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Unit 3: Product Design and Process Selection
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. 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. 
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. Product design is concerned with the functional (use) and aesthetic requirements necessary to meet the demands of the market place and at the same time achieve an acceptable rate of return. 
Objectives 

The objectives of product and service design may vary from situation to situation. Generally, however, the objectives/reasons are: 

· To introduce new or revised products or service to the market as quickly as possible; 

· To design product or service that have customer appeal; 

· To increase the level of customer satisfaction; 

· To reduce costs and;

· To increase quality 

In a competitive environment getting new or improved products or services to the market a head of competitors gives an organization a competitive advantage that can lead to increased profits as well increased market share and can create an image of the organization as a leader. 
3.2. Factors Affecting Product Design
Decision pertaining to the final product design will influence or determine the firm’s image profitability, opportunities and the problems it may face in the future. The product chosen for the firm’s market will also determine:  

· The need for capital 

· The size and composition of the organizational structure

· The type and quantity of processing equipment 

· The type, quantity and quality of material and supply used 

· The size and skill requirements of its workforce.
3.3. The Structure/ Process of Product Design

The three major functions involved in product and service design are marketing, product development and manufacturing.
Marketing: has the responsibility for suggesting ideas for new product and for providing   product specification for existing product lines. 
Product development: has the responsibility for moving the technical concept for the product to its final design.

Manufacturing/operation: has the responsibility for selecting and/or configuring the process by which the product is to be manufactured. 
The product development activity provides the link between the customer needs and expectations and the activity required to manufacturing the product. This requires the decision of new product design processes. The design process begins with motivation for design. 
There are also specific external factors to consider, such as government regulations, competitive pressures, customer needs, the appearance of new technologies etc. Ultimately, the customer is the challenging force for product and service design. 
Product or service design follows seven consecutive steps: idea/concept stage, initial feasibility analysis, product development and prototype stage, economic evaluation of the design, preparation of product design specification, the pilot production run, and final product design selection decision. They are briefly explained as follows:
Step 1: Idea/concept stage

For product design and development the starting point is product idea. It comes from a variety of sources. The most obvious source is the customer. Marketing can get this source of ideas in a number of ways such as the use of focus groups, surveys, and the analyses of buying pattern. 
Other sources of idea include: 
· concept or creation of an inventor 

· a product already conceived and available from outside the firm. 

· the results of individual designers or design teams employed by the firms for that specific purpose(employees) 

· research and development department (R&D)

· distribution channel members 

· Government agencies such as patent and copyright office

· Competitors or

· Any combination of the above sources
Product design research is the major source of product idea for most firms.  Product design research basically is search for ideas, information or relationships. If its purpose is the advancement of knowledge irrespective of short- term results, it is generally referred to as pure or basic research. The term “applied research” has Commercial overtones. Because it seeks to answer real or anticipated problems, applied research has short range objectives compared to those of basic research. Applied research projects includes the study of one’s own product line for functional or aesthetic improvement, the analysis of competitor’s product to determine how it was manufactured, the analysis of one’s own manufacturing processes to improve output or reduce cost, and the analysis of the firm’s organizational structure to increase efficiency.  
Innovation is an omnipresent in product development, the continual search for improvement takes place at each step or phase, from idea to finalize design. Design improvements may include a new product shape, color or texture while processing improvement may include that make a product or service economically attractive by increasing process efficiency, eliminating the number of conversion steps required or change packaging needs.
Step 2:  Initial feasibility analysis
In this stage of the product deign process, responsible personnel are involved in screening and evaluation of the product idea and they should: 

· ensure that there is market potential demand

· ensure that the product can be produced with the existing resources and/or check what additional resources are required 

· check financial feasibility implications by estimating the approximate cost and return on investment 

· Finally, it may be necessary to consider the product is appropriate as to the company’s policy and fulfills legal and environmental requirements. 
Step 3: Product development and prototype stage
Product development is process of converting a set of ideas and invention, or a new product concept into the final form.  Prototype is a physical model of a proposed product or service and it should serve many purposes:
· It demonstrates the functional requirements or its manufacturing feasibility.

· It illustrates or demonstrates some aesthetic or style requirements.

· It allows a firm to determine the need for specific processes or equipment to produce the products;

· Determine  the functional reliability, ship ability, reparability, and packaging requirement of the proposed product,  

· The probable sequence of manufacturing steps,
· The feasibility of using standard parts,

· The identification of assembly problems, and 

· The need for feasibility of refinement of design features. 
Step 4: Economic Evaluation of the Design 

Designers should develop criteria for evaluation of alternative designs. The four commonly used criteria:
· Product performance: how well the product meets customer needs and requirements 

· Development speed: how long it takes to get the product to market. 

· Product cost: the total cost to the customer including manufacturing cost.
· Development program expense: one time development costs for the development project.
Step 5: Preparation of product design specification
The fundamental structure of the production process to be employed in producing a product is determined largely by the design specifications that are defined in blueprints, drawings, diagrams and material lists. These describe in detail the required dimensions, tolerances, finishes and materials of the parts or product.
Step 6:  The pilot production run 

Small-scale production run or pilot production run is important for the following reasons. Some of these are:  

· If the product requires new technology or processes not commonly used by the firm, 
· To reveal problems not anticipated or planned 

· To know yield, the percentage of acceptable product from a specific process step may be less than what is required to match the output from another process step. 

· To provide a quantity of product for further studying market acceptance, developing better production cost figures, evaluate labor and maintenance requirements, and determining reject levels more accurately. 

· To provide an opportunity to observe the manufacturing process more or less as they will occur if the decision for full-scale production is approved.

· To reveal unidentified process problems, coordination requirements, needed quality control techniques, difficulties in material handling and storage, and physical environmental factors such as noise or heat and other possible safety hazards.
Step 7: Final product design selection decision

Few ideas will reach the final product selection stage. The process of searching ideas and evaluating their profit potential in light of the limits on the technological ability of the firm, the required financial investment, and the competitive and market conditions will eliminate all but a few when the design staff reaches this point, the final decision rests with top management. Management based on their judgments, experience and additional information that point to better investment opportunities will accept or reject the design. 
3.4. Other Design Considerations
1.  Consumer Quality level: The design process should be aware of the market segment which the product is designed to serve and determine tolerance level with its cost implication.  Four specific characteristics are related to quality in product design: 

· Functionality: It is the degree to which a product performs its intended functions /use/.

·  Maintainability: refers to the ease of performing maintenance on the product (e.g., lubricating, repairing hoses).

· Reliability: It is the ability of a product to perform as expected under normal conditions without excessive frequency of failure. 

· Reproducibility: Refers to the ability of the production system to consistently produce products of   the desired quality. 

2.  Standardization

Standardization is a means of achieve lower production and assembly costs through reducing variety. The choice of standardized parts is aimed at reducing unnecessary or economically unjustifiable variety in a group of products or parts.  
3.  Value analysis and value engineering 

Value analysis:  is a systematic organizational effort to reduce the costs of materials and purchased parts for producing a product, without sacrificing aesthetic or functional requirements, which is the responsibility of purchasing. 
Value engineering: directs efforts at ensuring the functional ability of a product at minimum cost. It is the responsibility of engineering department. 
4. Product Diversification and Simplification
Product diversification: is the proliferation (rapid increase) of product designs or an increase in the types, qualities, sizes, and colors of a particular product. There are economic reasons for caution in expanding product lines. These are:

· Smaller manufacturing runs

· Less efficient use of processes 

· Higher labor, material, and setup costs. 

· Higher level of inventory for the producer, distributor, and retailer. 
Product Simplification: is the elimination of the complex features of a product so that the intended function is performed but with reduced costs, higher quality and more customer satisfaction. 
5. CAD and Robotics

Design and redesign capabilities of such technology computerized design /CAD/ allow specifications to be tested singly or as part of a system for aesthetic or functional analysis.  
Robots are programmed machines. They have human-like mechanical arms. Uses of robots include:
· Repetitive assembly 

· Loading and unloading machines

· Painting and welding operations 
3.5. Service Design
Because of the difference between services and products, the design of services must take into account different elements than the design of products/goods. Consider these differences:

1. Goods are generally tangible; service is generally intangible. Consequently service design often focuses more on intangible factors such as peace of mind, ambiance than does product design.

2. Services are often produced and received at the same time. (e.g., haircut, a car wash, repairs, etc). Consequently, training, process design, customer relations are particularly important.

3. Service cannot be inventoried. This poses restriction on flexibility, and makes capacity design very important.

4. Services are highly visible to customers, and must be designed with that in mind; this adds an extra dimension to process design usually not present in product design. 

5. Some services have low barriers to entry and exit. This poses another burden on service design to continually be aware of what competitors are offering.

6. Location is often important in service design with convenience as a major factor.  
3.6. Process Selection

Process selection refers to deciding on the way production of goods or services will be organized. It has major implications for capacity planning, layout of facilities, equipment, and design of work systems. Three primary questions bear on process selection:

1. How much variety in products or services will the system need to handle?
2. What degree of equipment flexibility will be needed?

3. What is the expected volume of output?

The process consists of all the operations used to make a product. In different circumstances, this might include: 

· manufacturing -to change physical form; 

· chemical processing -such as refining crude oil; 

· information processing -supporting operations;

· supply -to change ownership; 

· transport -to change location; 

· warehousing -storing goods until they are needed;

3.6.1 Process planning 

Most products can be made in many different ways. A wooden table can be hand-built by craftsmen; it can be assembled from bought-in parts; it can be made automatically by machines on an assembly line. If your product is information, you can distribute it in a newspaper, by letter, via e-mail, through a Website, over the telephone, on television or a host of alternatives. In other words, we can use many different processes to make a product. 
  Process planning finds the best process for a particular product. 

· Process planning is responsible for all decisions about a process. 

· It describes the details of the operations needed to make a product.

· Its aim is to design the best process for a particular product. 

Process planning is needed whenever there are significant changes to operations, including: 

· introduction of an entirely new product; 

· changes to an old product; 

· changes in demand or the market; 

· changes to the cost of inputs or operations; 

· competitors with new products; 

· unsatisfactory current performance; 

· New objectives. 
3.6.2 Types of Process
There are 5 basic types of process types: job shop, batch, repetitive, continuous, and project processing. 

1) Job shop process: Used to handle/produce small batches/lots (low volume) of a large number of different products (high variety) most of which require a different set or sequence of processing steps. What makes this system different from batch process is that the job requirements often vary considerably from job to job, so that the sequence of processing steps and the job content of the steps vary considerably. In job shops products follow intermittent processing routes through production. On the contrary, the system is: 

· highly irregular stop and go 

· zigzag type routes with side tracking and backtracking 

· Jobs spend the majority of this time waiting to be processed in production departments.  

Examples:

· Commercial printing firms,
· Airplane manufacturers,

· Machine tool shops, 

· Educational system, 

· hospitals, 

· veterinarian’s office,

· automobile repair shops

The advantages of job shop
· Product flexibility-able to produce small batches of a wide variety of products 

· Less initial investment-they use general purpose equipment. 

   Problems 

· greater employee skill 

· more employee training 

· more supervision 
2. Batch Processing: Produces the same item again and again, usually in a specified lot sizes.  Such system is generally employed when a business has a relatively stable line of products (moderate volume of goods and services), each of which is produced in periodic batches (moderate variety), either to customers order or for inventory. The equipment need not be as flexible as in a job shop, but processing is still intermittent. The skill of workers doesn’t need to be as high as a job shop because there is less variety in the jobs being processed. 
Examples: bakeries, movie theaters, airlines, paint, ice cream, soft drinks, beer, shoes, magazines, and books.

3.  Assembly line process (Repetitive process): Assembly line process refers to production of discrete parts moving from workstation to workstation at a controlled rate, following the sequence steps needed to build the product. This type process produces output that allows for some variety; products are highly similar but not identical. Examples include assembly of automobiles, televisions, computers, calculators, cameras, appliances, etc.   
The application of this process in service area is less common because services tend to be more customized on a per-unit basis.  But still it can be applied in car washes, mail service, fast-food operations, etc.
4. Continuous process (product-focused): A form of production processing organization in which production departments are organized according to the type of product being produced. All of the production operation required to produce a product are ordinarily grouped into one production department. It is also called line flow production or continuous production because the product follows a predetermined sequence of steps. In line flow production, products tend to follow along direct linear paths without backtracking or side tracking. 
Continuous processing systems produce high volume of standardized output. The ultimate continuous processing systems produce a single product such as flour, sugar, chemicals, liquid, powder, detergents, gasoline, oil, and the like.  
Characteristics of continuous or product-focused process: 

· the system produces highly uniform or standardized output 
· uses highly standardized machine/equipments  and methods,  
· Products tend to proceed through production without stopping. 

· the skills requirements of workers are usually fairly low because of division of labor 

· equipment tends to be highly  specialized which tends to make it expensive relative to more general purpose equipment, but the   high  volume of  output  result in  a low cost per unit 

· product of such process are generally made for stock/inventory rather than customer order 

· the process is inflexible, it handles only one product 

· Product focused systems usually require high initial investment because it uses expensive, fixed-position material -handling equipment e.g. Overhead conveyors.

5.  Projects: Projects are set up to handle complex jobs consisting of unique sets of activities that must be completed in a limited time span.  Examples of application include large or unusual construction projects, new product development or promotion, and so on. This process is characterized by:

· high variable cost

· fixed costs are negligible or non-existent

· High skilled manpower-the process requires manpower who can work independently without much supervision and guidance.

· Involves the manufacture of a single, one-of-a kind product.
Table 2.1: Summarizes the difference and similarities of the basic processes
	Types of production processes
	Product

Volume


	Product
Variety


	Automation & specialized
equipment
	Frequency of machine setup
	Labor

Skill


	Unit

Cost



	1. Continuous
	High
	low
	High
	low
	low
	Low

	2.  Assembly
	Medium
	medium
	High
	low
	low
	Low

	3.  Batch
	Medium
	medium
	Medium
	medium
	medium
	Medium

	4.  Job Shop
	Low
	high
	High
	high
	high
	High

	5.  Project
	Low
	low
	Low
	low
	high
	  High


3.7. Strategic Capacity Planning
a. Capacity planning 
How many units of equipment do we need to achieve our production forecast? This is the concept of capacity planning. Capacity can be defined as the ability to produce certain output within a specified time period or the rate of output that can be achieved from a process. Capacity is related to the equipment and process selection decision in that a selection of specific equipment and processes represents a selection of both technological flexibility and capacity. Decisions related to capacity have to answer:

a. How much capacity do we have and how much future capacity should we provide?
b. What form should capacity take?

c. How should people or processes be physically related to one another within the facility?

d. What is the optimal location for the facilities? 

  The aim of capacity planning is to make the useable capacity match the demand for products over the long, medium and short term. 

  If capacity is less than demand, the organization cannot meet all the demand and it loses potential customers.  If capacity is greater than demand, the organization meets all the demand but it has spare capacity and under-used resources.   
There is a standard approach to capacity planning that we can illustrate as follows. Essentially, we see what resources we need, compare these with the resources we have available, and then develop plans for overcoming any differences.  To be more specific, we

1. Examine forecast demand and translate this into a capacity requirement; 

      2. Calculate the available capacity of present facilities; 

3. Identify mismatches between capacity needed and that available;

4. Suggest alternative plans for overcoming any mismatch; 

5. Compare these plans and find the best; 

6. Implement the best. 
  In most circumstances, there are a huge number of possible plans, and it is impossible to look at all of them in detail. It is also difficult to compare the alternatives, as there can be many competing objectives and non-quantifiable factors.  
This iterative procedure recognizes that it is rarely possible to find the single 'best' plan, and we are really looking for one that is generally accepted. Plans that appeal to the marketing department may be very inefficient for operations; the best plans for operations may not suit personnel; the best plans for personnel may be too expensive for finance. We usually have to make a compromise between a variety of conflicting objectives and views. This compromise must consider many factors, including: 
· demand -forecast sales, sales already made, back orders, variation in demand; 

· operations -machine capacity and utilization, aim of stable production, plans for new equipment, use of subcontractors, productivity targets;
· materials -availability of raw materials, inventory policies, current stock levels, constraints on storage; 

· finance -costs, cash flows, financing arrangements, exchange rates, general economic climate; 

· human resources -staff levels, skill levels, productivity targets, unemployment rates, hiring and training policies; 

· Marketing -reliability of forecasts, competition, plans for new products, product substitution. 
b. Discrete capacity 

Typically, capacity can be increased by using another machine, opening another shop, employing another person, using another vehicle, building another factory, and so on. Suppose that demand for a product rises steadily over time. Capacity should be increased at some point, but the increase will come as a discrete step. There is no way of exactly matching the discrete capacity to a continuous demand, so we have to use one of three basic strategies:

 (a)  Capacity is more or less matched to demand, so that sometimes there is excess capacity and sometimes a shortage; 

(b)  Capacity is made at least equal to demand at all times, which needs more investment in facilities and gives lower utilization; 

(c)  Capacity is only added when the additional facilities would be fully used, which needs lower investment and gives high utilization, but restricts output. 

  Factors that encourage an early increase in capacity are: 

· uneven or variable demand; 

· high profits, perhaps for a new product; 

· high cost of unmet demand, possibly with lost future sales; 

· continuously changing product mix; .uncertainty in capacity;

· variable efficiency;

· capacity increases that are relatively small; 

· Low cost of spare capacity, which might be used for other work. 
3.7.1. Important Concepts of Capacity Decisions
A. Design Capacity: The design capacity represents the maximum output that can be achieved in a specific time period under ideal condition. It may and commonly does include recognition of the need for routine maintenance but does not include recognition of delays caused by factors like scheduling, conflicts, defective products, low quality material, or change in product mix.  
B. Effective Capacity: Effective capacity represents the maximum output per unit time given a particular product mix, labor skills, supervision, product quality level, material quality, available maintenance, lunch & coffee breaks, and time between setups. Effective capacity is rarely equivalent to design capacity and is frequently much lower. 
C.  Actual or Operating Capacity: Operating capacity is defined as the average output per unit of time over a preceding time period adjusted to reflect actual reject levels and scheduling and maintenance losses. Actual output can’t exceed effective capacity because:

· Machine breakdowns

· Absenteeism

· Shortage of materials

· Quality problems

D. Capacity Measures 

Though, there is no single measure of capacity, the two measures frequently cited to justify investments in equipment and processes are efficiency and utilization 
Efficiency: is a measure of the use of effective capacity in producing a particular result. It is given by the formula: 

                    Efficiency = [image: image2.png]actual output per time period
Effective capacity per time period




Utilization: is a measure relating design capacity to output. It is calculated as follows: 

       Utilization =  [image: image4.png]actual output per time period

Design capacity per time period




Example: Given the information below, compute the efficiency and utilization of a vehicle repair department:

· Design capacity = 50 trucks per day

· Effective capacity = 40 trucks per day

· Actual output = 36 trucks per day

Solution:

 Efficiency = [image: image6.png]actual output per time period
Effective capacity per time period



 = [image: image8.png]


 = 0.9 = 90%

Utilization = [image: image10.png]actual output per time period

Design capacity per time period



 = [image: image12.png]


 = 0.72 = 72%
3.7.2 Factors Influencing Effective Capacity 

Effective capacity determines upper limit for actual capacity, which inurn determines actual output. Narrowing the difference between design capacity and effective capacity is a managerial opportunity because it may result in lower total investment. 

Low effective capacity may indicate poor management practice, inadequate supervision, poor equipment choice, obsolete equipment etc. The major factors affecting effective capacity are the following. 
a) Product Design: Product design affects capacity by determining the total work content or processing requirements for producing a product changes in design or a greater variety of products will generally affect capacity adversely by requiring more frequent changes in setups and rework. For example, when items highly similar, the ability of the system to produce those items is generally much greater than when successive items tend to differ. Generally, the more uniform the output, the more opportunities of there are for standardization of methods and materials, which lead to greater capacity.
b) Layout of facilities: It affects on the flow of materials in the process production and the effectiveness of labor. 

c) Job design – by establishing a lower time limit for operator controlled jobs. 

d) Output standards: Differences in expected performance speeds and allowances for such necessities as personal time and fatigue alter effective capacity. This is for both operator- controlled and mechanic controlled jobs. 

e) Quality of and variation in the materials: by altering the number of process adjustment required, scrap and rework and material quality as well as by the number of setups required.

f) Employee attitude and motivation: through labor turnover, absenteeism, and employees being busy but not productive. 

g) Operational factors: Inventory stocking decisions, late deliveries, acceptability of purchased materials, and quality of inspection and control procedures also can have an impact on effective capacity. 

h) External factors: Product standards, especially minimum quality and performance standards, and government regulation can restrict management’s option for increasing and using capacity. Thus, pollution standards on products and equipment often reduce effective capacity, as does paper work required by government regulatory agencies by engaging employees in non-productive activities. A similar effect occurs when a union contract limits the number of hours and type of work an employee may do. 
3.7.3 Capacity and Level of Operation 

Production units typically have an ideal or optimal level of operation in terms of unit cost of output. At the ideal level, cost per unit is the lowest for that production unit. If the output rate is less than the optimal level, increasing the output rate will result in decreasing unit costs. This is known as economies of scale. However, if output is increased beyond the optimal level, average unit costs would become increasingly larger. This is known as diseconomies of scale. 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: 

      Reasons for economies of scale:

· Fixed costs are spread over more units.

· Construction costs increase at a decreasing rate with respect to the size of the facility to be built.

· Processing costs decrease as output rates increase because of operations become more standardized, which reduces unit costs.

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 (diseconomies of scale) results from: 

· using less efficient machines 

· working overtimes 

· increasing the cost of maintenance 
· using inexperience or less skilled employees 

· complexity increases costs; control and communication become problematic

· Distribution costs increase due to traffic congestion and shipping from one large centralized facility instead of several smaller, decentralized facilities.

· Additional levels of bureaucracy exist, slowing decision making and approvals for changes.
3.7.4 Challenges of Planning Service Capacity 

Capacity planning for services can present special challenges due to the nature of services. Three very important factors in panning service capacity are:

1. The need to be near the customers: convenience for customers is often an important aspect of service. Generally, a service must be located near customers.  
2. Inability to store services: capacity also must be matched with timing of demand. Unlike goods, services cannot be produced in one period and stored for use in a latter period. Thus, speed of delivery, or customer waiting time, becomes a major concern in service capacity planning.

3. The degree of volatility of demand: demand volatility presents problems for capacity planners. Demand volatility tends to be higher for services than for goods, not only in timing of demand, but also in the amount of time required to service individual customers.

3.7.5 Capacity planning decisions

Capacity planning normally involves the following steps.

1. Assessing existing capacity

2. Forecasting capacity needs

3. Identifying alternative ways to modify capacity

4. Evaluating financial, economic and technological capacity alternatives.

5. Selecting a capacity alternative most suited to achieving strategic mission. 

Following these steps, organization should design the right capacity, that is, the capacity best matches with the demands of the product. However, there are several reasons why the production capacity to be provided does not necessarily equal the amount of products and services expected to be demanded. First enough capital and other resources may not be economically available to satisfy all of the demand. Secondly, because of the uncertainty of forecasts and the need to link production capacity to operations strategy interns of competitive priorities, a capacity cushion may be provided. A capacity cushion is an additional amount of production capacity added onto the expected demand to allow;

1. Extra capacity incase more demand than expected occurs

2. The ability to satisfy demand during peak demand seasons. 

3. Lower production costs; production facilities operated to close to capacity experience higher costs. 

4. Product and volume flexibility responding to customers’ needs for different products and high volumes is possible because of the extra capacity. 

5. Improved quality of products and services; production facilities operated close to capacity experience deteriorating quality. 

3.7.6 Ways of changing long range capacity
A. Expansion: Expansion would take either or a combination of the ways;
- Sub-contract with other companies to become suppliers of the expanding firm’s components or entire products. 

· Acquire other companies, facilities or resources

· Develop sites, build buildings, buy equipment 

· Expand, update, or modify existing facilities or

· Reactivate facilities on standby status.

B. Reduction:  This strategy requires managers to take the following actions when expansion is not appropriate due low demand or any other internal and external factors.

 - Sell of existing facilities; sell inventories, and layoff or transfer employees.

- Develop and produce new products as other products decline. 
3.7.7 Make or Buy Decisions

Once the capacity requirements have been determined, the organization must decide whether to produce a good or provide a service itself, or outsource (buy) from another organization. Many organizations buy parts or contract out services, for a variety of reasons such as:

1. Available capacity: if an organization has available equipment, necessary skills, and time, it often makes sense to produce an item or perform a service in-house.

2. Expertise: if a firm lacks the expertise to do a job satisfactorily, buying (outsourcing) might be a reasonable alternative.

3. Quality considerations: firms that specialize can usually offer higher quality than an organization can attain itself.

4. Nature of demand: when the demand for an item is high and steady, the organization is often better off doing the work itself.

5. Risk: outsourcing may involve certain risks. One is loss of control over operations. Another is the need to disclose proprietary information. 
3.8. Facility Layout
Layout refers to the configuration of departments, work centers and equipment with a particular emphasis on movement of work through the system. Plant layout is related to a number of aspects of production and operations management. The general objective of facility layout is to locate people, machines, and processes in an optimal time-saving and money saving relationship that meets the anticipated production level and the products functional and aesthetic requirements as embodied in the design specification.
3.8.1. Objectives of Facility Layout

The overall objective in designing a layout is to provide a smooth work flow and control; reducing cost of material through the factory or uncomplicated pattern for both consumers and workers in a service organization. Specific objectives of layout decision in service and manufacturing operations are outlined in the following section. 

1. For manufacturing firm:
· Provide enough production capacity 

· Minimize material handling cost and effort 

· Minimize labor requirements 

· Provide a smooth flow of materials and product 

· Maximize the use of available space

· Provide for volume and product flexibility and avoid bottleneck operations and contested areas

· Minimize health hazards

· Maximize the uses of machine tools.

· Provide communication opportunities for employees by positioning equipment and processes appropriately

· Maximize output

· Minimize supervisory and control requirements

· Ease of maintenance

· Provide space for personal – care needs and others 
2. For service operations layout serves the following purposes. 

· provide for customer comfort and convenience 

· allow attractive display

· reduce travel of employees and customers

· promote communication 
Minimum Handling of Materials 
A good plant layout takes into consideration the various flows of materials inside the plant thus minimizing the handling of materials. The choice of the material handling equipment and the systems of storage of materials has a lot to do with the way the plant facilities are laid out. The decision as to whether one should employ an overhead crane or fork-lift trucks depends much upon how the different departments in the plant are located spatially with respect to each other. Conversely, the choice of whether the material is to be stored in the production areas or in the stores determines the physical plant layout. So, the decisions of movement and storage of materials and that of plant layout have mutual feedbacks. A good physical plant layout should produce economies in the storage and movement of materials. 

Minimum Damage and Spoilage of Materials 
If adequate consideration regarding the handling and storage of materials is given, it automatically minimizes damage and spoilage of materials. 

Reduced Congestion of Materials, Machinery and Men 
A good physical layout should eliminate congestion in the plant. By doing so, it not only makes the life of the supervisor easier but also contributes towards overall improvements m the productivity of the shop. A good plant layout means a good spatial system. This should make production scheduling and control easier and should consequently reduce the delays in production and increase utilization of the available plant capacity. In the unnecessary search for materials, in the difficult handling of materials due to the unnecessary zigzag movement of materials, and due to the general confusion and wrong information regarding their availability, many production hours have been lost in practice; many unnecessary changeovers of production have occurred. All these can be avoided by a systematic arrangement of the non-living and living entities that comprise a production plant. 

Flexibility with Regard to Changing Production Conditions 

A good layout, that is a good spatial system, should be one that is adaptable or flexible enough to take care of probable future changes in the volume of production, in the range of products manufactured, and changes in the methods/processes of production. 

Basic Principles
The basic principles of plant layout are, therefore, as follows: 

(a)  The total movement of materials should be minimum. For this, one has to consider the movement distances between different work areas and the number of times such movements occur per unit period of time. 

(b) The arrangement of the work area should have as much congruence as possible with the flow of materials within the plant (from the stage of raw materials to the stage of finished goods). By 'flow' we do not mean a particular straight-line direction, we mean the different stages through which the material passes before it becomes a finished product. The stages at which value is added to the product and the sequence of the work areas should correspond with each other, as much as possible. In effect, there should be no back-tracking and very little interruption in the flow of the product from the raw material stage to the finished product. 

c) The layout should ensure adequate safety and healthy working conditions for the employees. 

d) A good layout should take into consideration all the three dimensions of space available. In addition to the floor space, the vertical space available should also be taken into account while designing the work areas. 

(e)  The layout should be adaptable or flexible enough so as to allow for probable changes in the future as all systems should anticipate changes in the future. 

A good system is one which can produce good results even with some changes in the system conditions. It should be malleable enough to change itself to some extent in line with the changes in the working conditions. 

(f)   A good layout has to satisfy, therefore, the availability of space, the size and work area requirements of machinery and other utilities, the flow direction, type and number of movements of the material, workers, and also the future anticipated changes. The principle is one of integrating all these aspects. While satisfying the flow of materials, one may not be able to satisfy the space availability. While satisfying both these, one may not be able to satisfy the users of the system the people. And while satisfying all these, one may not be able to satisfy the future whose requirements might be somewhat different from the present. The most important aspect is to keep the overall picture in mind.
3.8.2. Basic Types of Layout 
There are three different kinds of basic plant or facility layouts, depending upon the method of production.  The basic difference among these layouts is in their handling of the flow of materials and product. They are discussed as follows.
1. Process Layout or Layout by Function
This is typical of the job-shop type of production where the equipment performing similar operations is grouped together. For instance, grinding machines could be grouped together to form a work area, milling machines could be grouped together; drilling machines could be grouped together, etc. Such a layout is particularly useful where the volume of manufacture is low and the variety of jobs is great (in a job-shop every customer order is unique). Here, the layout should provide tremendous flexibility in the sequence of operations because the sequence of operation for one job is different from that of another job. For this reason, in all job-shop types of production, work areas are grouped together. 
Why is a process layout suited to job-shop type production? Job-shop type production is characterized by a large variety of jobs, which are distinct from each other. The variety of jobs processed requires frequent adjustments to equipment. This causes discontinuous work flow, which is known as intermittent processing. There is less interdependence between successive operations than with product layout. If the machines performing similar operations are grouped together, the idle times of machines and operators can be better controlled a better time-shared thereby increasing machine and labor utilization. 
It is concerned with the grouping of machines, processes or services according to their function i.e. similar equipment or functions are grouped together. For example, drilling, milling, routing, typing, shipping, etc are activities that require such types of arrangements. The primary efficiency criterion for evaluating process layout designs is material and product handling cost. 
Advantages

a. Process layouts are less vulnerable to breakdowns or absenteeism than other types of layouts since work can be shifted to other operating machines, and substitute for `absent employees are more readily available because employees have multiple skills. 

b. Lower capital costs use. Because this layout uses a general – purpose machines, which are less likely to become obsolete than special-purpose machines. 

c.  Lower labor costs /training and scheduling employees to operate more than one type of machine.

d. Lower installation and maintenance costs since excess capacity is often available.
Disadvantages 

a. Work scheduling is complicated by the difficulty of determining process workloads, by the different processing sequences required for different products, and by bottleneck operations and conflicts in completion time requirements. 

b. Low output rates result from material handling inefficiencies and from the number of special setups and shutdowns necessitated by changes in the pattern of demand. 

c. If the number of in-process products is large, process congestion may result as efforts are made to meet schedule completion dates. 

d. Material–handling requirements are a major problem because they are costly and time consuming. Conveyors are expensive to install and difficult to design since there may be many destinations for materials or products in process. 
Materials used in manufacturing are many, some of these are: raw materials, purchased components, materials-in-process, finished goods, packing materials, maintenance and repair supplies, scrap and waste and rejects or reworks.

The layout of these facilities is directly affected by the nature /characteristics/ of materials such as: Large or bulky materials; heavy materials; solids; fluids or flexible and inflexible. Special materials for heat, cold, light, humidity, flame, vibration also will affect the layout of facilities for handling, storing, and processing of these materials. 
2. Product Layout or Line Production 
The equipment here is laid out according to the sequence in which it is used for making the product. Product layout is usually suitable for assembling operations, for example in the automobile industry. Since a machine is assigned for each operation, the number of equipment in a product layout is much more as compared to the process layout. Therefore; the utilization of the equipment has to be sufficiently high to justify the higher level of capital investment necessary in a product layout. This means, the volume of production should be large and the variety of products should be low so that there is very little time lost in setting up the machinery. However, if two types of products are to be made, it may call for two separate layouts. Doing multiple jobs on the same equipment with the same men to save time is usually not the characteristic of a product layout. Each line layout caters only to one product. 
The principles of minimum distance moved (each operation adjacent to the previous operation) and of congruence of flow of materials and sequence of equipment are very well satisfied in a line layout. But, this can only be true when there is only one standard product to be made, day in and day out. If there is another type of product to be made, then the present line-up of equipment may not correspond with the 'flow' of this new product, resulting in high costs due to excessive material movement and excessive idle-times of machinery and manpower. 
So, when continuous production is possible due to high volume of production over a long run of time of a standard product with the assurance of a continuous supply of raw material, product layout is preferred. When the production is of job-shop type, each product being unique in terms of the number and type of operations to be performed, and the setting of the machinery required, thus involving a high degree of change with low production volume, Process layout is preferred. The major requirement in a job-shop type production flexibility: 
(a) product-design, and therefore machine-setting flexibility; 

(b) Flexibility of types of processes operating or in other words, routing flexibility; 

(c) Flexibility regarding the number of similar items manufactured, i.e. volume flexibility.

Product layout focuses on the sequence of production or assembly operation required for producing a part or a product of cement, oil refining, auto assembly and the so on. In contrast to process layouts, product layouts are not flexible since they are designed specifically for making one product. 
Major Advantages 

1. If there is adequate output volume, processing and assembly unit costs are low because of the high utilization rates of plant equipment and processes. 

2. Raw materials and parts inventory control requirements are lower because inputs are required for only one product. 

3. Production scheduling is simpler 

4. High volume of output and high labor efficiency result when the sequential tasks performed require approximately the same amount of time. 

5. Material–handling costs are low because of the wide use of conveyors and other mechanical or automated transfer equipment. 

6. Supervisory and control costs are low because of the repetitive and routine nature of the tasks and the uniformity of the processing result.
 Disadvantages 

1. High volume is required to justify the large investment in special or modified equipment. 

2. Product standardization is required within close limits because of the inflexibility of specialized equipment and transfer mechanisms. 

3. High interchangeability of product parts is required because the time and the space available to work on a given unit of production are limited. 

4. Good maintenance is crucial since the failure of one piece of equipment requires stopping the entire line while it is being repaired. 

5. Highly skilled labor is required for quick and efficient machine maintenance.

6. Scheduling and conditioning of materials, parts and subassemblies with line requirements is crucial because any bottleneck will result in products being incompletely fabricated or assembled or will require that the line be shut down. 
Quality control inspection must be strategically located and must be capable of detecting undesirable variances. The inspection system must feed the information ‘upstream’ efficiently to signal the need to correct processing or assembly failures and to prevent the production of a large volume of non standard product.    
3. Fixed Position Layout 

Unlike the other basic layout options, fixed position layouts require that both people and machine be brought to the product being made, assembled, or tested. The product by virtue of its bulk or weight remaining at one location, For example, shipbuilding, dam construction, power generating (steam) turbines, bridge etc which are (bulky, large, heavy, and fragile).  The fixed position nature of the layout minimizes the amount of product movement required. 

Such a layout may be preferred when the equipment and the machinery is small in number and size, and where the workmen are highly skilled to perform the various small jobs on the product. 
3.8.3 Developing and Analyzing Facility Layouts

Important inputs to the layout decision are: 

1. Specification of objectives of the system in terms of output and flexibility 

2. Estimation of product or service demand on the system 

3. Processing requirements in terms of number of operations and amount of flow between departments and work centers. 

4. Space availability within the facility itself. 

Common goals of all layouts usually include cost effectiveness, high productivity, efficiency, and flexibility. However, the actual layout of a productive facility can differ upon the end use of the facility.

a) Manufacturing: minimizing the cost of transporting, processing, and storing materials.
b) Warehouse: maximize the efficiency of receiving, shipping, and tracking materials.

c) Retail (service): enhance fostering the appeal of the product and comfort/convenience of the customer.

d) Office: promote worker effectiveness by fostering communication and efficient flow of work.
3.9. Facility Location  
Choice of location for business organization is an important issue in the design of the production system. 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. Globalization allows companies greater flexibility in their location choices. However, in practice, 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 shipment costs.

2. The need to locate near the appropriate resource pool to take advantage of low costs. 

Location of an industry is an important management decision. It is a two-step decision: first, choice of genera area or region and second, the choice of site within the area selected. Location decision is based on the organization long-term strategies such as technological, marketing, resource availability and financial strategies. Location (and relocation) opportunities should be reviewed as political, special, and economic conditions change. Foreign location may offer more profit potential, but often at a higher risk due to political instability, currency fluctuations, employment benefit changes, etc.
The objective of plant location decision-making is to minimize the sum of all costs affected by location. Plant location is important because of the following: 

(i) Location influences plant layout facilities needed. 

(ii) Location influences capital investment and operating costs. 
Location decisions are strategic, long-term and non-repetitive in nature. Without sound and careful location planning in the beginning itself, the new facilities may create continuous operating problems in future. Location decision also affects the efficiency, effectiveness, productivity and profitability. 
The location decision should be taken very carefully, as any mistake may cause poor location, which could be a constant source of higher cost, higher investment, difficult marketing and transportation, dissatisfied and frustrated employees and consumers, frequent interruptions of production, abnormal wastages, delays and substandard quality, etc. 
Therefore, it should be based upon a careful consideration of all factors that are essentially needed in efficient running of a particular industry. The necessary factors in the selection of plant location vary among industries and with changing technical and economical conditions. 
Site selection is not an easy problem because if the selection is not proper, then all money spent on factory building, machinery and their installation, etc., will go as waste and the owner has to suffer a great loss. Therefore, while selecting a site, the owner must consider technical, commercial, financial aspects, which may provide maximum advantages. It is sometimes possible that all the requirements and features of ideal site may not be available at one particular location but then it will be advantageous to find out suitable site with combinations of all essential requirements of the particular industry to be established as explained here: 

Site Selection 
The problem of the selection of a factory or a plant can be solved in the following two stages: 

· The general location of the plant

· The selection of a particular site
(A) The General Location of the Plant  

The following factors must be considered for selecting a region where the factory is to be located: 
(I) Availability of Raw Materials: As far as possible, the site selected should be near the source of raw materials, so that the cost of transporting the raw materials to the site may be minimum. Further, if the raw materials are bulky and heavy, it becomes very essential to select the site near it
(ii) Proximity of Markets: The cost of transporting finished goods, advertising and distribution, etc., will be greatly reduced if the factory is situated near the market. So the goods can be sold at cheaper rates.  Secondly, it will help in quick service to the customers and their requirements can also be studied quickly and easily.  
(iii) Transport Facilities: Transportation cost of raw material plays an important role, especially when the raw materials are bulky and of low value. Therefore, most of the iron, coal and other heavy; chemical industries are located at the raw material centers. Similarly when finished product is heavy, nearness to the market is economical. 
Now, with the development of diesel trucks road transport has become a successful competitor of rail-transport on account of the advantage of quickness and convenience of door to door service and lead to the location of some of the new factories on the roadside. 
(iv) Availability of Efficient and Cheap Labor: While selecting a site, it is necessary to consider that' whether right kind of labor at suitable rates is available or not, because labor cost is an important item of the total production cost in manufacturing. 
 (v) Availability of Power and Fuel: in the last century/the industries were situated near coal mines or places to which coal could be carried easily and cheaply. But, due to development of high-tension grid system this factor is not of much importance now. 
(vi) Climatic and Atmospheric Conditions: It is a governing factor for several industries, as cotton industry require moist climate. But now-a-days, with the development of air conditioning process, it has been possible to control the atmospheric moisture contents in factory according to the requirements. , 
(vii) Availability of Water: All factories need soft and pure water, hence its search should be made whether good quality of water is available or not. If not available, then its cost of transport has to be given prime consideration.  

(viii) Availability of capital: is an important factor on the rate of development of a factory. Amount of capital available helps in determining the size of the plant and its future plans. 

(ix) Social and Recreational Facilities: Usually big factories are located away from the public, social and recreational centers. During off hours, the employees require some social and recreational amenities which are the necessities of life. Therefore, it is essential that suitable parks, co-operative stores, cinemas and education centers should be provided by the employer or government near factory site if these are located away from the local towns or cities. 
These amenities will keep, the worker healthy, build good habits and workers, therefore, will take much interest in work. Major public and private concerns have provided welfare and recreational center. They have provided subsidized and good canteens, free education for workers' children and other facilities. 
(X) Business and Commercial Facilities: Availability of the financial and banking facilities is an important consideration for the factories, which require constant feeding of the working capital. 

(xi) Existence of Related Industries: Specially, in the case of small scale industries, repairing is a problem. If such facilities are available in the existing areas, repairs are carried out immediately without affecting the production. 

(xii) Other Factors: the factors like Local bye-laws, Taxes, Fire protection facilities, Post and Telegraph facilities should also be considered. 

(B) Selection of a Particular Site 

After selecting a general area for the plant, next step is to select a suitable site in that area. It is most important consider technical, commercial and financial aspects so as to take maximum advantage. Important points which should be considered while selecting a site are: 

· Community attitude 

· Community facilities 

· Transportation facilities  

· Topography 

· Waste disposal 

· Ecology and pollution 

· Size of land 

· Supporting industries. 

Survey for Establishing an Enterprise 
Before starting a new unit, a thorough survey should be undertaken to ascertain whether the venture can give sufficient profit to justify the expenditure of time and investment. Procedure for the survey and starting a business unit is as under: 

1. Analyze the product and survey the market. 

2. Make an economic survey. 

3. Determine the major objectives. 

4. Design the product. 

5. Determine the volume of production and size of plant. 

6. Select the location. 

7. Decide whether to buy or make parts. 

8. Develop and select the manufacturing process and equipment.

9. Develop a plant layout and select a type of building. 

10. Determine the capital requirement, financial plan and profitability. 

11. Develop an organizational structure and select personnel. 

12. Launch the enterprise. 

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.
3.9.1 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. 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 a point where other location begins 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 for their new product.  

3.9.2 Characteristics of location decision 

1. Location decisions entail a long-term commitment, which makes mistakes difficult to overcome. In addition, location decision often has an impact on operating costs both fixed and variables and revenues as well as an operation. Example, a poor choice of location might result in excessive transportation cost, shortage of qualified labor, loss of competitive advantage, shortage of raw materials, and location of customer (operation problem).

2. Location decision requires the selection of a location from a number of acceptable locations instead of identifying the “one best” location. If one site is clearly superior to all others in all respects, the location decision is an easy one. However, several site candidates, each with its strengths and weaknesses emerge as good choice and the location decision becomes a tradeoff decision. 

3. Location decision involves four options that managers can consider in location planning. These are: 

A. Expanding an existing facility: These options can be attractive if there is adequate room for expansion, especially if the location has desirable features that are not readily available elsewhere. Expansion costs are often less than those of other alternatives.

B. Addition of new location: Another option is to add new location while   retaining existing ones, as it is done in many retail operations. The advantage of this option are: it draws /attracts customers who are already looking for an existing business, and used as a defensive strategy designed to maintain a market share or prevent competitors from entering a market.

C. Shutting down:  The third option is to shut down at one location and move to another. An organization must weight the cost of a move and the resulting benefits against the costs and benefits and remaining in an existing location. This option is considered when market shifts, exhaustion of raw materials and the cost of operation often cause firms to seriously consider this option.

D. Doing nothing: If is a detailed analysis of potential locations fails to uncover benefits that make one of the previous three alternatives attractive, a firm may decide to maintain a status of   at least for the time being.

3.9.4 Facility Location Methods /Models 

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: 

1. Breakeven analysis (cost – profit - volume analysis) 

2. Factor rating method 

3. The Center of gravity method and 

4. Linear programming (transportation model)

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:

1. Fixed costs are constant for the range of probable output. 

2. Variable costs are linear for the range of probable output. 

3. The required level of output can be closely estimated

4. Only one product is involved. 

Graphical procedure

Step 1. Determine the fixed and variable costs associated with each location alternative. 

Step 2. Plot the total-cost lines for all location alternatives on the same graph. 

Total cost = FC + V x Q


Where, FC = fixed cost



V = 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
	$12

	B
	 100,000
	30

	C
	 150,000
	20

	D
	 200,000
	35


Required:

 a. Plot the total cost lines for these locations on a single graph 

 b. Identify a range of output for which each alternative is superior (i.e., has the lowest total cost) 

 c. If expected output at the selected location is to be 8,000 units per year, which location would provide the lowest total cost? 

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

(B)




(C)

$100,000 + $30Q = $150,000 + $20Q

Solving, you find Q = 5, 000 units per year. 

For C and A: 

(C)                                (A)

$150,000 + $20Q = $250,000 + $12Q

Solving, Q = 12,500 units per year. 

C. From the graph, you can see that, 8,000 units per year, location C provides the lowest total cost. 

For a profit analysis, compute total profit using the following formula: 



Total profit = QP – (FC + VC x Q) = Q(P – VC) – FC, 

Where: P = revenue per unit 

FC = total fixed cost 


Q = total units of products (quantity)  
VC = variable cost per unit 
1. 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. Their faster consistency and judgment about location alternatives.


Procedures: 

1. List the most relevant factors in the location decision(e.g., location of market, water supply, parking facilities, revenue potential, …) 
2. Assign a weight to each factor that indicates its relative importance compared with all other factors. The weights sum should be 1.00 
3. Decide on a common scale for all factors. (e.g., 0 to 100)
4. Score each location alternative 
5. Multiply the factor weight by the   score(location rate) for  each factor, and sum the results for each location alternative; and 
6. Choose the alternative (location) that has the highest composite score. 
Example 1: Using the following factors ratings, determine which location alternatives should be chosen on the basis of maximum composite score A, B or C.
	Factor 

(100 pts. each)
	Weight
	Locations (max score 100)
	Weighted score

	
	
	A
	B
	C
	A
	B
	C

	1. Suitability of climate
	0.15
	80
	70
	60
	12.0
	10.5
	9

	2. Parking facilities 
	0.20
	72
	76
	92
	14.4
	15.2
	18.4

	3. Display area 
	0.18
	88
	90
	90
	15.84
	16.2
	16.2

	4. suitability of labor skills
	0.27
	94
	86
	80
	25.38
	23.22
	21.6

	5. Operating costs 
	0.10
	98
	90
	82
	9.8
	9
	8.2

	6. Proximity to customers 
	0.10
	96
	85
	75
	9.6
	8.5
	7.5

	Sum
	1.00
	
	
	
	87.02
	79.92
	73.6


Decision:  Location A is better because it results in a highest score.
3.  Center of gravity method
It is used for locating a single facility 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 is the minimal transportation cost. This is given by the following weighted formula. 

    Cx =  [image: image14.png]2dix Vi
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 , and   Cy =  [image: image16.png]Zaiy Vi
i




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. 


                          T   


Key:
Gallons of Gasoline/month (000')

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
Required: determine the coordinates for the location of the intermediate holding facility.
Solution: For the plant, dix = 325,   diy = 75 , Vi = 1500

   Cx = [image: image18.png]|325x1500) ¥ (200x250) * [250x250) ¥ (350x350) + (25x250)
500 250-250 350550




 = [image: image20.png]323750
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= 307.9

   Cy=   [image: image22.png]75x1500) * (150 +250) + (350x250) + (200x350) + (#50x250)
2000




 = 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. 

Example 2: A clothing manufacturing produces children's cloth at four locations in northern Ethiopia. Relative locations have been determined, as shown in the table below. The location of a central shipping point for bolts of cloth must now be determined. Weekly quantities to be shipped to each location are shown below. Determine the coordinates of the location that will minimize distribution costs. 
	Location
	(X, Y)
	Weekly Quantity

	A
	5,  9
	15

	B
	6,  9
	20

	C
	3,  9
	25

	D
	9,  4
	30


Solution: Coordinate point is given by the formula: 
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Design of Work Systems

· Job Design: is the act of specifying the content and method of jobs. Job design looks for the best way of doing the tasks. The goal of job design is to create a work system that is productive and efficient, taking into consideration costs and benefits of various alternatives. Job designers focus on:

· Who will do the job
· How the job will be done, and
· Where the job will be done  

Elements of job design: The design of jobs should satisfy both the organizations and employees. For this we need to look at three main elements: 

· physical environment, where the job is done; 

· social environment, which affects the worker's psychological condition;

· Work methods, which describe how the job is done. 
Physical Environment/ Working Conditions

This describes the place where the job is done, its layout; the tools used, equipment available, and so on. If these are badly organized the environment can be distracting, put heavy burdens on a worker, and even be dangerous. 

· are important aspect of job design

· have significant impact on worker performance in terms of productivity, quality of output, and accidents.

Ergonomics: The branch of engineering science in which biological science is used to study the relation between workers and their environments. Work on the physical environment is part of ergonomics, which designs tools, machines, workplaces, layouts, etc., to take into account the physical capabilities of people. So job design has to ask who will be doing the job, whether they will be sitting, how much they have to move, if there is, anything in the way, how much time is available for the adjustment, could the lever be moved, and is the adjustment necessary?  

· It is the incorporation of human factors in the design of the workplace 

· Relates to the design of equipment, design of work methods, and the overall design of the work environment.

· Seeks to prevent common workplace injuries such as back injuries and repetitive-motion injuries by taking into account the fact that people vary in their dimensions and capacities. Injuries result in lower productivity, lost workdays, and increases in workers’ compensation and health premiums.
Most early work in ergonomics looked at operators of manufacturing machines. Nowadays, it emphasizes office work. So, designers consider the layout of an office, the height of chairs and tables, the position and size of keyboards, the size of computer screens, and so on. 

Other aspects of the work environment concern: 

· Temperature & humidity: work performance tends to be adversely affected if temperatures and humidities are outside a very narrow comfort band. Most people work at their best in temperatures around 18 to 22 degrees. 

· Ventilation: unpleasant and noxious odors (injurious to physical or mental health) can be distracting and dangerous to workers.

· Illumination/Light: the amount of illumination required depends largely on the type of work being performed. In general, jobs that need higher speed and accuracy need more light. The type of light can also be important, so we have to consider the color, contrast and direction. 

· Workers in windowless rooms may feel cutoff from the outside world and experience various psychological problems.

· Noise & vibration: 
· Noise is unwanted sound.

· Noise can be annoying or distracting, leading to errors and accidents. It also can damage or impair hearing if it is loud enough. There are limits on the time people can work with loud noise. 

· Vibrations can be a factor in job design even if without a noise component.

· Air pollution -pollution or fumes can be irritating and dangerous. This pollution need not be exotic chemicals, but can include dust, petrol fumes or cigarette smoke. 

· Safety -people must always have safe working conditions and protection from possible dangers. 

Social Environment/ Behavioral Approaches to Job Design

The social environment concerns the psychological well-being of employees. As a start, organizations must prepare employees to do the job. They must give adequate job training, appropriate supervision and help, knowledge of the organization's policies and rules, a clear statement of what is expected from them, and credit for good work. While working, the organization must provide opportunities for employees to meet their social needs. This might mean something simple such as a coffee lounge, or as complicated as redesigning the process to allow more interaction. Perhaps jobs should be changed to make sure they have: 

· task significance -so that employees feel the job has a substantial impact on the organization or the world; 

· task identity -so that employees can see the job as a whole, single piece of work from start to finish; 

· task variety -to give jobs that contain a variety of different tasks; 

· skill variety -so that employees can use a variety of skills and talents; 

· autonomy -so that employees have a level of independence and personal control over their work; 

· feedback -to give everyone clear, timely information about their performance. 

Every organization wants a motivated workforce. The way to get this is for managers to design jobs that motivate their workers. They can do this in several ways. Self-directed work teams or self-managed teams have day-to-day responsibility for managing themselves and the process they work with. Instead of being instructed by supervisors, self-directed work teams take the work to be done in a period, and organize themselves to achieve this. This approach needs a variety of skills within the team, but many organizations have used it to both increase productivity and reduce costs. In an effort to make jobs more jobs more interesting and meaningful, job designers frequently consider, job enlargement, job rotation, and job enrichment.
· Job rotation:  means having workers periodically exchange jobs.  The job each person does is rotated, perhaps daily, so that people do not get into a rut of doing the same specialized job all the time. On the positive side, this can give people more varied work and a broader range of skills. It avoids having one or a few employees stuck in monotonous jobs.  On the other hand, some organizations have found that it only gives a temporary improvement as people soon feel they are being switched around a series of equally boring jobs. It works best when workers can be transferred to more interesting jobs.

· Job enlargement -this combines several simple jobs into a larger one. You can view this as a horizontal expansion (horizontal loading), where a range of similar jobs of the same type are combined. The goal is to make the job more interesting by increasing the variety of skills required and by providing the worker with a more recognizable contribution to the overall output. On the positive side, this gives broader jobs with more variety and interest. On the negative side, some organizations again find that this gives only a temporary improvement as it replaces a short boring job by a longer boring job. 

· Job enrichment: This adds more responsibility to the job, and makes it inherently more interesting. You can view this as a vertical expansion (vertical loading), which adds more responsibility perhaps for planning, scheduling, coordinating and design. 
These approaches are important to job design in that they have the potential to increase the motivational power of jobs by increasing worker satisfaction through improvement in the quality of work life.

There are many other options for improving motivation. We cannot discuss all of these, but the following list gives some ideas that can be developed for a motivated, productive workforce. 

· Do not treat people as part of the machinery, but as the most important part of the organization. 

· Treat people with courtesy and respect, without favoritism, prejudice, public criticism, malevolent gossip, inconsistent policies or unreasonable behavior. 

· Do not use 'macho' management to make people feel intimidated and insecure.

· Make people feel welcome and comfortable in the organization with support and good working conditions. 

· Give clear job descriptions so that everyone knows exactly what their job involves.

· Give people training, support and guidance so that they can do their job properly.

· Give people broad training for multi-skilled jobs. 

· Treat people as individuals, designing jobs to match their interests and abilities. 

· Show the importance of everyone's job and reward them fairly with money, recognition, promotion and other incentives. 

· Give people responsibility and allow them to make as many of their own decisions as possible. 

· Set individual goals and make these demanding but achievable. 

· Measure everyone's contribution, acknowledge these publicly and reward them, making a clear link between performance and rewards. 

· Form worker councils and other means of participating in management.

· Arrange regular meetings to discuss targets, progress, problems, etc. 

· Encourage teamwork and co-operation, and bring people together to sort out conflicts. 

· Remove artificial barriers between functions, departments, trades, levels, etc. 

· Have direct and open communications, with information flowing freely around all levels of the organization -do not keep secrets from people. Have well-developed career paths. Automate dull or dangerous jobs. 

· Measure absenteeism and staff turnover as these give a clear picture of morale and job satisfaction. 

Such suggestions do, of course, have their critics. Job enrichment, for example, might give higher capital costs, higher wages for more skilled employees, and higher training costs. Some people do not want job enlargement with its extra responsibilities, but prefer to stick with smaller, simple jobs. Empowerment means extra responsibility for some people -and correspondingly less responsibility for others, who might be reluctant to give it up. Sometimes the available technology or process design does not allow jobs to change. Sometimes jobs can change, but at a cost of less flexibility, lower production or more accidents. 

Motivation is an area with huge amounts of uncertainty. One organization will do everything right, and still have an unmotivated workforce; another will do everything wrong and get high motivation. Others pay lip service to all the latest ideas, but in reality continue in their own way. Perhaps the only certainty is that motivation and productivity are sensitive areas that we have to approach with caution. 

Work Methods 

Work methods look at the details of how a job is actually done, and how it should be done. It usually starts by looking at the way a job is done at present, and breaks it down into small parts. A men's hairdresser, for example, spends a lot of time cutting hair. This involves a series of standard tasks such as washing hair, giving an initial cut with scissors, tidying loose ends, trimming with shears, drying hair, and so on. Each of these tasks can be broken down into microelements, such as reaching out, picking up a hair drier, moving the hair dryer back to the customer's head, switching it on, etc. The whole job can be broken down into a series of microelements. Analyzing these and showing the relationships between them gives a starting point for finding improvements. 
Now we have a detailed description of the job we can look for improvements, and find the most efficient way of doing it. The hairdresser, for example, might spend too long reaching for various objects, so the job could be improved by moving them nearer the customer. For these analyses we ask a series of questions: Why is this done? How is it done? Why is it done this way? Could the step be missed out? “Could it be done at another time? Could it be done automatically? How could the layout of the workplace be improved? Would different tools help? The answers to these questions lead to better ways of doing the job. 
Work Measurement

Job design looks for the best way of doing the tasks. Job designs can help in broader planning, provided it is exactly known how long each job will take. This is the function of work measurement. Work measurement finds the time needed for a job. It forms the link between job design and wider planning. 

Work measurement tells us how long a job should take, that is, its standard time. When we know this standard time, we can use it to plan the requirements for equipment, people and other resources. We can also use it for a range of other functions, such as wage incentive schemes, monitoring worker performance, and allocating costs. 
It might seem easy to find how long a job will take. In practice, however, there are many complications, that is why a garage might take four hours to repair a car, when they estimated that it would only take two hours. You know from experience that different people take different times to do a job. You also know that if the same person does a job several times, each repetition will take a different. These variations simply show that humans have different abilities, and each individual has some inconsistency. 
Work measurement starts by finding the basic amount of work in a job. This basic work content gives the minimum time theoretically needed to complete it. This is the time needed if the design of the product is perfect, the ideal process is used, no time is lost, materials are delivered on time, and everything works smoothly. The actual time needed for a job is greater than this basic time. When actually working, we have to allow for real circumstances, including: 

· work added by poor design of the product -the product design may not allow the; best process to be used, it may need additional or complex tasks, there may not be enough standardization, quality standards may not be set properly, it may use too many materials, etc.; 

· work added by inefficient operations -using the wrong type or size of equipment, not doing operations properly, having a poor layout, using methods that give extra work, poor management adding work, too many design changes, poor delivery of materials, poor maintenance of plant and equipment, poor working conditions, morale, etc.; 

· ineffective time within the control of the worker -such as absenteeism, lateness, idling, careless workmanship or unsafe behavior causing accidents. 
Allowing for these practicalities, the job will actually take longer than the basic time. To see how much longer, we use rating. 
Standard times 
The International Labor Organization gives the following definition of work measurement: 
Work measurement is the application of techniques designed to establish the time for a qualified operator to carry out a specific job at a defined level of performance.
This definition is based on a qualified operator, which assumes that he/she is properly prepared and qualified, properly trained and experienced, and physically and mentally capable of doing the job. Then it refers to a specific job, which includes defining the job, the method to be used, and the conditions in which the job is done. Finally, the definition specifies a defined level of performance, and this is related to a standard rate of working. 
The standard rate of work is the average rate that qualified workers will naturally achieve without overdue exertion over their working day, provided that they know and adhere to the specified method and are motivated to apply themselves to the work.

Now we have the idea of a qualified operator, doing a specified job, at a standard rate of work. Combining these should allow us to find a standard- time for a job. In principle, we can simply watch someone working in these conditions, and time that worker. 

The problem, of course, is finding the standard conditions. The person we watch may be particularly good at the job, or in a hurry, or he/she may have problems, or something unexpected may happen, or the person may not do the job in the standard way. We can then find the actual time taken to do the job, but this is certainly not a standard time. 

The way around this is to compare the person's actual work rate with a standard rate. This comparison is called rating. In practice, rating relies on judgment and experience. The person measuring the rate of work must know what a standard rate is, and then compare the worker's actual performance to this standard. This probably seems difficult, but we do it informally all the time. When you see people walking down the street, you can easily tell if they are hurrying or strolling casually; when you see people working in a shop you can tell if they are working hard or having an easy time. With experience, you can do the same rating for a range of other operations. 

Now we can use the work rating to develop four different times for a job: basic, actual, normal and standard times. 

· Basic time: this is the theoretical time needed to complete the basic work content of a job under ideal conditions. 

· Actual time: this is the time actually taken by someone to finish the essential parts of a job. These essential parts exclude avoidable delays that should not happen (such as dropping tools or looking for something that has been misplaced) and unavoidable delays that are part of natural events but are not part of the job (such as waiting for material, coffee breaks and getting instructions from a supervisor). 

· Normal time: this is the time needed to do the essential parts of the job at standard rate. This is the time an average worker will need for the job, so: 

Normal time = actual time x rating 

If someone is working twice as fast as normal, he/she has a rating of 2. The worker actually takes half the normal time, so we have: 

Normal time = actual time x 2 

· Standard time: this is the total time that we should allow for a job. The actual time and normal time only consider the essential parts of a job. There are many factors that are not part of the job, but still have to be considered, such as tea breaks and interruptions to supplies. We can classify these factors as: 

· Personal allowances: the times needed to meet people's normal needs during the working day -tea breaks, rests, lavatory breaks, meals, etc. The time for these allowances varies widely. In an office the personal allowances may be little more than tea breaks. In a steel mill or cold storage depot people get too tired unless they have frequent breaks, and these might take 20 minutes in an hour, 

· Contingencies: the random events that people cannot control. These include getting instructions, delays for materials, filling in record sheets, in-process inspections and any other interruptions.
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