

Production and Operation Management
Process selection and capacity planning
Product and service choices, process selection, capacity planning, and choices about location and layout are among the most basic decision managers must make because those decisions have long-term consequences for the organization.
Processes transform inputs into outputs. Consequently, they are at the core of operations managements. Now surprisingly, process planning plays a key role in the ability of an organization to achieve its mission.
In this chapter we examine process selection and capacity planning. Process selection is both exciting and challenging: technological advances in processing provide many new options for competitive advantage, but they also pose numerous risks for the unwary decision maker. 
Process selection
Process selection refers to the way an organization chooses to produce its goods or provide its services. Essentially it involves choice of technology and related issues, and it has major implications for capacity planning, layout of facilities, equipment, and design of work systems. Process selection occurs as a matter of course when new products or services are being planned. However, it also periodically due to technological changes in equipment 
Howe an organization approaches process selection is determined by the organization’s process strategy. Key aspects includes
· Make or buy decisions: the extent to which the organization will produce goods or provide services in-house as opposed to relying an outside organization to produce or provide them.
· Capital intensity: the mix of equipment and labor that will be used by the organization.
· Process flexibility: the degree to which the system can be adjusted to changes in processing requirements duet to such factors as changes in product or service design, changes in volume processed, and changes in technology.
Make or buy
The very first step in process planning is to consider whether to make or buy some or all of a product or to subcontract some or all of a service. A manufacturer might decide to purchase certain arts rather than make them; sometimes all parts are purchases, with the manufacturer simply performing assembly operations. Many firms contract out janitorial services, and some contract for repair services. If a decision is made to buy or contract, this lesions or eliminates the need for process selection.
In make or make or buy decision, a number of factors are usually considered:
1. Available capacity. If an organization has available the equipment, necessary skills, and time, it often makes sense ot produce an item or perform a service in-house. The additional costs would be relatively small compared with those required to buy items or subcontract services.
2. Expertise. If a firm lacks the expertise to do a job satisfactorily, buying might be a reasonable alternative.
3. Quality considerations. Firms that specialize can usually offer higher quality than an organization can attain itself. Conversely, special quality requirements or the ability to closely monitor quality may cause an organization to perform a job itself.
4. The nature of demand. When demand for an item is high and steady, the organization is often better off doing the work itself. However, a wide fluctuation in demand or small order are usually better handled by specialists who are able to combine order from multiple sources, which results in higher volume and tends to offset individual buyer fluctuations.
5. Cost. Any cost savings achieved from buying or making must be weighed against the preceding factors. Cost savings might come from the item itself or from transportation cost savings. If there are fixed costs associated with making an item that cannot be reallocated if the item is purchased, that has to be recognized in the analysis.
Types of operations 
PRODUCTION SYSTEM
The production system of an organization is that part, which produces products of an organization. It is that activity whereby resources, flowing within a defined system, are combined and transformed in a controlled manner to add value in accordance with the policies communicated by management. A simplified production system is shown above.
1. The production system has the following characteristics:
2. Production is an organized activity, so every production system has an objective.
3. The system transforms the various inputs to useful outputs.
4. It does not operate in isolation from the other organization system.
5. There exists a feedback about the activities, which is essential to control and improve system performance.
Classification of Production System
Production systems can be classified as Job Shop, Batch, Mass and Continuous Production systems.[image: ]
JOBSHOPPRODUCTION
Job shop production are characterized by manufacturing of one or few quantity of products designed and produced as per the specification of customers within prefixed time and cost. The distinguishing feature of this is low volume and high variety of products. A job shop comprises of general purpose machines arranged into different departments. Each job demands unique technological requirements, demands processing on machines in a certain sequence.
Characteristics
The Job-shop production system is followed when there is:
1. High variety of products and low volume.
2. Use of general purpose machines and facilities.
3. Highly skilled operators who can take up each job as a challenge because of uniqueness.
4. Large inventory of materials, tools, parts.
5. Detailed planning is essential for sequencing the requirements of each product, capacities for each work centre and order priorities.
Advantages
Following are the advantages of job shop production:
1. Because of general purpose machines and facilities variety of products can be produced.
2. Operators will become more skilled and competent, as each job gives them learning opportunities.
3. Full potential of operators can be utilised.
4. Opportunity exists for creative methods and innovative ideas.
Limitations
Following are the limitations of job shop production:
1. Higher cost due to frequent set up changes.
2. Higher level of inventory at all levels and hence higher inventory cost.
3. Production planning is complicated.
4. Larger space requirements.
BATCHPRODUCTION
Batch production is defined by American Production and Inventory Control Society (APICS) “as a form of manufacturing in which the job passes through the functional departments in lots or batches and each lot may have a different routing.”It is characterised by the manufacture of limited number of products produced at regular intervals and stocked awaiting sales.
Characteristics
Batch production system is used under the following circumstances:
1. When there is shorter production runs.
2. When plant and machinery are flexible.
3. When plant and machinery set up is used for the production of item in a batch and change of set up is required for processing the next batch.
4. When manufacturing lead time and cost are lower as compared to job order production.
Advantages
Following are the advantages of batch production:
1. Better utilisation of plant and machinery.
2. Promotes functional specialisation.
3. Cost per unit is lower as compared to job order production.
4. Lower investment in plant and machinery.
5. Flexibility to accommodate and process number of products.
6. Job satisfaction exists for operators.
Limitations
Following are the limitations of batch production:
1. Material handling is complex because of irregular and longer flows.
2. Production planning and control is complex.
3. Work in process inventory is higher compared to continuous production.
4. Higher set up costs due to frequent changes in set up.
MASSPRODUCTION
Manufacture of discrete parts or assemblies using a continuous process are called mass production. This production system is justified by very large volume of production. The machines are arranged in a line or product layout. Product and process standardisation exists and all outputs follow the same path.
Characteristics
Mass production is used under the following circumstances:
1. Standardisation of product and process sequence.
2. Dedicated special purpose machines having higher production capacities and output rates.
3. Large volume of products.
4. Shorter cycle time of production.
5. Lower in process inventory.
6. Perfectly balanced production lines.
7. Flow of materials, components and parts is continuous and without any back tracking.
8. Production planning and control is easy.
9. Material handling can be completely automatic.
Advantages
Following are the advantages of mass production:
1. Higher rate of production with reduced cycle time.
2. Higher capacity utilisation due to line balancing.
3. Less skilled operators are required.
4. Low process inventory.
5. Manufacturing cost per unit is low.
Limitations
Following are the limitations of mass production:
1. Breakdown of one machine will stop an entire production line.
2. Line layout needs major change with the changes in the product design.
3. High investment in production facilities.
4. The cycle time is determined by the slowest operation.
CONTINUOUSPRODUCTION
Production facilities are arranged as per the sequence of production operations from the first operations to the finished product. The items are made to flow through the sequence of operations through material handling devices such as conveyors, transfer devices, etc.
Characteristics
Continuous production is used under the following circumstances:
1. Dedicated plant and equipment with zero flexibility.
2. Material handling is fully automated.
3. Process follows a predetermined sequence of operations.
4. Component materials cannot be readily identified with final product.
5. Planning and scheduling is a routine action.
Advantages
Following are the advantages of continuous production:
1. Standardisation of product and process sequence.
2. Higher rate of production with reduced cycle time.
3. Higher capacity utilisation due to line balancing.
4. Manpower is not required for material handling as it is completely automatic.
5. Person with limited skills can be used on the production line.
6. Unit cost is lower due to high volume of production.
Limitations
Following are the limitations of continuous production:
1. Flexibility to accommodate and process number of products does not exist.
2. Very high investment for setting flow lines.
3. Product differentiation is limited.

Capacity Planning
In this section, you will learn about the importance of capacity decision, the measurement of capacity, how capacity requirements are determined, and the development and evaluation of capacity alternatives.
Capacity issues are important for all organizations, and at at all levels of an organization. Capacity refers to an upper limit or ceiling on the load that an operating unit can handle. The operating unit might be plant, department, machine, store, or worker.
The capacity of an operating unit is an important piece of information for planning purpose. It enables managers to quantify production capability in terms of inputs or outputs, and thereby make other decisions or plans related to those quantities. The basic questions in capacity planning of any sort are the following:
1. What kind of capacity is needed?
2. How much is needed?
3. When is it needed?
The question of what kind of capacity is needed depends on the products and series that management intends to produce or provide. Hence, in a very real sense, capacity planning is governed by those choices. 
The most fundamental decisions in any organization concern the products and/or services it will offer. Virtually all other decisions pertaining to capacity, facilities, locations, and the like are governed by product and service. Thus, a decision to produce high-quality steel will necessitate certain types of processing equipment and certain kinds of labor skills, and it will suggest certain types of arrangement of facilities. It will influence the size and type of building as well as the plant location. Notice how different each of these factors would be if the choice were to operate a family restaurant, and how still different they would be if the choice were to operate a hospital.
I some instances, capacity choices are made very infrequently; in others, they are made regularly, as part of an ongoing process. Generally, the factors that influence this frequency are the stability of demand, the rate of technological change in equipment and product design, and competitive factors. Other factors relate to the type of product or service and whether style changes are important. (e.g. automobiles and clothing). In any case, management must review product and service choices periodically to ensure that the company makes changes when they are needed for cost, competitive effectiveness, or other reasons. 
Importance of capacity decisions
For a number of reasons, capacity decisions are among the most fundamental of all the design decisions that managers must make.
1. Capacity decisions have a real impact on the stability of the organization to meet future demands for products and services; capacity essentially limits the rate of output possible. Having capacity to satisfy demand can allow a company to take advantage of tremendous opportunities. When the Quigley Corporation’s zinc gluconate lozenges, sold under the name Cold-Eze, attracted the public’s interest during the height of the cold and flu season in 1997, drugstores and supermarkets quickly sold out. The product was so popular that the company couldn’t keep up with demand. Because of this, the company was unable to take full advantage of the strong demand. 
2. Capacity decisions affect operating costs. Ideally, capacity and demand requirements will be matched, which will tend to minimize operating costs. In practice this is not always achieved because actual demand either differs from expected demand or tends to vary (e.g. cyclically). In such cases a decision might be made to attempt to balance the costs of over and under capacity. 
3. Capacity is usually a major determinant of initial cost. Typically the greater the capacity of a productive unit, the greater its cost. This does not necessarily imply a one-for-one relationship; larger units tend to cost proportionately less than smaller units. 
4. Capacity decisions often involve long-term commitment of resources and the fact that, once they are implemented, it may be difficult or impossible to modify those decisions without incurring major costs.
5. Capacity decisions can affect competitiveness. If a firm has excess capacity, or can quickly add capacity, that fact may serve as a barrier against entry by other firms.
Defining and Measuring Capacity
Capacity often refers to an upper limit on the rate of output. Even through this seems simple enough, there are subtle difficulties in actually measuring capacity in certain cases. These difficulties arise because of different interpretations of the term capacity and problems with identifying suitable measures for a specific situation.
In selecting a measure of capacity, it is important to choose one that does not require updating. For example dollar amounts are often a poor measure of capacity (e.g. capacity of $30 million a year) because price changes necessitate continual updating of that measure.
Where only one product or service is involved, the capacity of the productive unit may be expressed in terms of that item. However, when multiple products or services are involved, as is often the case, using a simple measure of capacity based on units of output can be misleading. An appliance manufacturer may produce both refrigerators and freezers. If the output rates for these two products are different, it would not make sense to simply state capacity in units without reference to either refrigerators or freezers. The problem is compounded if the firm has other products. One possible solution is to state capacities in terms of each product. Thus, the firm may be able to produce 100 refrigerators per day or 80 freezers per day. Sometimes this approach is helpful, sometimes not. 
No single measure of capacity will be appreciated in every situation. Rather, the measure of capacity must be tailored to the situation. Table- provides some examples of commonly used measures of capacity.
Up to this point, we have been using a working definition of capacity. Although it is functional, it can be reined into two useful definitions of capacity.
1. Design capacity: the maximum output that can possibly be attained.
2. Effective capacity: the maximum possible output given a product mix, scheduling difficulties, machine maintenance, quality factors and so on.
	Business 
	Inputs
	Outputs

	Auto manufacturing
	Labor hours, machine hours
	Number of cars per shift

	Steel mill
	Furnace size
	Tons of steels per day

	Oil refinery
	Refinery size
	Gallons of fuel per day

	Farming
	Number of acres, number of crows
	Bushels of grain per acore per year, gallons of milk per day

	Restaurant
	Number of tables, seating capacity
	Number of meals served per day

	Theater
	Number of seats
	Number of tickets sold per performance

	Retail sales
	Square feet of floor space
	Revenue generated per day


 Design capacity is the maximum rate of putout achieved under ideal conditions., effective capacity is usually less than design capacity (it cannot exceed design capacity) owing to realities of changing product mix, the need for periodic maintenance of equipment, lunch breaks, coffee breaks, problems in scheduling and balancing operations, and similar circumstances. Actual output cannot exceed effective capacity and is often less because of machine breakdown, absenteeism, shortages of materials, and quality problems, as well as factors that are outside the control of the operations mangers. 
These different measures of capacity are useful in defining two measures of system effectiveness: efficiency and utilization. Efficiency is the ratio of actual output to effective capacity. Utilization is the ratio of actual output to design capacity.
Efficiency = actual output/effective capacity
Utilization = actual output/design capacity
It is common for manager to focus exclusively on efficiency, but in many instance, this emphasis can be misleading. This happens when effective capacity is low compared with design capacity. In those cases, high efficiency would seem to indicate effective use of resources when it does not. The following example illustrates this point.
Given the information below, compute the efficiency and the utilization of the vehicle repair department:
Design capacity = 50 trucks per day
Effective capacity = 40 trucks per day
Actual output = 36 trucks per day
Efficiency = actual output/effective capacity   =		36 trucks per day/40 trucks per day = 90%
Utilization = actual output/ design capacity =  		36 trucks per day/ 50 trucks per day = 72%
Thus, compared with the effective capacity of 40 units per day, 36 units per day looks pretty good. However, compared with the design capacity of 50 units per day, 36 units per day is much less impressive although probably more meaningful. 
Determinants of effective capacity
Many decisions about system design have an impact on capacity. The same is true for many operating decisions. This section briefly describes some of these factors, which are then elaborated. The main factors relate to the following.
1. Facilities 
2. Products or services
3. Processes
4. Human considerations
5. Operations
6. External forces

1. Facilities factors. The design of facilities, including size and provision for expansion is key. Locational factors, such as transportation costs, distance to market, labour supply, energy sources, and room for expansion, are also important. Likewise, layout of the work area often determines how smoothly work can be performed, and environmental factors such as heating, lighting and ventilation also play a significant role in determining whether personnel can perform effectively or whether they must struggle to overcome poor design characteristics.
2.  Product/service factors. Product or service design can have a tremendous influence on capacity. For example, when items are similar, the ability of the system to produce those items is generally much greater than when successive items differ. Thus, a restaurant that offers a limited menu can usually prepare and serve meals at a faster rate than a restaurant with an extensive menu. Generally speaking, the more uniform the output, the more opportunities there are for standardization of methods and materials, which leads to greater capacity. The particular mix of products or services rendered must also be considered since different items will have different rates of outputs. 
3. Process factors. The quantity capability of a process is an obvious determinant of capacity. A more subtle determinant is the influence of output quality. For instance, a quality of output does not meet standards; the rate of output will be slowed by the need for inspection and rework activities. 
4. Human factors. The task that make up a job, the variety of activities involved, and the training, skill, and experience required to perform a job all have an impact on the potential and actual output. In addition, employee motivation has a very basic relationship to capacity, as do absenteeism and labor turnover. 
5. Operational factors. Scheduling problems may occur when an organization has differences in equipment among alternative pieces of equipment or differences in job requirements. Inventory stocking decision, late deliveries, acceptability of purchased material and parts, and quality inspection and control procedures also can have an impact on effective capacity. 
For example, inventory problems had a negative impact on capacity when General Motors first introduced its front-wheel-drive cars. Unexpected high demand, created by shortages and rapid price increase of gasoline, exceeded the supply of cars. Company officials lamented that they could not take advantage of the opportunity to increase sales because of a shortage of component parts, which the company could not quickly overcome. Thus, insufficient capacity in one area affected overall capacity.
6. External factors. Product standards, especially minimum quality and performance standards, can restrict management’s options 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. 
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