














view among the Cambridge technology firms is that the
“role of the technology consultants and the value they
bring to the economy are not properly understood”.”
Certainly when measured by the added value they
create through ideas, concepts and designs for their
customers’ end products, their overall economic impact
is far greater than the employment and revenue they
generate directly combined with those of the spin-out
firms they have incubated.

One example of the added value comes from the TTP
Automation Division’s delivery of four automated cell
culture machines to help Celltech deliver on its
manufacturing contract to produce the very expensive
drug, EPO. Richard Archer recalls that their calculations
showed that “they were adding value at £40,000 per
minute — better than Longbridge!”

Other examples include the work on nanostructures
done by PA Technology during the 1970s and 1980s,
which led to the creation of companies such as Biacore
in Sweden (which was bought by GE in 2006), and the
work Sagentia did with AstraZeneca which is believed
to have prolonged the life of the pharmaceutical firm’s
anaesthetic drug by nearly a decade.”? Meanwhile,
according to Bob John, CEO of TWI, the organisation’s
services and technology generate value added for its
customers of the order of £1 billion per annum,
compared with TWI's annual turnover of approximately
£40 million.

These sorts of calculations are highly problematic. And
specific examples of downstream added value must
also be treated with care as there are usually a variety
of factors at work and the development project itself
may have had only a modest incremental effect.
Furthermore, much of the downstream economic
benefit frequently accrues outside the UK.

Nevertheless, it is clear that these ‘soft’ companies
‘punch well above their weight” when it comes to the
overall economic impact on the industries which
they serve.

In sectors such as pharmaceuticals, aerospace and
defence, where the UK is relatively strong, their
contribution to the broader national economy is likely to
be significant, even if it cannot be easily measured; for
example, through the provision of specialist chemistry
and biology services to established pharmaceutical
companies that increase their effectiveness in

discovering new drugs and bringing them to market.

Soft companies also play a key role within the ‘cluster’
as a whole, by helping other high technology start-ups
access experienced development teams which they
might not otherwise be able to afford or recruit quickly
enough. Examples include Plextek's and Symbionics’
work for lonica, and Sentec’s work for Owlstone.

Spin-out ventures also undoubtedly go on to create
further jobs and value added among their suppliers and
customers, even if their direct employment is relatively
low. For example, as a fabless semiconductor company
Cambridge Silicon Radio (CSR), the spin-out from
Cambridge Consultants, has grown into a company of
around 1,000 people. But many further silicon
fabrication jobs are located in Asia, and even more in
the many companies — nearly all of them foreign — that
build CSR chips into their products. The same
argument can be made for ARM, which emerged from
Acorn: its turnover (£299m in 2008) is entirely based
on royalties earned from licences for the chips that
power the Apple i-phone, mobile phones, digital
cameras, computers, set-top boxes and a host of other
devices produced worldwide.

The virtual disappearance of sophisticated electronics
and telecommunications manufacturing from the UK
means that in these sectors most upstream and
downstream jobs are being created overseas. But it
shows that the power of the soft company model in
rejuvenating the manufacturing sector and creating jobs
in the UK could potentially be very much greater than
the purely direct effects.

It is certainly apparent that over the last fifty years these
companies have been able to reconfigure their skills
base and strategies to take advantage of new waves of
technology and pioneer developments in new industries
as they emerge. But this raises two important policy
questions. First, could more be done to encourage the
location of commercially viable downstream
manufacturing and assembly operations in the UK? And
second, are there specific sectors in which the soft
model could lead to these activities being more likely to
be located in the UK? In particular, could R&D contracts
for public sector customers play a role in this regard, in
the same way that contracts from private sector
customers have clearly done?

71 Interview with Ray Edgson, CTO and Ventures Director, Cambridge Consultants.

72 Communication from Gordon Edge, founder of PA Technology and of Scientific Generics (Sagentia).
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6.6 Building Social Capital in the Region

Besides the direct and indirect economic benefits that
derive from employment, there are several other
important ways in which soft companies (as opposed to
other forms of enterprise) contribute to the region’s
capacity for economic development.

The first is their contribution to developing a pool of
technology entrepreneurs and senior managers. This is
most noticeable in the technology consultancies, where
the work load is both demanding and highly varied, and
where the most creative people can flourish. These
firms effectively act as what Ray Edgson of Cambridge
Consultants calls “a finishing school for engineers”,
providing skilled technologists with the training that
some of them will choose to use in a spin-out venture,
where they will be standing on their own feet rather
than surrounded by the infrastructure and specialists
provided in a big company. De-risking the technology,
building team skills, and working together over several
years are crucial aspects of that preparation. The very
nature of technology contract work provides
opportunities for individuals to sort themselves into
those who are content to remain technologists and
those who want to be technology-entrepreneurs.

Because technology consultancies are able to get other
people to pay them to solve difficult technological
problems, their people are also rather competent.
“These are all great ingredients when you’re looking for
a venture”, says Edgson. “You are ticking the due
diligence boxes in some of the most tricky areas that
you face within an early stage spin-out: there is
evidence of commercial need, because a client is
coming to us to provide a relatively expensive bespoke
solution having found there to be no off-the-shelf
option; and you have people who know enough about it
that they are managing to sell their time to help
somebody else solve the problem.” But those who do
go with a spin-out team self-select; it does not work if
they are forced to join. And what a venture capital
backer looks for is a complete, or nearly complete, team
which usually comes pre-assembled in a soft company
spin-out.

Moreover, evidence of successful previous spin-outs
helps to attract to the originating company new, bright
and motivated recruits who want to work in a dynamic
commercially-oriented environment. So, even though
the founders of spin-outs may not return, a virtuous

circle around entrepreneurial activity is created.”

Besides providing an environment in which to grow the
management of their own ventures, soft companies are
also an important source of talent for other new
ventures, providing many key players throughout the
Cambridge cluster and beyond. The larger
consultancies also operate their own venture funds,
which invest in external companies or provide partial
backing for selected in-house ventures. And they have
spun off independent funds (like Prelude, from
Cambridge Consultants) and provided many of the key
staff for others.

It can also be argued that the soft start model leads to
greater longevity. Clearly the technology consultancies
and intermediate research institutes like TWI have been
in existence for many years — nearly half a century in
the case of Cambridge Consultants, for example, with
its business model largely unchanged, but evolving and
spinning off businesses steadily. But many of the harder
businesses spun off from these firms have also been
around for many years. Domino Printing, spun out of
Cambridge Consultants in 1978, is a prime example.
There is also evidence that hard companies built
through a soft start model have been able to develop
further and last longer than most VC-backed start-ups.
Examples include ARM, Pi Research and Autonomy.

The comparison with VC backed firms, usually focused
on a trade-sale exit to a much larger international
company, is important. Once a business is sold, there
may be little rationale for the acquirer to invest in
further development locally, other than incremental
development of the product line it has bought. And the
opportunity for the local company to spot and exploit
new opportunities entrepreneurially from its
engagement with customers may largely disappear as
decision-making moves to the acquirer. As a result,
founders usually move on after completing their one or
two year lock-in period. Closures as a consequence of
poor results, loss of interest, or a change in strategy by
the acquirer are common.

Many of the founders and employee shareholders in
successful new ventures often become angel investors
in new enterprises once their own business has been
sold or has IPO-ed.” The advantage of the soft model is
that it minimises the dilution of founders’
shareholdings; even if a company needs to raise
venture capital, the pre-existence of a revenue stream

73 On a more problematic note, jealousies can emerge when some people in a team are left behind.
74 Cambridge has a vibrant community of angel investors, of whom many with a high-tech background also lend their experience as advisors or non-executive

directors.
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and reference customers means the valuation can be
higher, and on-going contract revenues reduce the
amount of capital that needs to be raised. The major
angel investors in the Cambridge technology community
have nearly all managed to build their business with
little or no venture capital, often using some form of
soft model.”

6.7 In Conclusion

Soft companies are essentially about earning a living
from R&D. Their primary income source is commercial
customers with some form of innovation need. But their
contribution to the regional economy really becomes
significant through the scalable product businesses they
spin-out or transition into. The ability to fund some of
their own R&D and retain IP ownership is critical to this
process, and it is therefore important to understand the
role that government plays — or could play — in
supporting these transitions. If, as we have argued, soft
businesses and soft start-up models are highly effective
at creating economic growth, it is vital that government
policies be designed to support them.

From the above it can be seen that firms pursuing a soft
business model contribute to economic growth and

development in multiple ways. Consultancy and
contract development companies provide an ideal
environment in which to incubate and exploit new
product opportunities, including those that are too small
or too long-term for venture capital alone. They also
represent a resource for early-stage product companies
that need to subcontract development activity, as well
as for the well-established local and multinational
companies requiring innovative solutions to tricky
technological problems.

And we see many of the same benefits arising in more
focused companies — such as Pi Research in
automotive, Cambridge Antibody Technology and
Chiroscience in drug discovery, and Cambridge
Interactive Systems in software — where the soft
approach has brought multiple strategic benefits, as
well as generating for their founders sufficient wealth to
be able to play a continuing role in founding, funding
and advising further businesses.

In the following chapter we consider different sources of
government funding for technology development and
discuss how the firms we interviewed regard them.

75 In contrast, the scientists and engineers who found hard start-ups may end up ‘well off’ when their businesses are sold, but the stakes they own are rarely
sufficient to make them wealthy enough to become big angel investors. This is because of the punitive dilution resulting from significant VC involvement and the
prevalence of ‘down rounds’ in science-based companies with long gestation periods.

Economic Benefits of the Soft Model 75



76

Image courtesy of Owlstone Nanotech Limited

Chapter 7: Government
Funding for R&D in Firms

This report is primarily concerned with
R&D contracts carried out by businesses
for other, usually larger, corporate
customers. As a business model this has
in the past played, and continues to play,
a critical role in the success of the
Cambridge technology cluster, and it is
also widely used by science- and
engineering-based companies elsewhere in
the region. But, as we have seen, the
biggest potential that soft companies have
for job creation is through the
establishment of harder, product-based
spin-outs constructed around proprietary
concepts and IP incubated within the
parent businesses.

At the same time, the extent to which soft companies
have been able to make these transitions varies
considerably. Some IT businesses like Acorn and
Autonomy were able to move through the soft phase
and develop proprietary products very quickly and with
minimal investment in IP. Cambridge Consultants, TTP
and PA Technology have all been able to spin out
separate businesses on the back of orphan projects for
customers and/or re-investment of profits generated
from the core soft business. Usually this process has
taken several years as technical competence and
market understanding is built up through customer
projects. On the other hand, the smaller consultancies,
lacking the profits to invest in in-house R&D, have
found it much more difficult to create successful

product spin-offs. And some of the largest soft
businesses in the region — Lotus Engineering and TWI —
have also failed to generate significant spin-outs at any
time in their history.

For all of these businesses, the trigger for beginning the
transition from a soft to a hard business is the ability to
retain IP and fund the development of proprietary
products. We have therefore tried to examine the extent
to which government policies support this process.

In this chapter, following an overview of current
policies, we look first at the use that the firms in our
study make of single-company government R&D grants,
which are currently administered through the regional
development agencies; second, we discuss firms’
participation in collaborative research programmes such
as those operated by the Technology Strategy Board;
third, we explore the availability of government R&D
contracts; and finally we assess briefly the role of R&D
tax credits in encouraging R&D activity.

7.1 Current Government Programmes to
Fund R&D in Companies

There are five principal ways in which government
supports R&D projects financially.

(i) R&D Tax Credits: these enable any firm to offset a
multiple (currently 1.75 for SMEs) of all R&D costs
against corporation tax or (for firms not yet
generating profits and therefore not paying tax) to
claim most of this as a cash payment at the end of
the financial year. The scheme costs HM Treasury
over £600 million per year, roughly one third of
which goes to SMEs,”® and is therefore by far the
most significant source of R&D funding in aggregate
terms.

(i) Single-company Grants for R&D: these have existed
for many years and since 2003 have been
administered by the Regional Development
Agencies, rather than nationally. They are awarded
competitively against project proposals and in
England and Wales currently cover up to 45% of
costs for Micro projects up to £20,000 (for
businesses with fewer than 10 employees), up to
60% of costs for Research projects up to £100,000
(for businesses with fewer than 50 employees), and
up to 40% of costs for Development projects up to a
maximum of £250,000 (for businesses with fewer
than 50 employees, or up to 35% of costs for
businesses with 50-249 employees).”

76 See www.hmrc.gov.uk/stats/corporate_tax/rd-accrualsbasis.pdf.

77 The much more recently introduced Proof of Concept grants are related but different, in that they mainly fund market research rather than product development.

These awards cover up to 75% of costs for projects up to £20,000.
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Since April 2003 £130 million of grant funding has is the Small Business Research Initiative (SBRI),

been awarded to nearly 1,700 SMEs. Total which was introduced towards the end of our

government expenditure in the 2007-8 financial research.

year on R&D grants in England was around £25

million. Of that total, some £2.7 million was 7.2 Evolution of the UK’s SBRI Programme

awarded within the EEDA region. The UK SBRI was launched in 2001 by the DTI with
(iii)UK Collaborative R&D Grants: collaborative R&D the aim of encouraging UK government departments to

programmes have also been in existence for many award R&D contracts to small firms. It was designed as

years. Previously known as LINK projects and a procurement-based programme giving 100% funding

administered by the DTI, they are now managed by of developments, rather than as a grant initiative giving
the Technology Strategy Board (TSB). Competitions  partial funding. However, few government departments
and specific themes are announced at intervals participated (the most noticeable was the Biotechnology
during the year and awardees have to be consortia,  and Biological Sciences Research Council), the total
typically including both companies and universities. value of contracts reported never exceeded around

UK collaborative grants typically limit the proportion £2 million per annum and, with the exception of the

of overall project costs funded to 50%, varying from  BBSRC, few if any were for technology development —

25% for ‘experimental development’ (i.e. relatively as opposed to policy research, for example.
close-to-market projects) involving industry and

academic partners, up to 75% for ‘basic research’.
Within this, universities are 100% funded and
SMEs for up to 60% of their eligible project costs, so
larger companies typically receive a lower
proportion. Between 2004 and June 2007 in
excess of £1 billion in combined business and
government investment was spent on a portfolio of
over 600 collaborative projects.

Following a campaign launched in 2004 for the UK
Government to introduce a more effective programme
based on the highly successful US Small Business
Innovation Research (SBIR) programme,” a
commitment to provide £100 million per annum to
SMEs through the UK SBRI (Mark 2) was announced
in the March 2005 budget, and spending departments
were set expenditure targets of 2.5% of their external
R&D budgets.” (Box 16 outlines the main features of
the SBIR programme in the US and Case Study 13
highlights how Owlstone has used it.)

(iv)EU Framework Programmes: these mainly fund
‘pre-competitive’ collaborative projects involving big
consortia of partners from different countries. The
competitive model is similar to TSB programmes, Between 2006 and 2008 roughly 200 SBRI contracts
but more complex. The funding rules for universities ~ Were advertised on the Supply2.gov.uk web site, with
and companies have tended to be broadly the same, topics ranging from university research calls (for which

with more generous terms for SMEs in the most companies were ineligible) to lawnmower maintenance.

recent round of competition. The FP7 programme Few, if any, were for technology development contracts

has a total budget of €50.5 billion over its 2007- with firms. The well regarded BBSRC programme was

2013 life. In 2007 some €753 million of EU funds ~ axed in 2006 in favour of a new ‘Small Business

were awarded to (multi-year) collaborative R&D Research’ initiative covering all Research Councils.

projects in the UK, equivalent to 14.5% of all Although this was promoted on web sites and in

awards to EU members. Around 19% of SME publications, it appears that no projects have ever been

applicants from the UK were successful, and they advertised or placed under the scheme.

collectively received 18% of the requested EU One reason for this disappointing response is that the

contribution. 2.5% target was interpreted by DTI as a target for the
(v) Public Sector R&D Contracts and the Small percentage of all external R&D expenditure to be spent

Business Research Initiative: For many years the with SMEs, rather than the value of development

UK Government has advocated the role of public contracts placed through the SBRI scheme. Based on

procurement in stimulating innovation, a call echoed  US experience an appropriate target for the former
at EU level. The main mechanism for achieving this  figure would be very much larger than 2.5%, probably

78 The campaign was launched by David Connell, one of the authors of the current report, and Anne Campbell, then MP for Cambridge. See Connell, D. (2004)
Exploiting the UK’s Science and Technology Base: How to Fill the Gaping Hole in UK Government Policy, which has a Foreword by Anne Campbell MP.

79 This is the same formula as used to set the US SBIR budget. However, the SBIR is run as a ring-fenced seed fund rather than as a targeting process.
Furthermore, SBIR is just one of many ways in which federal R&D contracts are awarded to small US businesses, and is designed to help them get onto the first
rung of the federal procurement ladder. The total value of R&D contracts awarded to small US firms is several times higher.
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Case Study 13: Owlstone Nanotech

In the case of Owlstone an American PhD student
in Cambridge, Andrew Koehl, was determined to
start a business likely to be fundable through the
US SBIR programme and, with fellow electronics
engineering colleagues Billy Boyle and David Ruiz-
Alonso, sought out a suitable technology. In the
post 9/11 era they settled on the idea of an
electronic nose to undertake chemical detection
for homeland security. Based on Koehl’s invention
of a way to miniaturise field-asymmetric ion
mobility spectroscopy, he began submitting SBIR
proposals with the intention of setting up a
business in the US after his PhD. At the third
attempt he won a Phase 1 SBIR award worth
$100,000, but by that time the three of them were already runners-up in the 2003/4 Cambridge University
Enterprise business plan competition using feedback from the failed SBIR attempts to help refine their
proposition. That success led to meetings with VCs and in May 2004, after a chance encounter in a college
bar with the young CEO of a new VC fund, to a $2 million investment from Advanced Nanotech, which was
just raising a fund and needed a first investment for its portfolio.

Advanced Nanotech was a small but unusual fund in that it was interested in investing at a much earlier
stage than conventional VCs, including in university projects. Although its other investments have been
largely unsuccessful this was a stroke of luck for Owlstone, as it immediately gave the young company access
to the kind of funding needed to progress its start-up plans.

Owlstone decided to stay in the UK, and so was unable to take up the SBIR funding. Over the next two years
the team worked to validate the technology, file patents and build the team. Some early electronics
development was outsourced to Sentec, but as the team increased in size it became progressively self-reliant.

It was evident that there were many potential applications of the technology and Owlstone attempted to
soften the strategy by securing development contracts with industrial customers. This was initially
unsuccessful as the companies targeted were more used to buying already-developed boxed solutions, so it
had to continue to rely on venture capital and US private investors for funding. By 2008 it had raised over $9
million. However it also started again to apply for SBIR contracts, helped by its unusual, predominantly US
ownership structure and, to some extent, by the decision to establish a Delaware holding company so that
the company could be floated more easily on a US stock exchange at a later date. In 2005 and 2006
Owlstone won two Phase 1 SBIR contracts (e.g. from the US Air Force for air quality monitoring in jet fighter
cockpits) and also began working with prime defence contractor SELEX Galileo, which was looking for a
sensing technology provider. Over the period 2006-8 SELEX paid Owlstone over $1 million in contract
development funding. In 2006-7 Owlstone began shifting towards a sales-based business with three revenue
streams: instrument sales, contract development, and sales of sensors to third parties. It also in late 2007
won its largest development contract to date with the US Defense Threat Reduction Agency, worth $3.7
million over three years.

Since Owlstone’s sensors can be used in many different applications and the sector-specific knowledge for
each is so different this has, interestingly, pushed Owlstone towards a softer model: “We now only work with
a lead customer prepared to fund application R&D, as this is the key test of whether there is a real market
opportunity”, comments co-founder Billy Boyle. By 2008 Owlstone’s team of 33 people (including three in
the US) were generating $4 million in revenues, of which half derives from R&D contracts.

Image courtesy of Owlstone Nanotech Limited
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Box 16: The US SBIR Programme®

Ever since the Second World War, the US government has played a major role in funding the development of
new technologies in companies through procurement contracts. US pre-eminence in semiconductors,
computers and many other technologies is in large measure due to this policy. The Small Business Innovation
Research programme was launched in 1982 to ensure that start-ups and small companies get the

opportunity to participate in this process.

Underwritten by legislation, the SBIR programme requires all larger federal agencies to spend 2.5% of their
external R&D budgets with small firms through a highly transparent competitive process. Under this
programme each agency announces its requirements as topic solicitations at set times in the year. Successful
bids initially win a $100,000 Phase 1 feasibility study. Roughly half of these go on to win a Phase 2 award,
typically worth $750,000, aimed at taking the project to demonstrator or prototype stage. Companies are
paid 100% of their project costs plus a small profit element, and they keep any intellectual property

developed. Multiple awards are common.

The SBIR programme is worth over $2 billion annually and makes over 4,000 awards each year. All larger
US government agencies participate, from the Department of Defense to the National Institutes of Health and
the National Science Foundation (equivalent to the UK Research Councils), so most small companies can
expect to find a topic advertised by one of the federal agencies that they could use to fund the development
and trialling of their technologies. Awards are linked to public sector customer requirements, and details of the
topic, awardee, and awarded amount are published on the internet.

The SBIR programme has become known as ‘the world’s largest seed capital fund’ and is probably more
important than venture capital in funding very early-stage technology companies in the United States.

However, SBIR is just one way in which early-stage firms can win R&D contracts for the US government.
More substantial contracts are available through Broad Area Announcements, SBIR Phase 3 follow-on
projects (not included in the $2 billion SBIR budget) and unsolicited proposals. The SBIR programme is
designed to provide just the first step on the procurement ladder.

by four or five times. Between 2006 and 2008 the DTI,
and later BERR, published statistics indicating that, on
average across departments, the value of R&D contracts
awarded by government to SMEs exceeded the 2.5%
‘target’ by a considerable margin. However, the basis of
the figures was never adequately described and their
credibility was further called into question as the total
reported figure fell steadily from £509 million in 2003-
4 to £137 million in 2006-7. One aim of this research
project was to shed some light on the real value.

In the meantime, after further lobbying, the failure of
SBRI Mark 2 was acknowledged in Lord Sainsbury’s
review of science and innovation policy® and a
revitalised SBRI (Mark 3) was announced
simultaneously by the Treasury, DIUS and BERR in
April 2008. The new programme is closely modelled on
proposals made by David Connell®, but without either
an explicit ring-fenced budget or Treasury guidance to
individual spending departments on the appropriate

size of their financial commitments. The Technology
Strategy Board was made responsible for championing
SBRI and for coordinating its introduction across
spending departments.

By October 2009, there had been 17 SBRI
competitions, 956 applications from companies, and
269 Phase 1 contracts awarded with a total value of
£8.8m (and with more contracts in the pipeline from
closed competitions). However, with the exception of
one or two pilots, all of these competitions took place
after our interviews with companies.

The number of SBRI awards made to date is highly
skewed by a number of very small awards (around
£10,000 each) for Phase 1 demonstrator projects to
reduce CO, by retro-fitting social housing, as well as
some other low value competitions. Furthermore a
number of important government departments are not
yet using SBRI, including the Department of Business,

80 For more details, see Connell, D. (2006) “Secrets” of the World's Largest Seed Capital Fund.
81 Lord Sainsbury of Turville (2007) The Race to the Top, A Review of Government’s Science and Innovation Policies.

82 Connell, D. (2006) “Secrets” of the World's Largest Seed Capital Fund.
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Innovation and Skills (which through the Research
Councils could play a key role in funding the
development of innovative research tools), and the
Department for Energy and Climate Change. The level
of commitment from some other departments for whom
SBRI should be highly relevant, such as Transport and
the Home Office, has been very small.

So whilst there have been some very effective
competitions, like that run by NHS East in conjunction
with EEDA (see Box 18 in Chapter 9), there remains a
major question mark over how participation is to be
achieved across government and how competitions are
to be funded.

7.3 How Government R&D Funding Policies
Relate to the Overall Innovation Process

It is important to consider how UK government R&D
support mechanisms relate to other funding sources at
different stages in the commercialisation of new science
and technology concepts. Two factors are important.
The first is where the kind of R&D supported by a
particular programme sits in the process. For example,
EU Framework Programmes generally fund pre-
competitive commercialisation R&D and are far from
market, whereas Small Business Research Initiative
(SBRI) contracts are ideally suited for prototype

development and lead-customer trials during the
exploratory development phase. In Figure 10 we
superimpose the principal funding sources — public and
private — on the exploitation process diagram we
introduced in Chapter 1. Venture capital is really
designed for the third stage in the process, when a
clear application market has been identified, technology
risk is minimal and the key challenge is fast and
efficient execution. Although VC funds, especially those
with an early-stage remit, do sometimes get involved
earlier, the chances of delivering adequate financial
returns are very low, even if the technology is
successfully commercialised — as data on the financial
returns delivered by VC funds show (see also

Chapter 9).

A second — and closely related — factor is how easy it is
for firms to make use of a particular source of funding
and how much additionality it brings. For example,
larger single-company grants only cover 35% of project
costs, which means the other 65% must come from the
firm’s own reserves or from investment. This presents
small firms with a real challenge even if they are
profitable, and is a problem aggravated by the difficulty
of raising venture capital for the exploratory
development phase. The need to provide matching
funding presents a similar challenge for SMEs in
relation to collaborative R&D grants.

Corporate
Sponsoship

Figure 10: R&D Funding Sources for Technology Firms

Commercial Customer
Requirements and R&D
Contract Funding

RESEARCH EXPLORATORY DEVELOPMENT SCALABLE COMMERCIAL
UNIVERSITIES; CORPORATE SOFT COMPANY MODEL AND DEVELOPMENT
RESEARCH INTERMEDIATE RESEARCH INSTITUTES HARD COMPANY MODEL
Research Technology Strategy Limited Public  Single Company
Councils Board Programmes Sector R&D R&D Grants
Contracts
EU Programmes Through New
SBRI Scheme

* Venture Capital
* Corporate Investment
* Acquisitions, Licensing and Partnerships
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These different funding mechanisms have very different
strengths and weaknesses. However, few companies
have a detailed grasp of the differences between them,
and experience with the bureaucracy associated with
some grants can lead to some entrepreneurs tarring
them all with the same brush. We have therefore tried
hard to ensure that comments on experience are clearly
related to the type of award and the detailed
circumstances.

In general our research shows that the larger, more
established soft companies make less use of grants
and, if they use them at all, will tend to focus on
collaborative projects purely because larger projects are
involved. Single company grants tend to be more
appropriate for smaller companies (and in any case
there are upper limits on the number of employees
allowed in applicant firms).

7.4 Research Approach and Findings

To examine the evidence, in addition to our in-depth
interview data (Module 1), we draw on the responses
from 22 firms to our survey of companies that recently
received a single company R&D grant (Module 2). In
contrast to Module 1 interviews, which were mainly
with entrepreneurs whose firms had already achieved
considerable success, the Module 2 survey recipients
were all much smaller firms, and most had not yet
achieved profitability.®® Unlike Module 1 firms, the
Module 2 sample was not selected on the basis of
business model. The questions in the survey were
primarily designed to establish the prevalence and role
of different types of funding, including grants, venture
capital and contract revenue funding from the private
and public sector. We also asked about recent efforts to

Table 11: Use of GRAD Awards by Module 2 Firms

secure external financing and revenues, and elicited

basic information about the firm to establish whether it

should be regarded as following a hard or a soft pie
business model. (Note that we include the hard model

Module 2 firms — who were in the majority among our
respondents — in our discussion, since we are interested

here in general access to R&D funding sources.) Further
information was collected through telephone interviews

with sixteen of the survey respondents.

Single-Company R&D Grants

Various R&D grants, all requiring some degree of
matching funding, are targeted at firms in different
stages of technology development. By far the most
frequently used research-related grants by our Module 2
firms were the Grants for R&D (GRAD) for Micro,
Research or Development projects (Table 11) — no
surprise, since the firms selected as survey targets were
drawn from an EEDA-supplied list of GRAD winners.
EEDA made no Exceptional GRAD awards (worth up to
£500,000) during the period of our study; Proof of
Concept grants, essentially to test the market rather
than prove the technology, were launched only in 2007
and relatively few of the firms in either Module had
applied for them. The GRAD awards are seen by
Module 2 firms to be crucial, or at least beneficial, to
their business. Typical comments associated with
winning a grant were:

* “enhances credibility with customers”;

* ‘it helped us develop a potential product and
extend our industry contacts”;

*  “we did not commercialise, but learned about the
technology and used it to develop our business”;
and

Number of Number of Total Value of Average Value
Applicant Firms Successful Grants Awarded of Grant Awarded
Applications™ in Last 3 years
Micro 5 £81,700 £13,600
Research 14 17 £1.1m £64,700
Development 8 9 £1.35m £150,000
Proof of Concept 5 4 £93,000 £23,250

* Some firms made more than one application for a particular type of grant

83 The respondent firms ranged in size from one-man bands to firms employing 25-30 people; they ranged in age from one year to over 30 years old, with a heavy
weighting towards those formed in 2000 or later (15 firms); one firm was still pre-revenue, six had revenues in excess of £1 million and the remainder lay in
between. Activities covered a wide range of business / industry sectors, but all involved some form of technology research or development in order to qualify for

the grant.
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e ‘it enabled us to bring the project forward more
quickly than we might have been able to with our
own small resources”.

As far as our Module 2 firms are concerned, these
schemes clearly ‘tick the right boxes’ with respect to
opening doors to potential customers, providing
credibility and legitimation, validating the technology,
and learning effects. Some commentators® have raised
concerns that government support as a whole for
‘innovation’ in fact tends to encourage invention (the
development of ideas) rather than the production of
commercially relevant innovations. Nevertheless,
Module 2 firms pointed to positive outcomes from
winning grants, such as “investors seeing the added
value in grant income without loss of additional equity”
and “new technology attracting private investor and
business opportunities” ® One firm was applying for a
Development grant to support the development of
technology it was spinning out into a new venture,
specifically because the VC backing the new venture
wanted grant funding to run alongside its financing.
Another had won two Development grants, which had
“helped at critical points in the business”, enabling it to
get further than would otherwise have been possible.
Some firms (though only one or two among our Module
2 firms) owe their survival to R&D grants.®

In contrast to the Module 2 finding, single-company
grant programmes are now used little, if at all, by the
larger or more well-established soft companies amongst
our Module 1 firms — not least because the Micro and
Research grants are restricted to firms with fewer than
10 or 50 employees, respectively; the Development
grants are targeted at firms with up to 200 employees.
But many of our Module 1 firms when they were
younger had made use of the DTI-administered
equivalent scheme, Smart (and sometimes the follow-on
Spur award),® either for their core business, or for early-
stage spin-out ventures. At Enzymatix in the late 1980s,
Chris Evans was a skilful grant proposal writer and won
many Smart awards for the company; in the early days
of Chiroscience he did the same, but after the IPO the

company would probably not have been eligible. Also in
the biotech industry, by 1993 CAT had won 2 Smart
awards, of which one at least turned into a Spur second
stage award that doubled the amount of money it
received.

In the late 1990s, within the first few months of its life,
Sentec wrote a proposal for (and won) a Smart award
for its early spin-out, Holotag; and a second in 1999 for
in-house development of the multiplexed diagnostics
technology that eventually spun out as Smartbead. A
third spin-out company, Visual Protection, won a Smart
award in 2002, while Sentec itself won an award in
2004 to develop its water meter technology. The award
for Smartbead in particular was seen to provide
endorsement to secure further funding for the venture.

Another firm to benefit from Smart awards was Syrris,
which was able to leverage a feasibility study in 2002
into an Exceptional Smart award worth £400,000 in
2003-5 to help fund the development of its flagship
modular flow chemistry system.

But some firms were more sceptical of the value of
government grants to their businesses. One specialist
technology firm commented on the need for
“imagination” and a “market-oriented mind” in writing
proposals, concluding that they were “barely worth the
effort” since the percentage of funding given was not
very high. Moreover, using government grant money
made it difficult to claim under other schemes, such as
R&D tax credits, for subsequent (and much more
significant) technology expenditure. A different specialist
technology firm regarded research grants as “massively
annoying”, since the overhead on running a small
(£40,000) R&D grant is “enormous”. On the other hand
this firm had a very positive view of Proof of Concept
grants, which were far easier to apply for and the
requirement to use an external consultant was “handy
because we are good at the technology but weak at the
customer side. If we had an idea it was an opportunity
to get someone in to produce some serious work
identifying customers and getting us in front of them”.

84 See, for example, Gill, D., Minshall, T., Pickering, C. and Rigby, M. (2007) Funding Technology: Britain Forty Years On.

85 More negative perceptions of the grants’ impact tended to revolve around the perceived administrative burden that grants entail. One respondent in particular
regretted that the current emphasis lies on paper-based reporting rather than the ‘hands-on’ project monitoring encountered before, which had permitted both
knowledge exchange and physical oversight of what the grant-awarding body’s money had achieved. Another criticised the requirement that a Research grant be
completed before an application could be made for a Development grant for the same technology, leading to a funding gap for this firm.

86 Some firms do not survive, but it is within the remit of EEDA and other regional development agencies to take risks on the enterprises and projects they choose
to grant fund. The requirement for applicant firms to provide some level of matching funding is seen as guarding against applications for a grant to research or
develop something the firm would do anyway. There are complex issues, beyond the remit of this research, around the extent to which these schemes actually

achieve the desired additionality.

87 The Smart (Small Firms Merit Award for Research and Technology) scheme was piloted in 1986 and rolled out across the UK in 1988. Like the current range of
GRAD awards, Smart provided funding for feasibility studies (75% of project costs, maximum grant £45,000 for firms of <50 employees) and development
projects (30% of project costs, maximum grant £200,000 including any feasibility study, for firms of <250 employees) as well as for a few exceptional projects
(support as for development projects) deemed to be ‘strategic’ in nature. Spur awards were introduced in 1991 for firms with up to 500 employees (reduced in
1994 to 250 employees); they were incorporated into a single overarching Smart scheme in 1997.
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The ability of government agencies to identify the right
projects to fund is also questioned: Mike Lynch,
founder of Autonomy, recalled that his company had
tried unsuccessfully on several occasions to win Smart-
type awards and found that “they were a classic failure
of government bodies to be able to understand the
technology world. The hilarious thing was tracking

the winners over the years and what happened to
them. Basically if you were very good at filling in forms
you would get them, but if you had any decent
technology and wanted to exploit it you had no chance
of winning”.

The lack of commercial focus was also a criticism
levelled at collaborative R&D programmes, discussed in
the following section.

Collaborative R&D Programmes

We found little use of (or appetite for) collaborative
research funding programmes, whether UK-based and
run by the DTI / Technology Strategy Board (TSB) or
under the EU Framework Programmes. Typical
comments were: “dysfunctional”, “takes our
researchers further from the market”, and “time scales
are too long”.

Only three of the twenty-two Module 2 companies had
successfully applied for a TSB Grant for Collaborative
R&D, one of which — a small biotech firm — had won
four grants worth a total of £90,000. Its experience
with these collaborations was very mixed, whether from
a funding, technical or partnership perspective. Funding
ranged from 20% of internal costs, which was an
insufficient return on the effort (and caused subsequent
problems in claiming R&D tax credits), to 40+ %,
~b50% and ~60%, all of which were regarded as
“reasonable”. Technologically, one was “not
successful”, one was “okay” and two were “good”.
Partnering worked well on one (involving a university
and a manufacturer), was “difficult” on another
(involving a similar company) because the science was
hard, and “frustrating” on the other two because the
university partners made slow progress or had a
different focus and direction.

But one highly enthusiastic Module 2 participant in
collaborative funding programmes (with the TSB and,
prior to that, the DTI) commented on the benefits to the
company: “you can appear slightly bigger than you are,
you can achieve more. It's very important for a small
company to appear capable of taking on a whole lot

more than it actually does”. Collaboration also allowed

this company to talk about its networks and “appear

very knowledgeable across a much wider base” than ple
would otherwise be possible. No other Module 2 firm

expressed such whole-hearted approval for the

collaborative mode of research.

Module 2 companies regarded EU collaborative
programmes as “too bureaucratic” and the paperwork
“very demanding”, particularly for small companies that
lacked the internal resources to deal with it. The few
firms that were involved tended mostly to act as
subcontractors, which eased the administrative burdens
and allowed them to receive 100% funding for

their input.

As for our Module 1 interviewees, the only
organisations expressing any appetite for collaborative
research were the intermediate research institutes.®
Collaborative R&D programmes for these bodies can be
an important part of their activity although, like
everyone else, the research institutes bemoan the lack
of fully-funded projects in the UK. Bob John, CEO of
TWI notes: “we don’t get 100% funding when we’re
doing work for the TSB. We'd be better off under
current funding rules if we were a university. There’s no
national money going in [as core funding to the TWI].
In our arena, there’s lots of public money going into the
various institutes in the rest of the world, like
Fraunhofer and so on. They've always got that money
to add to whatever funding they get, so it's not a level
playing field. We only get public support if we're in
competitively funded projects, which is a bit wasteful
because the success rate on those is pitiful. It might
not seem to matter to UK plc, but technology adoption
resources for companies need to be national” rather
than made internationally available.

EEDA-backed CIP Technologies is well known in Europe
for the strength of its research, despite its small size,
and in the last FP7 photonics call received invitations
from possible partners to participate in more than 40
proposals. Previously CIP had been party to 10 FP6
proposals and won seven — an admirably high success
rate, but one which left it with the challenge of fulfilling
the requirements of all seven projects — so this time it
was far more selective. Disappointingly, of the four
applications it chose to join only one was successful —
although this was a better strike rate than the 10% of
proposals that finally received funding. Given that CIP
Technologies employs only around 40 people Michael

88 We are aware of some soft companies that participated historically in UK collaborative R&D projects. But the current perception is overwhelmingly that

multi-partner R&D grants are irrelevant to their business.
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Robertson, VP Research Programmes, points out that
the effort involved in all the proposal writing and in
shepherding the proposals through the referee process
(for which applicants are not paid) represented “a
significant waste of manpower”.

Small companies can find it hard to raise the matching
funding to participate in TSB and EU collaborative
projects. Strategically CIP Technologies would prefer to
participate in EU FP7 projects, which pay SMEs 75%
of costs, than in TSB programmes, where the maximum
cost contribution is 60% — or as little as 50% for
relatively small-scale DTI projects on which it has
worked. CIP funds its share of collaborative project
costs from commercial income and tries to ensure that,
although collaborative programmes must be pre-
competitive, the ones it joins are well alighed with its
commercial purposes. One advantage it sees in doing
collaborative work is that it allows CIP to work with
potential customers as partners on the project. But
there is also a need, as a smaller company, for it to
avoid being exploited by heavyweight partners. This
means being highly attuned to the risks and being
selective from the very beginning in its choice of
partners for projects.

The reaction among the technology consultancies to
collaborative R&D work funded by the UK government
or the EU is uniformly negative. One of the broadly-
based firms commented: “some of the grants in the UK
are often much more nebulous [than the US ones] and
more researchy, and we don'’t feel that’s the right place
for us to be competing”. Cambridge Consultants did
participate in a couple of collaborative programmes a
long time ago and CTO and Ventures Director Ray
Edgson sums up the general attitude: “We have not
found them to be beneficial. One reason is that they
are very long term — for us, three years is a long time.
In the time it might take to get one collaborative
research project done, we might expect to get three or
four products onto the market. Given that we're trying
to stay commercially lean and fit and aware, something
that takes people out and slows them down to the pace
of these collaborative programmes is not a very
appealing prospect for us... Collaborative programmes
are too slow, too far from market, and they also don’t
bring in useful amounts of money. Basically we are
expected at best to do things at marginal cost, and
may also be required to put in matching funds as well.
So we are left then with a choice: do we do this slowly,
with a bunch of collaborators with difficult IP terms and
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actually not much money for the trouble of going
through all the administration and stuff, or do we just
get on and do something entirely on our own? We
usually choose the latter: it's quicker, it involves much
less admin, and we own the IP”

From the perspective of the consultancies, government
R&D money tends to lower the commercial ‘tone’ and
dilute the profit motivation. Commercial activity should
dominate the work environment and drive the
enterprise forward. It is this commercial orientation that
develops the broader skills of staff; that differentiates
the consultancies from research institutions and similar
organisations (which are seen to be weaker on project
management and further away from the market); and
that enables them to demonstrate a world class ability
to commercialise and exploit technology, as part of the
chain running from research to the marketing activity of
their sophisticated multinational clients. “/f there is to
be public money invested in the commercial
technology sector, and in consultancies like us in
particular, | think that UK plc should expect to benefit
most from our strengths in commercialising novel
technologies. So if there were government money
coming in I'd want it to be somehow tapping into that
ability to build industry and create jobs and improve
competitiveness. | wouldn’t want it to be spent on
research. That's not what we do best”, remarks Roy
Edgson at Cambridge Consultants.

As a smaller specialist consultancy, 42 Technology
recognises the potential for fruitful use of a TSB-style
collaborative programme with selected partners if there
were a particular expertise and a demonstrable
capability it wanted to develop. But the issue is whether
collaboration would be a distraction from winning fully-
funded work: it would have to “bring real added value
to the business, rather than simply being a means in
itself’, according to CEO Howard Biddle. As for Team
Consulting, CEO Jerry Turner says “we look at the
application process and think it's too much hassle and
we've got other things to do, even for the UK ones”.
Sentec did, however, make use of collaborative DTI
funding in 2005 for work on dual fuel smart meters.

In other industrial sectors, Cambridge Antibody
Technology participated in one EU collaborative grant
with various partners but founder David Chiswell was
scathing about the value it brought to the business and
refused to work on others. “All you do is spend all your
time getting a little bit of money and working with



disparate partners” and, with EU programmes requiring
the involvement of several labs, “you have all the
bureaucracy, all the bargaining over IP”. But in the
aerospace and automotive sector enormous
development costs (and a sharp squeeze on the profit
margins on cars) encourage firms to take a more
positive view of collaboration. Lotus Engineering has
participated in a variety of programmes funded by the
EU, the TSB, DEFRA and organisations such as the
Energy Savings Trust, some of which have generated
positive PR for the company, interest from clients in the
technology, and some engineering work. As Clive Card,
Lotus Engineering Project Manager, explains, “The
strategic impetus of our collaborations is not to cover
some costs but as a way to expand our existing
knowledge ... getting collaborative funding helps us to
do stuff we really want to do.”

Finally, firms pointed to potential difficulties in
managing the IP position with respect to collaborative
research. IP ownership has to be kept clear all along
the value chain. A participant developing a technology
platform, for example, must own the IP for
manufacturing it, but a consortium member who
develops ways of measuring it or using it should own
the IP for that aspect.

Summing up this section, then, we find that many firms
regard multi-partner collaborative projects as too slow,
too far from market and the realities of the commercial
world, too difficult in terms of IP management, and a
distraction from profit motivation. Exceptions are the
intermediate research institutes, such as TWI, that are
positioned between academia and big business and
help industry to translate research into production®,
and mature, heavily capital-intensive industries with
complex and well-established supply chains, such as
automotive and aerospace. Both of these see some role
for collaborative projects. Very small firms that get
involved need to be nimble to capture the network

advantages by establishing their credibility and forging
strong links with potential future partners, but they also
risk being exploited by large collaborators. Their
alternative is to work as subcontractors to project
partners, which also shields them from the bureaucratic
burden, particularly of EU projects, that is seen to be

“a nightmare”.

Public Sector R&D Contracts and the Small Business
Research Initiative

When we turn to R&D contracts (as opposed to grants)
funded by the public sector, we find little or no recent
involvement by either Module 1 or Module 2 firms.

Once again we start with Module 2 firms, where survey
data allow us to present comparative figures for the
private and public sector contracts won in the most
recent year (Table 12). Private sector customers
dominate, in both number and value terms; three years
earlier the difference was even more stark, since there
were no firms with public sector customers at all
compared with eight undertaking contracts from the
private sector.

The small sample size means that quantitative
comparisons must be treated with care, but a crude
comparison of public sector contract revenues
(£173,000) with single-company R&D grants won by
our Module 2 firms (£875,000) suggests that the value
of contracts awarded is just under one-fifth that of
grants income. Grossing the figure up for the whole of
England, on the assumption that the pattern will be
broadly similar across regions, a very approximate value
for total public sector R&D contracts per annum placed
with small companies is a minuscule £5 million. The
US annual spend on SBIR awards alone is $2 billion.
Moreover, the public sector contract funding shown in
Table 12 for the most recent year is dominated by a
single SBRI award by the BBSRC. As discussed earlier,
this programme is no longer in operation. The recipient

Table 12: Private and Public Sector R&D Contracts Among Module 2 Firms

Private Sector Public Sector

Customers Customers
Number of Module 2 companies undertaking R&D 9 2
contracts in last year (n=22)
Revenues from R&D contracts in last year £2.2m £173,000

89 In the 4-6 levels of NASA's Technology Readiness Levels, according to Bob John of TWI. See also the Oxford Economics report on the Intermediate Research and

Technology sector.
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found the contract to be too academically oriented,
geared towards enabling activity rather than direct
development activity. In fact he felt that in practice the
BBSRC appeared to be furthering its goals of
encouraging academic excellence by subcontracting to
a company rather than to universities. While the 100%
research funding was welcome at the time and the firm
developed expertise, the contract did not help to further
its mainstream objectives and “we wouldn’t do it again
unless it was really for us”. The SBRI programme was
seen to be much less flexible than the US SBIR, where
it was possible to go for directly relevant contracts.

Among our Module 1 interviewees there were several
historical examples of public sector contracts that had
played an important role, notably for the BBC Micro

Box 17: Developing an Ink Jet Printing Capability at

Cambridge Consultants

In the late 1960s the Post Office contracted Cambridge
Consultants to work on developing envelope-franking technology.
The mechanical engineering group began doing experiments
based on original continuous ink-jet printing patents that were
owned by a US company, AB Dick, but which were about to
expire. This work formed the basis for developing Cambridge
Consultants’ expertise and the beginning of a patent portfolio.

ICI’s Dyestuffs Division was attracted by the possibilities of ink jet
printing on textiles. The project became Cambridge Consultants’

(developed by Acorn Computers), and Post Office and
Bank of England contracts for ink jet printing
development with Cambridge Consultants (see Box 17).
There were also some defence contracts, especially
with Cambridge Consultants during the 1970s and
early 1980s until the Thatcher Government cut the
defence budget and procurement rules were changed,
making it more difficult for SMEs to participate.

The privatisation of MOD R&D laboratories and changes
in government procurement practices over the last 25
years have substantially reduced the opportunities for
smaller firms to win public sector-funded technology
contracts, especially on reasonable terms. Although the
Department of Health would appear to be a prime
candidate for commissioning medical equipment

Image courtesy of Domino Printing Sciences plc

largest, accounting for perhaps one-third of its revenue for a
couple of years. But ICI lost interest in around 1974, phased out the work and sold its single nozzle patents
back to the company for £10,000. This patent portfolio complemented the many nozzle array patents

Cambridge Consultants had taken out in the meantime.

The EU directive on date labelling provided a market opportunity in 1978 for Graham Minto to spin out
Domino Printing Sciences with the orphaned single nozzle ink jet technology. He later bought out Cambridge
Consultants’ shares in three tranches of £1m® and listed the company on the London Stock Exchange in
1985. By 2007 Domino’s sales had reached £232 million and it employed nearly 2,100 people.

Meanwhile ink jet work continued inside Cambridge Consultants on many large projects, including a variety of
projects to develop banknote security features for the Bank of England. Only some of the techniques were
implemented, but the company developed a lot more technology. A lull in demand for ink jet projects in the
mid-1980s left Cambridge Consultants with more orphan technology which it packaged up and spun out as
Elmjet, specialising in array printing. A few years later EImjet was bought by an OEM customer.

Xaar was spun out in 1990, based on IP developed around a very large actuator project for an American ink
company and improvements in Cambridge Consultants’ original single nozzle technology. With employment of

318, Xaar’s annual sales in 2007 were £48 million.

Continuing customer interest led to internally-funded work by Cambridge Consultants’ mechanical engineers
on flatbed plotters for the screen-printing industry. That work led to the spin-out of Inca Digital Printing in

2000 and its aquisition by Dainippon Printing in 2005.

90 Cambridge Consultants’ annual turnover was around £3 million at the time.
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developments, in practice we found very little activity
despite the apparent size of its research budget.®
Initiatives such as Health Enterprise East® may
eventually bear fruit, but there is little evidence so far of
much market pull into the nation’s hospitals. “We see
adoption by the NHS as a major issue”, says Jerry
Turner, CEO of Team Consulting. Even for straight
product procurement the NHS is “so slow to adopt
innovations”: Ophthalmos, a company in which Team
Consulting is an investor, has been unable to get its
lens-free ophthalmoscope, which can be used as a
diagnostic tool for the detection of diabetes and other
serious illnesses, onto the standard NHS procurement
list despite “all kinds of positive citations from
professors, consultants and doctors”.

Most of the firms we spoke to either ignored or had
more-or-less written off the public sector as a customer
for technology development, except for PA which
continues to support a range of technology-enabled
public sector programmes, perhaps because its much
larger management consulting division helps to enable
access. Defence procurement remains the main source
of public sector technology development projects, but is
generally at a very modest level except in the case of
PA, which still has a significant defence and security
business. Cambridge Consultants also retains some
involvement, but on a significantly smaller scale than
before the Thatcher reforms (see Chapter 4). Other,
smaller firms in the East of England generally express
frustration over the difficulties of getting effective access
to the Ministry of Defence. One firm “found it quite
difficult to get on their lists for procurement calls”.

Another company made several unsuccessful proposals
into the annual calls from the Defence Technology
Centres,® which offered fully-funded terms although
with no guarantee of a future market for the research.

In addition to the 100% funding the terms are attractive
since the DTC does not expect to claim the IP itself and
it appears to be relaxed about where the technology can
be sold. Despite considerable success in submitting EU
proposals, this firm has given up trying with the DTC
and feels “jt's an old boys” network of big defence
companies” where the thinking is particularly closed.

We should note that since the interviews for this report,
a new MOD unit, the Centre for Defence Enterprise, has
started operations with the aim of engaging with non-
traditional suppliers of technology, including SMEs. This
is now running regular competitions using something
close to the SBRI model and appears to be much more
SME-friendly.**

Plextek took a roundabout route into the MOD, having
failed with an earlier attempt to win a contract. It took a
mock-up of its radar system to the 2003 Paris Air
Show, where the systems integrators homed in “l/ike
bees round a honey pot”, as founder Colin Smithers
puts it. Encouraged by the level of interest it built a
working prototype at its own expense and after two
years succeeded in selling ten of them to seven different
systems integrators.

Plextek continued to evolve the product and provide
upgrades and eventually, with several integrators
demonstrating to the MOD systems that incorporated
Plextek’s high-end sensor, the MOD ‘got the message’
that Plextek had the technology for a radar system. It
won its first MOD contract worth £1.73 million in
2008 for its Blighter ground surveillance radars — but
as a commercial off-the-shelf supplier, Plextek has the
rights to all its IP and to sell the system wherever it
wishes. Under a standard MOD research procurement
programme, the MOD would have funded the research,
but would ultimately have owned the IP. It would also
have limited the profit margin on work done, and it
could have put out a tender for any other supplier to
manufacture the system. “/t’s a very, very significant
factor in why we did it that way.”

Other firms have also been deterred even from working
as subcontractors to MOD suppliers. Cambridge Design
Partnership, for example, gave up on an opportunity to
be a “subcontractor to a subcontractor” for military
robotics because “the terms were beyond belief”,
according to Mike Cane. It refused to take on another
aircraft-related contract it described as “sickeningly
simple” because it involved “£10,000 of work,
£90,000 of paperwork and probably another £90,000
of insurance to support it for the next 15 years”, which

91 According to official DIUS statistics, the Department of Health spends £734 million per annum on R&D. However, less than 10% of this has been managed
centrally and much of the rest has been used to fund general (rather than R&D) expenditure.

92 Health Enterprise East is the Innovation Hub for Healthcare in the East of England, to which NHS staff can bring their ideas for technical devices, therapeutics,
computer software, etc. and receive help with protecting the intellectual property as well as an assessment of its value. EEDA is a major contributor to its
funding. Since we carried out our interviews it has managed a very well received SBRI programme co-funded with EEDA (see Chapter 9).

93 These are collaborative consortia of industry and academia, working on behalf of MOD, that act as virtual centres of excellence in broad technology areas
relevant to defence. Each consortium has a major defence supplier as prime contractor and typically includes several other major suppliers, all of whom work on
a 50%-funded basis. Participating universities, research institutes and SMEs — the ‘science providers’ — act as subcontractors, hence are100%-funded and retain
their IP. Approximately 30% of DTC resources are targeted at SMEs and universities.

94 1t is too early to say whether the Centre for Defence Enterprise has a sufficient budget to make a real impact on the level of MOD contract funding awarded for

the development of innovative technology in SMEs.
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is a requirement for an MOD aircraft instrument.

The contrast with one UK company’s experience with
the US Department of Defense is striking. As described
in Case Study 13, Owlstone works through a prime
defence contractor to bring its gas detection systems into
the defence market. But, as a majority US-owned
company, it has also applied for — and won — Phase 1
SBIR contracts. These have helped it get a foot on the
first rung of the Department of Defense procurement
ladder and brought it to the attention of people with
bigger R&D budgets. Since then it has won a $3.7
million DOD project through an unsolicited bid, seen as
generating a higher level of commitment to eventual
purchase of the technology at the end of the contract.
Around 80% of US R&D contract funding is believed to
be distributed through unsolicited bids.® On the other
hand, the standardised application process for SBIRs
across all US government agencies means that an
application is both quick and easy to submit, with SBIR
contracts then connecting a company into wider
development and procurement networks.

In sum, the UK picture for public sector R&D
procurement is not encouraging for small and medium-
sized technology firms and rather few recent contracts
have materialised, even for our Module 1 firms. In stark
contrast to the statistics published by DTl and BERR,
few contracts seem to be awarded each year and all the
firms we interviewed had effectively discounted the UK
public sector as a customer for innovation, despite the
major benefits for UK plc that derive from private sector-
funded technology contracts.

R&D Tax Credits

In contrast, the R&D tax credit is a government
innovation support scheme, introduced for SMEs in
2000, that is both widely used and highly appreciated.

Our Module 1 firms were enthusiastic — “The one really,
really good scheme is the R&D tax credit”, says Colin
Smithers of Plextek — although not all firms were as
skilled in their understanding of the rules as Cambridge
Design Partnership: “We’re the experts on it”, managing
to claim tax credits on over 50% of their R&D costs.

Some technology consultancies laboured under the
misapprehension that they were unable to claim on any
research contract work done for external clients, yet this
is true only for work done on behalf of SMEs (which
claim the tax credit themselves). For contracts on behalf
of large clients, the technology developer is able to claim
as though it is the large company; and another formula
for R&D cost reimbursement takes care of work for
international clients.

However, in line with the view of sceptics that the R&D
would be done anyway,® among the 13 Module 2 firms
that claimed the credit only three said that the scheme
increased their R&D expenditure to a great extent; one
admitted that the availability of the credit made no
difference to its R&D expenditure.

R&D tax credits generate roughly 17p for each £1 spent
on R&D by small firms, paid in cash after the end of the
tax year. Whether the credits are all used to fund extra
R&D is questionable; it seems far more likely that they
are spread across the full range of R&D and non-R&D
expenditure categories. And it is arguable that the
enthusiasm for R&D tax credits reflects rather the many
problems seen with other sources of government R&D
funding, especially the high levels of bureaucracy
involved. In contrast, R&D tax credits are highly
predictable and easy to apply for. The question is
whether the £600m plus involved (of which roughly
one-third goes to SMEs) could be more effectively spent.

7.5 In Conclusion

The picture from our research, then, on the usefulness
of programmes to fund R&D in firms is decidedly mixed
at best.¥ And there are strong arguments for trying to
make them more relevant to the kinds of firms described
in this report. We make some proposals on how this
might be achieved in Chapter 9.

In the following chapter, we look at the relationships
that firms forge with the academic sector, another of the
pillars on which government science and innovation
policy is built.

95 Interview with Billy Boyle, co-founder, Owlstone Nanotech.

96 Other research at the Centre for Business Research found that around half of the surveyed SMEs that used the R&D tax credit scheme did not increase their
R&D expenditure, and around a further one-third felt it only increased their R&D spend to a limited extent. See: Cosh, A. and Hughes, H. (2007) British
enterprise: surviving or thriving? p.45. There is also a lot of anecdotal evidence from both large and small companies that decisions on R&D investments in the

UK are generally made without regard to R&D tax credits.

97 Appendix B briefly examines a different form of support for innovative businesses, organised at the regional level: the role of science parks and enterprise hubs.
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Chapter 8:

Relationships with
Universities

The university sector has been seen by
successive UK governments as playing a
key role in supporting innovation. And a
variety of initiatives over the past 15 years
has added a ‘third mission’ to their
traditional research and teaching
activities.” The increasingly commercial
roles universities are expected to play are
illustrated by the metrics regularly
monitored by the Higher Education
Statistics Agency on behalf of the Higher
Education Funding Council for England
and Wales, which cover collaboration and
contract revenues, consultancy, patents,
spin-out companies created and P
income.®® What does our research tell us
about the impact of this policy on
economic development in the East of
England region? And how do the firms we
have investigated interact with
universities?

8.1 “People Assume a Connection”

One might intuitively expect to find close relationships
between technology-based companies in the East of
England region and the many world-class research
groups in its universities.

But in our research for this report, we found that direct
IP relationships with universities were rare, in the case
of both Module 1 and Module 2 firms. The few cases
where academic IP was important were, almost without
exception, Module 2 firms usually led by PhDs in the
field of electronics or biotechnology trying to
commercialise their own research. None of our Module
1 firms, with the exception of CAT which was built with
the aid of technology from the MRC Laboratory for
Molecular Biology, had made significant use of
academic IP in their core business (see Case Study 14).
Nor did they appear to expect future innovations to
come from this source. At the same time, some of the
technology consultancies had provided R&D services to
new ventures (predominantly, if not totally, hard start-
ups) established to commercialise university IP,
sometimes partly in exchange for equity. But these
relationships were essentially similar to other customer
relationships. Furthermore there were few, if any,
success stories.

At least one of the broadly-based technology
consultancies had tried more systematically to build a
closer relationship with two of the region’s universities,
again with disappointing results.

We should note that most of the companies in our
study were physics-, engineering- and ITC-based. There
are prima facie reasons for believing that university IP is
rather more important for drug discovery and other
biotechnology-based companies, and other evidence
points to this.'®

However, the message amongst the firms we studied
was unambiguous.

Whilst conceding that the first of the broadly-based
technology consultancies was originally established in
Cambridge because of the scientific and engineering
capabilities of the university, Cambridge-based
entrepreneurs take the view that the consultancies
themselves have been more directly responsible for the
emergence of the Cambridge high-tech cluster.
Entrepreneurs see academics — at least until recently —
as being too focused on their own scientific disciplines
and lacking in the commercial skills necessary for
fruitful entrepreneurial interaction. Outside the
biotechnology sector, we found no instances where the
firms we studied had pro-actively sought and
successfully identified technology from the university
science base to transfer into their core business. The

98  See, for example, Gill, D., Minshall, T., Pickering, C. and Rigby, M. (2007) Funding Technology: Britain Forty Years On.

99 See HEFCE (2007), Higher Education—Business and Community Interactions Survey.

100 Allott, S. (2006) From Science to Growth. See also Mayer, H. (2005) “Taking Root in the Silicon Forest: High-Technology Firms as Surrogate Universities in
Portland, Oregon”; and Zucker et al (1998) “Intellectual Human Capital and the Birth of US Biotechnology Enterprises”.
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Case Study 14: Cambridge Antibody Technology

Cambridge Antibody Technology is a classic example of a soft start company. Its founding chief executive was
David Chiswell, who had been made redundant from his job as a research department head at Amersham
International when it closed its central research laboratory in 1989. Chiswell was responsible for looking at
molecular biology futures at Amersham and had already been doing some lab research on humanising
antibodies. Greg Winter, a leading academic expert in the field at the Medical Research Council Laboratory of
Molecular Biology in Cambridge, was one of Chiswell’'s consultants. He held several patents for single domain
antibodies and much of the base IP to the MRC'’s antibody gene library and when Chiswell sought his advice on
setting up a company the two of them decided to team up together.

The initial team of four was largely funded from the Amersham redundancy pay and for some months the only
lab work was in a borrowed “tray” in Greg Winter's lab at the LMB. Chiswell tried for 6 months to raise venture
capital, but “antibody engineering” was not something in which VCs were interested at the time. Instead CAT
received some modest start-up funding — £750,000 — from an Australian company, Peptech'®, which already
had a relationship with Greg Winter and had previously tried to recruit him to head up its research. A Smart
award of £45,000 in April 1990 enabled the team to be expanded to five and there was another Smart award
later. However revenue funding from R&D contracts became increasingly important and by 1993, when CAT
employed 15 people, the company was operating profitably.

In the first couple of years CAT relied heavily on the laboratory resources of the MRC and was able to draw in a
rather informal way on the expertise of LMB scientists. It filed a patent on phage display of proteins in mid-1990
and got itself noticed in the scientific world with an important paper in the journal Nature at the end of that year.
While advancing the phage display science, Chiswell approached Pharmacia to suggest making research kits
based on CAT’s technology. The terms of that first deal — for what was essentially CAT’s first product — was worth
one or two hundred thousand pounds in 1991 alone, in the form of an up-front payment and a research and
development agreement to design and assemble the kits. David Chiswell noted this was “a fantastic deal for us,
because it was more than we could spend”, generating most of CAT’s revenue that year and the next.

Having moved the basic technology forward to demonstrate it could actually isolate useful proteins, in late 1992
CAT began working on deals with pharmaceutical firms to produce antibodies against specified targets using the
proprietary technology it had accumulated and developed, at first for a small up-front fee and expenses plus

milestones and eventually royalties. The first deal was with BASF in 1993, to produce an anti-TNF antibody, two

technology links between the large consultancies and strong links with their professors and contemporaries,
the University of Cambridge seem particularly weak, and with their professional academic field.

despite attempts from time to time to work together.
One interviewee’s description of the University as being
“over there somewhere” sums up the general attitude.

Other links between our firms and universities come in
the form of firms hosting student projects and providing
summer internships. Some individuals within firms play

Instead, the main contribution of universities to our (or have in the past played) a role as guest lecturer or
firms is through the recruitment of science and student mentor in a university department. In a few
engineering graduates and post-graduates — part of cases small firms, mostly in our Module 2 group, were
what Allott (2006) refers to as the people-centric able to arrange to use specialised university equipment
approach to the innovation process.'® This transfer of or else they commissioned very specific pieces of work
people, and especially of PhDs, is important in bringing  from a university laboratory. Knowledge Transfer
leading-edge science into the industrial technology Partnerships had also been a source of technological

base, as PhD-trained recruits in particular tend to retain  expertise for one or two Module 2 firms and in the best

101 Sydney-based Peptide Technology Ltd (Peptech, renamed Arana Therapeutics in 2007) was founded in 1985 by Dr Geoff Grigg, who was head of molecular biology
at Australia’s CSIRO (Commonwealth Scientific and Industrial Research Organisation). He had done his PhD in microbial genetics at the University of Cambridge
and a post-doctorate with Fred Sanger, during which time he got to know Greg Winter. Peptech became one of Australia’s first listed biotechnology companies and
holds a number of antibody technology and anti-Tumour Necrosis Factor (TNF) patents, enabling it to earn royalties on several important antibody drugs.

102 According to Allott (2006), the people-centric approach takes customer demand as the source of business ideas. He contrasts this with what he calls the
idea-centric approach adopted by policymakers: a linear transfer of ideas from academic research, via a search for practical application, into the commercial world.
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additional specified targets and 2-3 as yet unspecified targets over a three-year period, in return for £100,000
upfront, £1 million when CAT delivered a candidate antibody, £1 million when BASF developed it to the next
stage, and so on. CAT put six of its twenty staff to work on that project. There was very little precedent at that
time for a deal structure in which CAT covered its costs but only made profits if it successfully produced suitable
antibodies. “We could never get a profitable FTE return unless we took on some of the risk of achieving what
the client wanted.” But this was a managed risk, staged over intermediate milestones, each of relatively low risk
but carrying a significant premium. The first milestone was usually to produce a relatively small number (~5-6)
of antibodies that bound to the target, but with a low specificity hurdle; over the next 3-4 milestones (which
could be less than six months apart) the deal might specify 1-2 antibodies with a higher affinity, then one that
would be neutralised, and then one candidate that to be useful in the clinic would need a given affinity and
given specificity. Although CAT's first deals with Big Pharma were struck under uncertainty over whether its
technology could deliver, success gave it confidence and over the following 3-4 years the up-front access fee on
each deal rose from a few thousand pounds to £5 million.

Work on proprietary products commenced in 1995, a year in which CAT struggled for finance (owing to its
expansion to over 20 people plus the high cost of clinical work). £3 million of additional equity had been raised
in 1993, but VC funds still showed no interest in antibodies. However, major contract deals that year with
Genentech, Lilly and Pfizer put the company in a position to raise £12.75 million in a pre- IPO round in 1996
and do an IPO in 1997. Until 1996, two thirds of the total £12.25 million of funding raised had come from
customer revenues; CAT more or less broke even from 1993 to 1995, by when it employed 32 people.

The pre-IPO and IPO rounds allowed CAT to invest more in its own programmes and increase head count rapidly
—to £27m and 200 respectively by 2001. From then onwards the mixed model continued on a roughly 50/50
basis: if CAT started to run out of money for clinical work it did more contract deals, although the obligation to
meet deadlines on contracts always risked sucking resources away from the proprietary work. By 2004, when
CAT was acquired by AstraZeneca, it had 3-4 development programmes that were entirely its own, another 2-3
programmes partnered on a 50/50 basis, and a further 7-8 funded by other companies, all at various stages of
clinical development. Hence it was a mixed portfolio, demonstrating CAT’'s move up the value chain and a

gradual ‘hardening’ of its business model.

CAT was taken over during a ‘buyout frenzy’, when AstraZeneca’s offer of £13 against a share price of £7 gave
the board no choice but to accept. It acquired a firm that had grown over the course of 14 years to 284

employees and revenues of £294 million.

cases the researchers provided useful access to their
academic groups. Finally, a few firms interacted with
universities by working as subcontractors on Research
Council-funded collaborative programmes.

Where companies formed relationships with academics,
they were with individuals whom they knew and
respected rather than with their institutions.
Relationships were as likely to be established with
academics outside the region, including outside the UK.
Expertise is more important than proximity, and
successful technology companies act and think globally
to find the best partners and suppliers they can.
Therefore it is not surprising that the contacts
maintained by our Module 1 and Module 2 firms are
geographically diverse, even though these firms are
based in a region boasting scientifically strong
academic institutions.

While acknowledging the depth of scientific expertise to
be found in universities, firms were critical of the
university sector’s ability to interact with business on
several grounds, most importantly with respect to the
market readiness of and valuation put on academic IP,
and urgency in the pace of collaborative work.

According to one of our interviewees, “tension over
what’s good for the university prejudices UK plc big
time. Most universities lock down the IPR so that firms
have to negotiate all contracts through the technology
transfer office, which is charged with maximising
income to the university, and you end up with weird
behaviour from the universities asking for too much.
It’s total sub-optimisation [of the industry-university
relationship].”
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Many university technology transfer offices were
regarded as having unrealistically optimistic
expectations of the commercial value of their IP as a
licensing opportunity. In a rare case among our
Module 1 sample of an attempt by a specialist
consultancy to license university technology from two
different universities, it found that both institutions
vastly over-inflated the value of their patents because of
their desire to earn a return and their under-estimation
of how much further work was required to bring the
technology to market. The consultancy abandoned
negotiations with one university because its
requirements were “so outrageous”. Another firm
suggested that in a university’s view, simply having the
idea means it is 90% of the way towards commercial
realisation. In reality the research done to create an
idea represents at best 10% of the work. (It is unclear
whether this comment applied to the academic
researcher or to the technology transfer office involved.)

In the view of the technology consultancies in
particular, the speed of academic science is too slow
and not closely enough attuned to what the market
might need — echoing the Lambert Report'®®, which
noted that commercial organisations and universities
“work on different time scales towards different
objectives under different management systems”. The
perceived lack of sense of urgency in university work
clearly has a detrimental impact on commercial
enterprises’ desire to engage with the sector, whatever
policymakers might hope for. One firm commented,
“the pace a university works at is quite low. It's fine for
policymakers to wish [industry] to get and maintain
involvement with universities, but that’s different from
saying universities are causal in the success of
businesses like ours on a daily basis”. Time scales can
be an issue even in subcontract work: one firm noted
specifically that, since a university is not allowed to
employ a researcher until the project receives its grant
funding, there can be a 6 month delay getting someone
into post. In this case it hindered the design work that
was mainly the university’s responsibility, and meant

the subcontractor was unable to start on the fabrication.

Problems of this kind made it easy to lose the first year
of a 3-year project entirely.

Firms also said that frictions between universities and
potential commercial partners could arise around IP
ownership because of inexpert negotiations over
licensing agreements. The situation is not helped by
aggressive |P departments or technology transfer offices

(in some universities) that are staffed by non-scientific
and/or non-commercial people who do not understand
the complexities of the science and/or commercial
situation. Lack of experience often means that the IP
‘trail” was often not sufficiently clear-cut for proper
licensing arrangements to be made. Firms working in a
subcontracting role had also found themselves under
pressure from IP departments to give away detailed
process knowledge acquired over many years, even
though this was valuable but non-patentable know-how
that had to be kept secret even from (university)
contractors.

Contractual ownership issues over IP, plus the limited
experience of spin-out teams and — particularly in the
case of platform technology ventures — a lack of market
readiness, make it hard for universities to create robust
spin-out opportunities. The founder of one tiny spin-out
firm (a Module 2 company) based around doctoral
research freely admits to a complete lack of prior
commercial experience and even admits that, had he
been more aware of commercial realities, he would not
have gambled on establishing a business; R&D grants
have ensured his survival.

Finally, our firms were somewhat critical of the
Research Councils’ apparent unwillingness to fund
businesses or intermediate research institutes directly.
As one interviewee commented, “there is nothing in the
EPSRC charter that prevents them [from funding us],
but universities regard it as their money”. Firms do
sometimes work as subcontractors to Research Council-
funded projects, but are generally not enthusiastic
because the relationship turns them into ‘second class
citizens’ even where they are contributing important
science. More positively, however, subcontractors are
paid for their work at the full rate because they are not
seen to be part of a collaborative project (on which only
partial funding is payable, c.f. Chapter 7), and this can
be helpful to younger and smaller firms.

Despite these issues many believe there should be
greater scope for the technology consultancy firms and
the intermediate research institutes in particular to act
as a bridging mechanism between academia and
industry. lan Rhodes of PA, for example, notes: “there is
the need for someone like ourselves, as a broker in the
middle who is deep in certain areas and sectors, e.g. in
certain aspects of med-tech that we know well, who is
able to go to the university and say ‘these are some of
the problems we think you should be working on and

103 HM Treasury (2003), Lambert Review of Business-University Collaboration: Final report.
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coming up with the solutions to if only this or that
could be done, and we can put a lot more detail on
that in terms of either the scientific characterisation or
some of the business or commercial constraints that
we know would apply if you wanted to make it a
commercial success’.” The scope to play the role of
technology broker tends to be greatest where platform
technologies with the potential for application in many
industries are involved, as a means of encouraging the
diffusion of knowledge across different commercial
settings and of shaping the way that the university
engages with potential partners.

8.2 University of Cambridge Spin-outs and
their Contribution to the Economic Base

The companies in our research were selected because
they were examples of the soft model. But it turns out
that these companies, and their hard company
successors and spin-outs, constitute a high proportion
of Cambridge’s most successful firms measured in
terms of employment. We know also that very few
University of Cambridge spin-outs over the last thirty
years have grown to employ more than one hundred
people. It makes sense, therefore, to examine the
university spin-out picture in a little more detail and to
consider what policy lessons we can draw from the
contrast with the success of the soft company sector.

Of course, it can be argued that the University of
Cambridge has made a substantial contribution to the
development of technology-based firms in the region
through its relaxed stance, until fairly recently, to the
transfer of employee-generated IP into a commercial
setting. Not least was the foundation of Cambridge
Science Park (in 1970) and St John’s Innovation Centre
(in 1987), both of which have provided the facilities for
academics to pursue the development of their own
innovations.'® Nevertheless the University put little
direct resource behind licensing or spin-out activities
until the late 1990s, when it adopted a more pro-active
approach to harnessing the entrepreneurial spirit of its
staff through the establishment of what is now
Cambridge Enterprise and instituted the gradual
formalisation of IP policy.'®

As a result of the University’s hitherto relaxed approach
to technology transfer, it is difficult to establish with any
degree of certainty how many ventures can genuinely
be traced back to the University. Among the earliest
examples of venture creation are the Cambridge
Scientific Instrument Company in 1881, the Pye Group
in 1886'® and The Welding Institute (TWI), profiled in
Case Study 10, in 1946. Of these three, only TWI
continues. The distinction has to be made between
university spin-outs (ventures created by University
members based on University-owned IP and in which
the University holds an equity stake) and university
start-ups, where the definition is more broadly drawn to
encompass ventures created by researchers or students
within five years of their time at the University and for
which the knowledge gained from the University is
crucial to the success of the business.’

A list of firms generated by the Institute for
Manufacturing in 2005 numbers some 300
businesses, dead and alive, that had backing from the
university or university academics.'® Total employment
among these firms was 8,800 people (including 1,679
at UCLES, the University local examination syndicate).
Only 42 of the 252 firms still trading in 2005 were
spin-outs based on IP owned by the University; the rest
included start-ups by PhD students (like Owlstone),
spin-outs from local corporate laboratories with some
form of university affiliation (such as TeraView, from
Toshiba), and some firms whose relationships are more
distant, for example ARM plc, which emerged from
Acorn Computers twenty years after PhD graduate
Hermann Hauser first went into business. Nevertheless,
the paper shows just how long the University of
Cambridge has been pioneering new technology — it
includes Cambridge University Press, founded in 1534
and the internet start-up of its age!

A report in 2000 by Segal Quince Wicksteed'® found
that the proportion of high-tech companies established
since 1990 with a founder from Cambridge University
or a Cambridge research centre had fallen to 17% from
the 25% of firms in 1984 that they identified in their
original Cambridge Phenomenon study. They attribute
this decline in part to increased corporate venturing, i.e.

104 Business incubation centres and science parks established by universities alone or in collaboration with the regional development agency represent a
potentially important form of contribution to economic development. See Appendix B for a summary of EEDA-sponsored science parks and enterprise hubs,

some of which are university-based.

105 The new policy adopted in December 2005 provides that the University has first rights over inventions made during the course of research by academics

and staff.

106 Segal Quince & Partners (1985) The Cambridge Phenomenon: The Growth of High Tech Industry in a University Town.
107 Hiscocks, P. (2005) Performance of New Business Ventures from the University of Cambridge.
108 See www.ifm.eng.cam.ac.uk/ctm/teg/documents/CambridgeUniversityspin-outsandstartups200905. pdf. The list has not been updated because of the

difficulty in drawing suitable definitional boundaries.
109 Segal Quince Wicksteed (2000) The Cambridge Phenomenon Revisited.
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greater numbers of spin-outs from existing firms, as
well as the establishment of research centres in
Cambridge by large multinationals.

Nonetheless, a number of important contributors to the
region, some of them highlighted earlier in this report,
have emerged from the University.'*° In the computer-
aided design world, for example, firms such as Shape
Data (and later Three-Space Ltd) from the Computer
Lab, and Applied Research of Cambridge from the
Department of Architecture were an important part of
the cluster that included CADCentre and its associated
firms. More recent examples of potentially important
start-ups from the University include Cambridge
Semiconductor, Plastic Logic,'** and Light Blue Optics,
all still loss-making. The case of Owlstone, profiled in
Chapter 7 similarly fits here.

Cambridge Display Technology, which spun out of the
Cavendish Laboratory in 1992 and now employs
approximately 160 people, was a ‘classic’ hard start-
up. It raised some $140 million from VCs and its
NASDAQ floatation before being sold to Sumitomo
Chemical in 2007 for $285 million.

Not-for-profit research laboratories with a close
relationship to the university have also played an
important role in biotechnology start-ups. In
monoclonal antibodies, Greg Winter of the MRC
Laboratory of Molecular Biology created CAT with David
Chiswell (see Case Study 14 in this Chapter), before
going on to found the domain antibody company
Domantis a few years later. Backed by £42 million in
venture capital, Domantis employed around 60 people
and achieved sales of around £2 million before being
bought in 2006 by GSK for £230 million. Another
venture capital-backed biotechnology business was
KuDOS Pharmaceuticals, which spun out of the CRC
Institute of Cancer in 1997 and raised £43 million in
three rounds of VC financing before being bought for
$210 million by AstraZeneca in 2006. By then it
employed 75 people but its annual revenues were still
under £1 million.

Data from Library House'*? indicate that University of

Cambridge spin-outs have been second only to those
from Stanford University in attracting venture capital
backing, with £140 million raised in the period
2001-6.

However, there is plenty of evidence to suggest that
neither their academic founders nor the University
(through its various seed funds) are always able to reap
the financial rewards, even if the business is eventually
successful. The technology in academic new ventures is
often too far from market for the founding team to retain
a significant degree of control in bringing their idea
through lengthy development and into manufacturing
and finally the marketplace. The distribution of returns
delivered by Solexa, one of the most successful
companies to be seed-funded by Cambridge Enterprise,
the University's technology transfer business, illustrates
the point. Solexa was founded in 1998 to exploit IP
developed by Cambridge scientists to rapidly read
individual genomes, and after many rounds of venture
capital it was sold to lllumina in 2007 for

$600 million. The University venture fund reportedly
received 1.63 times its investment; later investors
(including those who did not invest until 2004)
received 9-10 times their investment. But the academic
founders are reputed to have received just $2 million
(0.3% of the proceeds) between them.

Just as we have seen in the case of the large
technology consultancies but also in other industries,
spin-outs themselves sometimes spawn new ventures.
This has undoubtedly also been the case historically
with spin-outs from Cambridge University, with
progressively weaker and less direct relationships
occurring in later ‘generations’. Hence although firms
remain in — or indeed are attracted to — the Cambridge
area because of the presence of the University, the
exact nature of their relationship is probably
significantly less clear than policymakers may imagine.
In tracing local firms’ progeny created either voluntarily
or involuntarily (e.g. following takeover of the ‘parent’
firm, with or without subsequent closure by the
acquirer), we found that many founders chose to locate
their new venture in or around Cambridge, irrespective
of links to the University. The fact that entrepreneurs
remain embedded locally (and are engaged in business
angel networks) seems an important factor in the
continuation of the Cambridge ‘phenomenon’ and in the
economic growth of the region.

8.3 In Conclusion

The relationships between universities and the
companies we have researched provide an

110 Elizabeth Garnsey in the University’s Engineering Department has tracked trends in technology-based companies around Cambridge for the past two decades.
111 Plastic Logic has raised over $200 million to exploit plastic electronics technology developed in the Cavendish Laboratory but, as it is still pre-revenue, it is too

early to say whether it will be successful.

112 Library House (2007) Looking Inwards, Reaching Outwards: The Cambridge Cluster Report 2007.
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independent, but for some probably troubling,
perspective on how academic science and technology
contribute to regional economic growth.

But for many in the technology business and
investment communities, these findings may not be too
surprising. Universities are undoubtedly important
contributors to the wealth of the region, but the
relationship with technology-based firms is often less
direct than is assumed by government policymakers.
And academic research departments tend to be poorly
equipped to develop an innovative technology to the
point at which it can be exploited commercially through
a spin-out company, certainly with a hard, product-
focused business model. Unlike the technology
consultancies, they do not accumulate expertise
through repeated commercial contracts. And the short-
term, project-based contracts through which academic
research is funded can make it difficult to build spin-out
teams with critical mass. Lack of experience of
commercial negotiations and commercial project
management is a further weakness.

Soft start-ups, based around areas of academic
expertise and platform technologies, could provide a
way of dealing with these limitations, providing

sufficient R&D contracts were available. This might
allow teams and commercial abilities to be built
gradually, before a transition into a harder business
model is made from a position of strength. However, an
overly romantic view of the investment readiness of
academic science has probably led to too much
emphasis on the hard start-up model, with many
disappointed academics and investors as a result.

It is clear that the Cambridge cluster of private sector
companies, and in particular soft companies, are a
more important source of ideas for new businesses than
the University of Cambridge itself — at least in terms of
job creation.

Equally we find that IP licensing and other forms of
hard technology transfer from the University are also
relatively unimportant locally in terms of job creation.
Rather than direct IP relationships between our ‘soft’
firms and the academic world, we find that
relationships between the two revolve primarily around
people: through recruitment from universities, and
through personal contacts between experts across a
wide geographical base. We return to this argument in
our concluding chapter on policy implications for
innovation, growth and economic development.

Policy Implications and Recommendations
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Chapter 9: Policy
Implications and
Recommendations

In Chapters 3-8 we reviewed different
aspects of the soft business model,
discussed how firms with this model
contribute to economic growth in the East
of England region, and examined how they
interact with government policies on
science and innovation. The research
shows that many of the largest and most
successful science and technology
businesses in the region owe their origins
to the ‘soft’ business model.

e Firms use the soft model in different ways,
depending on how innovation works in their
industry and also depending on their phase of
business development.

e Some organisations retain the soft model as a core
mode of operation throughout their lives; others
traverse the soft phase rapidly, using it as a stepping
stone to product sales; still others spend years
fostering proprietary technology and investigating
different potential applications within the protective
umbrella of a soft business before making the
transition into a product company or spinning out a
separate venture.

e Soft companies exploit their intellectual property in
different ways too: by patenting and licensing it in
return for royalties; by patenting and exploiting it
through funded product development, perhaps
receiving additional payments alongside basic fee
rates; by packaging up a specialist team and/or
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bundle of IP and spinning it out as a separate
enterprise; or by keeping and exploiting technical
know-how (which is often process-oriented and
therefore not patentable) in-house, in work for
external clients.

* They are also financed in different ways: often with
a bootstrapped start (salary sacrifice, personal bank
loans, loans from friends and family) until revenue
from consultancy projects or fees-for-service kick in;
more substantially through customer contracts
bringing up-front payments, milestone payments
and sometimes royalties; sometimes with a mixed
model of contracts and products; but only rarely
with venture capital funding except for product-
based spin-outs from the parent firm.

e Their use of, and attitude to, government policies to
support innovation also varies widely from scheme
to scheme:

- a generally positive view of single company R&D
grants, especially in the early stages of a firm’s
life;

- a mostly unenthusiastic attitude to the value of
collaborative research programmes;

- very limited experience of, and a sceptical view
with respect to, government R&D procurement
contracts; and

- an informal approach to interaction with
universities, with university IP playing only a
limited role as a basis for innovation within firms.

* Finally, even where firms have been established as
‘hard’ businesses, with backing from venture capital
to develop a focused range of products,
development contracts with customers often play a
critical role in "softening’ the business model to
reduce risks, augment funding and ensure effective
engagement with lead customers.

9.1 Exploding the Myths

Soft companies and R&D contracts with customers play
a critical role in the region’s innovation economy. They
facilitate the ‘natural’ innovation process by which
solving user problems leads on to the creation of new
and better products, and they have enabled the
formation and growth of many of the region’s most
successful science and technology companies. It is
therefore essential that government policies — at
national and regional level — are well enough configured
to foster and support this business model. The analysis
in Chapter 7 suggests that this is currently not the case.



Furthermore, we contend that this is a reflection of
three important, but largely erroneous, assumptions
that have underpinned government policy thinking for
decades:

* that university research is the economy’s key source
of technology and innovation;

e that venture capital funding is the primary financial
resource for technology-based start-ups; and

e that co-funding multi-partner collaborative research
programmes is the best way for government to
support technology development projects.

We address each of these beliefs in turn.

Myth Number One... that University Research is the
Key Source of Technology and Innovation

The UK'’s universities account for a high proportion of
government funding for research and development, and
there is an implicit assumption underlying many
utterances on science and innovation policy by
government ministers and officials that much of their
research output is ripe for commercial exploitation
through university spin-outs and technology transfer to
established firms.

Clearly university IP can and does play a role in
economic development, both locally and nationally, and
we have no doubt that its economic impact could be
greater. However, as this study shows, the effect is
actually quite modest — at least over the short to
medium term. Cambridge and its environs have the
strongest academic research infrastructure in the region
and in the UK, together with a vibrant community of
science and technology companies. Yet despite this, in
the main these companies rely on the inventiveness of
their own people to create new technology, rather than
on IP from partnerships with universities. To the extent
that they are looking for new technologies to solve
problems, the search is global and covers all sources —
academic and industrial. As David Chiswell, founder of
CAT, notes, “Policymakers assume all the best people
are in academia, but a lot of company people are
excellent scientists and drive forward the research”. It
is also clear that customer problems provide the
stimulus for much innovative technology development.

Equally there are few, if any, really successful science
and technology companies that have been formally
spun out around Cambridge University IP in the last 30
years. In the physics and engineering arena, for
example, the most successful to date is probably

Cambridge Display Technology (CDT), which was sold
to Sumitomo Chemical for $285 million. CDT’s
achievements should not be ignored, but the total
returns over that time scale were too small to meet the
expectations of conventional VC investors.

It is clear also that success tends to mean acquisition
and, especially in life sciences, often limited further
growth beyond the R&D team. We also saw in Chapter
8 how the returns to seed investments by the university
and to founders from the sale of successful university
spin-outs have frequently been woefully inadequate.

Far more important from the perspective of jobs are the
companies set up by ‘twenty-something’ Cambridge
graduates and PhDs to exploit skills or inventions
independently of the university. These include
Cambridge Consultants, founded by a group of science
and engineering graduates; Cambridge Processor Unit
and Acorn Computing, founded by Herman Hauser
after finishing his PhD in physics; Autonomy, founded
by Mike Lynch after his PhD research on neural
networks; Pi Research, founded by Tony Purnell during
his PhD in engineering (which he never finished); and
Owlstone, set up by two PhD students and a young
Research Fellow in electrical engineering. In every case
it was the entrepreneurial drive of the young founder
that was the key to getting the business started, and
there was no formal university role. In all but the last
case it was the founders, customers, and some bank
lending that funded the business.

Our examples tend to focus on engineering— and
physics—based businesses and our coverage of the
biotech sector in this report is rather weaker. There are
also prima facie reasons to expect that life sciences IP
developed in academia would be more readily
transferred out for commercial exploitation. However,
even in life sciences it is clear that spin-outs from
existing companies play a very important role in the
sector’s development.

These conclusions are not to undermine the importance
of fuelling the economy with longer-term research and
trained engineers and scientists. However, they point to
a need to ‘de-glamorise’ the role of the university boffin
in creating the new science- and technology-based
companies required to rebuild the UK’s industrial base,
and to ensure that greater policy attention — and more
money — is devoted to helping all entrepreneurial
start-ups and especially spin-outs from research
intensive companies.
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We believe they point also to the need for a
fundamental rethink of how effective universities can
ever be at commercialising academic IP, given the way
that they are structured, staffed, incentivised and
financed. We return to this issue later and suggest
some possible policy solutions.

Myth Number Two... that Venture Capital Funding is
the Primary Financial Resource for Technology-Based
Start-ups

The ‘Silicon Valley model’, with its focus on fast-
growing, ‘hard’ product companies, is glamorous and
seductive. There are some spectacular examples of
venture capital-backed success stories in the US, and
its advocates are articulate, well-funded and
persuasive. Successive governments over a quarter of a
century have argued for the UK to look to Silicon Valley
as a role model for financing new science and
technology firms.

Yet the picture in the UK seems to be very different.
The average returns to early stage science and
technology VC investors in the UK (as across Europe)
have been consistently too low to attract institutional
investors'®® and even before the credit crunch the
Government and European Investment Bank have
increasingly had to play the lead role in getting new
funds established.

Furthermore, research by the CBR has demonstrated
that only a tiny minority of SMEs (4% of those
surveyed) pursues external equity financing — although
those that do look for VC funding regard it as an
important source of finance.'** As this report shows, a
high proportion of the region’s most successful science
and technology companies have their origin in a ‘soft’
start, either directly or because they have been
incubated in a soft company prior to spin-out. And
recent research from the US suggests that the role of
venture capital there may also have been overstated,
with fewer than one in five of the fastest-growing and
most successful companies having had venture
investors.

There is also reason to believe that soft start-ups, being
controlled by their founders, are likely to survive longer
as independent entities, and lead to greater returns to
founders and ultimately to more money being
reinvested in the region by business angels.

We would argue that the way that standard venture
capital funds operate is directly responsible for the
different trajectory taken by many hard start-up
businesses. VC investors expect to see very high returns
(to compensate for the increased risk and illiquid nature
of their investments), and so VCs must invest in
scalable businesses with a standard product. Nearly all
funds have a ten-year fixed life, which in practice
means VCs need to be able to exit their investments in
around seven years. Stock markets are only
intermittently open for IPOs, and there is a minimum
market capitalisation at which an IPO gives sufficient
liquidity for investors. This forces VCs to focus on
finding trade buyers for their portfolio companies and
on investments that create a single new product line
that can be slotted into an acquirer’s existing
distribution system. It also saves the extra investment
required in building a portfolio company’s own sales,
distribution and customer support infrastructure once
some initial market success has been achieved. An
early trade sale — and a safe return today, rather than a
possibly larger, but less certain one in a few years’ time
— is therefore nearly always preferable.'®

In contrast, the soft model allows the entrepreneurial
process to continue for much longer and enables the
creation of fully-rounded businesses with their own
international sales, distribution and support activities,
and with the drive to continue to grow and develop the
business. The way that the soft model allows
entrepreneurial founders to develop their own skills
gradually, and to remain at the helm, is no small part of
the picture. Most entrepreneurs are ‘unbackable’ when
they start their first business before gradually
bootstrapping their way into the Sunday Times Rich
List. The paths taken by Richard Branson and Alan
Sugar are in many ways relevant to technology
entrepreneurs.

113 According to the British Venture Capital Association’s Private Equity and Venture Capital Performance Measurement Survey 2008, the average internal rate of
return for all funds over the last ten years was 15.4%. However, the average return from venture funds was minus 1.6% and for technology funds was minus
2.0%. Whilst the tech boom and current recession may have had a particularly adverse effect in the latest returns, the pattern of poor performance is systemic.
The picture has been unchanged for 20 years. Several reasons have been discussed for the discrepancy between US and UK returns. The most likely, in the
authors’ view, is the much greater investment return on the one or two ‘home runs’ on which VC funds depend. This reflects the ability to scale a business
faster and further within the US market, a resulting ease of access to the public markets through IPOs, and the focus of some funds on IT-based businesses

with relatively little technical risk and short lead times.

114 Cosh, A. and Hughes, A. (Eds.) (2007) British Enterprise: Surviving or Thriving? SME Growth and Public Policy 2001-2004.

115 Kedrosky, P. (2009) Right-sizing the US Venture Capital Industry.

116 Two semiconductor spin-outs from Cambridge Consultants illustrate this point. CSR’s investors decided to invest more and IPO the business. Alphamosaic’s
investors opted for an earlier trade sale exit and achieved a lower, but safer, return.
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The pressures on VCs discussed above also have an
impact on platform technology companies pursuing a
mixed funding model, with venture capital
supplemented by development contracts from
customers to explore different applications. VCs do not
like ‘unfocused’ companies and, where lack of focus
occurs alongside lack of customers, this is
understandable. However, it is also common to find VCs
urging companies to drop lines of customer-funded
development to concentrate on applications where
some customer traction has just started, in the hope
that this will deliver the scalable fast-growth model they
need. But often they discover that the push to focus
was premature and that there is little demand for a
standard product based on one or two similar contracts
with lead customers. The outcome is usually financially
and organisationally damaging, and brings a major loss
of investor confidence. In these situations, a slower,
softer, and more exploratory strategy, with investment
spread over a longer period, might well have been far
more effective, but unfortunately it is not one that fits
the 10-year fixed-life model of most VC funds.

Venture capital will always be important to certain
kinds of company at some stage in their development,
and because of the consistently poor financial returns to
investors it is likely to require more government support
rather than less. However, the implication of our
research is that to maximise the economic potential of
the business model that does work well within the UK
(at least judging by the evidence from the East of
England region), the Government should devote at least
as much attention to encouraging the customer R&D
contracts on which the soft model depends.

Myth Number Three... that Co-funding Multi-Partner
Collaborative Research is the Best Way to Support
Technology Development

The third implicit assumption underpinning government
policy is that the best way to support technology
development projects directly in firms is through
collaborative research and development grants involving
multiple partners, including companies and

universities. The amounts available — in total and per
project — are much larger than through the single
company R&D grant schemes.'

But as our research shows, the majority of the region’s
most successful soft companies have made little or no
use of collaborative R&D grants. This strikes us as a
serious indictment of the policy model. All the

successful soft companies we interviewed were looking
for opportunities to create IP in order to increase value
creation and accelerate their growth. Their ability to do
so is restricted in their normal contract R&D business,
as the client normally owns the IP and the amount of
money available for in-house investment in IP is
restricted. One might expect prima facie, therefore, that
government-financed collaborative projects would
provide an ideal mechanism to enable these firms to
leverage their own investment where they want to build
and retain IP, perhaps leading on to a spin-out
business. Instead, most regard collaborative R&D as
irrelevant. Those that do participate, such as Lotus
Engineering, have failed to turn projects into significant
product revenues or successful spin-outs.

The failure to design our most important policy for
funding R&D to make it attractive to these companies
represents a major missed opportunity. It is a failure
that reflects two accidents of history and one of
vocabulary. The accidents of history stem from the
economic and political climate leading to the European
Commission’s early forays into science and technology
policy in the early 1980s.

First, technology policy thinking in both the US and
Europe was greatly influenced at this time by the role
ascribed to Japan's Very Large Scale Integration project
in semiconductors, which took place between 1976
and 1980. This was seen as catapulting Japanese
companies from nowhere to almost total dominance of
the world memory chip market and, at the time,
Japan’s Ministry of International Trade and Industry
seemed set to repeat the trick through its collaborative
Fifth Generation Computing programme. The US and
Europe wanted some of the same magic. In the UK this
led to the Alvey Programme for computing research in
the period 1983 to 1988.

Second, part of the background to the Esprit
programme, which ran from 1984 to 1988, was a
European industry characterised by competing national
champions such as ICL and Bull in computers. The
ideas of Viscount Davignon, the EC Industry
Commissioner, for pan-European mergers had earlier
been rejected, but pre-competitive collaborative R&D
programmes became a substitute as well as a way to
encourage European integration more generally. The
pre-competitive focus and the state aid rules that
underpinned it were designed to prevent anti-
competitive practices, limit subsidies to national firms,

117 The total cost to the Government of R&D tax credits is even greater than collaborative R&D grants, but evidence suggests (as indicated in Chapter 7) that it has

little impact on firms’ total R&D expenditure.
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and build economies of scale across companies.''®

Twenty-five years later, these rules persist largely
unchanged and severely limit how national
governments within the EU can make R&D grants to
companies. Collaborative R&D has come to be seen as
the only legal way in which the UK government can
fund sizeable R&D projects in companies, and its
rationale is underpinned by the (in our view over-
stated) role ascribed to universities as sources of IP and
scientific expertise on which companies should draw.

The accident of vocabulary relates to the way that
technologists, managers and entrepreneurs use the
word ‘collaboration’ to present a contractual relationship
with a customer as more of a ‘partnership between
equals’ than a contract between a buyer and a seller.
This usage has led to the idea that any kind of loose
‘collaboration’ is a good way of developing new
technologies for commercialisation. This report shows
that tightly specified, single customer-contractor
relationships with clear phases and milestones play a
crucial role in driving innovation through to real
products. The multi-partner collaborations funded
under TSB or EU programmes are very different in
terms of structure and management, with much less
well defined project leadership, multiple — and often
divergent — objectives and a lack of hard intermediate
milestones. Projects are required to be pre-competitive
and the closer they are to commercial exploitation, the
greater the funding required from participating
companies. Added to this are major problems regarding
IP ownership.

Whilst providing a viable way for large corporate
laboratories to subsidise their long-term programmes,
collaborative R&D projects of this kind are ill suited to
SMEs. EU programmes, with multiple partners spread
across the EU, are particularly problematic.'*

As one respondent remarked, “/ see a lot of activity
going on where programmes are put together and
optimised to meet the collaborative rules, rather than
optimised in terms of what makes the best research or
the best commercial return”.

For those SMEs that do participate (and these were not
generally amongst the most successful firms we
interviewed) it can be argued that firms are pushed in
the direction of expensive, slow, collaborative research

and away from the tight, customer-focused
developments where they should concentrate.

Whilst we have no doubt that multi-partner
collaborative R&D has a role in government innovation
policy — where standards, complex supply chains and
early-stage work to address new technological or
societal challenges are required — we believe that a
fundamental rethink is necessary and that new policy
models should be designed to ensure that the money
currently spent on collaborative R&D is available in a
manner more relevant to SMEs.

9.2 Recommendations

This report shows that ‘soft’ companies with R&D
contracts for customers have played a critical role in the
growth of entrepreneurial science and technology
companies and in the economic development of the
region. Whilst our concern is with East of England
region companies, we have every reason to believe the
lessons are relevant nationally.

We believe that government innovation policies need to
undergo a fundamental rethink to ensure programmes
are in place — and adequately funded — to support and
encourage these ways of doing business and to ‘play to
the grain’ of the innovation process. Our
recommendations focus on four areas:

e government technology procurement

e private sector R&D contracts

* venture capital

* intermediate R&D institutes

Recommendation 1. Enhance Government Technology
Procurement Programmes

Our research shows that R&D contracts from customers
play a key part in the development of new businesses
and job creation. Today these contracts come almost
entirely from the private sector although, historically, the
public sector has also occasionally played a role, for
example through the BBC microcomputer programme.
It is also clear that, in the US, government R&D
contracts have been the driving force behind the
development of entire new high technology industries
like semiconductors and supercomputers.

In the UK, government procurement plays a major role
in the overall economy. It is responsible for 55% of all

118 Teaming Up for the 1990s: A Guide to International Joint Ventures and Strategic Alliances. (This book was written by David Connell when he was a consultant
at Deloitte Haskins & Sells. A merger of the firm’s US practice with Touche Ross in 1989 resulted in the transfer of the IP to the new firm, and on publication
authorship was attributed to .M. Collins and T.L. Doorley, two of the firm’s partners.)

119 The administrative burden of applying for and managing such collaborative funding is widely regarded as onerous. Small firms in particular find proposal
writing a heavy (and uncompensated) drain on resources, and bemoan constant changes in the application process that reduce the potential to improve their

efficiency in applying.
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purchases of IT goods and services, for example,'® and
is the dominant customer for healthcare and medical
products. In many sectors such as security, transport,
energy and the environment, where the government is
not a direct purchaser, it has a major influence either as
a specifier or through general policy. If it were to fund
some of the new technology it needs in the future and
were to participate in a more active way by specifying
requirements, evaluating prototypes and acting as a
lead customer for trials, much more of its mainstream
procurements would end up being supplied by UK
companies. Furthermore, those companies would be far
better positioned to sell globally and ahead of
competitors. By participating actively at this early stage,
it is also likely that the efficiency of government services
would be improved, major policy goals achieved earlier,
and the probability of making major procurement
mistakes reduced.

These arguments are widely accepted by Government
and form the basis of numerous policy announcements.

Our research shows that, despite this, the UK
government is virtually absent as a lead customer for
new technology in terms of either R&D contracts or
demonstrator and prototype purchases (see Figure 11).
This is in spite of attempts over many years to

encourage government departments to operate as lead
customers, most recently through the requirement for
them to prepare annual Procurement Innovation Plans.
We believe this is a major missed opportunity.

The most tangible government programme is the Small
Business Research Initiative (SBRI), and the new
mechanisms put in place by the Technology Strategy
Board since April 2008 to implement it are well
designed and managed. However, the fragmentation of
budgets and innovation management responsibilities
within individual spending departments has meant that
participation across government and the value of SBRI
competitions announced so far have fallen well behind
the commitment made in the March 2008 Budget and
reiterated in April 2009 by BERR and in the Budget
report.'?!

Principal responsibility for implementing these policies
lies with the TSB (as coordinator) and central
government spending departments. Nevertheless EEDA
has already played an important catalytic role, and the
regional SBRI it has initiated with NHS East of England
is one of the most significant pilot programmes to date
(see Box 18).

Figure 11: The Innovation Funding Gap
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120 DTI (2003) Competing in the Global Economy: The Innovation Challenge.
121 BERR (2009) New Industries, New Jobs; HM Treasury (2009) Budget 2009: Building Britain’s Future.
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Box 18: A Regional SBRI Programme

In April 2009 the East of England launched a Small Business Research Initiative competition in the health
sector to help industry bring new technologies to support the achievement of regional health priorities and
increase the possibility of adoption in the NHS. The competition was open to all companies, including those
not currently engaged in the health sector.

The programme was funded by the NHS East of England and the East of England Development Agency
(EEDA), together with the Technology Strategy Board (TSB) and the European Regional Development Fund.

The competition covered three topics:

. Managing Long-term Conditions — remote monitoring
J Patient Safety — improving health outcomes

. Keeping Children Active

Like all SBRI competitions, it operated as a procurement process aimed at developing the new technologies
the NHS needs. So awards take the form of contracts rather than grants, and developments are 100% funded.

Projects were selected through an open competitive process in two phases, and the selection panels for each
topic included senior clinicians and experienced technology developers. Winners are first awarded Phase 1
contracts to investigate project feasibility and undertake preliminary design work. These are for up to 6
months and £100k. Companies that successfully complete Phase 1 are then eligible to compete for Phase 2
funding of £250k — £750k for up to 2 years to take their technology to demonstrator or prototype stage, and
possibly to enable user trials. All firms retain the rights to any IP generated from the project, with certain
limited rights of use retained by the NHS.

The competition attracted 177 proposals and eleven companies, mostly start-ups or early stage companies,
have been awarded Phase 1 contracts. It is expected that roughly 50% will go on to receive Phase 2 awards.
Examples of Phase 1 contracts include:

Eykona Technologies Ltd 3D imaging systems for objective measurement and characterization
of ulcers

Exhalation Technologies Ltd Device for assessment of lung inflammation in exhaled breath for
asthma-prone children

Sonovia Ltd Ultrasonic patch for targeted delivery of drugs for patients suffering
from chronic musculoskeletal conditions such as arthritis

Docobo Ltd Remote monitoring telehealth system to enable individualized
interactive chronic disease management in the home

Oxford BioSignals Ltd Monitoring cardiac and other vital signs in hospitals

Anaxsys Technology Ltd Respiratory rate monitor for use by paramedics in ambulances

We propose four measures to accelerate and extend the  (iii) that an annual, quantified, independent review of

take-up of SBRI and related procurement-based progress with SBRI and related procurement-based
innovation policies: innovation programmes be published by an
(i) that central government allocates a fixed annual organisation such as NESTA or an appropriate
budget to the TSB of £75 million to enable it to House of Commons Select Committee;
match-fund departmental SBRI programmes and (iv) that a substantial component of the next European
encourage their expansion; Framework Programme (FP8) — we propose €800
(i) that the use of SBRI at regional and local million per year — be directed to co-funding
government level be promoted; innovation procurement programmes in member

states that are compliant with guidelines based on
the US SBIR and UK SBRI models.'?1%

122

During the last two to three years the European Commission has promoted a concept known as “Pre-commercial Procurement”, which allows EU public sector
organisations to place 100% R&D contracts with firms. This has led to a useful clarification of EU procurement rules, which legitimises SBIR-type
programmes. However, beyond this the PCP initiative is effectively unfunded.

123 More detailed proposals have been made to the European Commission.
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Recommendation 2. Revise TSB Collaborative R&D
Programmes to Encourage Bilateral Contracts with
Lead Customers

The soft company model is at present dependent on
R&D contracts from the private sector, but not all
private companies are used to placing R&D contracts
with other companies and budgets are limited. So there
are good reasons to make this practice more
widespread through grants.

The multi-partner collaborative grant model which
dominates the Technology Strategy Board'’s tool-kit is a
legacy of its days as a part of the DTI. Significant
changes have been made since its change to Agency
status and the appointment of a vigorous, more
business-orientated management team. We believe it is
now timely to undertake a ‘zero-based’ review of the
collaborative grant model to examine the impact of past
projects and establish for what sorts of firms,
technology projects and industries different variants

are appropriate.

In particular we propose that more bilateral contracts
should be funded between private sector customers and
suppliers, especially small, specialist technology
companies. Such projects have traditionally been a
rarity within the TSB portfolio, and the percentage of
supplier costs covered has generally been small as they
have typically been regarded as close to market. Larger,
longer-term collaborative programmes have been
dominant, partly driven by perceptions of EU rules.

Recent changes to EU State Aid rules suggest that an
attractive programme could be devised to encourage
bilateral projects involving lead customers and
innovative SME suppliers, with up to 75% of the cost of
developing pre-commercial prototypes covered in the
supplier (80% if it employs fewer than 50 people) and
60% in a large company customer. We propose that
these new rules should be used to construct such a
programme, perhaps using a phased approach similar
to the SBRI programme.

We believe that bilateral contracts involving private
sector customers and SME suppliers should account for
50% of TSB expenditure on collaborative R&D.*

Recommendation 3. Revisit the Venture Capital
Funding Model

Many soft companies have provided excellent returns
for their founders and other investors, but their

timescales are too long and their strategies too
uncertain to attract venture capital. It could also be
argued that some firms that have raised venture capital
were encouraged by their investors to adopt a ‘hard’
product-oriented strategy too early in the development
of their technology in order to deliver an exit within VC
timescales, whereas a softer strategy and slower ‘burn
rate’ might have been more successful. Platform
technology companies, in particular those whose
potential markets are highly fragmented, often need to
soften their strategies by working with customers to test
applications and therefore need longer-term financing.

As noted earlier, the average returns to venture capital
have for many years been too low to attract investors
into UK funds. Early stage technology funds are
particularly problematic. The withdrawal from venture
capital of 3i, the largest and most experienced investor
in the sector, underlines the problem. There are many
problems with the VC model in the UK and strong
arguments can be made for the creation of an up-to-
date version of the Industrial and Commercial Finance
Corporation (ICFC) to replace 3i. A longer time horizon,
an evergreen model, and greater sectoral focus by
individual funds are three of the desirable changes.

The science-based focus of early-stage companies in
the EEDA region requires venture capital funds with an
investment model that enables them to engage with
soft start-ups and platform technology companies
operating a mixed model, probably using small scale
investments, over a longer term, and with a more
hands-off approach than would be advocated by
conventional VC wisdom. Convertible loans probably
also have a role to play with this kind of business.

We believe that both central government and the
regional development agencies like EEDA have a role to
play in encouraging the development of new investment
models along these lines which are more appropriate
for the kind of science and technology businesses that
start within the region.

Recommendation 4. Establish Focused, Fixed-Term
Intermediate R&D Institutes

In this report, we have also discussed the role of
intermediate research institutes which, though not
profit-oriented companies in their own right, have a
mission-driven role to develop technology for
commercialisation that is uncompromised by the
conflicting requirements for academic research

124  Bilateral contracts could still involve other companies or universities, but as subcontractors, and only at the choice of the two principal parties concerned.
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publications and teaching seen in university
departments. As such they have some features of the
true commercial soft company. Some — like CADCentre
and ORL — have transitioned into, or spun off, important
product businesses. In contrast TWI has been notably
less successful in terms of product-based spin-outs,
although it has been highly successful globally as a
service business.

An important question remains regarding whether
intermediate research laboratories focused on emerging
technology areas, with some core funding from
government, flexible full-time staff and senior staff
motivated towards commercialisation rather than
academic publications and teaching, could help to
catalyse the exploitation of the region’s science base.

Earlier we commented on the relative lack of companies
based on Cambridge University IP amongst
Cambridge’s larger science and technology firms. The
experience of venture capitalists investing in start-up
companies points to a series of problems with exploiting
university IP.*?® Many of these problems derive from the
nature of the exploratory development stage typical of
the exploitation process for any major new platform
technology, as described in Chapter 4. This stage must
be carried out in a very mission-driven environment
geared to rapid delivery, but is rarely well enough
defined or close enough to market to be appropriate for
VC funding alone. Attempting in a conventional
university research department to bring a proposition to
the point at which a potential spin-out is genuinely VC-
ready is fraught with problems:

e jtis difficult to build the teams of 5-20 people
required as the core of any major spin-out business;

e development is progressed in fits and starts as
academics have conflicting time pressures to
publish and teach;

* research staff are funded to work on specific
projects; it is therefore difficult to switch resources to
accelerate work on a temporary basis to service
‘customers’ or on a more permanent basis when the
pace of R&D needs to quicken;

e |Pis not captured on a regular basis or approached
strategically during projects; there is a great deal of
IP leakage as researchers come and go, increasingly
outside the UK; and

* collaborations with corporate partners are not
approached with the ‘hard nose’ and degree of
commercial sophistication needed to maximise
economic potential within the UK, for example by
segmenting IP rights by field and charging
sufficiently to build up cash reserves to enable later
spin-outs.

Whilst most senior academics do not want to move out
of academia into industry, the point is that in many
disciplines there is no ‘halfway house’ in which they
can take their technology further commercially whilst
staying in research. The intermediate research
laboratory concept — partly core funded by government,
and partly funded through R&D contracts, with
engineers and scientists supported and funded to focus
on physical deliverables rather than on publications and
teaching — could play that role for some areas of
science.®

Apart from through intermediate research institutes
there are two other ways in which the soft company
model could be brought to bear on the ‘policy
challenge’ shown in Figure 11 above. The first is
through the formation of soft company spin-outs from
university research programmes, and the second is
through partnerships with existing soft companies. Top
Express, initially formed in 1978 by Professor Ffowcs
Williams to exploit noise reduction technology, is an
example of the former. A partnership between The
Technology Partnership (TTP) and the Cavendish
Laboratory to commercialise polymer solar cells
technology is an example of the latter.

The initiative for both of these must lie with
entrepreneurs and the private sector.

We believe a fresh look and some experiments are
required to see whether some form of intermediate
institute or soft company structure, twinned with a
major academic research department, could assist the
commercial exploitation of academic IP. The Centre for
Business Research has already made a start on this
research through another project.

125 A separate project is being undertaken by the CBR to examine the processes by which university IP is exploited and the role of intermediate research
institutions in national innovation systems, as part of the EPSRC-funded Cambridge Integrated Knowledge Centre (CIKC).

126 The role of intermediate research laboratories is being examined as part of the CIKC project and different models have already been studied in Germany, South
Korea and Taiwan. It is clear that very large government research organisations can become moribund, but preliminary indications from this research suggest
that smaller intermediate research institutes could play a useful role as time-limited incubators for areas of science and technology whose timescales are too
long for either private sector soft companies or venture capital. Our initial view is that, to work effectively and avoid the risk of ossification that such institutes
typically endure, a complement of 30-150 researchers should take forward R&D programmes for up to 10 years prior to privatisation.
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Appendix A: Interviewees

Corporates

42 Technology
(Acorn)

AlC

Argenta Discovery
Autonomy

Beru F1 Systems
CADCentre

(Cambridge Antibody Technology)

Cambridge Consultants

Cambridge Consultants

Cambridge Design Partnership
Cambridge Magnetic Refrigeration

(Chiroscience)

CIP Technologies
Knowledge Solutions
Lotus Engineering
Marshall of Cambridge
(Olivetti Research Labs)
Owlstone

PA Technology Centre
PA Technology Centre
(Pi Research)

Plextek

Real Time Content
Sagentia

Sagentia
Scion-Sprays

Sentec

Serentis

Sonar Link
(Symbionics)

Syrinix

Syrris

Team Consulting

The Automation Partnership
TTP Group
TWI

Howard Biddle
Hermann Hauser
Matthew Jones

Chris Ashton, Colin Knox
Mike Lynch

John Bailey

Dick Newell

David Chiswell

Paul Auton

Ray Edgson

Mike Beadman, Mike Cane
Kurt Hasselwimmer
Andy Richards
Michael Robertson
Adrian Palmer-Geaves
Clive Card

Michael Marshall
Andy Hopper

Billy Boyle

lan Rhodes

Paul Ruskin

Tony Purnell

Colin Smithers

Martin Russ

Alistair Brown

Gordon Edge

Gavin Farmer, Jeff Allen
Mark England

Peter Keen

H-K Yeo

Henk Koopmans

Paul Linford

Nick Tait

Jerry Turner

Richard Archer

Gerald Avison

Bob John

CEO

Founder

Head of Projects & Innovation
CEO, Finance Director
Founder

Managing Director

Senior Engineer

Founder

Former CEO

CTO/Ventures Director
Founders

Founder

Founder and Business Angel
VP Research Programmes
Founder

Project Manager, Research
Chairman

Director

Founder

Member of PA's Management Group
Member of PA's Management Group
Founder

Founder

CTO

CEO

Founder

Managing Director, Director
CEO

Finance Director

Founder

Founder
Finance Director
CEO

Founder
Founder

CEO
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Intermediaries

Babraham Bioscience Technologies

Beacon Innovation Centre / Orbis Energy

BioPark Welwyn

Centre for Sustainable Engineering
Colworth Park

Health Enterprise East

Herts BIC

Hethel Engineering Centre

Norwich Research Park
St John's Innovation Centre

(Barclays Bank)

Coller Capital
New Venture Partners (BT Brightstar)
Cambridge Network

East of England International

David Hardman, Derek Jones
John Balch

Steven Read

Phil Shephard

Sally Ann Forsyth

Phil Seabright

Phil Lines

Damian Hindmarsh,
Simon Coward

Robin Daniels
Walter Herriot
Matthew Bullock

Stuart Davies
Chris Winter
Peter Hewkin

Roger Moore

CEO, Chief Business Officer

Director

Chief Executive

Chief Executive, Norwich and
Peterborough Building Society

Partner

Chief Executive
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Appendix B: Enterprise Hubs and Science Parks

A key instrument of public support for innovation at the
regional level is the ‘enterprise hub’, which typically
brings together a variety of independent support
activities around a particular theme or industry sector,
and encourages networking activity and knowledge
transfer.

In the East of England, EEDA supports the development
of several enterprise hubs in the form of incubators,
innovation centres and science parks. Several are based
around the life sciences and healthcare, including
Babraham Biosciences (profiled below), Health
Enterprise East at Papworth, Norwich Research Park
(health, food, plant and microbial sciences,
environmental sciences, and chemistry and materials)
and BioPark Welwyn (biosciences and health
technology). This last facility is based at the former
Roche pharmaceutical research laboratories, which
closed a few years ago and was acquired by EEDA and

Profile: The Babraham Site

the University of Hertfordshire. It has 15-20 tenants in
the biosciences field (including one of our Module 1
firms, Argenta Discovery, and a Module 2 survey
respondent).

A second group of enterprise hub facilities focuses on
energy and environment. It includes Orbis Energy
(recently established in Lowestoft to foster offshore
renewable development) and Environment East (based
in Peterborough and associated with the Centre for
Sustainable Engineering).

A third group covers a range of sectors, and includes
long-established facilities such as the St John's
Innovation Centre in Cambridge (arguably at the
foundation of the Cambridge Phenomenon), Hethel
Engineering Centre (profiled below) and Herts-BIC
(profiled overleaf).

* Comprises Babraham Institute (funded by BBSRC, world-leading research in bio-medicine), Babraham
Bioscience Technologies (BBT) and Babraham Research Campus

e BBT fulfils the Institute’s knowledge transfer remit, manages its patents, runs the Research Campus,

operates Aitua

 Aitua is a technology accelerator: promotes and invests in commercial development of biomedical IP from
the Institute, companies on the Research Campus, and externally

* Research Campus incubates start-up and early-stage firms in the human biomedical field only:

- no service firms or animal health ventures

- current tenants range in size from 1-35 people; some but not all originate from the Cambridge biotech cluster

- oldest tenant is ImmBio (established 1999)

- some tenants have a ‘soft’ revenue stream in parallel to proprietary research (e.g. Horizon Discovery)
- won a £300k Capital Equipment Competition (EEDA) for bio-processing facilities

- tenants also have access to the Institute’s facilities

Profile: Hethel Engineering Centre

* Located next to Lotus Group (Cars/Engineering) outside Norwich

* Focus on high performance engineering and manufacturing

* |ncubator for several pre-product start-ups, plus service firms

* On-site rapid prototyping equipment is available for tenant use

» Some additional facilities at Lotus are available to Hethel tenants

* Two tenants (Scion-Sprays, Active Technologies) are ‘walk-outs’ from Lotus

* Other tenants include:
- Syrinix (trunk water main leak detection) — customer-funded R&D
- Sonar Link (underwater acoustics) — pre-revenue, competing for oil industry R&D funding from ITF'?
- AIC/Redox Biofuels (electrochemistry) — SBIR applicant

127 ITF is a not-for-profit organisation owned by major global oil and gas industry operators and service companies that aims to “identify technology needs, foster
innovation and facilitate the development and implementation of new technologies”. See www.oil-itf.com/index/about.
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Profile: Hertfordshire Business Incubation Centre

Designated the first EEDA Enterprise Hub, funded by EEDA and Stevenage Borough Council
Focus on support to aerospace/defence; biotech; ICT industries

Stated aim is to “facilitate the incubation and rapid growth of knowledge based businesses” in
Stevenage, Hertfordshire and the EE region

Works with local large employers, including EADS Astrium, MBDA and GSK, to establish links with small
businesses

Runs the European Satellite Navigation Challenge (Galileo Masters) to encourage the development of
ideas involving satellite positioning technology
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Appendix C: Overview of Relevant Academic Literature

The entrepreneurship literature has examined
entrepreneurship and new firm creation from a variety
of angles e.g. how entrepreneurial activity takes place
(Stevenson & Jarillo, 1990), how competences are
created through problem-solving (Hugo & Garnsey,
2005), internationalisation processes (Blirgel, Murray,
Fier & Licht, 2001), employment creation (Tether &
Massini, 1998), etc.

One of the most widely applied models to explain the
process of new firm development and growth is the
stage-model (or lifecycle) approach. Churchill & Lewis
(1983) were among the first to map out the phases of
new firm development, beginning with ‘existence’ and,
as problems are resolved or milestones are reached,
moving progressively through phases of survival,
success, take-off and, finally, maturity. Other stage-
model researchers adopt different terminology and may
have a different number of stages, e.g. conception,
commercialisation, growth and stability (Kazanjian &
Drazin, 1990). Churchill & Lewis (1983) recognise that
progress may not always be linear, i.e. firms may fall
back to an earlier stage of growth (rather than go out of
business entirely) if the problems at a transition point
cannot be overcome — although back-tracking is an
aspect of business experience that is frequently under-
played in much of the lifecycle literature.

Garnsey (1996), however, emphasises the dynamic
processes of early firm growth and the fact that steady,
rapid growth through to maturity is the exception rather
than the rule. Compellingly, she argues that start-up
firms suffer from an “asymmetric information problem”
— otherwise known as the ‘liability of newness’ — during
a phase of development that she refers to as resource
mobilisation; and she further points out that the
different possible outcomes at each stage of
development mean that member firms of any one
cohort will follow quite different trajectories. The growth
phases she identifies — 1) access resources, 2) mobilise
resources 3) generate resources 4) growth
reinforcement 5) growth reversal 6) accumulation 7)
maturity — map well onto the symptoms and growth
processes seen in companies following a soft model
and capture the dynamic nature of their progress. In
this and other papers (e.g. Hugo & Garnsey, 2005) she
adopts a resource-based perspective to suggest that a

firm’s ability to overcome setbacks is shaped by internal
feedback loops between obstacle, innovative response
and the further outcome. In other words important
learning will flow from effective exploration and
experimentation to overcome setbacks. We would argue
that this is precisely the way in which a ‘soft’ company
develops its competences and capabilities.

Firms have been shown to be important catalysts in the
economic development of high-tech regions. Sturgeon
(2000) argues that the roots of Silicon Valley can be
traced back to companies in the field of radio
technology that spun out from the Federal Telegraph
Corporation in the early years of the twentieth century.
Others have traced the significance of Fairchild
Corporation as the source of much technology and
many of the firms that established the foundations of
Silicon Valley (Mayer, 2005). Both of these
developments pre-dated by far the efforts of Stanford
University to establish itself as an incubator of high-
tech firms. Universities react to the emergence of
entrepreneurial clusters by running programmes to
educate budding entrepreneurs, and regional
development agencies may introduce specialised
support services or other targeted incentives, but these
activities generally lag the establishment of a vibrant
high-tech community. As Feldman (2001) points out,
the locational characteristics that are typically
associated with an entrepreneurial environment —
supportive social capital, availability of venture capital,
and access to entrepreneurial support services — are
generally built upon the actions of pioneering
individuals and firms rather than on the presence of a
world-class research university.?

Mayer (2005) introduces the notion of firms as
‘surrogate universities’, in the sense that some R&D-
intensive companies act as business incubators by
providing the conditions in which entrepreneurial
activity can be fostered: a highly specialised pool of
scientists and engineers and a supportive environment
in which to develop new skills and expertise. During
economic downturns, financial retrenchment at or
restructuring of the parent firm, or as a result of internal
entrepreneurial activity, experienced teams spin out
new businesses which themselves over time may grow
into important players. Sponsored spin-outs, i.e. new

128 The mere fact that a region has a world class higher education infrastructure does not necessarily mean that a high-tech industry will develop around it.
Moreover, the commercialisation of academic research may occur more readily in some sectors than in others. Zucker et al (1998) explore how the

biotechnology industry emerged from the university base.
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ventures set up with the active involvement of the
parent firm in the form of financial, technological or
other contributions, can represent an important
mechanism for industrial growth and change, since
they tend to cluster in knowledge-intensive industries
(Wallin & Dahlstrand, 2006). Internal firm processes,
then, determine the resources and capabilities available
to potential technology spin-out teams.
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