


















































































































































































































































































































































The Emergence and Survival of a Financial Cluster in Britain

1970s. Between 1977 and 2008 the value of international inter-bank lending rose from
$0.7 trillion annually to reach $31 trillion in 2008, which was only $0.1 trillion less than
2007 despite the ‘Credit Crunch’.®2®8 Though facing competition from other financial
centres, especially New York and Tokyo, with their much larger domestic business
sectors, the London money market cluster consolidated its position at the centre of
these international banking transactions. This can be seen in terms of the number of
bank offices in London and New York (See Table 3.9).

Table 3.9: Foreign Banks with offices in London and New York, 1999

Region/Country London London New York New York
Number Percent Number Percent

Europe 130 45% g5 36%

Americas 20 7% 37 14%

Asia 107 37% 116 44%

Africa 10 3% 3 1%

Australia/NZ 6 2% b5 2%

UK - - 9 3%

USA 15 5% _ _

Total 288 100% 265 100%

Notes: This table only counts those banks that maintained their own branch or office. It excludes indirect or shared
representation. Source The Banker, March 1999 (for NY) and November 1999 (for London)

The presence of these bank offices both contributed to and reflected the strength of
London’s money market cluster. The London Inter-Bank Offered Rate (Libor), which
first appeared in 1986, became the benchmark for the interest charged by banks when
lending to each other. Though challenged by Tokyo in the course of the late 1980s and
early 1990s, London maintained its position as the most important centre in which
such transactions took place (see Table 3.10).

Table 3.10: International Money Market: Relative Shares of London and New York,
1977-2008

Gross Liabilities

London New York
1977 $0.7 trillion 27.1% 11.6%
1987 $4.2 trillion 21.9% 12.1%
1997 $9.1 trillion 19.5% 11.2%
2008 $31.0 trillion 22.5% 11.0%

Source: Bank for International Settlements, Quarterly Review, March 2009. (External positions of banks: Amount outstanding
in each year: US$ trillion, current values.) National totals are attributed to national financial centres.

88 Bank for International Settlements, Quarterly Review, March 2009. (External positions of banks: Amount outstanding in
each year: USS$ trillion, current values.) National totals are attributed to national financial centres. The early data
exaggerates the role played by London and New York as only a few centres provided data initially. What is important is
the relative standing of London and New York. A slightly different figure is obtained if Gross Claims is used.
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Decline and Fall: A History of UK Post-war Textile Production

IS IT SIMPLY A PRODUCT CYCLE STORY?

There are many reasons to think that the product cycle history of the British textile
industry is the most compelling. Evidence for this comes in a number of forms. First,
we note the huge diversity of approaches pursued within the British textile industry.
On the one hand we have small scale traditional firms, spinning or weaving cotton,
staple polyester and/or staple rayon, which have not survived. We also have large
scale integrated spinning and weaving firms, which have not survived. Courtaulds
and ICl developed into large conglomerate firms with extensive vertical integration
and the ability to gain economies of scale: they have not survived. When so many
approaches have failed, it is at least plausible that the reasons lie outside the industry.

Evidence for the product cycle hypothesis can also be seen if we look internationally.
The European industry declined more slowly than the British industry in the post-war
era, but has also ended up relatively small. By the mid-1990s, the German and French
industries were three to four times the size of the British, while the Italian industry
was eight times the size. Nevertheless, given the very small size of the British industry
the difference in employment levels between these countries in absolute terms would
have been relatively slight.’*® The textile industry of all of these countries is in decline,
and it seems unlikely that textile production in any of these countries will continue to
any extent in the future.

We can see the same if we look at the history of ICI. ICI made significant profits in nylon
and polyester in the 1960s, but these disappeared as the global prices for these
products fell from 1970 onwards.’® Prices fell from the 1970s onwards with the
development of the global economy. It is a simplification but not an error to say that
much of the globalisation that we have seen in the last 25 years has been based on
companies finding cheap labour locations suitable for producing relatively simple
goods that can be sold on price. Much of manufacturing has fallen into this category,
and today almost all textiles are manufactured in low-cost countries. You will be shown
the door if you walk into a posh shirt shop in Jermyn Street, whose shirts say proudly
on the label “Made in England”, if you ask them where the actual cloth was made!

4.8 Policy conclusions

The textile industry yields particularly useful insights into the types of industries in
which the UK is likely to enjoy growth opportunities in global markets. It is quite clear
that a Government engaging in any “new industry, new jobs” exercise in 1945 may
well have highlighted the textile industry as a likely success in the future. It has all the
right elements: a significant skill base in the region with lower than average
prosperity, high levels of skill both on the shop floor and in research, and the prospect
of new and expanding markets both at home and abroad.

Any Government committed to “a new activism” might well have believed that “a
joint partnership between business, Government and our wider society” would be

successful in this sector. Government involvement in the post-war textile industry

148 Owen, (1999), p. 83
149 Owen (1991), p. 81
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was largely in line with a number of the aims set out in NINJ (section 6.5), “What the
approach defined here does not involve is national ownership of industry, the picking
of national winners, the revision of European state aid rules or the erection of trade
barriers. It does not involve distorting resource allocation in an inefficient way or
displacing creative private enterprise. It recognizes that while a role for Government
in working with the private sector to build our competitive future is necessary, that
role also has important limits.”

That the Government’s post-war approach to textiles failed to lead to the continuation
of a sector of the magnitude enjoyed in 1945 can be explained by the fact that the
invention of a product, or even a new manufacturing process, does not in any sense
guarantee that it will be produced in the country in which it is invented; while rayon
and polyester were invented in the UK, the long-term location of production was
dependent upon relative of production costs.

The reason for this is simple, unambiguous and will apply to many sectors: wages are
dramatically lower in China and other developing economies than Britain, and, once
production requirements for a product move away from the technology frontier, this
will, in many cases translate to lower production costs even once transport costs are
taken into account.

In this context it is helpful to identify the factors that are most likely to require
production to be based in Britain:

® Goods with a short shelf life. This category actually extends quite widely and
beyond the obvious food-stuffs, e.g. bread. For example, a combination of
surprisingly rapidly changing fashion, the need for the product as soon as
possible, the need for assured quality, short production runs and a willingness to
pay at the margin mean that significant sections of UK textiles industry — e.g.
bridal and carnival lace survive against competition from lower wage
economies.®°

® Products which would be damaged in transit. Glass is frequently produced in the
country in which it is going to be used, but this also extends to products for
which shorter travel distances reduce the risk that a “clean” product will be
damaged in a way that makes it unsuitable for use, e.g. food wrapping.

® Products that have a very high weight to value ratio, such as bricks, cement and
products that have a very high bulk to value ratio, of which the most relevant
example here is plastic bottles. Empty plastic bottles take up a great deal of
room. As a result, they are almost always produced relatively close to where they
will be filled. Prodcom statistics record that in the last year for which data are
available, 2007, Britain produced 18.8 billion plastic bottles. These products are
barely traded: Britain exports 5% of the bottles that it makes, and imports bottles
equivalent to 10% of domestic production. The cost of transporting such goods
around the world exceeds the labour cost saving from making them in a low-
wage country. Again, the effect is that producers of these products enjoy
significant levels of natural protection.

150 | am grateful to participants in this sector for explaining the sources of their competitive position to me.
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® Goods for which being produced in Britain is an innate part of the product. It
may well be that a Korean produced Rolls-Royce would be just as reliable as and
significantly cheaper than one that is produced in Britain. Nevertheless the brand
image of a Rolls-Royce requires that it is built in Britain (almost) irrespective of
the underlying cost structure. However, we should not overstate the extent to
which this is true. Although customers may care about the location of a Rolls
Royce’s final assembly, there is no evidence that they care about the country in
which its components are produced. While Japanese car firms advertise that
they produce cars abroad: their reputation for reliability is based on production
techniques and management style, not the location of production.

® Goods where the consumer, rightly or wrongly, believes that it is less risky to
use a locally produced good. It is not difficult to imagine customers being
prepared to pay a premium for a parachute produced in a high wage economy.
In addition, strategic considerations mean that Britain buys military parachutes
from British firms, ensuring that Britain has a parachute manufacturing industry
that can also produce civilian parachutes.’™ The same is true for
pharmaceuticals, and civil aeroplanes. Here production in a developed economy
should be seen as a type of insurance.

This also extends to a handful of more mundane goods. Miele, the German
domestic appliance manufacturer, continues to produce all of its appliances in
Germany, and almost without exception uses German components, even to the
extent of producing its own nuts and bolts now that it is hard to source these
from within Germany. This clearly raises the cost of production, but this is a firm
that competes primarily on its reputation for reliability. The evaluations by
Which? magazine suggest that that reputation is well founded. The UK bike
company, Brompton, have advanced a similar argument for maintaining UK
production, as well as stating that observing the production process allows them
to make incremental changes to product design.

® Products where design continually evolves. Formula 1 cars would be a classic
example, but complex machine tools would be another. The successful military
optics cluster in North Wales would be a good example of this working well
within Britain.?

In summary, competition from low wage economies is likely to continue to act as a
constraint on the proportion of British GDP that comes from manufacturing. However,
a number of areas can be identified where manufacturing is likely to remain in the UK.

In terms of the development of sector policies once a sector has been chosen, the
insights from textiles are perhaps less obvious. However, experience from textiles
appears to suggest that rather than focussing on specific products or technologies,
Government is likely to do best to concentrate on the most fundamental supply side
issues. These may for example include efforts to improve the supply of skills to
businesses, transport and communications.

151 The limited number of UK producers means that for confidentiality reasons Prodcom does not record the number or
value of parachutes produced in Britain. However imports, at £3.5 million, are less than exports, at £11m, demonstrating
that this is the sort of product that is produced primarily within high wage economies. | am grateful to staff at one UK
parachute manufacturer for explaining the industry to me.

152 Leunig and Swaffield (2007), p. 46.
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5. The Pharmaceutical
Industry in the UK
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5.1 Introduction

In choosing sectors whose history, evolution and growth could provide useful policy
lessons for Government, the pharmaceutical industry almost selects itself. It is
indisputably one of the UK’s most successful sectors. It is also influenced in several
different ways by Government: in its role as a major customer; as a regulator of
medicines; as a funder of R&D; and as a provider of skills. The sector’s exceptional
dependence on R&D makes it a particularly interesting one at a time when Governments
increasingly perceive R&D as a basis for competitive advantage and as an engine of
economic growth. Another topical aspect of the sector is that it is global: its products
transcend national boundaries and although its leading companies “belong” where
their headquarters are located, and carry out most of their administration and marketing
from there, they are increasingly locating their manufacturing operations, R&D and
clinical trials wherever the most competitive locations can be found for them - not
necessarily, or indeed, typically in the same country.

5.2 The Industry’s Structure and Development

THE INDUSTRY IN CONTEXT

The UK Pharmaceutical industry is a major global player. In 2006 it was the fourth
largest in the world in terms of value added, behind those of the US, Japan and
Germany. It then accounted for 0.71 per cent of UK GDP - rather more than in other
large economies, and less than three smaller European economies — Belgium,
Sweden and Denmark.
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Table 5.1: Value Added by the Pharmaceutical industry in selected countries, 2006

Value added by the pharmaceutical industry in selected countries, 2006

$US million As a per cent GDP
United States 91,500 0.69%
Japan 27,200 0.62%
Germany 19,100 0.66%
United Kingdom 17,200 0.71%
France 12,400 0.55%
Italy 8,600 0.46%
Sweden 5,800 1.47%
Spain 5,100 0.41%
Belgium 4,900 1.22%
Denmark 2,900 1.06%
Netherlands 2,300 0.34%
Austria 1,800 0.56%
Norway 800 0.24%
Finland 500 0.24%
Portugal 400 0.20%
Greece 400 0.15%

Sources: Value added, OECD STAN Structural database; Annual average exchange rates: Federal Reserve Statistical Release, 3
January 2007; GDP: IMF World Economic Outlook Database.

The UK’s two largest pharmaceutical companies are among the most successful in
the world. In terms of global sales, GlaxoSmithKline and AstraZeneca, ranked 2nd
and 5th respectively in 2007.

Table 5.2: Top ten global pharmaceutical companies, 2007

Top ten global pharmaceutical companies, 2007

Company Country Sales £m Market share (per cent)
1 Pfizer USA 22,300 6.7
2 GlaxoSmithKline UK 18,800 5.6
3 Novartis Switzerland 17,200 5.1
4 Sanofi Aventis France 16,800 5.0
5 AstraZeneca UK 15,000 4.5
6 Johnson & Johnson USA 14,500 4.3
7 Roche Switzerland 13,800 4.1
8 Merck & Co USA 13,600 4.1
9 Abbott USA 9,600 2.9
10 Lilly USA 8,300 2.5

The Top 10 149,900 449

Source: IMS, cited by the Association of the British Pharmaceutical Industry (ABPI).
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The UK industry has excelled particularly in originating important medicines. A
comparison of the national origins of the world’s 75 leading medicines (by global
sales)'® revealed that in 2007, about 55 per cent of them originated in the US, 19 per
cent in the UK, 10 per cent in Switzerland, 5 per cent in Japan, 5 per cent in France,
and 2 per cent in Germany. Of the 50 top selling medicines in the UK in 2007, GSK
was responsible for five, AstraZeneca for 13.

The pharmaceutical industry is one of the most global industries. One indicator of this
is that the market shares of the industry’s leading companies are not largely
influenced by the physical location of that company. For example, in the UK market,
companies’ market shares are quite similar to their shares of the global market. In
2007, the global leader, Pfizer, was also the market leader in the UK; GlaxoSmithKline
and AstraZeneca were respectively in the 2nd and 4th positions in the UK - very
similar to their global rankings.

Table 5.3: Leading pharmaceutical corporations’ UK market share, 2007

Leading pharmaceutical corporations’ UK market share, 2007

Company Country Sales £m Market share (per cent)
1 Pfizer USA 1,090 9.3
2 GlaxoSmithKline UK 1,060 9.0
3 Sanofi-Aventis France 780 6.7
4 AstraZeneca UK 670 5.7
5 Novartis Switzerland 460 815
6 Roche Switzerland 440 3.7
7 Wyeth'®* USA 390 3.3
8 Merck & Co USA 350 3.0
9 Lilly USA 350 2.9
10 Boehringer Ingelheim Germany 270 2.3
11 Johnson & Johnson USA 260 2.2
12 Schering Plough USA 250 2.1
13 Novo Nordisk USA 220 1.9
14 Bayer Schering Germany 200 1.7
15 Abbott USA 170 1.4
16 Teva Israel 140 1.2
17 Bristol-Myers Squibb USA 110 1.0
18 Mundi Int. USA 110 1.0
19 Gilead Sciences USA 110 0.9
20 Servier France 100 0.9

Source: The Association of the British Pharmaceutical Industry (ABPI), based on IMS Dataview.

153 Pharmaceutical Industry Competitive Task Force (PICTF), Competitiveness and Performance Indicators 2009 (unpublished).
National origin: the home-base of the company responsible for the first synthesis, or where not known, the country of
patent priority for a New Molecular Entity.

154 Wyeth has since merged with Pfizer.
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THE ESTABLISHMENT OF THE PHARMACEUTICAL INDUSTRY'®®

Historians of the industry identify three major stages. The first of these, 1850-1945,
involved modest levels of research. Prior to this, there were no standardised
medicines for treating specific conditions; local apothecaries formulated their own
prescriptions and some began commercial production. The modern industry
originated from German developments in synthetic organic chemistry, using the
same techniques as had been developed for synthetic dyestuffs, and drawing on the
strength of the organic chemistry departments of German universities. Companies
such as Ciba, Sandoz, Bayer and Hoechst began to manufacture medicines (e.g.
Bayer’s Aspirin in 1899, Hoechst's Salvarsan in 1909). Such companies emerged also
in the USA and UK, but as specialised producers, rather than part of chemical
companies — Wyeth, Eli Lilly, Pfizer, Warner-Lambert and Burroughs-Wellcome.

In the second stage, 1945-1990, the industry adopted its present R&D-intensive shape.
Its leaders established in-house R&D departments, and Governments became heavily
involved in health-related research. The catalyst was the vast and pressing need for
antibiotics in World War Il. Alexander Fleming had discovered penicillin in 1928, but
in the pre-war period it was produced only in small quantities, for experimental
purposes. The industrial solution for making penicillin — and later other broad
spectrum antibiotics — was developed by the Americans, at the request of the UK
Government. The US Government organised a massive research and production
effort which led to the large-scale production of penicillin, based on a fermentation
process developed by Pfizer.

In its early years, R&D focused on the random screening of natural and chemically
derived products. From the 1970s, it turned to “drug development by design”,
drawing on developments in molecular chemistry, pharmacology and enzymology.
One of the most significant of these developments was the invention of the first
clinically useful beta blocker (Propanolol) by Sir James Black in the late 1950s,
working for ICI, which revolutionised the management of angina.

The third stage began in about 1990, with the introduction of genetic engineering,
brought about by the cell and gene discoveries of the 1970s. In 1973, two American
scientists, Herbert Boyer and Stanley Cohen, discovered recombinant DNA, whereby
genes could be transferred from one organism to another in order to produce new
substances with different properties. Together with a related technique for fusing and
multiplying cells, which was discovered two years later, recombinant DNA opened up
the possibility of genetically engineering micro-organisms, such as anti-bodies, that
would have therapeutic value.

This technology developed along a quite different trajectory from that followed in the
previous stage. It occurred in new, rather than established companies, founded by
scientist-entrepreneurs, who retained close links with university science. The
question then was whether these new entities would develop into fully integrated
pharmaceutical companies, possibly displacing the incumbents, or whether they
would establish a more symbiotic relationship with them.

155 The historical sections of this paper draw principally from the chapter, “The Winning Formula”, in Geoffrey Owen'’s
history of British manufacturing in the post-War period (Owen (1999)), and from Henderson, et al (1999).
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In practice this “Molecular Revolution” has not swept away established players,
based on earlier chemistry-based technologies. The world’s leading biotechnology
company, Amgen, did become an integrated manufacturer but most biotechnology
firms became R&D specialists, supplying the integrated companies, either as
independents or as subsidiaries. One interpretation of this is that the strategic assets
of the established pharmaceutical companies lay not just in their research, as might
be supposed from the prominence of research in the pharmaceutical story, but in
their skills in manufacturing, development, clinical trials, securing approvals, and
marketing.

Thus we can see a rich mix of formative influences in this history: creative individuals,
science-based organic chemistry, the strategic significance of medicines in wartime
and the impetus that this imparted to organised R&D laboratories, large-scale
production methods and Government support for medical research.

THE EVOLUTION OF THE STRUCTURE OF THE INDUSTRY

The way that the structure of the UK pharmaceutical industry has evolved is largely
the story of its major companies. Burroughs-Wellcome & Company was founded in
London in 1880 by American pharmacists Henry Wellcome and Silas Burroughs.
Glaxo was founded in New Zealand in 1904, to process local milk into a baby food by
the same name: Glaxo became Glaxo Laboratories, opened new units in London in
1935, and acquired Joseph Nathan and Allen & Hanburys in 1947 and 1958
respectively. After acquiring Meyer Laboratories in 1978, Glaxo started to play an
important role in the US market. Burroughs Wellcome and Glaxo merged in 1995 to
form GlaxoWellcome.

In 1843, Thomas Beecham launched a laxative, Beecham'’s Pills. By the 1960s, the
Beecham Group was extensively involved in pharmaceuticals. In 1830, John K. Smith
opened its first pharmacy in Philadelphia. In 1865 Mahlon Kline joined the business
which, 10 years later, became Smith, Kline & Co. In 1891, it merged with French,
Richard and Company, to become Smith Kline & French Laboratories. The Company
merged with Beckman Inc. in 1982 to become SmithKline Beckman.

In 1988, SmithKline Beckman bought its biggest competitor, International Clinical
Laboratories, and in 1989 merged with Beecham to form SmithKline Beecham plc,
and redomiciled itself to the UK. This was the first major merger in the
pharmaceutical industry in recent times. In 2000, Glaxo Wellcome and SmithKline
Beecham merged to form GlaxoSmithKline. There is a certain irony in the way the
Glaxo story has played out. Beecham sought to acquire Glaxo in 1971, but was turned
down by the Monopolies Commission, which, like Glaxo at that time, was
unimpressed by Beecham’s argument that the merger was necessary in order to
exploit economies of scale in R&D. The two companies were eventually brought
under common ownership, in 2000.

AstraZeneca also had diverse origins: Zeneca'’s date from 1912, when Atlas Chemical

Industries was founded as a result of a demerger from DuPont, in Wilmington, USA.
Atlas Chemical Industries was acquired by ICl in 1972. ICl's pharmaceutical Division
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engaged Sir James Black in 1958 and then advanced on the strength of his invention
of the beta blocker (Propanolol). It was spun off in 1992 as the Zeneca Group plc.
Astra AB was founded in 1913 by 400 doctors and apothecaries in Sodertalje in
Sweden. In 1999, Astra AB and Zeneca Group plc merged to form AstraZeneca plc.

The principal motivation for consolidation in the pharmaceutical industry may be that
the productivity of its R&D is declining. Data relating to the productivity of R&D in the
pharmaceutical sector is incomplete and not available for the whole UK
pharmaceutical sector. However, data available for the US shows R&D expenditure
increased in real terms between 1980 and 2008 by an average of seven per cent a
year. Meanwhile, the number of new molecular entities (NMEs) that are approved
each year by the US Food and Drug Administration has shown no significant trend
over this period as a whole, and has declined over the last decade.

Figure 5.1: The productivity of US pharmaceutical R&D

16 70

$billion at 1980 prices

—— R&D investment at 2000 prices —&— NMEs approved annually by the FDA

Source: R&D data: Pharmaceutical Research and Manufacturers of America (PhRMA), Pharmaceutical Industry Profile 2009,
page 50. This includes R&D performed outside the US by US companies. R&D expenditures were adjusted for inflation using
the biomedical research and development price index published by the Bureau of Economic Analysis. NME approvals: 1980-
1992, industry presentation; 1993-2008: presentation by John K Jenkins, FDA Center for Drug Evaluation & Research,
December 3, 2009.
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As the pharmaceutical industry is one of the most global industries, it could be
argued that the picture observed in the US market could also be observed in the UK
and global market.

On the other hand, GlaxoSmithKline recently disclosed a measure of their
productivity in R&D, saying the estimated return on investment from its late-stage
pipeline is around 11 per cent which “we believe is an improvement on the industry
average over the last ten years” ', However, more comprehensive and recent data
for the UK is unavailable.

In the US, the out-of-pocket costs of discovering a new molecular entity in 2000 was
$400 million (US$ 800 million when capitalised to the point of marketing approval),
and had been rising in real terms by over seven per cent a year, according to DiMasi,
Hansen and Grabowski (2003)."%” According to the same authors (2007), by 2006 the
cost had risen to $1,300 million."8 This is partly because the “low-hanging fruit” has
already been picked and partly because, in this author’s opinion, regulatory hurdles
are becoming more demanding. Is greater scale part of the solution? Some academic
studies have suggested that the pharmaceutical companies experience decreasing
returns to scale in R&D. For example, the study by Graves and Langowitz (1993) of 16
pharmaceutical companies over a 19-year period concluded that there are decreasing
returns to scale in R&D, remarking that “the wave of mergers in the industry may
yield less innovative productivity than managers expect.”'® But the horizontal
mergers appear to be successful, but not because the companies are constructing
ever-larger R&D establishments. Quite the opposite, they are creating smaller units,
mimicking small biotech companies, as GSK has done post-merger, with its Centres
of Excellence for Drug Discovery.

The mergers could be succeeding for three reasons.

® |Large companies are more productive in pharmaceutical R&D, because the
economies of scope in diversified R&D portfolios enable spillovers between
therapeutic areas to be captured internally, as suggested by Henderson and
Cockburn (1996).

® Acquisitions have enabled larger companies to fill R&D pipelines where they are
running low, and to reposition themselves in the fastest growing therapeutic
areas.

® They exploit the economies of scale in marketing; larger companies require
proportionately fewer salesmen.

A more general question about the evolution of the UK industry is why has the UK
succeeded in this particular R&D-intensive industry, noting that German industries
have been much more successful than their British counterparts in established

156 GSK press release: http://www.gsk.com/investors/reports/q42009/q42009.pdf.

157 Joseph A. DiMasi, Ronald W. Hansen and Henry G. Grabowski (2003), The price of innovation: new estimates of drug
development costs, Journal of Health Economics, Vol. 22, Issue 2, pp. 151-185. Out-of-pocket costs were capitalised to the
point of marketing approval at a real discount rate of 11 per cent.

158 J. A. DiMasi and H. G. Grabowski, “The Cost of Biopharmaceutical R&D: Is Biotech Different? Managerial and Decision
Economics 28 (2007): 469-479.

159 Samuel B. Graves and Nan S. Langowitz (1993), Innovative productivity and returns to scale in the pharmaceutical
industry, Strategic Management Journal, Volume 14, Issue 8, pp. 593 — 605.
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science-based industries such as industrial chemicals, vehicles, electrical
engineering? Geoffrey Owen noted, “a generally supportive relationship with
Government during the 1960s and 1970s” and a “stable but demanding regulatory
framework”.160

Another part of the answer is the adroit way in which UK pharmaceutical firms broke
free from non-life-science related chemical industries and, through a mix of mergers
and internal expansion programs, substantially increased their ability to respond
effectively to new research opportunities. Two personalities played important roles
here. Alan Wilson, Chairman at Glaxo from 1963, decided to switch from a license-
based to a more research-based approach; the Allen & Hanburys laboratory at Ware,
under the leadership of David Jack “was largely responsible for lifting Glaxo into the
front rank of the world pharmaceutical industry”.®

A different type of explanation was advanced by Caspar and Matraves (2003) who
attributed the industry’s superior adaptability to British corporate governance. This
exerts pressures on managers to perform, but it also allows them freedom to
restructure their companies, develop alliances and acquire biotechnology firms;
German companies are ponderous in comparison. It is not clear how the UK's
corporate governance could account, for example, for Glaxo’s success with Zantac, or
ICl's with heart drugs; or why, if the UK'’s corporate governance favours this industry,
did the industry not perform better in biotechnology (see below).

MEDICAL BIOTECHNOLOGY IN THE UK

Medical biotechnology is an important sector of the Life Sciences industry. Global
sales of medical biotechnology products'? are estimated at between £45-48 billion
with growth rates of more than 20 per cent per annum over the period 2002 to 2007.
This is more than double the rate for the pharmaceutical market.'®® Biotechnology
offers new opportunities in the manufacture and development of Life Sciences
products such as biopharmaceuticals. These are high value products which generally
have a better chance of being successful in the clinical stages of development than
small-molecule pharmaceuticals. Although it is possible to distinguish between the
pharmaceutical, medical biotechnology and medical technology sectors in broad
terms, in practice they are increasingly converging into a single sector.

During the 1980s, universities, venture capitalists and the Government sought to
mimic the institutions in the US that had created numerous biotechnology start-ups.
While the UK has emerged as the European leader in biotechnology, it has lagged far
behind that in the US.

Biotechnology’s development in the UK has, on the whole, been a story of high
hopes, based on outstanding science, followed by some financial disasters. In 1996
the Roslin Institute near Edinburgh produced Dolly, the world’s first cloned mammal.
In 2003, PPL Therapeutics, the company that was spun off to exploit the technology,

160 Geoffrey Owen, op. cit. page 374.
161 Geoffrey Owen, op. cit. page 375.
162 Excluding small molecules.

163 Source: IMS Health.
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was shut down and acquired by US investors for a knock-down price. The
biotechnology industry’s largest company in 2007, Protherics (acquired in 2008 by
BTG for £218 million), is no more than a small and medium-sized enterprise (SME),
ranked as the 18th largest biotechnology in the world, with sales of just $47 million.%*
In contrast, Amgen, the world’s leading biotech company, is the 11th largest
pharmaceutical company in the world, with 2007 sales of about $15,000 million.

Why, then, did the UK biotechnology industry develop so much later than the US
industry, and continue to lag behind? One answer is the close collaboration in the US
between state and federal research agencies, universities and venture capitalists. The
UK did not have many venture capitalists in the 1970s. There was also a weaker
traditional of academic entrepreneurship in the UK. Opportunities were missed to
patent the discovery of monoclonal antibodies arising from the Medical Research
Council Laboratory of Molecular Biology at Cambridge. State intervention (the
establishment of Celltech in 1980, funded by the National Enterprise Board, and with
the right of first refusal on biotechnology discoveries emerging from the research by
the MRC) was necessary to get the UK biotechnology industry off the ground, again
in contrast to the USA, which by this stage had nearly 100 dedicated firms. This
intervention triggered the formation of many others.

The first of these to be publicly floated, in 1992, was British Biotechnology, founded by
two former G D Searle managers, using their redundancy payments, following the
disbanding of Searle’s R&D department after its acquisition by Monsanto. Despite
having no compounds on or even to near the market, by May 1996 British Biotech’s
share price had risen to over £30, taking it close to the FTSE 100. Investigations into the
company found that it had willfully misled the public about the progress of its principal
product. In 2003, British Biotech, merged with its rival, Vernalis, and abandoned its
historic name and home in Oxford. The star of the sector had risen and fallen.

In the last two years there has been a 30 per cent decrease in the number of publicly
listed biotechnology and pharmaceutical companies on the London Stock
Exchange'®® and today there are around 90 listed biotechs. Furthermore, some hold
the view that “fewer than a dozen of these have a solid business with revenue
streams or deal with large firms”.'%® Many of them have just one or two products in
development.

However, recently the biotechnology sector has been evolving and converging with
the pharmaceutical sector. This has been largely driven by the entry of major
pharmaceutical companies into researching, manufacturing and marketing of
biopharmaceuticals, which offer a better chance of being successful in the clinical
stages of development than small-molecule pharmaceuticals. As a result, large
pharmaceutical companies are obtaining a greater proportion of their pipeline from
biotechnology companies via development deals, licensing and company
acquisitions.

164 Celltech would probably have been higher placed, had it still been an independent company. In 2004, it accepted a cash
offer from UCB, a Belgian pharmaceutical and chemical company, which valued it at about £1.5billion, and is now known
as UCB Celltech.

165 Pharmaceutical and biotechnology companies listed on the London Stock Exchange, Sept 2007 — Aug 2009.

166 Moneyweek, 2 October 2009.
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5.3 The impact of Government on the industry

There are many factors that have shaped the evolution and growth of the sector. This
section focuses on the aspects where Government plays a significant role.

Recalling that the industry is global, increasingly footloose, and often carries out its
R&D in locations that are remote from its other operations, a question to bear in mind
here is whether, and via which mechanisms, Government policies that influence the
domestic business environment and market for medicines (prices, approvals and
expenditure) influence the location of pharmaceutical R&D.

A study by NERA (2007) examined whether market conditions (pricing environment
and rate of adoption of new technology) affect the decision of where to locate R&D.
The report “did not find credible economic mechanisms to suggest that product
market characteristics were of over-riding importance when making investment
decisions. Firms should locate research and manufacturing in the best and most
cost-efficient locations, then market their products globally.” However, the report also
found that “firms often have a number of alternative locations for investment assets
that are broadly equal in other dimensions, and in these situations market conditions
can be an influence on the ultimate choice”.

The paper also concluded that a range of factors influence the decision on where to
locate R&D. These included: low tax, low bureaucracy, flexible labour market, political
stability and the quality of the science base. Clearly the Government has a major
influencing role in these areas.

GOVERNMENT'’S INFLUENCE AS A PURCHASER

This topic was given added prominence by the work of Michael Porter (1990), who
argued that an industry’s competitive advantage can be enhanced by features of its
domestic demand: high volume, a number of independent buyers, early adopting,
and the presence of sophisticated and demanding buyers. However these arguments
may not hold for the pharmaceutical industry, where there is no significant
requirement for geographically associating key value-adding activities such as R&D
with the final product markets.

Through the NHS, the Government is a major customer for pharmaceutical products
in the UK and the demands of the NHS will naturally have an impact on the domestic
pharmaceutical market. However, as previously noted, the pharmaceutical industry is
one of the most global industries and the UK represents only around 4 per cent of the
world market for pharmaceuticals so the effect on global R&D is likely to be small.
Nevertheless, as a major customer, the NHS is in a position to affect market
conditions and competition through its purchasing behaviour.

The UK is not an exceptional spender on medicines (Figure 5.2).7%7 Nor is the UK rated
particularly favourably in terms of its up-take of new medicines (see Figure 5.3 and
discussion in later section: The Government’s approach to the use of medicines in the
NHS).

167 This may reflect the quality of UK medical practice.
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Figure 5.2: Annual expenditure on medicines per person, 2008 (£)
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Source: ABPI, based on IMS World Review, United Nations, World Population Prospects, Office for National Statistics.
The comparisons include prescription and hospital medicines.

Generic prescribing rates are reported to be much higher in the UK — over 80 per cent
in many practices — than in many other countries. The Department of Health’s public
service agreement target to make increasing use of generic substitutes for out-of-
patent medicines ensures that patients and taxpayers get the maximum benefit of
price-competition following patent expiry. However, high use of generics reduces
returns on investments for research-based pharmaceutical companies - although
this, on its own, is not expected to significantly affect the incentives to invest in the
UK, and the impact on total returns to investment cannot be large, as the UK is a small
part of the global market.
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Figure 5.6: Share of world citations 2008 (per cent) UK and France
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The quality and distinctive character of British medicine has also been influential. It
has been argued by Henderson et al (1999) that science has a higher status within the
UK medical profession than it does in Continental Europe, where the doctors have
less scientific preparation than is typical in either the UK or the United States.
Medically orientated research within Continental universities has tended to have a
marginal role as compared to patient care. According to Braun (1994), in continental
Europe, medical schools and hospitals are usually part of a single organisational
entity, whereas in the US and the UK medical schools are usually independent of
hospital administrations and are closely associated with universities.

Of major importance to this industry is the UK'’s system of publicly-funded research.
The National Institute for Health Research (NIHR), the Medical Research Council
(MRC) and the Biotechnology and Biological Sciences Research Council (BBSRC) are
the largest public sources of research funding, last year spending budgets of around
£800m, £700m and £400m respectively.'’3

The MRC has a long tradition of producing excellent basic science, and since its
establishment in 1913 has funded 29 Nobel Prize winners."* The major strength of
the MRC is fundamental biomedical research, in which the UK is a world leader. The
discovery of penicillin and the structure of DNA took place in UK laboratories. The
UK'’s translation of laboratory research into applications is also impressive. For
example, a team at the University of Leicester, led by Alec Jeffreys, used molecular
biology techniques to study genetics variation in human DNA, resulting in the
discovery of DNA fingerprinting in 1984.'° This has also revolutionised genetic

173 Other research councils also fund health and medical research, in particular EPSRC and ESRC.

174 The latest of these was awarded this year for chemistry to Dr Venkatraman Ramakrishnan of the Medical Research
Council Laboratory of Molecular Biology (jointly with two other researchers) for studies of the structure and function of
the ribosome. Ribosomes produce proteins, which in turn control the chemistry in all living organisms.

175 Cooksey (2006).
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markers for disease and the way that organs available for transplantation are
matched with patients, and it is also commonly used forensically in criminal
investigations. The isolation and reproduction of monoclonal antibodies in 1975 was
originally developed by Cesar Milstein and George Kohler at the MRC Laboratory of
Molecular Biology as a research tool to study the immune system.

Important contributions are also made by charities. The Wellcome Trust, Cancer
Research UK and the British Heart Foundation, the three largest individual funders,
spend over £600 million, £250 million and £60 million a year respectively. The
Wellcome Trust’'s Sanger Institute in Cambridge, which was established in
collaboration with the MRC, was responsible for almost a quarter of the total
sequences in the Human Genome Project. It recently announced that it had, for the
first time, mapped the complete genetic codes of two human cancers. This is
expected to transform the treatment of the disease, allowing every tumour to be
targeted with personalised therapy.

Publicly funded research has also played a central role in the origins of the British
biotechnology industry (Celltech, Cantab Pharmaceuticals, and PPL Therapeutics).
The technology for genetic engineering of livestock was first developed at the
Institute of Animal Physiology and Genetics and funded by the Agricultural and Food
Research Council.

The Technology Strategy Board has also provided financial support for the life
sciences. Since its inception in 2004 it has run six collaborative research and
development competitions in this area, offering £64 million in grant aid. For example,
as part of an £21.5m programme in regenerative medicine (£18m of funding from TSB
and £3.5m from Research Councils), the TSB’s first two competitions will result in
over 40 British companies receiving over £4.5m to support R&D activities in the area
of regenerative medicine therapies. Another example of TSB support for life sciences
is its partnership with Ingenza and Novacta Biosystems to find faster, better and
cheaper routes to new medicines by developing new biocatalytic processes to
prepare optically pure beta amino acids and chiral amines, which are required by the
pharmaceutical industry worldwide.

To conclude on this aspect, the UK’s record in science generally, and in the disciplines
that are relevant to the industry, is outstanding. It owes much to the UK’s publicly-
funded medical research system. Pharmaceutical companies are attracted to the UK
in order to tap into this research infrastructure. “The quality of the health research
base, combined with a national health service, creates a unique selling point that
attracts R&D investment from the pharmaceutical, devices and biotechnology
industries” .76

THE GOVERNMENT’'S APPROACH TO USE OF MEDICINES IN THE NHS

There are essentially two aspects to the Government’s role in NHS use of medicines:
ensuring that they are safe and reliable; and establishing whether they offer value for
money. The first — regulatory — aspect is the responsibility of the Medicines and

176 Cooksey (2006) paragraph 1.2.
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Healthcare products Regulatory Agency (MRHA), an executive agency of the
Department of Health responsible for ensuring that medicines and medical devices
work, and are acceptably safe. The experience with thalidomide kick-started the
regulation of medicines in the UK. Thalidomide was prescribed during the late 1950s
and early 1960s to relieve morning sickness in the first few months of pregnancy, but
caused serious birth defects. In a bid to prevent a similar occurrence, the Committee
on Safety of Drugs was set up in 1963. This subsequently became the Committee on
Safety of Medicines (CSM) under the terms of the Medicines Act of 1968, which
required medicines to be licensed before being allowed onto the UK market. The
Medicines Control Agency was created in 1989, and merged with the Medical Devices
Agency to become the MHRA in 2003. Many of the provisions of the Act have now
been superseded by regulations implementing European legislation on medicines.

An important question for the industry is the speed with which new medicines receive
marketing approval. Comparing 64 medicines that were approved by both the US
Federal Drug Administration (FDA) and the MHRA, Cohen et al (2006)""7 concluded
that marketing authorisation was obtained more quickly in the US. However, “patient
access” has other dimensions than speed of marketing approval. A more nuanced
comparison, which compared eight sub-dimensions of patient access to a sample of
commonly used best-selling medicines in the US, the UK, France and the Netherlands
(Cohen et al., 2007)"8, concluded that patient access took longer in the US. The
relevant PICTF indicator (average time from the first world application for a market
authorisation to launch) suggests that in the period 1999-2003, the UK was a little
slower than the US (two years compared to 1.6 years), but it was quicker than some
other comparator countries (Japan, 3.5 years; France and ltaly, about 2.5 years).
Overall, the UK appears to be competitive in this respect.

A 2005 comparison of the up-take of 40 medicines in comparator (OECD) countries
indicated that the UK scored less well in respect to the diffusion of new medicines
once they were approved. The median up-take in the UK one year after product
launch was only 17 per cent of the PICTF average, rising to 54 per cent of the average
five years after launch.”® The share of the UK market accounted for by products
launched within the last five years was about 17 per cent — lower than in the US
(25 per cent) and in France and Germany (22 per cent).

Guidance on the value for money of new medicines is provided by the National
Institute for Health and Clinical Excellence (NICE). NICE assesses comparator
products (Single Technology Appraisals) against a common standard.’® A
technology is likely to be approved if it is expected to provide health benefits
equivalent to one additional year of life at full health at a cost of £20,000-30,000 or
less. This cost-effectiveness threshold is a guide to decision-making, not a rule. Its
purpose is to reflect the patient benefits that could be gained through the alternative
use of funds — the health gains from treatments that must be displaced in order to

177 Cohen et al (2006).

178 Cohen et al (2007). The eight sub-dimensions of patient access to pharmaceuticals were: marketing approvals, time of
marketing approval, coverage, cost sharing, conditions of reimbursement, speed from marketing approval to
reimbursement, extent to which beneficiaries control choice of their drug benefit, and evenness of the availability of
drugs to the population.

179 Pharmaceutical Industry Competitive Task Force (PICTF), (2005).

180 National Institute for Health and Clinical Excellence. Guide to the methods of technology appraisal. London: NICE, 2008.
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fund the new medicine. If a new medicine generates less benefits than the treatments
it would displace, then patients overall would be worse off if the NHS were to
purchase the product.

Although NICE will not negotiate or publicly set or indicate prices, its processes and
the PPRS are linked in the sense that companies need to consider the likely outcome
of a NICE appraisal when setting the price of a medicine, or considering whether to
submit a medicine for appraisal at all. One global player observed that “late-stage
cancer molecules will not get past NICE”, so that it is not worth even submitting them
(though it is worth noting that this perception is inaccurate: some such medicines
have been positively appraised by NICE). There is a clear political consensus in the
UK that evaluation of clinical and cost-effectiveness by NICE is the right approach to
allocating the NHS budget. Moreover NICE is globally recognised as the clear leader
in its field, and sets the gold standard for evaluation of health technologies.

NICE's approach has raised some concerns among industry stakeholders. One is that
its Technology Assessments may delay the introduction of new medicines. A new
molecular entity (NME) typically takes 12 years to reach market authorisation.’®’
Further delays eat into what then remains of the 20-year patent life, making it harder
to recover development costs. In recognition of the importance of timely appraisal,
NICE is now able to begin work on assessing a medicine at the same time it is
submitted for regulatory approval. This means NICE can issue guidance within 3-6
months of a product being granted a marketing authorisation.

Critics argue that other countries that spend similar per capita amounts on health care
are approving treatments that NICE is turning down. This does not itself imply that
the UK is taking the wrong decisions compared to other countries; an additional year
of life might be valued more in other countries, especially if they are wealthier than
the UK, or, in view of NICE's reputation, it is quite possible that those countries are
prescribing inefficiently.

NICE was created to help the NHS prioritise investment in new and existing
technologies, in order to inform decision making. It has become the de facto arbiter
on whether (and to what extent) new medicines represent sufficiently good value for
money that they should be adopted across the NHS. Primary Care Trusts (PCTs) may
disregard a negative Technology Assessment but they would be reluctant to do so;
conversely, if NICE approves a medicine, NHS bodies are required to provide funding
to implement NICE appraisal guidance within three months.’? In this way, NICE's
actions can indirectly impact competition in the UK pharmaceuticals market, and it
plays a role in informing the purchaser — the NHS.

A recent study showed that most NICE approved medicines do quickly reach their
predicted levels of usage’? suggesting that NICE guidance is adhered to. The report
compared the ‘predicted’ use of medicines, (calculated using the expected number of
eligible patients, the average dose and average length of treatment), with their actual

or ‘observed’ use. The report showed that out of the 12 appraisals where a
181 DiMasi et al, op. cit. Around 35 per cent of new drugs fall into this category.
182 This statutory funding requirement applies only to NICE’s technology appraisal programme, which deals with the great

majority of new drugs, and not to its other strands of guidance (such as clinical guidelines and public health guidance).
183 See: www.ic.nhs.uk/pubs/niceappmed.
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comparison could be made, observed use by the NHS in England in 2008 was higher
than predicted use for seven and lower for five.

NICE addresses a fundamental market failure — to do with information asymmetry. In
providing a consistent approach, and collecting and assessing the relevant
information, NICE helps the market to work effectively. But there is also a sense in
which NICE is restricting the NHS market. For example, some argue that if NICE
concludes that only one of a number of competing new treatments meets its
standard, the other contenders are effectively eliminated and competition in this
particular segment of the NHS market is, for the present, curtailed. On the other hand,
some stakeholders argue that NICE skews the NHS market too far in favour of new
drugs, particularly given the specific statutory requirement on PCTs to fund NICE-
recommended medicines even if they believe that doing so may displace alternative
treatments in which they would rather have invested.

A number of policy responses have increased access to new medicines, including the
“Innovation Pass” developed as part of the Office for Life Sciences’ work (see below),
and risk-sharing initiatives. Risk-sharing was proposed by Janssen-Cilag when NICE
rejected its treatment of multiple myeloma, bortezomib (Velcade), on cost grounds in
2006."®* In a move that was seen as landmark in the industry, the company then
offered to reimburse the NHS with the full cost of treatment for those patients that
have a less than 50 per cent reduction in serum M-protein. Those showing a complete
or partial response (reduction of 50 per cent or more) will have their treatment
continued and paid for by the NHS. The proposal was amended and then
recommended by NICE in 2007, and was hailed by the NICE Chief Executive, Andrew
Dillon, as “a win-win solution for multiple myeloma patients and the NHS.”

Other risk-sharing arrangements for expensive cancer medicines have since emerged
in the context of NICE appraisals. For example, Merck-Serono offered such an
arrangement for Cetuximab Erbitux in metastatic colorectal cancer, which involved
refunding PCTs the cost of the medicine used for patients that fell into a pre-agreed
‘non-responder’ category at up to six weeks.’® Such schemes can be effective in
facilitating patient access to new medicines, though there are concerns in the NHS
about the additional administrative burden they can impose on front-line staff.

The Government recognised that market access for medicines for small patient
populations may be inhibited where data to demonstrate cost-effectiveness is so far
limited. The Office for Life Science proposed the “Innovation Pass”, a three-year
initiative for selected medicines which will be funded for a time -limited use across
the NHS from a new ring-fenced budget, before going through a full NICE technology
appraisal. The Pass will be piloted with a budget of £25 million in 2010/11.86

184 Myeloma is a devastating form of cancer, which is currently incurable, but treatable. Nearly 4,000 people in the UK are
diagnosed with myeloma each year and there are 20,000 myeloma patients in the UK at any one time. The life expectancy
of a newly-diagnosed myeloma patient is 3-5 years. Eight people die from myeloma daily. At around £3,000 per cycle of
treatment, the incremental cost effectiveness ratio ranged from £33-38,000 per QALY for treatment of first relapse to £77-
107,000 per QALY for subsequent relapses i.e. exceeding the £30,000 per QALY threshold that NICE tends to use as a
reference point.

185 “More Velcade-Style Risk-Sharing In The UK?”, Europharma Today, January 21, 2009.

186 Life Sciences Blueprint: A Statement from the Office for Life Sciences, July 2009, Paragraph 2.5.
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To conclude on the Government’s approach to use of medicines, the studies that have
been reviewed here suggest that the UK is competitive in respect to the time required
to secure market authorisation for new medicines, but that it may score less well in
respect to the diffusion of new medicines, once they are approved. NICE is widely
respected for having established a new standard for evaluating treatments. NICE has
in some sense become the de facto “gatekeeper”, deciding on which new medicines
should be adopted (or, more usually, how they should be adopted) by the NHS -
thereby mitigating the information failure inherent in purchasing treatments without
knowledge of their cost-effectiveness. Critics argue that other countries that spend
similar per capita amounts on health care are approving treatments which NICE are
turning down. This does not itself imply that the UK is taking the wrong decisions
compared to other countries. A number of policy responses have increased access to
new medicines, including risk-sharing initiatives and the “Innovation Pass”.

PROVIDING FISCAL INCENTIVES FOR INVESTMENT

According to McKinsey, R&D incentives in the UK are comparable with those of the
US and major European countries.'® R&D tax credits provide significant support for
R&D in the UK. In April 2008, R&D tax credits were raised from 150 per cent to 175 per
cent for SMEs, and from 125 per cent to 150 per cent for large companies.

In addition the Research and Development Allowance (R&DA) allows plant,
machinery and buildings to be immediately written off against profits. This treatment
is more generous than that for similar expenditure for non-R&D activity, where there
is a six per cent depreciation allowance for buildings and a 20 per cent depreciation
allowance for plant and machinery. It is not, however, a very significant subsidy to
R&D, because about 90 per cent of R&D is current expenditure.

Tax incentives do appear to be effective. A 10 per cent fall in the cost of R&D
stimulates just over a 1 per cent rise in the level of R&D in the short-run, and just
under a 10 per cent rise in R&D in the long-run.®®

According to McKinsey, R&D incentives in the UK are comparable with those of the
US and major European countries.'® R&D tax credits provide significant support for
R&D in the UK. In April 2008, R&D tax credits were raised from 150 per cent to 175 per
cent for SMEs, and from 125 per cent to 150 per cent for large companies.

Also relevant to pharmaceutical companies is the rate of Corporation Tax. At 28 per
cent, the UK’s corporate tax rate is at its lowest ever level and is the lowest Corporation
tax rate of the major G7 economies, lower than that of the USA (40 per cent). However,
industry points to low rates available elsewhere, for instance in Ireland, where the
corporate tax rate is only 12.5 per cent. Although this underplays the importance of
other factors such as skills, infrastructure, legal system, and access to markets.

187 Sections 136 to 139, Capital Allowances Act 1990.

188 Bloom, Griffith and Van Reenen (2002). This study was based on an econometric model of R&D investment using a panel
of data on tax changes and R&D spending in nine OECD countries over a 19-year period (1979-1997).

189 McKinsey (2005) Clinical Research in the UK.
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Innovative approaches to taxing income from R&D have been adopted in some EU
countries. The Netherlands introduced the “the patent box” in 2007, whereby income
derived from a patent (or from 2008, a special R&D-qualification) was taxed at an
effective rate of 10 per cent. This rate will be lowered to 5 per cent as of 1 January
2010."° In 2008, Spain also announced it would introduce a Patent Box. While club
(the Netherlands, Belgium and Luxembourg already have schemes, with effective tax
rates on net intellectual property income of 10 per cent (5 per cent from 1 January
2010), 6.8 per cent and 5.9 per cent respectively. The rate in Spain is similar,
depending on the profit margin of the activity.

In the December 2009 Pre Budget report, the UK Government announced that it
would introduce a Patent Box. From April 2013 it will apply a reduced rate of
Corporation Tax of 10 per cent to income derived from patents (from a top rate of 28
per cent). Government will consult with business on the detailed design of the Patent
Box. The announcement was widely welcomed by industry. GSK commented that
“the new system will significantly improve the UK’s international competitiveness
and encourage long-term inward investment in the UK from companies seeking to
build their future high technologies and manufacturing capability.”

To summarise, although tax is rarely the most important factor in assessing
international competitiveness, tax incentives for R&D have been shown to be
important, for industry in general, and international differences in corporation tax
rates could play some role. The UK is broadly competitive with respect to corporation
tax rates although there is some risk that smaller countries with educated workforces,
could be perceived to be more attractive to industry. This is an area that the
Government could keep under review.

PROVIDING INFRASTRUCTURE

The physical infrastructure is important to this industry as it is to others. Some of the
locations which are best suited to the industry happen also to be rural or residential
areas in which expansion, and/or new transport links, can pose planning problems.

In 1997 the Wellcome Trust submitted a planning application to South
Cambridgeshire District Council to create a 44,000 square metre business park next
door to its Hinxton Hall genetic research station, the home to the Human Genome
Campus, 10 miles south of Cambridge. Although the new development would bring
industry and academic scientists together to allow data emerging from the Human
Genome Project to be translated into practical health benefits, South Cambridgeshire
District Council rejected the application. Local roads and housing stock could not
support the flood of new employees. The Government upheld the council’s objection.
After five years of discussions, a compromise solution was reached: planning
permission was granted in 2002 for a smaller (27,000 square metre) extension.

Another example is Harlow, where GSK has a major laboratory, employing some

2,500 people. Harlow was designed by Sir Frederick Gibberd and built in the 1950s
according to principles that fit well with the modern concept of sustainability, with

190 PricewaterhouseCoopers (2009)

150



Learning from some of Britain’s successful sectors: An historical analysis of the role of government

neighbourhoods separated by green spaces. It is an excellent business location, with
high average earnings, close to London, Cambridge and London’s Third Airport at
Stansted. In practice, however, there is a problem. The M11 was built to the east of
the town, whereas its town centre and industry is to the north and west.
Consequently, the town’s link to the M11 - the A414 - runs through the town, creating
congestion. It takes GSK staff a long time to get to work and also to reach other GSK
facilities.

The car is the common thread linking these cases. Both Cambridge and Harlow are
examples of infrastructures that support this industry well but, in their different ways,
both are challenged to provide the road access that the industry needs.

5.4 The impact of the industry on the economy

The industry’s economic impact is reflected in its growth, productive use of resources,
and trade. Whereas the UK’s manufacturing sector hardly grew at all over the last
decade, the pharmaceutical industry grew rapidly.

Figure 5.7: Value added: Manufacturing and Pharmaceuticals, 1995 = 100
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USE OF RESOURCES: MANPOWER AND CAPITAL

A key question to ask about any industry or business is: how well does it use its
resources? The labour productivity of the pharmaceutical industry is markedly higher
than that of the manufacturing sector, and growing more rapidly'®’

Figure 5.8: Productivity: Manufacturing and Pharmaceuticals

ONS, Annual Business Inquiry, release date 16/06/2009
Source: as for previous figure.

The industry achieves this high productivity partly because it is so capital-intensive
and also because it employs high-quality manpower, to judge from the comparatively
high average rates of pay in the industry. In 2008, the average hourly earnings
(excluding overtime) in the pharmaceutical industry were over one-third higher than
those of all employees in the economy. They were also significantly higher than those
in manufacturing.

191 Manufacturing is the comparator here because it is the sector to which the industry is classified. It could be argued that
manufacturing is a misleading comparator, since manufacturing activities represents a small — and diminishing —
proportion of the industry’s total costs, but that is also true of many industries in the sector.
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Figure 5.9: Average hourly earnings, 2008
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Source: Annual Survey of Hours and Earnings, Office for National Statistics.

At the same time, it is one of the industry’s achievements that it is able to generate
average earnings of this magnitude.

EXPENDITURE ON R&D

The industry spent about £4.3 billion on R&D in 2008 — over one-third of the total
amount spent on R&D by the entire UK manufacturing sector.
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Figure 5.10: The pharmaceuticals industry’s share of business R&D
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The spend on R&D in the UK is about £2,000 million greater than would be the case if
the industry were a representative “slice” of the global industry, with a R&D/sales
ratio, for illustration, similar to those of GSK and AstraZeneca (about 15 per cent). This
illustrates the degree to which the UK has become a centre for pharmaceutical R&D.

SPILLOVER EFFECTS

Spillover effects refer to benefits which individuals enjoy, without paying for them, as
a result of actions by another. R&D generates spillovers because most of the benefits
from innovation accrue to consumers and imitators. Spillovers are enormous in this
industry. It has been estimated that society as a whole may gain an annual return of
40 per cent from investment in R&D in the pharmaceuticals sector, while the company
making the investment only receives 11 per cent.

TRADE AND INVESTMENT

Table 5.5 compares the industry’s trade performance with that of manufacturing, in
terms of “self-sufficiency”: i.e. the extent to which the nation’s imports of the
products concerned are covered by earnings from its exports of those products. On
this metric, the pharmaceutical industry performs twice as well as the rest of the UK
manufacturing sector.
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Table 5.5: Trade performance: pharmaceuticals and manufacturing, 2008

Trade performance: pharmaceutical and manufacturing, 2008

Sector Exports £billion Imports £billion Exports/ Imports
Manufacturing 223 296 75%
Non-pharmaceutical manufacturing 205 284 72%
Pharmaceutical industry 18 12 152%

Source: UK Trade in Goods Analysed in Terms of Industries Quarter 4 2008, ONS, 2009.

This comparison does not convey the full measure of the industry’s engagement with
world markets: foreign direct investment also plays a significant role.

The UK is Europe’s leading recipient of R&D inward investment, and the
pharmaceutical industry is the largest component of this. There were 140 inward
investment projects in the life sciences industry in 2008-09. Pfizer announced plans to
spend up to $60 million on a stem cell research centre in Cambridge.9?

To summarise, this industry is the star of the UK’s manufacturing sector. Through
intensive research effort it has achieved rapid growth and exceptional productivity.

5.5 Competitive threats

This encouraging story should not overlook the fact that, like other manufacturing
industries, the pharmaceutical industry is “hollowing out”: its manufacturing
operations are migrating abroad. A long-term shift is taking place towards
employment in R&D, and away from other activities, and this accelerated between
2005 and 2007.

The UK pharmaceutical industry is heading towards becoming a base for R&D and
administration. Does this matter, when the R&D jobs are the better paid? It matters in the
sense that the manufacturing jobs are also high quality jobs, involving technical skills,
and are well paid, compared to the alternatives that are available to those concerned.
There would be a concern if R&D followed manufacturing operations offshore. Although
there are some synergies to be derived from co-locating R&D and manufacturing,
because the precise way in which medicines are formulated, manufactured and
presented has a bearing on their effectiveness and appeal, it is not clear that these have
historically been decisive factors in the industry’s location decisions.

However, there is some evidence that in recent years companies are increasingly
outsourcing some research activities. Fewer firms have large in-house clinical
research units as they increasingly rely on Contract Research Organisations (CROs) to
run the clinical trials. According to Business Insights (2006), CROs now account for
over 40 per cent of annual research spending by pharmaceutical firms, compared to
4 per cent in the early 1990s.7%3

192 UK Inward Investment 2008/2009: UK — Your Springboard for Global Growth, Report by UK Trade & Investment.
193 See also BIS (2010)
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Figure 5.11: The industry’s shift towards jobs in R&D (per cent of employment)
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The UK'’s hold on the industry’s R&D activities is not as secure as it was. The old
research model is no longer generating new molecules as cost effectively as it once
did, so R&D is now being conducted differently. The days of the large, vertically
integrated R&D laboratories may be coming to an end, to be replaced by smaller,
more dispersed centres, networked together. There is less emphasis on screening
candidate molecules in vivo, and more on computer modelling (“in silico”). Clinical
trials are now possible in countries in which this was not previously so, such as the
Czech Republic and Turkey. A major global player reported that it is no longer
conducting late-stage, large-scale trials in the UK. More companies are involved now
in development. Like manufacturing, R&D is becoming exposed to global
competition. The R&D of the industry’s leaders is migrating towards the rapidly
growing economies — Pfizer to China, Amgen to Brazil.

5.6 The impact of Government: key points

Such is the political importance of health today that democratic Governments play a
central role in all its aspects. This is quite a recent development. It was not until 1968,
for example, that comprehensive legislation was passed in the UK on the safety of
medicinal drugs (Corley (2003)). Political choices have an important bearing on the
industry’s supply and demand. As purchaser, Government has conducted its
negotiations with the UK’s R&D-based pharmaceutical industry for over half a century
within the framework of the PPRS. Compared to arrangements in some other
countries, this has provided a number of advantages for the industry:
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® itis a voluntary arrangement, not a regulation;
® it recognises the costs of R&D;
® it allows free pricing;

® its five-year settlements have provided stability.

The fact that a number of countries, whose Governments set the prices of medicines
in their market, use UK prices as reference prices is an endorsement of the PPRS.

Although the UK is a small part of the overall world market, the NHS is a major
customer of pharmaceutical products. In comparison to other countries:

® Spending per capita on medicines is modest in the UK, compared to comparator
countries;

® Recourse to generic substitutes is high, and encouraged;

® The rate of adoption of new medicines has on average been slower than the
European average.

In respect to the safety of medicines, the MHRA's judgements are highly regarded
internationally. The speed with which it processes applications is comparable to that
in comparator countries (marginally slower than the US, but quicker than a number
of EU countries).

NICE has set a new and internationally recognised standard for assessing the value
for money offered by new medicines. However, its actions have implications for the
industry: its deliberations add delays to the adoption of new medicines and while its
judgements have the status of guidance, they effectively rule out the use of some
medicines by the NHS, or restrict their use, if they do not provide sufficient benefits
to outweigh their opportunity costs. This means that some medicines that are
prescribed elsewhere in the EU are not available through the NHS.

NICE's long term impact on the UK pharmaceutical industry is difficult to predict. One
view is that it will have no impact at all. It could be argued, that what matters to the
industry is whether the UK remains a competitive location for pharmaceutical
research, not the appetite of the UK market — accounting for around just four per cent
of the global market — to adopt new medicines.

A more nuanced view is that, pharmaceutical market conditions may have a subtle
influence. Proximity to the latest pathways of medical care may have formed part of
the UK’s appeal as a location for pharmaceutical R&D, and that appeal may become
less compelling if the UK declines to adopt treatments that are being adopted
elsewhere. The UK's appeal as a location for clinical trials — already in decline — could
diminish, too. Trials are opportunities to acquaint clinicians with new medicines; they
lose this value if the clinicians concerned will not be in a position to prescribe the new
medicine.
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A third view is that, despite the observations above, NICE is actually a positive for the
industry. The NHS is now a better informed customer as a result of NICE’s guidance
and in this sense NICE is reinforcing one of the competitive advantages that were
identified by Porter — a sophisticated and demanding home market. NICE’s drive for
better value for money is a leading indicator of the direction of travel, in Europe and
elsewhere, and for that reason, is a process in which pharmaceutical companies wish
to understand and to be effective participants.

The UK is broadly competitive in respect to its rate of corporation tax and has a
system of R&D tax credits that is attractive to all companies. The UK is not currently
one of the four EU countries that now operate the “Patent Box”, which taxes earnings
from intellectual property at about five per cent, but it will be from 2013-14, when
income from patents will be taxed at 10 per cent.

The critical infrastructure for this industry consists of a set of institutions — the
medical schools, universities, and support for R&D by NIHR, MRC, BBSRC, other
research councils and charitable research foundations. Government has played a
major role in supporting medical science, and this research has a proud record
(Penicillin, DNA, etc.). Today, the MRC is supporting, for example, the Genome
Project. Notable features here include:

® the outstanding tradition of science-based medicine in the UK's hospitals and
medical schools;

® the quality of the UK's applied science, and its orientation towards the subjects
that are relevant to the pharmaceutical industry; and

® the MRC'’s judgements and support (it has supported 29 Nobel Prize-winners).

The Government itself also provides support, via the Technology Strategy Board, for
collaborative research for the life sciences.

The physical infrastructure is important to this industry, as it is to others. Some
locations, such as Cambridge and Harlow, support this industry extremely well.
However, even these can be challenged to provide the road access that the industry
needs.

To conclude, there are a number of reasons why the pharmaceutical industry has
prospered in the UK — outstanding science, much of it supported publicly, a science-
based tradition of healthcare, many brilliant individuals, shrewd business decisions
and a stable business environment. In addition, the NHS market has always been an
open one, as illustrated by the market shares in Table 5.3, with no hint of a national
champion policy.

The major lesson that could be learned from this chapter is the importance of a stable
business environment with reliable supporting institutions. This needs to be
conserved, mindful that the UK competes with many other countries, eager to attract
this knowledge-intensive industry.
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6.1 Executive Summary

Aerospace is an example of a successful high technology industry in which the UK
has a comparative advantage. It is currently dominated by a combination of domestic
monopolies and world class firms (e.g. BAE Systems; Rolls-Royce), whose activities
are mainly concentrated in the South-East, South-West, North-West and the
Midlands. In particular it is characterised by;

Rising costs

® Aerospace equipment is costly in both development and unit production costs,
and cost trends are upwards

® Aerospace is a decreasing cost industry for which volumes are an important
driver of unit costs (via scale economies, learning effects etc)

® Entry into the sector is costly and there are strong incentives to collaborate,
particularly given the escalation in development costs

The importance of Government

® For military aircraft, Government is a monopsony or major buyer able to use its
buying power to determine Industry ownership, size, structure, conduct and
performance

® Governments also provide extensive support for civil aircraft through their
control over property rights in the form of landing rights and over-flying rights
and their financial support for civil aircraft development

® The failure to achieve complete private venture only funding of large civil aircraft
and engines has led to state launch aid but this policy is being reviewed by the WTO
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Rapid technical progress

® [t is an R&D-intensive and high technology industry with technology spill-overs
(a source of market failure)

® Since the first manned powered flight in 1903 (Wright brothers), military aircraft
have achieved speeds of some 2000mph; civil aircraft have travelled at
supersonic speeds and jumbo jets can transport large numbers of passengers for
long distances

® \Wars have been a major technical driver with some of the technical advances
eventually spilling-over to civil aircraft (e.g. design; engines; radar)

The Industry faces a range of uncertainties including new competitors, the WTO
review of Launch Aid, the planned Defence Review in 2010 and developments in
European defence equipment markets and industries. The Aerospace sector offers
lessons for future industrial policy.

6.2 Terms of Reference

BIS required a sector case study examining the history, evolution and growth of the
UK Aerospace Industry as one of Britain’s successful sectors. The case study
examines the establishment of the Industry and its key external events; the evolution
of industry structure; its geographical concentration; and the impact of Government
on the Industry’s development.

A conclusion provides an overall assessment of the impact of the Industry, especially
Government policy, on the overall UK economy. This overall assessment will consider
various performance indicators such as output and employment growth, trade
performance and innovation levels.

6.3 The Economics of the UK Aerospace Sector

This section discusses the economics of the Aerospace Industry, the rationale for
Government intervention and an outline of its current structure in the UK.

CHARACTERISTICS OF THE AEROSPACE INDUSTRY

The aerospace industry has a number of characteristics which contribute to its
distinctive economic structure, including:

® An increasingly long and costly development process
® The importance of volumes in driving unit costs

® High costs of entry into the market

® Strong incentives towards collaboration

® Strategic importance
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Cost levels and time-scales

Aerospace equipment is costly in both development and unit production costs, and
cost trends are strongly upwards. Also, on complex high technology aircraft projects,
development can take many years. Some examples of cost levels and cost trends for
military aircraft are shown in Tables 6.1 and 6.2.

Table 6.1: Examples of costs on military aerospace projects

Unit production cost

e (Emillions, 2006 prices)
Manned fighter/strike aircraft 70
Advanced trainer aircraft 17

Strategic transport/tanker aircraft 200

Attack helicopter 24
Anti-submarine helicopter 65

Stand-off missile 1.8
Reconnaissance UAV 5

Note: Data are for unit production costs.
Source: Pugh (2007).

Table 6.2: Cost trends for UK combat aircraft

Aircraft Year Cost index
Spitfire 1934 100
Vampire 1946 170
Hunter 1954 200
Lightning 1959 670
Harrier 1969 1670
Tornado 1979 2900
Typhoon 2003 5263

Note: Data are approximations and inflation adjusted.
Source: Hayward (1989, p6).

Cost-quantity relationships and learning economies

Quantity is a major determinant of unit costs and competitiveness. Long production
runs allow fixed R&D costs to be spread over greater volumes. There are also
economies of learning leading to productivity improvements with greater cumulative
output (Tisdell and Hartley, 2008). As a result, aerospace industries are decreasing
cost industries.

Costly entry

Entry requires high levels of technology and R&D spending to design, develop and
produce modern military and civil aircraft (see Tables 6.1 / 6.2). Costly military
projects are usually funded by Governments: hence, Government can also be a
barrier to entry (Laguerre, 2009).
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Incentives to collaborate

High R&D costs and the economies of scale and learning in production provide the
economic incentives for two or more nations to collaborate. In the ideal case,
international collaboration results in cost savings compared with a national
programme, as each nation shares R&D costs and benefits from scale and learning
economies as the partners combine their production orders.

However, ideal case collaboration has never been achieved as each partner demands
a ‘fair share’ of the high technology work, as well as its own flight testing centre and
final assembly line; so increasing development costs by an estimated 50 per cent for
each partner nation beyond the first (Pugh, 2007). Similar cost penalties apply to
collaborative production while the international bureaucracy and international
management arrangements inevitably add to development times (Hartley, 2008).

Aerospace as an economically strategic industry

Aerospace industries are high technology, R&D-intensive industries with technology
spin-offs to the rest of the economy (e.g. radar; composite materials; jet engines).
They are decreasing cost industries characterised by imperfect competition leading to
monopoly profits. Government strategic trade policy providing state support for
aerospace industries enables a nation to obtain a share of monopoly profits in world
markets (e.g. Airbus: Lawrence and Braddon, 2001).

MARKET FAILURES IN THE AEROSPACE INDUSTRY

Aerospace markets are characterised by significant market failure, especially in
defence markets. Governments are central to determining military demands. They are
‘monopsony’ or major buyers of military aircraft, helicopters and missiles and they
can use their buying power to determine the Industry’s size, structure, conduct and
performance, as well as its ownership.

For example, Government determines entry and exit; it uses its contractual powers to
determine industry structure (e.g. mergers of 1958-60); it determines the form of
competition for military contracts; it determines profits on non-competitive contracts
and it controls military exports. As a result, Government itself is a source of market
failure in the sector and such failure is reinforced by the public goods characteristics
of defence.

In addition to failures in aircraft markets, there are potential failures in space markets.
Space is a common property resource lacking any private markets with property
rights leading to over-exploitation of space as a common property. Also, access to
space is costly and such costs form a barrier to entry.

The role of Government in aerospace markets suggests that these are political
markets which might also be analysed using public choice models. Such models
identify various agents in political markets, comprising Governments seeking re-
election, relevant bureaucracies as budget maximisers and producer groups as rent-
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seekers. Public choice analysis suggests that Governments can also fail (Tisdell and
Hartley, 2008, chp 14).

Government is also highly influential in civil aerospace markets. It controls and
regulates property rights determining landing and over-flying rights for UK airspace.
Previously, it provided targeted financial assistance and support through its Civil
Aircraft Research and Technology Demonstration programme (CARAD) as well as
repayable launch investment (previously known as launch aid: HCP 151-1, 2005). In
2007, CARAD was replaced by Collaborative R&D support which is general and not
specific to the Aerospace sector.

Collaborative R&D support is part of a range of policies administered by the
Technology Strategy Board which is a non-departmental public body established by
the Government in 2007 and sponsored by the Department of Business, Innovation
and Skills with the aim of promoting innovation through a variety of programmes and
delivery mechanisms.

In relation to state assistance, the UK is not unique and foreign Governments are
centrally involved in creating and supporting their national aerospace industries.
Examples include the Governments of Japan and South Korea which are actively
creating national aerospace industries; Brazil and Canada which have benefited from
state support in creating an internationally-competitive regional civil aircraft industry;
EU nations such as France, Germany, ltaly and Spain; and the USA, where
Governments have supported their national aerospace industries.

State support has included direct subsidies, preferential purchasing and indirect
support through regional assistance for new plant location. Inevitably, such state
support for foreign aerospace industries raises the policy issue of whether similar
support should be available for the UK Aerospace Industry (the argument that foreign
nations are subsidising their industry so to be competitive, the UK needs to provide
similar support).

Launch Investment

One phenomenon which is distinctive to the aerospace sector is the prevalence of
Launch Investment. Questions arise about the economic case for launch investment
and whether such state support reflects genuine capital market failures. The
economics of new large civil aircraft and engine projects involve high development
costs, long development periods, substantial technical and commercial risks and
long-term returns.

Compared with the motor car and pharmaceutical industries, large civil aircraft and
engine projects are relatively few and each represents a large proportion of the
enterprise value of the firms involved in such projects (e.g. Airbus; Boeing; Rolls-
Royce). It appears that aerospace industries encounter difficulties in attracting finance
in the early development stage of new projects; but difficulties in accessing private
funds or in such funds only being available at ‘too high’ a price are not necessarily
evidence of capital market failures.
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These features might reflect the efficient operation of capital markets and the market’s
judgement that there are more profitable alternative uses of such funds. Also, the fact
that UK launch investment is, in principle, repayable, inevitably raises the issue of
why then cannot such funds be provided by private capital markets?

There are, however, a range of possible additional factors which might explain capital
market failures to finance large civil aircraft projects. Questions remain, though, as to
which, if any, of these additional factors represent a genuine market failure which is
specific to civil aerospace projects.

The more common additional arguments put forward in relation to launch investment
include;
® Uncertainty, short-termism and risk aversion of private investors

® Long-term nature of aircraft programmes means private investors will put their
money into projects with shorter pay back periods.

® Asymmetric information and the small number of programmes
® The dependence upon single companies

® The availability of state support for civil aircraft in Europe, North America, Japan
and elsewhere

® The existence of significant beneficial externalities in the form of technology
spin-offs from civil aircraft programmes

THE STRUCTURE OF THE UK AEROSPACE INDUSTRY

The UK Aerospace Industry is dominated by domestic monopolies for the supply of
aircraft, helicopters, missiles and engines (BAE; AgustaWestland; MBDA; Rolls-
Royce). Nonetheless, the domestic monopolies are in principle, contestable markets,
assuming that the UK Government is willing to allow foreign competition for UK
defence contracts (Laguerrre, 2009).

However, the Defence Industrial Strategy (DIS, 2005) identified key UK defence
industrial capabilities which were to be protected, including BAE's design capability
for combat aircraft, AgustaWestland’s helicopter design capability and Rolls-Royce
engine capability. Other capabilities were to be open to foreign competition (e.g.
trainer aircraft; large transport aircraft; future helicopter requirements).

Overall, the UK military aircraft sector is generally believed to be ‘too large’ and the
“current size of the air sector is not sustainable, and rationalisation and reduction in
terms of both infrastructure and employment is inevitable” (DIS, 2005, p89).

In terms of ownership structure, significant parts of the UK aerospace industry are
foreign-owned. For example;
® AgustaWestland is owned by Finmeccanica (ltaly)

e NMBDA is jointly-owned by BAE, EADS (France) and Finmeccanica (ltaly)
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® Shorts (Belfast) is owned by the Canadian company Bombardier
® Smiths Aerospace was acquired by General Electric (USA) in 2007
® Shorts Missiles Systems was acquired by Thales (France)

® Airbus (UK) was acquired by EADS

® Messier-Dowty is owned by Safran (France)

® TRW (Lucas Aerospace) is owned by Goodrich (USA)

Similarly, the major UK aerospace firms, namely, BAE and Rolls-Royce, have
substantial ownership of foreign aerospace and defence companies:

BAE has a major presence in the US defence market, mostly in the ownership of US
land systems and defence electronics subsidiaries; in Australia and Saudi Arabia; and
it has a 20.5 per cent shareholding in the Saab group of Sweden. BAE is also involved
in European collaborative projects, including the Typhoon combat aircraft and MBDA
missiles as well as being a partner company on the US Lockheed Martin F-35 combat
aircraft (JSF).194

Rolls-Royce owns Allison the US engine company and is involved in various
European collaborative military aero-engine projects (e.g. Typhoon; A400M airlifter)
as well as the US F-35 programme (including the alternative JSF engine with General
Electric).

The UK's top 6 aerospace firms in 2009 are shown in Table 6.3 (UK-owned firms only).
In terms of sales and employment, BAE Systems dominates the UK Aerospace
Industry (and the UK Defence Industry) and is considerably larger than its nearest
rival. There are also considerable differences in profitability and productivity amongst
the firms shown in Table 6.3, and BAE was not the top firm for all three performance
indicators.

Table 6.3: Top 6 UK Aerospace Firms

DT Sales ($m) e Profits on Ret.urn on Productivity (sales

sales (%) capital (%) per employee) ($)
BAE Systems 30,928 94,000 12.0 13.5 329,018
Rolls-Royce 11,363 38,900 9.4 12.8 433,130
Cobham 2,755 13,036 8.8 10.6 208,701
Meggitt 2,156 8143 14.8 5.5 264,733
BBA Group 2,145 10,613 9.1 8.2 202,072
GKN 1,859 40,000 4.4 7.6 214,134

Note: UK-owned only firms shown. Data not available on UK sales, etc, for UK divisions of foreign-owned UK-based firms
(e.g. AgustaWestland; Smiths Aerospace).

Source: Flight (2009a).

194 BAE is also involved in independent development work on UAVs (e.g. Taranis).
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Table 6.4: Employment in the UK Aerospace Industry, 1918-2008

Year Employment (numbers)

1918 112,000
1924 11,735
1930 21,322
1934 23,775
1938 128,000
1940 750,000
1944 1,700,000
1948 171,800
1950 179,465
1957 311,936
1960 291,335
1965 259,025
1970 235,000
1980 241,997
1990 195,396
2000 150,651
2008 100,740
Notes:

i) Data from different sources so they are not necessarily based on comparable definitions of the Industry and of employment.

ii) Data for 1980-2008 based on direct employment only (excluding indirects which are typically some 1.3 times direct numbers
for 2000-2008.

Sources: Hayward (1989); Plowden (1965); SBAC (2000,2009).

Using employment as an indicator of Industry size, Table 6.4 above shows the impact
of war and peace on the size of the UK Aerospace Industry. Since the end of the Cold
War in 1990, the Industry’s employment has almost halved from.

REGIONAL DISTRIBUTION OF THE UK AEROSPACE INDUSTRY

The Industry has regional concentrations associated with its major firms. There are
major aerospace concentrations in the South-East (including London), the South-
West (Bristol; Yeovil), the North-West (BAE located in the Preston area) and the
Midlands (Rolls-Royce, Derby). Elsewhere, there are local concentrations in East
Yorkshire (BAE, Brough); Scotland (Edinburgh) and Northern Ireland (Belfast). The
Industry’s wide geographical dispersion partly reflects Government wartime location
and post-war decisions (see Section Il).

The major regional concentrations attract clusters of high technology centres and
small firms (SMEs) supplying first tier suppliers and prime contractors. Some of these
SMEs have established ‘niche markets’ and are ‘centres of excellence’ in specialised
areas of manufacturing. Interestingly, SMEs seem to be relatively under-represented
in military markets.
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In 2007-08, the UK Industry’s total sales were divided almost equally between military
and civil markets; but SMEs accounted for 35 per cent of military sales compared with
65 per cent of civil sales (SBAC, 2009). Such differences in market shares might reflect
problems of access for SMEs seeking to enter military markets (and hence a possible
market failure).

6.4 A Brief History of the Aerospace Industry

THE EARLY PIONEERS AND WORLD WAR | (1903-1918)

The early pioneers of manned flight were mostly privately-financed inventors using
patents and prizes from competitions to capture any return on their investments. The
Wright brothers made the first manned and powered flight in December 1903 when
they flew 120 feet in 12 seconds. The first British manned powered flight was made
in 1908 (Brabazon).

Early British pioneers included Farman, Dunne, de Havilland, A.V. Roe, Handley Page,
the Short Brothers and Thomas Sopwith. Even at this early stage, some inventors
were sponsored by the British military. By 1912, the state-owned Royal Aircraft
Factory had been created and became involved in the early British aircraft design and
production for the Royal Flying Corps.

The First World War led to a major increase in demand for both quantity and quality
of aircraft for military roles. Fighter aircraft speeds increased from around 60mph in
1914 to over 120mph in 1918. The UK Industry expanded rapidly with ever-increasing
demands for speed and power which resulted in major technical advances (e.g.
aircraft construction techniques; materials; aircraft design; engines: Angelucci, 1981).

THE INTER-WAR PERIOD: CIVIL AIRCRAFT AS AN INFANT INDUSTRY (1918-34)

By 1918, the UK Aircraft Industry was the largest and one of the most technically
capable in the world, with 122 firms employing 112,000 personnel (Hayward, 1989,
p11). However peace resulted in cancellations of military orders and little prospect of
any new significant military orders (there were large stocks of surplus aircraft). This
led to exits from the Industry (e.g. Airco; Sopwith who later joined with Hawker to
create Hawker Engineering) and efforts to diversify (e.g. into motor vehicles, metal
working and even turning hangars into pig-rearing and mushroom-growing:
Hayward, 1989, p12).

Eventually, the Government introduced measures to support both military and civil
aircraft developments. The Air Ministry provided sufficient work to support major
design teams by allocating contracts to selected firms known as the ‘family’ or ‘the
ring” with the aim of promoting competition in design. To increase their prospects of
survival, firms tended to specialise in specific product areas such as fighters (e.g.
Bristol; Gloster; Hawker), flying boats (e.g. Blackburn; Shorts; Supermarine) and
bombers (e.g. Fairey).
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The ‘family’ system was criticised for its ‘featherbedding’ of the Industry; for its
continued support of existing firms rather than promoting rationalisation to create
larger firms able to compete with the US rivals; for its failure to promote mass
production; and for the Air Ministry’s conservatism in design requirements (e.g.
Empire policing in the 1920s did not require high speed aircraft). Instead, innovation
was promoted by air races (Schneider Trophy) and the pursuit of world records as
well as by imaginative designers willing to launch advanced types of aircraft mostly
as private ventures (Hurricane; Spitfire; Wellington).%®

Civil aircraft was an infant industry in the 1920s and early 1930s but during this period
civil aviation became the determining factor in the development of the aeroplane
(Angelucci, 1981, p109). UK Government support for civil aircraft development
involved subsidising the new Imperial Airways which was required to use British
aircraft; but it was tasked with developing air routes to the Empire which represented
a UK-specific requirement. In contrast, the growing demand for air travel in the USA
with its large domestic market supported a number of rival firms and airlines with
manufacturers achieving profitability levels which encouraged investment in large-
scale production.

REARMAMENT AND WORLD WAR Il (1934-45)

Rearmament resulted in increased military demands for both quantity and quality
leading to further innovation in military aviation (e.g. monoplanes; closed cockpits;
retracting undercarriages) and increases in speed. Additional capacity was financed
by the state, with expansion achieved through a combination of;

® (Capacity increases by existing firms in ‘the family’
® Including second tier firms in ‘the family’

® Contracting-out aircraft and engine production to other suitable manufacturing
firms, mainly in the motor industry

® The shadow factory scheme (e.g. managed by Nuffield)

Nonetheless, the Industry and the Air Ministry had much to learn about large-scale
production. War demands for volume production exposed the limitations of the UK
Aircraft Industry with its tradition of small-scale production based on a chief designer
with no experience of ‘designing for production.” In contrast, by the end of the War,
US firms resembled the major car plants with moving production lines and larger
research, design and development organisations (Barnett, 1986).

World War Il led to the development of the jet engine as its single most important
innovation affecting both military and civil aviation. The Gloster Meteor jet fighter
flew in 1943, powered by the Whittle jet which was later developed by Rolls-Royce
into the Derwent series (Hayward, 1989, p35). The War also destroyed Britain’s
European rivals in aircraft markets.

195 Some Industry rationalisation occurred in the inter-war years. In 1935, Hawker acquired Armstrong Siddeley, A.V. Roe and
Gloster to form the Hawker Siddeley Group. Vickers bought Supermarine (1928) and de Havilland was closely associated
with Airspeed which it bought in 1940. Few UK airframe firms were vertically-integrated with an aero-engine division
(e.g. Bristol; de Havilland).
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During the War, the UK concentrated on the production of fighters and bombers and
relied on the USA for the supply of military transports: a decision which gave the US
aircraft industry a competitive advantage in civil airliners at the end of the War.
However, by 1942, the UK was considering the task of re-creating its civil aircraft
industry. To this end the Brabazon Committee recommended various projects,
including bomber conversions.

POST WAR ADJUSTMENT AND THE KOREAN WAR (1945-57)

The end of the War led to the inevitable reduction in demand for military aircraft. But,
unlike 1918, the emergence of the jet engine created demands for new generations of
jet-powered combat aircraft (Gloster Meteors; de Havilland Vampires), with plans to
equip the RAF with supersonic jet fighters and jet bombers by the mid-1950s
(Swift; Hunter; Canberra; V-bombers).%

The Brabazon committee’s recommendations provided the Industry with funding for
a civil aircraft programme to assist the adjustment from war to peace. Firms were also
retained through the award of development contracts, some of which were duplicate
projects to provide ‘insurance’ against project failures.’” However the programme
was costly and had few commercial successes (e.g. Vickers Viscount; de Havilland
Dove: Barnett, 1995, chp12).198

The technical failure of the Comet confronted de Havilland with possible bankruptcy.
The company was rescued by the Government through cash assistance and an RAF
order for modified Comets as military transports. The nationalised airlines also
continued to be required to ‘buy British’. In 1951, the new Conservative Government
believed that aircraft firms should fund the development of new civil aircraft as
private ventures (private venture policy).

The Korean War led to re-armament and increased demands for modern jet aircraft
(some of which were ordered off the drawing board: e.g. Swift, which proved to be a
failure). Again, problems emerged with delays in major projects, difficulties in
achieving volume production, inefficiencies due to cost-plus contracting and firms
being too small compared with their US rivals (Hayward, 1989, p63). The UK Industry
was now dominated by six firms, namely, Bristol, de Havilland, English Electric,
Hawker Siddeley, Rolls-Royce and Vickers.

THE ONSET OF THE COLD WAR AND INDUSTRY MERGERS (1957-60)

The 1957 Defence White Paper (Sandys White Paper) reflected the Cold War and
signalled major changes in the Industry. Aircraft were becoming technically more

196 The ‘ten year rule’ required that for planning purposes the armed forces should not plan on fighting another major war
for ten years.

197 In 1945, there were 27 airframe and 8 engine firms, with these divided into first and second divisions. There remained too
many relatively small firms compared with the US industry.

198 Project recommendations included a long-range piston-engined trans-Atlantic airliner (Bristol Brabazon); a short-range
piston-engined airliner (Airspeed Ambassador); a short-range turbo-prop airliner (Vickers Viscount); a jet-powered mail
carrier (to become the de Havilland Comet); and the Princess flying boat was added to the programme in 1946 (Hayward,
1983;1989).
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complex, taking longer to develop and becoming costlier, leading to fewer being
bought so making it more difficult to achieve volume production in small domestic
markets.9°

The Ministry of Supply recognised the need for Industry rationalisation and the
creation of larger firms and an end to the Buggins Turn of sharing development
contracts between firms. Re-structuring was to be achieved by the selective allocation
of contracts according to the following principles:2%°

® An ideal aircraft firm was one engaged in both military and civil aircraft and in
industrial non-aircraft activities so that it could raise its capital on the basis of its
entire diversified structure

® Contracts would not be placed with the winner of a design competition but with
a firm which had the technical ability to move quickly from development to
production and with the financial strength to support the project when difficulties
occurred. Candidates for ‘relegation’ were identified (e.g. Gloster; Vickers
Supermarine)

Re-structuring was achieved in two stages. The first stage involved close associations
and the speedy formation of consortia. Two contracts were used to achieve the
desired re-structuring comprising a civil aircraft and military aircraft contract. The first
contract for a BEA jet airliner (Trident) was awarded to a de Havilland led consortium
with Fairey and Hunting, known as Airco. The second contract for a new strike aircraft
(TSR-2) was awarded to a new joint company of Vickers and English Electric. There
was also a merger in the engine sector between the Bristol and Hawker Siddeley
engine groups to create Bristol Siddeley Engines.

The second phase of the re-structuring occurred between 1959 and 1960, when the
Government indicated that it wished to form a minimum number of competing
groups in airframes and engines. There was an additional incentive from the financial
problems being encountered by the private venture funding of civil aircraft.

The outcome was the creation of five major groups, namely:?%

® The British Aircraft Corporation (Bristol Aircraft; Vickers; English Electric;
Hunting)

® The Hawker Siddeley Group (including Blackburn, de Havilland and Folland)
® Bristol Siddeley Engines and Rolls-Royce as engine groups

® \Westland as a domestic monopoly for helicopters (including Bristol Helicopters;
Fairey; and Saunders Roe)

199 It was announced that nuclear weapons would replace conventional forces and that guided weapons would provide point
defence of UK bases. The Ministry of Defence considered the abolition of RAF Fighter Command, but the proposal was
rejected (Peden, 2007, p286). Instead some advanced aircraft projects were cancelled and there was to be one more
manned combat aircraft (signalling the end of manned combat aircraft; but even in 2009, the UK plans to buy
F-35 combat aircraft!).

200 Hartley, 1965, pp848-9.

201 Three firms remained outside the groups, namely, Handley Page, Scottish Aviation and Shorts (69 per cent state-owned).
The re-structuring reduced the Industry from 14 major airframe and 5 engine firms in 1958 to 5 major groups in 1960.
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The formation of the five groups was accompanied by a Government announcement
that except for specialised requirements of public policy, the Government intended to
concentrate its orders on the five major groups (Hartley, 1965, p848). It was also
announced that the Government would provide increased state support for promising
civil aircraft and engine projects (launch aid: Hayward,1989; 2009).202

Unfortunately, maintaining competition in the airframe and engine sectors
(duopolies) did not avoid the continued task of ensuring that Government orders
were shared between each of the rivals (Buggins Turn). The alternative (which was
accepted for helicopters) would have been the formation of larger domestic
monopolies in each sector.

PLOWDEN, ELSTUB AND INTERNATIONAL COLLABORATION (1960-70)

Despite the rationalisation of the industry in the 1950’s there were continued
criticisms of the industry, in particular with regard to;

® |t was too large and uncompetitive and had been ‘featherbedded’ for too long
® |t absorbed an undue proportion of the nation’s scarce R&D resources

® |t was relatively unsuccessful in world markets (e.g. compared with the French
Industry: Hartley, 1996)

® The discovery of excessive profits earned by Ferranti on the Bloodhound missile
(1964) and continued cost increases and delays on the TSR-2 project

The newly-elected Labour Government of 1964 made two initiatives affecting the
Industry. First, it established a Committee of Inquiry into the future of the Industry
(Plowden, 1965). Second, it cancelled three major UK military aircraft projects,
namely, TSR-2, P1154 and HS681.2°3 The cancelled projects were replaced by
purchases of US aircraft (Phantom with UK engines and some UK equipment;
Hercules transport) and Hawker Siddeley was partly compensated with a limited
development programme for its P1127.204

The Plowden Report (1965) considered the case for a national aircraft industry and
concluded that none of the arguments provided conclusive evidence for maintaining
an aircraft industry. The Report expressed doubts about the nominal competition in
the UK market and recommended that:

® Mergers between each of the groups would offer economies and end the need to
allocate work between each of the groups

® The level of support for the industry should be reduced to a level of similar to that
given to comparable British industries

® Britain should collaborate with other European countries

® (Costly projects should be purchased from the USA (with possible licensed
production of US designs)

202 Also, state support was provided by RAF orders for military versions of civil aircraft (VC-10; Argosy; HS748).

203 A number of new projects were announced in the early 1960s. These included military requirements for a new supersonic

VTOL strike fighter (P1154) and a VTOL transport aircraft (HS681), both contracts being awarded to Hawker Siddeley.
204 Later to become the Harrier Jumpjet.
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In 1966, Rolls-Royce acquired Bristol Siddeley Engines creating a domestic monopoly
in engines and reducing the major groups from five to four. Also, in 1966,
Government was involved in discussions about a merger between the airframe
groups with a possible state share; but no agreement was reached.

During this period a number of international collaborative programmes were
pursued, including:

® Development of a supersonic airliner (Concorde) with BAC and Sud Aviation as
joint designers

® Jaguar strike aircraft (airframe development led by Breguet: 1965)
® A helicopter package (1967) and a missile package (Martel)
® Multi-role combat aircraft (AFVG, with BAC leading Dassault)

® A civil aircraft initiative involving Britain, France and Germany for the
development of an Airbus with Hawker Siddeley as the UK airframe firm in this
joint programme

However, these agreements were not always successful. In 1967 France withdrew
from the AFVG aircraft and the UK later agreed a new three nation collaborative
arrangement for the multi-role combat aircraft (Tornado with Germany and lItaly in
1968). In 1969, France and Germany agreed to continue the Airbus without the UK;
but Hawker Siddeley decided to remain in the programme on a private contract basis
(An example of where the UK Government failed to support Airbus in its early stages,
but the private sector took a different view)

In 1968, a new Profit Formula was introduced for non-competitive Government
contracts, and the productivity of the UK Industry was reviewed in the 1969 Elstub
Report. This Report found a productivity gap between the British and American
aircraft industries, mainly due to the small scale of airframe production in Europe.
(Elstub, 1969, paras 186-192), noting that:

e After adjustment for output differences, the ratio of productivity in the USA and
Britain was estimated to be between 1.2 and 1.5 to 1

® (Quantity and learning economies were the major reason for this productivity gap

® The disadvantages of collaboration, reflected in the time needed to reach
decisions at Government level and in the role of national interests in agreeing
inefficient work-sharing arrangements

NATIONALISATION, PRIVATISATION AND RESTRUCTURING (1970-90)

Rolls-Royce was declared bankrupt in early 1971 and was immediately
nationalised.?® Next, in 1977 the Labour Government nationalised the airframe firms
and merged them to form British Aerospace (BAe). The case for nationalisation being

205 Rising development costs and technical problems on the Rolls-Royce fixed price contract to supply the RB211 engine to
Lockheed was the immediate cause of the bankruptcy (the new company was Rolls-Royce (1971) Ltd: Hayward, 1989,
pp133-140).
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based on the Industry’s dependence on the state, including civil aerospace projects
(Hartley, 1996, p224). Shorts was already nationalised and its position remained
unchanged outside the new group.

By contrast Westland remained in private ownership, although between 1986 and
2004 its ownership varied from the USA (Sikorsky) to GKN (UK) and finally to Italy
(Finmeccanica): thus foreign ownership of a UK helicopter company which was part
of the UK'’s defence industrial base was accepted by the UK Government.2%

Two civil aircraft decisions dominated the nationalisation period. First, BAe was faced
with a choice between being a sub-contractor on the Boeing 757 airliner or joining the
European Airbus consortium as a full partner: it chose to join Airbus. Second, the
Government approved the re-launch of the HS146 regional jet airliner.

The policy of nationalisation was reversed in 1979 by the new Conservative
Government which was committed to privatisation (Parker, 2009). As a result BAe was
completely privatised by 1985, Rolls-Royce was privatised by 1987 and Shorts by
1989 (Shorts was purchased by Bombardier, the Canadian regional airliner firm).

Following privatisation, BAe adopted a new business model focused on
diversification. It entered the land systems defence business when it acquired the
ammunition and small arms section of the Royal Ordnance Factories (1987); it bought
a construction company (Ballast Needham) and the Rover motor car company (1988:
compare Saab with aircraft and car divisions).

In the 1980s, BAe and the UK aircraft industry were involved in a range of military
aerospace programmes, including;

e UK military aircraft programmes (Hawk; Harrier)
® 3-nation collaborative Tornado (including exports to Saudi Arabia)

® Development of the new 4-nation Eurofighter Typhoon combat aircraft
(Germany, ltaly, Spain, UK)

BAe was also involved in various civil aviation programmes including Business jets
(BAe 125), Feeder airliners (Jetstream) and Regional jets (BAe 146), an advanced
turbo-prop airliner (ATP) and specialist wing work for Airbus aircraft. However BAe
incurred losses on its civil aircraft programmes.

END OF THE COLD WAR AND THE DEFENCE INDUSTRIAL STRATEGY (1990-2009)

Following the end of the Cold War, the search for a peace dividend resulted in cuts in
defence spending leading to job losses and plant closures. The US defence industry
underwent major restructuring leading to the formation of four large aerospace and
defence firms able to achieve economies of scale and scope so increasing their
international competitiveness (Boeing; Lockheed Martin; Northrop Grumman;
Raytheon: SIPRI, 1999).

206 The US helicopter firm Sikorsky acquired a share in Westland in 1986; later in 1988, GKN acquired a stake in Westland;
then in 2001, there was a merger between Agusta and Westland and in 2004, the Italian company Finmeccanica acquired
Westland.
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In comparison, there were still too many relatively small European aerospace and
defence firms. European Governments preferred a European merger of their defence
firms to form a single European Aerospace and Defence Company (EADC: in fact a
merger was agreed between BAe and DASA in 1998).

BAe responded by acquiring Marconi Electronics Systems, the defence subsidiary of
GEC (including its warship yards: 1999). This merger resulted in a vertically-integrated
company with warship building activities known as BAE Systems. DASA responded
by creating the European Aeronautic Defence and Space Company (EADS) which was
a horizontal merger with Aerospatiale (Spain’s CASA joined EADS later). BAE has
focused on its core defence business by divesting all its non-defence activities,
including:

® |t ended its production of loss-making civil aircraft and sold its business jets
division (to Raytheon) and its Airbus wing work (Airbus (UK) to EADS).

® |t sold its Rover Group motor car business to BMW
® |ts space division was sold to Astrium (EADS)
® |ts share of SELEX Sensors and Airborne Systems was sold to Finmeccanica

® |t acquired Alvis Vickers, the UKs main manufacturer of armoured fighting
vehicles (Challenger tanks; Warrior)

BAE made further acquisitions in the US defence market by acquiring American land
systems firms (United Defense Industries-UDI and Armor Holdings). Defence firms
were acquired in Australia (Tenix Defence) making BAE the largest defence contractor
in Australia.

These changes mean that the UK is no longer involved in the domestic development
and production of civil aircraft marking the end of the post-1945 policy of re-entering
this sector of the aircraft industry. Instead, the UK has created a world class centre of
excellence for wing design, development and production for the collaborative Airbus
family of civil jet airliners (with plants at Broughton and Bristol).

In this sector, international collaboration has been successful with Airbus sharing the
world’s large civil jet airliner market with Boeing. However, UK specialisation on wing
work has involved state assistance in the form of repayable launch investment (a
financial support mechanism which the US alleges has provided illegal subsidies to
Airbus and in 2009 was being reviewed by WTO) and wholly private venture funding
of major civil aircraft and component wing work has not been achieved.

Up to 2005, BAE was encountering major problems with project management
(Nimrod; Astute submarines) and the adverse financial implications of fixed price
contracts for some of its major UK defence programmes. Partly in response to this in
2005, the UK Government published its new Defence Industrial Strategy (DIS, 2005).
The DIS identified the key defence industrial capabilities which MoD aimed to retain
in the UK and it expected major reductions in the future demand for military aircraft,
in particular;
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Fixed Wing Aircraft

For fixed wing aircraft, the DIS does not envisage the UK designing and producing a
new generation of fixed wing manned combat aircraft after the Typhoon and the Joint
Combat Aircraft: hence, there will be a significant reduction in new military aircraft
design and development work. But, BAE will be involved in the life-cycle support of
both these aircraft, together with Rolls-Royce, Smiths Aerospace and Selex Sensors
and Airborne Systems.

Large Aircraft and Training Aircraft

No sovereign requirement is envisaged for sustaining a domestic industrial capability
in large aircraft and training aircraft. The expected decline in new programme work
raises doubts over the future of some of BAE’s four production sites (Brough in East
Yorkshire; Samlesbury and Warton in Lancashire; Woodford in Cheshire). In 2009,
BAE announced the closure of its Woodford plant by 2012 (with the end of Nimrod
production).

Helicopers

With helicopters, the DIS planned to retain in the UK the skills necessary for through
life support of UK designed helicopters, namely, AgustaWestland. However, the DIS
stated that the UK “...will continue to look to the vibrant and competitive global
market place for its future helicopter requirements with AgustaWestland'’s role neither
predefined nor guaranteed...” (DIS, 2005, p94).2%’

Missiles

For missiles, the DIS identified excess capacity in the UK and Europe and it expected
major reductions in demand leading to substantial job losses with opportunities for
industrial rationalisation and consolidation (DIS, 2005, p104; HCP 824, 2006, p18).

In addition to the future changes in military demands outlined in the DIS, the Industry
faces three further challenges:

® First, there are challenges from new entrants in the form of overseas emerging
competitors (HCP151-1, 2005)

® Second, the WTO investigation of repayable launch investment and subsidies to
the European and US aerospace industries means uncertainty surrounds the
future of state financial assistance to the UK civil aerospace Industry (and to the
European and US industries: HCP, 151, 2005, p30)

® Third, in the defence sector, there are potential conflicts between the DIS and
developments in Europe in the form of the creation of a European Defence
Equipment Market (EDEM or Single Market for defence equipment) and the
development of a European Defence Technology and Industrial Base (EDTIB —
e.g. DIS identifies key industrial capabilities which will be retained in the UK)

207 The future of the DIS remains in doubt until after the expected 2010 Defence Review. The policy is not costless (Hartley,
2006).
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6.5 The Impact of Government

Governments have had major impacts on the development of the UK Aerospace
Industry; they are central to understanding military markets and have played a major
role in civil aerospace markets. In military markets, Governments dominate domestic
demand, they determine collaborative defence projects and they also influence
overseas demand through their project choices and willingness to allow export sales
to specific countries. By specifying performance requirements, military demands
determine technical progress (e.g. speed; range; capability, etc). Government military
demands are reflected in the award and allocation of contracts.

COMPETITIVE AND NON-COMPETITIVE CONTRACTS IN DEFENCE PROCUREMENT

Fixed price competitive contracts were typical of MoD procurement before the DIS
(2005). In principle, such contracts place the contractor at risk but unexpected cost
overruns can create financial penalties for the contractor with the possibility of
bankruptcy (e.g. BAE's Nimrod MRA4 aircraft). Opportunities also arise for
contractors to thwart the original aims of the competitively-determined price (e.g.
optimism bias; re-negotiation of price after the contract has been awarded).

The emergence of UK domestic monopolies in aerospace and the DIS (2005) has led
to a shift away from competitive procurement to partnership agreements with
preferred suppliers and non-competitive contracts (target cost incentive contracts).
On non-competitive contracts, Government determines the profit rules which
provided a rate of return of almost 10 per cent on costs of production in 2009 (Review
Board, 2009). The Profit Formula for non-competitive contracts has been criticised for
failing to provide sufficient efficiency incentives and for being ‘too generous’ for non-
competitive work.

UK aerospace firms provide limited private funding for military aircraft work. They
finance some R&D work and there are examples of the limited private funding of
military aircraft (e.g. export versions of the BAE Hawk jet trainer/strike aircraft; UAVs;
technology demonstrators). There are sound economic reasons why private firms will
not undertake the private venture financing of advanced and complex military
aircraft, including;

® They are costly projects with long time-horizons and defence-specific
requirements for the UK Government: there might be no other buyers

® Firms have to create design and production teams and facilities which have
limited (or no) other uses

® Governments can change or reduce or cancel their orders (e.g. original order for
Nimrod MRA4 was for 21 aircraft reduced to 9 aircraft)

In these circumstances, firms will fear that they will never recover their sunk costs
where such costs might be so large as to endanger the future of the company (the
hold-up problem): hence, the need for Government to fund such defence-specific
investments (compare, say, the motor industry where there are large numbers of
buyers of cars).
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The UK Government also assists UK aerospace firms with exports of military
aerospace equipment (previously DESO and now the UKTI Defence and Security
Organisation). An economic evaluation of the costs and benefits of UK defence
exports concluded that:

“... first, the economic effects of the reduction in defence exports are relatively
small and largely one-off, and secondly, that the balance of arguments about
UK defence exports should be determined mainly by non-economic factors”
(Chalmers, Davies, Hartley and Wilkinson, 2002, p343)

However, this analysis was for aggregate defence exports and not for UK exports of
military aerospace equipment (although military aerospace exports form the majority
of UK defence exports).

LAUNCH INVESTMENT IN CIVIL AVIATION

Governments have also influenced the development of the UK civil aerospace
industry. Historically, they did so through the ‘buy British’ policy of the nationalised
airlines and by state financial support to UK civil aircraft and engine projects (e.g. the
post-1945 Brabazon programme: see Section Il above). More recently, state financial
support has been through launch aid (or repayable launch investment: HCP 151-1,
2005) as efforts at introducing wholly private venture finance for the development of
large civil aircraft and engine projects were not successful.?®® Launch investment
provides pre-launch risk-sharing finance for new large civil aircraft and engine
projects where such funding represents a minority share of total development costs.

A 2006 Report concluded that “...the market has failed to provide finance to the UK civil
aircraft industry but it was not possible to conclude that this reflected a capital market
failure as viewed by economists” (AIGT, 2006, p16). There is, however, Government
failure reflected in an extensive system of international support for civil aircraft
development, especially in the USA, Europe, Japan and more recently in China. The
consensus view is that “There is a very large imbalance in the absolute levels of
support provided by other Governments, particularly in the US, in comparison to the
UK, and a material imbalance with the rest of Europe”(AIGT, 2006, p16).

A comparison of payments and receipts on launch investment provides one possible
indicator for assessing the policy.

® For 1945 to 1971 it is estimated that there was a net subsidy of over £1,300
million (1974 prices) to UK civil aerospace projects and that for this period “...the
net effect of aerospace launch investment has been a loss of national welfare”
(Gardner, 1975, p149)

® During 1946 to 2004, payments on launch investment were £2.63 billion against
receipts of £1.7 billion showing net losses of almost £1 billion (in current prices,
excluding Concorde: data from DTI)

® One sub-period, namely, 1991 to 2000 showed receipts of £1.02 billion exceeding
payments of £0.35 billion by £0.67 billion (current prices without discounting)

208 Private venture finance has been the basis for the development of light aircraft, business aircraft and civil helicopters
where the USA has the economic advantage of a large domestic market.
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Admittedly, these data are only one indicator: they do not show future receipts; nor do
they allow for the assessment and valuation of other objectives pursued by the
policy.2? The position of launch investment in the UK (and the EU) is currently subject
to review by the WTO so there is considerable uncertainty about its future (Flight, 2009).

The 1992 bilateral agreement between the EU and the USA limited the level of state
support available to their producers of large civil aircraft (extended to include aero-
engines). This agreement set an upper limit of 33 per cent on the proportion of
eligible launch costs which can be supported by launch investment, with 25 per cent
repaid at the cost of Government long-term borrowing and the balance of 8 per cent
repaid at the cost of Government borrowing plus one percent (HCP151-1, 2005). Such
direct support which was favoured by EU Governments was to be repaid over 17
years. The agreement also included indirect support which is the form of support
used mainly by the USA (indirect support is not repayable and is limited to 3 per cent
of the Industry’s annual sales).

Launch investment is limited to 33 per cent of total development costs for new large
civil aircraft, so that firms have to provide at least two-thirds from private sources.
Private (supplier) financing is available from company funds and from suppliers
providing risk capital and acting as risk sharing partners typically through Risk and
Revenue Sharing Agreements or Partnerships.?’® Such Partnerships are well-
established and can provide up to 30 per cent to 40 per cent of total programme costs
with a further one-third from the prime contractor (AIGT, 2006, p14).

The WTO investigation of the Airbus-Boeing dispute creates considerable uncertainty
over future state funding for UK and European civil aircraft and engine programmes.
Without adequate private funding, any reduction in EU state support for the sector
and no comparable move internationally, the UK and EU Aerospace Industry would
be at risk.

In addition to launch investment, the UK Government provides further state support
for civil aerospace R&D.?"

® The civil aircraft R&D programme (CARAD) which is no longer available but
whose evaluation concluded that “It was difficult to judge whether the benefits
of CARAD were greater or smaller than alternative uses of public funds...”
(BERR, 2008)

e R&D funding for National Aerospace Technology Strategy projects through the
Technology Strategy Board and the Regional Development Agencies (£153
million between 2004 and 2007)

® R&D tax credits (estimated at some £60 million — £80 million per annum) which
are available to all sectors but Aerospace as an R&D-intensive sector might be
more likely to benefit

® Government funding of greener engine technologies

209 Such as maintenance of the UK aerospace industry as a successful sector making a net contribution to economic welfare.

210 The development of the US Boeing 787 airliner involves substantial risk sharing with partners in Japan, Italy and the
USA, each covering their share of project R&D and risk in return for a share in the programme.

211 These various policy initiatives need to be assessed in terms of their contribution to correcting for major market failures.
For example, when it existed, CARAD might have been regarded as a means of correcting for capital market failures and
of recognising the beneficial externalities from civil aerospace R&D (technical spill-overs).
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® Selective finance for investment and regional assistance (over £33 million
in 2006)

® Support for overseas sales campaigns (BIS, 2009)

® Support for the Aerospace Innovation and Growth Team and implementing its
agenda (AIGT, 2003)

SKILLS

The UK aerospace sector is covered by the SEMTA (Science, Engineering and
Manufacturing Technologies) Sector Skills Agreement (SSA) which aims to influence
the supply of relevant education and training provision and to address skill gaps and
shortages. The R&D-intensive nature of the Aerospace Industry is reflected in the skill
composition of its labour force, in its demands for skilled labour and in its
wage/salary levels, such as:

® In 2008, some 36 per cent of all the Industry’s employees held a University degree
or equivalent

® The number of higher education students taking aerospace engineering degrees
has been rising by some 7 per cent per year over the 10 year period 1998 to 2008

® In 2006, average salaries in UK Aerospace were £33,000 which were 43 per cent
higher than the UK average wage and some 32 per cent higher than the average
for manufacturing suggesting that aerospace made a net economic contribution
compared with alternative uses of resources (BIS, 2009)

® Similar results were obtained for 2005 data showing that value added per employee
in the UK Aerospace Industry was 35 per cent higher than for UK manufacturing
and 50 per cent higher compared with the whole economy (MacKay, 2005)

6.6 The Performance of the UK Aerospace Industry

WORLD CLASS FIRMS

The UK Aerospace Industry contains some world class firms?'> whose productivity
and international competitiveness differ from that of the Industry average. The UK is
also a centre of excellence for wing technology (Airbus UK), fuselage design
(Bombardier — Belfast), aerostructures (GKN) and landing gear systems (Messier-
Dowty). The 2005 Parliamentary Report on the UK Aerospace Industry (HCP151-1,
2005) concluded that the Industry is:2'3

® One of the most successful sectors of UK manufacturing

® One of the UK’s major export sectors. Total military and civil exports were £14.2
billion in 2008. Over the period 1997 to 2007, the UK Aerospace Industry recorded
a surplus on its balance of trade (SBAC, 2009)

® R&D-intensive (lts investment in R&D was second only to pharmaceuticals)

212 Such as BAE Systems; Rolls-Royce; AgustaWestland; Smiths Aerospace; Martin Baker.
213 The data in the 2005 Report have been up-dated to 2008.
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® A major employer providing direct and indirect employment in the UK of some
224,230 people in 20082

® A technology-intensive industry which generates ‘technology spill-overs’ for the
wider UK economy

Launch investment made an important contribution to fostering capability in the UK
civil aerospace industry; it enabled the Government to secure valuable projects which
might otherwise have been located elsewhere; and UK participation in successful
aircraft and engine projects allowed access to large-scale production with associated
productivity improvements (AIGT, 2006, p10).

INTERNATIONAL COMPETITIVENESS

There is an absence of recently-published studies assessing the Industry’s
performance, although an economic study of UK Aerospace Competitiveness
concluded that over the period 1980 to 2000, the UK Industry improved its
international competitiveness relative to the USA. Competitiveness was measured by
labour productivity, scales of output, development time-scales, responsiveness of
employment to changes in output and export performance (Hartley and Braddon,
2002, p15; Braddon and Hartley, 2007). The Industry’s export performance reflects its
international competitiveness and suggests that the UK has a comparative advantage
in Aerospace, which can also be seen in:

® The UK Industry exported almost 70 per cent of its output in 2008

® |t has substantial military aircraft export sales (especially to Saudi Arabia) and
successful export sales of the national Hawk trainer aircraft

® Major role as a supplier of wings, engines and equipment to Airbus and as a
supplier of engines to Airbus, Boeing and other airliners

® Partnership on the airframe and engine work for the US Joint Strike Fighter

® |t has penetrated the US military market for aerospace sub-systems (e.g.
avionics; ejector seats: Hartley and Braddon, 2002; MacKay, 2005)

® The space sector of the Industry has established an international reputation in
satellite communication systems

RELATIVE FIRM SIZE

An alternative approach to assessing the competitiveness of UK firms is to examine
their sales relative to their European and US rivals. The data for 2008 are presented
in Table 6.5 where the world’s top 15 aerospace firms by sales are shown. US
aerospace firms dominate the list, accounting for 9 of the top 15. Also, the average
size of the top 3 US firms is some 1.5 times the size of BAE: the US firms are achieving
economies of scale, learning and scope.

214 Alternative estimates suggest higher employment numbers at some 340,000 direct and indirect jobs in 2008: based on
employment multipliers from AIGT, 2003, p30). In 2007, the UK Aerospace Industry was ranked first or second in the EU in
terms of direct employment (depending on whether the Industry is defined as Aeronautics (i.e. aircraft with UK as first) or
as Aerospace (aircraft and space with UK as second)).

182



Learning from some of Britain’s successful sectors: An historical analysis of the role of government

Table 6.5: Size of Firms, 2008

Firm Sales ($millions)

EADS 63,308
Boeing 60,909
Lockheed Martin 42,731
Northrop Grumman 33,887
BAE Systems 30,928
General Dynamics 29,300
United Technologies (Pratt & Whitney: engines) 24,540
Raytheon 23,174
Finmeccanica 23,030
Thales 18,532
General Electric (engines) 16,189
SAFRAN (engines) 15,079
L-3 Communications 14,901
Honeywell 12,650
Rolls-Royce (engines) 11,363

Source: Flight (2009a).

Similarly, the average size of the top two US engine firms is some 1.8 times larger
than Rolls-Royce. The larger size of the major US aerospace firms contributes to their
international competitiveness and places the UK firms (and most European aerospace
firms) at a competitive disadvantage. However the USA has the advantage of a large
protected domestic defence market.

FIRM PERFORMANCE

Data are available on various performance indicators for UK, European and US
aerospace firms. These are shown in Table 6.6. Other UK industries are shown for
comparative purposes and as examples of the alternative-use value of resources:
these are an illustrative rather than comprehensive analysis.?"®

215 They show only cross-section data for 2007/08 whereas a more comprehensive analysis requires time-series data for at
least 20 years. For the UK companies, data are based on total sales for global activities. Also, some of the performance
data are based on the available published data.
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Table 6.6: Comparative Firm Performance, 2008

Labour Value added

.. .. R&D per .

Company/sector productivity productivity emplovee Profits
pany (£000s per (£000s per ploy (% of sales)
(£000s)
employee) employee)

Aerospace and Defence: UK 165.3 60.5 6.7 6.4
BAE 172.4 66.6 2.1 7.6
Rolls-Royce 192.6 72.9 11.8 6.9
Cobham 118.0 58.6 6.1 155

Aerospace and Defence: EU

EADS 246.7 66.0 17.0 -0.3
Finmeccanica 149.1 60.5 24.5 8.5
SAFRAN 160.8 45.9 12.4 0.5
Thales 147.6 64.5 7.0 510
Dassault Aviation 247.2 83.2 16.0 11.7
SAAB 134.2 60.3 8.1 9.6

Aerospace and Defence: USA

Boeing 209.4 N/A 12.1 9.5
Lockheed Martin 150.2 N/A 4.3 10.7
Northrop Grumman 131.3 N/A 2.2 93
Raytheon 156.3 N/A & 9.8
UK Automobiles and Parts 231.6 49.4 8.7 1.9
UK Pharmaceuticals & Biotechnology 230.2 130.0 S5%3 24.0
UK Oil & Gas Producers 1622.3 345.1 4.4 13.6
Notes:

i) Sectors refer to top numbers of UK (800-850 firms), European (750) and global companies (1400): see sources for details.

ii) UK Aerospace aggregate sector includes major UK defence firms.

iii) R&D data are for the cash investments which are funded by companies only. It excludes contract R&D undertaken for
customers such as Governments (e.g. defence R&D contracts): see BERR (2008a).

Sources: BERR (2008a); (2008b).

BAE and Rolls-Royce achieved productivity figures greater than most of their
European and US rivals and comparable sectors such as the UK motor vehicles
industry (an alternative user of UK resources). BAE's low R&D per employee figure
reflects its own R&D funding but excludes all Government defence R&D spending
with the firm. The UK Aerospace Industry’s profitability compares favourably with its
European rivals; it exceeds that for UK motor vehicles; but is below that for the US
Aerospace Industry and for the UK Pharmaceutical and Oil and Gas industries.?'6

LABOUR PRODUCTIVITY

Table 6.7 shows data on Aerospace Productivity based on real value added per
employee for 1981 to 2000. Compared with the USA, France and Germany, the UK
value added per employee was some 38 per cent lower than in the USA, 26 per cent

216 The high profitability for these UK industries helps to explain their willingness to invest in costly and risky R&D,
especially Pharmaceuticals: AIGT (2006).
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below France and 15 per cent behind Germany. But, since 1981, UK Aerospace
Industry productivity has achieved the highest productivity growth, so narrowing the
productivity gap with the USA, France and Germany: even so, in 2001, a productivity
gap remained.

A more recent study confirmed these productivity gaps but with a changed ranking.
Compared with the UK, the US average value added was some 7 per cent higher,
Germany was 22 per cent higher and France was 55 per cent higher (based on
average value added per person hour for an average of 2001-2003: BERR, 2008c).

Table 6.7: Aerospace Industry Productivity, 1981-2001

Year UK USA France Germany
1981 22 69 92 48
1991 48 98 74 63
2001 64 103 87 75

Note: Data are for real value added per employee in US$000, 2001 prices and exchange rates.
Source: DTI (2004).

Further productivity data are available at the project level (compared with the
Industry level). Learning-by-doing leads to productivity improvements in each aircraft
programme. Today’s UK learning curves are radically different from those of the
1950s and 1960s which showed learning ‘levelling-off’ at some 100 units and reflected
small-scale UK national programmes. Current UK learning curves for civil aircraft
show continuous learning reflecting UK participation in collaborative programmes
leading to longer production runs of each type of aircraft (e.g. wings sets for Airbus
A320 family with orders exceeding 4,300 units). Also, there have been step changes
showing substantial productivity improvements between different generations of
aircraft (AIGT, 2006).

Over the period 1980 to 2008, UK Aerospace Industry labour productivity showed a
long-run rising trend in real terms: rising from some £70,000 per worker in 1980 to
£204,000 per employee in 2008 (sales per employee in 2008 prices: SBAC, 2009, p25:
including a 16 per cent real increase for 2007/08). But these labour productivity data
are a limited measure of productivity improvements where improvements might
reflect increasing capital costs and more purchases of inputs from other firms.

TECHNOLOGY SPILL-OVERS

The UK Aerospace Industry is an R&D-intensive industry. In 2008, total R&D spending
was £2 billion with 65 per cent of this total being defence R&D (of the 65 per cent, the
UK Government provided 18 per cent; other Governments provided 17 per cent;
others provided 9 per cent; and 23 per cent was self-financed: SBAC, 2009, p17). Such
R&D also contributes technology spill-overs both within the Aerospace Industry and
to other UK industries.

There is no shortage of examples which include the application of military technology
to civil aerospace projects (e.g. engines; composites) and the application of
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Aerospace technology to such other UK industries as marine propulsion, high speed
yachts, wind turbines and Formula 1 racing cars. But attractive though these
examples appear, they do not address the policy-relevant issue of their market value:
how valuable are such spill-overs from the UK Aerospace Industry and what are the
mechanisms by which such technology is transferred to other UK industries (e.g. staff
mobility; supply chains; university technology centres: Hartley, 2006a; AIGT, 2006).

The general point remains, namely, that R&D markets are subject to market failure
where they create beneficial externalities in the form of technology spill-overs.
Aerospace is an R&D-intensive industry which is a likely source of such beneficial
externalities. In evaluating the spillovers from Aerospace it is necessary to recognise
that:

® Aerospace is a very long-term industry, where product life cycles can extend over
several Governments

® Profitability is not high relative to R&D expenditure, technology risks and market
risks

® Social returns are high (high spill-overs, hence beneficial externalities)

® Overall, the result is to make Aerospace both vulnerable to Government policy
changes and capable of generating substantial returns to public investmemt

6.7 Conclusion

Aerospace is one of the UK’s successful manufacturing industries. It is an R&D-
intensive, high technology industry requiring highly skilled labour (comprising
scientists, technologists and skilled production workers: Hartley, 2006a) and offers
high wages and salaries. It is the type of industry where the UK currently has a
comparative advantage. Questions then arise as to whether the Aerospace Industry
can continue to be successful and what role there might be for Government? The
Industry faces some major uncertainties.

® Continued success requires continued improvements in productivity, with the
Industry being the major driver for such improvements

® New entrants cannot be ignored and pose future competitive threats (e.g. China;
Japan; Russia; South Korea)

® The level and type of future Government funding for defence and civil aerospace
R&D (e.g. for greener aircraft and engine technologies)

Government can assist the Industry by seeking to remove major market failures.
Examples include the access of SMEs to UK defence markets and measures to assess
the performance of the dominant monopoly firms in the UK Industry (e.g. using firm
performance reviews by the Competition Commission).2" For the future, space is a
further potential growth sector. Governments need to review market failures in space
markets and the extent and form of state support for the UK space sector.

217 For SMEs there are questions about supply chain capacity. More open markets will demonstrate whether such
capacity exists.
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However, current comparative advantage in Aerospace (and other UK Industries)
does not guarantee future comparative advantage. Typically, private competitive
markets with entrepreneurs responding to uncertainty are the mechanisms for
identifying future potentially profitable markets. But Aerospace markets depart from
the competitive model and are dominated by Governments and small numbers of
major suppliers where a strategic game theoretic approach is more realistic. Choices
in such markets are likely to be influenced by agents in the military-civil aerospace-
industrial-political complex.

A review of major UK civil and military aircraft projects since 1945 shows a variety of
failures and successes with failures mainly amongst civil aircraft programmes.
Failures included most of the Brabazon Committee’s recommendations; most of the
1960s civil aircraft projects (e.g. Argosy; Brittania; Concorde; Trident; VC-10); and
amongst military projects the Swift fighter and the Nimrod AEW aircraft.

Successes included the Viscount, BAC 1-11 and BAe 146 airliners and amongst
military projects the Canberra, Hunter, Jaguar, Harrier, Tornado and Hawk aircraft and
some helicopter projects (based on exports). The UK'’s involvement in wing work for
the multi-national Airbus programme of airliners has also been extremely successful
with Airbus as Boeing’s major rival in world markets. There remains scope for
assessing the role of the UK Government in these various successes and failures
(compared with the Government’s role and performance in other UK Industries, such
as steel, motor vehicles and banking).

One view is that after some 60 years of consolidation and elements of ‘good fortune’,
there are now two world class firms remaining in the UK. Both of these have survived
periods of weak support from various UK Governments (where weak support means
no support at key stages). There are lessons from the creation of these ‘winners’ and
the wider role in regenerating UK manufacturing industry, in particular there is
evidence of:

® A lack of confidence, realism and consistency in the approach to policy

® A lack of understanding about the wider impact of more advanced aerospace
technologies on the rest of the UK economy

® A lack of conviction about the importance of manufacturing industry to the UK
economy (compared with say, the banking sector)

Government demands are central to future military aerospace markets, including
R&D funding of defence projects (e.g. UAVs). The prospects of a major UK Defence
Review after the next Election means that aerospace projects and the future of the DIS
might be at risk. For example, the costs of the DIS and possible cuts in UK defence
spending might mean a greater preference for importing foreign equipment. The
future position of the UK Aerospace Industry needs to be recognised and considered
in the next Defence Review. This requires a complete economic evaluation of the
costs and benefits of a UK Aerospace Industry (c.f. Plowden Report, 1965).

Governments can also negotiate more open access to foreign defence markets and
agreements on reducing international support to civil aircraft programmes. Here, the
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WTO review adds uncertainty to the future of UK state funding for civil aircraft and
engine projects (including the UK’s role in Airbus wing work). This uncertainty is
added to that generated by the prospects of the next Defence Review.

There is also the European dimension to be considered. The UK is committed to
European collaboration in both military and civil aircraft projects (including
helicopters, missiles and space systems). The EU is also committed to creating a
European Defence Equipment Market (EDEM) and a European Defence Technology
and Industrial Base (EDTIB). The position of the UK Aerospace Industry in these
developments is a further source of uncertainty.

Questions arise about the results of Government policy towards the UK Aerospace
Industry and whether there are lessons for future industrial policy in other sectors. A
comprehensive assessment would require more evaluation of the benefits and costs
of the various forms of state intervention in the Aerospace Industry.

The experience of the UK Aerospace Industry is relevant to other UK Industries where
Government is a major buyer and where its procurement strategy impacts on the
structure, conduct and performance of the sector. Different types of procurement
contracts have different efficiency properties (c.f. cost-plus and fixed price contracts).
UK Aerospace experience also shows that Governments need to be aware of an
Industry’s characteristics when designing policies for intervention and that their
decisions can have far reaching and long-term implications for the UK and, in some
cases, international markets.
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BIS Economics Papers

BIS places analysis at the heart of policy-making. As part of this process the
Department has decided to make its analysis and evidence base more publicly
available through the publication of a series of BIS Economics Papers that set out the
thinking underpinning policy development. The BIS Economics series is a
continuation of the series of Economics papers, produced by the former Department
for Business, Enterprise and Regulatory Reform (BERR) which analysed issues central
to business and industry.

The main series is complemented by a series of shorter Occasional papers including
literature reviews, appraisal and evaluation guidance, technical papers, economic
essays and think pieces. These are listed below:

BIS Main Economics Series

5. Internationalisation of Innovative and High Growth SMEs, March 2010

4. Supporting analysis for ‘Skills for Growth: The national skills strategy’, March
2010

3. The Space Economy in the UK: An economic analysis of the sector and the role
of policy, February 2010

2. Life Sciences in the UK- Economic analysis and evidence for ‘Life sciences 2010:
Delivering the Blueprint', January2010

1. Towards a Low Carbon Economy - economic analysis and evidence for a low
carbon industrial strategy, July 2009

BERR Main Economics Series

6. The globalisation of value chains and industrial transformation in the UK,
February 2009

5. China and India: Opportunities and Challenges for UK Business, February 2009
4. Regulation and Innovation: Evidence and Policy Implications, December 2008

3. High Growth Firms in the UK: Lessons from an analysis of comparative UK
Performance, November 2008

2. Five Dynamics of change in Global Manufacturing, September 2008

1. BERR's role in raising productivity: new evidence, February 2008

BIS Occasional Papers Series

1. Research to improve the assessment of additionality, October 2009.
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BERR Occasional Papers Series
3. Impact of Regulation on Productivity, September 2008

2. Evaluation of Regional Selective Assistance (RSA) and its successor, Selective
Finance for Investment in England (SFIE), March 2008

1. Cross-Country Productivity Performance at Sector level: the UK compared with
the US, France and Germany, February 2008

Copies of these papers can be obtained from the BIS publications orderline at
http://www.bis.gov.uk/publications or telephone 0845 015 0010.

These papers are also available electronically on the BIS Economics website at
http://www.bis.gov.uk/Policies/economics-statistics/economics.

Further information on economic research in BIS can be found at
http://www.bis.gov.uk/policies/economics-statistics/economics/bis-research . This site
includes links to the various specialist research areas within the Department.

Evaluation reports are available on the BIS evaluation website at
http://www.bis.gov.uk/Policies/economics-statistics/economics/evaluation.

The views expressed within BIS Economics Papers are those of the authors and
should not be treated as Government policy. We welcome feedback on the issues
raised by the BIS Economics Papers, and comments should be sent to
bis.economics@bis.gsi.gov.uk.
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