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Foreword from the Foresight Materials Panel

The development and application of new materials has a significant effect on our

use of energy and our health, our use of communications technology and our

security.  In short, materials play an increasingly important role in our everyday

lives.  It is clear that a manufacturing and innovation strategy which highlights

advanced materials development is more likely to provide wealth creation and

commercial success.

Foresight is an essential part of the process to identify new opportunity for industry,

government and academia.  It stands as a signpost to the future.

In this new series of reports, the third phase of Materials Foresight, new

thinking is provided for the benefit of national stakeholders.

The Materials Panel wish to record their thanks to the many individuals and

companies who have contributed to the development of these reports, and to the

Institute of Materials, Minerals and Mining who provided the secreteriat for this work.
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Chairman’s introduction

The objectives of this Foresight Task Force study of

Smart Materials were to carry out a worldwide

comparative review of the status of this important

technology, to identify the key drivers and barriers to

its commercial exploitation, and to recommend a

strategy for future UK government funding support.

Our first task was to define what we considered to

be Smart Materials and, indeed, this report

complements other recent Foresight studies

including Functional Materials and Sensors.  Together, these topics occupy a

highly interactive ‘technology space’ which will underpin the development of

products with increasing levels of functionality and provide the key to 21st century

competitive advantage.

Second, we adopted a market-oriented approach with the aim of addressing the

need to enhance the practical realisation of existing smart materials-based

technologies, tailored to particular customer and market requirements. A range of

major potential market sectors were selected for study and three areas were

selected, based on a number of metrics, including comparitive UK technical and

commercial competitiveness and market growth potential, as representing the

best current opportunities for the UK to reap the benefits of future government

and industry investment.

The Foresight Materials Panel has a track record of being a major influencer

within the UK technology sector and, with the expertise of the Task Force

assembled on Smart Materials, I would expect this record to be enhanced further.

The implementation of the Task Force recommendations will help to consolidate

both the UK’s science and technology base and to enhance its industrial 

competitiveness in this key area.

I should like to thank the Task Force members for their time and efforts. I wish

also to express my thanks to Lord Sainsbury and the Office of Science and

Technology for their continued support and encouragement.

Dr Alan Hooper CEng FIMMM

Chairman Smart Materials & Systems Committee, IoM3
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Executive summary

The key to 21st century competitive advantage will be the development of

products with increasing levels of functionality. “Smart Materials” will play a

critical role in this development, where we define these as materials that

form part of a smart structural system that has the capability to sense its

environment and the effects thereof and, if truly smart, to respond to that

external stimulus via an active control mechanism.

The objectives of this Foresight Task Force study were to carry out a world-wide

comparative review of the status of this important technology, to identify the key

drivers and barriers to its commercial exploitation, and to recommend a strategy

for future UK government funding support. 

It did not aim to provide a technology-driven review, in terms of material or

generic device type, for which there is already a copious literature : classes of

material such as piezoelectrics, photochromics, electro-rheological fluids and

shape memory alloys, for example, are all well-known. There is no shortage of

potential technical solutions in this area but, equally, no single solution will fit all

applications. The need is, rather, to enhance the practical realisation of the

existing materials-based technologies, tailored to particular customer and market

requirements. Thus, a market-oriented approach was adopted, encompassing :

� Transportation

� Agriculture, Food and Consumer Packaging

� Construction 

� Sports & Leisure 

� White Goods and Domestic Products

� Healthcare

together with a perspective from the Chemical Industry Sector on smart materials

supply opportunities.

Some of the conclusions drawn are market sector-specific, but from these, some

common themes emerge which, together with some more generic observations,

form the basis of a consolidated future strategy for the successful further

development and exploitation of smart materials technology in the UK.

The major specific recommendations of the Task Force are :
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1.   The establishment of a UK National Centre of Excellence

This should be modelled on the best practice emerging from various current UK

government initiatives e.g. Faraday Centres, Interdisciplinary Research Centres

and Defence Technology Centres. The fast-moving nature of technical

developments in this field and its broad market sectoral appeal both lend

themselves to a ‘hub and spoke’ structure, combining a strong management

function with a high degree of flexibility. The Centre could be focused only on

‘smart materials’, as defined within this study, or have a wider, ‘functional

materials’ remit. 

2.   A focused market-oriented approach

To derive maximum benefit for the UK, the Centre, or any other mechanism of

future government research and development support in this area of technology,

should be strongly market-focused.  The Task Force recommends that initial

emphasis should be placed within three sectors: 

� Food & Packaging

The requirement here is the development of materials technology that

provides pragmatic and cost-effective solutions to smart labelling and

packaging applications.  This will consolidate the UK’s lead within

Europe in product sophistication, range and quality, combined with the

usage of on-line purchasing.  The UK is also well placed to exploit

smart materials technology in the implementation of traceability

protocols to improve food quality and safety.

� Healthcare

The targetted development of smart biomedical materials and systems

technology within this sector will consolidate the UK’s current

world-class status in biomaterials, implants, external prostheses and

tissue engineering-related areas.  Key to this activity will be an

understanding of the bio-interactive behaviour of materials and the

development of bio-compatible components and devices.

� Automotive / Motorsport

The introduction of smart materials technology-based products will

consolidate the UK’s currently strong position in motorsport, in the face

of increasing competitive pressure from overseas.  Developments in

this area will also eventually flow down into the mainstream

automotive sector.  Important technical issues to be addressed will

include enhanced actuator performance, device integration and

cost-reduction.
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3.   A technical focus on the practical implementation and life cycle 

considerations of smart systems

Technical focus should be based around the issues of [smart] device fabrication,

miniaturisation and integration; product manufacturability; and life cycle use,

including recycling.  This reflects the view of the Task Force that it is these issues

that are the major barriers to the exploitation of smart materials technology, rather

than the availability of the smart materials themselves.  It is in the practical

implementation of smart materials technologies, and in the subsequent added-

value, where the UK can best derive a commercial advantage.

It is finally concluded that “Smart Materials” technology provides an

excellent opportunity for the UK. However, despite significant progress over

the last five years, supported by various government programmes, it

remains relatively poorly positioned world-wide. The implementation of the

Task Force recommendations will help to consolidate both the UK’s science

and technology base and to enhance its industrial competitiveness in this

key area.
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1 Introduction to smart materials

The key to 21st century competitive advantage
will be the development of products with increasing
levels of functionality.

This will include structural and non-structural functions, individually and in

combination, active and passive. It will apply to both large structures, fixed and

mobile, and to consumer products,  across all of the major industrial market

sectors.  Smart Materials will play a critical role in this development.

Here, we define ‘Smart Materials’ as materials that form part of a smart structural

system (figure 1) that has the capability to sense its environment and the effects

thereof and, if truly smart, to respond to that external stimulus via an active

control mechanism.  Often, the sensing function alone is taken as sufficient to

constitute ‘smartness’ and this is therefore also included within this study.        

Sensor Actuator

Electronics

Smart 
System

Figure 1:  A smart system can sense and respond to its environment
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Functional
Materials

Sensors
Smart

Materials
& Systems

Nanotechnology Biomimetics

Figure 2:  Smart materials and systems occupy an overlapping technology space between sensors and 
functional materials and draw strongly on nanotechnology and biomimetics as underpinning technologies

This report complements other recent Foresight studies including Functional

Materials, focusing more on intrinsic materials properties and processing, sensors

and nanotechnology.  These topics occupy a highly interactive ‘technology space’

(represented in figure 2) together with other generic platform technologies such as

biomimetics.  Additional, more narrowly defined, related topics of much current

interest, such as ‘tagging’, also sit in this technology space.

This study does not aim to provide a technology-driven comparative review in

terms of material or generic device type; table 1.  (For this, the reader is directed

to a copious literature, including recent reviews.)  It is clear from such an exercise

that there is no shortage of potential technical solutions in this area but, equally,

that no single solution will fit all applications.  The need is, rather, to enhance the

practical realisation of the existing materials-based technologies, tailored to

particular customer and market requirements.  A market sector-oriented approach

Response Electrical Magnetic Optical Thermal Mechanical

Stimulus

Electrical Electrochromic Thermoelectric Piezoelectric
Electroluminescent Electrostrictive
Electo-optic ER fluids

Magnetic Magneto-optic MR fluids
Magnetostrictive

Optical Photoconductor Photochromic

Thermal Thermochromic Shape memory
Thermoluminescent

Mechanical Piezoelectric Magnetostrictive Mechanochromic Negative
Electrostrictive Poisson ratio

Table 1:  Stimulus-response matrix for selected smart materials (ER fluids – electro-rheological fluids; 
MR fluids – magneto-rheological fluids)
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is therefore taken here, aimed at identifying the current status and potential

impact of ‘smart materials’ technologies, the drivers and barriers to their

exploitation and the current UK competitive position. 

* Topics not considered independently in this study

Based on this information, and with reference to the outcome of a 1997 Expert

Meeting sponsored by the Engineering and Physical Sciences Research Council

(EPSRC) and on subsequent national actions and out-turns, recommendations

are made for short- and long-term actions, particularly by government, to enhance

UK competitiveness in this important area. 

Multi-sectorial opportunities

� Transportation

� Agriculture, food and packaging

� Healthcare

� Construction

� Sports and leisure

� White goods and domestic products

� Energy and environment*

� Space*

� Defence*

What is ‘Smart’?

The terms ‘smart’, ‘functional’, ‘multifunctional’ and ‘intelligent’ are often used

interchangeably.  This is reasonable, if confusing, for the first three terms but the last

almost certainly suggests a degree of consciousness that does not exist in any

non-biological system.  There is arguably no such thing as a ‘smart material’ per se -

there are only materials that exhibit interesting intrinsic characteristics which can be

exploited within systems, or structures that, in turn, can exhibit ‘smart’ behaviour.

This argument is exemplified by comparing a photochromic material that changes its

colour state when exposed to light and a simple metal that changes its physical state

when passing through its melting point when subjected to heating.  The first is often

termed ‘smart’; whilst the latter is not.
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2 Application sectors

2.1 Transportation

In transportation, the largest effort in R&D in smart materials has been in the

military aerospace sector, followed by the automotive and marine sectors.  There

appears to be very little application in the rail industry, perhaps because of

conservatism and lack of investment.  

The requirements for smart materials in the transport sector can be generalised.

For example, there is a need for materials with better functional properties such

as piezoelectricity or shape memory effect.  The integration of smart materials to

render the host structure ‘smart’ or intelligent is also important and this, in

particular, has been one of the barriers to exploitation in this sector.

The transport sector is huge and supports significant UK-based industry across all

the sub-sectors of civil and military aerospace, automotive, marine and rail, as

well as the civil engineering infrastructure.  Smart materials could create a

significant market advantage if barriers to exploitation such as conservatism can

be overcome.  

Aerospace

In the US, substantial programmes have been funded by bodies such as the Air

Force Research Laboratories, Army Research Laboratories, Naval Research

Laboratory, Jet Propulsion Laboratory and NASA, as well as the large aerospace

companies.  Much of this funding has been directed to US universities, which have

spawned a number of successful SMEs.  In particular, the US has concentrated

effort on active smart materials research in this sector and is a consequently a

world leader.  A recent example is the DARPA Smart Wing programme.

In Europe, there have been smaller initiatives involving CEC-funded programmes,

defence programmes funded by the WEU (Western European Union) and the

aerospace companies, especially those which now make up EADS (European

Aerospace and Defence Systems).  Other companies such as MBDA and

Dassault and organisations such as DLR (the German Aerospace Research

Centre), NLR (the Dutch equivalent) and other research establishments and

companies have also been involved both in passive (purely sensing) applications

such as structural health monitoring and in active applications.

In the UK, activity has been on a smaller scale, with effort concentrated on

passive applications like health and usage monitoring systems (HUMS) for engine

monitoring, structural HUMS and damage detection.  In helicopters, vibration

diagnostics are currently used to monitor gearboxes for damage and there is a

requirement to extend damage detection to blades.  Applications in active blade
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contouring and active vibration control systems are also being researched, but the

force and displacements required are a problem with current materials, resulting

in high power density requirements for such applications.  The use of smart

materials such as piezoelectric fibre composites may aid this research, but the

development of this type of material is in its infancy and application consequently

a long way off. 

It is notable that research into smart materials for active applications (such as

vibration reduction of structures, adaptive structures and noise reduction) are less

well established in the UK both in industry and academia.   

Automotive

It is instructive to look at the successful use of MEMS (micro-electro-mechanical

systems) as sensors in the automotive sector.  MEMS devices are used, for

example, for the deployment of air bags and anti-lock braking systems (ABS).

Figure 3 identifies over 40 other automotive sensor applications, some of which

could be addressed by the use of smart materials.  Figure 4 shows the predicted

market for MEMS by 2005, raising the question as to whether smart materials may

have the same impact; there are signs that this market is beginning to increase.

Figure 3: Potential automotive sensor applications, some of which could be addressed by smart materials 
(courtesy Bosch)

For detection of throttle valve
opening/closing

For seat belt
buckling
detection

For detecting shift lever
positions in AT vehicles

For roof opening/closing
detection

For trunk
closing 
mechanisms

For trunk and back door
opening/closing detection

Back sensor

For lubrication tank
lid opening/closing
detection

For detection of loosely
latched doors and
opening/closing of doors

For power window position detection
(guillotine prevention system)

For detection of
hydraulic conditions
(ABS, VSO system)

AT switch

Corner sensor

For shift locks in
AT vehicles

For hood opening/closing detection
(theft prevention system)

For carburetor switch 
valve detection
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Some ‘true’ smart materials - electrochromic materials - are being used in

automatic light and heat control in the automotive industry (e.g. self-dimming

mirrors and rear windows).  A less mature application is the use of actuators as

substitutes for small motors, the advantages here being reduced weight and fewer

failures because of reduced complexity.  Also less mature is the use of smart

materials to reduce noise and vibration; resulting in enhanced comfort and safety

benefits, especially for professional drivers.

There is currently a drive in the automotive industry towards braking and steering

‘by wire’.  A hybrid and evolutionary approach is being adopted, with electric

motors replacing mechanical means of powering hydraulics.  The ultimate aim is

to replace hydraulics entirely with all-electric systems.  The use of smart materials

may help in this goal where, for example, brakepad condition monitoring will be

required to determine brake efficiency.  This will necessitate measuring

temperature, pad thickness and brake force.

Active suspension systems have been developed for optimised vehicle control

and occupant comfort.  Stiffness and damping can be controlled using systems

incorporating electro- and magneto-rheological fluids, but have problems with

lifetime, particle settling, excessive power consumption and cost.  Further

developments of these materials, and perhaps systems incorporating piezoelectric

materials would benefit this sector. 

A further application of smart materials in the automotive sector is the use of

shape memory polymers in the so-called ‘fender bender’, where deformations as

a result of minor collisions can be removed by treatment with a heat gun  (The

shape memory effect enables the original shape of the structure to be regained.)

Cost will again influence potential widespread use of this technology.

$ Millions

$1,600

1,200

800

400

0

2000 2001 2002 2003 2004  2005

Figure 4:  Worldwide MEMS sales in select consumer electronics segments (source: Cahners In-Stat Group)
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Automotive applications tend to require high volume and high performance, the

ability to function in a hostile environment and a low cost.  Smart materials are

likely to succeed in this sector if they can perform more than one function, or if

they can be integrated in a way that reduces assembly and production costs.

Marine

There have been a number of programmes involving the application of smart

materials in the marine sector; most are defence-related and are of modest size.

They include strain measurement in a composite rudder using embedded fibre

optic Bragg gratings (FOBG), strain measurement in a large carbon fibre

composite yacht mast (using a similar type of sensor), and vibration reduction in

ship and submarine equipment platforms.  Smart materials have, however, found

no real widespread application as yet in this sector.  One possible future

application may be in self-repair of damaged structures, especially underwater.

Rail

A number of condition monitoring applications have been developed which can be

used in rolling stock (e.g. brake pad monitoring, pantograph monitoring, ride

quality determination, wheel profile measurement, on-line engine monitoring).

Infrastructure monitoring is another area, e.g. the detection of collisions with

bridges by road vehicles can be achieved using infrared beams and

accelerometers. 

These applications currently tend to use conventional sensors, although there

may be scope for improving these techniques by the use of smart materials.

Monitoring of track (and rail) condition is an obvious example where smart

materials may find application.  There has also been research into the active

damping of pantographs using piezoelectric materials. 

Barriers to exploitation

A useful comparison, again, is the use of MEMS in the automotive industry.  Here,

the availability of cheap devices processed on a large scale (albeit not as large as

the semiconductor industry) has produced a successful industry with many further

applications identified.  If the exploitation of smart materials is to follow this

success, a number of barriers need to be overcome:

� Better materials properties

� System compatibility (materials available in suitable form for application)

� Availability and cost 

� Better awareness and acceptability of smart materials in traditional 

engineering sectors

� Spin-off from other sectors needs to be achieved



Recommendations

As highlighted, there are a number of significant potential markets for smart

materials.  The aerospace sector is relatively conservative, mainly because of  the

need for certification for airworthiness.  The automotive sector, with its large

product volume, should see the increased use of smart materials as opposed to

merely the addition of sensors to improve the performance of automotive systems.

The marine sector has traditionally been conservative, as has the rail sector, but

opportunities must surely exist within the latter for smart materials both in rolling

stock and infrastructure improvements.

A number of research areas  could be strengthened to address some of the

barriers to exploitation of smart materials in these sectors:

� Piezoelectric fibre composites to enable structural applications (through 

actuator/structure integration).

� High performance single crystal piezoelectric actuator materials.

� Shape memory polymer materials.

The latter may also have significant applications in the medical sector and

possibly elsewhere.

2.2 Agriculture, food and consumer packaging

The May 2000 consultation document of the Food Chain and Crops for Industry

sectoral panel of Foresight looked at the challenges this sector will face over the

next 10 to 20 years and considered likely science and technology inputs.  It

emphasised that what we eat and drink and the way we use our countryside are

of considerable interest to most people and represent a major contribution to the

UK's economy – 3.3 million jobs and 8% of GDP (or £56bn).  In the report, a

number of scenarios were developed and the panel was clear that if the worst

scenarios are to be avoided, the food chain must become more cohesive, with a

key factor being regaining trust and improving communication, particularly

between primary producers and the rest of the chain.

The information needs of UK food chain consumers in the future will be

dramatically different from today.  The majority of consumers will be technology

literate and more demanding; they will expect fast, honest responses from

producers, stakeholders and legislators to the myriad of concerns regarding food

safety, nutrition, allergenicity, health claims, organics, genetic modification,

sustainability, novel food processing, pesticide residues, additives and the ethics

of food production.  The nature of market demands, geographical factors,

legislative constraints and international trade will place greater demands on

quality assurance schemes and protocols. 

Foresight Smart  Mater ia ls  Taskforce 16
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Traceability – the ability to trace and follow a food, feed, food-producing animal or

substance through all stages of production and distribution – will be the new

mantra, with legislation the key driver.  The expectation will be that the path of a

product through the agri-food chain, and the raw materials used, will be explicitly

traceable to finished consumed products.  In this way, if things do go wrong, the

location of all affected products in the supply chain will be instantly available.

Central to this data driven, product-tracking network is the development of new

materials and manufacturing process for smart labels and tags.

Smart packaging has another category of meaning when the package not only

contains and protects the product but also functionally enhances the product, or

aspects of product consumption, convenience and security.  Consumers of the

future will be older, more technically aware and willing to pay for lifestyle and

convenience factors, particularly associated with the consumption of packaged

food and beverage products.  Smart materials and packaging systems will

therefore also feature significantly in this new world, where the term “smart

packaging” can be considered in two ways.  In one, it is a conventional package

with a smart label or tag; in the other, it is everything else where the packaging

adds functional performance.  Both are exciting new fields of development, with

the potential to dramatically change packaging in the future.  The first category is

essentially supply chain driven, whereas the second is exclusively consumer

driven.

Smart labelling and the supply chain

Smart tags are at a very early stage of development and currently barely merit

their ‘smart’ nomenclature.  There is no doubt, though, that future developments

will give them a broad range of interactive and communication capabilities so they

become truly smart.  A major barrier to implementation will be cost.  At present,

smart labels are relatively expensive, ranging from £0.70 for the basic tag in high

volume production to several pounds for tags with special packaging.  Since the

agri-food supply chain is intensely cost-driven, the major technological challenge

is to dramatically lower the price of smart tags to pennies per tag and to increase

their range so they become as disposable as today's bar codes.

The ultimate objective is a labelling device for the product that transmits to and

receives data from base stations or ‘portals’ located at key points throughout the

supply chain, recording and monitoring critical control points.  As such, the

technological infrastructure requirements are for common standard, integrated IT

systems across the supply chain and linked to the Internet.  The vision is of a

network of readers communicating directly with the labels and the Internet.  These

will serve as the communications link for the network, controlling the whole

distribution process and automatically updating information as items progress

through the chain to the consumer.  Future iterations envisage smart packaging

data flowing through the supply chain plus consumer applications such as

shopping carts that automatically charge a bank account, refrigerators that tap



into the Internet to automatically re-order items that are running low, and

interactive televisions linked to refrigerators that feed targeted commercials and

special offers to consumers.

At present, this vision is most advanced in the US, where companies such as

Procter and Gamble (P&G) are funding research at the Auto-ID Centre at the

Massachusetts Institute of Technology, showcasing “Home of the Future” and

“Store of the Future” concepts.  Test marketing the first iteration is already

underway and is  aimed at inventory management.  P&G says it stands to shave

two to three days off its supply chain, resulting in a $1.5bn decrease in working

capital and savings of $100m spent managing inventory in the supply chain.

Since 15% of all US consumer merchandise is out of stock on any given day,

tightening the supply chain would probably increase sales by reducing out-of-

stock items.

The development of smart labels is currently in a state of technological infancy.

Most are based on radio frequency identification (RFID) technology and consist of

a thin consumable label with a microchip and an antenna that combine to form a

transponder.  Despite this, in 2001 the world low-cost RFID market was estimated

to be worth over $34m, with around 40% of the revenues generated in Europe

and the UK, where there was predicted to be a healthy growth rate.

In the UK, trials using RFID tags provided by Omron are underway with

distribution crates for Sainsbury’s on short shelf life chilled foods that have to be

transferred from manufacturer to consumer rapidly and efficiently.  Carlsberg

Tetley, one of the UK's largest brewers and drinks suppliers, uses an RFID

tracking system to identify and control all movements of pallets and kegs.  Marks

& Spencer is also implementing a faster, more cost-effective supply chain

management system by electronically tracking refrigerated foods all the way from

production to purchase.  Intellident, the UK systems integrator that specialises in

data tracking with barcodes and smart labels, is leading a three-year effort to

replace the current barcode systems with RFID tags and scanners.

The application of these technologies has been encouraged within the UK by the

injection of £5.5m in the “Chipping of Goods” government initiative aimed at

demonstrating how property crime can be reduced through electronic tagging.

Initial projects include the embedding of anti-theft ID chips into boat structures

and the tagging of packaging for products such as mobile phones, spirits and

jewellery for logistic tracking and authentication through the supply chain.  The

application of the technologies has also been encouraged within the UK in recent

years through the initiative of UK businesses, acting as value-added resellers and

system integrators by finding novel applications for the technologies.  Examples

include interactive “Star Wars” toys from Innovision and “World Golf Systems”

driving ranges incorporating Eureka tags from Avonwood Developments.

A suite of enabling technologies will be needed to bring about the truly smart

Foresight Smart  Mater ia ls  Taskforce 18



label, based on digitally printed low-cost 2D electronic polymers, photovoltaics,

new methods of package construction (such as laminating, coating and printing

technology) and elements of nanotechnology.  This in turn will lead to the

adoption of a ubiquitous network of smart packages that track every phase of

progress of products, creating a step change in the performance of the supply

chain and initially generating major benefits to the producer and distributor.

Technological thrusts in the area of chipless tagging have received considerable

interest recently.  Chipless tags offer the potential for smart labelling at a fraction

of the cost of conventional chipped RFID tags.  Many chipless tag technologies

are based around advanced magnetic material technologies using soft and

semi-hard magnetic materials.  A key provider of these materials is

Vacuumschmelze, a subsidiary of the UK company Morgan.  Small innovative UK

companies including Sentec, Scientific Generics and their related companies

Holotag and Flying-Null, though initiated by large companies such as IBM,

currently dominate innovation in this area.  Innovative tagging solutions are also

being developed within QinetiQ, Europe's largest R & D organisation.

Advances in both magnetic material technologies and low-cost antenna deposition

technologies are likely to enhance the UK's competitive advantage in the field.

The market for very low-cost chipless tags is difficult to define at present, with the

dominant use of chipless tags currently being in areas such as electronic article

surveillance rather than in product identification.  This is largely because of the

end users’ limited knowledge of the benefits that the various technologies can

provide.

Smart materials and the consumer

Technological change involving smart materials and smart systems will impact on

the consumer in two key areas: via the growth in on-line shopping assisted by

cost-effective smart label technologies, and by the development of smart

packaging.

On-line grocery shopping today accounts for less than 10% of purchases; in 5-7

years’ time it is predicted to account for 15-20% of purchases.  To reach this and

greater levels of penetration, Internet shopping will require packaging materials

and construction to be consistent with fully automated picking systems using

smart tag technology.  Under this scenario, supply chain implications are

considerable, with a move towards goods and services produced and tailored to

individual specifications and greater power residing with the consumer.  Once

purchased, online links from the package to supplement electronic information will

assist in consumer tailoring and provide direct and immediate information

download regarding product usage, specifications and package disposal criteria.

Smart packaging developments generally fall into two main categories, ‘active’

and ‘intelligent’ packaging.

SMART MATERIALS FOR THE 21ST CENTURY
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Active packs become active in response to a particular triggering event - for

example, filling, exposure to UV, release of pressure - and then the active process

continues until it is exhausted.  In the UK, active packaging is best illustrated by

the incorporation of the highly successful foam-producing ‘widget’ in metal

beverage cans for beer.  Other developed active packaging concepts in metal

containers are based on self-heating or self-cooling to provide improved

functionality and consumer convenience - desirable where time compression and

lifestyle changes are increasing the emphasis on enjoyment and leisure, placing a

premium on convenience.

In intelligent packaging, the package function switches on and off in response to

changing external/internal conditions; a visual communication to the customer or

end user as to the status of the product is often included.  A simple definition of

intelligent packaging is thus “packaging which senses and informs”.  Give a self-

heating or self-cooling container a label incorporating thermochromic ink as part of

the design, and the package becomes ‘smart’ in that it informs the consumer

when the container contents have reached the correct serving temperature.  Other

visual signals might include time-temperature integration information for shelf-life

sensitive products or stress or applied loading indicators that change colour at a

certain stress threshold.  With the continual development of smart materials and

systems and their application to innovative package design and construction,

additional communication and sensing functionalities will become possible via

photovoltaic, photochromic, piezochromic and hydrochromic materials, applied as

inks during the printing/decoration process.

Easy openability will be a paramount feature of future packaging, particularly in

view of the coming demographic changes that will significantly increase the

percentage of older people across Europe.  The focus will be on better design

(size, shape, etc) and the optimum use of materials to produce easily opened

packages consistent with the capabilities of an ageing population. 

Developments in low peel-force adhesives and structures, even smart packages

that are self-opening but still tamper-proof, are likely.  For example, the

incorporation of smart adhesives in bonded (rather than mechanically seamed)

ends might allow the development of ends that open via debonding of the

adhesive on application of current from a small battery pack.  Alternatively, we

might envisage a shape memory material acting as a metal rubber band to retain

an end or closure that vents or opens automatically with change in temperature,

e.g. on microwave heating.

Over the last few years, food safety and quality have been of growing concern to

consumers, and consumer security assurance, particularly for perishable food

products, is now paramount.  The development of time-temperature indicators

(TTIs) addresses these concerns.  These devices are generally based on

physical, chemical or enzymatic activity with diffusion-controlled mechanisms and

lead to visible changes in the indicator.  Colour change sensors to indicate the
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degree of product freshness are under active development.  The future package

might inform the consumer that the product is unacceptable via tamper evident

features and warning indicators of thermal or mechanical abuse.

Cost-effective smart materials and systems development will perhaps one day

realise the truly interactive tin of beans that greets the consumer at supermarket

aisles, plays music or even flashes the brand logo of the product in bright lights as

an inducement to purchase.  And once bought and back in the home, the labelling

and communication devices on our smart package will additionally provide an

interaction with smart inventory systems, smart storage/disposal and smart

cooking equipment in the kitchen.  Smart labels on packaging could also play a

critical part in the last stages of the lifecycle of the package, at the recycling centre.

Drivers and barriers to the adoption of smart packaging

A summary of the drivers, issues and enabling technologies for smart packaging,

taken from work done by Pira International Ltd, is shown in figure 5.

Figure 5:  Smart packaging - the drivers, issues and enabling technologies (courtesy Pira International Ltd)
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Smart materials in agriculture and horticulture

In addition to the current focus on smart tags for supply chain management and

smart packaging for consumer safety and convenience, there is a huge potential

for smart materials further upstream in agricultural processes of production and

supply.  Developments here are expected to advance more slowly but already

look promising.

Smart coatings are beginning to impact on the critical early stages of agriculture:

when seeds are planted.  Farmers typically have a very narrow and uncertain

planting window because of weather.  If a farmer plants too early and the soil is

too cold, seeds that have begun to absorb moisture can be harmed or killed.

Conversely, planting too late may mean missing a critical part of the growing

season.   Landec Corporation has begun to commercialise smart polymer-based

seed coatings that can help avoid these problems and improve overall

productivity.  Intellicoat“ seed coatings are acrylic side-chain crystallisable

polymers tailored to phase change reversibly at various temperatures from 0 to

68°C. As the side chain components melt, water permeation increases 

dramatically, thus regulating the timing of seed germination in response to

changes in soil temperature.  Field and commercial trials with corn, soybean and

several other seed types are underway in the US.

Smart gels are materials that change their volume dramatically when subject to

chemical, thermal, magnetic or electrical activation.  Hydrogels can expand or

shrink more than 100% in response to pH or hydration change, providing the

opportunity to construct smart valving systems that automatically activate irrigation

and watering cycles in horticulture practices when soil hydration falls below a

certain level.

Recommendations

Across the agri-food chain, from farm to fork, there is a major market for future

applications and developments in smart materials, smart systems and smart

packaging, with the potential to impact on all sectors of society.  Central to this will

be two key needs for the grower, processor, filler, retailer, consumer and even

recycler, which could come from the packaging that is an integral part of the

materials and products transported along the food chain;

1. The need for significantly more information about the package and 

contents history, and

2. The requirement for improved functionality from the package itself

The UK scientific and technical community has significant strengths in core

technology competencies such as thin-film physics, surface engineering, novel

polymer development, nanotechnology and membrane technologies.  These are

not, however, currently being employed at critical mass in the broad field of smart
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packaging, where the overall emphasis is on pragmatic, low-cost workable

solutions.  This area should be extremely attractive to the UK as an area of future

development.  The UK food and drink industry is the largest sector of UK

manufacturing and although there has been an overall decline in employment in

UK manufacturing, this sector has been relatively stable.  Two additional unique

factors provide grounds for the UK to take a lead in smart labelling/packaging:

1. UK supermarkets lead Europe in sophistication, product range and quality, 

and UK households lead Europe in use of Internet and on-line purchases.  

This lead would be consolidated and extended by a coherent programme of 

smart label and packaging development, with obvious commercial implications

within the EU,

2. Recent UK experience in dealing with issues and problems across the food 

chain.  The UK is uniquely positioned to develop technological systems and 

understand the implementation of traceability protocols that could be marketed

globally to improve food quality and safety and deliver intelligence in 

emergency situations.

2.3  Construction

The 2001 Foresight report “Constructing the Future” has, as the first of its major

recommendations, the promotion of ‘smart’ buildings and infrastructure.  This

includes accelerating the introduction of new technologies, advanced materials

and ‘intelligent’ products as a means of creating new business opportunities,

improving living/working environments, and enabling information feedback to

improve construction quality.  The report specifically identifies as exemplars the

use of embedded sensors to remotely monitor building performance, the use of

smart technologies for identity, data collection and management, and decorating

paint that electronically changes colour and warns of stress points.  

Under ‘sustainability’ the report further identifies the use of embedded chips to

contact repair or maintenance teams before breakdown and smart concrete that

senses real-time vibration of bridges and structures, all of which fall within our

definition of smart materials.  Links are also made to biomimetics and

nanotechnology.  The report concludes that a concerted effort is needed to effect

rapid technology transfer from research into practical application.

Within the construction sector, the applications for smart technology fall into three

main categories: structural health monitoring (including damage detection);

vibration control; and the control of the user environment (visual, thermal,

electro-magnetic, acoustic, etc).  There is also a distinction between applications

related primarily to large load-bearing structures and those related to interior and

exterior building design and function. 
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Structural health monitoring

Structural health monitoring is the most mature aspect of smart materials and

systems technology in this sector.  The construction sector is in the vanguard of

the practical realisation of such technologies, focusing on the monitoring of loads

and damage detection in original and repaired structures.

The SPIE Smart Structures and Materials 2002 and NDE for Health Monitoring

and Diagnostics 2002 meetings featured a number of smart systems within the

construction sector.  These were dominated by health monitoring applications

using fibre-optic-based systems in Germany, Italy, France and North America,

together with one in Korea using acoustic emission.  In the UK, fibre-optic

systems were deployed during 2001 (as part of the DETR’s ‘Partners in

Innovation’ scheme) to monitor the health of polymer composite liners used to

strengthen jack arch structures for London Underground.

A major three-year European collaborative project being carried out in the UK

under the auspices of the INTErSECT Faraday Partnership is concerned with

integrity monitoring in harsh environments.  This has included the integration of a

fibre optic-based sensor system into a polymer composite bridge constructed at

West Mill in Oxfordshire.  This represents an exciting step forward in the UK in

terms of a real practical demonstration of ‘smart’ technology within the

construction sector.  A similar system, for real-time strain monitoring, was

previously demonstrated by the same UK research team on a steel road bridge in

Norway.

The greatest reported level of activity is in North America where, again, the

monitoring of bridges is a central theme.  Schemes in the US include the use of

optical fibre grating systems for traffic monitoring and composite repair monitoring.

The best co-ordinated activity is probably that in Canada under the auspices of

the Intelligent Sensing for Innovative Structures [ISIS] collaborative research

group.  Described as “a network of centres of excellence”, ISIS links 72

researchers across Canada with public and private sector groups with an interest

in innovative solutions in the construction and repair of bridges, dams and

buildings.  ISIS also forms the monitoring hub for the smart bridges and

structures.  As elsewhere, the technology focus is mainly on polymer composite

structures and optical sensors.  Other recently reported activities involve the use

of embedded and surface-mounted MEMS sensors for the monitoring of concrete

and metal structures.

Vibration control

Vibration control is the major practical manifestation of active control systems in

construction, principally for the mitigation of wind-induced and seismic vibration.

There is growing worldwide interest in wind-induced vibration with the increased

emphasis from bridge and other structural designers on the use of slender

cable-stayed structures, popular for their aesthetic appearance (figure 6).  A
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recent European Framework 5 project, for example, has looked at the active

control of cable-stayed structures using both conventional hydraulic and

innovative magnetostrictive actuators.  UK researchers provided the

magnetostrictive technology input to this project.  Another magnetic solution,

based on magneto-rheological fluids has also been applied to the damping of a

cable-stayed bridge in China and to the reduction of the effects of earthquake in

Japan.

The recent  problem of structural instability in the Millennium (“Wobbly”) Bridge

across the River Thames was solved by retrofitting a passive damping system.

The design engineers considered an active smart system but, although this would

have provided an effective and tuneable system, rejected the idea largely on cost

grounds.

The potential to use a smart material for direct structural reinforcement rather than

for vibration control has also been described.  This suggests the use of shape

memory alloys for large-scale structural applications offshore, including

reinforcement, clamping and jacking. 

A concept that considers the mitigation of the effects of structural damage (for

example, from an earthquake) without the need for a monitoring system is that of

‘self-repair’.  In the US, work has been carried out on the incorporation of

encapsulated glues within concrete structures - particularly interesting in that it

represents a ‘smart’ system that does not actually involve the kind of smart

materials primarily considered in this study.

Figure 6:  Jubilee Bridge, London (courtesy Peter Durant /arcblue.com)
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Environmental control

Environmental control is the least well developed area of application for smart

technologies.  Applications relate primarily to exterior and interior building design,

with the emphasis on environmental control, fashion and IT (further discussed in

the Domestic Products section).  There are also strong links to the concept of the

‘smart building or home’ and to healthcare, including care of the elderly, crime

prevention and energy efficiency.  Ultimately, smart materials and related

technology could be incorporated into spaces that respond to the user via voice,

movement or personal tags.  The uptake of smart materials technology will be

mutually dependent on the degree to which the current drive towards integrated IT

technology within this sector is taken up.  

Specific applications may be categorised as ‘positively beneficial’, ‘useful’ or just

‘nice to have’.  For example, the use of smart technology to provide active noise

control would be beneficial in a variety of domestic, office and communal space

environments.  The same is true of thermal control, including air conditioning

(heating and cooling) and the control of solar radiation.  In thermal control,

potential applications for smart materials include valves, switches and other

mechanical actuators based on, for example, electroactive materials or shape

memory alloys.  In solar radiation control, the UK was a technology leader with

the development of Pilkington K-glassTM.  Further developments using smart

materials such as photo- or thermochromics  may offer added value.  Such

materials also offer the ability to control light and colour, leading to positive

benefits both in terms of energy efficiency and in areas relating more to fashion

and mood control.

Drivers and barriers

Figure 7 shows a number of technology drivers applicable to the uptake of smart

technology in the construction sector. The overarching driver has been safety,

both in respect of the integration of structural health monitoring systems and in

the use of active control systems to mitigate against damage.  Cost can be

considered as both a major driver and a barrier to technology insertion in a sector

which, historically, has a low-cost culture in respect of building materials supply.  

Any smart technology will need to be affordable, either by being intrinsically low

cost itself or by offering added value through enhanced performance, including

increased safety or reduced through life costs. The Canadian ISIS Network, for

example, predicts a doubling of design life and reduced maintenance for a smart

bridge.  An important issue here, however, is who will pay for these benefits, since

ownership of a civil structure or building may change throughout its life.  A further

driver, which will support the introduction of more high tech functionality, is

increased modular construction techniques.  Such techniques would allow the

functional features to be incorporated within a factory, rather than a more

uncontrolled construction environment. 
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Legislation is a further major driver in this sector.  As in other countries worldwide,

the introduction of heavier lorries into the UK during the 1990s led to a major

programme of work concerned with the monitoring of structural health and the

possible upgrading of the bridge stock.  This is an example of a further driver - the

life extension of ageing infrastructure.  Upcoming European legislation on noise is

also likely to have a significant impact on building regulations and methods of

construction. 

Fashion and user comfort will also be important factors in the context of both

major structures and home and office buildings.  In bridging, for example, the

trend towards ever-longer slender cable-stayed designs leads to both a

requirement for structural monitoring and for active or passive vibration control

systems to be used.  In the home or office, structures which stimulate the

occupants (through colour change, for example) may be beneficial.  Here,

especially, it will be necessary to engage with the architect and engineering

consultancy fraternities; by making them better aware of the technical possibilities

and of the potential benefits, a further current barrier to the uptake of smart

technologies will be removed.

Life
Extension

Costs Safety

Legislation
Comfort &

Leisure

Figure 7:  Technology drivers in the construction sector
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Recommendations

Within our definition of smart materials, there are a host of candidate materials

and systems which have been described in the public domain, some of which

have already begun to find their way into real applications in the construction

sector.  It is not particularly useful here to make generic recommendations

comparing individual technologies, since their eventual uptake will be application-

specific, even within a particular market sector, and based on a trade-off of

performance parameters including cost.  However, major issues that will (in

addition to cost) influence the commercial exploitation of any of the candidate

technologies in this sector include structural integration and lifetime performance

(in some cases over many decades of use).  Further work is required on these

aspects in particular.

With some notable exceptions, the UK is generally lagging behind in the

exploitation of smart technology in this sector.  This reflects a general reluctance

to use advanced materials technology in construction, reflecting an inherent

conservatism within the industry and the need to establish a more coherent

approach involving the wider stakeholder community (like the Canadian ISIS

collaboration).  In the UK, stakeholders include government departments (Energy,

Transport (particularly the Highways Agency), DTI, Environment); the research

councils (EPSRC); RTOs, academia and industry.        

Specific recommendations for the construction sector are to:

� Provide support for inter-community dialogue via workshops etc

� Establish cross-government programmes with application-driven focus

� Set up a multidisciplinary centre or network of excellence, based on best 

practice; possibly along the lines of the Canadian ISIS model

� Support the establishment and management of a materials and systems 

database, in respect of sector-specific requirements

2.4 Sports and leisure

The sports and leisure sector has always embraced new structural materials such

as aluminium alloys, titanium alloys, advanced polymers, glass and carbon

composites.  New structural materials are rarely developed for the sports industry

and often originate from materials developed for military or transport applications.

A similar pattern is emerging in the field of smart materials, whereby smart

technologies developed for other sectors (military, aerospace, etc) are being

incorporated into sports and leisure based equipment.  

The sports and leisure sector is becoming increasingly important in our society.

Undergraduate and postgraduate degrees in sport and exercise science, which
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concentrate on human performance, are flourishing and degrees in sports

engineering or technology, which concentrate on equipment design, are

increasing in number.  There is a recently formed International Sports Engineering

Association (ISEA) and the number of international conferences and journals

publishing sports engineering based research is increasing.

Current status

A good example of the use of smart materials in sport is a tennis racket

manufactured by Head (figure 8).  Modern rackets have been designed to be stiff

to maximise the energy returned to the ball, which results in the racket

transmitting large amounts of shock and vibration to the player’s arm. 

Piezoelectric

Poling
direction

Electrode

Piezoelectric

Active
damping

Microchip

Figure 8:  Tennis racket embedded with piezoelectric fibres connected to electrodes that carry the 
current to a microchip (from Gromer C (2001) Power Tennis Rackets: Racket Squad, available from
http://popularmechanics.com/science/sports/2001/12/racket_squad/print.phtml )

In an attempt to reduce vibration, piezoelectric fibres are embedded around the

racket throat.  The frame deflects slightly when the ball is hit, bending the

piezoelectric fibres and generating a charge which is collected by the patterned

electrode surrounding the fibres (figure 8a).  The charge and associated current is

carried to an embedded microchip (figure 8b) containing inductors, capacitors and

resistors which return the current back to the fibres out of phase to reduce the

vibration by destructive interference.  The manufacturers claim 50% reduction in

vibration compared with conventional rackets, although no published evidence exists.  

Similar technology is also used in K2 skis developed in the US with the aid of

ACX (Active Control eXperts).  This is an example of how a sport manufacturer

(K2) has collaborated with a smart materials specialist (ACX) to develop a new

product.  Piezoelectric materials have been incorporated into snow skis, baseball

bats, snowboards and water skis that passively damp vibration by converting

vibrations into electric charge, which is dissipated through a resistor.  A true smart

system has been manufactured for vibration damping of bicycle frames which
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uses a giant magneto-resistive sensor to detect vibration and piezoelectric

actuators to optimise the damping.

Other examples include the use of shape memory alloys for golf club faces due to

their superelastic and high damping properties, and smart textiles such as

thermochromic fabrics, conducting and photonic technologies, adaptive and

responsive textile structures and variable permeability textiles.

Potential uses  

The examples above demonstrate the potential for the incorporation of smart

materials and technologies into sports and leisure.  The large sports equipment

manufacturers are not based in the UK; but there may be opportunities for smaller

UK manufacturers to increase their market share and competitiveness by

developing products that incorporate smart technology.  Examples of UK

companies are ReacTec Ltd, a recently formed company developing skis that

adapt to the environment, SOFTswitch Ltd, which has developed a conducting

and pressure sensitive fabric, and Qinetiq, which is developing smart pressure

sensors for footballs.  In addition to new sport products, potential also exists for

the development of instrumented equipment for training or understanding human-

equipment interactions.

Market drivers

The main drivers for the introduction of smart materials and smart technology are to

(i) Improve the performance of existing sports based equipment (for example, 

via reduced vibration) and add value to the product and increase 

competitiveness with other manufacturers

(ii) Increase the functionality of an existing product, such as the use of 

conducting or colour changing textiles

(iii) Develop new products, such as instrumented equipment or training devices 

(iv) Use smart materials as a marketing tool to increase consumer interest 

Barriers to exploitation

Many of the smart materials discussed are readily and commercially available,

such as shape memory alloys, piezoelectric materials, piezoelectric fibres,

magneto- and electro-rheological fluids, colour change or conducting fabrics.  In

addition to the materials, technologies such as active and passive vibration

damping are being heavily researched in other sectors such as transport and

aerospace.

While the materials and the technologies are available, the main barrier is a lack

of awareness and understanding of the properties and applications of smart
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materials by those working in the sports industry (equipment users, equipment

designers and sport scientists).  There is also lack of published work on smart

materials in the sports science and engineering area.

Recommendations

If the use of smart materials is to increase in the UK sports and leisure sector,

those working in smart materials must work closely with sports equipment

manufacturers and sport scientists (figure 9).  To facilitate this there is a need to:

� Increase the awareness of smart materials and smart technologies to sport 

and exercise scientists, sports equipment manufacturers and existing sports 

engineers.  This could be achieved through workshops or development of 

networks

� Issue a sports engineering based programme of research through funding 

councils such as EPSRC or DTI LINK.  Sports engineering based research 

proposals often find it difficult to compete through conventional funding 

schemes, which are dominated by traditional engineering.  The call for 

proposals could have a particular remit of smart systems or require 

multidisciplinary researchers from the disciplines listed above. 

Drivers
Increased performance/

functionality

New products

Consumer interest

Materials
Piezolelectric

Shape memory

Electro/
Magneto-rheological

Smart textiles

Barriers
Costs

Awareness and 
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History of research 
funding

Groups
Equipment 

manufacturers

Equipment users

Sports scientists

Technologies
Active vibration control

Passive vibration control

Sensors/Actuators

Textiles

Figure 9:  Drivers and issues in the UK sports and leisure sector
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2.5 White goods and domestic products

The current domestic product market differentiates into two principal sectors.  The

majority, ‘white’ goods, lie in a commodity market dominated by unit price.  This

commodity sector is characterised by imports to the UK and offshore manufacture

by well known UK brands.  Both features pressurise the competitiveness of UK-

based manufacturers.

A secondary, smaller market currently exists for ‘aspirational’ products where

functionality is subsumed to the requirement for high-level branding and high

design content.  These products encompass a wide range of consumer electronic

entertainment goods, as well as sophisticated ‘added value’ products for domestic

activities such as cooking and cleaning.  Such products are strongly differentiated

from the commodity sector and suffer much less pressure on unit price.  This

aspirational market is serviced by worldwide suppliers and the UK is competitive

at this high value end of the market.

Socio-economic trends

Increasing disposable incomes in the UK are driving a demand for higher

numbers of ‘aspirational’ products.  This offers a potential paradigm shift for

domestic goods,  evolving conventional commodity products to the higher value

‘aspirational’ market sector by increasing their sophistication.  At the same time

the UK’s ageing population is creating a growing ‘grey’ sector which not only

represents a market with high disposable income, but also one which will

increasingly challenge conventional domestic products due to the specific

requirements of older age, including impaired mobility and dexterity, eyesight etc.

Finally, there is an increasing focus on improved market segmentation;  products

being strongly differentiated for markets such as the young, people with

disabilities, etc.

Drivers

‘Smart’ domestic products must be viewed within the emerging fields of both IT-

intensive ‘smart homes’ and the parallel, but distinct, technological development of

‘smart’ materials and structures.

‘Smart homes’ containing products such as smart fridges, bins or cookers offer

the possibility of an IT-intensive ‘wired’ home where, through Internet connectivity,

remote control of cooking and other household functions can take place, as well

as automatic restocking of foodstuffs through communication between tagged

packaging, electronically smart applicances, and Internet-shopping and home

delivery services offered by high street retailers.  The smart domestic products

considered in this report complement such IT-intensive developments by creating

‘stand-alone’ improvements in functionality, or ‘smartness’ by enhancing

user/product interaction.  Such product developments mirror the development of

smart tagged packaging for product identification but draw more from the
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development of smart materials and structures, where enhanced functionality is

introduced into products through the use of physically functional materials or

through the integration of these materials into structures or materials systems.

This alternative smart design concept offers a paradigm-shift in the industrial

design of domestic consumer goods.  Drawing on the ‘adaptivity’ of smart

materials and ‘smart structural’ systems, smart domestic products offer the

prospect of:

� Adding value to UK-manufactured products, allowing UK-based 

manufacturers to compete against offshore commodity manufacturers and 

suppliers through the introduction of increased levels of sophistication into 

domestic consumer products.

� New functionality, migrating such products from the traditional commodity 

sector into the higher value and less-competitive ‘aspirational’ market (see 

buyer utility map, figure 10).

� Greater levels of market segmentation for domestic products – ‘one-size 

adapts to all’ replacing ‘one-size fits all’, with the prospect of improved 

segmentation of products for the young and ‘grey’ market, people with 

disabilities, etc, without the need for manufacturers and suppliers to hold 

large product inventories.

� Improved usability through product adaptivity, exploiting new aspects of 

user/product interaction.

The six stages of the Buyer Experience Cycle

Figure 10:  The buyer utility map.  By locating a new product on one of the 36 spaces shown here, innovators 
can clearly see how a new idea creates a different utility proposition compared with existing products (based on
W Chan Kim and Renee Mauborgne Harvard Business Review Sept/Oct 2000 p130)
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Current status

Despite worldwide interest in

IT-intensive smart homes,

smart technological

development has overlooked

the potential of the

consumer products market,

from both the viewpoint of

commercial value and as a

test-bed for consumer

acceptance of smart

technologies.  Where

physical ‘smartness’ has

been introduced into this

sector, technologically

intensive approaches have

often been used, with only

limited success, particularly

at the commodity end of the

market.  Experience suggests

that a more holistic approach

involving design/materials selection/user-product interaction is a more appropriate

entry point and where this has been adopted, stronger alignment has been

achieved between product concepts and consumer need/demand.

Currently there are few integrated smart products in the marketplace or even

under development; an example of a first generation product being Russell Hobbs

visually adaptive ThermocolorTM kettle (figure 11).

A number of adaptive elements are also retro-fitted to more conventional products in

an attempt to differentiate them from competitors by increasing their level of

functionality, including thermally adaptive regions on TEFAL frying pans, the long-

standing Zanussi  ‘Smart Shelf’, and Corus’s various ‘Smart Cans’.  The latter is an

interesting family of products with embedded self-functionality, which complements

concepts such as smart tagged packaging discussed elsewhere in this report.

Opportunities for the UK

Strong consumer interest and demand for early first generation smart products

and product concepts, and the lack of further product development, suggests a

market largely unexploited and ripe for attack.  The level of work on smart

consumer goods in the UK is low, but this work leads the world: most European

and US smart developments are still focusing on technologically intensive, high

performance non-consumer applications.  These ‘structural’ technologies are not

well placed for transfer to the consumer product sector, requiring a new approach

to design and technological integration for the consumer market.

Figure 11:   A first generation ‘smart’ consumer product – the 
Russell Hobbs visually adaptive ThermocolorTM kettle 
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Technological readiness

Exploitation of adaptivity in domestic products is a question of identifying product

designs and concepts, and the development of appropriate materials systems to

deliver the required functionality.  Many of the required smart materials are

available ‘off the shelf’ or ‘near off the shelf’, such as thermochromic pigments

(figure 12), shape memory polymers and alloys (figure 13), highly strain-rate

sensitive polymers and gels.  However, they require optimisation and adaptation

to product requirements.  Technological readiness of the enabling smart materials

technologies is therefore high.  The development of smart products will depend

entirely on near-market development, focused on the integration of these

materials into products designed within the context of industrial design and

user/product interaction.

Key points

Smart consumer products:

� Offer the prospect of improved global competitiveness for UK-based   

manufacturers

� Complement developments such as IT-intensive smart homes and the 

development of other consumer-related products such as smart food 

packaging

� Have a good fit to socio-economic trends and related demands in the UK

� Have a high technological readiness

� Offer a large and currently unexploited market to attack

Figure 12: Thermochromic pigments offering the prospect of 
visually adaptive materials

Figure 13: Shape memory alloys already 
offer the prospect of physically ‘morphing’
products



2.6 Healthcare

UK materials science currently provides a robust basic sciences platform for the

investigation and development of novel smart materials.  The further diffusion of

technology to healthcare, however, demands a strong multidisciplinary strategy.

Research has hitherto tended to reflect conventional industrial needs.  The

greater transfer of know-how should be promoted by proactive alliances forged

from the start of any research initiative rather than towards the end, not only to

bring in fundamental expertise from chemistry and physics, but with active

engagement of biomedical researchers.  The NHS is already a major research

provider and, under the current health purchaser driven funding structure, is able

to catalyse and unify research themes identified on both a national and local level.

The current industrial research base in materials for healthcare comprises a ‘case

mix’ of a limited number of major internationals, but with SMEs increasingly

contributing to the strength and dynamism of the sector.  While some of the best

of these derive know-how from materials as well as biological sciences, much of

the effort relates to classical materials.  Thus with the exception of shape memory

alloys, smart materials do not feature significantly.  However, many newly

designed materials, for example for the control of drug release and modification of

tissue response, have some of the attributes of smart materials, and could

engender important advances in smart materials.

Healthcare provides a remarkably diverse, high value-added sector for smart

Recommendations

The development of the smart consumer product market will depend on:

� Awareness building of this new design paradigm through a smart materials 

outreach programme to individual designers and engineers, 

such as through the EPSRC-funded Appliance Design Network.

� Development of a focused programme of pre-competitive work on the 

benefits of smart adaptivity for improved user/product interaction, ergonomics 

and market segmentation.

� The development of project teams spanning the disciplines of materials 

engineering, industrial design, product psychology and manufacturing which 

integrate all aspects of the required technologies and design.  Experience 

shows this may have to be ‘stimulated’ since there is currently a large barrier 

to the development of smart domestic products due to the near-market and 

short-term financial view of many companies at the commodity end of this 

market sector.
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materials; so promoted programmes have the potential for high impact.  Moreover,

smart materials could serve not only as implants but also in external assistive

technologies, limited contact materials, in vivo probes and as components in

diagnostic instrumentation.

External assistive technologies

Neuromuscular functional loss constitutes a major societal burden across the age

range.  Whether from disease or trauma, the loss of either motor or sensory organ

function renders the individual unable to register their environment or have the

desired strength and mobility for an independent response.  Smart materials for

identifying the nature and direction of say auditory, optical, thermal and tactile

information would provide a key sensory component and with inbuilt ‘smartness’,

the associated transmission capability could drive electrode-triggered motor

responses.  Diabetes and stroke are just two conditions where loss of power and

sensation are a major issue, particularly with compromise of peripheral limb function.

The loss of a protective response to trauma and any resulting tissue loss place

major demands on healthcare.  Over the longer term, smart materials for limb

prostheses, with tissue-matched mechanical properties, might eventually be

integrated into single systems offering continuous signal feedback for perfecting

gait movement.  Alternatively, smart materials might be used for more subtle

control of mechanical assist devices.  Intelligent clothing could serve to provide

distributed sensing to help co-ordinate a more general gait or movement

response.
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Limited contact materials

Some materials may be required only for short-term therapeutic or diagnostic

management.  Loss of skin integrity, for example through superficial wounds and

burns, has stimulated the development of bioactive wound dressings with tissue-

engineered skin in the vanguard of current cell and tissue engineering

applications.  Natural and engineered skin is itself an intelligent barrier material,

but an artificial intelligent covering material or laminate able to, say, progress

wound healing, detect and respond to local infection and perhaps even modulate

local therapeutic drug release, would provide a valuable alternative in selected

instances.

Hydrogel technology has created polymeric materials variously able to swell,

contract, release drug payloads, change optical properties and oscillate in

response to a host of external electromagnetic and solution-mediated triggers.  The

environmental sensitivity and subsequent property changes of such ‘soft’ technology

could provide the necessary designer replacement materials for a broad spectrum

of medical needs from artificial muscle through to targeted cancer therapy.

Materials able to cross skin and mucosal epithelial barriers could achieve

needle-less drug delivery.  Such carriers could also deliver drug therapy to selected

locations.  Current needle, catheter and endoscopy devices can lack flexibility and

be too invasive for certain clinical applications.  Controlled multi-directional flexibility

here, combined with an inherent sensing/guidance capability, would both reduce

levels of ‘invasiveness’ and help abort damage due to, say, malpositioning.

Similarly for surgical tools, especially for keyhole and microsurgery, location and

pressure registration would in future aid operative procedures and at the very least

help to compare different operative techniques, relating these more objectively to

outcomes to improve both reliability and reproducibility of surgical practice.

Humans are smart

The representation of a ‘smart system’, shown in figure 1, is often compared to a

biological entity, including ourselves, with nerves (to sense), muscles (to actuate) and a

brain (to process information).  This idea has now come full-circle in a number of respects:

first, the concept of using directly, or mimicking, biological materials and mechanisms to

provide functionality and smartness in other environments; second, the idea of using

synthetic, but biocompatible, smart materials and devices to replace failing inherent

smartness in biological systems, as we age, for example; finally, the development of

synthetic smart systems into robots, to completely replace human function.
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In vivo systems

Existing biomaterials are used to replace lost tissue structure and function over

considerably extended periods, though with cumulative complications.  A

capability for in situ adaptation and responsiveness could revolutionise outcomes.

A valid starting point is the incorporation of smart material elements into existing

devices.  In-built physical, chemical and bio-sensors could register adverse

surface phenomena such as surface clotting, inflammatory changes due to

rejection and infection, as well as help quantitate implant progression to full

integration with local tissue.  Where necessary, early preventative measures could

be taken to avoid implant failure.  If reactive drug release or structural change in a

material based on changes in demand in vivo could be activated, then the need

for external therapeutic management could be minimised.  Drug targeting using a

smart material to home in on a particular tissue, for example using chemotoxis or

binding to specific cell receptors, would help economise on dosage and minimise

side effects.

A smart polymeric interface responding to external electrical or magnetic fields

with a change in surface property could allow remodelling and regeneration of an

interface, allowing the removal of undesired biofilms on catheters and stents or

elimination of biofouling layers.  Restructuring of polymeric scaffolds under

oriented force fields would facilitate non-invasive modification of tissue engineered

implants, for example with respect to dimension, anisotropy and porosity.  As a

long term possibility, small particulates, the equivalent of smart dust tried in

chemical atmospheric monitoring, could be used to, say, gauge the performance

of a critical tissue compartment (in heart or lung) after medical intervention or

during chronic disease.

Diagnostic instrumentation

Smart materials using ultrasound or electromagnetic radiation as the currency for

information offer further miniaturisation and a more refined instrumentation

platform for a new generation of medical imaging systems.  Such an approach –

using ever smaller length scales extending down to the sub-micron –  could

eventually be extended to give functional and dynamic imaging. 

In the post-genomic era, a smart card for genetic data compression and as a

refining tool for individualising drug therapy would revolutionise clinical decision-

making.  Smart materials within such formats could simplify reporting of biological

assays and thus be used for personal, multiparameter monitoring.

Barriers to exploitation

Smart materials have received increased attention for industrial product

enhancement.  Adaptation of some of these industrially targeted materials to

healthcare, while at an early stage, could offer relatively early benefits.  A lack of



bridging expertise to facilitate such cross-transfer is a significant problem.  Also,

there are greater regulatory hurdles, more complex testing regimens and stringent

societal demands on safety which pose significant problems for both existing and

new materials entrants into healthcare.  Whilst the desired functional attributes

might be achievable, these may not be reconcilable with the economic, testing

and regulatory time-lines for viable clinical products.  The parameters set to

influence the translation of basic science and technology into smart materials for

healthcare are shown in figure 14.
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Retarding Factors

Medical conservation

Insufficient cost-benefit

Societal resistance to technology

Application complexity

Accelerating Factors

Improved technology diffusion

Reset national priorities

Basic science advances

Economy of scale up

Healthcare Needs

Higher patient expectations

New surgical techniques

Reduced bed occupancy

Improved diagnostics

Over the counter diagnostics

Exploitation of new biology

Costs

Disproportionate increase

Large workforce requirement

Extended development time

Expensive QA

Competing Technologies

New therapeutics

Existing biomaterials

MEMS devices

Microfabrication advances

Regulatory Barriers

Safety thresholds lower

Multinational bodies

Sensational report

Ethical changes

Figure 14: Parameters set to influence the translation of basic science and technology into
smart materials for healthcare
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Recommendations

Greater research into the fundamental, interfacial properties of existing smart

materials and their behaviour in biosystems is needed.  This will help inform future

research effort and eventual usage as implants.  Polymeric alternatives to

inorganic materials and more attention to soft tissue and whole organ functional

replacement is needed.  Sensors as integrated elements within implant materials

are a starting point, but only smart materials can offer full integration of sensing

and response functions.  Externally addressable materials could serve as

controllable drug delivery vehicles for specific organ and tissue targeting.

Implantation poses a quite different order of challenge for the development of

external assistive devices but can also confer major health benefits.  Research

firstly needs to focus on the integration of smart materials with currently accepted

biomaterials.  Materials with high microbial resistance should have high priority

because of the growing burden of infectious disease, but there is a need to be

‘smart’ to be able to cope with the dynamically changing properties of microbial

films.  Equally important would be selective tissue targeting of drug therapy,

allowing exploitation of a wider therapeutic repertoire; the challenge here would

be molecular scale smart material design.  

Neurosensory prostheses would allow for greater independence and better quality

of life –  of growing importance with the ageing population.  The need here is for

device miniaturisation, stabilisation and the transmission of high-density

information.  Underpinning such applied research should be a more fundamental

effort in biomimetic structures, which could eventually be integrated into reactive

functional systems.  The healthcare value of comprehensive self-diagnosis and

the genomic smart card needs critical evaluation with regard to ethical and legal

considerations prior to any targeted funding.  In the medium term, minimally

invasive interventions will underpin better clinical management, but at present this

is not the major medical ‘bottleneck’.

Even at an initial phase, funding should be for fully multidisciplinary programmes

which as a norm include study of the interactive behaviour of a smart material in

its biological environment.  Rapid advances at this stage through co-ordinated,

multi-agency effort should provide for sufficient momentum for serious evaluation

and later uptake in the healthcare sector.  Research providers should come from

both the higher education and NHS sectors, so smart material research can be

targeted to actual and not assumed healthcare clinical needs. 

Opportunities (figure 15) and incentives could be enhanced considerably with

smart materials, if set as a priority for cross-disciplinary funding.  The Life Science

Interface Programme of the research councils, a Faraday Partnership, Basic

Technologies funding and a LINK programme are all suitable vehicles for this.
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New materials innovations
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3   Smart materials supply opportunities

With the exception of the pharmaceutical and biotech industries, the UK

chemicals and materials supply industries have been characterised in recent

years by a reduction in product lines and an entrenchment around core

businesses.  In the present climate, it is difficult to envisage the traditional

industries taking the lead in a future drive towards smart materials.  The supply

sector is likely to be application/ end-user driven. 

The inherent circumspection of the industry may prove a barrier to progress in the

early stages of any new developments, since material supply may be limited to

research quantities and many companies may prove reluctant to embark on costly

scale up-operations without firm evidence of a secure long-term market.  In some

cases, the very concept of a smart material may present a threat to the supplier.

For example, commercialisation of a product whose ‘smartness’ leads to a

substantial improvement in service life may lead to reduced profits unless the

product commands a corresponding price premium.  There is a strongly held view

that unless smart materials can demonstrate their potential for high added value

(meaning that the end-user is prepared to pay a high price) the impetus for their

production will be missing.

In many cases, the

commercial driver is not the

ability to do something which

is currently not possible, but

more the ability to do the

possible more cheaply.  On

this score, smart materials are

likely to be at a disadvantage.

In contrast to this relatively negative picture, however, the commercialisation of

new smart materials could conversely be catalysed by the growth in a range of

start-up and spin-off companies, perhaps triggered by research successes from

the academic sector.  Whatever the eventual outcome, there is no doubt that a

healthy and conducive R&D environment will be an essential prelude for smart

material development over the next five years.

Material formats

Speciality polymers

Polymers with some kind of active function (e.g. electrochromic, hydrochromic,

piezoelectric, shape memory polymers) have potential applications in a wide range

of end uses but the current markets are small.  Cost will be a major factor in

determining the longer term growth of such materials in markets such as

transportation.  A major potential opportunity exists in smart packaging, but at least

“The commercialisation of new smart

materials could be catalysed by the growth

in a range of start-up and spin-off material

supply  companies, perhaps triggered by

research successes from the academic sector.”
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some of the materials requirements here are likely to be device driven.  In some

cases (e.g. electronic polymers), requirements for ‘smart’ products are unlikely to

be the major commercial driver for the development of such products but merely a

spin-off from their main applications.  Hydrogels offer the potential for major growth

in the biomedical and healthcare fields.  Also in this field, more speculative

applications exist for polymer systems exhibiting ‘smart’ surfaces or interfaces.

Coatings

Opportunities have been identified in (a) stress-responsive coatings (such as

ships, bridges, aircraft), (b) cure monitoring coatings and (c) coatings in

agriculture products.  In (a), work on piezoelectric sensors is a long way from

commercial viability and faces competition from more conventional technology.

For monitoring extent of cure, possible approaches exist for both thermally cured

systems (e.g. thermochromic materials) and UV coatings.  The perceived

commercial benefits of developing such smart coatings are currently insufficient to

justify work by the coatings companies themselves.  Agricultural applications are

already seeing commercial trials and this may represent a more realistic

opportunity in the medium term.

Adhesives

Much of the adhesives industry is considered mature and makes products based

on combinations of well established resins and other constituents.  A major

stumbling block to the penetration of adhesives into significant new markets (e.g.

in automotive and aerospace) has been the concern of engineers over the long-

term durability of adhesive joints in extreme environments and the difficulties in

determining the integrity of the joint in service.  In principle, both offer

opportunities for new smart adhesives, for example in self-repair of materials

degrading under an environmental stress.

There has been some UK Ministry of Defence (MoD) funded activity in this area,

but it is not believed that the adhesive manufacturers currently have any active

interest in such materials.  A similar approach to an MoD study was the subject of

much-publicised US research, but this is unlikely to lead to commercial activity

(except perhaps in a military environment) in the foreseeable future.  Known

approaches often use materials based on commercial precursors, with

commercial opportunities only for the manufacturer(s) of the smart component

and the adhesive companies.  However, such are the tight financial margins in

these markets that the added cost of a smart product would need to be very low

to prompt any significant commercial activity.  Other adhesives which have been

referred to as smart include materials which orientate automatically at the

substrate surface to improve adhesion, but it is debatable whether these are truly

smart in the present context.
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Composites

Similar opportunities exist as for adhesives, i.e. self-repair, condition monitoring

of the resin matrix.  Smart fibres, such as those capable of transmitting messages

such as stress state, also offer obvious opportunities but the UK fibre

manufacturing industry is near to non-existent.  As noted earlier, the development

of products such as piezoelectric fibre composites is some way from

commercialisation.  The reality is that smart composites are likely to be of most

interest to high tech composite industries such as aerospace and Formula 1

motorsport, but the indigenous supply industry is tiny.  Differentiation offers an

obvious competitive edge.  Improved performance with reduced risk is a possible

driver.  Applications in other sectors are highly cost sensitive and more difficult to

envisage.  A ‘holy grail’ would be recyclable composites which debond on

command.

Inorganic Materials

The range of ‘active’ inorganic materials that are already commercially available

illustrates the fact that the growth of smart materials need not necessarily depend

on the development of new chemicals but simply on the evolution of new uses for

these chemicals.  This is true of those inorganic compounds which demonstrate

ferroelectric (e.g. piezoelectric), electrostrictive, electro-rheological or particular
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magnetic properties.  In these cases, the supply industry may grow naturally as

new applications are realised for existing materials, irrespective of whether or not

the materials are recognised as exhibiting ‘smartness’ The anticipated expansion

in use of actuators, transducers and active control systems will spur this growth,

aided by the high quality but small UK research effort.  Barriers include

anticipated regulatory pressures against use of lead (e.g. in PZT) and supply

problems with, for example, tantalum, used in many electroceramics.  Smart

glasses represent an opportunity which is already developing (e.g. for

environmental control) and will continue to grow.  A speculative, longer-term

opportunity exists in the development of catalysts which ‘pump’ substrates to the

active site to increase the reaction rate.  In contrast, although the mineral/

pigment supply sector is an important, high volume industry, it is one where low

cost, low margins often make the concept of smart materials an irrelevance.

Metals

Metals such as shape memory alloys exhibit smart properties, although this remains

a small part of the overall metals sector.  Developments in this area are likely to

remain niche markets for the metals manufacturers in the foreseeable future.

Biotechnology and biomaterials

In principle, this sector offers some of the greatest opportunities for the

development of smart materials, but the specific nomenclature in this field means

the product may be categorised as something quite different.  Some aspects have

already been mentioned above under ‘Speciality polymers’.  Major opportunities

exist in targeted drug delivery, tissue engineering (such as artificial organs) and

active medical implants.  Biocompatibility is a key issue, but one where important

advances are being made.  Another important issue is to recognise the true

market size, in order to be able to recoup high development and qualification costs.

Drivers

Some key drivers are:

� Sustainability, including advances in recycling and reuse

� Other environmental concerns, including extending service life or improved 

energy efficiency

� Performance benefits
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Barriers to exploitation

The primary barrier is time – the fact that suppliers see smart materials as far off.

Some other barriers have been alluded to and include:

� Lack of market pull for the materials supplier

� High research costs

� Problems of intellectual property rights in the necessary multidisciplinary 

research projects

� Lack of economy of scale

� Processing problems

� Environmental issues (e.g. possible regulations against use of lead in PZT

ferroelectrics).

Funding

The required research is likely to be complex and multidisciplinary, with

concomitant high costs.  Funding initiatives would need to facilitate supplier –

end-user – academia – governmental institution interactions, for example:

� Research council funding, but not necessarily as managed programmes

� BRITE type of EU funding

� DTI funding (but 50% industrial funding as for LINK may prove a disincentive 

for companies which see the area as speculative/ long-term).

Recommendations

The chemicals and materials supply sector is highly diverse and very different

commercial pressures and drivers apply across the sector.  Two possible

scenarios, one positive, the other negative, for market development in the supply

sector are represented in figure 16.

Both assume an early growth stage,

catalysed by R&D, and early

successes where environmental

barriers are overcome, performance

benefits are recognised by

innovative, early adopters, and start-

up companies are established.

However, the scenarios differ in one crucial element – in the extent to which

economies of scale are achieved.  All too often, early promises of new material

development remain unfulfilled because costs cannot be driven down sufficiently

to achieve volume growth, and cynicism can take hold, particularly if unrealistic

predictions of the material technology were made in the first place.

Within the UK, research council funding is the normal mechanism in the early

stages of such a scenario when there is little market pull but great technical

Funding at the point where economies of

scale are proved…could ultimately be of

greater strategic benefit in improving the

success rate of start-up ventures in

smart materials development
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vision, as indicated by the red star in figure 16.  But this schematic suggests there

is another critical point where government funding should be considered; at the

point where economies of scale are proved.  This could ultimately be of greater

strategic benefit in improving the success rate of start-up ventures in smart

materials development. 

In addition, DTI funding should be sensitive to the needs of SMEs, including the
anticipated range of spin-off companies that will emerge.  All types of funding
should provide mechanisms for encouraging and facilitating potentially complex
multi-disciplinary research projects, ranging from chemical synthesis to device
manufacture.

Estimates of the likely time to market and the ultimate market size are shown in
figure 17 for a range of smart materials.  It is clear that while significant market
opportunities exist for some types of smart materials, lead times are likely to be
very long and investment priorities will depend on a realistic assessment of
financial risk versus probability of technical success.  
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Figure 17:  Postulated time to market and ultimate market size for a range of smart materials 

Figure 16:  Product life-cycle curve 
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4   Overall conclusions and 
recommendations

A number of common themes have emerged from amongst the market-specific

conclusions and recommendations to be found in the preceding sections of this

report.  Prime requirements for future research and development are : 

� A coherent technical and funding strategy, 

� A critical mass, 

� Multidisciplinarity, and

� Market application focus.  

A two-way process of proactively engaging with industry, including the SME

community, is seen as essential. This would include both an ‘outreach’

programme to the key market-sector players and the involvement of industry in

defining the direction of the research and development activities.

A major recommendation of this study is that these objectives can be best

achieved in the UK via the establishment of a ‘National Centre of Excellence’.

This should be modelled on the best practice emerging from various current UK

government initiatives, e.g. Faraday Centres, Interdisciplinary Research

Collaborations and Defence Technology Centres.  The fast-moving nature of

technical developments in this field and its broad market sectoral appeal both lend

themselves to a ‘hub and spoke’ structure, combining a strong management

function with a high degree of flexibility.  The Centre could be focused only on

‘smart materials’, as defined within this study, or have a wider, ‘functional

materials’ remit. 

A further major recommendation is that the technical focus for the Centre should

be based around the issues of (smart) device fabrication, miniaturisation and

integration; product manufacturability and life cycle use, including recycling.  This

reflects the view of the Task Force that it is these issues that are the major

barriers to the exploitation of smart materials technology, rather than the

availability of the smart materials themselves.  It is in the practical implementation

of smart materials technologies, and in the subsequent added-value, where the

UK can best derive a commercial advantage.

Whether based around a single Centre or not, in order to derive maximum benefit

for the UK from future government research and development funding in this area

of technology, it will be necessary to ‘pick winners’, based on criteria including :

� Is there an existing world-class science and technology base in the UK ?

� Are the market opportunities large or/and is there strong growth potential ?

� Do we have access to an industrial base for exploitation ?
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It is proposed (table 2) that priority be given to the following market sectors :

� Food and Packaging

� Healthcare

� Automotive / Motorsport. 

Application Sector Focus Rationale
Market Sector

Automotive Motorsport � The UK Motorsports Cluster is truly world-class and is a significant 
contributor to the UK economy

� Total company revenues of £5bn are created by a workforce that 
numbers around 40,000 fulltime employees and 100,000 part-time 
employees based in >3000 companies, the majority of which are SMEs

� Of these employees, 25,000 are engineers, and R&D accounts for 
20% of company spend

� However, sector is in danger of declining under competitive 
pressure, particularly from France, Germany, Italy, the US and the 
Far East

� Motorsport technical advances of today cascade down into the 
Ford Focus of tomorrow

Food and Smart Labelling � The Food and Drinks Industry is the single largest manufacturing 
Packaging and Packaging sector in the UK, with a turnover of £66.2bn, accounting for 14.2% 

of the total manufacturing sector
� The industry employs some 500,000 people, representing 12.9% 

of total UK manufacturing workforce
� Total exports in 2001 were £8.5bn of which 60% went to EU members
� The UK packaging industry employs 100,000 people and has a 

value of £9.2m (2001 figure)
� UK supermarkets lead Europe in sophistication, product range 

and quality and UK households lead Europe in usage of the 
Internet and on-line purchases. This lead would be consolidated 
and extended by a coherent programme of smart label and 
packaging development, with obvious commercial implications 
within the EU,

� Recent UK experience in dealing with issues and problems across 
the food chain. This makes the UK uniquely positioned to develop 
technological systems and understand the implementation of 
traceability protocols that could be marketed globally to improve 
food quality and safety and deliver intelligence in emergency situations

Healthcare Biomedical � Huge market size and growth potential
Materials and � Ageing society
Systems � Societal expectations and pressure

� Amelioration of disability
� The UK currently has world-class status in biomaterials, implants, 

external prostheses and tissue engineering-related areas, which 
would be consolidated by the introduction of smart materials 
technology

� Integration with other smart environments, e.g. the smart home 
and telemedicine

Table 2:  Market sector selection rationale

However, this choice should not preclude targeted support for other application
areas, whether specifically included in this report or not.  Again, a flexible
approach over time should be adopted to match chabging technical and
commercial scenarios. 

‘Smart Materials’ technology provides an excellent opportunity for the UK.
However, despite significant progress over the last five years supported by
various government programmes, it remains relatively poorly positioned
worldwide.  The implementation of the Task Force recommendations will help to
consolidate both the UK’s science and technology base and to enhance its
industrial competitiveness in this key area. 
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