately 308 and 217 respectively. Therefore, the location of the intermediate holding facility should be at (x, y) = (308,   217). On the map it is represented by point C. 
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Final design
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