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Getting started 

This section follows on from Unit 2: Materials and 
components (see pages 25-40) and develops your 

knowledge and understanding of modern design 

practice. We all know that the modern world relies upon 

computers and that the modern workforce must be 

computer literate - but what are the advantages and 

disadvantages of using these systems? Biotechnology is 

a controversial new technology where living organisms 

are genetically modified to produce products for 

a specific use - is this right? What impact do these 

modern technologies have upon our lives? 

r!nf ormation and communication 
~chnology 
Information and communication technologies (ICT) 

are increasingly being used by manufacturers when 

designing, manufacturing and selling products. With 

modern technologies, companies are able to take all 

aspects of the designing, selling and manufacturing 

processes to an unprecedented scale allowing every 

aspect of the process to be undertaken worldwide. 

Electronic communications 

E-mail 

Information and communication technology (ICT) has 

improved the reach (level of communication across a 

network) and range (types of data transfer available) of 

electronic communications. E-mail is the simplest form 

of electronic communication and has a comparatively 

low level of reach and range when it is used for 

messaging or transferring documents. However, it has 

proved invaluable in rapid communications between 

designers, manufacturers, retailers and consumers 

due to its ease of use and widespread access through 

Internet connections . For these reasons it has all 

but replaced the postal system. There are issues of 

security and privacy when using e-mail and limitations 

on the size of attachments, which often restrict its use, 

but to the majority of people it is now their preferred 

way of communicating. 

Electronic data interchange 

Electronic data interchange (EDI) is a new way for 

companies to do 'paperless' business using a process 

that transfers business documents through a computer 

network, rather than via the postal system. Many 

modern companies use EDI as a fast, inexpensive and 

secure system of sending purchase orders, invoices, 

design and manufacturing data, etc. Fo r example, 

some manufacturers use EDI to transmit large, 

complex computer-aided design (CAD) drawings and 

multinational companies use EDI to communicate 

between locations worldwide. EDI can also be used 

to transmit financial information and payment in 

electronic form. However, the transfer of files requires 

that the sender and receiver agree upon a standard 

document format for the document that is to be 

transmitted. 
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• Quick, easy and convenient means of communicating around the 
world 

• Widespread usage (anyone with a computer connected to the 
Internet) 

• E-mail exchanges can be saved as a dated record of 
correspondence 

• Documents can be attached electronically and can be saved and 
edited easily 

( Table 3 . 1 Advantages and d isadvantages of e-mail 

I· . -

• Impersonal and some messages can be misinterpreted 
• Influx of messages to inbox increases time to read and respond 
• 'Spamming' of unsolicited commercial e-mails, often with 

inappropriate content 
• Privacy and security issues as messages can be intercepted and 

read 
• Limitations on size of attachments 
• System can crash and all files lost 

• • 
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The EDI process starts with a trading agreement 

between a company and their trading partner. Joint 

decisions have to be made regarding the standard 

to be used, the information to be exchanged, how the 

information is to be sent, and when information will be 

sent. To send a document, EDI translation software is 

used to convert the document format into the agreed 

standard. The translator creates and wraps the document 

in an electronic envelope with an identification code 

and sends it to the partner's mailbox. The document is 

retrieved from their mailbox and an EDI translator opens 

the envelope and translates the data from the standard 

form to their application's format The translator ensures 

that the data sent by one company is converted into a 

format that another can use. 

• Saves money by eliminating 
the need for processing 
paper documents. 

• Saves time as information is 
transferred digitally. 

• Improves customer service 
as business documents are 
transferred quickly with 
fewer errors. 

• Expands customer base 
due to improved customer 
service through efficient 
EDI processes. 

• Incompatibility with some 
companies due to range of 
standard document formats. 

• Standards updated regularly, 
which causes problems with 
different versions in use. 

• Expensive to initially set up. 
• Limits trading to only 

companies with EDI. 

Table 3.2 Advantages and disadvantages of EDI for business 

Integrated Services Digital Networks and 
broadband 

The development of Integrated Services Digital 

Networks (ISDNs) and, more recently, broadband 

technology, means that huge amounts of information 

can be transferred across computer networks at far 

greater speeds than ever before. The purpose of 

ISDN is to provide fully integrated digital services to 

users comprising digital telephony and data-transport 

services through existing telephone networks. ISDN 

involves the digitisation of the telephone network, which 

enables voice, data, text, graphics, music and video to 

be transmitted at high speeds over existing telephone 

lines. The emergence of ISDN represented an effort to 

• • 

combine subscribed services such as Internet service 

provision and telecommunications into one package. It 

enabled users to have additional phone lines installed 

so that the Internet could be used at the same time as 

the telephone without callers receiving a 'busy' signal. 

Local Area Networks 

The Internet is a global network and as such can be 

accessed anywhere in the world. Local Area Networks 

(LANs) are as the name suggests networks that operate 

over a much smaller area. This area might be as 

confined as a single office, or building, or at the most 

a number of offices situated perhaps a few kilometres 

apart. The majority of LANs connect workstations or 

personal computers (PCs). Each workstation or PC has 

a central processing unit (CPU) and is able to undertake 

tasks and operate programs independently but it is 

also able to access data from anywhere on that 

particular LAN. 

In an office, for example, workers can log onto a 

machine and undertake work and then communicate 

that work to any other workstation on that particular 

LAN. Not only can workers share nformation on the 

LAN but they can also share devices such as scanners 

or printers. They are able to send e-mails and have 

instant 'chat' facilities with anyone on the same LAN. 

Because of the small nature of the network, LANs tend 

to be faster than using the Internet because data can 

be transferred at a much higher rate. A typical data 

transfer rate on a LAN might be up to 100 megabits per 

second. Very often wireless and fibre optic technologies 

are used. Added to all these features is the fact that 

because the system is 'local', security is easier to 

maintain on a LAN system. 

FACTFILE: 0 • ®· 

• Local (i.e. one building or group of buildings) 
• Controlled by one administrative authority 
• Assumes other users of the LAN are trusted 
• Usually high speed and is always shared 



Speed 
• Sharing and transferring files within networks are very rapid 

Cost 
• Individually licensed copies of many popular software programs 

can be costly, while networkable versions are available at 
considerable savings 

Security 
• Sensitive files and programs on a network are password protected 

Centralised software management 
• Software can be loaded on one computer (the file server), 

eliminating the need to spend time and energy installing updates 
and tracking files on independent computers throughout the 
building 

Resource sharing 
• Resources such as printers, fax machines and modems can be 

shared 

Electronic mail 
• Electronic mail on a LAN can enable staff to communicate within 

the building without having to leave their desks 

Flexible access 
• Access their files from computers throughout the firm 

Workgroup computing 
• Workgroup software (such as Microsoft BackOffice) allows many 

users to work on a document or project concurrently 

f Table 3.3 Advantages and disadvantages of LANs 

Global networks (Internet) 

The Internet has revolutionised t he way in wh ich 

information is passed around the globe. With the 

conti nuing develop ment of the web, the t ransm ission 

of digit al information has become possible on an 

unprecedented scale. Where LAN systems are limited 

to a parti cul ar company or location, the Internet has 

opened up worldwide possib ilit ies. It means that a 

company is able to keep in touch with its branches 

and associates anywhere in the world literal ly at the 

touch of a button. It means that informati on can be 

passed around instantly, opening up the possibi lit ies 

of t hings like design being undertaken in Europe and 

manufacturing in Asia. 

However, there are downsides. One of the great benefits 

of a LAN system is that it can be kept almost tota lly 

secure and sensitive informat ion kept within the company. 

The links that a LAN system has with the outside world 

are control lable and highly monitored. W ith the Internet 

the security is weaker and there is always a danger 

that hackers could get into what appear to be secure 

installat ions and gain confidential information. 
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Faults 
• Server faults stop applications being available 
• Network faults can cause loss of data 
• Network faults could lead to loss of resources 

Users 
• User work dependent upon network 

Misuse 
• System open to hackers 

Resources 
• Scanners and printers could be located too far from users 

Communication 
• Fast and reliable communications 
• Advent of the truly global village 

Information 
• Treasure trove of information 
• Search engines assist in finding 

information 
• Every kind of technical support 

available 
• Every kind of trade or law or 

market information available 

Services 
• Banking 
• Reservations 

E-Commerce 
• Online banking 
• Online shopping 

Theft of personal 
information 
• Danger of identity 

theft 
• Access to credit cards 

and bank accounts 

Spamming 
• Receiving unsolicited 

e-mails and 
information 

Virus threat 
• Virus is a program 

which disrupts the 
normal functioning of 
computer systems 

( Table 3.4 Advantages and disadvantage of global networks 

• • 



( Unit 3: Designing for the Future 

Videoconferencing 

Integrated Services Digital Network (ISDN) and broadband 

have enabled high-speed data and communications 

transfer, which can be used in a videoconferencing 

system. A videoconference allows two or more locations 

to interact using two-way video and audio transmissions 

simultaneously, enhancing communications and speeding 

up the decision-making process by eliminating the need 

for time-consuming travel to meetings, which might be 

across the other side of the world. 

A videoconferencing system includes a video 

camera to capture images, a screen to view images, 

microphones to pick up sound and loudspeakers 

to play sounds. Data is transferred via the Internet 

using ISDN or broadband. There are two types of 

videoconferencing systems: 

• Dedicated systems have all the required 

components packaged into a single console, 

in:::luding a high-quality remote-controlled video 

cc;mera. 

• Desktop systems are add-ons to normal personal 

computers such as webcams and microphones, 

transforming them into videoconferencing devices. 

Multipoint videoconferencing allows for simultaneous 

videoconferencing among three or more remote points 

using a multipoint control unit (MCU) as a bridge that 

interconnects calls from several sources. This enables 

three or more people to sit in a 'virtual' conference 

room and communicate as if they were sitting next to 

each other. 

[ 
Figure 3. 1 Multipoint videoconferencing allows people in three or 
more locations to communicate with each other simultaneously 

• • 

• Eliminates the need for travel 
to other countries, saving both 
time and money. 

• Visual information can be 
communicated as part of the 
conversation. 

• Accelerates the decision
making process as 
presentations can be made to 
several people simultaneously. 

• Remote diagnostics available 
with technicians in other 
countries able to solve 
problems. 

• Corporate training of many 
staff at the same time. 

• Synchronisation of time of 
meeting in different times 
zones across the world. 

• Connection can often fail. 
• Lack of eye contact with 

others in meeting can 
hinder conversation or 
intent. 

• 'Camera shyness' can 
hinder presentations 
due to pressures of 
being filmed and often 
recorded. 

I Table 3.5 Advantages and disadvantages of videoconferencing 

Electronic information handling 

Market analysis 

Market analysis is an investigation of a market that is used 

by a company when planning future activities. A market 

analysis is used by companies to help make a wide range 

of decisions. For example, it could be used to look at 

the available market for a product or it may be used to 

predict the expansion or contraction of the workforce. It 

can influence issues ranging from how a new product is 

advertised through to estimates on capital outlay. 

You will be familiar with some of the ways in which 

market analysis is undertaken from your design and 

make projects that you have produced. In those you are 

expected to undertake research. This research is then 

used to produce a product specification. 

The raw data for market analysis can be collected in 

a number of ways. The most obvious way is to use a 

questionnaire. Once the data has been collected, specialist 

software processes it. Once the data has been processed, 

it can be sorted so that companies can interpret the results. 

On the basis of the results, decisions are taken about the 

nature of the marketing plan and about how best to satisfy 

the needs of the intended customers. Market analysis is 

essential in order to ensure that new products attain a 

competitive edge over competitors. 

Specification development 

When developing a specification for a new product, a 

whole range of factors need to be taken into account. 

For example, issues such as forn, function, user 
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Sets the parameters of what is to be designed. Much of what it contains will be the result of market research. 
Computer-Aided Market Analysis (CAMA) systems can be interrogated in a number of ways (qualitative, quantitative, 
trend etc.). The results of these interrogations will provide a focus area for a design specification, i.e. highlight features 
and aspects that are most important to the consumer and therefore a guide to the content of the specification. 

This could be the working, or scale drawings, of a product that contains all the information required to manufacture 
the product. A designer can generate these on a CAD system which has many advantages over traditional drawing 
methods. Computer-Aided Specification of Products {CASP) draws on artificial intelligence expert systems to suggest 
modifications and alterations to the design based on its knowledge of materials, virtual testing, manufacturing facilities 
available and ease of assembly. This results in a manufacturing specification that is both generated and influenced by 
computer systems rather than being just the result of a designer's decisions. 

Table 3.6 Types of specifications that can be generated using computer technology 

requirements, performance requirements, materials 

and processes, the scale of production and costs all 

need to be considered. These are all factors which you 

are familiar with as they must all be thought through 

when producing any design and make project. 

For a school project, the development of the 

specification is relatively easy to undertake. In an 

industrial situation, the issues involved will be much 

more complex and therefore computer programs 

are used to help produce product specifications. 

The process involves defining all the parameters 

which relate to the product. Using information such 

as anthropometric data, material limitation and even 

market research, the computer establishes factors 

such as components required for a particular product, 

materials, measurements and even building and 

construction data. The advantage of such a system is 

that the process is swift, thus reducing the lead time 

for a product. It also means that, as the information 

is held on computer, all those who have need of the 

most up-to-date specification can gain easy access. 

There are two situations where specifications are 

used in the design process: design specification and 

manufacturing specification, both of which can be 

generated with the aid of computers. 

Unit 3.2 Systems and control: Computer

integrated manufacture. 

Automated stock control 

'Just in time' 

'Just in time' (JIT) manufacturing is a system used by 

companies to reduce costs. The philosophy of JIT 

manufacturing is related to efficiency. A product is only 

manufactured when that product is actually required. 

In traditional manufacturing components are taken 

to the next stage of production as soon as they are 

ready. In JIT production each stage must be provided 

with the number of components required. By only 

producing items when they are actually needed the 

quality and efficiency of the manufacturing process 

are improved. It can also lead to higher returns for the 

company itself. 

The idea is that a re-order level is set within stock 

control and new stock is only ordered when that 

level is reached. There is therefore no overordering, 

which saves space and again increases efficiency. An 

example of JIT can be seen in the manufacture of cars. 

Manufacturers only buy in materials for the immediate 

use of the manufacturing process. As a consequence 

the process of manufacturing is smooth, with just 

the right amount of materials being delivered to the 

factory at the correct time. The turnover is rapid and 

the amount of money tied up in raw materials and 

components is reduced. Vehicles are usually built to 

order, and that reduces the problems of producing 

cars that can never be sold, thus reducing the risk to 

the company even further. 

• • 
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Production scheduling and production 
logistics 

When undertaking the manufacture of any product it is 

important that all the resources and the sequencing of 

tasks are allocated in the correct way to ensure efficient 

production. This process can be very complex. 

Computer-based production scheduling and production 

logistics help make the production process smooth. 

The idea is that if there are small issues or hiccups in the 

process the computer can iron them out. By producing 

a production schedule a company can determine 

whether or not a delivery promise can be met. It gives 

the workers undertaking the manufacturing process 

itself a statement of what should be done so that thei -

prodL-ctivity might be measured, therefore maximising 

the potential of the workforce. 

11 . . - -· - . . ... ! I' I 
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• Flexible and easily adaptable if product mix or quantity 
changes 

• Minimise work in progress and reduce inventory 
• Maintain balance on production line 
• Raise productivity levels 

Table 3. 7 Advantages of computer-based scheduling and 
production 

Flexible manufacturing systems 

Flexible manufacturing systems (FMS) are manufacturing 

systems that have been set up that allow a company 

some degree of flexibility to enable it to react to, 

and then instigate, changes fairly rapidly to the 

manufacturing process. These changes might be either 

predicted or unpredicted. This flexibility falls into 

two main categories, machine flexibility and routing 

flexibi lity. 

- : 11 · 

Machine flexibility • System's ability to change to produce 
new product types 

• Ability to change order of operations 

Routing flexibility • Ability to use multiple machines 
• Ability to absorb changes such as 

capacity and capability 

Table 3.8 The two types of flex ibility in manufacturing 

• • 

Such flexible manufacturing systems are usually linked 

with CAM systems which are in turn linked to material 

handling systems. This is able to ::ontrol parts and material 

flow. The main advantages of flexible manufacturing are 

better productivity, quicker machinery set-up times, lower 

labour costs and reduced down time on machinery. As a 

result, production and productivi:y are increased. 

Quick response manufacturing 

The main aim of quick response manufacturing (ORM) 

is essentially to reduce the lead time in all aspects of 

the manufacturing process. Frori outside a company, 

ORM is seen by the client as res:::>onding rapidly in the 

designing and making of products that are customised 

to their needs. From the company's point of view, ORM 

is geared to the improvement of the quality of the final 

product and to the reduction of costs. 

Unit 3.2: Manufacturing systems, where both FMS 

and ORM are dealt with in considerable depth. 

Production control 

In any manufacturing situation it is vital that all the 

processes undertaken are carefully and accurately 

controlled. This means that at various stages during 

manufacture the quality of the wo·k is checked. If problems 

are found, relevant procedures need to be activated. 

In modern industrial situations p·oduction control is 

undertaken using computer tecf-nology. There are a 

number of ways in which production can be monitored 

and controlled and they depend very much on the 

sophistication of software available. All involve monitoring 

and testing at various stages during production. 

One method of quality control (QC) uses coordinate 

measuring. In this case, a sensor connected to a computer 

comes in physical contact with the object under scrutiny. 

The probe is able to check various parts of the component. 

If the original coordinates of the probe are known, then 

as the probe is moved around the work, the dimensions 

can be checked for accuracy. One method of checking for 

accuracy is to have an optical based system. The advantage 

of such a system is that there is no direct contact with the 

work - large objects can be checked and the response time 

is only limited by the electronics in the system . 
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• Measurable quality throughout the entire process. 
• Inspection time can be speeded up. 
• Any issues can be instantly identified and rectified early. 
• Large 30 objects can be tested. 
• Can be made to adhere to up-to-date and relevant 

standards. 
• Information can be transferred digitally instantly. 

There are still instances when visual inspection of 

products needs to be carried out. The problem with 

visual testing is that an element of human error can 

creep in. Visual testing usually consists of a random 

inspection of a sample of completed components. 

Naturally it is too late in the process to correct errors 

and 'failures' have to be scrapped. One method 

of increasing the sampling in visual testing is to 

introduce so-called 'intelligent cameras'. These can 

be programmed to view selected elements of the 

component and flag up any issues electronically. 

The advantage of this system is that instead of 

sampling, the camera can check all components 

passing in front of it. 

Marketing. distribution and retail 

Electronic point of sale 

Information lies at the centre of any business and, if 

used properly, it ensures the business stays one step 

ahead of its competitors. By using electronic point of 

sale (EPOS) systems, a business is able to supply and 

deliver its products and services faster by reducing the 

time between the placing of an order and the delivery of 

a product. 

Each product is identified using its unique barcode. 

When passed over a barcode reader, or scanner, the 

barcode is read by a laser beam. The laser scans the 

barcode and reflects back onto a photoelectric cell. 

The bars are detected because they reflect less light 

than the background on which they are printed. Each 

product has its own unique 13-digit number. The first 

two numbers indicate where the product was made, 

the next five are the brand owner's number, the next 

five are given by the manufacturer to identify the 

type of product and the final digit is the check digit, 

which confirms that the whole number has been 

scanned correctly. 
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Origin of Brand owner's 
product number 

.___0_0_1~1 _a__,1 Y7 
I 

Item Check 
number dig it 

( Figure 3.2 A standard 13-digit barcode 

It is important to note that information regarding the 

price of the product is not contained on the barcode. 

Instead, the scanner (for example at a supermarket 

checkout) transmits the product code number to an 

in-store computer that relays the product's description 

and price back to the checkout, where it is displayed 

electronically and printed on the till receipt. The in-store 

computer then deducts the item purchased from the 

stock list so that it can be re-ordered when stock is low. 

Data matrices, also known as 2D barcodes, are visual 

codes that can be read and decoded by machine vision 

systems. The increasing use of data matrix codes arises 

from the manufacturers' requirements for tracking their 

products or components. The intention is that batch 

or serial numbers can be permanently marked onto 

components, which is useful for tracking defective 

batches and identifying counterfeit parts. 

3-0 ETl1 
(2 Ph. Eur .) ~-... --:.-. .... 0 

( Figure 3.3 Data matrices (20 barcodes) are increasingly used as 
they can contain more information because they use not only the 
width of the lines but also the height of them 

• • 
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( START ) 

product manufactured 
at the factory 

product arrives at delivery 
depot for distribution 

product delivered 
to store 

customer selects 
product from shelf 

barcode information 
relayed to store computer 

Figure 3.4 The electronic point of sale (EPOS) system 

• • 

product description and 
price displayed at checkout 

till receipt 
printed out 

store computer deducts 
product purchased from stock list 

product re-ordered 
when necessary 

order received by 
product manufacturer 

FINISH 



Electronic point of sale and the associated management 

software provide manufacturers with: 

• a full and immediate account of the financial 

transactions involving the company's products 

• data that can be input into spreadsheets for sales/profit 

margin analysis 

• the means to monitor the performance of all product 

lines, which is particularly important in mass production 

as it allows the company to react quickly to demand 

• accurate information for identifying consumer buying 

trends when making marketing decisions 

• a full and responsive stock control system by providing 

real-time stock updates 

• a system that ensures sufficient stock is available to 

meet customer needs without over-stocking, which ties 

up capital. 

Internet marketing and sales 

The development of the Internet as a means of 

competing in a global marketplace has revolutionised 

the marketing and sales of products and services. 

Through the global networking of computers, the 

Internet provides an effective means of accessing a 

wealth of information and entertainment for anyone with 

a computer connected to the Internet. The dramatic 

rise in e-commerce has led to the formation of virtual 

communities, which businesses are eager to explore. 

To manufacturers and retailers 
• Worldwide reach and access to new markets and increased 

customer base 
• Increased company profile on a worldwide basis 
• Faster processing of orders and transactions, resulting in 

efficiency savings and reduced overheads 
• Detailed knowledge of user preferences and market trends by 

tracking sales 
• Cost savings due to reduced sales force and need for retail 

outlets 
• Less expensive than traditional advertising media such as 

television or magazines 
• Innovative marketing tactics can be employed that target 

specific groups 

To the consumer 
• Access to a wide range of products and services 
• Availability of product information to inform purchasing 

decisions 
• Online discounts and savings through price comparison websites 
• Convenience of shopping at home 
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The possibilities for innovative marketing techniques 

are endless due to the simple identification of 

target market groups by user preferences. Marketing 

can be 'tailor made' to suit these markets, so a 

marketing message can be sent directly to potential 

customers as opposed to 'blanket' advertising in 

traditional media. 

As a consumer, what are your main reasons 

for buying products over the Internet? Is it 

convenience, price or that you can buy products 

from other parts of the country or even the world? 

( Biotechnology 

Genetic engineering in relation to 
wood production 

In recent years, the subject of genetic engineering, 

or modification of living organisms, has generated 

considerable debate. In terms of timber production, 

genetic engineering can be used to change the 

properties of the wood that is produced . Nowadays, 

greater demands are put on the timber industry. For 

- __ - - - - , 
To manufacturers, retailers and the consumer 
• Security concerns regarding input of personal bank details 

when purchasing goods 
• Personal information can be shared with other companies 

without customer consent 
• Difficult to find websites without exact details, resulting 

in a need for other expensive marketing methods, e.g. 
magazine adverts, Internet service provider sponsored 
searches, etc. 

• Slow Internet connection can cause difficulties in accessing 
information 

• Difficulty in navigating complicated web pages 
• Does not allow 'hands on' experience of product, i.e. touch, 

taste and fit 
• Access to inappropriate material 
• Spread of junk mail and threat of computer viruses 

_ , 

( Table 3.9 Advantages and disadvantages of Internet sales and marketing 

• • 
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example, more and more homes are being built and in 

those new buildings, wood is required for roof timber 

and trusses. Timber is being used at an ever increasing 

rate and, as the UK has only limited managed forest ed 

area, much of that timber is being imported. 

Biotechnology is at the forefront of research and 

experimentation. Trials have been undertaken to 

genetically modify (GM) trees to increase the amount 

of timber being produced. GM trees are the result of 

gene manipulation. This involves artificially inserting a 

gene from one plant into another, producing a change 

in the tree's biological characteristics. 

The main advantage of GM trees to the paper and 

board industry is that trees can grow faster so that 

supply can keep up with demand. Other advantages 

inclL-de producing trees that are resistant to disease 

and insect attack to provide high-quality products 

and, in some instances, to provide specifically 

coloured timbers that can be marketed with specific 

aesthetic qualities. 

GM tree technology is gathering pace with field trials 

rapidly increasing around the world. Overall genetic 

modification activities in forestry are taking place in 

at least 35 countries worldwide and are likely to make 

their commercial debut in Chile, China and Indonesia. 

There have been several trials in the UK so far, 

including GM elm trees resistant to Dutch elm 

d isease, which were successfully grown in Scotland. 

• Aids resistance of trees to 
disease. 

• Produces trees with 
inaeased growth rate. 

• Better forest management, 
which reduces deforestation. 

• Long-term side effects not 
yet apparent. 

• 'Escape' of modified genes 
into natural ecosystems. 

• Development of tolerance 
to the modified trait 
by insects or disease 
organisms. 

• Rapid growth could cause 
shorter, more intensive 
rotations, resulting in 
greater water demand and 
reduced opportunity for 
nutrient recyding. 

r Table 3.10 Advantages and disadvantages of genetically modified 
(GM) trees 

• • 

WEBLINKS: 0 • ®· 
www.arborea.ulaval .ca/faq/index.html#488 

This website contains some interesting questions and 

answers regarding the genetic modification of trees. 

Scientists are artificially manufacturing new crops, 

materials and animals. How does this make 

you feel? The public reaction to GM crops and 

livestock has been quite negative - but what 

about the advantages? Think about the benefits to 

industry and the potential to solve problems in the 

developing world. 

Micro-organisms to aid disposal of 
environmentally friendly plastics 

Biodegradable polymers 

Biodegradable polymers are materials derived from 

renewable raw materials that decompose in the natural 

environment. Biodegradation of polymers is achieved 

by enabling micro-organisms in the environment to 

break down the molecular structure of the polymer to 

produce an inert material that is less harmful to the 

environment. 

Many biodegradable polymers, such as 

polyhydroxyalkanoate (PHA), are fully biodegradable 

as they are derived purely from renewable sources. 

Other types are semi-biodegradable, mixing renewable 

sources with existing petroleum-derived synthetic 

polymers. At present, the use of biodegradable 

polymers is in its infancy. Once their production 

increases they can become more economically viable in 

relation to synthetic polymers ard therefore provide a 

widespread substitute. 
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• Fully degradable in suitable conditions, 
e.g. sun, moisture and oxygen. 

• Reduction of time in landfill and the 
associated harmful effects. 

• Degradation of some plastics still 
contributes to global warming through 
the release of carbon dioxide as a main 
end product. 

• Packaging, e.g. blow moulded bottles. 
• Disposable products used in the food 

industry, e.g. utensils and dishes. 
• Plastic wrap for packaging, e.g. moisture 

barrier films for hygienic products. • Starch-based plastics are formed from 
carbon that is already in the eco-system 
so does not contribute to global 
warming. 

• Damages recycled plastics when mixed 
and reduces its value. • Coatings for paper and board. 

• Fully biodegradable polymers are • Agricultural uses, e.g. slow-release 
pesticides and fertilisers, mulches that 
degrade over time. 

more expensive as they are not widely 
produced to achieve large economies of 
scale. • Medical uses, e.g. gauzes, sutures, 

implants. • May not be as energy efficient to 
produce as synthetic polymers, e.g. 
polypropylene. 

• Pharmaceutical uses, e.g. coatings for 
pills. 

• Semi-biodegradable polymers remain in 
the environment for years. 

• New natural fibres for the textiles 
industry. 

[ Table 3. 11 Advantages, d isadvantages and applications of biodegradable po lymers 

Producing materials that are totally recyclable 

One of the great issues of the twenty-first century is how 

we care for and protect the environment. Recycling is 

one of the ways in which the earth's natural resources 

can be preserved . Al l manufacturers cla im that t heir 

particular product is recyclable in some way or another. 

However, most materials, apart from metal, when recycled 

often have to be used for less demanding applications. 

For example plastics can be recycled but the end result 

of the recycling may be a less useful plastic. Woods can 

biodegrade so in one sense they can be reused in the 

form of composted down material. It could be argued 

that, apart from specially developed p lastics such as 

Biopol®, the on ly truly totally recyclable material is metal. 

One exa mple is aluminium, which is an element and as 

such is indestructib le. When aluminium is recycled it does 

not degrade in any way so any aluminium that is salvaged 

and recycled can be used over and over again. 

Almost all metals can be recycled into high-quality, 

usable metal. 

Recycl ing metals is good for the environment and saves 

energy as it uses fewer natural resources, as well as 

reducing co2 emissions. 

Unit 3.4 Sustainability: Minimising waste 

production. 

• ®· 
We are always being asked to recycle more of our 

materials . There are advantages to recycling in terms 

of not filling landfill sites and wasting finite resources. 

However, think about recycli ng from th e other 

point of view. What might be the disadvantages t o 

recycling? 

WEBLINKS: Q • ®· 
www.recyclemetals.org/ 

Biopol® 

Biop ol® is a trade name of the British chemical 

company ICI for the first fully b iodegradable polymer, 

polyhydroxybutrate (PHB), developed commercially in 

the early 1990s. The first uses for Biopol® were in the 

packaging industry t o produce blow moulded shampoo 

bottles as the material is water resi stant and provides an 

effective barrier to air. 'G reen' credit cards made from 

Biopol® have been introduced as a replacement for 

some of the 20 million credit cards in circulation today. 

Biopo l® is produced in nature through the fermentat ion 

by the Alcaligenes eutrophus bacteria of sugars 

(glucose) and carbohydrates that are collected in their 

ce lls as reserve materia l. Once th is reserve materia l 

• • 
• 
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[ Figure 3.5 The production of Biopol® 
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is separated and refined from the bacteria, a white 

powdered polymer is extracted. This polymer can then 

be used in the usual manufacturing processes to produce 

plasfc products. The significance of this is that Biopol® is 

prodJCed naturally by renewable agricultural resources 

and, most importantly, it is fully biodegradable. 

Biopol® is stable when stored in air and is quite stable 

wher stored even in humid conditions. Degradation 

to ca~bon dioxide and water will occur only when 

the polymer is exposed to micro-organisms found 

naturally in soil, sewage, river bottoms and other similar 

environments. The rate of degradation is dependent on 

the material thickness and the number of bacteria present. 

Landfill simulations over a 19-week period show test 

bottles experienced a weight loss ranging from 30 per 

cent with oxygen present to 80 per cent with no oxygen 

present. The fact that Biopol® decomposes more rapidly 

without oxygen present is significant because oxygen is 

not present in modern sealed landfills. 

Innocent™ eco-bottle 

Innocent™ introduced an eco-bottle made from 

a material called polylactic acid (PLA), which is 

derived from corn starch. The use of PLA over regular 

polyethylene terephthalate (PET) and high-density 

polyethylene (HOPE) bottles has certain advantages: 

• regular plastic bottles use finite resources (for example, 

oil and gas) whereas corn is a renewable resource 

• PLA is made using a totally carbon-neutral process - no 

greenhouse gases are emitted in its production 

• PLA is biodegradable, so it breaks down safely and 

relatively quickly . 

• • 

Innocent™ encouraged its customers to compost these 

bottles with all of the ir other green waste (e.g. garden 

waste, food scraps). The eco-bottle can be recycled 

along with regular plastic bottles in the normal way 

but, to maintain the quality of the recycled plastic, 

compostable bottles should not make up more than 

1 per cent of the mix. 

Innocent TM admits that these corn starch bottles are 

a very new development so there is currently a lack of 

composting infrastructure around. Only 10 per cent of the 

UK's recycling centres have machines that can sort these 

bottles from the normal PET and HOPE plastic bottles. 

Therefore, the company has to be careful about how 

many compostable bottles it releases into the market 

before the correct facilities are in place to handle them. 

• @. 
www.innocentdrinks.co.uk - eco-friendly drinks 

manufacturer. 

Unit 3.4 Sustainability: The use of biotechnology is 

directly related to issues regarding sustainability. 

innocenf 
pure fruit smoothie 

s!rawberries & banonos 

Figure 3.6 Innocents eco-bottle is made entirely from a 100 per cent 
renewable source: corn. It is manufactured in a carbon-neutral 
process and is totally compostable, helping to reduce landfill waste 



Putting additives in plastics 

Over the last fifty years the development of plastics 

has led to a revolution in the manufacture of products 

notably with new methods of manufacture and in some 

instances new and even 'smart' materials. 

Plastics are manufactured using polymers which are 

often mixed with other ingredients. These ingredients, 

known as 'additives', are added to plastics to enhance, 

or change, their properties. Without additives, the use 

and applications of plastics would be somewhat limited. 

The use of additives makes plastics easier to process, 

enhances their aesthetics, makes them safer and even 

reduces their impact on the environment. 

Plasticisers 

There are occasions when, for particular products, the 

plastic being used needs to be soft and flexible. For 

example, the polyvinyl chloride (PVC) outer coating 

of an electrical cable needs to be relatively soft and 

flexible to allow the cable to be bent and shaped. In 

order to increase the flexibility of a plastic such as PVC, 

plasticisers are added. The most common plasticisers 

are organic compounds known as phthalates. Because 

they are organic compounds, they are biodegradable 

and break down relatively quickly. 

Plasticisers are also added to assist in plastic manufacturing 

processes. In a process such as injection moulding it is 

important that the plastic flows evenly into every part of 

the mould. To help the plastic flow correctly, plasticisers are 

added during the manufacture of products. 

Fillers 

Sometimes it is necessary to increase the bulk of 

plastics. In order to do this fillers are added. Fillers are 

also used as an economic measure in order to reduce 

the overall cost of the plastics produced. 

Fibres 

Plastics on their own are sometimes not strong or stiff 

enough to carry out the particular task that is required 

of them. For instance, a golfer would not want a flexible 

golf club! A golf club needs to be strong and stiff. In 

order to create a plastic golf club that is both strong and 

stiff, carbon fibres are added to the plastic. 

Carbon fibre reinforced plastics are composite materials 

that use a polymer matrix reinforced with thin carbon 

fibre strands. The plastic resin is usually epoxy or 

Industrial and commercial practice ) 

polyester. The resulting material is extremely strong and is 

widely used in the aerospace and automotive industries. 

The most common example of using fibres in plastics that 

is often seen in schools is glass reinforced plastic (GRP), 

where the fibres are in the form of glass matting. 

Stabilisers 

Over a period of time polymers can deteriorate. For 

example, where polymers are exposed to ultraviolet 

light, reactions can occur that cause the polymer to 

degrade. In order to help retard degradation, stabilisers 

are added to the material. A stabiliser is an additive 

that helps to prevent, or slow down, the degradation 

of polymers. There are number of different types of 

stabilisers used in plastics, all of which have particular 

roles to play in the material. 

• Heat stabilisers 
These are put into the plastic to prevent it from 

decomposing during any manufacturing process that 

uses heat (such as injection moulding). During the 

injection moulding process the heat of the plastic 

can reach temperatures in excess of 180° and without 

stabilisers the plastic might well disintegrate. 

• Light stabilisers 
When plastics are exposed to sunlight, the ultraviolet 

light in the sunshine can make the plastic go brittle 

and break down. This is sometimes seen in uPVC 

window frames. After a number of years in sunlight, 

uPVC can break down and crack. Light stabilisers are 

added to plastics in order to slow down chemical 

degradation from exposure to ultraviolet light. 

• Biostabilisers 
In some cases plastics can be attacked and broken 

down because of microbiological attacks. In such 

cases, plastic can become stained and discoloured 

and even begin to smell, with a loss of aesthetics. 

However, the greatest problem with microbiological 

attack is that the plastic loses its mechanical 

properties. Biostabilisers are added to reduce the 

impact of microbiological attack. 

Foamants 

When a foamant is added to a plastic two things 

happen. Firstly, it increases the volume of the plastic and 

secondly, it increases the elasticity of the plastic, making 

it appear to have more of a 'spring'. This means that the 

plastic can be pushed or pressed and it will spring back 

to its original shape. 

• • 
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Plastics that contain foamants are also used as buoyancy aids 

in swimming. The cell structure of a plastic with foamants 

added is such that air gets trapped within the cells of the 

material, thus making the plastic lightweight and buoyant. 

Other applications include both heat and sound insulation. 

WEBLINKS: Q • ®· 
www.phthalates.com 

This website gives some interesting information 

about additives in plastics. 

Lamination 

Lamination is where a material has been produced by glJing 

together thin sheets, or veneers, to make up that material. 

The most common form of laminate material is plywood. 

Plywood is made up of a number of thin layers of wood 

that are called veneers. There are always an odd number of 

veneers and they are always arranged so that the grain on 

each layer is positioned at 90° to the layer above and below. 

BecaJse the veneers are arranged in this way, the resulting 

plywood sheet is very stable and very strong. The layers are 

bonded together with strong glues, usually epoxy-resins. 

There are a vast number of applications for plywood, 

from interior uses such as cupboards and furniture 

constructions to exterior uses including boat building. 

Other wood laminates include blackboard and 

laminboard. Lamination is also used to give a protective 

surface to sheet material. For example in the kitchen a 

work surface that can be easily cleaned and kept clean is 

required. For this a laminate material such as Formica@ is 

glued onto the sheet, usually using contact adhesives. 

Lamination can also be used for shaping material. This is 

where sheets, or strips of veneer, are glued together and 

clamped in a former. When the glue dries and the work is 

removed from the former the work retains the shape of the 

former. This process is used in the production of products 

such as chairs where sweeping curves might be required. 

The advantage of this type of production is that it is much 

less time consuming than trying to bend a solid piece of 

wood into a desired shape. It also means that, once the 

former has been created, it can be used repeatedly and 

can be used as a jig to batch produce the product . 

Economic to use 
• Laminated board uses the whole of 

the tree 
• The whole sheet can be used. 

There is little waste 

Can be used as a basic material that 
can be veneered 
• Can be used in flat pack furniture 

and then veneered to give good 
finish 

Strong material 
• It is strong in all directions 

Comes in large sheets 
• Sheets can be cut easily using jigsaw 
• Little wastage 

Can be shaped into curve 
• By using a former can be shaped 

into complex curves 

Surface finish not good 
• The surface of 

laminated wood is 
often rough and will 
not always take paint 
or varnish 

Edges not always good 
• The layers of material 

are visible 

Visible flaws 
• Finished material 

often has evidence 
of knots and can be 
visually unappealing 

Oelamination 
• If material becomes 

wet or damp layers 
may start to come 
apart 

Table 3. 12 Advantages and disadvantages of using lamination 

• 
®· 

Find an example of a piece of furniture that has 

been manufactured using lamination. Draw a 

sketch of what the former mioiht have looked like 

that was used to produce the laminated shape. 

Unit 2.1: Laminates Plywood and blackboard . 

lamin board, 5-?mm strips block board, up to 25mm strips 7-ply 

( Figure 3.7 Laminated form of manufactured sheet timber 

•• 



( Systems and control 

Getting started 

We are in a period of rapid development of 

manufacturing technologies, with many manufacturers 

now using complex automated systems to produce their 

products. We notice this in the shops with a wide range 

of products on sale, especially electronics, at prices that 

seem to be getting cheaper all the time. As modern 

designers we must understand these systems. But what 

effect will they have upon employment and our lives in 

the future? 

( Manufacturing systems 

Advanced manufacturing technology 

Advanced manufacturing technology (AMT) 

describes the significant impact of computers on 

manufacturing. Computer technology has led to 

the development of computer-aided design (CAD)/ 

computer-aided manufacture (CAM), robotics, 

materials-handling devices and computer-integrated 

manufacture (CIM) systems that have increased the 

accuracy and flexibility of the manufacturing process. 

AMT has also had an impact on manufacturing 

management with the integration of product 

developme(lt and manufacturing stages through the 

use of ICT. 

Computer technology features strongly in automation 

used in modern manufacturing systems. Although 

automation preceded computer technology, it is 

computer power that has enabled automation to 

become flexible and more effective in applications 

other than mass production. 

Systems and control ) 

Quick response manufacturing 

Ouick response manufacturing (ORM) was developed 

to give companies a competitive advantage by 

increasing their operating efficiency. It requires 

a manufacturer to move from traditional batch 

production to 'flow' production. This flow production 

is triggered by consumer demand and not based on 

complex demand forecasts. By operating this system, 

a manufacturer can quickly respond to fluctuations in 

the economy and ever-changing market demands as 

well as avoiding excess stockpiling of products, which 

costs money. 

ORM involves several concepts, such as total quality 

management (TOM), JIT and manufacturing cells, 

but its main aim is to increase the overall flexibility 

and responsiveness of the company. By, for example, 

manufacturing in cells, production teams can be 

dedicated to specific product lines. These teams can 

be quickly and efficiently reallocated if the product mix 

should change. Therefore, a manufacturer has increased 

production flexibility and will be better equipped to 

meet changing market demands. This is a more efficient 

arrangement than mass-production systems that are 

designed to take advantage of economies of scale by 

producing large batches, which encourages stockpiling. 

In the ideal ORM situation, the manufacturer would 

begin production as soon as an order is initiated, 

suppliers would deliver raw materials directly to the 

production line, the product would be manufactured 

and the finished goods would flow directly to a waiting 

truck for delivery. Therefore, the primary functions of 

ORM are to pull raw materials through the production 

process strictly according to market demands and to 

ensure that every product component and order 

moves as quickly as possible throughout the entire 

supply chain. 

• • 
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• Lower working capital required as raw material and finished 
goods stocks are minimised, placing the manufacturer in a better 
strategic position to utilise resources and capital. 

• Better position to increase market share as quicker response 
times will attract new clients and allow the manufacturer to 
capture a larger percentage of the market. 

• Increased turnover of stock as production systems are triggered 
by demand, smaller batches are produced and stock decreases, 
resulting in lower storage costs. 

• Reduces the cost of quality by minimising waste and by placing 
more responsibility and accountability on specific production 
teams. 

~ -~=- - --- - --- -

. - - -

• Increased reliance on suppliers in order to react to demand 
and quickly accommodate production schedules. Poor supply 
could result in a manufacturer's inability to meet customer 
requirements, excessive stock and backorders. 

• Large variations in demand could cause problems if the 
manufacturer cannot react to the high production volume 
efficiently. 

• Managing and implementing the change required can be 
very difficult as QRM changes the roles and responsibilities of 
employees, which may cause friction. 

• To successfully implement QRM, a manufacturer must have 
representation and backing from all disciplines including 
production, planning, purchasing, engineering, manufacturing, 
quality, finance and human resources to facilitate the 
implementation. 

( Table 3. 13 Advantages and disadvantages to manufacturers of using quick response manufacturing (Q RM) 

Concurrent manufacturing 

In order t o remai n competitive and cope with 

increasing market pressure fro m mounti ng customer 

demands, manufacturers need to get to market 

first w ith products that customers want. Concurrent 

manufacturing provides a systematic approach to 

the integration of design, manufacture and rel ated 

processes where all life cycle st ages of the product 

are considered simultan eously. One of t he ma in 

Traditional sequential produ ct deve lopment p rocess: 

Stage 

1 2 3 

Project planning 

Design & devel opment 

Materials supply & contro l 

Manufacture 

De livery 

4 

Developm e nt p rocess using a concurrent manufacturing system: 

Stage 

Project p lan nin g 

Desi·03n & deve lopment 

Materials su pply & control 

Manufa cture 

De livery 

advantages of a concurrent manufacturing system is 

that it p roduces designs 'right first time' through the 

use of multi -disciplinary design teams, reduces product 

development times and enables the earlier release of 

new prod ucts. 

The problems with product d evelopment performance 

that a concurrent m anufacturing system aims to 

overcome are those of the traditional sequential 

product devel opment process in which peop le from 

Time to market (Weeks) 

5 6 7 8 9 10 11 12 

I 

Time to market (Weeks) 

8 9 I 10 11 12 

Figure 3.8 Stages in concurre nt manufacturing overlap significantly using multi-disciplinary design teams 

• • 



different departments work one after the other on 

successive phases of development. In traditional 

sequential development, the product is first completely 

defined by the design department, after which the 

manufacturing process is defined by the manufacturing 

department, etc. Usually this is a slow, costly and low

quality approach, leading to a lot of design changes, 

production problems, product introduction delays and a 

product that is less competitive than desired. 

A concurrent manufacturing system, however, brings 

together members from a wide range of disciplines 

such as manufacturing, project management, technical 

support, marketing and other specialist areas who are 

integrated with the designers to form a multi-disciplinary 

team. Multi-disciplinary teams acting together early in 

the workflow can take decisions relating to product, 

process, cost and quality issues. They can make trade

offs between design features, part manufacturability, 

assembly requirements, material needs, reliability 

issues, serviceability requ irements, and cost and time 

constraints. Differences are more easily dealt with early 

in design, making the design process quicker and 

more efficient as, ideally, no re-design is necessary and 

manufacture can start earlier. 

One of the most important factors in any successful 

concurrent system is the effectiveness of the project 

team. It must function efficiently with few internal 

problems and a comprehensive understanding 

of its objectives. Therefore, excellent channels of 

communication are needed to be truly effective. 

Computer-based systems enable efficient 

communication between individua l team members and 

integrated project teams for product development. 

For manufacturing companies operating at a national, 

or international, level a computer network is essential 

to support data transfer between team members. 

Combining concurrent manufacturing systems, effective 

management and teamwork ensures the development 

of a high-quality and reliable product with low life-cycle 

costs in the shortest development time. 

Early in the development stage, designers can use 

quality function deployment (QFD), a strategy for 

remaining 'in touch' with customer requirements 

in order to create a more successful product. Lead 

time has proved to be a significant aspect of modern 

competition . By decreasing the lead time, a company 

is able to respond rap idly to changes in market trends 

or to incorporate new technologies. By employing 

Systems and control ) 

concurrent manufacturing systems, lead times can be 

noticeably reduced, creating a market advantage for 

those companies who are able to produce products 

rapidly. 

OFD is a quality assurance method that factors customer 

satisfaction into the development of a p roduct before it 

is manufactured . The main features of OFD are its focus 

on customer requirements, the use of multi-disciplinary 

teamwork and a comprehensive 'House of Quality' 

matrix. This matrix is used by the team to translate 

customer requirements into a number of prioritised 

targets to be met by the new product design. Some of 

the advantages of using OFD as part of a concurrent 

manufacturing system are: 

• reduced time to market 

• reduction in design modifications 

• decreased design and manufacturing costs 

• improved product quality 

• enhanced customer satisfaction. 

The six major components of the 'House of 
Quality' matrix 

Customer 
requirements 

2 Technical 
requirements 

3 Planning matrix 

A structured list of requirements 
taken from customer statements 
in a market survey. 

A structured set of relevant 
and measurable product 
characteristics. 

Illustrates customer perceptions 
observed in the market survey. 
Includes relative importance 
of customer requirements, 
and company and competitor 
performance in meeting these 
requirements. 

4 Interrelationship 
matrix 

Explores the strength of the 
relationship between the customer 
requirements and the technical 
requirements. 

5 

6 

Technical 
correlation 

Technical 
priorities, 
benchmarks and 
targets 

Used to identify where technical 
requirements support or impede 
each other in the product design. 

Quality targets against each 
technical specification point can be 
measured. 

• • 
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• Strong interrelationship 

• Medium interrelationship 

A Weak interrelationship 

the system to react quickly to changes in production, 

whether predicted or unpredicted, utilising two main 

features. 

• Machine flexibility- involves the system's ability to be 

changed to produce new product types, and ability to 

change the order of operations executed on a part. 

• Routing flexibility- involves the ability to use multiple 

machines to perform the same operation on a part, 

as well as the system's ability to absorb large-scale 

changes, such as in volume, capacity or capability. 

FMS vary in their complexity and size. Some are 

designed to be very flexible and to produce a wide 

variety of parts in very small batches. Others have the 

ability to produce a single complete product in large 

batches from a sequence of many individual operations 

known as a flexible transfer line. 

The advantages of FMS include: 

Figure 3. 9 An example of a House of Quality matrix for assuring the • 
quality of a design • 

increased productivity due to automation 

shorter lead times for new products due to flexibility 

lower labour costs due to automation 

WEBLINKS: Q • ®· 
www.gsm.mq.edu.au/cmit/qfd-hoq-tutorial .swf 

Gives an animated explanation of a House of 

Quality matrix. 

Flexible manufacturing systems 

A flexible manufacturing system (FMS) is a form of 

flexible automation in which several machines are linked 

together by a material-handling system, with all aspects 

of the system controlled by a central computer. An FMS 

brings together new manufacturing technologies such 

as computer numerically controlled (CNC), robotics, 

automated material handling, etc. to form an integrated 

system. It is different from an automated production line 

because of its ability to process more than one product 

style simultaneously. 

FMS have powerful computing capacities that give 

them the ability not only to control and coordinate the 

individual equipment items and facilities, but also to 

perform production planning and routing of material 

through the system. The main advantage of an FMS is 

its high flexibility in managing manufacturing resources 

in terms of both machines and personnel in order 

to manufacture a new product. This flexibility allows 

• • 

• 
• improved production quality due to automation . 

The main disadvantages of flexible manufacturing 

systems are that setting up the system requires a great 

deal of pre-planning and the very high set-up costs. 

(Computer-integrated 
~anufacture 
Computer-integrated manufacture (CIM) takes the 

concept of integration of separate manufacturing 

technologies developed by FMS a step further by 

bringing together all aspects of a company's operations, 

not just those that are directly involved in manufacture. 

Under a CIM system, all teams can share the same 

information and easily communicate with one another. 

A CIM system uses computer networks to integrate the 

processing of production and business information with 

manufacturing operations to create cooperative and 

smooth-running production lines. The tasks performed 

within CIM will include: 

• design of the product using CAD 

• planning the most cost-effective workflow 

• controlling the operations of machines and equipment 

needed to manufacture the product 

• performing business functions such as ordering stock 

and materials and invoicing customers . 
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Sub-systems found in a CIM operation 

• CAD, CAM and CNC 
machines 

• FMS 
• Automated storage 

and retrieval systems 
(ASRS) 

• Automated guided 
vehicles (AGV) 

• Robotics 

• Computer-aided process 
planning (CAPP) 

• Enterprise resource 
planning (ERP) 

• Product data management 
(PDM) software allowing 
computerised scheduling 
and production control 

• Computer-aided quality 
assurance (CAO) 

• An electronic data 
interchange (EDI) business 
system integrated by a 
common database 

One of the drawbacks with a CIM system is its 

dependence upon computer data to integrate fully all 

operations. For example the software from one brand 

of equipment may be incompatible or cause difficulties 

when integrated with CNC machinery and an automated 

storage and retrieval system (ASRS) from another brand. 

The cost of managing data is also a key issue within 

CIM. This is because if data becomes corrupted it may 

cause machinery to malfunction. In order to prevent this, 

companies often use a product data management system. 

CAD design Process planning 

Figure 3.10 Product data management (POM) systems enable 
efficient collaboration when planning production 

Systems and control ) 

Product data management systems 

Product data management (PDM) is an information 

system used to manage the data for a product as it 

passes from design to manufacture. The data includes 

plans, 3D models, CAD drawings, CNC programs as 

well as all related project data and documents. A PDM 

also manages the inter-relationships between the data 

so that when changes are made to one database, the 

effects are highlighted in the others. 

PDM systems support production planning by the 

development, distribution and use of product data. The 

focus is on managing and tracking the creation, change 

and archive of all information related to a product. For 

instance the design of a component may go through 

many changes during the course of its development, 

each involving modifications to the CAD data. Once 

the designer is satisfied with the component, the PDM 

system may notify an analyst that the design is ready for 

them to perform a stress analysis on it. When that task is 

complete, the stress analyst performs an electronic sign

off. The PDM system will then notify a manufacturing 

engineer that the component is ready for planning of its 

manufacture and a tool designer that the component 

design is ready for a tool design. After these tasks are 

performed, the various team members submit their data 

to the PDM system for a final review and team sign-off, 

after which it is released to begin manufacture. 

Team review 

• • 
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The advantages of a product data management (PDM) 

system include: 

when a customer order is entered into an ERP system; 

all the information necessary to complete the order is 

instantly accessible, such as the customer's credit rating 

and order history from the finance department, stock 

levels from the warehouse department and the delivery 

schedule from the logistics department. Employees in the 

different departments all see the same information and 

can update it instantly. When one department finishes 

with the order it is automatically routed via the ERP 

system to the next department. Therefore, any order can 

be easily tracked and customers should receive delivery 

of their orders faster and without errors. 

• reduced time-to-market as data is instantly available 

to all teams for review, eliminating 'bottlenecks' where 

documents await distribution or sign-off 

• improved productivity as changes to the product 

data are tracked and managed automatically, reducing 

the time taken to search and retrieve documents 

and giving the ability to reuse design data without 

repeating work 

• improved control due to efficient management 

systems that assure everyone is 

working from the most current 

data; access control features 

ensure that only authorised 

team members can access or 

change shared information. 

Enterprise resource 
planning systems 

Enterprise resource planning 

(ERP) systems attempt to 

integrate all departments and 

data across a company onto a 

single computer system that 

can serve all those different 

departments' particular needs 

by using a unified database. For 

example, the finance, human 

resources, manufacturing and 

warehouse departments still 

use their own software but ERP 

combines them all together 

into a single, integrated 

software program that runs off 

a single database so that the 

various departments can more 

easily share information and 

communicate with each other. 

S-trategy, markets, 
development, diversification 

Budgeting, forecasts, stock 
levels, customer orders 

Quantity data of 
independent 

requirements per product 

Bill of materials, stocks, 
work in progress, handling 

rules, lead times 

Schedules, required 
workstation capacity, 

efficiency 

Available materials, 
avai lable capacity, 

suppliers' performance 

Movements in and out, 
rejects, t mes 

Internal and externa l 
progress, workshop, 

scheduling 

Business planning 

Master schedule 

Production 
programme 

Material 
requirements 

Calculation 
of workloads 

Release of 
manufacturing 

and purchase orders 

Priority 
control 

Measurement 
of performance 

No 

No 

ERP improves the way in which 

a company takes a customer 

order and processes it into an 

invoice and revenue. ERP takes 

a customer order and provides 

a software 'road map' for 

automating the different steps 

along the path to fulfilling it. An 

example of such a road map is 
Figure 3. 11 Enterprise resource planning (ERP) in a modem 
manufacturing system 

• • 

General 
planning 

Detailed planning 
(programming) 

Execution 
and control 
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ERP systems are extremely expensive to install and costs 

are incurred during the 'switching over' period. The 

main problems with ERP systems, however, often arise 

from issues relating to the training of the workforce. To 

get the most from the system, employees must adapt 

to the new work methods as prescribed by the software. 

ERP systems can be difficult to use and considerable 

training is required if all departments are to effectively 

implement the change. Resistance to change is always 

a common reason for failure of systems in business 

and industry and some departments may not want 

to share sensitive information, or a weak department 

could compromise the efficiency of the whole system. 

Therefore, success depends on the skill and experience 

of the workforce and ongoing training. 

Lean manufacturing and JIT systems 

Lean manufacturing is, as the name suggests, a 

manufacturing where there is no 'fat'. A key feature of lean 

manufacturing is the notion of 'just in time' (JIT)- that is 

there are no warehouses full of materials waiting to be used. 

Materials arrive just when they are needed. The objective 

of lean manufacturing, then, is to provide techniques that 

ensure minimum waste is incurred during production and 

to produce products only when they are needed. 

JIT is derived from a Japanese manufacturing philosophy. 

Quite simply, JIT ensures that the right materials, 

components and products arrive at the right time, at the 

right place and in the exact amount This reduces waste 

and overstocking as new stock is only ordered when it is 

needed, so saving warehouse space and storage costs. 

This focus on producing the right amount at the right time 

relies upon accurate analysis and forecasts using the right 

information at the right time. However, if a manufacturer 

is inaccurate in their predictions, such as a rise in demand 

for the product, stock will be used up rapidly with very little 

opportunity for re-supply. Production can also be held up 

or shut down completely if the raw materials supplier has 

problems fulfilling orders. 

Pull tools - Kanban 

A lean organisation needs to be tailored so that orders 

are pulled through the production system. A Kanban 

system uses cards, or containers, as simple visual 

signals to indicate when to pull materials, components 

or products through the production system. The 

system relies on a simple rule of only producing or 

delivering when a card or empty container is passed 

to a workstation or manufacturing cell. An integrated 

Systems and control ) 

• Focus on value in the context of what 
Value the customer/end-user is prepared to 

pay for 

• Identify how value-adding and non-
value-adding activities affect efficiency 
throughout the production of the 
product 

2 Value stream • Examples include: 
for value-adding activities: machining, 
processing, painting, assembling, etc. 
for non-value-adding activities: scrapping, 
sorting, storing, counting, moving, etc. 

• Design processes that result in 
3 Flow uninterrupted material flow, from raw 

materials to delivery of finished product 

• Design manufacturing for 'pull' of 
product through the process as a 

4 Pull 
response to demand, rather than 'push' 
of raw materials into the process by 
producing components irrespective of 
whether they are needed or not 

• Adopt an approach that continually 
s Perfection improves working processes by adding 

greater value and by reducing waste 

f Table 3.14 The five key stages of lean manufacturing 

Kanban involves production and transportation systems, 

the difference between the two being the information 

contained on the card or container: 

• production Kanban includes details of the operations 

that need to be carried out at the workstation or 

manufacturing cell 

• transportation Kanban only contains details regarding 

where the materials, components or products have 

come from and where they are going to. 

The main benefit of using Kanban is that it reduces 

the amount of work in progress and finished goods 

in stock. Kanban restricts the supply of materials and 

components until they are needed, which provides an 

effective JIT system. 

Perfection tools - Kaizen 

Kaizen is also known as continuous improvement, where 

small changes are made to the production process 

resulting in small improvements being made. This 

system tends to be carried out on a regular basis as the 

changes made are often low cost and the improvements 

made tend to be small. 

• • 
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Flexible manufacturing cells 

As customers demand variety and customisation of 

products as well as specific quantities delivered at specific 

times. a lean manufacturer must remain flexible enough 

to serve its customers' needs. Manufacturing cells al low 

manufacturers to provide their customers with the right 

product at the right time. It achieves th is by grouping 

similar products into families that can be processed on 

the same equipment in the same sequence. 

A manufacturing cell is a group of workstations, 

machines or equipment arranged such that a product 

can be processed progressively from one workstation 

to another without having to wait for a batch to be 

completed and without additional handling between 

operations. Cells enable the production process t o be 

broken down into discrete segments o r modules and 

can be dedicated to a process, a component or an 

entire product. 

Modular production methods provide flexibility as 

upgrades to processes can be performed relatively 

quickly and easily by shutting down one cell whilst 

an other simultaneously opens and takes its place. This 

means that the entire produ ction line does not have to 

be disrupted, which reduces costs from stoppages, or 

'downtime' . Flexibi lity also occurs when a large variety 

component storage 

Figure 3.12 A fu lly automated manufactur;ng ce ll 

• • ~ 

FACTFILE: Q • ®· 
Types of manufacturing cells 

Functional cells 

Group technology 
(or mixed model) 
cells 

Product focused 
cells 

These cells perform a specific 
function as opposed to 
manufacturing a complete product 
and consist of similar equipment. 
For example, a factory that primarily 
carries out machining operations 
may have a bank of lathes together 
in a 'turning cell' . This type of cell 
is not as flexible and can produce 
higher levels of waste. 

These cells perform a series of 
operations for several different 
product lines. These products 
often involve very similar 
manufacturing operations though 
not usually identical. This type of 
cell can work very well within a 
lean manufacturing environment, 
particularly if the company is 
characterised by a large product 
range with low volume. 

These cells are product focused 
and typically manufacture one 
type of product through a series of 
operations. These are the ideal lean 
manufacturing cell and are perfect 
for a small product range with high 
volume manufacturers. 



• Greater control of the production process enabling fully 
automated production 

• Safer working environments ·due to removal of risks to humans 
• Flexible production as CNC machinery can be quickly 

reprogrammed to manufacture alternative components, reducing 

set-up times 
• Scale of production can be directly linked to customer demand, 

responding quickly to changes in quantities 
• Improved productivity as production rates are consistent, less 

waste is generated and production costs are reduced 
• Reduced manufacturing times as efficient cutting paths are 

generated by software 
• Increased operational reliability and consistency in repetitive 

tasks, maintaining the high quality of products produced 

Systems and control ) 

• Extremely high set-up costs, as expensive machinery and 
installation are required 

• Negative effects on employment as CAM requires less human 
involvement in its operation 

• Worker morale may be affected due to 'machine minding' job 
roles 

r Table 3.15 Advantages and disadvantages of computer-aided manufacture (CAM) 

of products are assembled from a range of similar 

components. For example cellular manufacture enables 

a large variety of cars to be produced using various 

combinations of customer options such as engine sizes, 

interior finishes, etc. By combining the outputs from 

a number of work cells, each with a very narrow range 

of functions, it is still possible to take advantage of the 

mass production efficiencies of specialisation and scale. 

Typically, a manufacturing cell involves 3-12 workers and 

5-15 workstations in a compact arrangement. However, 

some manufacturing cells are fully automated using 

CAM containing several CNC machines, computer

aided quality control and automated materials-handling 

systems. This is an ideal cell layout as it manufactures 

a narrow range of very similar products and is self

contained with all necessary equipment and resources. 

Materials sit in an initial queue when they enter the 

cell. Once processing begins, they move directly from 

process to process, resulting in a very fast throughput. 

Computer-aided quality control systems 

Computer-aided quality (CAO) control can be achieved 

within a manufacturing cell using a coordinate 

measuring machine (CMM) for extremely accurate 

dimensional measurement. A CMM is a mechanical 

system designed to move a measuring probe to 

determine the coordinates of points on the surface of a 

workpiece to measure the sizes and positions of features 

on mechanical parts. This provides data that can 

immediately be fed back into the production process 

to analyse extremely small tolerances and control the 

quality of components. Laser scanning technology is 

advancing rapidly, where many thousands of points can 

be taken and used to not only check size and position, 

but to create a 3D image of the part as well. 

In addition, other systems can provide automatic 

identification such as optical character recognition and 

barcode readers. In the food industry, a high-speed 

product identification system is designed to read a 

special code on every can of food at 1,200 cans per 

minute. This prevents accidental product mixing and 

wrongly labelled products reaching customers. 

Automated materials-handling systems 

Materials-handling systems provide transportation 

and storage of materials, components and assemblies. 

Materials-handling activities start with the unloading 

of goods from delivery transportation; the goods then 

pass through storage, onto machining, assembly, 

testing, packing and finally loading onto transport. 

Each of these stages of the production process requires 

a slightly different design of handling equipment, for 

example unloading from a lorry may require the manual 

operation of a fork-lift truck. 

However, CIM systems enable a range of automated 

materials-handling systems to operate within the 

workplace. Fully automated handling systems ensure 

that the materials, components and assemblies are 

delivered to the production line when required without 

significant manual intervention. The one downside of 

these systems is that, as with all automation, there are 

repercussions for the workforce in terms of downsizing 

the number of workers required in a factory. 

• • 



Figure 3.13 An automated storage and retrieval system (ASRS) used in a warehouse 

Automated storage and retrieval 
systems 

An automated storage and retrieval system (ASRS) is 

an automated robotic system for sorting, storing and 

retrieving items in a warehouse. Within CIM, a computer 

contro ~ s the transportation of materials and components 

to the required points. All stocks of materials and 

components are stored in racking systems. The ASRS 

system will select the correct component from the 

rack, retrieve it by means of a crane and place it on a 

conveyor, or onto an automated guided vehicle (AGV), 

for transportation . 

Warehousing and distribution are about moving as 

much product to market as possible, in the shortest 

amount of time. While there are a variety of methods 

available, it is becoming increasingly necessary for 

companies of all sizes to replace manual methods with 

innovative automated storage and retrieval systems. 

Traditional manual systems have a limited throughput 

of approximately ten load movements per hour, which 

is in stark contrast to the average of 40 load movements 

per hour that are performed by an ASRS. In addition 

•• 

to increasing throughput and reducing labour costs, 

employees' technical skills are developed in the 

operation of such a system. 

Automated guided vehicles 

An automated (or automatic) guided vehicle (AGV) is 

a materials-handling device that is used to move parts 

between machines or work-centres. They are small, 

independently powered vehicles that are usually guided 

by radio frequency wires that are buried in the floor, or 

use optical sensors in a laser-guided navigation system. 

They are controlled by receiving instructions either 

from a central computer or from their own on-board 

computer. 

I· wesuNKs: ·.o ~ • ®· 
www.amhsa.co.uk/case_studies.htm 

Case studies from the Automated Material Handling 

Systems Association. 



Towing 
vehicles 

Unit load 
vehicles 

Pallet trucks 

Fork truck 

Light load 

Assembly line 
vehicles 

• These were the first type introduced and are 
still a very popular type today to pull a variety 
of trailer types 

• These are equipped with decks that permit 
unit load transportation and often automatic 
load transfer 

• Decks can either be lifted and lowered 
type, powered or non-powered roller, chain, 
belt decks or custom decks with multiple 
compartments 

• These are designed to transport palletised 
loads to and from floor level, eliminating the 
need for fixed load stands 

• These have the ability to service loads both at 
floor level and on stands 

• In some cases these vehicles can also stack 
loads in a racking system 

• These are used to transport small parts, 
baskets or other light loads through a light 
manufacturing environment and are designed 
to operate in areas with limited space 

• These are an adaptation of the light load 
AGVs for applications involving serial assembly 
processes such as manufacturing cells 

Table 3.16 Types and applications of automated guided vehicles 
(AGVs) 

The impact of advanced manufacturing 
technologies on employment 

As with any computer-aided technology, such as CAM, 

there has been some reduction of workforces as machines 

have become increasingly efficient. However, it does not 

eliminate the need for skilled professionals such as creative 

product designers, manufacturing engineers and CNC 

machine programmers. Computers, in fact, increase the 

levels of skill in many manufacturing professionals who use 

advanced productivity, visualisation and simulation tools. 

The Manufacturing Institute in the UK argues that the 

media magnify the negative aspects of manufacturing. 

It outlines the 'Top ten manufacturing myths' in order to 

promote manufacturing in a more positive light. 

Myth 01: Manufacturing jobs are all monotonous, 
strenuous and low paid 

To the majority, the image most vividly conjured up 

when thinking of manufacturing is still one of endless 

assembly lines; employing poorly paid manual workers 
who carry out the same mundane tasks, whilst working in 
the same metre space, year upon year. 

~ 
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However, the Manufacturing Institute argues that: 

Over the past 20 years production lines have become 
increasingly automated, leading manufacturers to 

demand increased skills flexibility among their staff. .. 

Employers now require a multi-skilled workforce to 

service an increasingly challenging, diverse and multi
faceted industry. .. with latest figures confirming that 
manufacturing jobs do in fact compare favourably with 
those in the service sectors - including banking, retail 

and the creative industries. 

Myth 08: Manufacturing is not a creative industry 

The case against this myth is simple - everything that 
is manufactured has to be designed .. . All components 
need to be functionally and creatively designed for 
purpose_ A good functional design can save a company 
millions in production costs by eliminating waste, stock 
surplus and lead times, whilst a creatively designed unit 
will also help sell a product. 

• @. 
Manufacturing industries are increasingly located in 

countries such as China rather than the UK. Why do 

you think this is? What could be done in the UK to 

promote careers in the manufacturing industries? 

WEBLINKS: Q 

www.manufacturinginstitute.co .uk 

The Manufacturing Institute is an advisory service to 

manufacturers and universities in the North West. 

(°Rc>botics and artificial 
~elligence 

Robots in automated manufacturing 
systems 

The vast majority of robots in use today are found in 

the manufacturing industry on automated production 

and assembly lines and in manufacturing cells. 

Automation is the use of computer systems to control 

industrial machinery and processes, largely replacing 

human operators. The British Automation and Robot 

Association defines an industrial robot as: 

- ·"' 

• • 
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A re-p;ogrammable device designed to both manipulate 
and transport parts, tools, or specialised manufacturing 
implements through variable programmed motions for 
the performance of specific manufacturing tasks. 

Japan is the world leader in roboti cs technol ogy and 

they wi den this definition t o include arms controlled 

d irectly by humans which have a wide range of possible 

future applications. 

The basic robot ics technology in modern industrial robots 

is simi lar to CNC techno logy but most robots have many 

degrees of freedom. In manufacturing applications, 

robots can be used for assembly work, processes such 

as pa inting, welding, etc. and for materials handling. 

More recently robots have been equipped with sensory 

feedback through vision and tactile sensors. In the future 

robots may also link more intelli gently with humans 

so that they can judge for themselves when it is safe 

to operate without having built-in guards and safety 

mechanisms that limit their operations . 

• ®· 
Levels of complexity of manufacturing tasks for 
robots 

2 

3 

4 

• • 

Applications that can be achieved using 
a simple robot using jigs and fixtures to 
position components and tooling to achieve 
the required accuracy; for example, spot 
welding, adhesive or sealant application 
and painting 

Applications requiring sensory feedback in 
order for small modifications to be made 
to the program to account for variation in 
the components; for example, arc welding, 
automotive window glazing and spare 
wheel mounting 

These applications require more complex 
sensory capabilities such as pattern 
recognition, that require complex 
decision making based on this feedback; 
for example, automated assembly 
processes such as locating and fixing 
wheels on a car 

The most difficult applications are those 
involving unpredictable behaviour of 
either the components or other equipment 
within the manufacturing cell; for example, 
operations such as handling of flexible 
components 

Figure 3.14 and Figure 3. 15 Six degrees of freedom on a 
robotic arm make it flexible enough to carry out repetitive and 
precise tasks such as welding 

WEBLINKS: Q • ®· 
www.bara .org.uk/info_casestudies.htm 

Case studies from The British Automation and 

Robot Association . 



• Ideal for repetitive, monotonous, mundane tasks requiring 
extreme precision 

• Can be used in hazardous environments not suitable for human 
operators 

• Able to carry extremely heavy loads 
• Highly flexible when responding to change as they are 

reprogrammable 
• Can be programmed once and then repeat the exact same task 

for years 
• Do not tire or suffer from lack of concentration and stress during 

repetitive tasks over long periods 
• Cost effective as robots can operate continuously resulting in 

increased productivity 
• Produce high-repeatability, high-quality products using highly 

accurate inspection and measurement sensors 

Systems and control ) 

• Robots do not have as impressive an array of sensors as humans 
(touch, vision, hearing, pattern recognition) 

• Robots do not have the ability to learn and make decisions when 
the required data does not exist 

• Robots are not as flexible as humans and are harder to program 
to perform specific tasks 

• Robotics technology is extremely expensive to purchase and 
install in automated manufacturing 

• Human operators have to be excluded from robot working areas 
due to safety issues 

• High cost of making robot cells safe, including collision sensors 
• Maintenance issues as different brands of robots use different 

control systems, so maintenance crews need different specialist 
training 

• No standard robot programming language implemented, which 
can cause operating problems between different brands 

Table 3.17 Advantages and disa dvantages of robots for manufacturing 

Industrial applications of artificial 
intelligence 

A machine with artificia l intelligence (Al) is one that 

exhibits human intelligence and behaviour and can 

demonstrate the ability to learn and adapt through 

experience. The main question is: can a mach ine really 

behave like a person? 

Research undertaken throughout the 1980s focused 

upon creating super-computers that could solve 

problems using reasoning skill s like humans. However, 

humans have a consciousness that gives us fee lings and 

makes us aware of our own existence, and scient ists 

have found it extremely difficult to get robots t o carry 

out simple cognitive (brain/ th inking) tasks. Creating 

a self-awa re robot with rea l feel ings is a significant 

challenge faced by scientists hoping to mimic human 

intelligence in a machine. For this reason, development 

since the early 1990s has concentrated on developing 

expert systems and smaller, autonomous robots that 

mimic insect behaviour. 

Expert systems 

Expert systems can apply reasoning skill s to reach a 

conclusion by processing la rge amou nts of known 

information and coming to a conclusion based on them. 

Intelligent simulations could generate realistic simulated 

worlds that would enable extensive testing features 

for technical design and manufacturin g p rocedures, 

el iminating the need for physical prototyping. Voice 

recognition systems coupled with int elligent information 

resource systems could enable designers and 

manufacturers to converse with their computers in order 

t o p roblem solve situations. The system may ask the 

d esigner what help they need and automatically call up 

the appropriate information to help so lve the problem. 

Expert systems could even funct ion as co-workers, 

ass isting and col laborating with design or operations 

t eams for complex systems. This would enhance 

collaboration by keeping communication flowing among 

multi-disciplinary teams, program managers and the 

customer. 

Autonomous robots 

In manufacturing, the goal is to enable robots to learn 

the skill s needed for any particula r environment rather 

than programming them fo r a specifi c repetitive task. 

Intelligent machine vision systems are key to this as 

cameras are not as good as human optics. Humans can 

rely on guesswork and assumptions, whereas robots 

must comprehend an image by examining individual 

pixel s, p rocessing them and attempting to develop 

conclusions using expert syst ems. The advantage a 

robot may have over humans in this field is the ability to 

pick up infrared radiation (heat) as well as visible light for 

t hermal imaging or even X-rays. 

Autonomous robots in manufacturing must also be abl e 

to manipulate and 'feel' objects like humans. At present 

th e typical robot arm allows six degrees of freedom to 

perform a small range of tasks and ca n be fitted with 

com plex opt ical sensors. However, a human type hand 

is requ ired with over 20 degrees of freedom fitted with 

hundreds of touch sensors with which the Al system 

• • 
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ASIMO 

Figure 3.16 The future of robotics - Hon da's AS/MO can 
recognise moving objects, human postures, gestures and faces, 
and environments, and distinguish sounds 

can decide on the best way to manipulate an object 

from many possibilities. Teams of robots could then 

contribute to manufacturing by operating in a dynamic 

environment with minimal human interference. 

Al sounds like science fiction, which inevitably ends 

up with machines trying to take over the world, as in 

The Terminator. Should we be worried about creating 

machines that can think like humans? One of the 

advantages of humans over robots at present is ou r 

ability to think. How will it affect employment, for 

example, when Al machines become commonplace 

in manufacturing industries? 

• • 

~w charts 
A flow chart (see page 109) is a schematic representation 

of a system, or process, and indicates at which 

stage QC should take place. It is a visual method of 

communication rather than text-based, wh ich provides 

an easy reference for the viewer . 

FACTFILE: Q • ®· 
Flow chart symbols and their meanings 

Symbol 

( __________ ) 

<> 

START and STOP symbols are 
represented as lozenges (or rounded 
rectangles) and indicate the start or 
end of a process. 

PROCESSES or stages in production 
are represented as rectangles with the 
actual process written inside. 

DECISIONS are represented as a 
diamond (or rhombus) and can indicate 
where quality control should take place. 
This symbol has one arrow coming out 
from underneath for a YES decision and 
an arrow feeding back into the process 
stage indicating NO. 

ARROWS indicate the flow of control. 
An arrow coming from one symbol and 
ending at another symbol represents 
that control passes to the symbol the 
arrow points to. 

Open-loop control system 

A system operating open-loop control has no 

feedback information on the quality of each stage 

of th e process . Therefore the process will continue 

without any interference from the control system 

even when the output changes. This is a major 

d isadvantage in an automated process, as it 

cannot detect or correct any errors in the process. 

An open-loop contro l system is often used in basic 

processes because of its simplicity and low cost, 

especially in systems where feedback is not critical. 

A light switch is an example of an open-loop 

system; it is either on or it is of - there is no way 

of controlling the output . 



Closed-loop control system 
Systems that utilise feedback are called closed-loop 

control systems. The feedback is used to make decisions 

about changes to the process, for example QC. Closed

loop control systems have many advantages over 

open-loop controllers, including improved tracking of 

performance throughout a production process and early 

detection of faults. For the example of the light switch 

used above, fitting a light-sensor circuit to switch the 

light on and off at predetermined light levels would give 

the system feedback, and the light would be switched 

on and off automatically to suit the user's needs. The 

system requires no human intervention. Most closed

loop systems are automatic, for example temperature 

controllers in air-conditioning systems. 

Open-loop 
control system 

Closed-loop 
control system 

?~ 
~~ 
~ 

( STOP ) PROCESS 

STOP 

Figure 3.17 Basic open- and closed-loop control systems 

NO 
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• Machine is switched on 
• Chamber needs to fill with 

plastic granules until it is 
totally full 

• Plastic needs to be heated 
to correct temperature in 
order to melt 

• Injection mechanism is 
operated 

• Plastic needs to be injected 
into the mould until 
completely full 

• Mould is split and moulded 
piece ejected 

• Process is complete 

START 

Fill chamber with 
plastic granules 

/~be• \"ha,11' 

YES 

( STOP ) 

NO 

NO 

Table 3.18 Text-based solution represented as a flow chart for the 
injection moulding process 

All processes can be visualised as a flow chart for 

easy communication. Why not try to construct flow 

charts of simple everyday processes to practise 

your skills? Chart the stages in making a cup of 

tea, including areas where decisions have to be 

made such as amount of sugar. Then move on 

to more complex systems such as the vacuum 

forming process that you could undertake in your 

school or college workshop. 

• • 
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( Design in context 

Getting started 

This section covers a wide range of design-related issues 

throughout history. Designers must be well informed, not 

only with current and future applications of technology, 

but with what has gone before. As a designer you cannot 

afford to design in a vacuum without external stimulus. 

Remember: all products were designed by someone for 

some purpose at some point in time - perhaps they could 

help with the design of your own product! 

(The effects of technological 
~anges on society 
Design and technology have improved the lives of millio1s 

of people worldwide. But the changes brought about by 

developments in technology have resulted in far-reach in<~ 

social consequences. 

Mass production and the consumer 
society 

The invention of the steam engine by James Watt in 1765 

marked the beginning of the 'industrial revolution', which 

fundamentally changed life worldwide . Industrialisation and 

specia lisation led to changes in production, the workforce, 

transportation and infrastructure. Many new fields of design 

were needed to accommodate this and the professional 

designer came into be ing. Population explosions occurred 

in towns and cities where production was centred and a 

new urban way of life was created. More people needed 

more products and mass production responded to this 

need. Expensive and time-consuming crafted work 

could now be replaced by machine work. Products once 

exclusively for the rich could now :Je made at an affordable 

price for ordinary working people. 

Figure 3.18 1950s youth culture saw the emergence of the 'te•':?nager' as a mass consumer 

• • 



The modern mass-consumer society is a feature of the 

affluent developed world where people's 'wants' are 

satisfied by a continual stream of new products. It is also 

referred to as a 'throw-away' culture with an increasing 

demand for convenience products such as fast food and 

over-packaged goods. 

Mass consumerism, as we know it, developed during the 

1930s out of popular culture, lifestyle and fashion. This was 

a time when international commerce and transportation 

systems developed and, with them, new opportunities 

for product design such as luxury ships, aeroplanes, 

hotels, theatres and department stores designed in an 

Art Deco style. Innovative new products and materials 

were introduced, especially in electrical consumer goods 

such as radios, refrigerators and washing machines. As 

people's standard of living improved, their demand for 

new products increased. Advertising and marketing 

became an important new industry, using market research, 

packaging and product styling to sell new products. The 

design of aesthetically pleasing products, most notably 

'streamlining', became an important marketing tool. 

After the Second World War (1939-1945), for many, there 

was a period of hardship with very few luxuries as countries 

struggled to recover from the fighting. By the mid-1950s, 

however, a new consumer society was developing. It 

started primarily in America and soon spread to Europe 

- the 'teenager' was born. Up until this point young men 

and women wore the same type of clothes as their parents 

and listened to the same type of music. The advent of Rock 

'n' Roll was to change all that and soon teenagers were 

rebelling against their parents' values and began carving 

out a style all of their own. Design evolved rapidly to meet 

the expanding needs of the teenage market, incorporating 

high fashion and consumer goods such as portable 

transistor radios for the beach and cars, motorbikes and 

scooters for the increasingly mobile and independent 

youth culture. 

Unit 3.2: Design in context: Influences of design 

history on the development of products. 

Targeting children as new consumers 

A rather disturbing feature of modern mass consumerism 

is the targeting of young children by marketing companies 

in order to stimulate interest in products at an early age. 

Design in context ) 

For example, a new blockbuster movie is released with a 

wide range of associated merchandise such as toys and 

lunchboxes that children will pester their parents for. In 

the past, marketing to children was restricted to toys and 

sweets and was relatively low-budget. However, as TVs and 

computers have made their way into children's bedrooms, 

they can now be targeted not only through TV adverts but 

the Internet and e-mail as well. It has even been documented 

that some marketing companies have posed as children in 

chat rooms to stimulate interest in certain products. 

Sue Palmer, in her book Detoxing Childhood, outlines the 

key marketing strategies currently used to target children 

as new consumers. 

• 'Kids are growing older younger', which exploits 

children's natural yearning to play at being grown-ups 

and targets them with mini-supermarkets and mini

briefcases that emulate the real thing. 

• 'Gotta catch 'em all', which plays on a child's natural 

urge to collect things, such as Pokemon trading cards, 

with new sets being released regularly so it is difficult to 

actually collect them all. 

• 'The culture of cool', which plays on a child's need to 

be accepted by wearing the right brands. 

What is your opinion on this modern marketing 

strategy to target young children? Do you think it is 

right to bombard children with advertising messages 

at such an early age? What kind of pressure does this 

put on children and adults? 

Figure 3.19 Movie merchandising targets children as 
new consumers 

• • 
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Built-in obsolescence 

Built-in or planned obsolescence is a method of stimulating 

consumer demand by designing products that wear out 

or become outmoded after limited use. In the 1930s an 

enterprising engineer working for General Electric proposed 

increasing sales of flash light lamps by increasing their 

efficiency and shortening their lifespan. Instead of lasting 

through three batteries he suggested that each lamp last only 

as lon9 as one battery. By the 1950s built-in obsolescence 

had been routinely adopted by a range of industries, most 

notably in the American motor and domestic appliance 

sectors. Nowadays products such as laptop computers are 

obsolete as soon as they are purchased. 

• @. 
Unit 3.4: Sustainability: Cleaner design and technology. 

• ®· 
Make a list, under the headings in the table below, 

of products that you have consumed over the past 

12 months. For example, how many different mobile 

phones or MP3 players have you owned and where 

are they now? Does this type of built-in obsolescence 

bo~her you? 

: I' 

Mass production and its effect upon 
employment 

Mass production processes, as a result of the industrial 

revolution, meant that the craftsperson was replaced by 

low-skilled workers in highly mechanised factories. What 

started out as a wonderful opportunity for ordinary people 

to find work and gain access to inexpensive consumer 

products ended in misery for many. Low skills equalled 

low wages and the employment of women and children 

in 'sweatshop' type factories. The resulting poverty led to 

workers' uprisings and the development of trade unions 

aimed at combating poor living conditions, poverty and the 

increasing pollution brought about by industrialisation. 

Although working conditions have generally improved, 

modern mass production still has some very negative social 

consequences. The use of highly automated production 

and assembly lines has reduced the workforce required in 

many factories. The resulting jobs can be divided into two 

main categories: high-skilled technical roles and low-skilled 

manual roles. Higher-paid technical roles are required to 

set up and maintain machinery. Low-skilled and often low

paid workers are utilised on production lines for specialist 

repetitive tasks, which can lead to very poor job satisfaction 

and morale. 

The 'new' industrial age of high
technology production 

In the 20th century, developments in materials and 

manufacturing technologies, together with changes in 

lifestyle, revolutionised product design . New materials 

Technological Occurs mainly in the computer and electronics 
industries where companies are forced to introduce 
new products with increased technological 

Mobile phones with image capture almost 
immediately superseded by phones with moving
image capture. 

Postponed 

Physical 

Style 

features as rapidly as possible to stay ahead of the 
competition. 

Occurs when companies launch a new product even 
though they have the technology to realise a better 
product at the time. 

Occurs when the very design of a product 
determines its lifespan. 

Occurs due to changes in fashion and trends where 
products seem out of date and force the customer to 
replace them with current 'trendy' goods. 

( Table 3.19 Forms of built-in obsolescence 

• • 

It is not unrealistic to imagine that when Sony 
launched its PS3 games console it knew what its next 
generation games console would look like - the PS4? 

Disposable or consumable items such as light bulbs 
and ink cartridges for printers. 

High-street Summer/Winter fashion collections. 
Premiership dubs update their kit every season so 
fans need to constantly purchase new replica football 
kits. 



such as metal alloys, polymers and composites enabled 

new ways of designing and manufacturing. In particular, 

the development of digital computers in the 1940s and 

the silicon chip in the 1960s enabled relatively inexpensive 

portable computer technology, which transformed modern 

industrial society. 

Computers in the development and 
manufacture of products 

CIM systems incorporating CAD and CAM have 

revolutionised modern manufacturing and the print 

industry. The digital age has brought about change 

to which business has responded by providing quick

turnaround jobs to meet client needs. Printers are capable 

of producing short full-colour runs with extremely fast 

delivery times and product designers are able to drastically 

reduce development times and costs. 

On-demand printing quickly supplies the exact amount 

of copies to satisfy each customer's needs. The use of 

computers in pre-press means that information can be 

stored and transferred digitally so designs can be quickly 

developed in consultation with the client. Once designs 

are finalised, printing plates can quickly be produced using 

computer-to-plate (CTP) technology. This cuts out the long 

process of producing printing plates and instead data is 

transferred directly to a laser engraver that forms the plate. 

Printing costs can be significantly reduced with digital 

printing machines that can operate up to 14,400 pages 

per hour. Digital printing is well suited to the production 

of short print runs as it does not require the making of 

printing plates, un like commercial printing processes such 

as offset lithography. In post-press, the printed materials 

can be die-cut, folded, glued or bound using automated 

machinery with efficient workflows. 

Unit 3.1: Industrial and commercial practice: 

Information and communication technology (ICD. 

Unit 3.2: Systems and control: Manufacturing 

systems, CIM, robotics and artificial intelligence (Al). 

Miniaturisation of products and 
components 

The most important technological development in recent 

years has been in the field of microelectronics. Not only 

Design in context J 
have products reduced in size through technological 

advances but multi-functional products have become 

possible. For example, the mobile phone has reduced in 

size considerably from models first introduced in the 1980s, 

when most were too large to be carried in a jacket pocket 

so they were typically installed in vehicles as car phones. 

The miniaturisation of mobile phones has been possible 

due to three key developments. 

• Advanced integrated circuits (I Cs) or microprocessors 

that allow more circuitry to be included on each 

microchip, increasing functionality and power. 

• Advanced battery technology including Lithium-Ion 

rechargeable batteries, providing a lightweight means 

of storing a lot of energy resulting in smaller and 

thinner fuel cells. 

• Advanced liquid crystal displays (LCDs) enabling 

colour screens that are thinner and brighter and 

require much smaller current, meaning greater energy 

efficiency and slimmer housings. 

The widespread use of these technologies has also led to 

advances in manufacturing that have reduced unit costs 

considerably, enabling low-cost electronic products. 

The mobile phone is now much more than a telephone 

- it has become multi-functional. Communication, 

entertainment and computing services are converging 

within the same device, offering substantial choice to 

consumers. Mobile phones often have features beyond 

sending text messages and making voice calls. Product 

convergence has enabled Bluetooth connectivity, Internet 

access, built-in cameras and camcorders, games and MP3 

players to be included on a single device. 

I Figure 3.20 The miniaturisation of mobile phones has been 

1 
possible through advances in technology 

• • 
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Use of smart materials and products 
for innouatiue applications 

The continued development of smart materials has seen 

them being applied to a whole range of innovative products 

and systems where their ability to respond to changes and 

return to their original state is a real advantage. 

Smart glass 

Shape memory 
alloys (SMAs) 

Thermochromic 
pigments 

Smart fluid/ 
oils/ grease 

- . I I 
- ' 

Used to change light transmission 
properties of windows or skylights when 
a voltage is applied, i.e. changes opacity 
from transparent to translucent. 

Used in spectacle frames as the crystal 
structure of this advanced composite, once 
deformed, can regain or 'remember' its 
original shape, e.g. Memoflex glasses. 

Combined with polymers and used in 
'chameleon' kettles, which change colour 
when boiling (bright pink) and return to 
original colour when cool (bright blue). 

Used in a car's suspension system to 
dampen the ride depending upon road 
conditions, e.g. second-generation Audi 
TI. The fluid contains metallic elements 
that alter the viscosity of the fluid when a 
magnetic field is applied. 

• ®· 
Thermochromic liquid crystals, piezoelectric crystals 

and smart ink are expl ored in Unit 2.1 Materials and 

components: New and smart materials 

• Controls amount of heat passing 
through a window, saving energy 
costs. 

• Provides shade from harmful UV rays. 
• Provides privacy. 

• Superelasticity - extremely flexible 
so can be bent or 'sat on' without 
permanently deforming. 

• Immediately recovers original shape. 
• Lightweight and durable - alloy 

contains titanium. 

• Immediate visual indication of 
temperature. 

• Safety feature. 
• Aesthetic 'novelty' appeal. 

• Improves handling and road-holding 
as it adapts to road. 

• Better and faster control. 

• Expensive to install. 
• Requires constant supply 

of electricity. 
• Speed of control. 
• Degree of transparency. 

• Not unbreakable. 
• More expensive than 

similar polymer frames. 

• Limited colour range. 
• Not possible to engineer 

accurate temperature 
settings to colour 
changes. 

• More expensive than 
traditional systems. 

Table 3.20 Th e use of smart materials and prod ucts for innovative app lica tions 

Figure 3.21 Audi's 'magrietic ride ' system uses smart 
fluids to adjusr. the car's suspension 

• • 



The global marketplace 

The need to be competitive means that many companies 

sell their products all over the world. It can sometimes 

be a problem to design for unfamiliar markets or design 

products that will sell across different countries. Many 

companies employ design teams situated throughout the 

world so they can design for a particular local market or 

culture. Other companies use focused market research to 

discover the needs of specific markets. 

Offshore manufacturing of 
multinationals 

Offshore manufacture is a driving force in the global 

marketplace. There is an increased awareness by 

multinational companies based in developed countries 

(usually in the West and Australia) of the value of 

offshore manufacturing as a vital strategic tool. Many 

companies will draw upon the individual expertise of 

other countries to develop new products, especially in 

the field of technology. 

Companies are relocating to less-developed countries such 

as India, China and former Soviet nations and outsourcing 

their work. Modern corporate buildings and industrial 

estates are sprouting up in these countries to supply the 

new demand for outsourcing and offshore manufacturing. 

Initially jobs in developing countries were created through 

the manufacture of shoes, cheap electronics and toys, 

and subsequently simple service work such as processing 

credit card receipts. Now all kinds of 'knowledge work' and 

manufacturing can be performed almost anywhere. For 

example, there is a trend for call centres dealing with the 

UK public to be based in India. 

The driving forces are digitisation, the Internet and 

high-speed data networks that cover the entire globe. 

Design data can simply be sent to another country for 

manufacture or localised expertise can provide the design 

and development of products. Why do multinationals 

manufacture offshore, or outsource? The answer is quite 

simple: it costs them less. It is now possible to receive 

the same quality work at a fraction of the cost than if 

Western companies manufactured in their own countries. 

For example, mould-making for the purpose of injection 

moulding is generally much more affordable in China than 

in the West (about 50 per cent lower in China, 30 per cent 

lower in Taiwan). In addition, by having bases in developing 

countries it is possible to gain greater access to expanding 

overseas markets. 

Design in context ) 

Obviously this calls into question certain ethical issues 

such as large-scale unemployment in developed countries 

and exploitation of labour in developing countries. For 

instance, why would a British-based multinational company 

continue to pay the minimum wage to its UK employees 

when they could employ Indian or Chinese labour for 50--60 

per cent less? However, workers in developing countries 

may not be given the opportunities for promotion, pay 

rises, company benefits, union membership and working 

conditions that their Western colleagues demand as basic 

human rights. As multinationals build centres of operation 

and factories in these areas the local workforce is displaced 

from their traditional trades and become more dependent 

upon the largely unskilled labour that many industrial 

processes requ ire. 

• 
®· 

Discuss the effects, both positive and negative, of 

the use of offshore manufacturing and outsourcing in 

relation to: 

a) multinational companies 

b) workers in developing countries 

c) workers in developed countries. 

Local and global production 

Issues relating to local and global production are 

concerned with the effects of the global economy and 

of multinationals on quality of life, employment and the 

environment. Whilst the headquarters of multinationals are 

often located in developed countries, some multinationals 

are based in developing countries. Though economic 

regeneration is generally welcomed by the governments of 

developing countries, there are also a number of negative 

effects on the local population. 

• • 
• 
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• Economic regeneration of local area through increased 
employment in manufacturing and service industries. 

• Improvement in living standards through career development and 
multi-skilling of workforce. 

• Physical regeneration of local area through development of 
infrastructure, transportation and/or local amenities. 

• Widening of the country's economic base and enabling of foreign 
currency to be brought into the country, which improves their 
balance of payments. 

• Enabling of the transfer of technology that would be impossible 
without the financial backing of multinationals. 

Environmental issues: 

• increased pollution and waste production as a result of 
manufacturing activities. 

• destruction of local environment to build factories, processing 
plants, infrastructure, etc. 

Employment issues: 

• lower wages than workers in developed countries where a 
minimum wage operates 

• promotion restrictions as managerial roles occupied by 
employees from developed countries 

• no unions for equal rights issues including unfair dismissal/hire 
and fire 

• lower safety standards when using 'sweatshops' 

• devaluing of traditional craft skills, replacement by repetitive 
'machine minding' tasks 

• local community can become dependent on multinationals, 
leaving community devastated if the multinational pulls 
production. 

( Table 3.21 Advantages and disadvantages of global manufacturing in developing countries 

Influences of design history 
on the development of 
products 

All design has either been commissioned by or produced 

for the specific needs of somebody at some point in 

time. The history of design is inextricably linked to the 

social, political and economic history of the modern 

world. Designers have always looked for inspiration from 

other times and cultures and taken advantage of new 

technologies, which has had a major effect on the design of 

their products. 

Arts and Crafts (1850-1900) 

Philosophy 

The Arts and Crafts movement grew out of a concern for 

the effects of industrialisation upon design, traditional 

craftsmanship and the lives of ordinary 'working class' 

people. Although the technical advances of the 19th 

century brought about new production processes, the 

design of mass-produced products, such as furniture, was 

often overlooked. Therefore, poor-quality, over-decorated 

and often oversized imitations of traditional items of 

furniture were being produced. T1is type of furniture was 

totally inappropriate for the majority of ordinary people 

Art Deco 
1925-1939 

Modernism 19(X)...1930 

Art Nouveau 
1890-1905 

Arts and Crafts Mavemeni 1850-1900 

Streamlining 
1935-1955 

Post-modernism 
197 5-present 

1850 1860 1870 1880 1890 1900 1910 1920 1930 1940 1950 1960 1970 1%0 1990 2000 I 

Figure 3.22 This timeline demonstrates the overlapping of design movements and that one movement did "lot simply end and 
another take its place . (Note that the design period between 1955 and 1975 is not covered by the Edexcel specification.} 

• 



who required simple and inexpensive products for their 

cramped living conditions. 

Around this time emerged the two founding figures of Arts 

and Crafts: John Ruskin (theorist and critic) and William 

Morris (designer, writer and activist). Ruskin examined the 

relationship between art, society and labour. Morris put 

Ruskin's philosophies into practice, placing great value 

on craftsmanship, simple forms and patterns inspired by 

nature and the beauty of natural materials. In response 

to the effects of industrialisation, they helped establish a 

number of workers' guilds and societies to break down the 

barriers between architects, artists, designers and makers 

and pioneered new and unified approaches to design and 

decorative arts. Their ideas came from the conviction that 

traditional arts and crafts including weaving, carpentry and 

stained glass as a 'cottage' industry could change people's 

lives by empowering the individual as designer/maker of 

their own products. 

Style 

• 

• 

Simplicity- Interiors were visually simplistic by 

removing clutter and including suitably proportioned 

furniture, which would provide a practical and clean 

living environment. Furniture was 'humbly' constructed 

with minimal ornate decoration . The roughness and 

simplicity of some work was shocking : one reviewer in 

1899 referred to an Arts and Crafts piece as looking 

'like the work of a savage'. 

Splendour - The arts and crafts approach to design 

led to designers often experimenting with different 

materials and new techniques in artistic ways. Therefore, 

small and highly ornate artefacts were produced -

working with unusual materials and precious metals. 

• Nature - Natural plant, bird and animal forms were 

a powerful source of inspiration. The use of stylised 

flower patterns emulating the natural rhythms and 

patterns of plants and flowers were a reflection of a 

purity of approach. Symbolism with motifs such as 

the heart symbolising friendship or the sailing ship 

representing the journey of life into the unknown 

appear in many pieces of work. 

• Colour and texture - Colour was used in Arts and 

Crafts interiors to provide unity and focus. The link 

between colour and nature was particularly close 

in Arts and Crafts style. Architects and designers 

preferred natural materials: stone, wood, wool and 

linen, and materials that were available locally. Rich 

materials, highly decorated surfaces and strong colours 

tended to be concentrated in small areas. 

Design in context J 

Figure 3.23 Arts and Crafts interiors were based around the 
simple rural way of life 

William Morris (1834-1896) 

'Have nothing in your houses that you do not know to 

be useful, or believe to be beautiful.' (William Morris, 

The Beauty of Life, 1880) 

William Morris was a poet, writer, designer and innovator in 

the Arts and Crafts movement but, above all, he was 

a socialist. 

At university, Morris and his friends were influenced by 

the writings of the art critic, John Ruskin, who praised 

the art of medieval craftsmen, sculptors and carvers 

whom he believed were free to express their creative 

individualism. Ruskin was also very critical of the artists of 

the 19th century, whom he accused of being 'servants of 

the industrial age'. After university they formed their own 

company of designers and decorators with the emphasis 

placed upon traditional craftsmanship and natural 

materials. Morris, Marshall, Faulkener & Co specialised 

in producing stained glass, carvings, furniture, wallpaper, 

carpets and tapestries. The company's designs brought 

about a complete revolution in public taste. 

• • 
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Figure 3.24 The Red House, built in 1859 for William Morris, 
reflected his 'country cottage ' idealism 

Despite the large number of commissions that he received, 

Morris continued to find time to write poetry and prose 

and had a number of his works published. His passion for 

creating 'fantasy worlds' in his novels is said to have had a 

direct influence on J.R.R. Tolkien's Lord of the Rings. 

In the ~870s Morris became upset by the aggressive 

foreign policy of the Conservative Prime Minister, Disraeli, 

and disillusioned with the subsequent Gladstone Liberal 

Government. In 1884, Morris co-formed the Socialist 

League. Strongly influenced by the ideas of Morris, 

the party published a manifesto where it advocated 

revolutionary international social ism. Over the next few 

years Morris wrote socialist pamphlets, sold socialist 

literature on street corners, went on speaking tours, 

encouraged and participated in strikes and took part in 

several political demonstrations (on which he was once 

arrested). These strong socialist beliefs directly influenced 

his design philosophy of simple, natural products 

produced by the individual rather than mass produced by 

large-scale industry . 

• • 
Figure 3.25 The floral ornamentation of Morris's patterns drew 
heavily upon natural form 



After Morris's death in 1896 the business continued until 

1940; a large textile company bought many of Morris's 

designs and printing blocks for fabric and wallpaper. 

Many William Morris prints are still in production and have 

influenced the design style of large companies such as 

Laura Ashley. 

WEBLINKS: Q • ®· 
www.artsandcraftsmuseum.org.uk 

www.blackwell.org.uk 

www.morrissociety.org 

Art Nouveau (1890-1905) 

Philosophy 

Art Nouveau or 'new art' was an international style of 

decoration and architecture that developed in the late 19th 

century. The name derives from the Maison de /'Art Nouveau, 
an interior design gallery opened in Paris in 1896, but in fact 

the movement had different names throughout Europe. 

Design in context ) 

It was developed by a new generation of artists and 

designers who sought to fashion an art form appropriate to 

their modern age. The underlying principle of Art Nouveau 

was the concept of a unity and harmony across the various 

fine arts and crafts media and the formulation of new 

aesthetic values. It was during this period that modern 

urban life, as we recognise it today, was also established . 

Old traditions and artistic styles sat alongside new, 

combining a wide range of contradictory images and ideas. 

Many contemporary artists, designers and architects were 

excited by new technologies and lifestyles, while others 

retreated into the past, embracing the spirit world, fantasy 

and myth. 

Art Nouveau forms a bridge between the Arts and Crafts 

and Modernism. There was a strong link between the 

decorative and the modern that can be seen in the work 

of individual designers. Many Art Nouveau designers 

appreciated the benefits of mass production and other 

technological advances and embraced the aesthetic 

possibilities of new materials. In architecture, for example, 

glass and wrought iron were often creatively combined in 

preference to traditional stone and wood. 

Figure 3.26 Paris Metro station by Hector Guimard, c.1900, creatively combines glass and 'organic' wrought ironwork 

• 
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Figure 3.27 A luxurious Tiffany lamp, c. 1900, demonstrates 
master craftsmanship 

Others deplored the shoddiness of mass-produced 

machine-made goods and aimed to elevate the decorative 

arts to the level of fine art by applying the highest 

standards of craftsmanship and design to everyday objects. 

Style 

• Nature - Like the Arts and Crafts before them, Art 

Nouveau designers were heavily influenced by natural 

forms and interpreted these into sinuous, elongated, 

curvy 'whiplash' lines and stylised flowers, leaves, roots, 

buds and seedpods. As a complement to plant life, 

exotic insects and peacock feathers often featured in 

Art Nouveau designs. 

• The female form - Art Nouveau is frequently referred 

to as 'feminine art' due to its frequent use of languid 

female figures in a pre-Raphaelite pose with long, 

flowing hair. 

• Other cultures - The arts and artefacts of Japan 

were a crucial inspiration for Art Nouveau. Japanese 

woodcuts, with asymmetrical outlines and the minimal 

grid structures of Japanese interiors provided vertical 

lines and height. Celtic, Arabian and ancient Greek 

patterns provided inspiration for intertwined ribbon 

patterns . 

• • 

Figure 3.28 Mucha 's poster for Job :;igarette papers, 1898. 
Interest in Mucha's distinctive style experienced a strong revival in 
the 1960s and is particularly evident in the psychedelic artwork for 
many pop groups of this era 

Charles Rennie Mackintosh (1868-1928) 

In Britain the Art Nouveau style was exemplified by the 

work of Charles Rennie Mackintosh. Born in Glasgow, 

Mackintosh was interested in a ca-eer as an architect from 

an early age, and when he was 16 he became an apprentice 

to a Glasgow architect, studying at the same time as an 

evening student at the Glasgow School of Art. It was here 

that he met like-minded artists an:l formed the 'Glasgow 

Four', including his future wife Margaret Macdonald. 

Through their paintings, graphics, architecture, interior 

design, furniture, glass and metalwork they created the 

'Glasgow style' of Art Nouveau, which influenced many 

designers throughout Europe. 

In 1889, Mackintosh joined the firm of Honeyman & Keppie 

where he remained until 1913, becoming a partner in 1904. 



l 
Figure 3.29 The Glasgow School of Art demonstrates 
Mackintosh's modern style, which was rooted in traditional 
Scottish architecture 

All his most important architectural and decorative work 

was achieved during this period. It is clear that he was 

allowed a degree of autonomy within the firm, developing 

his own markedly individual style in a way that is not usually 

possible for a man without his own independent practice. 

In 1896, Mackintosh won the competition for the building 

of the new School of Art in Glasgow - a project which gave 

him an international reputation. 

It is perhaps Mackintosh's interior designs that best 

highlight his goal to create a new artistic harmony. The 

unification of architectural elements, furniture, furnishings 

and decoration produced highly aesthetic yet practical 

domestic and commercial environments. He designed all 

of the furniture, fixtures and fittings in all of his projects. 

His style incorporated a contrast between strong right 

angles and floral-inspired decorative motifs with subtle 

curves, along with some references to traditional Scottish 

.. . . 

Figure 3.30 This Mackintosh interior demonstrates his trademark 
style of a crisp white linear finish dispersed with rose motifs 

architecture. His designs for a 'House for an Art Lover' for 

an international competition in 1901 brought him great 

praise, although he was disqualified due to late entry. In 

tribute to his thoroughly modern style the house was built 

in the 1990s and can be visited by the general public. 

Other notable domestic Mackintosh designs include 

Windyhill, 1900 and The Hill House, 1902. His 

experimentation with the possibilities of commercial 

production is best illustrated by The Willow Tea Rooms, 1903. 

WEBLINKS: Q 

www.crmsociety.com 

www.charlesrenniemac.co.uk 

www.houseforanartlover.co.uk 
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Modernism (1900-1930) 

Modernist architects and designers rejected the old style 

of designing based upon natural form and materials. They 

believed in 'the machine aesthetic', which celebrated 

new technology, mechanised industry and modern 

materials that symbolised the new 21 st century. Modernist 

designers typically rejected decorative motifs in design 

and the embellishment of surfaces with 'art', preferring to 

emphasise the materials used and pure geometrical forms. 

Modernist principles soon spread throughout Europe with 

groups including De Stijl in the Netherlands, Bauhaus in 

Germany, Constructivism in Russia and Futurism in Italy. Le 

Corbusier, a French architect, thought that buildings should 

function as 'machines for living in' where architecture 

should be treated like the mass production of products. 

This resulted in many high-rise blocks of flats with repetitive 

'cubes' as living spaces. Architect Ludwig Mies van der 

Rohe adopted the motto 'less is more' to describe his 

minimalist aesthetic of flattening and emphasising the 

building's frame, eliminating interior walls and adopting 

open-plan living spaces. 

The Bauhaus (1919-1933) 

The German economy was in a state of collapse following 

Germany's defeat in the First World War. A new school of 

art and design was opened in Weimar to help rebui ld the 

country and form a new social order. Walter Gropius was 

appointed to head the new institute and named it Bauhaus, 

meaning 'house for building', which was to combine all the 

arts in ideal unity. 

Philosophy 

The central idea behind the teaching at the Bauhaus was 

a range of productive workshops where students were 

actively encouraged to be multi-disciplined and trained to 

work with industry. The Bauhaus contained a carpenters' 

workshop, a metal workshop, a pottery, and facilities for 

painting on glass, mural painting, weaving, printing, and 

wood and stone sculpting. Gropius saw the necessity to 

develop new teaching methods and was convinced that 

the base for any art was to be found in handcraft: 'The 

school will gradually turn into a workshop.' Indeed, artists 

and craftsmen directed classes and production together at 

the Bauhaus in Weimar. This was intended to remove any 

distinction between fine arts and applied arts. The Bauhaus 

workshops successfully produced prototypes for mass 

production: from a single lamp to a complete dwelling. 

• • 

The Bauhaus school disbanded in 1933 when Adolf Hitler 

and the Nazi party rose to power in Germany before the 

start of the Second World War. Many Bauhaus leaders, 

including Gropius, emigrated to the United States to avoid 

persecution, where they continued to practise. The term 

'International Style' was applied to this American form of 

Bauhaus architecture. 

Style 

• 'Form follows function' - Bauhaus featured functional 

design as opposed to highly :::Jecorative design. 

Designers produced high-end functional products with 

artistic pretensions which primarily worked well but 

also looked good. Simple, geometrically pure forms 

were adopted with clean lines and the elimination of 

unnecessary clutter. 

Figure 3.31 The Bauhaus school, which educated students in art 
and design with industrial applicatio"ls 



• 'Products for a machine age' - Products respected 

the use of modern materials such as tubular steel and 

mechanised mass production processes. As a result 

products looked like they had been made by machines 

and were not based upon natural forms as with 

previous movements. 

• 'Everyday objects for everyday people' - Consumer 

goods should be functional, cheap and easily mass 

produced so that ordinary working-class people could 

afford them. 

Marcel Breuer (1902-1981) 

Marcel Breuer was born in Hungary and worked in an 

architect's office in Vienna before going to Weimar to study 

at the Bauhaus from 1920 to 1924. After his trade test he 

became the manager of the furniture workshop, stressing 

the combination of art and technology, and created his best

known piece called the 'Wassily' chair. It was here that he met 

the constructivist artist Wassily Kandinsky who also lectured 

at the school, but despite popular belief, the chair was not 

actually designed for Kandinsky. 

The Wassily chair, also known as the Model B3 chair, was 

designed by Breuer in 1925-1926. Kandinsky had simply 

admired the completed design, and Breuer fabricated a 

duplicate prototype for Kandinsky's personal quarters. The 

chair became known as 'Wassily' decades later, when it was 

re-released by an Italian manufacturer who had learned of 

the Kandinsky connection in the course of its research on 

the chair's origins. 

Figure 3.32 Marcel Breuer's iconic 'Wassily' chair demonstrates 
rhe principles of Bauhaus design 

Design in context ) 

The Wassily chair was revolutionary in the use of the 

materials (bent steel tubes and leather) and methods of 

manufacturing. The design was only technogically feasible 

because a German steel manufacturer had recently 

perfected a process for mass producing seamless steel 

tubing. Previously, steel tubing had a welded seam that 

would collapse when the tubing was bent. The Wassily 

chair, like many other designs of the modernist movement, 

has been mass produced since the 1960s, and as a design 

classic is still available today. 

In 1937, Breuer emigrated to the United States and 

received a professorship at the School of Design at Harvard 

University. In 1946 he founded his own company in New 

York, Marcel Breuer & Associates, which he managed until 

his retirement in 1976. 

WEBLINKS: 0 • ®· 
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The principles of modernist architecture were 

applied to many high-rise blocks of flats built after 

the Second World War in order to give working-class 

people modern and affordable housing. 

However, a large number of these blocks of flats 

have since been demolished. Discuss the reasons for 

failure of many works of modernist architecture with 

particular reference to the materials used in their 

construction and the effects of high-rise living upon 

inhabitants. 

Art Deco (1925-1939) 

Philosophy 

The term Art Deco is widely used to describe the 

architectural and decorative arts style that emerged 

in France in the 1920s. It took its name from the 1925 

Exposition des Arts Decoratifs held in Paris to celebrate 

the arrival of a new style in applied arts and architecture. 

It was an eclectic style that drew on tradition and yet • 

simultaneously celebrated the mechanised, modern world . • 

• • 
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Figure 3.33 This 'Hollywood style' example of Art Deco 
architecture clearly shows the geometric forms and ocean liner 
aesthetics of the style 

It embraced both hand-crafted and machine production, 

exclusive works of high art and mass-produced products in 

affordable materials. 

Art Deco reflected the ever widening needs of the 

contemporary world. Unlike the stark functionalist 

principals of modernism, it responded to the human need 

for pleasure and escape. Art Deco was an opulent style, 

and its lavishness is attributed to reaction to the forced 

austerity imposed by the First World War. Geometric forms 

and patterns, bright colours, sharp edges, and the use 

of expensive materials such as enamel, ivory, bronze and 

polished stone are well known characteristics of this style, 

but tre use of other materials such as chrome, coloured 

glass and Bakelite also enabled Art Deco designs to be 

made at low cost. This eclectic and elegant style soon 

• • 

became the popular face of modernism and its influence 

was witnessed worldwide. 

Style 

• Geometric forms - Popular themes in Art Deco 

were trapezoidal, zig-zagged, geometric fan motifs. 

Sunburst motifs, for example, were widely used in such 

varied contexts as ladies' shoes, radiator grilles, the 

auditorium of the Radio City Music Hall and the spire of 

the Chrysler Building. 

• Primitive arts - The simplified sculptural forms 

of African, Egyptian and Aztec Mexican art and 

architecture influenced contemporary designers to 

omit inessential detail. The discovery ofTutankhamun's 

tomb in 1922 and subsequent exhibition sparked the 

world's interest in all that was ancient Egyptian and Art 

Deco responded with some quite literal interpretations. 

• Machine age - The Art Deco style celebrates the 

machine age through explicit use of man-made materials 

(aluminium, glass and stainless steel), symmetry and 

repetition. Architecture celebrated man's technological 

achievements in building skyscrapers and ocean liners. 

Eileen Gray (1878-1976) 

Gray was born in Ireland to a wealthy family of artists and 

began her university career at the Slade School of Fine 

Arts in London as a painter. She eventually left painting 

to study lacquer work under the guidance of Japanese 

lacquer craftsman, Sugawara. In 1913, she held her first 

exhibition, showing some decorative panels at the Salon 

des Artistes Decorateurs in Paris. Here she successfully 

combined lacquer and rare woods, geometric abstraction 

and Japanese-inspired motifs into her work. 

During the First World War she remained almost 

permanently in London and only returned to Paris in 

1918. Until 1919 she worked as an independent furniture 

designer, and thereafter as an interior decorator. Her 

interior designs generated a great deal of praise in the 

press - amongst her admirers was Walter Gropius, the 

founder of the Bauhaus. In 1922 she opened the Jean 

Desert gallery as a showcase for her own designs. 

Shortly thereafter, persuaded by Le Corbusier and her lover 

Badovici, she turned her interests to architecture. In 1924 

Gray and Badovici began work on their vacation house, 

E-1027 in southern France. This is considered to be her 

first major work, successfully blurring the border between 

architecture and decoration with a highly personalised 

design to fit in with the lifestyle o: its intended occupants . 



Design in context ) 

( Figure 3.34 Gray's E-1027 villa in France successfully blended her skills as an architect and interior and furniture designer 

E-1027 is a codename that stands for the names of the 

couple: E for Eileen, 10 for Jean (the tenth letter of the 

alphabet), 2 for Badovici and 7 for Gray. Gray designed 

the furniture as well as collaborated with Badovici on 

its structure. Her circular glass E-1027 table and rotund 

Bibendum armchair were inspired by the recent tubular 

steel experiments of Marcel Breuer at the Bauhaus. Both 

pieces of furniture have become design classics and are still 

produced to this day. 

Le Corbusier visited E-1027 on numerous occasions and 

admired Gray's work very much. Unfortunately for Gray, Le 

Corbusier loved it so much that he was moved to add his own 

touch to the clean white villa, painting a series of colouful 

murals, an act which Gray considered to be vandalism . 

WEBLINKS: 0 • ®· 
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www.deco-world.co.uk Figure 3.35 Grays Bibendum armchair designed for E-1027 is 
available to buy even today 

• • 
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Streamlining (1935-1955) 

Philosophy 

Towards the end of the Art Deco period a new style 

emerged known as Streamline Moderne, influenced by 

the modern aerodynamic designs derived from advancing 

technologies in aviation and high-speed transportation . 

This was a period of new materials and mass-production 

processes that could produce more refined products. It was 

an age when people were looking excitedly to the future 

and even into outer space. 

Streamlining is the shaping of an object, such as an aircraft 

body or wing, to reduce the amount of drag or resistance 

to motion through a stream of air. A curved shape allows 

air to flow smoothly around it. Therefore, in order to 

produce less resistance, the front of the object should be 

well rounded and the body should gradually curve back 

from the midsection to a tapered rear section - a classic 

teardrop design. 

Aerodynamics had been considered by designers for use 

with automobiles since the turn of the century but it wasn't 

until the 1930s that new materials and processes were 

available for cost-effective production. Soon both American 

and European industrial designers were producing 

experimental 'teardrop'-based concepts. Although none 

of these reached production, they had the effect of 

broadening the minds of the consumer and pointing future 

desigr in a new direction. 

[ 

Figure 3.36 Norman Bel Geddes patented designs for a 
teardr::ip car, bus, yacht, liner and plane although they were never 
commercially produced 

Figure 3.37 Perhaps one of the best-known examples of 
sueamllning was the Volkswagen Beetle designed by 
Ferdinand Porsche. Its origins in streamlining are apparent and 
it went on to become the most popular and longest-produced 
automobile ever 

These attractive teardrop shapes were enthusiastically 

adopted within Art Deco, even applying streamlining 

techn iques to domestic appliances such as radios, vacuum 

cleaners and refrigerators. Although efficient aerodynamics 

are not a key feature of many products, the combination of 

streamline form and modern materials made them stand 

out from their competitors and therefore more appealing 

to a growing consumer society. 

In the 1950s came the 'Space Age' and the 'Atomic Age' 

and with it the 'Googie' style of architecture. Googie 

epitomises the spirit of a generation looking excitedly 

towards a bright, technological and futuristic age, 

characterised by space-age designs that depict motion 

such as boomerangs, flying saucers, atoms and parabolas. 

Style 

• Teardrop shape - With the sleek, efficient forms 

of airliners and marine life as inspiration, the form 

adopted as perfect aerodynamicism was that of the 

teardrop; with the round end being the front. This 

aerodynamic form became the new aesthetic direction 

and guided the design of modern products. 

• Futuristic design - Science fiction provided optimism 

for a new and better future with sleek rocket shapes 

and atom designs. 

Raymond Loewy (1893-1986) 

Loewy was one of the best-known industrial designers 

of the 20th century. Born in France, he spent most of 

his professional career in the United States where he 

influenced countless aspects of American life, from 

transportation to commercial art. 



Loewy launched his career in industrial design in 1929 

when a British manufacturer of dupl icating machines 

commissioned him to improve the appearance of one 

of their products. In three days, the 28-year-old Loewy 

designed the shell that was to encase these duplicators for 

the next 40 years. In doing so he was the first designer to 

transform the look of a product by streamlining, which he 

referred to as 'beauty through function and simplification'. 

Loewy is often referred to the 'father of industrial design' 

as it was he who first promoted the idea that large 

corporations could hire industrial designers to provide 

outside advice on the development of their products. 

He demonstrated the practical benefits derived from his 

functional styling, stating: 

'Success finally came when we were able to convince 

some creative men that good appearance was a saleable 

commodity, that it often cut costs, enhanced a product's 

prestige, raised corporate profits, benefited the customer 

and increased employment.' 

Design in context ) 

During the 1930s Loewy established a relationship with 

the Pennsylvania Railroad, and his most notable designs 

for the firm were their streamlined passenger locomotives. 

The GG-1 electric locomotive demonstrated on an even 

larger scale the efficiency of industrial design. The welded 

shell of the GG-1 eliminated tens of thousands of rivets, 

resulting in improved appearance, simplified maintenance 

and reduced manufacturing costs. As the first welded 

locomotive ever built, the GG-1 led to the universal 

adoption of the welding technique in their construction . 

During th is period Loewy also began a long and productive 

relationship with US car-maker Studebaker, producing 

the iconic bullet-nosed cars as well as modernising their 

logo design. Loewy's car designs incorporated new 

technological features; introducing slanted windscreens, 

built-in headlights and wheel covers in his designs, he 

also advocated lower, leaner and more fuel-efficient cars 

long before fuel economy became a concern. He was still 

designing for Studebaker in the 1960s when they launched 

his most successful car: the 'Avanti' (Italian for forward) . 

( Figure 3.38 Loewy's aerodynamic streamlining for high-speed locomotives 

• • 
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As a commercial artist he is credited with designing the 

classic 'Lucky Strike' cigarette packaging. By changing the 

package background from green to white, he reduced 

printing costs by eliminating the need for green dye. In 

addition, by applying the red Lucky Strike target on both 

sides of the package, he successfully increased the product 

visibility and, ultimately, product sales. Other successful 

projects included the design of the Shell, Exxon and BP 

logos for the petroleum giants. 

From 1967 to 1973 Loewy was commissioned by NASA as 

a habitability consultant for the Saturn-Apollo and Skylab 

projects where he helped design the interior living spaces 

for spaceships. Proven time and again, Loewy's design 

principles continue to be relevant years later. 

• ®· 
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Post-modernism (1975-present) 

Philosophy 

The term 'post-modernism' was first coined by architect 

Charles Jencks. He used it to criticise the functionalism of 

the modernism movement and to describe the eclectic 

new design styles being developed by a whole range 

of contemporary architects and designers. The debate 

regarding whether the term post-modernism, meaning 'after 

modernism', is appropriate still rages to this day as it does 

not seem to encompass the range of contemporary thinking 

and design styles. Indeed, to many the modern movement 

has not ended as a lot of its ideals are still in use today. 

The movement of post-modernism began with architecture, 

as a reaction against the perceived blandness and hostility 

present in modernist architecture as preached by the 

Bauhaus. Its philosophy of an ideal perfection, harmony of 

form and function and dismissal of decoration was at odds 

with contemporary designers who wanted individualism 

and personality back in design. 

Figure 3.39 Richard Rogers' Pompidou Centre in Paris received mixed reviews when it opened in 1978. Its visible support structure and 
service pipes are a complete contrast to modernist minimalism . 

• • 



Out of this period came the the Memphis Group comprising 

Italian designers and architects who created a series of 

highly influential products in the 1980s. Founder member 

Ettore Sottsass disagreed with the approach of the time 

and challenged the idea that products had to follow 

conventional shapes, colours, textures and patterns. They 

drew inspiration from such movements as Art Deco and Pop 

Art, styles such as the 1950s Kitsch and futuristic themes. 

Their concepts were in stark contrast to so-called 'good 

design'. On the launch of the Memphis furniture group in 

1981 Sottsass challenged conventional taste by stating: 

'Every journalist reacted by saying that the furniture was 

bad taste. I think it's super taste. It is Buckingham Palace 
that is bad taste. Memphis relates to the actual world; we 
are quoting the present, and the future .' 

The work of the Memphis Group has been described as 

vibrant, eccentric and ornamental. It was conceived by the 

group to be a 'fad' that, like all fashions, would very quickly 

come to an end. In 1988, Sottsass dismantled the group. 

Design in context ) 

New Design style 

• Humour and personality- Products were bright 

and colourful like children's toys, often including 

unnecessary decoration in an attempt to give static 

objects personality. By providing products with 

personality it made them more appealing to the 

consumer who wanted to express their individuality. 

• 'Retro' design - Designs that take inspiration from 

past movements and styles and reinterpret them in a 

modern way. Alternatively, the copying of old designs but 

manufactured from modern materials and incorporating 

modern technology to satisfy the trend in nostalgia. 

• Deconstruction - A development in architecture where 

the surface structure of a building is distorted so that it 

becomes non-rectangular. The finished visual abstract 

and non-symmetric appearance gives the impression of 

controlled chaos. 

r 
Figure 3.40 Sottsass ' Carlton bookcase combines his interest in Indian and Aztec art with 
1950s popular culture to produce a bright, colourful and shocking style 

• 
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Philippe Starck (1949-) 

Philippe Starck is a well -known French designer and 

probably the best-known designer in the New Design style. 

His designs have been well publicised in the media and 

include a diverse range, from spectacular interior designs 

to mass-produced consumer goods such as toothbrushes, 

chairs and even houses. 

Starck has worked independently as an interior designer and 

as a product designer since 1975. He rose to fame in 1982 

with his interior designs for the French President's private 

apartments. Since then he has co llaborated with many 

multinational companies on the design of packaging and 

relatively inexpensive products such a mouse for Microsoft. 

Starck's products are often stylised, streamlined and 

organic in their appearance. They posses humour and 

he often christens his products with names to bring them 

to life and give each an individual personality. He values 

new technologies and has always possessed a taste for 

innovation with a conviction that 'it's better to make a 

Figure 3.41 Starck considers himself as 'a Japanese architect, 
an American art director, a German industrial designer, a French 
artist.'c director, an Italian furniture designer' 

• • 

creative mistake than a stagnant work in good taste'. He is 

also concious of sustainability and products are often light 

and economical in their use of energy and materials, from 

production to consumption, packaging and transportation. 

Starck's work for the Italian company Alessi has produced 

some of the best-known icons of the late 20th century. 

Unit 3: Design in context: Form and function -

another classic Alessi product designed by Starck is 

the kettle 'Hot Bertaa', which is discussed in the next 

section. 

WEBLINKS: Q 
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Figure 3.42 This sleek lemon squeezer named the 'Juicy 
Sa/if' was created for Alessi in 1990 and has since become an 
affordable and popular cult item 
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Design movements 

Arts and Crafts 

Art Nouveau 

Bauhaus 
Modernism 

Art Deco 

Streamlining 

New Design style 
(post-modernism) 

• Fitness for purpose 
• Honesty in design and 

making, the return to 
the designer-craftsman 
as a reaction against 
industrialisation 

• The languid line 
• The formulation of new 

aesthetic values for a 
new urban lifestyle 

• Functionalism 
• Reducing form to the 

most essential elements 
by omitting decorative 
frills 

• Popular modernism 
• Opulent architectural 

and decorative arts style 
in reaction to post-war 
austerity 

• Consumerism and style 
• New prosperity and 

widened consumer 
choice 

• Celebrating speed and 
efficiency 

• 'Less is a bore!' 
expressive and individual 
as opposed to modernist 
functionalism 

• Simplicity 
• Natural forms and 

materials 

• Curvy 'whiplash' fines 
and stylised flowers 

• Languid feminine form 

• The machine aesthetic 
using modern 
materials 

• Simple, geometrically 
pure forms and clean 
fines 

• Zig-zagged, geometric 
fan motifs 

• Symmetry and 
repetition 

• Inspiration from 
ancient Egypt 

• Aerodynamics 
• Teardrop shape 
• Futuristic inspiration 

• Humour and 
personality 

• Retro design 
• Deconstruction 

William Morris 
Ernest Gimson 
C.R. Ashbee 

Charles Rennie Mackintosh 
L.C. Tiffany 
Antoni Gaudi 

Walter Gropius 
Marcel Breuer 
Ludwig Mies van der Rohe 

Eileen Gray 
Albert Anis 
Walter Dorwin Teague 

Raymond Loewy 
Norman Bel Geddes 
Henry Dreyfuss 

Philippe Starck 
Richard Rogers 
Ettore Sottsass 

Design in context ) 
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( Form and function 
The connection between form and function has been one 

of the most controversial issues in the history of design. 

When products were first mass produced in Victorian 

times they were highly decorated to look like hand-made 

products, whether their decoration was appropriate or 

not. The development of 'reform' groups such as the Arts 

and Crafts movement gradually brought about change 

in the concept of design. The form of products was to 

be simplified and the products well made from suitable 

materials. At the turn of the 20th century, developments 

in materials and technology enabled the production of 

innovative new products such as the telephone. Many 

of these products were so innovat ive that there was no 

benchriark on which to base thei r designs. 

The development of mass production techniques requ ired 

that products be standardised, simple and easy to produce. 

The modernist movement, which supported functionalism, 

suggested that the form of a product must suit its function 

and not include any excessive or unnecessary decorat ion. 

Therefore, for a product to be mass produced at a profit, it 

needed to be simple and easy to produce. 

FACTFILE: Q • ®· 
'Form versus function' 

'Form 
follows 
function' 

'Form over 
function' 
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Functionality 
as the prime 
driver 

Aesthetics 
as the prime 
driver 

Functionalists support 
the view that products 
should be fit for 
purpose without any 
unnecessary decoration. 

Supporters advocate 
the aesthetic qualities 
of products in 
contributing towards 
an overall aesthetically 
pleasing environment. 

For many consumers these days, design has become 

an important means of self-expression. Consumers 

choose products not just for what they do, but for what 

they tell the world about their lifestyle choices. Many 

products are no longer simple, functional artefacts. For 

example, the purchase of a pair of trainers takes into 

account many factors such as how comfortable they 

are, but the overriding reason for buying them may be 

their appearance and branding . Product performance 

and reliability are no longer real issues for the consumer 

as most products carry guarantees and are subject to 

rigorous quality assurance procedures. The main reason 

for choosing one product over another with similar 

functions is its aesthetic qualities. 

One of the roles of the designer, then, is to provide the 

product with the right style or image for a particular 

target market group. Get this wrong and the product 

will not sell; get it right then it will become an 'object 

of desire' for aspiring consumers. Now that so many 

products are mass produced and sold in their millions, 

the designer must inject a sense of individuality or 

personality into an object. For example, the Italian 

design company Alessi is famous for its playful design of 

affordable objects and appliances for the kitchen, using 

bright and colourful polymers and stainless steel to 

create contemporary and humorous products. However, 

Alessi did overstep the line between form and function 

with the Hot Bertaa kettle designed by Philippe Starck, 

which it had to withdraw from production as it did not 

boil water very well or safely. This is an important lesson 

for any modern designer, who must strike a balance 

between the form and function of the product. 
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Philippe Starck's Hot Bertaa kettle 

With reference to form 

• Form over function where kettle is a sculptural 'object of desire' 
and a lifestyle product. 

• Aesthetically pleasing for fashion conscious, incorporating a 
brightly coloured polymer handle, all.1minlum body and cone
shaped shaft that pierces the body of the kettle, serving as both 
its handle and spout. 

• Form follows function where the function of boiling water is the 
prime driver and the secondary requirement is to look good in 
the kitchen. 

• Inoffensive, neutral style that fits in with a wide range of domestic 
kitchen environments. 

• Attractive to wide range of customers, with curved handle with 
ergonomic grip, stainless steel body with contrasting blue water 
level indicator. 

With reference to function 

• Art form where functionality became irrelevant - does not have 
to look like a kettle in order to boil water. 

• Poor functionality and user friendliness as the shape proved 
difficult to pour boiling water from and impractical to fill water 
through the narrow cylindrical handle. 

• Intrinsic design flaws and poor safety as heating mechanism 
largely unreliable, handle became hot once water had boiled, 
water leaked easily and dangerous to lift as it weighed so much_ 

( Table 3.22 Comparison of form and function of two kettles 

• @. 
What, in your opinion, is more important -form or 

function? Can you have one without the other? Or 

would the ideal product stri ke a balance between 

the two? Select a range of similar products, such 

as trainers or MP3 players, and compa re them with 

reference to both form and function. 

• Good functional aspects and user friendliness, including an 
ergonomically designed handle grip for comfortable pouring, an 
ON/OFF switch positioned at top for easy access, the handle at 
the side of the kettle body for easy filling and pouring, a water 
level indicator that tells the user how much water is in kettle and 
a large opening lid to fill the kettle . 

• Important safety features incorporated such as automatic switch 
off once boiled and the kettle is removable from power supply 
base so no risk of trailing power cable. 

• • 
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(°Anthropo~etrics and 
~gonom1cs 

The relationship between 
anthropometrics and ergonomics 

Ergonomics 

Ergonomics is the science of designing products, systems 

and environments for human use. This means applying 

the characteristics of human users to the design of a 

product- in other words, matching the product to the user. 

Ergonomics is therefore an essential part of the design 

process. Sometimes products are matched to a single user, 

where the product is customised to suit one person. The 

main objective of ergonomics to the designer is to improve 

people's lives by increasing their comfort and satisfaction 

when interacting with products, systems and environments. 

In order to achieve this, data about the size and shape of 

the human body is required - this branch of ergonomics is 

called anthropometrics. 

Anthropometrics 

Anthropometrics is a branch of ergonomics that deals with 

human measurements, in particular their shapes and sizes. 

For many products, systems and environments, complex 
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Figure 3.43 Anthropometric data incorporates human 
measurements representative of 90 per cent of the population 
(the fifth to 95th percenri/es) 
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data is required about any number of critical dimensions 

relating to the user, such as height, width or length of reach 

when standing or sitting. Therefore, anthropometric data 

must take into account the greatest possible number of 

users. This data exists in the form of charts that provide 

measurements for the 90 per cent of the population that 

falls between the fifth and 95th percentiles (see Figure 3.43). 

Sources and applications of anthropometric data 

When applying anthropometric data to a design problem, 

the designer's aim is to provide an acceptable match for 

the greatest possible number of users. This is achieved 

by the use of data charts such as those issued by the 

British Standards Institute (BSI), which are available in a 

simplified form from the Compendium of essential design 
and technology standards for schools and colleges. Simple 

data charts relating to measurements for men, women and 

children can also be found in the clothing sections of mail 

order catalogues. 

Statistical data available from the 6SI is associated with 

heights of men, women and children. The height at which 

5 per cent of the population is shorter is known as the fifth 

percentile. Likewise, the height at which only 5 per cent 

of people are taller is known as the 95th percentile. The 

anthropometric data that covers 9C per cent of the British 

population covers those who fall between the fifth and 

95th percentiles. Putting this to use, a furniture designer 

would have to take into account a range of heights from 

1.5 metres to 1.9 metres when designing a chair that would 

be comfortable for all users. According to the principles of 

anthropometrics, the designer would ignore the smallest 

(5 per cent) and tallest (5 per cent) users and design the 

chair to fit the remaining 90 per cent, who account for the 

greatest number of users. 

Anthropometric data will vary for different regions in 

the world . For example, the average height of people in 

Japan is shorter than in the UK. Conversely, the average 

height of people in Scandinavian countries is taller than in 

the UK. When designing for the disabled, specialist data 

is available that takes into account wheelchair use, for 

example. There are also niches in the market for products 

and clothing designed specifically for short and tall people 

with specialist companies and stores. 

WEBLINKS: Q • @. 
www.bsi.org.uk/education 
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standard depth minimum clearance between appliances standard depth 
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storage for 
rarel y used 
items only 

wall oven workzone storage for 
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items only 

B 
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24 

wall o...en 

grill 

RANGE CENTRE 

Figure 3.44 An example of anthropometric data used for kitchen planning 

Key ergonomic factors for the designer 

The study of key ergonomic factors by designers is used to 

improve the design of products, systems and environments 

by understanding and/ or predicting how humans interact 

with their surroundings. The methods used focus upon 

different aspects of human performance and take 

quantitative and qualitative approaches. 

• A quantitative (measurable) approach predicts the 

physical fit of the product to the human body shape, 

encompassing workload, speed of performance 

and errors. 

• A qualitative (opinion-based) approach predicts user 

comfort and their satisfaction with the product, so it has 

the optimum interaction with the user. 

Designers can respect the diversity of human shapes and 

sizes, making products suitable for both the largest and the 

smallest people, in four different ways. 

• A single design that is valid for everybody: for example, 

making doorways wide enough for anyone to pass 

through them, regardless of their body size, the fact 

that they are carrying something or that they are in a 

wheelchair. 

• Designing a range of objects that covers all 

possibilities, for example, in clothes sizes. 

• Designing a product that is adaptable to different 

dimensions, for example, a chair whose height can be 

adjusted. 

• Designing an accessory that adapts itself to an original 

design, for example, car seats for children. 

• • 
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( Figure 3.45 Even ogres need an ergonomic makeover! 

When designing any product it is very important to study 

the target market group (TMG). The profile of the end-user 

can often help when designing a product. To this end, 

ergonomics draws on a wide variety of disciplines, including 

anatomy, physiology, biomechanics, psychology, design 

and ICT to make beneficial changes to work and leisure 

activities to best fit the person carrying out the task. This 

improves physical and mental health, safety, productivity 

and efficiency. The following problem was encountered by 

designers at the Universal theme park in Orlando, USA: 

The problem: Shrek is a costumed character that performs 

daily in the theme park. The performers that bring Shrek 
to life have had issues with shoulder, neck and lower-back 

pains. Due to a number of back, neck and shoulder injuries 

• • 

sustained by the performers who wear the costume, a 

redesign of the costume was necessary to prevent further 

injury. The issues identified were weight of the costume, 

body positioning in the costume, ventilation and visibility. 

This resulted in 21 first-aid cases, 26 recordable injuries, 622 

light duty days and 49 restricted/lost workdays from June 

2004 to March 2006 with a direct cost of over US$80,000. 

The solution: to achieve the weight reduction, the heavy 

harness was replaced with lighter materials and additional 

non-essential layers were removed to reduce it by 1 Olbs. 

To straighten body and head positioning, the head was 

separated from the body to allow movement and to 

balance weight in line with the spine. A ventilation opening 

was added into the back of the head to allow for air-flow 

assisted by a built-in battery-powered fan. The separation 

of the head, including added mobility to move the neck, 

resulted in increased visibility. The solution cost just US$100 

in materials and US$1,600 for labour and installation - a 

low-cost, high-yield solution. 

The outcome: after changes were implemented on 1 March, 

2006 the effects were impressive: injuries fell to zero, with 

no lost time. The result was increased performance, zero 

injuries and a simple solution for a low cost of US$1,700, all 

due to designers listening to the needs of the user instead 

of making the person adapt to the job. 

Adapted from The Ergonomics Society, 15 May 2007 

WEBLINKS: Q • ®· 
www.ergonomics.org.uk 

The interaction between users,. 
products,. systems and environments 

All types of products, systems and environments are 

designed so their dimensions suit those of their end-

users. Products need to be designed so that they can be 

operated easily and safely by 90 per cent of the population. 

Safety considerations require easy operation of products 

but must also ensure that the product is not operated by 

mistake. 

When designing complex products, systems and 

environments such as vehicles, designers need to take 

account of a wide range of ergonomic considerations and 

anthropometric data covering the different heights and 

reaches of both male and female drivers. 



Interface 

Driver's seat 

Steering wheel 

Gear stick/ 
handbrake 

Foot pedals 

Dashboard instrumentation 

Heating/air conditioning 

Mirrors 

Design in context ) 

Ergonomic consideration 

• Seat adjustable backwards and forwards to take into account different leg and arm reaches in relation to 
steering wheel and foot pedals. 

• Seat adjustable up and down to take into account different heights so as to see clearly over dashboard. 
• Shape of seat to take into account different body sizes and padding for comfort. 
• Seat adjustable for comfort when driving long distances, i.e. lumbar support. 
• Adjustable head rest to support neck on long journeys. 

• Diameter of steering wheel to aid control of turning. 
• Thickness of steering wheel, use of soft materials and textures/pistol grip features to provide comfort and 

safe grip. 
• Adjustable steering wheel (up and down) to take into account driving styles. 

• Positioning in relation to driver's seat. 
• Diameter of gear knob and handbrake, use of soft materials and textures to provide comfort and safe 

grip. 

• Distance from seat (adjustable backwards and forwards). 
• Size and spacing between pedals to take into account different shoe sizes. 
• Texture on pedal to provide a non-slip surface. 

• Layout of the dashboard so that all instrumentation is within easy reach of driver. 
• Essential instrumentation such as speedometer is easily seen (mostly through the steering wheel). 
• Instant visual impact of instrumentation, i.e. warning/safety lights. 
• Adjustable brightness of illumination of instrumentation when driving at night. 
• Size and shape of knobs and switches for ease of use, limiting the need for hand to be removed from 

steering wheel. 

• Temperature control of the car's interior environment is important for comfort. 

• Mirrors that can be fully adjusted from the driver's seat to provide all-round high visibility, i.e. ball joint for 
manual adjustment of rear view mirror, electric wing mirrors. 

Table 3.23 A drive r's interaction with a car interior 

• 
®· 

Ergonomic considerations when designing computer workstations in Unit 2.4: Health and safety: ca rry ing out risk 

assessments in accordance with the HSE for the design of graphic products using computers and manufacture of 

models and prototypes using workshop practices. 

• • 
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( Sustainability 

Getting started 

Sustainability means safeguarding the world for 

ourselves and for future generations, using energy 

and other resources in a way that minimises their 

depletion, and designing for a better quality of life. In 

recent years we have had to rethink our approach to 

design, materials usage and manufacturing methods by 

moving towards an approach that considers economic, 

social and environmental issues and the use of cleaner 

design and technology. These are not simply issues 

for governments and large companies - how can you 

contribute towards a more sustainable future? 

( Life-cycle assessment 
It is the case with any design decision and solution 

that an optimum is looked for and a balance drawn 

between cost and benefit. Balancing the needs against 

the impact to the environment is becoming increasingly 

more difficult for manufacturers as they strive to develop 

new products and processes. Life-cycle assessment 

(LCA) is a technique now widely used to assess and 

evaluate the impact of the product or packaging 'from 

the cradle to the grave' through the extraction and 

processing of raw materials, the production phase, and 

life-cycle processes including distribution, use and final 

disposal of the product. 

+ Reuse 

+ Recycle 

+ Recover 

Energy Packaging 
consumed manufacturers 

Disposal or recycle Consumer 

Packages D istribution 
Fillers 

Retailer 

( Figure 3.46 Life-cycle assessment (LCA) for packaged products 

• • 

Life-cycle inventory 

Consumers are becoming increasingly aware of 

environmental issues and expect companies to pay 

attention to the environmental impact of their products. 

However, British Standards and the ISO 14000 series 

of standards now demand continuous improvement in 

a company's environmental management systems, of 

which a life-cycle inventory is an important aspect. 

A life-cycle inventory describes which raw materials are 

used and what emissions will occur during the life of a 

product. The basis of this study is to collate an objective 

inventory of all the inputs and outputs of industrial 

processes that occur during the life cycle of a product, 

including: 

• environmental inputs and outputs of raw materials 

and energy resources 

• economic inputs and outputs of products, 

components or energy that are outputs from other 

processes. 

The life-cycle inventory can be expressed as a process 

tree (see Figure 3.47 below) where each box represents 

a process with defined inputs and outputs that forms 

part of the life cycle. The second stage of this process is 

to interpret the data to assess the overall environmental 

impact of the product. 

7.3 kg 1 kg 0.1 kg 0.4 kg 

Polystyrene I Aluminium I 
Injection ~xtrusion 
moulding f"Fr===~_J 

Paper 

Assembly 
~--~ 

Use 

Figure 3.47 This simple process tree of an LCA inventory for a 
coffee machine clearly ind icates design priorities: minimise the 
use of electricity and paperfi,'ters 
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Sustainable product design 

Successful cleaner design requires reducing the 

environmental impact of the product or packaging 

throughout its entire life cycle. Issues such as raw 

material use, waste production, energy consumption 

and emissions into the atmosphere all need to be 

considered at each stage of the product life cycle. It 

is now fundamentally important for a designer to also 

consider design for recycling, including the following 

requirements of a product: 

• easy to dismantle for repair or reuse and so extending 

product life 

• easy to separate different materials for recycling 

• easy to remove components that must be treated 

separately for repair 

• use as few different materials as possible 

• mark the materials/polymers in order to sort them 

correctly 

• avoid surface treatments in order to keep the materials 

'clean'. 

In his book The Total Beauty of Sustainable Products 

(published by RotoVision, ©2001), Edwin Datschefski 

spells out five factors that make up product 

sustainability. 

1. Cyclic: products that are made from biodegradable 

organic materials or from minerals that are 

continuously recycled, decreasing levels of waste 

and pollution; for example, products made from 

Biopol®. 

2. Solar: products that in manufacture and use 

consume only renewable energy that is cyclic and 

safe; for example, products made using renewable 

energy sources such as wind power and products 

that operate using solar-powered (photovoltaic) cells. 

3. Safe: all releases to air, water, land or space are 

'food' for other systems; for example, products that 

do not emit unnecessary pollutants or chemicals 

during their manufacture. 

4. Efficient: products that in manufacture and use 

require 90 per cent less energy, materials and water 

than equivalent products did in 1990; for example, a 

reduction of materials used in packaging a product, 

Sustainability ) 

which decreases the amount of raw materials 

extracted, energy used in processing/manufacturing, 

and pollution, etc. 

5. Social: products whose manufacture and use 

supports basic human rights and natural justice; for 

example, Fairtrade products that help producers in 

developing countries receive a fair share of profits, 

which reduces exploitation of the workforce. 

FACTFILE: 0 • ®· 
Key environmental considerations for cleaner 
design and technology 

Raw materials 

Manufacture 

Distribution 

Use 

End-of-life 
llllllili 

I 

• Use less material 
• Use materials with less environmental 

impact 
• Consider recyclable materials 
• Adhere to relevant legislation 

• Reduce energy use 
• Simplify processes where appropriate 
• Reduce waste 
• Use natural resources efficiently 

• Reduce or lighten packaging 
• Reduce mileage of transportation to 

customer 

• Increase durability of product 
• Encourage refill consumables where 

appropriate 
• Use 'green' credentials as a positive 

marketing strategy 
• Promote efficient use of product 

• Make reuse and recycling easier 
• Reduce waste to landfill 

Raw materials 

The key issues for designers when considering the 

use of materials for products and packaging are the 

environmental and economic costs of the raw material. 

Although metals are abundant in the Earth's crust, their 

extraction and processing is costly both environmentally 

and financially, largely due to the vast amounts of energy 

required to convert the ore into a finished product (for 

example, a drinks can). 

• • 
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nmber Trees Deforestation, environmental degradation of 
forest areas, distribution, etc. 

Chemical pollutants used in chemical wood 
pulp production and bleaching. 

Metals Aluminium 
- bauxite ore 
Steel - iron ore 

Environmental impact of mining activities, 
e.g. energy use, open-cast mining, 
transportation, etc. 

Vast amounts of energy required to process 
ores and resultant carbon dioxide emissions. 

Polymers Crude oil Environmental impact of drilling activities, 
e.g. energy use, destruction of habitat, etc. 

Vast amounts of energy required to refine oil 
and produce polymers, with resultant carbon 
dioxide emissions. 

r Table 3.24 Environmental impact of raw materials used in manufacturing processes 

Polymers are derived from crude oil, which is a finit e 

resource and for this reason designers must consider 

the use of recycled materials to reduce consumption. 

The UK relies heavily upon imported raw materials which 

have to be transported long distances, resulting in high 

transport costs and carbon dioxide emissions. 

The answer, then, is relatively simple: reduce the amount 

of materials used in order to conserve resources, which 

will in turn reduce energy consumption and pollution, 

and use more recycled materials or use materials t hat 

are recyclable. Of course, with current mass production 

and mass consumerism the solution is not an easy one. 

WEBLINKS: Q • ®· 
www.globaltrees.org/proj.asp?id=40 

This site has some interesting information regard ing 

the management of timber and some good links to 

specific woods. 

Manufacture 

The conversion of raw materials into finished products 

incurs considerable environmental impact and costs. For 

many companies the analysis of existing manufacturing 

processes can identify areas that can be modified to 

achieve more efficient and cleaner processes. The aim is 

to reduce production costs by creating designs that use 

less material and less energy during manufacture and 

to reduce waste production. Modifying the design and 

manufacture to increase efficiency may involve using: 

• a simpler design with fewer components to reduce 

materials use and assembly time 

• • 

• different materials to reduce their weight or the 

quantity used 

• materials that use less energy during manufacture and 

produce less waste 

• simpler components that are easier to machine or 

mould and produce less waste 

• a simplified or different work flow with improved quality 

control. 

The Coca-Cola '202' drinks can 

Coca-Cola Enterprises Ltd produces and distributes 

around two billion soft drinks cans per year. In the 

early 1990s, many people switched to plastic bottles, 

putting pressure on can manufacturers to reduce costs. 

As further lightweighting was not thought possible 

with the existing '206' can design, a new '202' can 

was developed. It had a reduced end diameter, whilst 

maintaining the same body diameter to contain the 

same volume of liquid. 

The change in design had to take account of the can 

manufacture, the filling process, the can strength 

and stackability for distribution. Coca-Cola secured 

the agreement of European can manufacturers to a 

common specification for the '202' can end and body. 

Previous to this agreement mach nery had to be reset 

to accommodate different suppliers' cans and different 

end profiles. 

The new '202' can design successfully reduced raw 

materials costs and simplified the production processes, 

resulting in: 

• cost savings of over £1 per thousand cans and reduced 

metal use worldwide in the earned drinks industry 



206 202 

Figure 3.48 The Coca-Cola '202' can is a good example of 
product lightweighting 

• savings of around £2.3 mill lion a year from 1995 

onwards for Coca-Cola 

• the use of lightweight cans enabling more products to 

fit in a single lorry, reducing the number of journeys in 

distribution. 

The possibility of reducing the amount of materials used 

to manufacture a product is often found in processes 

that involve cutting and stamping shapes from sheet 

materials. For example, in can manufacture careful 

calculations and efficient lay planning must be made 

to limit the amount of aluminium used for making the 

circular tops of the cans. There are two methods of 

arranging the can top on a rectangular sheet: with the 

circular tops in either a square or triangular formation. 

When the wastage of materials from the two methods 

is calculated it works out that the square method 

produces 21.4 per cent scrap, with the triangular 

method producing just 9.3 per cent scrap. This scrap 

material can be recovered and recycled. Clearly efficient 

lay planning has an enormous impact upon reducing 

material wastage. 

Distribution 

There are a number of issues relating to cleaner 

distribution of goods around the UK but they all result 

in the same key concerns - extremely large energy 

use and resultant carbon dioxide emissions, which 

Sustainability ) 

a) 

sheet 

square 

b) 

sheet 

triangular 

Figure 3.49 Efficient lay planning reduces material wastage 

contribute towards global warming. Congestion on our 

roads and motorways is increasing and road haulage 

companies are significantly adding to this. Other forms 

of transport could be used that are less polluting, such 

as trains (especially electric trains) or even waterways 

where appropriate. The size of journeys could be 

reduced from the manufacturer to the consumer either 

by use of local resources or geographical locations of 

distribution centres. If a lorry has to make a journey 

then there are a number of things that could be 

done to save fuel, such as reducing or lightening 

the amount of packaging used in products, driving 

sensibly and smoothly and exploring alternatives to 

fossil fuels. 

Alternatives to fossil fuels 

Apart from the obvious pollution from traditional 

fossil fuels, the financial cost of diesel and petrol will 

continue to rise. Therefore, the only realistic course of 

action for drivers and transport companies is to find 

less polluting and cheaper alternatives that address 

three key factors: good performance, reliability and 

availability. Unfortunately, it is the lack of availability of 

these alternative fuels that is the main reason they are 

not widely used at present. 

• • 
• 
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Liquefied petroleum gas 
(LPG) 

Bio ethanol 

Compressed natural gas 

Hydrogen 

Electricity 

• Relatively good fuel availability 
• Good range of kits available 
• Reduced emissions 
• Increasingly good supply of used vehicles 
• Low-cost fuel - less than 50 per cent of diesel 
• Reliable performance 

• Reduced emissions 
• Increased power 
• Factory-fit models now available 
• Renewable fuel 

• Kits fit to existing diesel vehicles, such as HGVs 
• Similar economy to diesel 
• Reduces emissions 

• Zero emissions 
• Renewable fuel 

• Zero emissions 

( Table 3.25 Advantages and disadvantages of alternative fuels 

... -,~-.--.. ---- -1 
- -

• Not available for diesel vehicles 
• No factory-frt models available 

• Very poor availability of fuel 
• Limited availability of vehicles 
• Similar price to diesel 
• Up to 30 per cent lower economy than petrol 

• Very poor availability of fuel 
• Limited availability of kits and vehicles 
• Slow refuelling times 

• Very poor availability of fuel 
• Limited availability of kits and vehicles 

• Very limited range 
• Slow charging/refilling time 

( Figure 3.50 The Toyota Prius was one of the first mass-produced hybrid electric vehicles that switches between an e lectric motor for 
city driving and an efficient petrol engine for the open road 

• • 
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www.dft.gov.uk/ ActOnC02 

Department for Transport website devoted to 

cutting carbon dioxide emissions. 

www.toyota.com/prius 

Information on the Toyota Prius hybrid electric 

vehicle. 

Use and maintenance 

The designer's responsibilities do not end after the 

product reaches the consumer - reducing the impact 

from the use of the product must also be considered. 

Many products are designed and manufactured in such 

a way that it makes it virtually impossible to access 

internal components if something stops functioning. 

This 'built-in obsolescence' means that the product 

cannot be repaired and therefore has to be discarded 

and replaced. The issue here, then, is one of repair 

versus replacement. An example is the Sennheiser DJ 

headphones which have replaceable parts for extended 

product life. The parts that are most likely to become 

damaged, such as tearing the ear pads or pulling out 

the cable, can be ordered individually from the company 

and are easily replaced. 

[ 
Figure 3.51 These Sennheiser HO 200-Vl DJ headphones have 
replaceable parts for extended product life 

Sustainability ) 

There is also the issue of upgrading technology when 

it becomes obsolete. Mobile phones have developed 

considerably over the last few years and each new 

function means that the old phone becomes redundant. 

Perhaps there is a case for companies to simply offer 

an upgrade service where the handset can be retained. 

If upgrades are not available then the phone could be 

reused in a secondary market, e.g. developing countries 

where communication in remote areas is the priority and 

multi-functions such as games are not an issue. 

Have you ever purchased a product and asked 

whether parts could be replaced if they fail? Why 

do you suppose that this is not a major issue for 

many people and how could the repair and not 

replacement of products be encouraged? Have 

manufacturers got to encourage this or should the 

attitudes of society change? 

Design in context: The effects of technological 

changes on society: built-in obsolescence. 

( Minimising waste production 
Perhaps the most important economic factor for a designer 

of sustainable products to consider is that waste is lost 

profit. There are some simple options to consider when 

deciding how to minimise waste production at the end-of

life stage; they are referred to as the four Rs: 

• reduce 

• reuse 

• recover 

• recycle. 

Reduce 

For all designers, one of the first priorities for 

sustainability should be to reduce the quantities of any 

material chosen whenever possible. Therefore, packaging 

designers must optimise the amount of materials 

needed to package a product in order to minimise the 

consumption of resources, which will in turn achieve 

significant cost savings and improve profit margins . 

• • 
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Weight 
(grams) 

21 

15 

Metal drinks can 330ml aluminium 

1970 1990 

Weight 
(grams) 

66 

57 

45 
42 

1983 

2-litre PET soft drinks bottle 

1985 1987 1990 

Source: The Industry Council for Packaging and the Environment (INCPEN) 

Figure 3.52 All types of packaging materials have 
evolved to contain the same volume of goods with less 
weight of material 

Manufacturers are obliged to reduce 

packaging use under the UK Producer 

Responsibility Obligations (Packaging 

Waste) Regulations (1997). The 

Government's Envirowise programme 

suggests that manufacturers: 

• consider the materials and designs they 

use 

• examine ways of eliminating or 

reducing the packaging requi rement of 

a product - changes in product design, 

improved cleanliness, better handling, 

JIT delivery, bulk delivery, etc. 

• optimise packaging use, i.e. match 

packaging to the level of protection 

needed. 

In one Envirowise case study, Ambler of 

Ballyclare implemented an environmental 

policy focusing upon the minimisation of 

packaging waste. The financial benefits 

were considerable (£103,002 savings per 

year), as were the environmental benefits 

including diverting waste from landfill, 

Examine and monitor each 
type of packaging used at Ambler 

Is the use necessary? 

Reduction 

Can packaging 
be reduced 

without affecting 
product quail y? 

• use of cne-trip 
cardboard boxes 

Can packaging 
be reused or 

modified for reuse? 

Elimination 
Achieve elimination of: 
• polythene bags on 

light-coloured yarn 
• polythene wrapping on 

waste bales* 

Reuse 
On site 

Can packaging 
be recycled? 

• reusable cartons 
Off site 
• wov.en polypropylene 

packaging 

Recycling 
Consider recycllng outlets for: 
• PET strapping 
• polythene packaging on 

incoming fibre 
•waste paper and cardboard 

Minimisation 
Consider minimising waste by: 
• minimising waste to landfill 
• compacting waste to reduce 

transport costs** 
• practising good housekeeping 

to minimise general waste 

Figure 3.53 Systematic approach to identifying packaging 
use and waste minimisation by a company 

* Involved purchase of baler 

*'* Involved purchase of compactor 



reducing environmental impact and reducing disposal 

costs. The reduced use of vehicles for the transportation 

of waste also saw a 42 per cent reduction in carbon 

monoxide emissions. 

WEBLINKS: Q • ®· 
www.envirowise.gov.uk 

Independent advice and support on practical ways 

to increase profits, minimise waste and reduce 

environmental impact for UK businesses. 

Reuse 

Part of the cyclic factor of sustainable design is the 

reuse of products, which minimises the extraction 

and processing of raw materials and the energy and 

resources required for recycling . 

A number of companies adopt returnable, or refillable, 

containers for some of their products, for example the 

door-step delivery of milk in glass bottles. Refillables 

appear to offer environmental benefits yet they often 

require greater use of resources in their manufacture 

and distribution to enable them to withstand the rigours 

of repeated use. This initial use of extra resources can 

be offset by the reuse of the container but only in local 

distribution and collection schemes. If reuse is to be 

economically viable then the cost of collection, washing 

and refilling should be less than producing a new 

container. 

Refillable containers have been one of the most 

dramatic developments in retailing in recent years, most 

notably in the reduction of packaging size of detergents 

and fabric conditioners. Concentrated forms of these 

products have been realised through technological 

developments, which has resulted in less packaging per 

dose of detergent. 

Recouer 

The manufacture of any product obviously requires 

the use of energy. If the product is simply discarded 

and landfilled then all of this energy is lost. Waste that 

cannot readily be recycled but can burn cleanly can be 

incinerated in specialised power stations to generate 

electricity and provide hot water for the local area. 

This is not an ideal solution (waste reduction is), but by 

adopting such technology less finite fossil fuel is needed 

Sustainability ) 

[ Figure 3.54 Recovering energy from waste 

to generate electricity in conventional power stations. 

In Sweden 47 per cent of waste is recovered in energy 

from waste plants and in the Netherlands 34 per cent is 

recovered. Tetra Pak education service has claimed that 

you could run a 40W bulb for an hour and a half on the 

energy released when one aseptic carton is burnt. 

Recycle 

Essentially, recycling takes waste materials and products 

and reprocesses them to manufacture something new. 

Some materials, such as paper and boards, can be made 

into the same products and others can be made into 

something completely different such as plastic vending 

cups into pencils. Recycling is an important aspect of 

a modern consumer society with millions of tonnes of 

waste being disposed of in landfill sites or incinerated, 

causing environmental concerns. 

Recovery and recycling of metal 

Metals are ideally suited to recycling as they can be 

readily melted down and reused many times. The first 

stage in the recycling of metals is that the ferrous and 

non-ferrous metals need to be separated out. 

Ferrous metals such as steels and cast irons are graded by 

size prior to being melted down. They have a relatively low 

scrap value and this can be an issue as it could be more 

economical to use steel produced from raw materials 

as opposed to using steel manufactured from scrap. 

Although there is a case against the recycling of steel on 

economic grounds it is the world's most recycled material. 

• • 
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Non-ferrous metals, such as aluminium and copper 

on the other hand, are of more value in their scrap 

form. These metals are sorted into different grades 

of material and are used according to their 

particular grade. 

One of the issues of recycling metal is that in some 

cases it is very difficult to tell the difference between 

ferrous and non-ferrous scrap. A drinks can may be 

manufactured from either steel or aluminium and when 

they are covered in graphics it is difficult to tell what the 

material is. 

The best test in this instance is to check the can with a 

magnet. Steel is magnetic and aluminium is not. This 

characteristic is often exploited in the recycling pla nt. 

As the scrap material passes through the plant on a 

conveyor belt it moves beneath a large electromagnet 

that separates out ferrous from non-ferrous metals. 

Once this is done, the steel is sent off to be melted 

down in one furnace, which is usually an electric arc 

furnace, and the aluminium sent to a second furnace. 

One interesting fact in recycling aluminium is that it 

actually takes less energy to recycle aluminium than it 

does to produce aluminium from bauxite. 

Steel 

Copper 

Aluminium 

Using an electric arc furnace scrap metal is 
processed into high-quality tool steel and stainless 
steel. 

75-80 per cent scrap copper is processed in blast 
furnaces, or electric arc furnaces, to produce high
quality copper. 

To produce aluminium from scrap requires 
temperatures of about 660°C. To produce 'virgin' 
aluminium using the Hall-Heroult process requires 
temperatures of about 900°C. 

Table 3.26 Metal recycling 

WEBLINKS: Q • ®· 
www.recyclemetals.org/whatis.php 

www.recyclingexpert.eo.uk/RecyclingMetals.html 

These websites give an insight into the recycling of 

metals. 

• • 

Remarkable pencils 

Remarkable Pencils Ltd has successfully managed to 

recycle plastic vending cups into pencils and other 

stationery. The plastic contained in one high-impact 

polystyrene vending cup is enough to make one 

remarkable pencil. Some people may argue that 

plastic vending cups are themselves unnecessary but 

daily production rates of 20,000 pencils means that 

20,000 vending cups are being saved from disposal on 

landfill sites every day. The company has developed a 

strong, contemporary brand identity with its products 

so that consumers are more liable to purchase an 

environmentally aware alternative to the traditional 

wooden pencil. 

Conduct a study on the amount of waste 

generated by your school or ccllege. Where does 

the majority of it come from - photocopying, 

litter, school dinners? How could this waste be 

minimised? Just think that your school is just 

one of thousands of schools in the UK alone - all 

producing as much waste as you! 

(°R;newable and non
~newable sources of energy 
Since the industrial revolution in the 18th century, 

the burning of fossil fuels on an increasingly massive 

scale for generating power has resulted in large 

emissions of carbon dioxide, a greenhouse gas that 

contributes to global warming. The concentration of 

carbon dioxide in the Earth's atmosphere is increasing, 

raising concerns that solar heat will be trapped and 

the average surface temperature of the Earth will rise . 

Scientists estimate that a rise in global temperatures 

of between 1.5 and 2°C could cause unimaginable 

devastation through flooding, changes in weather 

patterns, desertification and displacement of entire 

populations. Therefore, a more sustainable solution 

for the planet's future energy needs based upon 

economic and environmental implications must 

be sought . 



Figure 3.55 Carbon dioxide emissions by country 

The 'Sandals1 versus the '1Uukes1 

Since global warming has become high on the 

environmentalist agenda, 'green' groups are split on the 

issue of which is the more sustainable - renewable or 

non-renewable forms of energy. 

On one side is the conventional green lobby, which 

believes in weaving ourselves more deeply into the 

natural world through the use of renewable energy 

sources like wind, solar and biofuels. On the other side 

is the less conventional opinion that humans should 

not place more demands upon nature but instead 

use technology such as nuclear energy and carbon

scrubbed natural gas. 

The ideal power source has to produce the largest 

amount of energy achievable at an affordable cost, with 

as little environmental pollution as possible. Renewable 

energy is still in its infancy and is currently quite 

expensive to set up, but with time and more widespread 

use could become economically viable. However, its 

supply is unreliable (sun for solar cells and wind for wind 

turbines) and there are problems with energy storage. 

Nuclear energy, on the other hand, is now an extremely 

safe way of producing energy with very low carbon 

emissions. Many scientists argue that a combination of 

the two is the best way forward. 

Sustainability ) 

Thousands of metric tons of C0
2 

produced annually 

1,000,000+ 
300,000-1,000,000 
100,000-3,000,000 
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FACTFILE: Q • ®· 
'Sandals' versus 'Nukes' 

Sandals 

Nukes 

The Sandals believe in the back-to
nature approach where humanity 
should be woven more deeply into 
the natural world through the use of 
renewable energy sources. 

The Nukes are less conventional green 
thinkers who believe that technology 
is the way forward, therefore reducing 
our dependency on the planet's 
natural resources. 

'-THINK ABOlfT 'THIS! 0 ' • ®· 
-- - - ---

Divide your class up into two groups: one will be 

the Sandals and the other Nukes. Research and 

hold a debate on the topic of renewable sources 

of energy versus nuclear energy. Record your 

findings. You may also want to consult with your 

Geography department as this is also an issue for 

them - perhaps Geography students versus D& T 

students! 

• • 
• 



( Unit 3: Designing for the Future 

Wind 

Water 

Solar 

Biomass 
and 
biofuels 

Power of wind 
turns turbines, 
which generate 
electricity 

Running water 
turns turbines 
and generates 
hydroelectric 
power (HEP) 

Hot water and/ 
or electricity 
generated from 
solar energy via 
solar panels and 
photovoltaic cells 

Plant materials 
are either 
incinerated to 
produce heat 
and electricity 
or biogas is 
produced from 
anaerobic 
digestion 

• Flexibility: can be used in large-scale wind farms 
for national electrical grids as well as in small 
individual turbines for providing electricity to 
rural residences or grid-isolated locations 

• Use of wind turbines is non-polluting, 
environmentally friendly and sustainable; 
produces more than 50 times as much 
energy over its lifetime as is consumed by its 
construction and installation 

• Produces low-cost power if developed 
commercially, involving low marginal costs to 
run as fuel costs close to zero with relatively low 
maintenance costs 

• Could be installed offshore to minimise visual 
impact and take advantage of the moderate yet 
constant breezes 

• Fuel is not required so eliminates fuel costs and 
production of carbon dioxide 

• Hydroelectric plants are highly efficient with 
minimum running costs due to highly automated 
operation 

• Hydroelectric plants tend to have longer 
economic lives than fuel-fired generation, with 
some plants now in service having been built 
50-100 years ago 

• High initial set-up and construction costs 
recovered after only a few years due to sale of 
vast amount electricity generated 

• Reservoirs created provide improved leisure and 
tourism, e.g. water sports, fishing, etc. 

• Large dams can control flooding and protect 
towns downstream 

• Huge amounts of energy available from the sun 
• Pollution free during use 
• Low operating costs and very little maintenance 

required after initial set-up 
• Economically competitive especially for isolated 

or remote regions 
• Produces enough electricity for the national grid 

to cope with peak demand times 
• Local grid connected solar electricity systems 

can be self-sufficient 

• Relatively inexpensive source of energy 
• Large amounts of waste biomass materials 

available from agricultural processing and landfill 
• Production of biogas reduces the release 

of methane into atmosphere - a harmful 
greenhouse gas 

• By-products of biogas production can be sold 
and used as compost and fertiliser to improve 
soil condition 

Table 3.27 Advantages and disadvantages of renewable sources of energy 

• • 

• Can only provide a small proportion of total 
energy needs due to the number of turbines 
needed in relation to space available for wind 
farms 

• Unsightly onshore wind turbines and wind farms 
spoil picturesque landscapes 

• Infrastructure required for wind farms damages 
landscape 

• Controversial - noise and vibration of moving 
turbine has potential to affect local community 

• Affects environmentally sensitive coastal sites, 
e.g. those with substantial birdlife 

• Extremely expensive to construct dams and 
power plants 

• Flooding of vast areas of land to create reservoir 
requires local population to be relocated 

• Rivers may be diverted, which causes problems 
to local communities who rely on river for living 

• Dam failures (accidental or sabotage) could 
cause massive destruction due to flooding 

• Greenhouse gases produced can be high in 
tropical regions due to decay of plant life in 
reservoirs, producing methane 

• Hydroelectric projects can be disruptive to 
surrounding aquatic ecosystems, e.g. affecting 
fish breeding and therefore birdlife 

• Causes changes in the downstream river 
environment, e.g. erosion of river banks and low 
dissolved oxygen content of water 

• Relatively expensive set-up costs for domestic 
and commercial buildings 

• Currently, solar electricity can be more 
expensive than electricity generated by other 
sources 

• Solar heat and electricity are not available at 
night and may be unavailable due to weather 
conditions, so a storage or complementary 
power system is required 

• Energy lost by converting DC current generated 
into AC current for use in the national grid 

• Ecological damage, including deforestation and 
intensive farming practices 

• Currently, expensive processing costs of 
converting biomass into fuels with low yield 

• Incineration causes carbon dioxide pollution 



Fossil fuels 

chain reaction 
creates heat, which 
is used to boil 
water, produce 
steam, and drive 
a steam turbine 
which in turn 
generates electricity 

The burning of 
hydro-carbons (oil, 
coal and gas) to 
produce heat and 
power 

• Uses uranium, which is an abundant and 
widely distributed fuel 

• Controlled chain reaction creates heat that 
can also be used to heat the power station 

• Mitigates the greenhouse effect if used to 
replace fossil-fuel-derived electricity 

• Passively safe nuclear reactors use new 
technology leading to increased levels 
of safety to avoid leaks and overheating 
leading to meltdown 

• Future development of fission reactors, 
which are cleaner and more efficient 

• Economies of scale: large amount of 
electricity produced leading to low-cost 
energy supply 

• Gas-fired power stations are very efficient 
• Power stations can be built almost 

anywhere, including dedicated transport 
networks assuring large quantities of fossil 
fuels 

Sustainability ) 

• Unpopular/mistrust with public due to media 
coverage of large-scale accidents, e.g. 
Chernobyl in 1986 

• Problem of storing radioactive waste for 
indefinite periods, e.g. thousands of years to 
decay 

• Potential for severe radioactive 
contamination by accident or sabotage and 
proliferation of nuclear weapons in some 
countries 

• Mining of uranium causes damage to 
environment and pollution 

• Finite resources: coal, oil and gas will run out 
• Largest source of emissions of carbon 

dioxide, contributing to global warming 
• Generates sulphuric, carbonic and nitric 

acids, which cause acid rain 
• Fossil fuels contain radioactive materials that 

are also released into the atmosphere 
• Burning coal generates large amounts of fly 

ash 
• Mining of coal and extraction of oil and 

gas cause damage to the environment and 
pollution 

• Regional and global conflicts triggered over 
oil reserves 

Table 3.28 Advantages and disadvantages of non-renewable sources of energy 

WEBLINKS: 0 • ®· 
www.carbontrust.co.uk 

The Carbon Trust helps businesses and the public 

sector cut carbon emiss ions, and supports the 

development of low-carbon technologies. 

(Respo~sibilities of developed 
~untnes 

Global sustainable development 

The challenge for people in developed countries is the 

need to reduce the use of scarce resources and reduce 

pol lution. Th is requires a shift t owards sustainable 

consumption and the reduction of an individual's 

'carbon footprint'. 

The challenges for developing countries are different. 

In many instances peopl e in deve loping countries need 

to consume more, for example t o gain greater access 

t o clean water, electricity and health care. One method 

might be to trade more with developed countries t o 

bring in much needed fore ign investment to domestic 

economies. Developing countries will need to have 

access to markets in developed countries in order to 

expand. However, developed countries need to shrink 

their markets to address over-consumption, which 

creates tighter and more impenetrable markets for 

developing countries t o sell to. 

Th e United Nations General Assembly authorises 

Earth Summits where representatives of all nations 

meet to discuss sustainable development. Most 

countries have estab lished, with the World Summit on 

Sustainable Development (WSSD), som e form of focal 

point or mechanism at the nationa l level t o oversee 

the implementation of the Earth Summit agreements, 

e.g. global trade or reduction in greenhouse 

emissions. All count ri es are invi ted to speak at these 

summits. Norway, for instance, has stated several 

practical steps towards sustain able consumption that 

would include: 

• • 
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• improving analysis, public awareness and participation 

• providing incentives for sustainable consumption 

• energy: sustainable use, efficiency and renewable 

sources 

• implementing new strategies for transportation and 

sustainable cities 

• accelerating the use of more efficient and cleaner 

technologies 

• strengthening international action and cooperation. 

Extract from the Report of the Symposium: Sustainable 
Consumption, Ministry of Environment, Norway (1994) 

Therefore, it follows that if global sustainable 

development is to succeed then all nations must firstly 

agree the terms and conditions and secondly, and more 

importantly, implement the changes needed. 

THINK ABOUT THIS! Q • ®· 
Organise a mini Earth Summit by dividing the class 

into two groups representing either developed 

(UK or USA) or developing (Africa or China) 

countries. What are the main issues for global 

sustainable development in each type of country? 

How can you agree upon resolutions to tackle 

these problems? 

Figure 3.56 Countries participating in the Kyoto Protocol 

• • 

Impact of industrialisation on global 
warming and climate change 

Kyoto Protocol 

The Kyoto Protocol is an amendment to the United 

Nations Framework Convention on Climate Change, 

an international treaty on the contribution of human 

activities to global warming. The protocol sets targets 

for the reduction of greenhouse gas emissions (carbon 

dioxide and others) by 5 per cent of 1990 levels by the 

nations signed up to the agreement by 2012. 

The objective of the protocol is to stabilise greenhouse 

gas concentrations in the atmosphere at a level that 

would prevent dangerous changes to the world's 

climate. The treaty was negotiated in Kyoto, Japan in 

1997 and came into force in 2005 following confirmation 

by Russia. As of December 2006, a total of 169 countries 

have signed up to the agreement, representing over 

61 .6 per cent of emissions from industrialised developed 

countries. Participating countries agreed on a set of 

'common but differentiated responsibilities'. 

• The largest share of historical and current global 

emissions of greenhouse gases has originated in 

developed countries. 

• Per capita emissions in developing countries are still 

relatively low. 

signed and Ratified 
signed, Ratification pending 
signed, Ratification declined 
no position 

,, 

• 
• • 
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• The share of global emissions originating in 

developing countries will grow to meet their social and 

development needs. 

The United Nations Framework Convention on Climate Change 
(2006) 

This means that developing countries are exempt 

from emission reduction targets in the Kyoto Protocol 

because they were deemed not to be the main 

contributors. Although developing countries such as 

China and India are undergoing rapid industrialisation 

and are exempt at present, they also share the common 

responsibility that all countries have in reducing 

em1ss1ons. 

A notable exception to the Kyoto protocol is the United 

States which, although supporting it in principle, has 

never confirmed its participation. This may be partly due 

to the massive amounts of energy required to sustain its 

economy and a reluctance to accept targets imposed 

upon it. Instead, it has signed up to an agreement 

between Asia-Pacific nations including Australia, 

China, India, Japan and South Korea. This Asia-Pacific 

Partnership on Clean Development and Climate agrees 

to cut emissions by developing cleaner energy supplies 

and technologies but without the enforcement of 

specific targets. 

Non-Fossil Fuel Obligation (NFFO) 

The Non-Fossil Fuel Obligation (NFFO) was instigated 

in 1989 when electricity generation in the UK was 

privatised. Originally, money raised by the associated 

Fossil Fuel Levy was used to subsidise UK nuclear 

power generators, which continued to be state 

owned. However, its scope was enlarged to include 

the renewable energy sector in order to offer financial 

support for renewable technologies. 

The UK Government has stated that it wishes to halve 

its carbon emissions by 2050, which is an ambitious task. 

Therefore, the government superseded the NFFO with 

the Renewables Obligation (April 2002) stating that all 

electricity suppliers should source 10 per cent of their 

supply from renewable technologies by 2010, rising to 

15 per cent by 2015. The most promising sources of 

alternative energy in the UK are wind, wave and tidal. 

The development of wind energy is a rapidly expanding 

business and the UK has the largest potential wind 

energy resource in Europe. It is set to account for 8 per 

cent of electricity generation by 2010 and is capable 

of producing electricity for the National Grid at prices 

Sustainability ) 

Figure 3.57 More-favourable offshore wind farms are set to make 
significant contributions to the UK's renewable energy production 

much lower than that of coal and nuclear. The cost of 

wind power has reduced considerably over the last few 

years due to the fall in cost of turbines, the increase in 

size of turbines meaning that fewer are needed and 

decreasing project development costs as developers 

have gained experience. Although wind farms have 

been controversial when located onshore, the recent 

trend for offshore locations could be a compromise that 

will benefit the whole of the UK. 

Marine renewable technologies such as wave and tidal 

energies are a huge untapped resource for the UK, 

having the best wave and tidal resource in Europe. It 

has the potential of providing a considerable proportion 

of the UK's energy needs and a number of innovative 

marine energy devices are currently under development. 

However, such technologies face a number of 

challenges before they can become fully operational on 

a large-scale commercial basis. 
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• ®· 
The development of offshore wind farms and 

wave and tidal technologies will affect the coastal 

regions of the UK. What effect could they have 

upon shipping and other commercial practices on 

which the UK relies? 

WEBLINKS: 0 • ®· 
www.bwea.com 

The British Wind Energy Association. 

www.climatechallenge.gov.uk 

Understanding climate change in the UK. 

Reducing your 'carbon footprint' 

A 'carbon footprint' is a measure of the impact human 

activities have on the environment in terms of the 

amount of greenhouse gases produced, measured 

in units of carbon dioxide. These greenhouse gases 

(primarily carbon dioxide, methane and nitrous oxide) 

are a result of industrialisation and modern living, and 

are contributing towards global warming. 

Every time you watch television, for example, you are 

producing carbon emissions because of the burning of 

fossil fuels in the generation of electricity. Therefore, it is 

everyone's responsibility to reduce his or her individual 

carbon footprint. In the first instance this involves 

recognising their personal impact on global warming, 

including: 

• annual household energy use, e.g. electricity and gas use 

• annual travel, i.e. car and public transport, flights, etc. 

There are many ways that an individual can save energy 

in the household. These include installing energy-saving 

lightbulbs, and turning electrical appliances off when 

not in use rather than using the 'standby' button. In 

terms of travel, car sharing, public transport, cycling or 

walking are viable alternatives to using the car. However, 

when there are very few alternatives, such as a long-haul 

flight, carbon offsetting might be the answer. 

Carbon offsetting is way of compensating for the 

emissions produced with an equivalent carbon dioxide 

• • 

saving. These can range in scale from planting trees in 

the UK to conservation of wildlife habitats in Africa or 

South America. Some of the large- projects can also 

benefit local communities by providing employment, 

which reduces poverty. 

For manufacturers, their carbon footprint can be 

reduced effectively by: 

• applying life-cycle assessment (LCA) techniques to 

products in order to accurately determine the current 

carbon footprint 

• identifying 'hot spots' in production processes in terms 

of energy consumption and associated carbon dioxide 

em1ss1ons 

• optimising energy efficiency, so reducing carbon 

dioxide emissions and other greenhouse gases 

contributed from production processes 

• identifying carbon offsetting solutions to neutralise the 

carbon dioxide emissions that cannot be eliminated by 

energy-saving measures. 

Use the carbon footprint calculator at www. 

carbonfootprint.com to work out just how much 

you impact global warming. What can you 

personally do to reduce your carbon footprint? Are 

there ways in which you can offset your carbon use? 

WEBLINKS: 0 • ®· 
www.carbonfootprint.com 

www.click4carbon.com 

Both contain lots of information on reducing your 

carbon footprint. 

Sustainable timber production 

The UK relies heavily upon the import of forest products 

and accounts for 8 per cent of global trade in tropical 

hardwoods. The developing countries that produce this 

timber benefit little from this trade, with only 10.5 per 

cent of the revenue from timber production benefiting 

the producing country. Timber has been the focus of 

considerable efforts over the pas-: decade to establish 



more sustainable production and trading systems. There 

are a number of problems associated with forests. 

• Deforestation: the full-scale removal of forests to 

make way for other land uses such as settlement, 

infrastructure and mining. Global deforestation is 

currently taking place at a rate of approximately 

17 million hectares each year. Deforestation occurs 

because trees are being felled at rates faster than new 

ones can be planted, and because many are cleared 

to make way for other land uses. When reforestation 

occurs it is not of equal quantity or quality as it does 

not replace all the benefits of the natural forest. 

• Environmental degradation of forest areas: linked 

to deforestation can be soil erosion, watershed 

destabilisation and micro-climate change. Industrial air 

pollution also reduces forest health. 

• Loss of biodiversity: deforestation and environmental 

degradation contribute to a rapid reduction in 

ecosystem, species and genetic diversity in both 

natural and planted forests. Forest abuse in biodiverse 

tropical regions is of major concern, with some 

scientists estimating that 1 per cent of all species are 

being lost each year. 

• Loss of cultural assets and knowledge: for 

indigenous peoples whose lives are destroyed by 

deforestation. Undocumented knowledge of nurturing 

the forest evolving through long periods is diminishing 

as forest area reduces. 

• Loss of livelihood: for forest dependent peoples, 

particularly in poor countries. Further social and 

economic problems are created elsewhere, such as in 

cities due to the redistribution of the local population. 

• Climate change: both regional and global and 

contributes to global warming. Forests play a major 

role in carbon storage and with their removal more 

carbon dioxide enters the atmosphere. 

Countries dependent upon the import of timber, such 

as the UK, have a responsibility to encourage the 

Figure 3.58 The Forest Stewardship 
Council (FSC) promotes 
environmentally appropriate, socially 
beneficial and economically viable 
management of the world's forests FSC 

Sustainability ) 

development of sustainable production and trading 

systems to minimise the amount of deforestation and its 

effects upon the environment, including: 

• no longer importing from sources that involve 

deforestation 

• moving to supply sources in areas of ecological surplus, 

e.g . the high-yield plantations of Brazil, Chile and New 

Zealand 

• certification systems that ensure that forests producing 

goods for the UK are sustainably managed 

• timber tracing systems to ensure that products from 

certified forests can be identified as such 

• reducing consumption through education and advisory 

approaches that show how to produce the same 

benefits from less timber 

• encouraging exporting countries to make the 

necessary policy changes required for the transition to 

sustainable forest management 

• supporting international efforts to control the trade in 

unsustainably produced wood 

• improving the aid process to poor communities 

involved in current deforestation methods. 

WEBLINKS: 0 • ®· 
www.fsc.org 

The Forest Stewardship Council (FSC). 

• • 



Revision checklist 
t> Make sure that you have answered all the questions at the end of this section. 

t> Make sure that your revision notes are well ordered, clear and up to date. 

t> Use the web links to read around each key topic so that you are well informed. 

t> Use SAMs and past papers to practise your exam technique. 

> Discuss any problems with your peers or teacher - don't keep them to yourself! 
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(l mark) These types of questions will not feature heavily at A2 level but may 
appear at the beginning of the paper. or question part. They are 
designed to ease you into the question with a simple statement or 
short phrase. 

(2+ marks) These types of questions are quite straightforward. They ask you to 
simply describe something in detail. Some questions may also ask 
you to use notes and sketches; you can gain marks with the use of a 
clearly labelled sketch. 

(2+ marks) These types of questions will be commonplace in this exam. They are 
asking you to respond in detail to the question - no short phrases will 
be acceptable here. Instead, you will have to make a valid point and 
justify it. 

(3+ marks) These types of questions require a more detailed response. You need 
to structure your own response, addressing a number of key points 
(possibly advantages and disadvantages) in your answer, sometimes 
coming up with a resulting argument or conclusion. 

(4+ marks) These types of questions will normally give you two different products 
and ask you to compare them either in terms of their design and 
manufacture or issues relating to sustainability. 

(4+ marks) These types of questions will appear towards the end of the paper or 
question part and are designed to stretch and challenge the more 
able student. They require you to make a well-balanced argument, 
usually involving both advantages and disadvantages. 



The following four questions should demonstrate 

the style of questions using some of the different 
types of command words. The places where marks 

have been awarded are indicated in brackets. 

These are referred to as 'trigger points' and are 

parts of the examiner's mark scheme where marks 

are expected to be awarded. 

Exam question 1 

Explain two advantages to the manufacturer of 

using an electronic point of sale (EPOS) system to 

gather sales information. 

(4 marks) 

Martin 
1. It is faster at collecting sales information. 

(1 mark) 
2. It uses a barcode to identify the product. 

(1 mark) 

Two statements are offered, neither of which are 

justified. The first statement is relevant, as faster 

collection of sales information would benefit the 

manufacturer, but why? The second statement 

simply notifies us of a component of EPOS and not 

an advantage. 

David 

1. EPOS provides an easier and faster way of 

collecting sales information (1 mark) which can 
be used by the manufacturer to respond quickly 
to consumer demand (1 mark). 

2. EPOS enables the manufacturer to operate a 
JIT system (1 mark) which reduces the need for 
large stock levels and so reduces costs (1 mark). 

(4 marks) 

Two fully justified responses are given that clearly 

demonstrate the candidate's knowledge and 

understanding of EPOS when applied to the 

manufacturer. The focus of this type of question 

could quite easily be on the retailer or the 

consumer so it is really important that you read the 

question carefully. 

Exam question 2 

Discuss the benefits of using genetic engineering in 

the production of timber 

(3 marks) 

Joseph 
Genetic engineering benefits the production of 
timber because it produces quicker-growing trees 
that are more resistant to disease (1 mark) so there 
is a plentiful supply of raw materials for things like 
doorframes (1 mark). 

(2 marks) 

The first part of the response contains two relevant 

points: 'quicker-growing trees' and 'more resistant 

to disease', but they are not justified. The second 

part of the response seems to pull the whole 

response together by making reference to there 

being trees grown specifically to make doorframes. 

Leena 
Genetic engineering can be used to produce trees 
with enhanced aesthetics (1 mark). This means that 
it may not need as much painting or polishing 
(1 mark). The growing of genetically modified trees 
also involves better forest management, which 
reduces the problems of deforestation (1 mark) 
caused by the vast amount of raw materials needed 
for the timber industry. 

(3 marks) 

This is a good response that looks at the question 

from a sustainable point of view. The candidate 

makes the connection between the need for 

vast amounts of raw materials and how genetic 

modification of trees can be used in a positive way 

to supply the needs of the timber industry. 

Exam question 3 

Aesthetic design movements throughout history 

have influenced the styling of products and 

architecture. Outline the 'style' of one of the 

following aesthetic design movements: 

• Art Nouveau 

• Art Deco (6 marks) 



Lizzie 

Art Nouveau was a movement that used flowing lines 
in its designs as opposed to Art Deco, which used 
zig-zag shapes. It was a time when people had more 

money and could afford to buy more products. They 
wanted things that looked good so they liked the 
idea of more stylised decoration such as flowing lines 
that looked like plants (1 mark). Women featured 
heavily in their designs with long, flowing hair (1 mark). 
Designers were also inspired by Japanese culture. 

(2 marks) 

You will see that the first sentence is not awarded 

a mark as the question asks students to outline the 

style of one movement only and not to compare two. 

The second sentence is simply waffle. The following 

two sentences gain marks because they describe two 

styling points whilst the last sentence simply makes a 

statement with no explanation. 

Jon 

The style of the Art Nouveau movement is probably 
best characterised by the languid line (1 mark). 

Designers found inspiration in natural forms (1 mark) 

and represented them with curvy 'whiplash' lines and 
stylised flowers (1 mark). The peacock feather motif was 
often featured because it symbolised the hedonistic 
views of the time (1 mark). Art Nouveau was often 
referred to as 'feminine art' due to its frequent use of 
languid female figures with long, flowing hair (1 mark). 
The grid structures of Japanese interiors provided 
vertical lines and height to many pieces of furniture, 
(1 mark) especially those of Charles Rennie Mackintosh. 

(6 marks) 

When you read this response you can instantly tell 

that this student is well informed on the subject of Art 

Nouveau and has studied it in some detail. Again, the 

marks in brackets indicate where the marks have been 

awarded. Here, there are clearly six different aspects to 

Art Nouveau styling succinctly presented. 

Exam question 4 

Evaluate the use of fully automated production 

and assembly lines incorporating robots when 

manufacturing products compared with labour-

intensive methods. (10 marks) 

Mark 

Machines can do things quicker, better and more 
efficiently than humans. A robot can work for 24 
hours a day without a break or getting tired but a 
human can't (1 mark). It also costs a lot to employ 

many workers when you don't have to pay a machine 
anything except that it costs a lot to buy in the first 
place (1 mark). People that work on production lines 
often become bored with their jobs as they do the 
same thing every day and they are usually not very 
well paid (1 mark). (3 marks) 

The candidate has started the response with a very basic 

statement that does not gain any marks at A2 level. 

The response focuses upon the idea that machines are 

more efficient than humans but fails to justify many of 

the points raised sufficiently. The candidate would have 

benefited perhaps from structuring the response in 

rough first in order to fully evaluate the topic. 

Justin 

Advantages of fully automated production over 
labour-intensive methods: 

• Automation increases productivity and reduces 
running costs (1 mark) due to the efficiency of 
machines and less wages paid to a large manual 
workforce (1 mark). 

• Robots can work freely in hazardous conditions 
such as paint shops, (1 mark) which humans could 
not do without risks to health and safety (1 mark). 

• Automation can free up the workforce from 

repetitive manual labour (1 mark) allowing more 

people to enter higher-skilled jobs, which are 
typically higher paying (1 mark). 

Disadvantages of fully automated production over 
labour-intensive methods: 

• Automated processes with robots are not 
suitable for extremely detailed manufacturing 
and finishing activities (1 mark) where the 
human senses such as vision, touch and pattern 
recognition are still better (1 mark). 

• Robots do not have the ability to learn and make 
decisions when the required data does not exist 
(1 mark) whereas a human workforce can react 

quickly to change and adapt accordingly (1 mark). 

(10 marks) 

Here, the candidate has structured the response in 

a logical manner as 'evaluate' questions ask for both 

advantages and disadvantages. The bullet-pointed 

responses under each heading are fully justified 

and demonstrate a very good understanding of 

the impact of automation upon manufacturing and 

employment. Note that more responses are given for 

advantages than disadvantages - this is perfectly ok 




