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Chapter 5
What is process technology?

Process technology - the machines, equipment and devices that create and/or deliver products and services

Some technology is peripheral to the actual creation of products and services but plays a key role in facilitating the direct transformation of inputs to an operation

This type of technology is called indirect process technology. It is becoming increasingly important - many businesses spend more on the computer systems which control their processes than they do on the direct process technology which acts on the material, information or customers.

Integrating technologies
The distinction between material, information and customer processing technologies is for convenience only because many newer technologies with greater information-processing capability process combinations of materials, people and customer. 

These technologies are called integrating' technologies. Electronic point of sale (EPOS) technology for example, processes shoppers, products and information.

Operations management and process technology
Operations managers are continually involved in the management of process technology. 

They do not need to be experts in engineering, computing/ biology, electronics or whatever constitutes the core science of the technology. 

But they do need to know enough about the principles behind the technology to be comfortable in evaluating some technical information, capable of dealing with experts in the technology and confident enough to ask relevant questions, such as:

· What does the technology do which is different from other similar technologies?
· How does it do it? What particular characteristics of the technology are used to perform its function?
· What benefits does using the technology give to the operation?
· What constraints does using the technology place on the operation?

Materials Processing Technology
Technological advances have meant that the ways in which metals, plastics, fabric and other materials are processed have improved over time. 

All managers should have a broad understanding of the most common materials processing technologies

Computer numerically controlled machine tools (CNC) are machine tools that use computers to control actions rather than control by human hand. 

This gives more accuracy, precision line and repeatability to the process. It can also give better productivity, partly through the elimination of possible operator error, partly because computer control can work to optimum cutting patterns, se a	and partly because of the substitution of expensive, skilled labour.

Robots	are	'automatic	position-controlled	reprogrammable	multi-function	manipulators
having several degrees of freedom capable of handling materials, parts, tools or specialised devices through variable programmed motions for the performance of a variety of tasks
The attribute of robots which is being exploited is their ability to perform repetitive, monotonous and sometimes hazardous tasks for long periods, without variation and without complaining.

Automated guided vehicles (AGVs) are small, independently powered vehicles which move materials to and from value-adding operations. Although movement is often unavoidable, it adds no value, so it is not surprising that operations managers try to automate movement 

AGVs can help promote just-in-time delivery of parts between stages in the production process and can be used as mobile workstations; for example, truck engines can be assembled on AGVs, which move between assembly stations. 

AGVs are also used in warehouses, in libraries to move books, in offices to move mail and even in hospitals to transport samples.

Flexible manufacturing systems (FMSs) are 'computer-controlled configurations of semi-independent workstations connected by automated material handling and machine loading'.

An FMS is not a single technology as such but one that has integrated several technologies such as CNC workstations, loading/unloading facilities, transport/materials-handling facilities, and a computer control system to realize a potential that is greater than the sum of its parts. 

It may be capable of manufacturing a whole component from start to finish. The flexibility of each of the individual as	technologies combines to make an FMS (at least in theory) an extremely versatile manufacturing and	technology. 

A sequence of products, each different but within the capability envelope of the system, could be processed in the system in any order and without changeover delays between each usually	product The 'envelope of capability' concept is important here. 

Any collection of machines within an FMS must have some finite limits on the size and shape of the materials it can process.

Computer-integrated manufacturing (CIM) is the integration of computer-based monitoring and control of all aspects of the manufacturing process, drawing on a common database and communicating via some form of computer network. 

FMSs integrate activities which are concerned directly with the transformation process but need not necessarily include other activities such as design, scheduling and so on. Because these other activities are themselves computer-based, they can be integrated into the system. 

CIM is this wider integration, often involving bringing together such technologies as CAD/CAM

Information-processing technology
Information-processing technology, or just information technology (IT), is the most common single type of technology within operations and includes any device which collects, manipulates, stores or distributes information. 

Often organisational and operational issues are the main constraints in applying information technology because managers are unsure how best to use the potential in the technology








Summary of materials processing technologies – not complete
	
CNC machine tools
	



	
What does it do?
	Performs the same types of metal-cutting and forming operations which have always been done, but with control provided by a computer

	

How does it do it?
	Preprogrammed instructions are read from a disk, tape or paper tape by a computer which activates the physical controls in the machine tool

	What advantages does it aive?
	Precision, accuracy, optimum use of cutting tools which maximises their life and higher labour oroductivitv

	What constraints does it impose?
	Very high capital costs with uncertain payback, needs programming skills and can be vulnerable to tool breakage (which can stop the whole system)

	Computer-integrated manufacturing (CIM)

	What does it do?
	Coordinates the whole process of manufacturing and manufactures a part, component or product

	How does it do it?
	Connects and integrates the information technology which forms the foundation of design technology (CAD), manufacturing technology (FMC or FMS), materials handling (ACVs or robots) and the immediate management of these activities (scheduling, loading, monitoring)

	What advantages does it give?
	Fast throughput times, flexibility when compared with other previous 'hard' technologies, the potential for largely unsupervised manufacture

	What constraints does it impose?
	Extremely high capital costs, formidable technical problems of communications between the different parts of the system and some vulnerability to failure and breakdown



Centralised and decentralised information processing
Economically feasible for different parts of the operation to have their own dedicated computer under the direct control of the staff who would use them. This is the distributed processing concept

Local area networks (LANs)
A local area network is a communications network which operates over a limited distance, usually within an operation. 

The network itself can be formed from optical fibres, coaxial cable or simple telephone-type wiring, depending on the speed and volume of information which is being exchanged. 

The most common type of LAN connects the PCs in a workgroup or several departments and allows all staff to share common access to data files, other devices such as printers. 

The big advantage of LANs is their greater flexibility when compared with other more cumbersome forms of distributed processing.

The Ethernet
An Ethernet is a technology which facilitates local area networks. 

A way of linking a simple computer to a printer. The method of connecting the devices by cable and the standards that dictated how the two communicated, 

Ethernet standards are also used in wireless LANs which allow mobile devices to connect to a local area network.



The use of high-capacity optical fibre networks, brought new possibilities. The technologies of computing and telecommunications in effect merged, 

Separate operations could use one of the public integrated services digital networks (ISDN’s)

The internet
The most significant technology to impact on operations management in the last few years has been the internet. 

Packet switching'. This enabled many messages to be sent to different locations at the same time and allowed individual networks to communicate.

Extranets
Extranets link organisations together through secure business networks using internet technology. They are used primarily for various aspects of supply chain management. 

They at	tend to be cheaper to set up and cheaper to maintain than the commercial trading networks which
preceded them

Banks and other financial institutions can also be incorporated into these networks. The use of networks in this way is often called electronic data interchange (EDI).

E-business
The use of internet-based technology, either to support existing business processes or to create entirely new business opportunities, has come to be known as e-business. 

Most obvious impact has been on those operations and business processes that are concerned with the buying
and selling activity (e-commerce)

The advantage of internet selling was that it increased both reach (the number of customers who could be reached and the number of items they could be presented with) and richness

Traditionally, selling involved a trade-off between reach and richness. The internet effectively overcame this trade-off.

M-business
M-business is the phrase used to cover applications that combine broadband internet and mobile telephony devices.

As with all wireless applications, security concerns can prove a problem in some applications.

Summary of applications of e-business to ops management 
	Organisational
tasks
	E-business applications and/or contributions
	E-business tools and systems

	Design
	Customer feedback, research on customer requirements, product design, quality function deployment, data mining and warehousing
	WWW integrated CAD, hyperlinks, 3D navigation, internet for data and information exchange

	Purchasing
	Ordering, fund transfer, supplier selection
	EDI, internet purchasing, EFT

	Supplier
development
	Partnership, supplier development
	WWW-assisted supplier selection, communication using internet (e-meals), research on suppliers and products with WWW and intelligent agents

	Human resource management
	E-recruiting, benefit selection and management, training and education using WWW
	E-mails, interactive websites, WWW- based multimedia applications

	Production
	Production planning and control, scheduling, inventory management, quality control
	B2B e-business, MRP, ERP, SAP, BAAN, Peoplesoft, IBM e-business (web integrated)

	Marketing/sales and customer service
	Product promotion, new sales channels, direct savings, reduced cycle time, customer services, internet sales, selection of distribution channels, transportation, scheduling, third-party logistics
	B2B e-business, internet ordering, website for the company, electronic funds transfer, on-line TPS, bar- coding system, ERP, WWW-integrated inventory management, internet delivery of products and services

	Warehousing
	Inventory management, forecasting, scheduling of workforce
	EDI, EFT, WWW-integrated inventory management




Management information systems (MISs)
What is important is the way in which information moves, is changed, is manipulated and presented so that it can be used in managing an organisation. 

These systems are management information systems.

Decision support systems (DSSs)
A decision support system is one which provides information with the direct objective of aiding or supporting managerial decision making, It does this by storing relevant information, processing it and presenting it in such a way as to be appropriate to the decision being made. 

It supports managers by helping them to understand the nature of decisions and their consequences, but it does not actually make the decision itself.

Expert systems (ESs)
Expert systems take the idea of DSSs one stage further in that they attempt to 'solve' problems that would normally be solved by humans. 

An ES exhibits (within a specified area) a sufficient degree of expertise to mimic human problem solving. 

The key part of an ES is its 'inference engine' which performs the reasoning or formal logic on the rules that have been defined as governing the decision

Rules are called the 'knowledge base' of the ES (which is why ESs are also called knowledge-based systems). There have been many attempts to utilise the idea of an ES in operations management. 

Although authorities agree that ESs will become far more important in the future of operations management, not all applications so far have been totally successful. The problems which have been encountered include the following:

· Most expert systems can treat only narrow problems rather than the more realistic issues of integration and conflict between problem areas of the operation.
· Putting even some of an operations manager's expertise into a knowledge base is very expensive in terms of time and processing power.
· Like all information-based systems, it is rendered impotent if the data it is working with are wrong or inaccurate.

Egs of application of expert systems in operations management
	Decision area
	Typical issues
	Some current applications

	Capacity
planning
	What is a reasonable size for a facility?.
What is the workforce size for our operation systems?
	PEP, CAPLAN

	Facility location
	Where is the best geographic site to locate the operation?
	FADES

	Facility layout
	How should we arrange equipment in our facility site?
	CRAFT, CORELAP, WORKPLACE DESIGNER

	Aggregate
planning/
	What should be the output rates and staffing levels for this quarter?
	PATRIARCH, CAPLANLITE

	Product design
	Does the design of the product fit the firm's capability to produce it?
	XCON, CDX

	Scheduling
	Which customers or jobs should receive top priority?
	ISIS, MARS

	Quality
management
	How do we best achieve our quality goals?
Is the process capable of meeting the specifications?
	PL DEFT

	Inventory
control
	How much inventory do we need in our store? How should we control it?
	IVAN, LOGIX, RIM



Automatic identification technologies
Bar codes are used to speed up check-out operations in most large supermarkets. 

They also have a role to play in many of the stages in the supply chain that delivers products into retail outlets.

Radio Frequency Identification (RFID)
An Electronic Product Code (ePC) that is a unique number, bits long, is embedded in a memory chip or smart tag. These tags are put on individual items so that each item has its own unique identifying codes. 

At various points during its manufacture, distribution, storage and sale each smart tag can be scanned by a wireless radio frequency 'reader'. This can transmit the item's embedded identity code to a network such as the internet.
RFID could help operations save significant amounts of money in lost, stolen or wasted products by helping manufacturers, distribution companies and retailers to pinpoint exactly where every item is in the supply chain.

Also potential benefits in tracking products after they leave the store. Data on how customers use products could be collected automatically and accurate recycling of waste materials would be made considerably easier.

Customer Processing Technology
Traditionally, customer-processing operations have been seen as 'low technology.

Process technology is very much in evidence in many services

The personal element is undoubtedly important.

Increasingly the human element has been removed altogether, or significantly reduced. Customer-processing technology is being used to give an acceptable level of service while significantly reducing costs to the operation.

There are essentially two types of customer-processing technologies: those that you interact with yourself and those that are operated by an intermediary.

Technology involving customer interaction
Cars, direct-dial telephones, internet bookings and purchases, fitness equipment and automatic teller machines (ATMs - cash machines) are all examples of technology with which the customer interacts directly. 

Customers themselves are using active interaction technology to create the service.

Some customer-processing technology is passive interactive technology

This technology guides customers rather than the other way round. 

Customers are interacting with the technology, but the technology 'processes' the customers and also controls them by constraining their actions in some way. 

The technology helps to reduce the variety in the operation.

Objective of these hidden technologies is for staff to track customers movements or transactions in an unobtrusive way.

Customer Training
Walley and Amin suggest that the ability of the operation to train its customers in the use of its technology depends on a number of factors:

· The complexity of the service. If services are complex to operate, higher levels of 'training' may be required, possibly by potential customers watching experienced customers performing the task correctly. For example, the technologies in theme parks and fast-food outlets rely on customers copying the behavior of others.

· Repetition of the service, frequency of use is an important factor in two ways. First, if a service has to invest in customer training for the technology, the payback for this investment will be greater if the customer uses the technology frequently. Second, customers may, over time, forget how to use the technology. Regular repetition will reinforce the training.

· Low variety of focus. Training will be easier if the customer is presented with a low variety of tasks. For example, vending machines tend to concentrate on one category of product so that the sequence of tasks required to operate the technology remains consistent.

[bookmark: bookmark15]Process technology should Reflect volume and Variety
Different process technologies will be appropriate for different parts of the volume-variety continuum. 

High variety-low volume processes generally require process technology that is general purpose because it can perform the wide range of processing activities that high variety demands.

High volume-low variety processes can use technology that is more dedicated to its narrower angle of processing requirements. Within the spectrum from general purpose to dedicated process technologies three dimensions in particular tend to vary with volume and variety. 

The first is the extent to which the process technology carries out activities or makes decisions for itself, that is, its degree of 'automation'. 

The second is the capacity of the technology to process work, that is, its 'scale' or 'scalability'. The third is the extent to which it is integrated with other technologies, that is, its degree of 'coupling' or 'connectivity'

See figure 8.5 on page 228 of the text book




















The degree of automation of the technology
To some extent, all technology needs human intervention.

The ratio of technological to human effort it employs is sometimes called the capital intensity of the process technology. 

Processes that have high variety and low volume will employ process technology with lower degrees of automation than those with higher volume and lower variety.

Higher- volume, low-variety products, such as straightforward equity (stock) trades. 

Most of these products are simple and straightforward and are processed by 'automated' technology in very high volumes of several thousand per day.

Moving towards more automated technology is often justified on the labour costs saved, but that does not always mean that the net effect is an overall cost saving: 

Operations managers need to consider the following points before automating for cost savings alone:
· Can the technology perform the task better or safer than a human? Can the technology make fewer mistakes; change over from one task to the next faster and more reliably or respond to breakdowns effectively?

· What support activities, such as maintenance or programming, does the technology need in order to function effectively? What will be the effect on indirect costs?

· Can the technology cope with new product or service possibilities as effectively as less automated alternatives? 

· What is the potential for human creativity and problem solving to improve the machines' performance?

The scale/scaleability of the technology
There is usually some discretion as to the scale of individual units of technology.

The advantage of large-scale technologies is that they can usually process items cheaper than small-scale technologies, but usually need high volume and can cope only with low variety. By contrast, the virtues of smaller-scale technology are often the nimbleness and flexibility that are suited to high-variety, lower-volume processing

Small-scale technologies are also more robust.

The equivalent to scale for some types of information-processing technology is scaleability. 

The ability to shift to a different level of useful capacity quickly and cost effectively. 

Scaleability is similar to absolute scale insomuch as it is influenced by the same volume- variety characteristics. 

IT scaleability relies on consistent IT platform architecture and the high process standardisation that is usually associated with high-volume and low-variety operations.

The coupling/connectivity of the technology
Coupling means the linking together of separate activities within a single piece of process technology to form an interconnected processing system. Tight coupling usually gives fast process throughput, 

Tight coupling also means that flow is simple and predictable, making it easier to keep track of parts when they pass through fewer stages or information when it is automatically distributed to all parts of an information network. 

Closely coupled technology can be both expensive.

The fully integrated manufacturing system constrains parts to flow in a predetermined manner, making it difficult to accommodate products with very different processing requirements. 

Coupling is generally more suited to relatively low variety and high volume. Higher-variety processing generally requires a more open and unconstrained level of coupling because different products and services will require a wider range of processing activities.

Choice of technology
The most common technology-related decision in which operations managers will be involved is the choice between alternative technologies, or alternative variants of the same technology. 

Technology choice is a relatively long-term issue. It can have a significant effect on the operation's strategic capability. 

In order to make technology choices, it is useful to return to two of the perspectives we took on operations strategy. 
The market requirements perspective, which emphasizes the importance of satisfying customer needs, and the operations resource perspective.

Market requirements evaluation
A sensible approach to evaluating the impact of any process technology on an operation's ability to serve its markets is to assess how it affects the quality, speed, dependability, flexibility and cost performance of the operation

The market requirements evaluation for this warehouse might be as follows:

· Quality
· Speed
· Dependability
· Flexibility
· Cost

Operations Resource evaluation
Acquiring new resources, especially process technology, will impact on the intrinsic constraints and capabilities of the operation. Constraints = the things it will find difficult to do because of the acquisition of the technology. 

The things which the operation can now do because of the technology. Note that constraints and capabilities are not what the operation does necessarily do but what it can do.

Financial evaluation
Assessing the financial value of investing in process technology is in itself a specialised subject. 

While the benefits of investing in new technology can be spread over many years into the future, the costs associated with investing in the technology usually occur up front. 

Have to consider the time value of money

NPV – see text book 232
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