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In the 10 years since the Institute of Physics first examined physics-based industry (PBI), the
importance of physics to the UK economy has increased significantly. The UK has a strong and
vibrant PBI base, which is critical to manufacturing and the economy. New PBIs continue to emerge,
for example in photonics and nanotechnology. Given the right conditions in terms of training,
research and business investment, the signs are that PBIs can continue to play an increasingly
important role in the UK over the next decade and beyond.

Key highlights
Employment
● By the year 2000, 43% of manufacturing employment in the UK was in PBIs. This represents
1.79 million people.
● Over the period 1992–2000, the number of people employed in PBIs remained more or less
constant, while employment in manufacturing as a whole fell by 10%. Within the overall total there
has clearly been redistribution of employment between PBI sectors.

New enterprises
● More than 52,000 new PBI enterprises appeared between 1989 and 2000, increasing the total
number by 165%.
● As a result of this growth, and the falling number of enterprises in manufacturing as a whole, by
the year 2000 PBI enterprises accounted for 50% of all manufacturing enterprises in the UK.

Performance
● PBIs in the UK have increased their absolute level of production and have out-performed inter-
national competitors in the face of extremely competitive trading conditions.
● Clusters and related networks appear to be a significant positive factor in the sustainability of new
PBIs. Cluster effectiveness is enhanced by proximity to universities.

Key challenges
These findings are encouraging, but this report also reveals emerging trends that threaten to under-
mine the current strength of PBI in the economy unless appropriate action is taken. In particular:
● Analysis of performance indicators such as capital expenditure per employee suggests that invest-
ment in PBIs is not keeping pace with that in other manufacturing sectors. Other evidence points
to decreasing investment in R&D, particularly in recent years. This could have serious consequences
for future productivity.

Another worrying factor for the UK economy is the investment community’s indiscriminate shun-
ning of almost all so-called “technology”companies since 2000.
● Despite some high-profile spin-out activity, there appears to be a low rate of commercialization
of academic research in physics compared with other disciplines. A more entrepreneurial culture
among academic physicists would enable the UK to reap more of the commercial benefits of its
physics research.
● There is overwhelming evidence of an increasing shortfall of trained physicists to meet the
demands of industry. Employment in PBIs has remained more or less constant over recent years, but
about half of today’s physics graduates enter jobs outside of the traditional PBI territories, and
employees with physics qualifications are increasingly in demand across the breadth of business
and industry.
● Science and engineering-based industry as a whole still has an image problem in the UK. Many
students do not see it as an attractive or well-paid profession and this influences their choice of
study. By contrast, in the US studying science and engineering is seen as highly desirable and a step
towards becoming a rich and influential entrepreneur.
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Action
We have identified four key issues that impact upon the potential that physics offers for economic
advance. Accordingly, action is needed as follows to maintain and develop the current strength of
PBI in the economy:
● Effective and informed investment in industry, and implementation of policies to close the R&D
investment gap. There is a role for the Institute to work with government and industry to improve
investor understanding of the importance of physics in both traditional industries and the modern
economy. The government needs to take action to reverse company under-investment in general,
and to support venture capital investment in small and developing businesses in particular. It is
encouraging that the government’s new Manufacturing Strategy addresses this issue as one of its
key “pillars”. It recognizes that UK competitiveness in the future will rely on high value-added
industry and for this there must be significant future investment.
● Increased support for physics and engineering-based research, and more emphasis on entrepre-
neurship and technology transfer, especially within universities. The current obsession with genomics
and biological and medical developments must not be allowed to overshadow the growing poten-
tial of physics-based technologies. The technology transfer and spin-out activities of universities
are important to the UK economy, and so too is their role in providing graduates with a balanced
combination of technical and business skills plus exposure to an entrepreneurial culture.

In support of this, university physics departments need to include entrepreneurship within their
degree programmes, and should be encouraged to exploit more of their research in industry.
Regional Development Agencies (RDAs) are well-placed to enable the necessary interaction between
universities and industry. There should also be more interdisciplinary research between physicists,
other scientists and engineers, mathematicians and those working in IT. Industry involvement in
research-council physics programmes should be strongly encouraged.
● Investment in education and training in physics and related disciplines. Companies must be
able to recruit and retain sufficient suitably skilled employees if they are to grow, or the economy will
suffer. It is vital to ensure that the UK produces enough people with qualifications in physics and
physics-related disciplines to match industry’s needs. The Roberts Report and the subsequent
Investing in Innovation paper cover actions on this issue, and the new Sector Skills Councils have
been charged with leading the skills and productivity drive.
● Communication to young people, and those who influence them, of the dynamic nature, exciting
challenges and good job and salary prospects of physics and related disciplines. The Institute is
already engaged in this activity, but coordinated effort is needed across the physics and engineering
communities to get the message across. The Institute also has initiatives to increase the number of
physics teachers and to enable more exciting and relevant teaching in schools, both essential pre-
cursors to increasing graduate numbers.

Recommendations
Though this report highlights the successes of physics-based businesses, there is much evidence
that the UK could be doing better. The Institute will conduct further research to investigate areas of
the report in more depth. It will also consult its networks of PBI companies and other industrial
partners on the delivery of effective strategies to address the issues highlighted.

The Institute firmly endorses action on these fronts and will seek to collaborate with others to
achieve success. The government, universities, research councils, industry, the investment commu-
nity and others all have a part to play. There must be a balance of priorities, and since change will
take time it is important that action is taken now to lay the foundations of a prosperous future.

The past two years have been particularly difficult for business and industry, manufacturing in par-
ticular. Yet PBI companies always need to recruit good staff and invest in R&D, regardless of turbu-
lence and uncertainty in the business environment. UK industry needs to be prepared, so that
when the market recovers companies are fully equipped and capable of moving fast, as that is where
the competitive advantage will lie.
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Background to the comparative study
This work was commissioned as a direct comparison with the Institute’s original study The
Importance of Physics in the UK Economy: a Comparative Analysis carried out in 1992. Only those
areas of industry considered to be PBI in 1992 were included in the comparison. As a consequence,
the study has a bias towards traditional manufacturing and does not include areas of PBI which have
emerged since 1992, for example display technologies. With the accelerating change in PBI tech-
nologies, any future study will need to consider a new mapping of modern PBI industry.

The spread of PBI studied in this 10 year comparison does not match the distribution of employ-
ment for today’s physics graduates. A physics degree or post-
graduate qualification is no longer seen only as a route to a
career in academic research, but also as solid training to deliver
highly talented recruits for business and industry. UK research
councils do much to promote this aspect of the postgraduate
courses that they support in the sciences and engineering.

Physics graduates are now employed and in demand across a
wide range of business and industry sectors. While many continue
to choose employment in PBIs, increasing numbers are applying
their physics knowledge, and particularly skills, outside of the tra-
ditional PBI territories. Knowledge-intensive sectors such as tele-
coms, information technology and pharmaceuticals are popular
destinations. An education in physics and related research tech-
niques is increasingly being recognized as outstanding analytical training, and many physics grad-
uates are finding well-paid jobs in systems modelling, business consulting and the financial sector.

Since the independent study is based on analysis of secondary statistical data its findings rely on
the sources used, and a fully up-to-date picture cannot be obtained as data are not available beyond
2000. Since 2000 the business environment has been particularly turbulent and absolute figures
will have changed, but we believe that the overall trends identified in this report persist.

The independent study retains the narrow definition of PBI used in the original 1992 analysis. It
includes those activities that involve physics directly, as well as those that involve products or ser-
vices that rely on physics-based technologies. The figures in the report are therefore conservative
estimates of the economic importance of PBIs. It is in the nature of industry that activity is multi-
disciplinary, so many of the companies covered by the statistics could equally be described as
engineering industries and have other significant disciplines within their operations. For example, the
engineering company Rolls-Royce plc, which delivers power systems for aerospace, marine and land-
based applications, relies on developments in physics in many areas of its product and manufac-
turing technology, and employs a considerable number of physics graduates.

Overview of the report
Chapter 1 is an introduction by the Institute’s chief executive, Julia King, to set the scene for the
rest of the report. Chapter 2 contains the results of the independent study, by John Glen of Cranfield
University, on the comparative analysis of the importance of physics in the UK economy. This is fol-
lowed by an overview of PBI today in chapter 3. Chapter 4 looks at case-study examples of emerg-
ing areas of PBI. Chapter 5 demonstrates the pervasiveness of physics and paints the wider picture.
Conclusions and future challenges are drawn together in chapter 6.
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committed to investing in
the exploitation of
physics-based
technologies to create
competitive products in
all areas of its business.”
Sir Ralph Robins
Chairman, Rolls-Royce plc,
1992–2002



The contribution that physics makes to British industry is so pervasive that it is
easy to take it for granted. Part of the problem is that the connection between
the science and the technology is not as obvious as it is in, say, molecular
biology and the Human Genome Project. For example, the engineering that deliv-
ers ever more efficient gas turbines for air travel and electricity generation
depends on advances in aerodynamics, communication technologies and ma-
terials that stem from physics research.

The survey commissioned by the Institute of Physics on the role that physics-
based industries (PBIs) play in the UK’s economy provides a timely reminder

that the physical sciences underpin much of manufacturing.
The success of companies that we can easily classify as PBIs is only one part of the picture.

We should not forget that medicine, for example, depends increasingly on physics to deliver new,
more accurate and less expensive technologies for diagnosing and treating disease. This means
that we can see the impact of physics on industry by looking not just at companies like Oxford
Instruments, which as a manufacturer of diagnostic systems relies on physics for its success, but
also at the major pharmaceuticals businesses that increasingly rely on the techniques of physics.

The contribution of physics to research in medicine and other areas of science is not a new phe-
nomenon. In 2003 we celebrate the 50th anniversary of the discovery of the structure of DNA, the
genetic code, a breakthrough that resulted from advances in physics leading to increasing sophisti-
cation in the ability to use X-rays to probe crystal structures. The latest endorsement of the value of
physics to the life sciences is the Diamond synchrotron radiation project, which is now under con-
struction at the Rutherford Appleton Laboratory (RAL) in Oxfordshire. When Diamond begins oper-
ation in 2006 it will be a key tool in studying the structure of proteins.

Physics and the future
There are industries such as information and communications technologies where physics has unde-
niably been the driving force in technology. Physics will also be important in solving new chal-
lenges elsewhere. For example, research in physics has always underpinned energy technology. This
will continue as we seek to meet the world’s energy needs in sustainable ways without exposing
the environment to further threat of climate change.

Physics also underpins the relatively new discipline of nanotechnology, the science of working
at atomic and molecular scales. In reality, this is not so much a new revolution as a further step on
the move to ever smaller dimensions. Much of nanotechnology is an extension of the technology that
gave us the microelectronic revolution.

The rise of nanotechnology and other new industries is a sign of the rapid pace of change in the
decade since the Institute first surveyed the state of PBIs in the UK. While such trends complicate
the comparative analysis, the data do show that PBIs have become even more important to manu-
facturing in the UK.

Another notable feature of the past decade is the large increase in the number of businesses that
depend on physics. This may owe something to growing enthusiasm among physicists, and other sci-
entists in research, to create companies to bring their own ideas to market. Start-ups can be an
attractive route to the rapid exploitation of new ideas. They allow the original researchers to retain
control and avoid the sometimes drawn-out process of persuading existing companies to overthrow
a “not invented here” aversion to imported ideas. Effective collaboration and good relations between
start-ups and existing companies are important ingredients of a dynamic and vibrant industry.
Much of the success of clusters results from their networks of mutual benefit, in which small com-
panies feed new ideas to the bigger companies with the resources and strength to exploit them.

While the Institute’s study shows that PBIs are in a relatively healthy state in comparison with
much of UK manufacturing, there are still challenges, particularly low industry investment. At univer-
sities too, the Engineering and Physical Sciences Research Council (EPSRC) physics programme
attracts less industrial co-funding than many of the other research disciplines within EPSRC’s remit.

Education and training represent investment in individuals, and while it is encouraging that
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● Level of production
In figure 4, the change in the level of production for UK PBIs in 1995–1999 is compared with that
for the PBIs of some of the UK’s major trading partners. Growth has been achieved in the face of
extremely competitive international trading conditions.

● Capital expenditure
Figure 5 shows that capital expenditure per employee in PBIs increased by 35% in 1989–2000,
from £3048 in 1989 to £4100 in 2000. However, it was still lower than the capital expenditure
per employee in manufacturing as a whole, which stood at £4800 in 2000. This may in part reflect
the ability of PBIs to sustain employment levels, which manufacturing as a whole has been unable
to do. Even so, it does suggest that PBIs might need to increase capital investment per employee
in order to remain competitive in the future.

● Gross value-added
As shown in figure 6, gross value-added (GVA) per employee increased by 43.4% in 1989–2000,
from £24,540 in 1989 to £35,200 in 2000. The increase is much less than that for all manu-
facturing in the same period (71.2%), but in the five years 1995–2000 the growth in GVA for PBIs
matched that for manufacturing (15%). The performance of GVA per employee in PBIs reflects, at
least in part, the low capital expenditure per employee and the high employment in PBIs compared
with manufacturing as a whole.
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Part II: The importance of the UK’s PBIs in international trade

Before discussing the performance of UK PBIs in international trade it is important to set the con-
text in which PBIs have had to operate. As noted in Part I, capital expenditure per employee in
PBIs has not kept up with the level in manufacturing as a whole. Added to this, the UK’s PBIs have
had to operate in export markets where their competitiveness has been severely undermined by an
appreciating pound sterling. 

Figure 7 shows the increase in sterling’s effective exchange rate index in 1992–2000. Since 1995,
PBIs have had to sell into export markets at a time when the pound has appreciated approximately
30% on average against most of the other key currencies. In the same period only the US has had
to cope with a similar appreciation in its exchange rate.
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Despite the unfavourable trading environment, UK PBIs have been able to grow their exports at a rate
that compares well with our major trading partners (figure 8).

Furthermore, if we consider PBI exports as a proportion of total industrial exports, we can see that
in 1996–2000 this has increased from 42.7% to 47.4% (figure 9). This maintained the trend begun
in 1983 – the PBI share of total UK industrial exports rose from 29.0% in 1983 to 42.2% in 1990.

The UK’s PBI trade balance remains in deficit, and the deficit is increasing (figure 10). However,
given the movement in the UK’s effective exchange rate, it is not surprising that the deficit has
widened. Against this, the performance of PBI exports is good. These had reached $131 bn by 2000,
a 67% increase since 1990.
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Figure 11 illustrates the proportion of the cumulative PBI exports of the UK, France, Germany,
Japan and the US. The UK has outperformed Germany and Japan in maintaining its relative share
of the cumulative PBI exports. The UK’s performance is comparable to that of France, while major
gains have been made by the US.

In terms of specific exports, UK PBIs have been able to grow their share of some markets, shown in
the table below, faster than these markets have grown overall.
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Part III: The performance of PBIs as a function of size of enterprise

As a result of the earlier finding of the rapid increase in the number of PBI enterprises, and the
increasing visibility of new industries such as those based on photonics and nanotechnology (chap-
ter 4, p22), further data were gathered as a function of size of enterprise. Firms were categorized
in terms of number of employees.

Numbers and employment
The contribution of micro (1–9 employees), small (10–49 employees), medium (50–249 employ-
ees) and large (250+ employees) firms to the growth in the number of enterprises highlighted by our
previous analysis was examined. We also examined the extent to which firms of different sizes con-
tributed to employment in PBIs.

The distribution of PBI enterprises and the distribution of PBI employment for the various firm sizes
remained relatively stable in the decade to 2000. The table below for 2000 shows that most PBI
enterprises are micro or small firms. Examining the PBI employment data split by firm size shows that
micro, small and medium-sized enterprises are equally important in providing employment, but large
enterprises are by far the dominant providers.

Performance
The relative contributions of PBI firms of different size to GVA and net capital expenditure (NCX) in
1995–2000 are shown in figure 12.

Clearly the share of total GVA and the share of total NCX are dominated by the larger firms.
However, in 1995–2000 micro firms increased their share of GVA significantly. The share of total
GVA generated by small-to-medium and large firms remained relatively constant.

Micro-sized firms also increased their share of total NCX in 1995–1999, showing that they were
making relatively substantial investments to achieve growth. However, their share fell back dramat-
ically in 2000 as market conditions deteriorated and these tiny companies had to reduce their spend
to survive.

Overall, small-to-medium and large firms had a fairly static share of NCX in 1995–2000. Small-
to-medium firms suffered a slight fall-off in 2000, for the same reasons that the micro-sized firms did,
although the bigger firms were more insulated against the market changes. Large firms were actually
increasing their investments in 2000.
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Firm size Employees Proportion of total PBI enterprises (%) Proportion of total employment in PBIs (%)
micro 1–9 69.0 10.0

small 10–49 24.0 15.0

medium 50–249 5.3 12.0

large 250+ 1.7 63.0

Source: ONS



Regional variations
Figure 13 illustrates the share of GVA and NCX, by firm size, across the English regions, Scotland and
Wales for the year 2000.

The South East, East Anglia and the West Midlands dominate, in terms of their share of GVA, in
all categories of firm size. This reflects the high level of PBI activity in these regions, which have
strong clusters and significant high-technology industries. The major exception to this trend is in large
firms, where Scotland and the South West have atypically high shares of GVA. Again, this probably
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reflects the strong technology-based activity in these regions, in particular in the case of Scotland
with its established clusters. Across all firm sizes the North East has a low share of GVA.

Broadly speaking, the share of NCX by firm size replicates the pattern exhibited by GVA.
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Firm age
The typical age-spread of PBI enterprises was of particular interest to understand whether their
high growth rate related to the creation of new enterprises with long-term growth potential, or if it indi-
cated a significant number of short-term ventures. Unfortunately, current data collection methods do
not allow such information to be accessed. The difficult economic climate of the past two years
has seen many small companies disappear and would have had a marked effect on any snapshot
taken in 2000 in any case.
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When the Institute of Physics first surveyed the state of physics-based industries (PBIs) at the
beginning of the 1990s, mobile telephones were a novelty, “flat screens” for electronic displays
weren’t even an expensive luxury and photography certainly meant exposing film. Yet 10 years on,
all of these new technologies are available at ever-plummeting prices.

The past decade also saw no slowdown in the relentless advance of computer power, with faster
processors, more densely packed features on microchips and a higher density of data storage. Once
again, all this has happened at the same time as prices have fallen.

These are just the more visible benefits to consumers from
innovations built around advances in physics. Alongside them
many more technologies lie hidden.

Here’s one example. Fibre-optic telecoms links were not new a
decade ago – by the middle of 1992 BT had installed more than
2 million km of fibre in the UK’s telecoms network – but they were
a pale shadow of today’s networks, which carry many wavelengths
along a single fibre. Today’s fibre also has optical repeaters rather
than electronic ones.

This breakthrough, in part the result of research at South-
ampton University, arose with the development of optically active
fibres. Earlier fibres were the optical equivalent of copper wire.
Introducing the right additives into fibres turned them into optical

amplifiers. These could reinforce passing signals without having to convert the optical messages into
a signal to be reinforced by a conventional electronic amplifier.

In general, the 1990s were the decade when telecommunications turned optical. And as we
look to 2003 and beyond, photonic technologies are poised to make even deeper inroads into ter-
ritory that was once exclusively electronic.

Electronics may be forced to make way for photonics in some applications, but it provided man-
ufacturing techniques that have changed other areas of industry in the past decade. For example,
the miniaturization of technology may be newly fashionable in the form of nanotechnology, but
such devices as microelectromechanical systems (MEMS) have
already begun to exploit the manufacturing processes of elec-
tronics. In the case of MEMS, millions are now in operation as trig-
gers for car airbags.

New industry
The growth in optical communications underlines another phe-
nomenon of the past decade – the development of new PBIs.
Optical amplifiers made their first impact on submarine fibre links.
But that was just the start of a photonic revolution that is now
changing the face of electronics.

Photonics techniques are beginning to infiltrate areas tradi-
tionally the province of electronics alone, with more and more of
the processing on integrated circuits happening in the optical
domain. Photonic devices can now perform more and more func-
tions and the hybrid electronic-optical chip is a reality.

The business impact of this has been dramatic. The UK’s leading company developing and mak-
ing integrated optical chips, Bookham Technology, had barely emerged from its origins above a
garage when the Institute first surveyed the PBI scene. Following its acquisition of the photonics
components businesses of both Marconi and Nortel Networks, Bookham is now a world leader in
the technology.
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The past decade has seen dramatic changes in the environment
for new businesses built on research.

BlazePhotonics is using new
approaches to optical fibre.
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The optics sector may have suffered during the troubles of recent years, but you do not have to
be an incurable optimist to expect these technologies to feature strongly in any survey of PBIs car-
ried out 10 years from now.

The UK’s physics community continues to be among the world leaders in both university research
and the commercialization of photonics technologies. Companies such as BlazePhotonics and
Southampton Photonics are working with new approaches to advanced optical fibres. Both have
raised venture capital to fund their transition from research to commercial technology.

Environmental factors
There have been other changes in the business environment in the UK since the previous study. In
the early 1990s, few university researchers protected their work with patents. Scientists such as
Richard Friend and his colleagues at Cambridge University were rare exceptions with their work on
light-emitting polymers, thus laying the foundations for the creation of the company Cambridge
Display Technology (p23).

Today’s academics are more attuned to the commercial world. Indeed, many have come to
believe that existing companies are simply too slow at commercializing new ideas. By setting up their
own businesses they can bring their research to market more quickly.

Universities themselves approach commercialization more realistically than before. Many now
appreciate the true value of intellectual property rights (IPR) and the high costs of converting this into
profitable businesses.
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The survey carried out by
UNICO and NUBS covers the
whole of university research.
Although it does not separate
out the physical sciences, it
provides valuable insights into
how UK universities have
changed their approach to
creating new businesses.

The 98 respondents to the
survey accounted for 84.9%
(£1.63 bn) of the £1.93 bn
spent on research in the UK’s
universities during the financial
year 2001. And 18 of the top
20 universities (as ranked by
research expenditures)
responded, accounting for
60.4% of the total research
expenditure by UK universities.

During 2001 universities
created 175 spin-out
companies. This accounted for
31% of all 554 spin-outs
formed in the past five years.

However, the growth of new
businesses based on university
research is concentrated in

relatively few universities.
About a quarter of universities
created more than 10 spin-outs
each, and a quarter created no
spin-outs in this period.

Counting spin-outs is only
one gauge of the contribution of
universities to the growth of
companies. Licensing is an
alternative strategy. UNICO
found that universities executed
855 licences and options.
Universities reported that 483
of these generated an income,
giving a total of £16.3 m.

A recent comparison of
universities in the UK with those
in North America showed that
the relative rate of formation of
spin-out companies is higher
here than in the US and
Canada – good news indeed.
However, the UK falls behind in
terms of income from licensing,
the number of licences
executed and the number of
patents issued.

Once again, universities in

the UK varied widely in the
extent of their patenting
activity. When asked about
their activities for 2001, 72
universities reported a total of
1402 “invention disclosures”.
The average number of
disclosures for an institution
was 19.5. But one institution
accounted for 152 while 18
institutions, or 25% of the
sample, accounted for none.

The survey also revealed the
rapid rise in commercial
activities by universities in the
UK. Thirty years ago, just two
universities had active
technology-commercialization
activities. It was a decade
before the number slowly
started to rise. The biggest
increase has been in the past
10 years, with the past five
seeing nothing less than a
frenzy of activity.
Source: Annual UNICO-NUBS
Survey on University
Commercialisation Activities

Universities spin out for success



We can get an idea of the changes in universities’ approach to innovation from a survey in
2002 by the University Companies Association (UNICO) and Nottingham University Business School
(NUBS). The study found a marked increase in universities’ spin-out activity. It also showed that com-
mercialization started to pick up steam in the 1990s, with the past five years being particularly active
(see “Universities spin out for success”).

More evidence of the growing tendency of UK academics to create their own businesses comes
from feedback gathered by the Engineering and Physical Sciences Research Council (EPSRC). This
information, anecdotal rather than based on formal research, suggests that almost 500 compa-
nies can trace their roots back to research funded by the EPSRC.

While it is not the role of research councils to act as business
creators, they all encourage grant holders to consider the com-
mercial implications of their research. Most also now make it eas-
ier for academic researchers to take the commercial route.
Indeed, many have schemes to encourage researchers with busi-
ness leanings. For example, an annual business-plan competition
is run through Research Councils UK (RCUK).

The research councils operate the mechanisms through which
universities receive government funds for research. The Medical
Research Council (MRC) and the Biotechnology and Biological
Sciences Research Council (BBSRC) run their own research lab-
oratories and are involved in the creation of new businesses, pre-
dominantly in the life sciences.

In the physical sciences, neither EPSRC nor the Particle Physics
and Astronomy Research Council (PPARC) operate laboratories
in their own right. However, the Council for the Central Laboratory
of the Research Councils (CCLRC) is essentially two major
research laboratories, Rutherford Appleton Laboratory (RAL) and
Daresbury Laboratory (DL), and much EPSRC and PPARC funded research takes place there.

Like the research councils that operate their own laboratories, CCLRC actively pursues the com-
mercial exploitation of research that takes place in its facilities. CCLRC’s facilities are essentially
huge physics machines – sources of synchrotron radiation, neutrons and coherent photons.

CCLRC also supports the UK’s academic research community in its collaboration on international
space projects and in high-energy physics experiments, for example at CERN, the European Centre
for Nuclear Research. To work in these areas CCLRC also has to develop and maintain skills in instru-
mentation and micromachining, both of which have led to spin-out businesses.

CCLRC recently reinforced its commitment to technology transfer with the creation of CLIK
Knowledge Transfer, a company set up to manage and exploit CCLRC’s intellectual property.

Public research
Universities are not alone in their growing awareness of the role of new businesses in technology
transfer. Public laboratories, including those run by research councils, have also gone down this
road. Indeed, some previously public organizations have “gone private” in the past decade.

The UK Atomic Energy Authority and the Laboratory of the Government Chemist are among the
publicly funded research laboratories that have made the transition, and the National Physical
Laboratory (NPL) is now run by a private company on behalf of the Department of Trade and Industry.
Much of the Defence Evaluation and Research Agency (DERA) of the Ministry of Defence has
become a private company as QinetiQ. All these bodies depend on major contributions from physics,
and they are another new factor in the commercial environment that will have influenced the find-
ings of the Institute’s report.

These businesses have contributed to the start up of more new ventures. QinetiQ, for example,
has launched a series of new businesses, some as wholly owned companies and others in collabor-
ation with different organizations. QinetiQ’s own specialist venture fund, QinetiQ Ventures, provides
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early-stage capital to develop its technology for commercial exploitation.
One resulting creation is QinetiQ Nanomaterials, which is using plasma techniques to develop the

processes needed for producing nanomaterials (p28). Other spin-outs include ZBD Displays, which
is commercializing a new type of liquid-crystal display, developed by QinetiQ, that retains its images
even after its power supply is turned off (p23).

The bigger picture
Much as universities and government laboratories are now more involved in the creation of new busi-
nesses, this is not their major role. For the universities and research councils, research, education
and training are still the core activities. Existing businesses are usually much better placed to form
new commercial entities. Here too, the past decade has seen some significant changes that have
helped to fuel the rise of new ventures seen in the Institute study.

One relatively recent change is the realization by large companies that their R&D often creates
valuable IPR that is not always directly relevant to their mainstream activities. Whereas major com-
panies were once content to leave that IPR sitting on the shelf, they now see it as a commercial asset
and are prepared to license ideas on the right terms.

3i, the UK’s largest venture capital business, commissioned a survey of this phenomenon. The
study, Moneyspinners: Global Commercialisation of R&D Spin-Outs, written in association with the
Economist Intelligence Unit, pointed out that “spin-outs provide a new source of revenue from sunk
R&D costs at a time when money is extremely tight”.
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Why are companies
increasingly willing to take the
results of R&D performed in
their own laboratories and
hand over the rights to
someone else for exploitation?
The 3i study Moneyspinners:
Global Commercialisation of
R&D Spin-Outs suggests a
number of reasons:
● it provides a return on R&D
investment in bad times and
good;
● it maximizes lab knowledge
and discoveries;
● it gives greater satisfaction
for, and assists the retention of,
top researchers;
● it provides economic gains
for the outside world;
● it boosts the lab’s reputation;
● at universities, spin-outs can
sharpen a professor’s
perspective and can create
jobs for graduates.

First, though, how do
companies end up with
“excess” IPR? Isn’t this a sign of

bad management of R&D?
Nothing could be further from
the truth. 

Apart from the fact that
research is not some easily
defined activity whose
outcomes you can predict, the
3i study lists other factors,
including the shift in a lab’s
priorities that can happen by
the time technology is
developed or discovered. And
in these days of a rapidly
changing business
environment, a laboratory’s
parent company may have left
a sector or market by the time
a technology is ripe for
commercialization.

The 3i study shows the true
extent of the global investment
in R&D and how much it has
increased since the Institute’s
first PBI survey. “Among the G7
industrialized nations,” says
the report, “R&D spending hit
$442 bn in 1999, up by nearly
50% from $297 bn in 1985.”

Much of this may go to
waste. But that is the nature of
research – R&D that always
delivers the expected hardly
merits the label.

However, the 3i study
quotes figures showing just
how little of the R&D from
corporate research is ever
commercialized. One source
puts the number as low as 8%.
Another slightly more optimistic
estimate suggests 20%.

3i describes the underlying
motivation for organizations
that form spin-outs as follows:
“All this undeveloped
technology represents a largely
untapped resource that smart
companies and campuses
cultivate in good times and bad
to boost their finances,
reputations, employee-
satisfaction levels and more.
They do so by spinning
technology developments into
start-up companies, with
impressive payoffs.”

Commercialization of R&D



Licensed to sell
The propensity of large companies to spin out technologies into new businesses is a sign of grow-
ing corporate enthusiasm for turning IPR into profit. They are no longer prepared to let patents, copy-
right materials and so on go to waste on the shelf.

The roster of companies that have taken the plunge and begun to license R&D as a positive
business strategy is impressive, especially among PBIs. One of the largest companies to review its
IPR portfolio is IBM.

In the latest year for which figures exist, 2001, IBM earned
£1.02 bn from its know-how, made up of £0.49 bn for sales and
other transfers of intellectual property, £0.34 bn from licensing
and royalty-based fees and £0.19 bn from custom development
income. This large income helped to offset the company’s R&D
investment of £3.53 bn.

Siemens and Philips are examples of large European busi-
nesses with their roots firmly planted in physics that have put
increasing effort into creating companies to take up ideas from
corporate R&D labs. Siemens has formed the “Siemens Tech-
nology Accelerator”, which is closely linked to the company’s corporate-technology department
and promotes technology-based ideas at an early stage. According to Siemens, the firm helps “inter-
nal and external entrepreneurs to develop their business through seed financing and coaching”. It
also offers “access to Siemens as a partner of innovation, to potential customers, to experts in the

business environment and to the venture-capital community”.
In the UK, BT has changed greatly in the past 20 years. It has

changed its R&D strategy accordingly, but still retains a consider-
able portfolio of IPR built up over many years. Much of this IPR is
in the physical sciences, including fibre-optic technologies. BT is
no longer active in all of these areas, but has set out to capitalize
on its history of R&D. One new company that is building a busi-
ness around BT’s IPR is fSONA.

Based in Vancouver, Canada, fSONA is one of a number of
firms that are developing “free-space” laser systems. These are
effectively optical links with the fibres removed that allow the rapid
deployment of optical linkage. For example, free-space lasers
can plug gaps that appear when someone digs up an optical link.
They can also provide links in private networks. Formula One rac-
ing teams use free-space lasers to connect the track-side pit and
the team control rooms.

Even in technologies where BT remains active, the company
encourages the formation of new spin-outs. Adastral Park at
Martlesham is the home of the Brightstar corporate technology
incubator. This offers BTexact Technologies, BT’s advanced com-
munication technologies business, an exploitation route for its

intellectual property in the form of spin-out companies.
BT now promotes Adastral Park as a part of the “Cambridge-2-Ipswich hi-tech corridor”, with

special expertise in the information and communications technology industry.

Knowledge businesses
Another development that has fuelled the birth of spin-outs is the arrival of companies that exist to
turn IPR into new businesses. Here the parent company is often a relatively small concern that acts
as much as a midwife as anything. Their aim is to take the new companies to the stage where they
can float their shares on the stock exchange or where they are attractive enough for a larger con-
cern to buy them up.
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“Combining my
interests in business
and entrepreneurship
with physics has
provided me with an
excellent basis for
pursuing a high-
technology business
career. In this way I can
contribute effectively to
the continuing process
of innovation and
wealth creation.”
Andrew Rickman OBE
Chairman, Bookham
Technology

Brightstar is one way for BT to
exploit its intellectual property.

BT



Two companies in the UK with this role are the Generics Group and Scipher. Both provide an
umbrella for a number of businesses that could not exist without access to the latest physics
research. In effect, the two are “corporate incubators”, helping to take businesses to a stage where

they can thrive in their own right. Scipher claims it is “the largest
independent technology development and licensing company of
its type in Europe. It originates, develops and commercializes
intellectual property that targets high-growth markets worldwide.”

Another firm that has acted as an incubator for physics-based
companies is Cambridge Consultants Ltd (CCL). Here too there is
a strong element of the physical sciences in the businesses cre-
ated. For example, CCL is active in telecoms, with expertise in wire-
less communications, transmission and switching.

Another area where physics is predominant and where CCL is
active is optical engineering and photonics. The company’s work in
wireless includes Bluetooth technology, a way of connecting elec-
tronic devices over short distances. As well as working on such
ideas for the automobile market, CCL has a separate wireless prod-
ucts business, Mezoe, providing development tools that let com-

panies bring the benefits of wireless technologies to their products. CCL also gave birth to the
company Cambridge Silicon Radio (CSR), which it says is “the most widely recognized supplier of
Bluetooth components in the industry”.

Regional movements
Even the geography of innovation in the UK has changed over the past 10 years. A decade ago small
technology-based businesses were often solitary entities, waging a lonely battle against the giants.
Today there are a growing number of concentrations across the country, so-called clusters where
there is a critical mass of businesses in similar areas of technology. The companies benefit from
close links with local universities, suppliers and support services, not to mention links with busi-
nesses that are in the same boat.

Clusters are a stage on from the science parks that many universities have built alongside their
campuses over the past 30 years or so. Some science parks were essentially real-estate ventures,
with little true synergy between companies. Today many science parks have evolved to become
just a part of local technology clusters.

As with science parks, where the university set the ball rolling in the 1970s, Cambridge has
probably the best known cluster in the UK. But it is not alone.

The region between London and Bristol, the M4 cluster, has become an important area for
physics-based business, especially in electronics and computing. The area also has a number of
biotechnology businesses.

Oxford, something of a late starter when it came to encouraging smaller companies, shows
signs of catching up. As mentioned above, Southampton has also set out to encourage the growth
of businesses in photonics, an area where Southampton University has world-class groups.

Scotland too has seen the development of a photonics cluster. The Strathclyde region of “Silicon
Glen” is the home of businesses such as Intense Photonics, which is developing quantum-well
devices for optoelectronic packet switching.

The Strathclyde cluster demonstrates one of the key features of the phenomenon. Not only does
a cluster house companies in an area of technology, it also has the support businesses that they
need, including suppliers of materials and equipment. In Scotland, for example, Photonic Materials
specializes in crystal growth for such applications as fibre optics, detector crystals and lasers,
devices that are also produced by companies in the region. A symbiotic “ecosystem” has evolved.

The area also includes a number of research consortia that continue to replenish the sector’s
knowledge base. For example, The Crystal Consortium (TCC) is a joint venture between QinetiQ and
the University of Strathclyde. Formed at the beginning of 2001, TCC is an independent contract R&D
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company specializing in single crystals. After just one year the consortium had lined up customers
across the globe, with orders from the US, Europe and Asia.

One sign of the growing regional enthusiasm for science-based business is the increasing activ-
ity by regional development agencies (RDAs). Scotland’s Scottish Enterprise is the envy of many
RDAs, but other regions are increasing their efforts. The North West Development Agency, for exam-
ple, has created a science council, chaired by Sir Tom McKillop,
chief executive of the pharmaceuticals company AstraZeneca.
With its links to the Daresbury Laboratory of the CCLRC, together
with a strong presence in the nuclear industry – nearly 30,000
people are employed in the sector – the North West sees the
development of PBIs as an important part of its strategy.

Finance 
Another important factor for new businesses is the availability of
venture capital. Specialist funds with their own scientific exper-
tise are now much more common and much better equipped to
assess new science than they were at the beginning of the 1990s.

Some technology investors have highlighted certain areas of
physics as particularly promising. For example, BTG – formerly
known as British Technology Group – has announced plans to
build up its portfolio of technology in photonics and nanotechnology, both of which are heavily
dependent on physics. 

Science in transition
While there have been significant changes in the business environment in the past decade, espe-
cially the rise of science-based companies, we have also seen changes in the shape of science in
general. For example, there has been a growing appreciation that progress often happens more
quickly at the boundaries between disciplines.

Here too physics has been a driving force in seemingly unrelated disciplines. For example, the
Human Genome Project may have all the hallmarks of heavyweight biology, but without robotics
instrumentation and powerful information technology – all heavily dependent on physics – biologists
would still be many years away from unravelling the human genome. The following chapter picks
up on this interdisciplinary theme as it looks at emerging areas in PBI.
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“It is important to have
a really vibrant
scientific community in
the North West…I have
a passionate conviction
about innovation – and
science is the
underpinning of
innovation.”
Sir Tom McKillop
Chief executive, AstraZeneca



Many dynamic areas of today’s physics-based industry (PBI) are not properly captured in the com-
parative study of chapter 2, because they do not fit into the standard industrial classifications rele-
vant at the start of the 1990s. Yet it is in these areas that there has been the greatest explosion of
new physics-related technologies and enterprises in the past decade.

The following sections look at examples of some of these exciting areas where new businesses are
growing up and providing foundations for the future health of the UK economy. The existence of clus-
ters, many populated by dynamic spin-outs from university research, is having a considerable pos-
itive impact on the success of businesses in these emerging areas. Regional data from chapter 2
highlighted the South East, East Anglia, West Midlands and Scotland as having strong PBI activity,
and this is where significant concentrations of the newer enterprises are to be found.
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based industry



For a revolution that began around a half a century ago, the technologies associated with elec-
tronics, information and communications technologies (ICT) appear remarkably robust. Electrons,
it seems, know few limits, technologically at least.

There are certainly limits to the feature sizes that will squeeze onto an integrated circuit, but
researchers are pushing closer to them all the time. There are even signs of approaches that will
exceed these limits, such as nanotechnology and devices like quantum dots and quantum com-
puting. While it may be some time before quantum computing becomes a viable commercial
proposition and begins to influence the machines people buy, the academic physics community is
already responding to the challenge with major research efforts.

On display
An important area of ICT where the UK has several leading players is the development of displays for
electronics. QinetiQ, formerly part of the Defence Evaluation and Research Agency (DERA), has
made significant contributions to the development of new display technologies and set up the

company ZBD Displays to commercialize liquid-crystal materials
for ultra-low-power applications.

ZBD – zenithal bistable display – is a novel liquid-crystal dis-
play (LCD) technology that uses a simple microstructured surface
to control the alignment of liquid-crystal molecules. The result is
a display that retains its image without a power supply (one that
is “zero power”). 

But that is only part of the attraction of the technology. New
facilities for making traditional displays are very expensive, but
ZBD’s displays have wide manufacturing tolerances that allow
the manufacture of complex displays on flexible or standard plas-
tic substrates. This holds out the promise of a low-cost, high-
volume “roll-to-roll” manufacturing process within reach. Plastic

will provide weight savings and reduced susceptibility to breakage, and will give designers greater
freedom as they devise new portable electronic devices.

ZBD is by no means the only business hoping to benefit from the greater manufacturing flexibil-
ity offered by polymers. One of the oldest businesses in the field is Cambridge Display Technology
(CDT), which was set up to commercialize research carried out at Cambridge University by Prof.
Richard Friend and Prof. Andrew Holmes.

The Cambridge group discovered in the 1980s that polymers can emit light, and saw the poten-
tial in lighting applications where the electronics industry has traditionally used semiconductors.
CDT, founded in 1992, uses light-emitting polymers (LEPs), and is one of a number of companies
working on a family of devices known as organic light-emitting diodes (OLEDs).

CDT hopes that OLEDs will be the basis for new products such as wristwatch televisions, as well
as flexible and formable displays. Ultimately it hopes to provide an alternative to the traditional huge
cathode-ray tubes that are used in conventional televisions and computer monitors.

The firm is also working on technology that could lead to photovoltaic devices made from poly-
mers. In 2002, CDT won the Royal Academy of Engineering: MacRobert Award, the UK’s top engi-
neering award, for developments in engineering the rapid commercialization of LEP technology.

Memory
Holography has fascinated physicists since its discovery by Prof. Dennis Gabor, which won him the
1971 Nobel Prize for Physics. Originally seen as a way of using coherent light for three-dimensional
photography, it is now being developed as a method of storing data.

Polight Technologies was formed in July 2000 to commercialize research carried out at Cambridge
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4.1 Information and communications
technologies: the revolution spins on

Information and communications technologies are developing at
a frantic pace, and there is no sign that things are slowing down.

Polight Technologies is using
holography to store information.
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University and is one of the companies combining physics, chemistry and materials science to
push forward the frontiers of technology. At the beginning of 2003, the company announced that it
had achieved a technical breakthrough that will eventually enable 1 Tbyte (1000 Gbytes) of data to
be stored on a standard 120 mm disk. This is more than 2000 times what current DVDs allow.

New wavelengths
The detection and imaging of electromagnetic radiation at different wavelengths has long been a
fruitful area for physics-based industries (PBIs). One relatively new company in the sector is
TeraView. Based in Cambridge, the company spun out of Toshiba Research Europe in April 2001
to exploit the intellectual property and expertise developed in sourcing and detecting terahertz radi-
ation – radiation in the frequency range around 1012 Hz. This lies between microwave and infrared
radiation, and represents the last unexplored region of the radio-wave and light spectrum.

The new company uses innovative semiconductor technologies to produce and detect terahertz
radiation. TeraView has identified applications in areas such as security, contraband detection, med-
ical imaging, and drug discovery and formulation.

Radio waives the rules
While there is growing interest in working at these new frequencies, physics continues to push
technology forward in conventional parts of the spectrum too. For example, the company Antenova
is rewriting the rule book for the design of antennas for mobile telecoms. Mobile telephony was in its

infancy a mere decade ago and the physics of antenna design
continues to produce challenges as radio communications move
to new realms.

Antenova, formed in 1999 and based near Cambridge, has
set out to combine materials science with antenna and aerial engi-
neering to meet the needs of a growing population of ever more
mobile telecoms customers.

Cellular networks pose new challenges to antenna designers.
They are expected to deliver coverage to the most remote parts
of the country while minimizing costs and stray radiation.
Antenova’s approach is to use segmented antennas.

The research behind this development was being used to sup-
port earthquake prediction. Antenova’s intellectual property rights
(IPR) came out of work on a directional and steerable antenna
for wireless communications developed at the University of
Sheffield in the UK and Griffith University in Brisbane, Australia.

Antenova develops antennas that are much smaller and more
efficient than copper devices operating at the same frequency. The company aims to provide tech-
nology for mobile telephone networks, phones and base stations, and Bluetooth and wireless
local-area networks (LANs).

24 T H E I N S T I T U T E O F P H Y S I C S T H E I M P O R T A N C E O F P H Y S I C S I N T H E U K E C O N O M Y 4 . 1

Antenova develops new kinds of
antennas for mobile telecoms.
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Fibre optics had already revolutionized telecommunications by the beginning of the 1990s, when the
Institute of Physics carried out its first survey of physics-based businesses. The pace of change accel-
erated dramatically in the 1990s.

No longer is photonics limited to the transmission of data from place to place. It is now possible
to devise integrated optical circuits that can perform some of the signal processing previously
reserved for electronics – and they can do it faster, more reliably and at a lower cost. The extent of
that progress shows in the birth and growth of a significant number of companies that operate in par-
ticular areas of photonics technology.

The companies described here are but a tiny fraction of the businesses, old and new, that are
working on new photonics technologies.

Bookham Technology
At the time of the original survey, Bookham Technology had yet to progress far beyond its origins in
1988 above a garage and then in rented office and laboratory space at the Rutherford Appleton
Laboratory (RAL) of the Council for the Central Laboratory of the Research Councils (CCLRC). Andrew

Rickman set up the company to develop ASOC (active silicon opti-
cal circuit) technology. This entails the fabrication of integrated
optical components from a base material of silicon.

Silicon has excellent optical properties including a low optical
loss in the wavelength bands that carry telecommunications sig-
nals. Silicon, probably the world’s best-known material when it
comes to manufacturing, benefits from the mature processes of
the microelectronic industry.

Bookham has since added two more photonics technologies to
its portfolio: gallium arsenide (GaAs) and indium phosphide (InP).
The company’s components and subsystems are used in access
and metropolitan networks, as well as dense wavelength-division
multiplexing that allows the transmission of many different chan-

nels of data along a single optical fibre.
Bookham’s recent history has seen rapid changes. Its first initial public offering was in 2000

and by June 2002 the company had approximately 2000 employees worldwide. In February 2002
Bookham Technology acquired the optical components business of Marconi, adding active optical
components (which amplify light as it passes through them) to its own passive devices. In November
2002 the company took over the optical components business of Nortel Networks.

BlazePhotonics
The first optically active components to find a place in telecoms networks were fibre amplifiers that
could boost a signal in transit without going through an intermediate electronic stage. Researchers
now have far more ambitious plans.

Prof. Philip Russell was one of the founders of BlazePhotonics, a company set up to commer-
cialize photonic-crystal fibre (PCF), also known as microstructured or “holey” fibre. Invented by
Russell and his team at the University of Bath in 1991, PCF is a unique type of optical fibre with
an array of air holes running along its length.

By changing the pattern of the holes and the materials incorporated in the fibres, BlazePhotonics
expects to create fibres that can perform different functions. The firm has devised patented produc-
tion techniques that it hopes to develop for commercial use. Blaze raised £6 m for this in 1991.

In 2002 Blaze set a record for reducing the losses in PCF, one of the obstacles the approach
has to overcome to begin to compete with traditional fibres. The company claimed to have made a
PCF with a loss of just 0.58 dB/km at a wavelength of 1.55 µm.
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4.2 Photonics: shedding light on a
new industry

Photonics techniques are on the verge of ousting electronics from
many areas of communications.

Intense Photonics spun out of
research at Glasgow University.
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BlazePhotonics currently has several fibres and fibre-based products under development, with
applications in the telecoms, medical, military, scientific and manufacturing fields.

Birth of an industry
Alongside BlazePhotonics and Bookham, photonic start-ups in the UK include Southampton
Photonics and Mesophotonics, companies that are products of research in different departments
at Southampton University.

Southampton Photonics is, like BlazePhotonics, commercializing research in active optical
fibres. Started in 2000 with an initial investment of £36 m, the company opened a £6.5 m manu-
facturing facility at Hedge End, near Southampton, early in 2002.

Mesophotonics opened for business in 2001 with an investment of £2.8 m from BTG, the tech-
nology commercialization and licensing business. The company is building on research into photonic
crystals and photonics bandgaps, creating microscopic holes in dielectric layers on a silicon sub-
strate to produce devices that can guide and manipulate light. Mesophotonics plans to use opto-
electronic integration to develop devices for low-cost, high-volume applications.

Southampton University also played a part in the creation of Kymata, contributing science and
technology along with the University of Glasgow. Kymata is another firm making integrated optical
systems, this time with silica-on-silicon technology, and was acquired by Alcatel in 2001.

Intense Photonics is another spin-out from research at Glasgow University. The company uses
quantum-well intermixing to fabricate multiple optical functions, such as lasers and amplifiers, on
a chip in a single processing stage. By the end of 2002, Intense Photonics had raised £21.3 m to
fund the development of its technology.

Intense Photonics is based in the Glasgow/Edinburgh region, which is home to a major cluster
of photonics-related companies and academic research groups. Another business in the area and in
the process of creating optical components and integrated optical systems is Kamelian. This time
the scientific underpinning is in InP materials to create low-cost amplifier products for optical net-
working applications. The range covers discrete semiconductor optical amplifiers (SOAs).

Kamelian, set up in July 2000, specializes in the design and manufacture of advanced compo-
nents for optical network applications. In 2002, the company opened a new InP wafer-fabrication
facility at Yarnton, near Oxford. Kamelian is now working with a number of major electronics com-
panies to establish new standards for the technology.

Some of these businesses are too young to feature in the latest Institute study. However, they cer-
tainly deserve mention for having successfully raised funds during what has been a very difficult
period for new technology.

Tools of the trade
It is all too easy to overlook the tools that industry needs to manufacture the new wonders of ICT.
These are at least as important as the technologies themselves and a number of companies have
achieved success by enabling the advance of the new technologies. One example is Exitech, which
makes laser-machining systems used in the manufacture of displays and optical components.

Founded in 1984, Exitech, based near Oxford, was the first company to commercially exploit laser
micromachining for industrial applications. It is now a leading supplier of laser microfabrication tools
to the semiconductor, microelectronics, display, computer peripheral, photonics, telecommuni-
cations and biomedical industries.

As well as companies developing new devices and systems, the UK has a number of businesses
that supply materials for photonics, for example Photonic Materials. Founded in 1999, and a part
of the photonics cluster in the Strathclyde region, Photonic Materials has received financial back-
ing from 3i, Intel Capital and others. The company specializes in crystal growth for such appli-
cations as fibre optics, detector crystals and lasers.
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Nanotechnology is one of several physics-based technologies that have taken the world by storm
since the Institute of Physics first surveyed the state of physics-based industries (PBIs) in the UK.
Nanotechnology is the business of making things at very small dimensions, anywhere from 
0.1 to 100 nm. At these dimensions, the interactions of individual atoms and molecules – some-
thing that has long commanded the attention of physicists – become important.

Phenomena at these dimensions are very different from those seen in “bulk materials”. For
example, light interacts differently with nanoparticles: materials absorb light rather than scatter it,
giving rise to such products as sun creams that do not look white when applied to the skin.

Physics played a major part in the rise of nanotechnology. It laid the foundations for techniques
deployed to reach ever smaller dimensions in the electronics industry. One branch of nanotech-
nology uses techniques from electronics in other areas of manufacturing – for example, micro-
electromechanical systems (MEMS), which are tiny mechanical devices.

Ubiquitous influence
The Generics Group is an integrated-technology consulting, development and investment firm
based near Cambridge. Its chairman, Gordon Edge, sees the influence of nanotechnology through-
out the companies that the group has spawned and the technologies that it has licensed out. And

those companies cover a broad range of applications, including
medicine and healthcare, electronics, telecoms and sensors.

One example is Avantium, which is involved in developing cat-
alysts. But Edge is not the only person to consider catalysts in
terms of nanotechnology. Ray Oliver, a senior scientist at ICI,
says that “catalysts are the classical example of nanotechnology”.

Edge includes several electronics companies in his list of nano-
technology businesses. One such spin-out is quantumBEAM,
which is commercializing free-space optics systems based on
quantum-confined and quantum-well devices. This involves pho-
tonics technology that enters nano-dimensions, and is changing
the face of information and communications technologies (p23).

The Generics Group does have investments in companies where the nanotechnology element is
more obvious. Generics is a member of a consortium that has put money into Oxonica, a company
that arose out of nanoscale research at Oxford University. Like many businesses in the nanotech-
nology sector, Oxonica straddles disciplines, with chemists developing processes and products
that rely on understanding physics for their success.

Medical
Advances in nanotechnology often depend on the work of interdisciplinary teams that bring phys-
icists and other scientists together. Step forward Enact Pharma. “What we are doing,” said Prof. Tony
Atkinson, the firm’s chief executive officer, “is a combination of physics, chemistry and biology.”

One of the projects Enact is working on is nerve regeneration. The idea is to treat biodegradable
polymers and to form them into channels or tubes that provide a chemical pathway for the growth of
new nerve cells. “The biodegradable polymer base is nano-sculptured and this gives a major advan-
tage,” said Atkinson.

Nanotechnology has proved to be a fertile area for the creation of new businesses, which have
come from all areas, including universities and government research laboratories.
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4.3 Nanotechnology: big
opportunities from small science

Nanotechnology has been at the forefront of developments in
science and technology in recent years.

NanoMagnetics continues to
set records for data storage.
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NanoMagnetics
Magnetism, always a fruitful area of research for physicists, continues to provide both intellectual
challenges and business opportunities. NanoMagnetics combines magnetism with the rapidly ris-
ing interest in nanotechnology. The company is based in Bristol and makes magnetic films from
nanoparticulate materials.

While the company has a portfolio of patents that could influence a number of product areas, it
has focused its attentions on data storage. Advances in magnetism have already revolutionized the
field, providing more capacity at ever lower prices. NanoMagnetics continues to set new records for
the density at which magnetic materials store data. The hope is that the technology will lead to disks
that can store data at 100 times current levels.

Eric Mayes founded NanoMagnetics in 1997. Mayes moved to the UK in 1996 when he left
Lawrence Livermore National Laboratory in the US to complete his PhD in chemistry at Bath
University. He patented the results of his research and set up the company with Nick Tyler, a for-
mer investment banker with Merrill Lynch and financier with Credit Suisse First Boston.

In February 1999, the company won a £133,000 Smart Award from the DTI. It also secured
£650,000 in seed capital from Prelude Trust, Amadeus Capital, and Cambridge Research and
Innovation (CRIL). NanoMagnetics immediately set up a laboratory and established a research team
within the Department of Physics at the University of Bristol.

Since then NanoMagnetics has made both scientific and commercial progress. In 2000 it raised
a further £6.7 m from a syndicate of investors to fund the development of its technology. In April
2002 Lord Sainsbury, the science minister, officially opened its purpose-built laboratories in Bristol.

In the middle of last year, NanoMagnetics announced a new record: a “raw areal recording den-
sity” of just over 12 Gbyte/sq. inch. This is double the capacity the company achieved just three
months earlier. NanoMagnetics has also made significant advances in its magnetic inks and film-
production techniques.

QinetiQ Nanomaterials
QinetiQ Nanomaterials Ltd (QNL) uses plasma-processing techniques devised by Tetronics to man-
ufacture nanomaterials. QNL believes that it is well placed to bring together production techniques
with the research into nanotechnology that is under way at QinetiQ’s Farnborough research centre.

The new company has built a plant at Farnborough to produce nanoparticles by the tonne. But it
is doing this is to prove the technology, rather than to get into the business of materials produc-
tion. “We do not want to ship large quantities around the world,” said Mike Pitkethly, commercial
director of QNL. “The real goal is to come up with technology packages for customers so that they
can go into production on their own account.”

Tetronics, QNL’s partner in the new venture, is itself an interesting business with its roots planted
firmly in the physics of plasmas. Tetronics has been active in nanopowder production for 20 years.
The high temperatures and steep thermal gradients present in the plasma hot zone, combined with
the inherently clean, controllable nature of plasma, make it ideal for the production of a vast range
of metallic, composite and ceramic nanopowders.

Another important area of plasma technology is environmental applications. Tetronics has devel-
oped techniques to process municipal and sewage wastes and the materials left over during steel
production. Material that might otherwise have to be buried in landfill sites is turned into useful prod-
ucts such as roadfill, concrete aggregate and even construction tiles.
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The three examples in 4.1–4.3 are well-known areas where physics-based technologies are having
a significant impact. However, one of the unique things about physics is that new developments
often come from lesser-known and unexpected places – the areas of physics research that at first
sight are far removed from any commercial applications or are targeting something completely
unrelated to the eventual area of application.

Two such places, which have proved remarkably fertile sources of developments with applications
in everyday life, are space research and particle-physics experiments. Numerous examples exist of
applications that have resulted from research originally done as part of the space programme. Many

materials developed to cope with the challenges of space have
later been adopted for terrestrial use, one well-known example
being carbon fibre composite, developed for satellites and now
used in aircraft and Formula One racing cars.

An unusual example of a spin-out from university research is
Zeeko. From the rather unlikely activity of astronomical lens and
large optics polishing at the Optical Sciences Laboratory of
University College London, Zeeko has developed a successful
business based on revolutionary precision-polishing machines.
The applications range from the texturing of prosthetic joints to
working on turbine blades with Rolls-Royce plc.

The international research done at CERN, the European Centre
for Nuclear Research, into elementary particles and the state of the early universe may seem far
removed from any application, but it too has transferred significant technological know-how and
advanced techniques to industry. And it was at CERN that the Web was born, as a network over
which researchers could share information.

The technology-transfer benefits alone justify funding these seemingly “academic” lines of physics
research. When you add the fact that industry values the excellent international team-working
experience and modelling skills that physics students pick up from large-scale collaborative experi-
ments, the benefits provided are overwhelmingly obvious. Indeed, the Particle Physics and
Astronomy Research Council (PPARC) runs a scheme to encourage the two-way transfer of skills and
experience between PPARC scientists and industry.
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4.4 Applications from unexpected
places

Space research has resulted in
many terrestrial applications.
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While most of this report covers manufacturing, both traditional industry and start-ups, physics has
a much broader reach. Physics today embraces areas as diverse as medicine, finance and the
environment. The contribution of physics extends beyond specific economic benefits, enhancing cul-
ture, enabling society and improving the quality of life in general. For example, Oxford BioSignals,

a spin-out from university research, is using advanced signal pro-
cessing and neural-network technology for medical diagnostics
including the analysis of brain-waves.

A hidden ingredient
Physics has a fundamental part to play in industries with foun-
dations in other disciplines. It might seem obvious that a company
like ICI lives and dies on the strength of its chemistry. It is, after
all, in the business of making and selling increasingly sophis-
ticated chemical answers to its customers’ problems. But take
away the physics and ICI’s success rate would be much lower.

The chemicals sector is just one industry where physics is a hid-
den ingredient. Sometimes the physics is more obvious. In the
manufacture of gas turbines for aerospace and power generation,
for example, Rolls-Royce plc works with physical phenomena and
needs materials that can withstand extreme conditions. The mod-

elling of the flow of hot gases, for instance, depends on computational fluid dynamics. Underpinning
the increasingly complex vital computer codes is an understanding of the fundamental physics.

Computer models built around physics are increasingly important in construction too. Here, archi-
tects and construction companies need models of air flow, energy consumption and heat transfer
in buildings.

Traditional PBIs
Examples of traditional PBI areas that continue to employ large numbers of physicists and engineers
are, not surprisingly, the defence industry, the transport sector, and the nuclear and power gener-
ation industries. However, how physicists are employed within these industries has evolved consid-
erably in the past 10 years.

Within the defence industry, for example, the emphasis has shifted from delivering deterrent
through sophisticated means of attack to developing means of intelligent defence. The modelling
of weaponry is taking over from live testing and detonation, and
there is now far more collaboration and attention to potential spin-
off applications into often unrelated sectors.

The transport industry is investing considerable effort in devel-
oping more efficient vehicles and greener fuels that do not harm
the environment. Spin-offs from basic research are even being
used to solve age-old transport problems. LaserThor, a recent spin-
out company from the Central Laboratory of the Research Councils
(CCLRC), has applied CCLRC’s knowledge and experience of high-
power lasers to enable the effective removal of leaves from train
lines. In doing so, it is saving the UK rail industry time and money,
and keeping train passengers happy.

The nuclear industry is having to manage an increased empha-
sis on decommissioning work, and environmental monitoring is a major operation. In power gener-
ation too green issues have come to the fore, and physicists are being employed to develop and
improve the efficiencies of alternative sources of energy for the future. These contributions from
physics will benefit the environment and ensure that the energy demands of UK industry can be
satisfied for years to come.

30 T H E I N S T I T U T E O F P H Y S I C S T H E I M P O R T A N C E O F P H Y S I C S I N T H E U K E C O N O M Y 5 . 0

5.0 The pervasiveness of physics

Rolls-Royce plc relies on physics
for manufacturing gas turbines.
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Physicists outside of the traditional PBI territory
Many physicists today work outside what is traditionally thought of as PBI territory. They apply their
transferable skills of simplification by approximation, systems analysis, hypothesis generation and
problem solving in other domains. A training in physics provides skills that are essential in many
engineering teams, particularly where the systems are complex like networks. These same skills
enable physicists to adapt rapidly to business management, despite the absence of significant com-
mercial content in a typical physics degree.

Employment
Studies conducted by the Institute of Physics, most recently the Institute’s Undergraduate Physics
Inquiry (July 2001), have warned that the critical shortage of physics teachers in schools and col-
leges is the greatest threat to the supply of skilled scientists and engineers.

There is a case to be made that the greatest contribution that university physics departments
make to UK national life is the production of trained physicists. This contribution goes far beyond the
most obvious sectors. The information-technology sector, financial analysis, engineering, environ-
mental science, energy technology, intellectual-property law and medical physics all depend on their
ability to recruit physics-trained graduates. Many of the increasingly important interdisciplinary areas,
for example nanotechnology and smart materials, rely on people with physics backgrounds and
the application of new physics-based techniques and technologies.

In SET for Success (April 2002), a review of the supply of people with science, technology, engi-
neering and mathematics skills, Sir Gareth Roberts warns that “there have been significant falls in
the numbers taking physics, mathematics, chemistry and engineering qualifications. These down-
ward trends, combined with deficiencies in transferable skills among graduates, could undermine
the government’s attempts to improve the UK’s productivity and competitiveness.”

The Roberts Report reveals some grim numbers. It shows that “between 1991 and 1999 num-
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According to the narrow
definition of PBIs adopted in
the Institute’s independent
study, ICI is excluded from the
PBI classification. However, ICI
needs physics throughout its
business; for example, it has
always relied on physics in the
design and operation of
processing plant. This need has
evolved over the years as the
company has moved away from
huge facilities turning out bulk
materials by the megatonne to
making smaller quantities of
high-value materials, such as
ingredients for makers of foods
and personal care products.

ICI’s paint manufacture
depends on an understanding
of what happens when pigment
particles scatter light. The same
physics is now important in the

development of nanoparticles
for a new generation of
sunscreens, providing
transparent protection against
ultraviolet radiation (p27).

Adhesives are another part
of ICI’s product portfolio where
physics is unexpectedly
important. ICI supplies
adhesives to companies such
as Intel, to fix chips to
integrated circuit boards. The
materials used to hold chips in
place must have the right
thermal and electrical
properties. And those
properties have to keep up with
the rapidly rising specifications,
and temperatures, of the
microelectronics industry.

Developing lubricants
requires knowledge of what
happens at surfaces. Work on

surfactants depends on an
understanding of the physics of
emulsions. Whenever an area
requires detailed mathematical
understanding or statistical
analysis, physicists find
themselves called in.

ICI also calls on physicists in
other organizations to help it to
understand the science that
underpins its business. For
example, the company has
worked with the Synchrotron
Radiation Source at Daresbury
Laboratory to study the
behaviour of polymers. It has
also worked with neutron
specialists at the Institut Laue-
Langevin in Grenoble. Recent
research includes the use of
nuclear magnetic resonance to
study the effects of
moisturisers on skin.

ICI: where physics meets chemistry



bers taking A-level Physics in England fell by 21%”. At the next stage in the educational chain,
between 1995 and 2000 the number of entrants to physics and engineering degrees fell by 7%, in
contrast with an overall rise in graduate numbers of 12%.

When analysing the potential shortages of qualified people, the Roberts Report points out that “engi-
neering, physical science and particularly mathematics postgraduates are more likely to be economi-
cally active than those with postgraduate qualifications in the biological sciences, computer science
and the social sciences.” Salaries, and their variation, provide more evidence of shortages in the

physical sciences: “Data from
the Labour Force Survey…show
that graduates with degrees in
computer science, mathematics,
engineering and technology, and
the physical sciences do indeed
attract higher salaries than grad-
uates in the biological sciences
or the social sciences.”

The Roberts Report concludes
that “the declining number of

graduates in mathematics, engineering and the physical sciences, coupled with increasing demand for
these highly numerate, highly skilled graduates, is leading to emerging shortages in the supply of these
scientific and technical skills. However, instead of the resulting higher salaries acting to draw more stu-
dents into these subjects to fill these shortages, the trend is that fewer students are choosing to enter
these shortage areas. This suggests that there is a ‘disconnect’ between the demand for these skills
and their supply.”

Salary is by no means the only issue and the Roberts Report does not absolve industry from its
part in contributing to the problems it faces in recruiting physicists and other scientists. It also warns
that “many R&D employers’ packages are not competitive with what the best scientists and engi-
neers can earn elsewhere”. This is important for physicists, who, partly because their research
skills are in great demand, are more likely than others to take up posts in R&D. The report says
that “the best scientists and engineers in industrial R&D earn less than two-thirds what their coun-
terparts in the financial-services sector earn”.

Other issues in recruitment are job satisfaction, career structure and continuing professional
development. Scientists must have both attractive initial posts and suitable career progression within
an organization. It is important for them to be able to keep up with developments in their field, and
yet many R&D employers provide neither the time nor resources to allow this.

Such short-sightedness by some employers can be a reflection of attitudes to R&D more gener-
ally. There are still examples of companies where R&D is short term and the first area to be cut to
maintain profits when times are tough. This is despite numerous studies showing the direct corre-
lation between investment in R&D and strong business performance. The DTI’s 2002 R&D Score-
board is the latest study to provide such evidence.
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“Graduates in mathematics and physics are
attractive to the City because they often have
good problem-solving and very strong numerical
skills, which are important in dealing with
financial data. Firms acknowledge a preference
for SET graduates (and financial and economics
graduates) over other disciplines.”
SET for Success, p168



Physics and physicists are making an increasingly important value-added contribution to UK indus-
try and the economy. Based on the 1992 definition of a physics-based industry (PBI), by 2000
physics underpinned 43% of UK manufacturing, and the percentage is growing. Changes during

the past decade in the bound-
aries of science and technol-
ogy, attitudes to research, the
business environment and the
identity of PBIs themselves all
make this an underestimate of
the contribution that physics
makes to the economy.

While “conventional” PBIs
are doing well compared with
UK manufacturing as a whole,
exciting new areas of industry

are emerging based on developments in physics-based research over the past 20 years. Areas
such as photonics and nanotechnology, unrecognized in the 1992 report, are expanding and
beginning to revolutionize our ideas about many aspects of our life and work.

However, there are some worrying trends that threaten to hinder the performance of PBIs over
the next decade. In particular:
● Investment in PBIs does not match that of other manufacturing sectors and the availability of
venture capital for start-ups and small to medium-sized enterprises (SMEs) has declined recently.
● Commercialization of physics-based research is limited, despite its potential for exploitation.
● There is evidence of a growing chasm as the supply of trained physicists falls short of demand.
● False perceptions of unattractive career prospects and low salaries in PBIs are deterring stu-
dents from studying science and engineering.

These issues require immediate attention if the UK is to maintain a healthy PBI base and UK
PBIs are to continue to contribute to the growth of the economy.

Challenges for the future
Investment
Even a modest increase in investment now could have a dramatic impact on the amount of physics-
based industrial activity in the UK and the success of its commercialization.

The culture of physics research 
University physics departments are starting to become more active in transferring technology to
industry and their attitudes to entrepreneurship are changing, but an acceleration of effort has to
be encouraged.

Skilled people
An education and training in physics are extremely valuable across the breadth of industry, and
many of the emerging interdisciplinary areas such as nanotechnology benefit from the contribu-
tions of physicists and the application of physics-based techniques and technologies. However,
effort is needed to ensure that the future supply of skilled graduates meets the needs of industry,
and activity in new interdisciplinary areas should be supported by appropriate training and collabor-
ation between the professional institutions.

Image and awareness
The Institute of Physics, in collaboration with other organizations, is working hard on the education
front to attract more of the brightest students to study physics and related disciplines. To increase
the numbers studying physics at school and university a major national effort is required, with a
strong focus on recruiting and retaining outstanding science teachers in the UK’s schools.
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6.0 Conclusion and future challenges

“Micro- and nanotechnologies are vital for the
future of manufacturing. It is very clear that the
future of the UK is about very high value-added
industry, businesses and services. The high value-
added and the high barrier to entry come in no
small part from mastering the novel capabilities
from research in science and technology.”
John Taylor
Director-General of Research Councils
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I. Project methodology

What exactly is a physics-based industry?
The findings presented in this report are based on a definition of what constitutes a physics-based
industry (PBI) arrived at by combining survey work carried out by the Institute of Physics and a
detailed analysis of the categories that make up the Standard Industrial Classification (SIC) and
the Standard Industrial Trade Classification (SITC).

The initial starting point for what constitutes a PBI emerged from an Institute survey of the indus-
trial occupations of its corporate members. For specific PBIs to be accurately identified and sep-
arated from other industries, it was necessary to match these broad-based occupation categories
with the more precise three-digit SIC categories. These categories specify narrower industrial areas,
such as nuclear-fuel production and aerospace equipment.

Classifiying PBIs
The three-digit SIC codes were the best guidelines for classifying a PBI for the following reasons:
● A wide range of statistical measures are available at the three-digit level, but not at the four-digit
level. The more statistical measures that exist, the easier it is to identify and the more persuasive
is the evidence of PBIs’ role in the UK economy.
● Two-digit categories are too general, leading to the inclusion of industries that are clearly not
physics-based. The result would overestimate the proportion of the UK economy that is based on
physics. Such an inaccurate claim would dilute the impact of the overall study. For example, SIC
36 has many transport-based PBIs but also includes baby carriages and bath chairs.

What makes a PBI?
Three measures have been used to sort out those industries which sit awkwardly between being
physics-based and based on other technologies and processes.
● If physics as a science did not exist, would the industry continue to operate? Hence nuclear-
energy production is included, but not coal and oil production.
● Do the industry’s manufacturing processes involve some form of physics-based technology at a
relatively sophisticated level? Hence the garden-shears industry is not classed as a PBI, but the
industry that makes the machine tools that produce garden shears could well be – because it may
involve sophisticated physics-based technology.
● Is the R&D upon which the industry is based particularly slanted towards physics?

The final decision
Once the initial sifting of PBIs was carried out, the Institute itself analysed and edited the list. This
led to further exclusions. Eventually, the following list of SIC three-digit industries was decided upon.

PBIs within the three-digit SIC category were identified based on input from the Institute in its orig-
inal study of 1992. In order to create consistency between the two reports, the industries defined
as PBIs in the new report have been constrained to the SIC codes identified in its predecessor.
However, in the original report SIC codes were based on the 1980 SIC methodology (SIC(80)).
Currently available data are based on the revised SIC 1992 classification (SIC(92)). In order to
ensure that all PBIs identified by SIC(80) three-digit codes were included in the SIC(92) codes, it has
been necessary in some instances to employ SIC(92) four-digit classifications. The author acknowl-
edges the assistance provided by the UK Office of National Statistics (ONS) in mapping SIC(80)
codes onto SIC(92) codes. In some instances it was necessary to supplement ONS data with data
from the Organisation for Economic Cooperation and Development (OECD). Where this was neces-
sary ISIC Rev 3 data were employed, and again the assistance of the ONS was invaluable in map-
ping SIC(92) codes onto the ISIC Rev 3 codes.

Having translated PBIs from SIC(80) to SIC(92) codes, production, employment, education and
trade measures were collated and analysed to produce performance indicators for PBIs identical
to, and therefore comparable to, those in the 1992 report. This list’s categories were then applied to
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the SITC, so that trade data for PBIs could be separated out from exports of other science-based
manufacturing sectors.

The first column of the following table shows the SIC(92) subsection division group class, while
the second gives the industry denoted by the figure.

36 T H E I N S T I T U T E O F P H Y S I C S T H E I M P O R T A N C E O F P H Y S I C S I N T H E U K E C O N O M Y 8 . 0

Class Description
2214 publishing of sound recordings

223 reproduction of recorded media

233 processing of nuclear fuel

2612 shaping and processing of flat glass

2735 other first processing of iron and steel not elsewhere classified; production of non-ECSC ferro-alloys

2744 copper production

2811 manufacture of metal structures and parts of structures

2822 manufacture of central-heating radiators and boilers

283 manufacture of steam generators, except central-heating hot-water boilers

2852 general mechanical engineering

2862 manufacture of tools

2863 manufacture of locks and hinges

287 manufacture of other fabricated metal products

291 manufacture of machinery for the production and use of mechanical power, except aircraft,
vehicle and cycle engines

292 manufacture of other general-purpose machinery

294 manufacture of machine tools

295 manufacture of other special-purpose machinery

296 manufacture of weapons and ammunition

297 manufacture of domestic appliances not elsewhere classified

300 manufacture of office machinery and computers

311 manufactures of electric motors, generators and transformers

312 manufacture of electricity distribution and control apparatus

313 manufacture of insulated wire and cables

314 manufacture of accumulators, primary cells and primary batteries

315 manufacture of lighting equipment and electric lamps

316 manufacture of electric equipment not elsewhere classified

321 manufacture of electronic valves and tubes and other electronic components

322 manufacture of television and radio transmitters and apparatus for line telephony and line telegraphy

323 manufacture of television and radio receivers, sound or video recording or reproducing apparatus
and associated goods

331 manufacture of medical and surgical equipment and orthopaedic appliances

332 manufacture of instruments and appliances for measuring, checking, testing, navigating and other purposes, 
except industrial process-control equipment

333 manufacture of industrial process-control equipment

334 manufacture of optical instruments and photographic equipment

335 manufacture of watches and clocks

341 manufacture of motor vehicles

343 manufacture of parts and accessories for motor vehicles and their engines

351 building and repairing of ships and boats

352 manufacture of railway and tramway locomotives and rolling-stock

353 manufacture of aircraft and spacecraft

365 manufacture of games and toys

366 miscellaneous manufacturing not elsewhere classified



II. PBIs according to the Standard Industrial Trade Classification

A similar “PBI identification” exercise was carried out on the SITC. All international trade data are
reported using this classification. The following industries were classified as PBIs.
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Class Description
351 electric current

711 steam and other vapour-generating boilers, superheated water boilers and auxiliary plant for use therewith

712 steam and vapour power units, not steam engines with self-contained boilers; and parts thereof

713 internal-combustion engines and parts thereof

714 engines and motors, non-electric

716 rotating electric plant and parts thereof

718 other power-generating machinery and parts thereof

741 heating and cooling equipment and parts thereof

742 pumps (including motor and turbo pumps) for liquids and liquid elevators

743 pumps (not liquid) and compressors; centrifuges; filtering and purifying apparatus

744 mechanical handling equipment

745 other non-electrical machines and parts thereof

749 non-electric parts and accessories of machinery

751 office machines

752 automatic data-processing machines and units thereof

759 parts of, or accessories of, 751 and 752

761 television receivers

762 radio-broadcast receivers

763 gramophones, dictating machines and other sound recorders and reproducers; television and sound recorders

764 telecommunications equipment and parts and accessories

771 electric power machinery

772 electrical apparatus for making and breaking electrical circuits (e.g. switches, relays, fuses, light arresters, plugs)

773 equipment for distributing electricity

774 electrical apparatus for medical purposes and radiological apparatus

775 household-type electrical equipment

776 thermionic, cold-cathode and photocathode valves and tubes; photocells; diodes; transistors; etc

778 electrical machinery and apparatus

781 passenger motor cars, including vehicles designed for the transport of both passengers and goods

782 motor vehicles for the transport of goods or materials and special-purpose motor vehicles

783 road motor vehicles (buses)

784 parts and accessories of the motor vehicles falling under 722, 781, 782 and 783 (excluding fittings)

791 railway vehicles

792 aircraft and associated equipment and parts

793 ships, boats and floating structures

871 optical instruments and apparatus

872 medical instruments and appliances

873 meters and counters

874 measuring, checking, analysing and controlling instruments

881 photographic apparatus and equipment

882 photographic and cinematographic supplies

884 optical goods

885 watches and clocks



III. Datasets

The following tables provide the data on which the figures in the main body of the report are based.
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Table 1: Employment 1980–2000 (million)

1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990
PBI 3.00 2.60 2.40 2.30 2.20 2.10 2.10 2.10 2.10 2.10 1.93

manufacturing 6.50 5.80 5.40 5.10 5.10 5.00 4.90 4.90 5.00 5.00 4.96

1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
PBI 1.90 1.77 1.80 1.80 1.80 1.70 1.80 1.80 1.80 1.79

manufacturing 4.85 4.55 4.31 4.37 4.39 4.44 4.50 4.53 4.24 4.10

Source: ONS/OECD

Table 2: Total PBI sales (£ bn)

1980 1983 1986 1989 1992 1995 1997 2000
39.7 47.1 61.6 85.9 147.7 160.7 187.2 196.3

Source: ONS/OECD

Table 3: Number of PBI enterprises

1980 1983 1986 1989 1995 1996 1997 1998 1999 2000
20,095 19,107 28,446 31,534 71,943 73,290 77,205 78,814 80,782 83,809

Source: ONS

Table 4: Growth in PBI production 1995–1999 (%)

UK France Germany Japan
18.90 27.37 12.23 –3.70

Source: OECD/ONS

Table 5: Capital expenditure per employee (£ thousand)

1980 1985 1989 1995 1996 1997 1998 1999 2000
PBI 1.0 1.9 3.0 4.1 4.2 4.8 4.5 4.0 4.1

manufacturing 1.0 1.7 2.9 4.5 4.6 5.0 5.2 4.9 4.8

Source: ONS

Table 6: Gross value-added per employee (£ thousand)

1980 1985 1989 1995 1996 1997 1998 1999 2000
PBI 8.6 17.2 24.5 30.4 32.0 34.1 34.4 35.5 35.2

manufacturing 8.9 15.3 21.5 31.9 32.4 33.1 34.5 35.6 36.8

Source: ONS
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Table 8: Growth in PBI exports 1996–2000 (%)

UK France Germany Japan US
18.13 19.17 11.62 17.15 34.54

Source: UN

Table 10: PBI trade balance ($ bn)

1996 1997 1998 1999 2000
UK –7.64 –6.61 –12.91 –19.54 –21.40

France 18.65 23.21 21.81 19.04 17.65

Germany 69.28 74.17 74.77 73.78 73.29

Japan 179.54 188.00 177.35 184.23 202.15

US -89.52 –77.81 –97.59 –147.89 –196.49

Source: UN

Table 11: PBI relative export share (%)

1996 1997 1998 1999 2000
UK 11.31 11.93 11.75 11.28 11.04

France 11.43 10.91 11.93 11.55 11.26

Germany 22.62 21.31 22.39 22.24 20.87

Japan 27.35 26.16 24.01 24.92 26.48

US 27.29 29.68 29.91 30.01 30.34

Source: OECD

Table 9: PBI share of total industrial exports (%)

1996 1997 1998 1999 2000
UK 42.75 44.85 46.30 46.79 47.36

France 39.46 40.38 42.30 42.94 44.17

Germany 42.73 44.03 43.89 45.10 45.03

Japan 65.24 65.14 65.91 65.70 65.53

US 45.94 48.38 50.21 51.44 50.52

Source: UN

Table 7: Effective exchange rate index

UK France Germany Japan US
1992 108.37 89.55 83.97 64.97 87.05

1993 100.23 93.25 88.61 80.41 92.60

1994 103.38 96.10 92.97 93.44 98.01

1995 100.00 100.00 100.00 100.00 100.00

1996 102.27 100.38 98.59 87.18 105.57

1997 119.19 97.66 95.24 83.34 113.08

1998 126.98 100.04 98.67 86.58 124.83

1999 127.51 99.32 98.60 99.31 124.42

2000 130.95 95.68 94.35 108.09 127.49

Source: DataStream



The data on which figure 13 is based are not reproduced here.
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Table 12b: Total contribution of small-to-medium PBIs (%)

1995 1996 1997 1998 1999 2000
GVA 34.2 32.1 33.6 34.5 32.1 33.2

NCX 23.7 23.0 22.1 24.8 23.7 21.6

Source: ONS

Table 12c: Total contribution of large-sized PBIs (%)

1995 1996 1997 1998 1999 2000
GVA 59.3 59.5 59.2 57.3 58.4 56.4

NCX 71.2 70.9 73.2 69.3 67.8 73.0

Source: ONS

Table 12a: Total contribution of micro-sized PBIs (%)

1995 1996 1997 1998 1999 2000
GVA 6.5 8.4 7.2 8.2 9.5 10.4

NCX 5.1 6.1 4.7 5.9 8.5 5.4

Source: ONS
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