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Demand/Route to market
8. Drugs and health treatments based on biotechnology must face many years of

testing and medical trials and a rigorous process of regulation. Extensive and
expensive marketing will be essential to establish a clear public reputation for
reliability and safety, so biomedical products will tend to be produced and sold by the
large pharmaceutical companies that currently dominate the production and
marketing of medical treatments. Similar considerations apply to biotechnology in
food production and agriculture.

9. Successful introduction of biotechnology-based therapeutic products will require
close cooperation with clinicians, hospitals, health institutes and trusts and similar
bodies. Similar considerations will often apply in other areas of biotechnology. This
is a technology in which users have an important role to play in innovation.

10.Systems for testing and approving medicines and for regulating and labelling food
products exert an important influence on the development and exploitation of
biotechnology derived products. These systems must strike a balance between
safety and promoting public confidence on the one hand and incentives to R&D and
innovation on the other.

11.Some aspects of biotechnology give rise to important ethical and moral issues e.g.
human cloning, use of human embryos, xeno-transplantation, use of human genetic
information and release of genetically modified organisms. It is important that
regulation of these aspects does not unduly inhibit research while at the same time
there is public acceptance that biotechnological research is being undertaken in an
ethical and safe fashion. This is not an easy task and public attitudes towards
biotechnology are a major (political) issue.

Companies
12.The publications and patent data analysed in chapter 4 show that the large

Pharmaceutical firms (Pharmas) do undertake a good deal of biotechnology
research though their share in the overall UK effort has been falling. Although stock
market analysts pay a great deal of attention to the drug discovery and development
‘pipeline’ of large Pharmas, the real competitive advantage of the latter has always
been in the downstream stages of the pharmaceutical value chain i.e. the successful
development, testing and marketing of new drugs.3

13.The great majority of the dedicated biotechnology firms (DBFs) are small, many
being start-ups spun out of the science base. The importance of start-ups and other
small entrepreneurial firms in biotechnology means that if a country is to succeed in
this area it must have the financial institutions, business culture, tax and legal
system, system of regulation, business support mechanisms etc. needed to help
such firms succeed.

3 “ B i o t e c h n o l o g y c l u s t e r s , ‘ B i g P h a r m a ’ a n d t h e k n o w l e d g e - d r i v e n e c o n o m y ” b y P h i l i p C o o k e , C e n t r e f o r
A d v a n c e d S t u d i e s , C a r d i f f U n i v e r s i t y p u b l i s h e d t h e I n t e r n a t i o n a l J o u r n a l o f T e c h n o l o g y M a n a g e m e n t ,
V o l u m e 2 5 , N o s . 1 / 2 , 2 0 0 3 .
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Finance
14.Funding for bioscience research carried out in universities and research institutes

will mainly be provided by government (central, local and supranational) though both
companies and medical charities contribute significantly. Government also has an
important role to play in funding early stage technology development (between
scientific discovery and proof of commercial concept) though corporate venturing by
large Pharmas, Medical Charities, Business Angels and other sources of start-up
funding also contribute.

Intellectual Property Rights (IPR)
15.Compared with say, the knowledge base in the engineering sector, biotechnology

rests far more on codified scientific knowledge. Such knowledge is much more
vulnerable to copying by those with appropriate expertise than an invention which
rests on more tacit knowledge. When combined with the large up-front investments
in R&D and the long time to market that characterise biotechnology, this means that
watertight and defensible IPR is vital for commercial success.

16.The strong role played by IPR in Biotechnology provides an important incentive to
discovery and development; Venture Capitalists will only supply funding where there
is well-defined and defensible IP. However IPR may interfere with the knowledge
sharing that is essential for scientific discovery.

People
17.Success at Biotechnology clearly requires highly educated and trained researchers.

However given that such people will not normally have much grounding in business
it also requires entrepreneurs/managers who can relate scientific breakthroughs to
possible market opportunities and manage the long and difficult process of
transforming the former into successful exploitation of the latter.

18.A successful biotechnology sector also needs venture capitalists who understand
biotechnology, can spot promising opportunities, can advise on a range of business
matters and can win the confidence of suppliers of funds. At an earlier stage
‘business angels’ who understand the sector and are prepared to invest can play an
important role. Lawyers, patent agents, management consultants etc who can
service the particular needs of the sector are also required. Provision of such
specialist support services is facilitated by the clustering of DBFs, top-class
research institutions and well-developed networks. They encourage the provision of
the specialist premises required by small DBF and make it more economic to
develop the manufacturing facilities which many small biotechnology companies are
not in a position to provide for themselves. A strong entrepreneurial culture is also
important.

Interaction
19.These factors interact in complex fashion as the following diagram taken from

“Biotechnology in the UK: A Scenario for Success in 2005” shows:



5

20.The diagram shows the (two-way) links between the Science Base, Dedicated
Biotechnology Firms (DBFs), Large Firms in the Pharmaceutical/Health Care,
Agriculture/Food, Chemical and Environmental Processing industries and Final
Demand (e.g. the NHS or final consumers of foods). Financial investment, in the
form of venture capital or corporate venturing, feeds into the science base and into
biotechnology firms. Tax regimes, intellectual property laws, and regulations
concerned with biotechnology applications affect the whole system. Public Opinion
(especially with respect to genetic modification of foods and to some health care
technologies) is influential on Final Demand and Investment.

21.Biotechnology has strong global interactions. The Science Base, though nationally
funded and organised, exhibits strong international flows of knowledge and skilled
people. Large Firms, particularly the big Pharmas, operate on a world-wide basis
and even the smaller DBFs develop scientific and commercial contacts abroad.
Demand although manifested through national markets is satisfied with globally
similar products. Regulation, though under national control, shows strong
international interconnections with regulations broadly similar across the three major
regions of the world. Although there are some important differences in IPR,
particularly between the US and Europe, it is governed by international agreements.

Significant factors to note in respect of the UK performance

22.The UK is successful at Biotechnology, being a clear No.1 in Europe and arguably
No.2 in the World. However the US is well ahead of other countries.

23.The UK’s success must not be taken for granted. The Biotechnology sector is still at
an early stage of its development and there is plenty of scope either for other
countries to catch up or for promising UK firms, products and research capabilities to
migrate abroad particularly to the US.
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research, support directed at the needs of small companies, and support to raise
awareness and encourage take-up of the technology.

Figure 1: Schematic representation of DTI Biotechnology support

Outcomes of the six support programmes

29.DTI policies appeared to address appropriate issues, and as argued elsewhere in
this report, did so effectively. However while they made a significant contribution
they are not the main determinants of the UK’s current success. This is not
surprising given the modest amount of resources expended and the wide range of
factors that influence the performance of the Biotechnology sector.

Biotechnology LINK programmes

30.Over the years DTI, in conjunction with the Research Councils and other interested
departments, supported a range of LINK programmes aimed at encouraging
biotechnology research. As Chapter 4 shows the UK’s science base is very strong
in biotechnology related research. Collaboration between the research community
and industry is seen as one of the principal ways of encouraging that exploitation,
hence the Department’s support for LINK.

31.Total public funding for the first six of these programmes amounted to around £49
million (DTI £21 million) expended over roughly 15 years. Total funding from both
public and private sources was probably of the order of £90 million.4

32.LINK schemes were typically directed at a set of related market etc. failures:

4 A study carried out for the EU by SPRU estimated that DTI provided about 21.5% of total funding of
Biotechnology-related LINK programmes during the period 1994-98. See “Inventory of public
biotechnology R&D programmes in Europe”, EUR 18886/3 EN 1999 .
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46.Collaboration between academia and industry in exploiting the outputs of bioscience
research is evidenced by the output data on patents (447 applications filed) and
licensing (315 licenses issued), as well as the attraction of private funding for start-
up companies (111 companies were established with more than £35m private
investment secured) and the funding for collaborative R&D.

47.Regionally focused BEPs, irrespective of the complementarity of the available
technologies, have tended to be more successful than the specialist (technology
focussed) BEPs.

48.Funding of BEPs consortia has resulted in a significant increase in IP management
capabilities in the field of bioscience both within the institutions directly involved in
BEPs, and (in the longer term) the wider public sector research community as
expertise diffuses out of the BEPs themselves.

The Biotechnology Mentoring and Incubator programme (BMI)

49.This programme delivered specialist business advice and, in some cases, laboratory
space to start-up and early stage biotech companies. The programme funded 11
BMI ‘projects’, seven of which also provided incubation facilities within specialised
premises. The programme received £4.9m of DTI funding and expected to receive
private sector support to bring total funding to £10m.

50.The programme rationale is generally valid and the programme objectives generally
achieved. It directly addressed two of the market failures set out in the ROAME – the
lack of business skills amongst founders of start-ups, and lack of specialised
premises.

51.Additionality is adjudged to have been high insofar as the programme provided
facilities that were not at the time, widely available. The need for specialised
premises for biotech research is undoubted, however, there remains a question
about the degree to which biotechnology companies, in contrast to other high
technology companies, merit special interventions by Government.

52.The strategic objective of stimulating start-up companies has been met, but the
programme cannot claim sole responsibility for that outcome. (It even argued that
some attempts to launch new technologies in the commercial sector have been
premature). Although not well formulated, the underpinning specific objectives have
been broadly achieved and there have been some clear cut business benefits.

53.Overall, the programme has been successful (see 5.3.49 and 5.3.70). 137 start-up
companies were helped to reach the stage of incorporation and several times that
number were assisted by the programme. More than 900 jobs (FTE) were created.
On balance there remains a valuable role for activities that provide business
mentoring and incubation.

54.Total funding raised by companies helped to incorporation was £382m, however this
total can not be fully attributed to the programme activities.
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Manufacturing for Biotechnology

55.This initiative provided 158 training grants for employees from 57 SMEs to undertake
short courses in bioprocessing, held two conferences and ten regional events to
raise the manufacturing issues and encourage networking, and produced case
studies and newsletters promoting best practice. However, disappointingly only four
feasibility studies were approved to assist companies in assessing their
manufacturing options, and in identifying and raising finance for manufacturing
investments.

56.The rationale was valid when the programme was launched, although the extent of
the perceived shortage in manufacturing capacity may not have been entirely
accurate. Thinking has since developed beyond the question of whether there is
sufficient capacity to meet demand and explored the distinction between small and
large-scale manufacturing for clinical or market suppliers, together with the
availability of manufacturing technology for specific products types. The initiative
was not designed to address the issue of specialist capability directly, although
collectively the objectives have informed the understanding of the problem.

57.Various elements of the initiative, particularly the support for training, can be
considered a success, although the initiative did not deliver fully on all it set out to
achieve. Evidence suggested that the initiative was pitched at addressing factors
identified as fundamental to the success of the biomanufacturing sector.

BIO-WISE

58.BIO-WISE was successful in raising the awareness of biotechnology solutions in
both the user and supplier communities. Over 200 BIO-WISE events were
organised throughout the lifetime of the programme, which included workshops,
exhibitions, seminars, conferences, dinners and site visits. In addition, BIO-WISE
produced a variety of literature including case studies, newsletters, bulletins,
technical reviews and guidance on applications for demonstrator projects.

59.Twenty-one demonstrator projects were supported, although initially it proved
difficult to generated numbers of good applications. Those projects reviewed
appeared to have had considerable success and were seen as a good way of
increasing technology transfer by the academic base.

60.There were however some disappointments. The IBS (Industrial Biotechnology
Specialist) visits seemed to be less fruitful than initially hoped, and there were fewer
instances of users taking up biotechnology applications than expected. Furthermore,
it was not possible to engage industry organisations as fully as would have been
desirable.
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61.Overall the ROAME statement was judged to have given a thorough consideration of
the case for DTI intervention. Compared with alternative technologies, there
remained a lack of objective independent information on the costs and benefits of
biotechnological solutions and the UK biotechnology supply industry was risk
averse. The suggestion that one quarter of the UK manufacturing base could benefit
from the use of biotechnology was not accepted by the industrial sectors (chemicals,
textiles, engineering) that were the focus of BIO-WISE.

62.There was mixed evidence as to whether BIO-WISE encouraged implementation of
biotechnology solutions, and what ultimately drives a company’s decision to proceed
down that route. Furthermore, converting firms from general awareness to positive
action proved tougher than originally conceived, and a firm’s motivation for their
subsequent actions were mixed.

63.Compliance with regulations, although important, was not found to be the key
motivator for those interviewed. Other incentives included needing to improve
sustainability of process, keeping abreast of latest technology and the need to
reduce costs.

64.Benefits arising from industrial biotechnology included health and safety, contribution
towards corporate fulfilment, and the introduction of new or significantly improved
product or process. There was a mixed response concerning financial benefits, with
implementers generally anticipating more modest financial benefits than those
merely considering action. The further work carried out suggested that regulatory
compliance, although important, was not a company’s key motivation.

Biotechnology Finance Advisory Service BFAS

65.This programme sought to assist small biotechnology companies to identify and
access appropriate sources of finance. It also set out to achieve incorporation
amongst a number of companies that it helped. The full Biotechnology Finance
Advisory Service, initially called the Biotechnology Finance Scout, was a small
programme launched as a pilot in 1995 with £250K funding. The programme’s intent
was to hire a biotech finance expert for a period of 12 – 18 months with the primary
aim of helping existing and potential biotech start-up companies obtain access to
appropriate sources of finance.

66.The overall project was expected to last 3 years with the majority of the funding
expected to cover the costs of the contractor with some headroom for a few ancillary
costs. The programme was in fact extended until 2001, with a total expenditure of
£410K.

67.The BFAS rationale was firstly, that biotechnology exploitation was a high cost, high
risk activity, with a lengthy, complex and highly regulated route from R&D through
commercialisation to exploitation. Biotechnology SMEs have traditionally found it
difficult to raise capital and the situation worsened in late 1994 with a financial
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82.It is understood that the programmes and initiatives covered by this evaluation were
never conceived or presented as an umbrella of support for biotechnology, even
though at that time DTI was organised on a sectoral basis. The potential for overlap
between programmes was evident suggesting that individual rationales should have
given greater consideration to the broader picture of support in this area. Figure 1
shows the relative positioning of the programmes. Therefore given the complex
science and technology context, a more generic type of support may have been
appropriate and could be valid in any future support.

Does current DTI support address these needs?

83.Currently, government provides support through the Technology Programme,
directed by the Technology Strategy Board5. Funding for Collaborative R&D and
Knowledge Transfer Networks is competitive and between April 2004 and 2008 were
at least six calls where bioscience was included as a technology priority area. In total
the indicative amount available at the time of calls was in excess of £48m, and 14
projects were in progress in the biotechnology area by early 2008. Three Knowledge
Transfer Networks were also established in the biotechnology area: bioprocess UK,
Healthcare Technologies, and Bioscience for Business and a further eight networks
included some interest in biotechnology related fields. At least 25 Knowledge
Transfer Partnerships have been supported in the biology and biotechnology areas.
Business Support products offering help to biotechnology firms include the Grant for
R&D, and the Small Firms Loan Guarantee. Other government support available in
the UK includes risk capital, R&D tax credits and growth funding.6

5 The Technology Strategy Board, identifies the new and emerging technologies critical to the growth of
the UK economy into which government funding and activities can be directed. With a business-led panel
of board members, an executive team and a business focus, the Board’s primary aim is the translation of
knowledge into innovation and new and improved products and services.

6 See www.berr.gov.uk/sectors/biotech and www.businesslink.gov.uk
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would survive and in what format, and with the resulting staff changes that
accompanied the revamp of business support within DTI, the collection of
evidence was severely hampered.
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with treatments based on pharmacology, extensive and expensive marketing will
be essential because the typical decision to use is made by individual physicians
and producers need to establish a clear public reputation for reliability and safety.
Thus biomedical products will tend to be produced and sold (but not developed –
see below) by the large pharmaceutical companies which currently dominate the
production and marketing of medical treatments; a few biotechnology companies
with the resources to market drugs themselves have however emerged in the US
e.g. Genetech.

2.6. Similar considerations apply to the application of biotechnology in food production
and agriculture where testing and regulation for safety are also very important and
marketing is a significant proportion of business costs. Biotechnology for other
sectors will need careful development and adaptation to fit in with the core
technologies and processes that characterise those sectors. Users in sectors
which have not hitherto deployed technologies based on life-sciences will need
convincing that biotechnology is relevant to their businesses.

2.7 Drugs are only one element in medical treatment and the introduction of
biotechnology-engineered medicine may often require significant changes in other
elements of the treatment package aimed at curing a particular condition.
Successful introduction of biotechnology-based therapeutic products will require
close cooperation with clinicians, hospitals, health institutes and trusts and similar
bodies. Similar considerations will often apply in other areas of biotechnology. This
is a technology in which users have an important role to play in innovation.

2.8 Systems for testing and approving medicines and for regulating and labelling food
products exert an important influence on the development and exploitation of
biotechnology derived products. These systems must strike a balance between
safety and promoting public confidence on the one hand and incentives to R&D
and innovation on the other.

2.9 Some aspects of biotechnology give rise to important ethical and moral issues e.g.
human cloning, use of human embryos, xeno-transplantation, use of human
genetic information and release of genetically modified organisms. It is important
that regulation of these aspects does not unduly inhibit research while at the
same time it gains public acceptance that biotechnological research is being
undertaken in an ethical and safe fashion. This is not an easy task and public
attitudes towards biotechnology are a major (political) issue.

2.10 Companies. Although large pharmaceutical companies seem likely to play an
important role in the production, marketing and delivery of biotechnology based
products, they have tended to leave their development to dedicated biotechnology
firms (DBFs) most of which are small. Several reasons have been put forward for
this. One suggested factor is that the process of drug discovery via biotechnology
is very different from that of chemical screening of a large number of possible
therapeutic substances that the large Pharmaceutical Companies (Pharmas)
traditionally employ. The large Pharmas appear to find it difficult to incorporate the
very different biotechnology approach within their established organisation, culture
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appropriate expertise than an invention which rests on more tacit knowledge.
When combined with the large up-front investments in R&D and the long time to
market that characterise biotechnology, this means that watertight and defensible
IPR is vital for commercial success. Legal rulings in the United States plus some
‘over-enthusiasm” on behalf of US examiners in granting patents, combined with
the central role which scientific research plays in its development, has taken
biotechnology further into the territory of patenting scientific discoveries and
natural phenomena than is the case with any other technology. About three-
quarters of the licenses granted by US Universities are in the biomedical area.
Other countries have had to follow suit.

2.16 The strong role played by IPR in Biotechnology provides an important incentive to
discovery and development; Venture Capitalists will only supply funding where
there is well-defined and defensible IP. However it may interfere with the
knowledge sharing which is essential for scientific discovery.

2.17 People. Success at Biotechnology clearly requires highly educated and trained
researchers. However given that such people will not normally have much
grounding in business it also requires entrepreneurs/managers who can relate
scientific breakthroughs to possible market opportunities and manage the long and
difficult process of transforming the former into successful exploitation of the latter.
The pharmaceutical industry is a source of experienced executives who have a
background in biomedicine but such people must be persuaded to give up
relatively secure well-paid jobs in order to run new business with a relatively high
risk of failure. Since most DBFs are not normally in a position to pay high salaries
this makes share incentive schemes and their tax treatment an important issue for
biotechnology.

2.18 A successful biotechnology sector also needs venture capitalists who understand
biotechnology, can spot promising opportunities, can provide advice and support
on a range of business matters and can win the confidence of financial institutions
and other suppliers of funds. At an earlier stage ‘business angels’ who understand
the sector and are prepared to invest can play an important role. Lawyers, patent
agents, management consultants etc who can service the particular needs of the
sector are also required.

2.19. Provision of such specialist support services is facilitated by the clustering of
DBFs in particular locations such as DNA Alley on Interstate 270 in Maryland, San
Diego and Boston in the US, Cambridge in the UK and Munich in Germany. Such
clusters incorporate top-class universities and research institution and well-
developed networks. They encourage the provision of the specialist premises
required by small DBF and make it more economic to develop the manufacturing
facilities that many small biotechnology companies are not in a position to provide
for themselves. A strong entrepreneurial culture is important. Adequate space, a
pleasant environment for working and living, good transport and communications
and a favourable land planning regime are also essential.10

10 For a more detailed discussion of clustering see “Biotechnology Clusters: Report of a team lead by
Lord Sainsbury, Minister for Science”, August 1999, DTI.
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2.20 Interaction. These factors interact in complex fashion as Figure 2.1 taken from
“Biotechnology in the UK: A Scenario for Success in 2005)” shows:

Figure 2.1

2.21 The diagram shows the (two-way) links between the Science Base, Dedicated
Biotechnology Firms (DBFs), Large Firms in the Pharmaceutical/Health Care,
Agriculture/Food, Chemical and Environmental Processing industries and Final
Demand (e.g. the NHS or final consumers of foods). Financial investment, in the
form of venture capital or corporate venturing, feeds into the science base and into
biotechnology firms. Tax regimes, intellectual property laws, and regulations
concerned with biotechnology applications affect the whole system. Public Opinion
(especially with respect to genetic modification of foods and to some health care
technologies) is influential on Final Demand and Investment.

2.22 The diagram describes the biotechnology ‘innovation system’ in one country, the
UK. However, biotechnology has strong global interactions. The Science Base,
though nationally funded and organised, exhibits strong international flows of
knowledge and skilled people. Large Firms, particularly the big Pharmas, operate
on a world-wide basis and even the smaller DBFs develop scientific and
commercial contacts abroad. Demand, although manifested through national
markets, is satisfied with globally similar products. Regulation, though under
national control, shows strong international interconnections with regulations
broadly similar across the three major regions of the World. Although there are
some important differences in IPR, particularly between the US and Europe, the
IPR system is governed by international agreements.
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income likely to result from licensing technology at an early stage in its
development is unlikely to capture a large proportion of the ultimate benefits.

3.6. Therefore, because of externalities (benefits accruing to others) the social returns
to investing in long term research in biotechnology are likely to be significantly
higher than the expected private returns to the investing firm. Thus individual firms
will tend to invest less in longer term research that is socially desirable. The
uncertainty of the private returns will also inhibit the willingness of firms to invest.

3.7. This combination of externalities and uncertainty means that the government will
need to play a significant role in the early stage development of biotechnology, at
least up to ‘proof of concept’ stage, after which such market failures are normally
less significant. This also appears to be the case in the US11, despite their more
developed system of business angels and venture capital. Such research is also
likely to fall into the category of ‘Basic Technology’ contributing both to scientific as
well as useful technological knowledge thus providing another rationale for
support.

3.8. Once ‘proof of concept’ stage has been reached private funding in the shape of
venture capital followed by an IPO is more likely to be available. However venture
capitalists of necessity cherry-pick and such funding tends to be subject to periods
of feast and famine. As products enter the testing phase the degree of financial
risk may become quite considerable for the companies involved.

3.9. For the reasons set out in paragraph 2.10 above the large pharmaceutical
companies left the development of biotechnology-derived products in healthcare
almost entirely to small entrepreneurial Dedicated Biotechnology Firms (DBFs).
Many of these firms are “spin-outs” from the science base. This adds to the
difficulty of funding biotechnology R&D through private capital markets even
though the big Pharmas provide support in the form of corporate venturing and
licensing. Most DBFs lack the track records and strong balance sheets that more
established firms can offer to investors. In the early phases of their existence these
companies may face difficulties in raising finance to take their venture forward as
they are too small to attract venture finance; the cost of due diligence and size of
the deal making the returns unattractive to venture capitalists. It may be difficult to
match business angels and start – ups because of the fragmented nature of each
party, though clustering can ameliorate these difficulties.

3.10.Small DBFs – and the vast majority are small – often develop only one part of the
technology needed to deliver a new product to market. In many cases e.g. Dolly
the sheep, the complementary technologies are found only in the US where
funding tends to be more readily available. This can be the start of a process
where the competence in the technology concerned migrates to the US along with
the bulk of the expected economic benefits. It is thus important to ensure that the
UK is investing in a sufficiently wide range of different aspects of biotechnology
and that funding is available to firms with promising technology on appropriate
terms and conditions. Even if the UK is not able to take the lead in a particular area

11 See “Between Invention and Innovation – An Analysis of Funding for Early-Stage Technology
Development” by Lewis M Branscomb and Philip E Auerswald, November 2002, National Institute of
Standards and Technology, NIST GCR 02-941
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of biotechnology, having some capability in that area will help us exploit and use
the breakthroughs made in other countries much more effectively.

3.11.The bulk of DTI funding of long term applied research into biotechnology was
provided through LINK, which supported collaborative research. Some support for
single company research projects was provided by Smart12, which was not
covered in this evaluation but was probably not significant in comparison to LINK
funding 13. Collaboration in research enables the participating firms as a group to
appropriate a higher proportion of the benefits of their joint investment in research
than an individual firm on its own and, because they will be able to undertake a
wider spread of projects for the same cost per firm, the chance of a low
commercial return is reduced. In addition the firms will gain from the pooling of
their differing areas of expertise and from combining complementary networks of
business and research contacts.

3.12.Collaboration between universities and firms promotes knowledge transfer from
the former to the latter. It also enables participating firms to draw on the expertise
of university researchers. Both are essential for a science-based technology such
as biotechnology. A joint applied research programme with industry makes it
easier to get academic researchers from different disciplines, departments and
institutions to work together (‘Mode 2’ Research). This is important for some areas
of biotechnology. Joint research between academia and business is vital in the
case of research into ‘basic technologies’.

3.13.There are however a number of barriers to collaboration on long-term research.
These include the pressure on senior management time and extra cost of setting
up the collaborative arrangements and coordinating the joint efforts of the firms in
undertaking the research. Mutual suspicion and potential difficulties over IPR will
also inhibit firms from working together; small firms are particularly concerned that
their intellectual property will be ripped off. In the case of a technology affecting a
range of sectors, finding the most suitable partners may not be easy as they may
operate outside a firm’s normal sphere of activity. Collaboration between HEIs and
firms will depend on mutual understanding and trust which can only be built up
over a period of time. Also, despite the success of government’s knowledge
transfer schemes,14 HEIs may sometimes lack the expertise and organisation to
play their full part.

3.14.Thus while collaboration may ameliorate some of the market failures which inhibit
private funding of biotechnology research, it by no means eliminates them and also
faces barriers of its own. There remains a clear rationale for government not only
to provide financial support for collaborative research into biotechnology but also to

12 Following the review of DTI Business Support in 2003, Smart was replaced by the ‘Grant for Research
and Development’.
13 Single company support is also provided by the University Challenge Fund for spin-outs from
Universities and more recently by the small firms R&D tax credit. The provision of the latter for paying the
credit to firms not yet in profit will be particularly valuable to biotechnology start-ups and firms whose
products are still in the development/testing phase. The more recently introduced large firms R&D tax
credit should encourage the large Pharmas to undertake more biotechnology research in the UK.

14 See for example http://www.hefce.ac.uk/Reachout/HEBI/
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act as neutral referee and on occasions as a marriage maker. However financing
of collaborative research may not be an appropriate mechanism for supporting the
development of biotechnology in all circumstances. For example firms, particularly
small firms, will not wish to collaborate with potential competitors once the design
concept of a possibly successful product begins to take shape.

3.15.Inadequate finance is not the only ‘market failure’ which inhibits the growth and
development of biotechnology in the UK. Since the typical DBF is small, has been
in existence for only a short time and may often be a spin-out from a university and
run by a former academic, there is a lack of business experience and expertise.
Although the pharmaceutical industry is a source of experienced executives with
the right technological background, executives from most other sectors lack the
knowledge and expertise to run research based firms in what is a very new sector.
Since DBFs are typically focussed on taking some particular aspect of
biotechnology from the post-academic research phase through proof of concept
and forward to the market, they lack many of the standard business capabilities –
production, sales, marketing etc - that are possessed by the typical firm in older
and more established sectors. In time biotechnology will develop its own corpus of
experienced managers, DBFs will develop the full range of business functions and
sources of business advice and support will be created (the development of
biotechnology clusters15 is an important part of this process) but in the meanwhile
there is a need for government sponsored help16.

3.16.Given the difficulties that DBFs face in raising finance, particularly in the early
stages of their development, they need the best possible advice about what is
available and how they should go about accessing suitable sources of external
finance. The Biotechnology Finance Advisory Service (BFAS) provided advice on
sources of finance to actual and potential biotechnology start-up. Advice is also
needed on a wide range of other business issues and this was provided by the
Biotechnology Mentoring and Incubator Programme (BMI). BMI also facilitated the
provision of the specialist premises and facilities that were not generally available
on science/business parks. Converting general purpose premises to specialist
biotech use is costly in terms of time and money and not financially attractive at
this stage of the technology’s development.

3.17.Biotechnology manufacturing is seen as a key step in the progression from a
wholly R&D based sector towards one that is capable of delivering products and
processes to market. The manufacturing needs of DBFs are diverse and complex
and often require a new range of skills, facilities and economies of scale for which
there is no precedent. These companies lack the knowledge and expertise to
assess their own likely manufacturing needs and make the strategic choices and
form the partnerships which will enable these needs to be met in appropriate
fashion, cost and timescale. Manufacturing for Biotechnology (MfB) sought to
increase awareness of the importance of manufacturing, provide information,
training and disseminate best practice, help companies assess their needs and
make use of contract manufacturing, and foster generic research about how new
manufacturing methods might be developed.

15 See the ‘’Biotechnology Clusters’’ report published by the DTI in 1999,
http://www.dti.gov.uk/biotechclusters/
16 Venture capitalists are a source of business advice but only for companies in which they invest.







31

Chapter 4 – UK Performance at Biotechnology

Introduction

4.1. This chapter looks at UK performance at Biotechnology in terms of the
determinants of biotechnology set out in chapter 2 above. The support covered by
this evaluation contributed to that performance and this contribution is assessed in
chapters 5 and 6. Since the current phase of development of Biotechnology is one
of intense radical innovation, this chapter will in effect consider the performance of
the UK National Innovation System as it relates to Biotechnology.

Science Base
4.2. The UK Science Base is one of the areas of strength in our innovation

performance17 and this is particularly true in the case of Life Sciences such as
Biotechnology. In contrast to many other technological fields, the main
characteristic of the innovation process in biotechnology is that it depends much
more directly on developments in basic science. This means that advances in
basic research are vitally important if countries are to succeed in creating new
products and new processes. As part of this evaluation, the Science Policy
Research Unit (SPRU) at Sussex University was asked to prepare an assessment
of UK performance in the seven fields of science18 which together cover most of
Biotechnology, compared with other G7 countries, using publications data that is
the principal available indicator19. The SPRU report is Annex B. A summary of its
salient findings is provided below.

4.3. A country’s performance in a particular field of science can be measured in terms
of its share of articles in a database of some 8,500 refereed journals published
worldwide. This covers some 170 countries and 105 scientific fields. The impact
depends not only on the number of articles published by scientists working in the
country concerned but also on the number of times an article is cited in other
articles.

4.4. Table 4.1 shows the percentage share of publications by country in the seven
fields of Biotechnology taken together:

Table 4.1 Percentage Share of Publications by Country: 1981-2000

1981-
85

1986-
90

1991-
95

1996-00

US 39.7 40.2 41.5 40.7
Japan 9.5 10.1 10.5 10.6
UK 9.7 9.6 10.2 10.3
Germany 7.4 7.5 8.0 9.1

17See pages 41-42 of DTI Economics Paper No. 7 “Competing in the Global Economy – The Innovation
Challenge”, November 2003.
18 Biochemistry & Biophysics, Biology, Biotechnology and Applied Microbiology, Cell and Developmental
Biology, Experimental Biology, Molecular Biology & Genetics and Microbiology.
19 The use of publications data as an indication of scientific output is subject to well known limitations but
nevertheless provide the basis for systematic international comparisons.
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France 6.0 6.3 6.9 7.5
Canada 4.6 5.1 5.2 4.9
Italy 2.6 2.8 3.3 3.8
Other
EU

9.1 10.2 12.1 13.7

Rest of
World

19.2 19.1 20.1 22.9

These figures are more up-to-date than they seem since there is a lag in
availability. Also the impact (see Table 4.2) of an article or publication in terms of
the number of citations can only be assessed after it has been extant for some
time.20

4.5. Table 4.1 shows that the US is dominant in those fields of science relevant to
biotechnology accounting for over a third of all publications counted. The UK is
leading company in Europe throughout though Germany France and Italy show
signs of catching up21. The UK is roughly on a par with Japan. The total number of
articles published rose from 26.5k in 1981-85 to 40.9k in 1996-00.

4.6. However the UK’s performance relative to that of other European countries and
Japan looks stronger if we take account of the relative impact of the articles
published by each country. This is measured by the number of times an article is
cited (given as a reference) by other articles. Table 4.2 shows the Relative Impact
Index for each country across the four time periods.

Table 4.2 Relative Impact Index by Country: 1981-200022

1981-85 1986-
90

1991-
95

1996-
00

US 1.45 1.47 1.42 1.44
Japan 0.72 0.74 0.74 0.77
UK 1.07 1.04 1.09 1.12
Germany 0.97 1.03 1.07 1.08
France 0.80 0.85 0.93 0.95
Canada 0.89 0.87 0.98 1.08
Italy 0.56 0.60 0.71 0.77
Other 0.51 0.50 0.58 0.59

Articles published by UK authors have a greater impact than those of all other
countries with the exception of the USA whose articles have a much greater impact
than those of all other countries. The impact of publications by Japan is relatively low
throughout.

20 It should be noted that some publications are co-authored by people from more than one country, so
the column totals add up to more than 100 per cent.
21 Some of this apparent catching up may result from the way the data are drawn from English language
journals only. These are now predominant in this field. It is quite likely that the continental European
countries will have increased the proportion of their articles published in English.
22 Based on the number of citations per article divided by the average number of citations for papers as a
whole. This allows for the fact that articles published in later periods have had less time to be cited. The
possibility of English language bias in the citation process cannot be completely excluded.
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4.7. UK publications share for each of the seven Biotechnology-related fields is shown
in Table 4.3:

Table 4.3 UK Share of World Biotechnology Publications by Scientific Field: 1980-2000

1981-
85

1986-
90

1991-
95

1996-
00

Biochemistry & Biophysics 8.1 7.7 8.6 8.5
Biology 11.3 10.7 10.1 11.1
Biotechnology & Applied
Microbiology

8.5 9.7 9.9 8.6

Cell & Developmental
Biology

9.0 9.2 8.6 9.1

Experimental Biology 11.4 11.2 13.1 16.9
Molecular Biology & Genetics 10.1 10.1 12.0 12.4
Microbiology 11.1 11.3 11.6 11.2
Total of Seven Fields 9.7 9.6 10.2 10.3

The UK has succeeded in increasing its share of publications in Experimental
Biology and Molecular Biology & Genetics while maintaining its share in the other
five scientific fields. In terms of publication rates the UK leads Europe in
Biotechnology-related science in five of the seven fields, Biology, Biotechnology &
Applied Microbiology, Experimental Biology, Molecular Biology & Genetics and
Microbiology. The exceptions are Biochemistry & Biophysics, where Germany has
caught up and moved ahead, and Cell & Developmental Biology where Germany
has led throughout. We lead Japan in four out of the seven fields, lag behind them
in Biochemistry & Biophysics and Biotechnology & Applied Microbiology, and are
roughly on a par in the case of Cell & Developmental Biology.

Table 4.4 The Relative Impact Index for UK publications by Scientific Field: 1980 to
2000

1981-
85

1986-
90

1991-
95

1996-
00

Biochemistry & Biophysics 1.13 1.11 1.06 1.13
Biology 0.98 0.95 1.05 1.04
Biotechnology & Applied
Microbiology

0.95 1.12 1.21 1.21

Cell & Developmental
Biology

0.95 1.09 1.18 1.09

Experimental Biology 1.21 1.08 1.17 1.15
Molecular Biology & Genetics 1.25 1.09 1.20 1.24
Microbiology 1.03 0.99 1.05 1.11
Total of Seven Fields 1.07 1.04 1.09 1.12

4.8. The relative impact of the UK’s publications has tended to rise over the period
particularly in Biotechnology & Applied Microbiology (see Figure 4.4). The relative
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period Firms’ share was greatest (around 15%) in the case of Biotechnology &
Applied Microbiology followed by Biochemistry & Biophysics and Microbiology
(both 7½%).

4.11.About two thirds of all publications are accounted for by the top 20 publishing
institutions. These consist of 14 members of the Russell Group of top 19
Universities, the Universities of Dundee and Leicester, Guys & St Thomas Hospital
(which also ranks as a university), the Imperial Cancer Research Fund, the MRC
Molecular Biology Laboratory at Cambridge and the MRC National Institute of
Medical Research.

4.12.The strength of the UK’s Biotechnology Science will leave the country well placed
to monitor and tap into developments abroad, most importantly those in the US. It
will also help to make the UK a good place to pursue leading edge developments
in Biotechnology. However the major UK-based companies involved in
Biotechnology will also have a major involvement, including extensive collaboration
networks, in other countries particularly the US which, as Table 4.1 indicates,
accounts for about two-fifths of all scientific activity in Biotechnology.

4.13.Public funding of biotechnology science is mainly provided through the Biology and
Biotechnology Science Research Council (BBSRC) with a contribution from the
Medical Research Council (MRC). Clinical research, which will help to pull through
the results of biotechnology research, is now supervised by the National Institute
for Health Research (NIHR).

Commercial Exploitation of Bioscience

4.14.This section looks at how well the UK has converted its success in Bioscience into
commercially successful products and processes. In making this assessment it
should be remembered that biotechnology is still very much an emerging sector.
An article by Paul Nightingale and Paul Martin, “The Myth of the Biotech
Revolution” 23pointed out that by April 2004 only 12 recombinant therapeutic
proteins and three monoclonal antibodies had become widely used (=revenues of
over $500m a year in 2002 and 2003). There are two reasons for this. First, as
history shows, major new technologies take decades before they start to yield
substantial benefits. Secondly, as described below, it takes a long time to bring
new products based on biotechnology to market. In evaluating the effects of past
UK support for biotechnology and appraising what support might be provided in the
future we should bear in mind that it may remain in the ‘infant industry’ phase for
some time to come24.

4.15.The process of converting Bioscience into commercially viable biotechnology-
based products involves a number of stages25. These are described below in terms

23 In Trends in Biotechnology published November 2004.
24 Rikard Stankiewicz has drawn attention to the protracted nature of the transition from an R&D-based
industry to one which is ‘engineering-based’. See ‘’Technological Systems in the Bio Industries, An
International Study’’ ed. Bo Carlsson, January 31 2002, Springer.
25 A full description of the process by which new biopharmaceuticals are discovered, developed,
approved and marketed (Biotechnology Value Chain) can be found in Chapter 2 of “Industrial Clusters in
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4.20.Ernst and Young concluded that the UK clearly leads Europe in terms of the
performance of its publicly quoted DBFs. We can add to this the strength of our
pharmaceutical industry. Many of the therapeutic treatments developed by
smaller non-quoted DBFs will only reach the market though large Pharmas.

Finance

4.21.DBFs will need initial funding on their creation. This can be provided in various
ways; investments by the founders of the company, business angels, corporate
venturing by large Pharmas etc. Smart also seems to have played a significant
role. Current programme data shows that at least 16 companies have received
funding amounting to £1.2M. Spin-outs from HEIs will have been eligible for
University Challenge Funding and subsequently for the Higher Education
Innovation Fund (HEIF). The University Challenge Fund scheme aimed to assist
universities turn research projects into viable businesses. These businesses had to
be majority owned by the university concerned. In the case of Smart however the
ownership requirement was only 25% and interviews carried out under this
evaluation indicated that a number of HEI spin-outs found Smart the most
attractive option.

4.22.Funding from these sources will primarily relate to the prototype design or
discovery phase shown on the diagram at paragraph 4.14; it may not take the DBF
very far into the pre-clinical development phase. However once the firm has
demonstrated proof of concept, established a degree of clinical promise and
obtained watertight and defensible IPR, it may be able to attract venture capital
funding. The venture capitalists will aim to support the firm until it has
demonstrated enough commercial promise to warrant an Initial Public Offering
(IPO). The funds raised by the public flotation should be sufficient to carry it
forward to profitability and sustainable commercial success.

4.23.Most new DBFs will never complete this process. They will either merge or be
taken over by another biotechnology or pharmaceutical firm, or license their
technology. The small size of most biotechnology start-ups and the fact that their
technology is not exploitable on its own makes this inevitable. Even if they do
receive venture funding and even an IPO, taking products to market independently
may not be the best or even a feasible option. A joint venture with a
pharmaceutical company becomes an additional possibility at this stage.

4.24.There have been several LINK programmes covering various fields of
Biotechnology. These provided support for collaborative R&D involving HEIs, but
funding was likely to be concentrated on the early stages of the process described
in paragraph 4.14 above. LINK is discussed in detail in Chapter 5.1. The
introduction of R&D tax credits, ‘paid’ to SMEs who are yet to make a profit, also
helps with the funding of R&D especially for the great majority of DBFs who are
still burning cash.

4.25.Assessment of early stage private capital for Biotechnology in the UK is not easy
but there are tax incentives for business angels such as Venture Capital Trusts
(VCTs). By European standards, UK Venture Capital is highly developed and AIM
is the leading market in Europe, if not in the World, for floating small high
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the US the greater part of funding for early stage development of new (science-
based) technology and transition through the financial ‘valley of death’ comes from
the public sector.

People

4.29.A key requirement for DBFs is to secure commercially experienced management
who understand the business. Although academics can be given basic training in
management skills and advice was available through the Biotechnology Mentoring
and Incubator Programme, the academic who made the initial discovery is not
usually the best person to steer the company forward. Suitable managers are
available from the Pharmaceutical Industry – see paragraph 4.18 above – but they
need to be persuaded to leave secure well paid jobs for a position in a risky
commercial venture which may not be well placed to pay high salaries. Share
options and how they are treated for tax purposes are very important for the
sector.

4.30.The industry also needs very high quality researchers. The supply of these will
mainly depend on the quality and quantity of life-sciences research in UK
Universities, though the research laboratories of the large pharmaceutical
companies are another important source of potential supply. The UK is well placed
on both counts. The quality and size of the UK life-sciences research base will not
only ensure a supply of UK citizens with appropriate experience and qualification
but will encourage suitable qualified foreigners to train and work here as well.

Intellectual Property Rights

4.31.Intellectual Property Rights play a more important role in Biotechnology and
Pharmaceuticals than in virtually any other sector. Compared with, say, the
knowledge base in the engineering sector Biotechnology rests far more on codified
scientific knowledge. Such knowledge is much more vulnerable to copying by
those with appropriate expertise than an invention which rests on more tacit
knowledge. When combined with the large up-front investments in R&D and the
long time to market that characterise Biotechnology this means that watertight and
defensible IPR are vital to the success of DBF. Without this they will not be able to
borrow from venture capitalists or other private sources of capital. Without the
certainty that an invention discovered 10 to 15 years prior to coming to market can
be protected, there would be little incentive for investors to fund high risk
biotechnology products.

4.32.Many biotechnology inventions occur in scientific and other public research
laboratories. The transfer of technology from the science base to the commercial
sector and its subsequent exploitation crucially depends on possession of
watertight, well-searched and defensible intellectual property (IP). However
universities and research institutes lack experience in identifying scientific
discoveries appropriate for patenting, going through the patenting process and
managing/licensing the resultant IPR. The Biotechnology Exploitation Platforms
(BEPs) programme aimed to help research groups (HEIs and consortia that may
include NHS trusts) to build and exploit IP portfolios and recruit the necessary
expertise. Private DBFs also receive advice on IPR if they are supported by an
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incubator (BMI programme), or from specialist advisors if they are part of a cluster,
or from venture capitalists though by that stage they will need to have patented
their key inventions if they are to attract funding.

4.33.Policy on patents and other forms of IPR is largely determined at the European
level. Europe (and most of the rest of the World) differs from the US in having a
‘first-to file’ system rather than ‘first to invent’. Since there are proposals to change
the US patent system to ‘first-to file’ that are supported by the US Biotechnology
Industry, one must conclude that UK and other European Biotechnology
companies are not currently at a significant disadvantage in this respect. However
an article in the Financial Times on 28 March 2006 stated that the cost of
protecting intellectual property was higher in the UK than in other major European
countries.

4.34.Patent data can be used to give a picture of the technological strength of a firm or
sector. As part of this evaluation SPRU were commissioned to analyse data on
patents taken out in the US to compare the UK with G7 countries in 10 fields of
biotechnology over the period 1986 to 2000. As with publications these data only
become available with a lag, and impact (see Table 4.8) in terms of number of
citations can only be assessed after the patent has been extant for some time. The
total number of UK Patents granted in the US in Biotechnology rose from 313 in
1986-90 to 1164 in 1996-2000, an increase of 272%. Total Biotechnology
patenting in the US grew by 304% between these two periods. Most of this growth
occurred during the 1990s. The UK share fell slightly from 3.8% to 3.5%. In 1996-
2000 about half of UK Biotechnology patents taken out in the US were accounted
for by Biosensors and Biological materials for therapeutic applications with Genetic
Engineering and Biological materials with generic applications accounting for a
further one-quarter.
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4.35.Shares of individual countries in US Biotechnology patents during 1996-2000 are
shown in Table 4.6 below. More detail is shown in Annex A.

Table 4.6 Percentage Shares of US Biotechnology Patents by Country of Origin of
Inventor: 1996-2000

UK Germany France Switzerland Italy Sweden Japan Canada US
Plant 2.6 3.1 1.7 0.5 0.2 0.1 3.2 2.8 77.1
Micro-

organism
3.9 2.5 4.0 1.5 1.3 0.6 8.8 3.1 64.9

Biological
Materials

for
therapeutic

apps.

4.3 3.7 3.2 1.0 1.3 1.5 6.3 3.8 64.2

Biological
Materials

with generic
apps.

2.8 3.8 2.4 1.4 0.9 0.9 10.2 2.5 65.6

Tissue
Culture

1.8 2.7 2.2 0.5 0.5 0.4 5.1 2.6 78.5

Genetic
Engineering

3.2 3.6 3.0 0.8 0.7 0.6 6.2 3.5 71.1

Biosynthesis 3.8 5.4 4.1 1.3 1.6 0.9 21.1 1.5 48.8
Biosensors 3.7 3.9 2.9 0.6 0.4 0.9 6.4 2.8 71.8
Apparatus 3.1 7.1 2.7 2.6 1.2 1.8 8.0 1.7 62.3

Bio-
separation &

cleaning

4.0 6.0 1.9 0.8 0.5 0.4 11.6 3.7 57.7

All
Biotechnology

3.5 3.9 2.9 1.0 0.8 0.9 7.8 3.0 67.6

4.36.The US is clearly dominant in terms of all Biotechnology patents taken out in the
US during 1996-2000 though the extent of that dominance will have been
exaggerated; patents taken out in the country of the inventor always contain a
large number of ‘junk’ patents of low significance e.g. patents taken out at the
expense of companies and assigned to employees as a recognition of their work.
Japan is a clear second with Germany and the UK third and fourth respectively.
However while the UK’s share fell from 3.8% in 1986-1990 to 2.7% in 1991-95
then recovered to 3.5% in 1996-2000 Germany’s share fell throughout the longer
period from 6.4% in 1986-1990 to 3.9% in 1996-2000. Japan’s share almost
halved over this period. The UK was the only European country to achieve a
significant increase in its share between the two halves of the 1990s.

4.37.During 1996-2000 the UK was the leading European country in Biological materials
for therapeutic applications, placed second, usually behind Germany, in seven
others, and placed third behind Germany and France in two, Tissue Culture and
Genetic Engineering. During the 1990s the UK share grew most rapidly in Bio-
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separation & cleaning and Micro-organisms while UK shares in Biological
Materials for therapeutic applications, Biological Materials with generic
applications and Biosensors all rose by one-third. Only in Plant Biotechnology did
the UK share fall.

4.38.One of the drawbacks of international comparisons of patenting is that firms in
different countries tend to have a different propensity to take out patents. An
indicator of any resulting bias can be obtained by computing the Revealed
Technological Advantage (RTA) Index, which shows whether a country has a
relatively high share of US patents in a particular technical field compared to its
average share of all US patents (i.e. across all technical fields). This can be
interpreted as an index of ‘comparative advantage’ with a value above unity
indicating an area of relative strength (compared to other areas of technology)
while a value below unity indicates an area of relative weakness. Estimates for
RTAs are shown in Table 4.7 below.

Table 4.7 Revealed Technological Advantage in Biotechnology in 1996-2000

UK Germany France Switzerland Italy Sweden Japan Canada US
Plant 1.12 0.49 0.70 0.52 0.14 0.06 0.16 1.33 1.41
Micro-

organism
1.66 0.40 1.59 1.65 1.21 0.63 0.43 1.47 1.19

Biological
Materials

for
therapeutic

apps.

1.83 0.60 1.26 1.13 1.27 1.73 0.30 1.81 1.17

Biological
Materials

with generic
apps.

1.19 0.61 0.94 1.54 0.82 1.03 0.50 1.21 1.20

Tissue
Culture

0.79 0.43 0.88 0.55 0.46 0.42 0.25 1.23 1.43

Genetic
Engineering

1.38 0.58 1.21 0.89 0.69 0.72 0.30 1.67 1.30

Biosynthesis 1.65 0.86 1.63 1.47 1.47 0.59 1.03 0.72 0.89
Biosensors 1.61 0.63 1.14 0.62 0.33 1.02 0.31 1.33 1.31
Apparatus 1.31 1.14 1.06 2.90 1.15 2.01 0.39 0.80 1.14

Bio-
separation &

cleaning

1.72 0.96 0.74 0.89 0.50 0.46 0.56 1.78 1.05

All
Biotechnology

1.49 0.62 1.14 1.06 0.76 1.03 0.38 1.44 1.24

4.39.The UK has a marked comparative advantage in Biotechnology as a whole and in
most of the individual fields. Figures for the earlier periods show that this
comparative advantage has increased significantly over time; the UK RTA for all
Biotechnology was 1.17 in 1986-90 and 1.08 in 1991-95. By contrast Germany,
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Japan and Italy are relatively (compared to their performance in other
technological areas) weak technologically in Biotechnology while France is a little
above average. These figures are certainly consistent with the view that the UK
performance as set out in Table 6 could be downward biased due a relatively
weak overall national propensity to patent.

4.40. Research has shown that there is a considerable variation in the value of patents.
A recent study conducted by Harhoff et al also shows that the higher the
estimated value of an invention the more times the patent underlying the
invention is cited31. Table 4.8 provides figures for an index equal to the number
of citations per patent for a given country in a given class divided by the average
number of citations per patent in that class. A figure greater than one indicates
that a country’s patents are more highly cited than average and by implication
relatively more valuable.

Table 4.8. Biotechnology Patent Citation Index 1996-2000

UK Germany France Switzerland Italy Sweden Japan Canada US
Plant 1.14 1.01 1.03 1.04 0.00 0.00 0.59 0.35 1.02
Micro-

organism
1.08 0.38 0.30 0.55 0.52 1.47 0.55 0.53 1.22

Biological
Materials

for
therapeutic

apps.

0.68 0.69 0.52 1.69 0.88 1.76 0.62 1.07 1.08

Biological
Materials

with generic
apps.

0.85 0.69 1.19 0.87 0.60 0.85 0.66 1.09 1.10

Tissue
Culture

0.34 1.20 0.38 0.21 0.21 1.42 0.72 0.85 1.09

Genetic
Engineering

0.49 0.52 0.61 0.78 0.56 0.20 0.53 0.77 1.17

Biosynthesis 0.94 0.44 0.51 0.71 0.89 0.95 0.54 0.62 1.44
Biosensors 1.15 0.52 0.37 1.19 0.15 1.81 0.43 0.73 1.12
Apparatus 1.06 0.27 0.50 3.93 0.10 0.38 0.49 0.27 1.03

Bio-
separation &

cleaning

0.79 0.73 0.21 1.73 1.11 0.00 0.48 1.11 1.25

All
Biotechnology

0.89 0.58 0.53 2.11 0.52 1.27 0.54 0.80 1.12

4.41.Although the US accounts for two-thirds of all patents, their average citation rate at
1.12 is still above average. Switzerland in particular and Sweden have citation
rates well above average but these two countries each only account for 1% of

31 Harhoff D, Narin F., Vopel K., 1997 “Citation Frequency and the Value of Patented Innovation, Social
Science Research Centre Berlin, Discussion Paper No 97-26
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Table 4.9. Proportion of US patents issued to National Firms which cover inventions
made outside the Home Country: 1996-2000

Nationality Per cent
Outside
Home

Country

Per Cent in
the USA

Per Cent in
Other

Countries

UK 52.5 37.6 14.9

Germany 45.1 25.5 19.6
France 30.2 16.4 13.8
Italy 47.4 9.6 37.7
Japan 9.6 8.5 1.1
Canada 6.9 5.6 1.3
USA 6.5 6.5

4.45.Over 50% of the US Biotechnology patents held by UK firms and institutions are in
respect of inventions made abroad; over one-third cover inventions made in the
US. While only 10% of the US patents held by UK DBFs cover inventions made
abroad, in the case of the large Pharmaceutical companies the proportion rises
to 80% (two-thirds in the US). In part this must reflect the fact that these
companies are the product of transnational mergers though it also reflects the
internationalisation of biomedical R&D and the considerable attractions of the US
as a location.

Regulation and Demand

4.46.These two topics are related and can be usefully considered together.
Biotechnology research raises ethical and environmental issues that can be
matters of major public concern. UK regulation of biomedical research does not
place UK at any obvious disadvantage vis a vis other major industrial countries
and in some key areas e.g. research on human embryos, is more liberal than that
of the US (in the case of genetically modified crops the situation is reversed). The
European Medicines Agency (EMEA) coordinates the evaluation and supervision
of medicinal products throughout the EU including operation of the UK Medicines
and Healthcare Products Agency. Since 1995 the EMEA has been responsible
for approving new biopharmaceutical products throughout Europe. They have
been accusations (see above) that this system is too slow. In the UK the Health
Departments negotiate drug prices with the Association of the British
Pharmaceutical Industry (ABPI) through the PPRS (Pharmaceutical Price
Regulation Scheme) and significant allowance is made for the cost of R&D
undertaken here. In the US drug prices are unregulated.

4.47. In the UK demand for medical drugs is closely regulated by the need for a doctor’s
prescription. The adoption of new medicines and treatments requires the active
participation of medical practitioners both in the latter stages of their development
and in the development of the medical procedures through which they must be
delivered to patients. In addition, they are often very expensive when first
introduced. There must be some doubts as to whether the NHS will always
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possess the expertise and financial resources to be early users of new drugs and
treatment based on biotechnology. If not then the preclinical and clinical
development of biotechnology products may occur elsewhere. One problem is
that if a new treatment shows promise on its introduction there may be immediate
public pressure for it to be made widely available before it is totally proven and its
costs have come down. The balance which The National Institute for Clinical
Excellence (NICE) strikes between affordability and encouraging innovation is
clearly important for the future of the UK Biotechnology sector.

Manufacturing Capability

4.48.Manufacturing is seen as a key step in the progression from a wholly R&D based
sector towards one that is capable of delivering products and processes to
market. Biotechnology manufacturing almost always requires complex process
engineering, particularly because of the relative novelty of biotech technologies
and their differences from traditional chemistry-based ones. In addition,
Biological compounds tend to have larger molecules and are more difficult to
manage in the manufacturing process. The manufacturing needs of DBFs are
therefore diverse and complex and often require a new range of skills, facilities
and economies of scale for which there is no precedent. Most UK DBFs have yet
to reach the manufacturing stage and lack the knowledge and expertise to
assess their own likely manufacturing needs. The Manufacturing for
Biotechnology Initiative sought to increase awareness of the importance of
manufacturing, provide information and disseminate best practice, help
companies assess their needs and make use of contract manufacturing, and
foster generic research.

Clusters

4.49.Research shows that Biotechnology is a highly networked industrial and research
activity and is frequently concentrated in geographical clusters. Firms operate in
close contact with research laboratories, university departments, venture
capitalists, patent lawyers etc. and understand intimately the importance of inter-
firm and inter-organisational communication, trust, exchange, reputation and
learning capabilities32. The most important biotechnology cluster in the UK (and
in Europe as a whole) is that centred on Cambridge. It has been estimated that
Cambridge represents between one-quarter and one third of UK Biotech which in
turn represents about one-third of Europe’s biotechnology. If so Cambridge
accounts for about one-tenth of European Biotechnology. Cambridge is the only
European Biotechnology cluster that even remotely matches the major
Biotechnology Clusters in the US such as San Diego, which in terms of
employment is about five times bigger than Cambridge and has more mature
companies and products.

4.50. Biotechnology firms institutions and activities are also clustered around Oxford,
London and North West England. A number of smaller clusters also exist at other

32 “Biotechnology clusters, ‘Big Pharma’ and the knowledge-driven economy”, Philip Cooke, International
Journal of Management, Volume 25, Nos. 1/2, 2003.
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5.1.6. Table 1 below, shows DTI’s contribution to the total Government funding for
these LINK biotechnology programmes.

Table 1: Public Funding (£m) for LINK biotechnology programmes

LINK Programme Total public
funding

DTI
‘contribution’

Biochemical Engineering 11.5 5.7

Cell Engineering 7.5 3.8

Biological Treatment of Soil and Water 4.6 2.0

Applied Biocatalysis 4.0 1.5

Analytical Biotechnology 4.5 2.5

Applied Genomics 16.5 6.2

Bioremediation 5.7 1.6

5.1.7. Total public funding for these programmes was around £54 million (DTI £23
million) expended over roughly 15 years. Total funding from both public and
private sources was probably over £100 million.34 From 2004 support for
collaborative research for Bioscience and Healthcare Technologies has been
provided through the Technology Programme and by Autumn 2005 competitions
for some £27 million have been held. This support is outside the scope of this
evaluation.

5.1.8. The Bioremediation programme was aimed at the exploitation of Biotechnology in
sectors whose core technology is not based on life sciences. It is much more
akin in its objectives to Biowise (see Chapter 5.5) rather than to support aimed at
the Biotechnology sector itself.

5.1.9. According to the EU study quoted above the UK spent about £390 million p.a. on
Biotechnology related research in the second half of the 1990s. LINK accounted
for about 4% of this and DTI (excluding OST) about 0.8%. The bulk of UK
expenditure went on scientific research with LINK being the only significant
source of industrial funding. According to the EU report the link between science
policy and technology policy appeared weaker in the UK than in some other
European countries although the UK places considerable emphasis on the
exploitation of biotechnology-related scientific research. There was also
considerable involvement of Business in the activities of the agencies funding
scientific research.

34 A study carried out for the EU by SPRU estimated that DTI provided about 21.5% of total funding of
Biotechnology-related LINK programmes during the period 1994-98. See “Inventory of public
biotechnology R&D programmes in Europe”, EUR 18886/3 EN 1999.





52

LINK was seen as a catalyst acting on the research and industrial communities
in general and not just a grant-in-aid scheme.

5.1.14. The principal arguments centred around the need to encourage industrial
collaboration with the strong science base in order to maintain or enhance
industrial competitiveness and moderate the high technical and commercial
risks / uncertainties inherent in long term applied research. Latterly the
argument was also deployed that the activity conformed to the views of the
relevant Foresight Panel. Table 2 sets out the rationale arguments for the
individual LINK biotechnology programmes.

Table 2: Comparison of Rationales in LINK Biotechnology programmes

Programme Rationale arguments
Biochemical
Engineering

Long term high risk
Overcome UK weakness in face of foreign competition
Multidisciplinary – need to encourage collaboration/transfer skills
to industry

Cell Engineering Long term, high risk
Multidisciplinary - transfer skills to industry
Strategic fit with other (LINK) Programmes

Biological Treatment
of Soil and Water

Encourage collaboration
Develop multidisciplinary technologies
Transfer technology from Academia to industry
Realise potential markets and counter foreign competition

Applied biocatalysis Long term, high risk
An underpinning (multidisciplinary) technology
Maintain global competitiveness of UK industry
Bring industry together
Transfer skills to industry

Analytical
biotechnology

Long term, high risk
Assist UK competitiveness
Multidisciplinary – wider benefits
Encourage collaboration – develop industrial skills
Identified by Foresight Panels
Complements other LINK programmes

Applied Genomics Transfer technology from science base
Maintain UK competitive position
Widen technological opportunities
Form and sustain biotech SMEs (a DTI objective)
Identified by Foresight Panel

Bioremediation Encourage collaboration between science base and industry
Improve UK competitive position
Develop multidisciplinary research
Identified by Foresight Panel

5.1.15. Unsurprisingly, given the nature of LINK, there are some ‘common themes’ to
the programme rationales. Alleviation of risk (more properly uncertainty),
encouraging collaboration/transferring technology to industry thereby helping to
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sustain and protect UK industrial competitiveness are routine arguments in
justification of funding for LINK programmes.

5.1.16. These biotechnology programmes also identify the multi-disciplinary nature of
the technology and hence its ‘cross-sectoral’37 importance. The more recent
programmes, picking up on another Departmental initiative, identified Foresight
priorities as a justification for funding. The Applied Genomics LINK
programme, recognising the role of biotechnology SMEs in the development of
the technology, added the ‘formation and sustenance of biotech SMEs to its
portfolio of arguments.

5.1.17. It could be argued that with the passage of time, there has been a tendency to
move towards more ‘strategic’ rationale arguments for biotech LINK
programmes. Most of the early programmes deployed conventional LINK
arguments to justify DTI support – mitigation of risk, promotion collaboration
etc. Later programmes, notably Analytical Biotechnology and Applied
Genomics used arguments that embrace Foresight recommendations and the
perceived need to generate and sustain dedicated biotech SMEs.

RATIONALE CRITIQUE

5.1.18. The rationale arguments set out in individual ROAME statements conformed to
the general arguments set out in Chapter 3 and paragraphs 5.1.10 to 5.1.12
above and conventional economic and ‘market failure’ arguments used to
justify LINK programmes across the broad range of technologies that DTI has
historically supported.

5.1.19. In the case of biotechnology, there are a number of particular factors that
should be borne in mind and which helped to characterise the specific
arguments used to justify DTI support.

5.1.20. Firstly, Biotechnology remains to a large extent an emerging technology that
still has its foundations firmly within the research community. Indeed, many
dedicated biotechnology firms (DBFs) have spun out of the science base and
thus retain a strong research component.

5.1.21. Secondly, while there are a number of large companies (particularly
pharmaceuticals) that have an interest, and are involved in, biotechnology, the
industry is also populated by a large number of SMEs involved in various fields
of activity that contribute, in whole or in part, to developing applications founded
on biotechological science.

5.1.22. Thirdly, the healthcare sector, in which much of biotechnology research and
development resides, is highly regulated, is very competitive and is

37 Cross-sectoral in the sense that biotechnology is, in part, an enabling technology that finds application
in a wide variety of disciplines in the biological and life sciences. Indeed greater cross disciplinarity is
expected to develop as biotech develops to link up with e.g. IT, Nanotechnology etc
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characterised by long times to market. This is a market that is seen as being
high risk, potentially capable of very high returns.

5.1.23. The outcomes of DTI’s funding of Biotechnology LINK programmes appeared
to support the rationale. For example they have encouraged the transfer of
technology from the science base to industry though often through spin out
SMEs. These may later sell out or licence to larger companies who have the
skills and capabilities to develop and market the technology which SMEs lack.

5.1.24. The sale of Pharmaceutical products including those developed using
biotechnology, is highly regulated (clinical trials etc), and this adds to the long
time scales before the results of research can be exploited. It also adds
considerably to costs of follow-on development. Marketing of new drugs is also
difficult and expensive. There is a general presumption that no pharmaceutical
product is likely to reach the market place for at least 10 years. All this adds to
the inherent technical uncertainty and commercial risk attached to the results of
applied biotechnology research.

5.1.25. While LINK could not directly tackle the commercial and technical risks
affecting the downstream development of new drugs it could facilitate research
which increases the chance that potential new theureputic substances entering
the development and trials phase will be successful. The development and use
of large molecule products inherent in biotechnology are far more expensive
than the small molecule compounds developed and produced as ‘conventional’
pharmaceutical products; they are much more designed for purpose.

5.1.26. Although analysis and outcome evidence suggest that the rationale arguments
for the biotech LINK programmes were valid, there are one or two points which
are open to argument. For example support was sometimes partly justified by
the multi-disciplinary nature of the programme concerned. However the
Technopolis review38 argued that most LINK programmes were too narrowly
focussed and that a more generic approach to programme formulation might be
more effective in maximising the benefits to be realised by supporting
collaborative R&D.

5.1.27. The programmes examined as part of this evaluation, and indeed the earlier
evaluation39 were focused on specific technological disciplines. It could be
argued that, for example, Cell Engineering or Analytical Biotechnology were
sufficiently broad ranging as to allow for a range of disciplines, albeit within a
highly specific field. It should be borne in mind that these programmes were
formulated in line with the ‘wisdom of the day’ when DTI was organised on a
sectoral basis and focussed programmes were the norm.

5.1.28. A further point, one that was raised by a member of a Programme Management
Committee (PMC), relates to the nature of the industry and the degree of
importance attached (by DTI) to encouraging spin-out companies.

38 LINK Review report by Technopolis, 2002
39 Biotechnology Evaluation: Four LINK & Two Technology Transfer Programmes, DTI Assessment Unit,
June 1995.
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PROGRAMME OBJECTIVES – A CRITIQUE

5.1.41. In general across these LINK biotech programmes, the objectives, both
strategic and specific were typical of LINK programmes of their day. Early
programmes offered up ‘the usual range of general, long-term objectives’,
which were almost impossible to measure, and a series of mainly input
focussed objectives to underpin them.

5.1.42. Common amongst the general, long-term objectives for these programmes
were such aspirations as “To maintain and extend the competitiveness of UK
industry”; or to facilitate the broader use (or understanding) of a particular
technology. Such aspirations may be laudable in themselves but were
particularly difficult to measure and in the main require dsome benchmark
against which progress can be assessed.

5.1.43. This was not a phenomenon peculiar to biotechnology programmes, but was
commonly seen in ROAME statements for LINK programmes (and other
schemes) of the era. It reflected a lack of rigour in objective setting within the
Department and on the part of those designing and approving programme
expenditure.

5.1.44. The Applied Genomics programme might however, be regarded as an
exception to this generalisation. This probably reflected the fact that it was the
most recent of the DTI supported biotechnology LINK programmes and took
account of the Department’s requirements for a more rigorous approach to
objective setting and the need for outcome targets.

5.1.45. Even so, there remained some inherent difficulties in actually measuring
programme achievements. This was in part due to the long term nature of the
expected outcomes and the fact that one of the principal outputs of LINK lay in
the creation of knowledge.

5.1.46. The remainder of the biotechnology LINK programmes covered in this report all
suffered from the problems of having strategic objectives that were too general
and difficult to measure, underpinned by testable objectives that focused too
heavily on inputs rather than outputs.

5.1.47. Examples of outcome objectives set for two of the more recent programmes
are set out below.

The Applied Genomics Programme

5.1.48. The programme identified a specific commercial target, viz. “To stimulate
sufficient UK pharmaceutical R&D expenditure to overtake that of Germany”.
As drafted the objective was clearly ludicrous as the size of the programme is
much less than one per cent of total UK pharmaceutical R&D – one suspects a
drafting error and that the German target to be overtaken was research into
applied genomics. In any case the UK consistently out-performed Germany
over the past 20 years in undertaking pharmaceutical R&D.
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5.1.49. The Applied Genomics programme also set out an overall aim of generating
new knowledge that might be capable of exploitation in the healthcare
industries, ie. undertaking ‘applied’ scientific research in this area. This aim
was then translated into a series of key commercial and technical objectives
that related directly to an analysis where the programme should focus its
activities.

5.1.50. This was a sensible and appropriate approach recognising the importance of
the science-base and the continuing need for scientific research with industrial
focus whilst at the same time analysing and identifying areas of strength and
trying to ensure that results are disseminated to, and taken up by industry.

The Analytical Biotechnology Programme

5.1.51. One of the overall aims of the Analytical Biotechnology programme is also
worth considering. The programme set out 4 ‘general and long-term’ objectives
which, in common with their contemporaries, were couched in fairly vague
terms. The Analytical Biotechnology programme aimed at enhancing UK
competitiveness, - common to most of the LINK programmes - and
encouraging links between industry and academia with a view to facilitating
uptake and use of analytical biotechnology.

5.1.52. Two of the general objectives aimed at encouraging links between the science
base, suppliers and users partly to encourage a greater level of ‘applied’
research within the science base and partly to broaden the commercial usage
of new techniques and methodologies.

5.1.53. Some indication of the likelihood of achieving such objectives may be seen
from the list of programme participants - 12 different supplier companies (of
which 7 are SMEs); 11 different user organisations (3 SMEs) and 11 different
HEIs. Each of the funded projects included at least one supplier, one user and
one HEI. This ‘profile’ of participation gives a strong indication that the
programme undertook research into techniques that had some potential for
commercial exploitation.

5.1.54. It must be pointed out however, that only 10 projects were funded – a fact that
may indicate a relatively low level of interest in this area of activity.

5.1.55. It may also be argued that the objective to: “enhance the ability of the the UK
academic research base to provide new methodologies and techniques to
advance the use of analytical biotechnology in commercial applications” was to
an extent self-fulfilling since a research programme inevitably results in
methods and techniques becoming available.

PROGRAMME PARTICIPATION

5.1.56. By their very nature, LINK programmes were collaborative between science
base institutions and industry. Government generally and DTI in particular
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were of the view that innovative companies benefit the UK economy and that
innovation is fostered by a strong relationship between industry and academia.

5.1.57. The UK science base is very strong in the various fields covered by the general
term ‘biotechnology’ – see Chapter 4 above. Similarly the UK has been
successful in fostering the development of dedicated biotechnology firms
(DBFs), partly due to the strengths of the science base and partly because of
the presence in the UK of a strong pharmaceutical sector.

5.1.58. LINK programmes commonly aimed to encourage SME participation in projects
and often to stimulate participation by companies that had not previously
collaborated with science base institutions.

5.1.59. The six LINK programmes covered in this report all set targets for SME
participation: Table 4 below sets them out.

Table 4: Targets for industrial participation in LINK Biotech programmes

Prog

Co.
participn

BioChe
m Eng

Cell Eng BTSW App
Biocat

Analytic
al
Biotech

App Gen Bio Rem

Target no
of Projects

Not set

Not set
but 50%

to
include
an SME

Not set Not set Not set 30 25

Cos
particip’ng 60

25 (of
which 10
new to

collabn)

30 20 25 50 50

- of which,
SMEs

15 50% 50% 8 10 25 50%

5.1.60. Analysis of the programme data indicates that all programmes met their targets
for the numbers of participating companies and the number of SMEs involved.
The data is set out in Table 5.

5.1.61. The data is shown in terms of the number of different companies participating
in the programmes. Three programmes met their targets for industrial
participation. Of the others, the Cell Engineering and Analytical Biotech
programmes just missed their target figures of 25 participating companies.
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Table 5: Achieved levels of industrial participation

Prog

Co
participn

BioChe
m Eng

Cell Eng BTSW App
Biocat

Analytic
al
Biotech

App Gen Bio Rem

Target no
of Projects

42 21 15 12 11 21 12

Individual
Cos

62 22 43 29 22 16 26

- of which,
SMEs

29 13 14 8 13 15 5

5.1.62. There were however, many instances of individual companies participating in
more than one project within a programme. And of course, companies may
also have participated in more than one programme.

5.1.63. Across the programmes for which data was available 15 SMEs participated in
more than one project, and of these 10 SMEs participated in more than one
programme. Similarly, 20 large companies participated in more than one
project and of these 9 participated in more than one programme.

5.1.64. In general participation in more than 3 projects across all programmes was
fairly rare. Where multi-project participation was found it tended to involve the
larger companies.

5.1.65. Data for the Applied Genomics programme indicates that the programme was
very successful in attracting SMEs into collaborative activities but larger
companies were not drawn to the programme. This was not a negative factor
for the programme, which particularly targeted smaller companies.

5.1.66. Fifty-nine different HEIs and PSREs participated in the programmes, the
majority, 75%, taking part in either one or two projects. Five institutions took
part in more than 5 projects across all programmes.

5.1.67. The available data was not sufficiently detailed to indicate how many of the
industrial collaborators were actually new to HEI / Industry collaborations.
Neither was it the intention of this evaluation to undertake the depth of analysis
across all the LINK programmes that would yield such information.

5.1.68. It is however clear from the discussions that have taken place with PMC
members and some individual participants that there was a mixture of
organisations that were new to such collaborative work and those that were
more experienced in collaborative research arrangements. This was in line
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5.1.79. Table 7: Programme funding and number of projects funded

LINK Programme (and
launch year)

Total Public
funding (£m)

Total DTI funding
(£m)

No. of projects
funded

Biochemical Engineering
(1989)

11.5 5.7 42

Cell Engineering
(1993)

7.5 3.75 21

Biological Treatment of
Soil and Water
(1993)

4.6 2.0 15

Applied Biocatalysis
(1995)

4.0 1.5 12

Analytical Biotechnology
(1996)

4.5 2.5 9

Applied Genomics
(2000, ext 2003)

16.5 6.2 21

Bioremediation
(2001)

5.7 1.6 12

Table 8: Programme Impacts (derived from available PCFs)

No of projects reportingProgramme No of
PCFs
examined

No of
projects
given overall
score => 6*

Possible future
research

Possible
exploitation

No of
publns

No of
Patents

Biochem Eng 31 21 26 19 290 14

Cell Eng 16 13 12 6 57 17

BTSW 11 5 10 6 149
9

(3 lapsed
after 1 yr)

Applied
Biocatalysis

4 4 3 2 (definite)
1 (possible

23 2

Analytical
Biotech

7 6 2 3 >100 7

Applied
Genomics*

14 10 12 10 28 19

*Out of 21 Applied Genomics projects 16 have completed, 3 are underway and 2 were
closed/withdrawn.

5.1.80. The table records evidence of both commercially exploitable outcomes and of
the generation of new scientific knowledge. In a number of examples possible
commercial exploitation is identified but subject to further development work
either by the industrial partner or by the academic partner. New scientific
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knowledge should in principle indicate the potential for further research.
Whether the research would actually be undertaken would depend on the
partners and the availability of suitable funding.

5.1.81. A view of estimated economic impact was provided in the review of the LINK
Programme in 200242 where the estimated impact of 270 projects in the
Biosciences and Medical Programme on turnover was given as £399 million.
Taking a range of estimated increase in turnover around that figure, the LINK
Review also estimated the effect on GDP (Table 9), the effects on employment
and profit (Table 10) and the benefit/cost ratio (Table 11) :

Table 9 Estimated effect to 2002 on GDP

for the LINK Biosciences and Medical Programme (BSM)

£ million BSM
Low High

Turnover 250 500
Average Additionality Factor 0.665 0.665

Deadweight 84 168
Gross Additional Effect 166 333

Displacement % 25 5
Net Additional Effect 125 316

Multiplier 1 1.5
Total Economic Effect 125 474

Table 10 Estimated total effects to 2002 on turnover, employment and profit

for the LINK Biosciences and Medical Programme (BSM)

Turnover (£m) Employment (n) Profit (£m)
Low High Low High Low High
250 500 2835 5670 52 105

Table 11 Benefit/Cost Ratio

for the LINK Biosciences and Medical Programme (BSM)

£million ‘Benefit' (Impact) Total Cost Benefit/Cost
Low High Low High

BSM 125 474 142.6 0.88 3.32

42 LINK Review by Technopolis, 2002
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Chapter 5.2 - The Biotechnology Exploitation Platforms Challenge
(BEPs)

INTRODUCTION

5.2.1. The full Biotechnology Exploitation Platforms (BEPs) programme was launched
in 1999 following a successful Pilot scheme. Funding for the programme
amounted to more than £8m; £2.34m (pilot), and £6.45m (full scheme). Industrial
contributions of at least £5.5m would take total funding for the full scheme to
£11.95m.

Main points:

The Biotechnology Exploitation Platforms Challenge (BEPs) programme funded
22 consortia of public sector research organisations to help them identify and
exploit their intellectual property. The programme was innovative, in that it was
amongst the first to address the issue of increasing the understanding of the
value of IP arising from science-base research in the ‘research-rich’ and
expanding field of biotechnology.

In total 113 different organisations were involved in the consortia. The principal
participants were University organisations (45) and NHS Trusts (30). Other
participants included industrial/commercial organisations, charities, professional
bodies, other BEPs and PSROs. Although a number of BEPs covered a range of
biotechnological disciplines, the majority focussed on healthcare.

The Rationale was valid at the time of the programme’s inception but the
success of the programme would make similar arguments harder to justify
today. It may though, be appropriate to consider how best to build upon this
success and what would be the justification for future interventions in this area.
The programme was ‘of its time’ - little had been done in the public sector to
express the importance of the exploitation of IP by the PSROs – less still to
provide positive help.

Likewise additionality, at the time, was high. With the passage of time HEIs and
other PSROs have made progress in recognising the importance and value of
their intellectual property. The BEPs programme has contributed to this
increased (and increasing) awareness although the ‘specialness’ of
biotechnology, to warrant a specific programme of support remains debatable

The study finds that on balance the overall objectives have been met. This is
mainly inferred from the quantified data on impact measures and which
confirms the achievement of the testable objectives, but also takes into account
anecdotal evidence from BEPs and the BEP Programme Managers.

A number of factors that contribute to the success of a BEP have been
identified, as have factors that may compromise or constrain success. Clear
indications have arisen that some areas of public sector research were far
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5.2.23. The extent to which the programme objectives (including the input objectives)
were achieved is dealt with below. (Paras 44 – 53)

RATIONALE CRITIQUE

5.2.24. The rationale for the BEPs programme argued the importance of knowledge
and innovation in maintaining a strong competitive position and in developing
global markets from which there are expected to be major economic and quality
of life benefits.

5.2.25. A very strong science base, regarded as being world class, is seen as being
fundamental to the UK’s position (second only to the US), in biotechnology.
However, there is a need to make investment in downstream exploitation in
order to leverage high levels of gearing and ensure maximum benefit for the
UK economy from the very significant funding provided for bioscience research.

5.2.26. In particular, Intellectual Property (IP) management is likely to play a crucial
role in delivering the economic benefits from public investment in this area and
helps to maintain the UK’s global position. Amongst others, the importance of
patenting is identified as a particularly important factor affecting market share
and attracting and securing venture capital investment. Strong, and ‘clean’ IP
protection is a major consideration for those seeking to invest in, or license
technology.

5.2.27. The BEPs programme was seen as a particularly appropriate means to enable
and encourage the science (and wider research) base to understand the
importance of its IP and to exploit it. It also aimed to encourage collaboration
between research institutions and industry. The programme built upon the
successful models for technology transfer used by the medical charities.

5.2.28. Overall the evaluation takes the view that the rationale for the programme is
valid. However, it can be argued that much of the work that this programme set
out to do in raising awareness of the importance of IP management has now
been achieved and while there may be scope for some specifically targeted
work in this area the nature of the justifying arguments will need to be carefully
considered.

5.2.29. It is widely accepted that the bioscience research base in the UK is very strong
and is a vital factor in the UK‘s commercial position in biotechnology – the
leading European country and second only to the US worldwide.

5.2.30. It is clear however, that few universities had, at the inception of the BEPs
programme, put infrastructure in place with which efficiently to exploit their
knowledge assets, especially in the biotechnology field. While many
universities had developed technology transfer offices they tended to be staffed
by ‘technological generalists’ who lacked the specialised knowledge and skills
needed to understand and identify the technological opportunities emerging
from biotechnological research within their institutions. Further, university
technology transfer organisations tend to be under resourced to deal with the
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5.2.41. License income, an important BEP metric, amounted to more than £9.1m
committed income to March 2007, from the 315 licences then agreed, and had
an estimated lifetime value of £41m.

5.2.42. The rationale argued the need to increase collaboration across the public
sector research and with industry. The BEPs programme was successful in
bringing together life science research departments in the universities with
those in the NHS trusts. Such collaboration has not always been immediately
successful. In some instances it took time to build the necessary trust between
the consortia members. NHS Trusts were not thought to be as far advanced as
most HEIs in IP management and a greater amount of BEM time was
expended in getting them ‘up to speed’ with the result that less than optimum
time was spent in undertaking audits and preparing plans for exploitation. Also,
there were examples in which HEI intellectual property dominated the BEP
portfolio and as a result NHS members were concerned that they were not
getting a ‘fair crack of the whip’.

5.2.43. Nevertheless, the outcome was to raise awareness of the importance of IP
within the NHS – an important section of the public sector research base – to
the extent that the NHS has developed an IP policy and infrastructure of its
own.

ACHIEVEMENT OF OBJECTIVES

5.2.44. The programme set out a number of overarching objectives (see paras 18 – 19
above), and on balance, the overall objectives have been achieved. There is
no doubt that there is collaboration between academia (the presumption is that
this includes the various research organisations included in the BEP consortia)
and industry in exploiting the outputs of bioscience research. This is evidenced
by the output data on patents and licensing as well as the attraction of private
funding for start-up companies and the funding for collaborative R&D. There is
though, no benchmark against which to judge the increase in the rate and level
of that collaboration.

5.2.45. Similarly it can be inferred from the output data that the programme has helped
provide markets with access to pre-competitive biotechnology.

5.2.46. Many of the underpinning testable objectives set out in para 20 can also be
seen, from the output data and from the data on the make up of the BEPs, to
have been achieved.

5.2.47. One of the objectives, to include 18 of the top 20 bioscience universities (by
funding) appeared to have been achieved although it was difficult to ascertain
the exact top 20 listing. However Annex 1 of the BEP (full programme)
ROAME statement set out a list of 28 ‘top bioscience’ universities with which
BEP participants may be compared. Twenty four of these Universities were
involved in BEPs by the end of the 3rd call. Of these 24, most (17) took up their
‘membership’ at the pilot stage. Later calls attracted a further 7 ‘top flight’ HEIs
and 16 other HEIs and former polytechnics.
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OVERVIEW OF THE SUCCESS OF THE PROGRAMME.

Programme participation

5.2.54. The intention of the programme, recognising that UK biotech strengths reside
principally in the science/research base, was to galvanise universities and
associated research organisations (mainly NHS) to understand and exploit their
intellectual property.

5.2.55. Twenty two BEPs were funded over the life of the programme. They were
characterised either as technology specific or regionally focussed. While the
majority of BEPs focussed on healthcare, many of the early BEPs - Pilot and 1st

call - encompassed a variety of technologies, including healthcare,
environmental, food, and agriculture. This spread of focus was less evident in
the 2nd and 3rd call winners, which were mainly ‘healthcare focussed’.

5.2.56. BEP consortia were variously made up of Universities (including university
institutes), NHS Trusts and Public Sector Research Organisations (PSROs).
Some BEPs also included other BEPs as associate members and a few also
included commercial organisations such as companies and management
consultancies. More than 100 different organisations participated in BEPs, the
vast majority of which were university organisations, (HEIs, their research
institutes and their associated Technology Transfer organisations) and NHS
Trusts.

5.2.57. A more detailed breakdown of the participant figures shows that 45 University
organisations and 30 NHS Trusts were members of BEPs. The remaining
organisations were 27 commercial/industrial organisations (companies, clubs,
trade associations etc) and 11 charities/research institutes.

Raising skills

5.2.58. One of the key benefits of the programme was to increase the level of skills in
IP management within Universities and other public sector research institutions.
While many universities had already put Technology Transfer Offices (TTOs)
and Business Liaison Offices (BLOs) in place, the skills available to them, and
hence their effectiveness, were often not adequate to the management of
bioscience research outputs.

5.2.59. Funding of the BEPs consortia resulted in a significant increase in IP
management capabilities in the field of bioscience both within the institutions
directly involved in BEPs, and (in the longer term), the wider public sector
research community as expertise diffuses out of the BEPs themselves.

5.2.60. This argument raised the issue of the ‘specialness’ of biotechnology and why
this particular field is deemed sufficiently different from other high technology
areas to merit specific public interventions.
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5.2.61. There were several reasons why biotechnology might warrant special
treatment. First, as pointed out in paragraphs 2.15 and 4.31 above, intellectual
property protection is of more importance in biotechnology than is the case with
other technologies. Secondly biotechnology patents tend to be more
contentious because of their breadth and because some of them have
attempted to cover scientific discoveries. Third, because biotechnology is
closely based on scientific research it is an area where patenting by universities
is most prevalent. Fourthly, biotechnology is confronted by factors that other
high technologies do not face, viz. the need to undertake clinical trials before
products can find their way into the healthcare market and the issue of public
understanding and acceptance of the technology. It can be argued that
biotechnology exploitation needs to be managed by those with an
understanding of these wider constraints.

5.2.62. Nevertheless it can not be denied that biotechnology was singled out for
support by what might be seen as a generic mechanism, and that other areas
of research based technology might warrant similar treatment.

Raising awareness of the value of bioscience IP

5.2.63. In general, the BEPs programme was successful in catalysing awareness of
the importance and value of biotechnology intellectual property in the research
institutions, most of which were unused to exploiting their technology in this
area. Although awareness of the importance of exploiting HEI intellectual
property has been increasing in recent years, responsibility was often left to
technology transfer, or business liaison offices, which were generally poorly
resourced and whose staff often lacked the necessary expertise in IP
management and exploitation. It is questionable whether the exploitation of
biotechnology is sufficiently specialised to require expertise that is not generally
available in university technology transfer offices.

5.2.64. It can be argued that the exploitation of research outputs in the healthcare and
pharmaceutical fields requires an understanding of the regulatory issues and
the route through clinical trials to ultimate ‘licensing for use’, For this reason the
venture capitalists that support biotech firms tend to specialise in that area.

5.2.65. However the protection of biotechnology IP does have some important issues
in common with IPR in other advanced technologies. Indeed, one of the
objectives of the programme was to use BEPs as an exemplar of IP
management that could be applied to other technological research areas. With
‘research base’ IP protection and exploitation becoming increasingly important,
the BEPs have demonstrated the value of a professional approach.

Programme outputs

5.2.66. Programme metrics based upon the testable objectives were broken down into
the categories of: audits; patents; licenses; start-up companies; financial
measures; and employment. Each category had a further breakdown.
Aggregate programme data is given in Table 4.
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Table 4: Total BEP outputs/outcomes (to 2007)
AUDITS

Research Gps
audited

Research
projects
described

Pot’l commercial
opportunities
identified

Opportunities
progressed to
detailed evaluation

Projects selected for
commercialisation

4600 7000+ 2249 766 1076

AUDITS
(projects broken down by technology/market area)

Therapeutic Medical
Devices

Diagnostics Plant
Science

Env’ment Misc Business Plans
produced

228 174 191 106 87 290 98

PATENTS
Applications filed Applications entering PCT* stage Patents granted

447 208 61

LICENSES

No of licenses signed Value, (£k) committed income Estd lifetime value (£k)
315 9100 41000

START-UP COMPANIES
No of start-ups No for which

investment
obtained

Tot public investment
secured (£k inc
grants)

Tot private
investment
secured (£k)

Current value of equity
holding by partners in start-
ups (£k)

121 117 8000 52200 19000

OTHER FINANCIAL MEASURES
Research income secured for joint BEP/Acad projects

(£k)
Industrial collab income secured for R&D (£k)

9900 20000

EMPLOYMENT
Jobs created in start-ups Specialist BEM jobs created in BEPs (FTE)

384 45

* Patent Co-operation Treaty46

5.2.67. These data represented a statement of outputs across the programme, at
September 2007. The programme managers collected similar data for each of
the BEPs but inevitably performance of individual BEPs varied according to
several factors – how long it was operating, the success and efficiency, or
otherwise, of the organisation etc.

5.2.68. It is clear that the performance of individual BEPs varied although it is difficult
to judge purely on the data available since this may reflect the relative priorities
BEPs place on the different elements. For example, some BEPs may have
placed less importance on the generation of start-up companies than others.
Nevertheless it is clear that some BEPs were more successful, or suffered
fewer difficulties, as organisations, than others.

5.2.69. The community of BEPs developed at different rates to identify their technology
portfolio and to implement their exploitation strategies. A further consideration

46 The treaty by which a single patent applicant can gain international protection in other signatory
countries
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proposals, current progress and to offer advice to DTI officials. A further and
important function was to ensure the BEPs maintained their focus on
Biotechnologies and not allow them to be distracted into wider technologies
from elsewhere within the institution.

CONCLUSIONS

5.2.83. Given the level of public funding for life science research, (£650m Government
funding for bioscience research; £450m from NHS; £300m from charities for
technology generation) the relatively small investment by DTI in the BEPs
programme has been worthwhile. It has generated worthwhile returns for the
University sector that would otherwise not have been realised (or at least would
have taken much longer to realise).

5.2.84. For those BEPS that experienced some difficulties there were a variety of
reasons and manifestations of these difficulties, some of which may have been
explained in terms of the make up of the BEPs and the nature of their
technological focus. There may have been a combination of circumstances
that resulted in a less than optimal performance, and some of these are set out
in paras 5.2.75 – 79 above.

5.2.85. What emerged were some general characteristics that contributed to a
successful relationship, although it would be wrong to suggest that they were
the only ‘success drivers’ or that consortia with different characteristics cannot
be successful.

5.2.86. There were criticisms that BEPs would have made a stronger impact and been
more likely to achieve sustainability had they been differently structured. It was
argued that each consortium member should have ceded ownership of their
technology to the BEP in return for an appropriate share of the income derived
from it. This would have generated income streams directly to the BEP and
could have resulted in a greater degree of complementary technologies being
identified.

5.2.87. Counter to the ‘common ownership’ idea was the view that HEIs are generally
competitive and jealous of their technology and IP ownership. The idea that
they would ‘sign up’ to an idea that meant relinquishing their rights was short-
sighted and impractical – particularly in the biotechnology field where
exploitation of IP was relatively new and untried.

5.2.88. However the BEPs themselves evolved their processes to suit their own needs,
resulting in a diversity of approach how such issues were handled.

5.2.89. The objective of attaining sustainability within 4 years was unrealistic; at least if
what was intended was the development of a self-sustaining business. The
ROAME statement itself pointed out that the ‘biomedical charities model’ took 8
– 10 years to achieve sustainability. The ROAME did not make clear what
lessons had been learned from that experience that would result in a faster
track to sustainability for the consortia supported by DTI funding.
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5.2.90. On the other hand, BEPs that focussed on biotechnology fields other than
healthcare (the focus of the ‘biomedical charities model) may have faced fewer
constraints in reaching self-sustainability. The ‘healthcare’ BEPs had to
contend with the time constraints and potential risks imposed by the need to
undertake clinical trials before the technology could be exploited.

5.2.91. It was quite probable that successful BEPs saw the advantage of exploiting
their intellectual property and would continue to do so, either as specifically
bioscience units or with a broader technological remit within the HEI. If
Universities and other PSROs learnt the value of the intellectual property and
generated expertise in exploiting it, then to a large extent the objective of
sustainability, in its widest sense, will have been successfully achieved, as will
the concept of using BEPs as an exemplar of the value of such activities.
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four calls for proposals rather than the two envisaged, and the last project
ended in April 2006) received DTI funding of £4.9M with expenditure profiled
until FY 2000/01. Additional funding from the private sector was expected to
boost funding to at least £10m.

5.3.2. The programme was branded and marketed under the Biotechnology Means
Business (BMB)48 umbrella. Day to day programme management and
monitoring was contracted out.

5.3.3. The ‘Opportunity for all in a World of Change’ White Paper published in
February 2001, announced an allocation £6m to the Harnessing Genomics
initiative to support regional infrastructure projects that encourage the
development of bioscience in the English regions. Many of the funded projects
had similar aims and objectives to BMI, and at least one was an extension of a
BMI project. The final project completed its DTI-funded phase in April 2006,
with a planned formal close by October 2006.

5.3.4. BMI was intended to provide targeted business mentoring services and in some
cases technology incubators. The principal objective was to support a small
number of demonstrators to help catalyse private sector initiatives in the sector.
A secondary objective aimed to ensure that best practice from the
demonstrators was transferable to other high technology sectors.

BMI PROGRAMME ACTIVITIES

5.3.5. The programme funded mentoring / incubator organisations on the basis that
they would act as demonstrators to biotechnology spin-outs and (very) early
stage companies, showing them the value of access to these professional
business services. The programme was launched in the ‘challenge’ format.

5.3.6. Successful projects were expected to draw together networks of professionals
– bankers, patent attorneys, lawyers etc – to provide advice at (relatively)
cheap rates to applicant start-up companies.

5.3.7. The ROAME statement set out an expected spending profile for the programme
covering the period from 1996/97 to 2000/01. - Table 1 below.

48 A £10m initiative that aimed to raise awareness of the opportunities of biotechnology to a target
audience of SMEs and to help companies identify real biotechnology solutions to improve
manufacturing processes. The programme provided a range of measures including: helpline;
technical support services; literature and technology workshops. The original BMB programme
was replaced by the BIOWISE programme (also now closed).
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Table 1: Expected Spend Profile for BMI programme 1996 – 2001 (£M)

1996/
97

1997/
98

1998/
99

1999/
00

2000/
01

Total

Commitment 0.40 2.25 2.25 0 0 4.90

Expenditure 0.25 1.75 1.75 0.50 0.27 4.52

Management Costs 0.02 0.05 0.05 0.05 0.05 0.22

Marketing Costs 0.08 0.04 0.04 0 0 0.16

Total Programme spend 0.35 1.84 1.84 0.55 0.32 4.90

Projected DTI Running costs 0.03 0.04 0.04 0.04 0.04 0.19

PROGRAMME RATIONALE

5.3.8. The programme was justified on the basis that there is a lack of investor
support for biotech start-ups, inadequate business skills amongst start-up
companies and minimal availability of specialist premises. Potential investors
require a “track record” and demonstrable management skills but many biotech
companies are started by academics who possess neither. Access to advice
on patenting, regulation and finance is not readily available and start-up
companies are not well networked. The Chemicals and Biotechnology
Directorate 49identified a key role50 for business mentoring and incubators to
address these market failures.

5.3.9. The programme rationale as set out in the ROAME statement argued that the
UK biotech industry base does not span the full breadth of technological
opportunity and hence the level of industrial activity in emerging markets (e.g.
gene therapy, genomics, environmental biotech) is too low to be self-
sustaining.

5.3.10. A further justification identifies, ‘technology leakage’, which results from the fact
that many alliances in the biotech sector are with US-based companies. This
‘leakage’ lessens the UK’s competitive position at a time when other European
countries are encouraging industrial growth in this area.

5.3.11. Additionally, start-up and early stage biotech companies require access to
specialist premises and facilities that are not generally available on science /
business parks, - and the cost of converting ‘general purpose’ premises to
specialist biotech use is costly in terms of money, time and competitive edge.

49 In the then Department of Trade and Industry. Now the Bioscience Unit in Department for Business
Enterprise and Regulatory Reform (BERR)
50 Action Plan: Biotechnology, 2 November 1995
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companies commonly have no product base and are still in the process of
developing an idea through further research. Such strategies by investors,
offer little opportunity for start-up or very early stage companies to access
private investment.

5.3.18. Most, but not all, start-up companies spin out from the science base. They are
often founded by researchers pursuing their scientific ideas in a more
commercial environment. It is commonly argued, though clearly not a general
rule, that such academics do not possess the range of business skills
necessary to ensure that they are in a position to both carry forward the
essential research and manage a commercial organisation. Hence the
introduction of business skills will not only ease the burden of running a
commercial organisation, but will also allow the research scientist to
concentrate his / her efforts on the necessary research

5.3.19. There are some sensitivities here. Some scientists are reluctant to seek
business assistance if they perceive that by doing so they in some way
relinquish ‘ownership’ of their idea, certainly while that idea is still at a very
early stage.

5.3.20. On the other hand, the injection of business capability can help to ensure that
resources are better deployed. The burden of managing the business does not
detract from the scientific focus, and as the research progresses a business
focus ensures the outcomes can be prepared and brought to market more
efficiently and quickly than might otherwise be the case.

5.3.21. The general validity of this element of the programme rationale was widely
borne out in discussions with the programme manager programme
beneficiaries and BMI managers. BMI assisted companies also cited, in
addition to the core services of the BMI projects, the access to the formal and
informal networks as providing significant assistance with business issues.

5.3.22. Access to appropriate specialist premises has also been identified as a
constraint on the development and growth of start-up companies who lack the
means with which to identify and adapt premises to the specific needs of
biotechnology research. The BMI programme supported a number of projects
that provide such premises. The demand for these facilities suggests that the
argument is a strong one.

5.3.23. While it is clear that biotechnology research requires specialist facilities, the
same arguments can be made in favour of a number of ‘high tech’ research
areas. What makes the argument more compelling in the case of
biotechnology is the fact that the industry is characterised by the number of
spin-out and early stage companies arising from the science base. Such
companies have very limited financial ‘muscle’ and at that stage of
development, almost no income stream. The provision of highly specialised
facilities (both laboratories and equipment) is generally beyond their financial
capability.
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5.3.24. After the inception of the programme a number of other initiatives emerged that
aimed to provide assistance in this area: e.g. University Challenge Seedcorn
Fund (UCSF) provides equity funding for University spin–off companies.

5.3.25. Although the concept of business mentoring and incubation is not new, the BMI
programme was considered to have shown high additionality. The
biotechnology sector has its main strength in the science base. The need to
generate industrial capability to draw upon the technologies emerging from
research, is vital for future competitiveness, as is more industry-focused
research.

5.3.26. The BMI ROAME statement argued that there was a need to generate ‘critical
mass’ and this to be achieved by assisting the formation and growth of new
companies. At the time of the programme’s inception there were few (if any),
examples of business mentoring/incubating organisations catering for the
needs of academic spin-out companies, strongly research focussed and with
no marketable products.

5.3.27. Part of the argument for high additionality rested upon the dearth (at the time)
of specialist premises and the fact that provision of specialised facilities was
beyond the scope of most start-up companies. Although the programme did
not fund provision of ‘bricks and mortar’ premises, it did, in a high proportion of
the projects fund some of the facilities within them. Thus start-up companies
were able to gain access to facilities (and premises) that they would not
otherwise have been able to provide for themselves.

5.3.28. This element of additionality is to some extent dependent upon the argument
that the generation of new companies is, per se, a good thing. This judgement
may be open to question but is a reflection of Government policy at the time of
the programme’s inception. DTI later encouraged the most appropriate route to
market in any given situation, e.g. a balance between start-ups and licensing.

5.3.29. The validity of the DTI (previous) focus on the generation of new start-up
companies is perhaps debatable. It is not clear that encouraging researchers
to move out of the science base at an early stage and face the rigours and risks
of a competitive business environment significantly assists the development of
biotechnology and the biotechnology industry.

5.3.30. Many such companies emerging from the university environment have a limited
amount of technology or concepts – perhaps an analytical technique, a
diagnostic technique – that do relatively little to move the overall technology
forward. In many cases contributing (potentially) only one small part to a single
element of the discovery-verification-trialling-exploitation/marketing process
that makes up the spectrum of activities associated with the development of
biotech and pharmaceutical products. The future for such companies is often
limited once their technology has been developed and taken forward (probably)
by another organisation.

5.3.31. There are therefore, views that suggest that DTI’s (previous) concentration on
the generation of new companies as a metric for a successful industry was too
simplistic and potentially misleading. It is argued, perhaps at the other
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Table 2: BMI Project Funding

Project name DTI grant
awarded (£k)

Project description

Babraham BioIncubator
and Mentoring Service

365 Provides incubator premises at the
Babraham Institute, with access to the
facilities and services of the institute.

BioForm 312.8 Mentoring services focussed on optimising
the process of taking a biotechnology
project through the stages up to and
including company incorporation.

Bioincubator York Ltd 310 (1998)
+150 (2000)

Joint venture between York university
and ML Laboratories, supported by the
York Bioscience consortium. Offers
mentoring services for York area and
beyond. In 2000 an additional grant
awarded for the provision of specialist
biotechnology equipment for start-up
companies in the new incubator at the
Innovation Centre on university campus.

Biotech Business
Building (3Bs)

393.3 Mentoring services to biotech
companies from local research
institution. Provides access to
specialist premises in the Manchester
Biotech Incubator.

Imperial College
Company Maker

364.6 (1998) +
135 (2000)

Business mentoring service to support
companies emerging from Imperial
College School of Medicine. Additional
grant awarded for provision of flexible
bioincubator facility to deliver the
mentoring services

Merlin Ventures Ltd 500 Comprehensive business support to new
companies through their transition to
independent commercial concerns.

Oxfordshire BiotechNet
Ltd

400.5 Incubator at the hub of an established
local network of mentoring
services/incubators.

Progeny bioVentures 420 Provision of mentoring services in
association with Bristol University, DERA,
the Rowett Institute.

SWIBTECH 436 Incubator in DERA science park. Joint
venture involving TMI/Chimaeron, DERA
and GWSEL with mentoring from New
Sarum BioEnterprise network.
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Project name DTI grant
awarded (£k)

Project description

The WHEB Partnership 315.3 Creates and nurtures environmental
biotechnology-based companies.

NorBio 474.6 Mentoring and Incubator services
situated at UEA. Focussed on plant
science.

5.3.48. An appointed programme manager carried out day-to-day management of the
programme. Each demonstrator project was required to provide quarterly
reports on progress and finance. Additionally, twice yearly the programme
manager undertook a formal monitoring review of each project.

OVERVIEW OF THE SUCCESS OF THE PROGRAMME.

5.3.49. Overall the BMI programme was a success, resulting in 11
projects/demonstrators that provide a variety of mentoring and incubator
services to spin outs and early stage companies.

5.3.50. All of the projects provided a core of services focused on
business/management assistance. Some however also provided (although this
was not a requirement of the programme, nor was it to be directly funded by the
programme) physical premises that offered not only specialist laboratories but
also a number of other (often highly expensive) scientific facilities, e.g.
temperature controlled rooms, centrifugation, major analytical equipment etc.
for common usage.

5.3.51. While there are some measures of the overall success of the programme (see
Table 3 below) it is difficult to judge the relative successes of the two
approaches to mentoring and incubation.

Table 3: BMI Programme outcomes

No of BMI
projects
funded

Total DTI
Funding (£m)

No of Co’s
helped to

incorporation

No of jobs
(FTE)

Money raised
(£m)

11 4.6 137 900 382

5.3.52. What seems clear is that access to specialist premises was a valued service for
those who have been able to avail themselves of it. Not only was access to the
specialist facilities of great value, especially to very small companies, but also
the opportunity to network informally with similar organisations, - e.g. other
tenants of the incubator - is considered to be a major benefit.

5.3.53. One of the key measures for the programme was the number of start-up
companies that could be attributed to the activities of the demonstrators. Up to
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mid 2005 a total of 137 start-up companies had been helped (attributable to the
BMI demonstrators) to reach the stage of incorporation. Within these
companies 900 jobs (FTE) were created and £382M of funding was raised. Of
these 137 companies, several were subsequently ‘sold on’ to other companies.
Two of them were sold at a nominal charge.

5.3.54. The figure of £382M represents the total funding raised by companies helped to
incorporation by the programme. However, whether this total is fully
attributable to programme activities is open to question. For example,
programme data shows that some companies incorporated at an early stage of
the programme’s history have subsequently sought and won several tranches
of funding amounting to several millions of pounds. Whether the companies
have raised these further funds as a direct result of the programme or by
developing a ‘presence’ in the market place is less clear.

5.3.55. The funding raised by these companies was sourced from a number of
organisations, mainly Venture Capitalists and Business Angels but also from
public sources of funds - BBSRC, Smart and the UCSF.

5.3.56. In addition to those companies taken to incorporation, project managers
estimated that five or six times that number were assisted by the programme
but never reached incorporation. On this basis therefore, the programme has
in some way helped several hundred biotech ‘organisations’.

5.3.57. The BMI initially set very strict definitions of the sort of companies that would
‘count’ as having been helped by the programme. This definition was founded
on companies that used biological entities in processes or applications, thus
excluding those companies producing medical devices and bioinformatics.
This was a far tougher definition than that used by other DTI biotech
programmes, and to that extent would have been disadvantageous in any
‘inter-programme’ comparison of success. Latterly however, this definition has
been relaxed to include those companies formerly excluded.

5.3.58. DTI’s involvement added to the programme’s credibility with service providers
and encouraged a lot of organisations to become involved with the activities.
On the other hand, few of the ‘beneficiary’ companies – those using the BMI
services - were aware that they were helped by DTI funding. This represented
a missed opportunity to advertise DTIs role and raise broader awareness of the
support the Department provided for small businesses.

5.3.59. By far the majority of companies ‘helped’ by the programme operated in the
general area of healthcare. Most of the demonstrator projects funded by BMI
were healthcare focused, although few restricted their services to the
healthcare sector alone. One or two demonstrators did however have a very
specific focus that did not include the healthcare sector – the WHEB
Partnership was explicitly focused on environmental biotechnology, and
Norbio’s main focus was on plant, food and microbials.

5.3.60. Despite the value of the advice provided by programme activities, the need for
provision of ‘proof of concept’ funding remains a major issue for new
companies. Spin-out companies tend to be strongly focused on the ‘research
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phase’ and not on the provision of products. Consequently, they have little or
no income stream with which to sustain themselves and fund the further
research needed to develop ideas and bring a product to market.

5.3.61. While an injection of management expertise can be beneficial, there are
circumstances in which the main requirement is a source of funds to sustain the
research activity to attain ‘proof of concept’. Interviewees suggested that
relatively small amounts (£100k - £150k p.a.) of funding would be sufficient in
most circumstances. A common complaint from research based companies is
the ‘saw tooth’ nature of research progress consequent on a system that allows
research to continue for a period until effort has to be redirected towards
identifying the next source of funds.

CHARACTERISTICS OF A SUCCESSFUL BMI PROJECT

5.3.62. Most of the BMI demonstrators could claim to have been successful in
delivering their services, and more pertinently, in helping ‘their companies’.
The incubators that were able to provide premises suggested that, for many
companies the provision of physical facilities, over and above the provision of
specialist advice and management services was of great value.

5.3.63. This ‘value’ varied however depending on a number of characteristics, and it
was not entirely ‘problem free’. The provision of a physical incubator can make
the difference between the success and failure for a start-up company. In
biotechnology, specialist premises are an important necessity for work that is
primarily laboratory based. Some of the specialist scientific equipment and
services are costly beyond the means of very small companies.

5.3.64. However in areas where physical space is at a premium and in short supply the
provision of ‘subsidised’ premises merely delays the moment when the
company has to ‘fend for itself’. And that at a time when potentially the
company’s needs are greater and, with the passage of time, supply even more
constrained.

5.3.65. A paper by Etzkowitz52 traces the history and evolution of business incubators.
He points out that an incubator should be part of a broader strategy of
academic and regional development and a web of informal and formal
university-industry ties. While the BMI programme was not specifically founded
on the Universities, many of the early stage companies benefiting from the
provisions of the programme were/are spin-outs from the university sector.

5.3.66. Etzkowitz’s point about ‘networking’ was realised as an important benefit of the
BMI programme. Most BMI participants agreed that the value of the
programme was not only in the provision of business advice and/or premises,
but in the formal and informal networking that ‘membership’ of the programme
brought with it, allowing discussion of common problems and the sharing of
possible solutions.

52 Incubation of incubators: innovation as a triple helix of university-industry-government networks.
Science and Public Policy, April 2002
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Chapter 5.3 Annex

Update for 2008:
DTI Biotechnology Mentoring and Incubation Challenge 1996-2006

Dr Jane Garnett

Final BMI report was submitted 30th October 2006

Babraham – Dr David Hardmann, CEO Babraham Bioscience Technologies Ltd
Babraham incubator facilities have been fully subscribed since 2001. Currently 33
companies, 31 biotechs 73,000 sq ft let etc and plans starting for the next building.
Total number incubates >50. The 50th Company entered in November 2007
Minerva in September 2005. Minerva was the first of three BioDevelopment buildings,
offering flexible laboratory and office accommodation.
New £7million Meditrina, Bioincubator opened in September 2007. A further 20,000 sq
ft of purpose built incubation space
Arakis, Procognia and Biowisdom are some of the campus' notable alumni.

York – Suzanne Gilbert, MD, York Science Park
Opened Bioincubator in 2003, have 7 tenants in 2008
Part of the grant was for mentoring new businesses and a small part was spent on part-
The remaining part was used to set up a shared laboratory facility of 275 sq ft with of
basic equipment such as glass washer, centrifuge, ice machine, distilled water, etc. This
is still being used by a number of our bio tenants and maintained by us. At the moment
6 of our tenants are using the shared facility. The earliest user of the shared lab
facilities was Xceleron. The company has since attracted external investment and has
set up an organization in the US. For further details please see www.Xceleron.com.

Tetricus Ltd - Dr Clive Duggleby, General Manager
Tetricus offers 22,500 sq ft of refurbished laboratory and serviced office space of which
current incubator units occupy around 90 per cent to small businesses. There are major
expansion plans for the new Porton Down bioscience centre which will increase this to
100,000 sq ft. in the near future.

UMIC - Dr Martino Picardo, General Manager
The Manchester Incubator Building was formally opened in September 1999 and has
been at full occupancy since May 2001. This is a state-of-the-art biotechnology
research and development centre combining the latest in laboratory facilities with an
excellent support infrastructure. Because of this success, the university progressed
onto the Core Technology Facility is the sister incubator of the successful Manchester
Incubator Building. It was funded by both the North West Development Agency (NWDA,
£11m) and European Regional Development Funds (ERDF, £7m) to develop and build
"grow-on" and additional incubation space for Biotechnology and Hi-Tech start-ups and
SMEs. Furthermore, the University of Manchester is also investing significantly to
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provide two additional floors of academic research activity in Life Sciences and
Medicine

NorBio – Dr Jon Carter, Manager
Fully occupied since October 2007. Prior to that 50% occupancy
The Norwich Bio-Incubator has around 20,000 sq ft of incubation space and is currently
full with 17 incubatee companies. It has already achieved two successful graduations
and has further planned when follow on space becomes available. The facility operates
at a slight financial surplus but without the pump priming money from the DTI and EEDA
this would not have been achieved

Imperial College, Dr Dominique Kleyn
Following the BMI programme which mentored compnaies and motivated for a
bioincubator building in central London, IC Innovations went on to list on AIM (as did
Angle plc, another BMI project) and a bioincubator was created. The two-storey, 24,000
square foot building, located at Imperial's South Kensington campus in central London
opened in 2006 provides office space and labs for up to 15 start-ups. Imperial
BioIncubator was jointly funded with £4m from Imperial College and £3m from the
London Development Agency(LDA). Imperial Innovations, which is responsible for the
operation and management of the BioIncubator. The incubator, with its 12 wet
laboratories, 16 private offices and suite of meeting rooms, is designed to provide both
the research resources and business support needed. Advice and mentoring is
continued to be provided by Imperial Innovations, which has so far handled the spinning
out of eight companies.

Jane Garnett, 21st April 2008
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Chapter 5.4 – Manufacturing for Biotechnology (MfB)

INTRODUCTION

5.4.1. The Manufacturing for Biotechnology initiative (MfB) was launched in June
1998 as a two year pilot programme. The total funding for the programme was
£400k, which excluded running costs of £26k for the Chemicals and
Biotechnology Directorate55.

5.4.2. The MfB initiative aimed to raise awareness among UK biotechnology
companies as to the strategic choices they faced regarding their manufacturing
requirements and to improve their understanding of future demand and
available capacity. In particular, it aimed to highlight the importance of factoring
in manufacturing requirements at an early stage of product discovery and
development.

5.4.3. The programme also provided support for approved training courses in
biomanufacturing for SMEs to raise their skills base.

55 now the Bioscience Unit within Business Relations, within Department for Business Enterprise and
Regulatory Reform

Main points:

The MfB initiative provided 158 training grants for employees from 57 SMEs to
undertake short courses in bioprocessing, held two conferences and ten regional
events to raise the manufacturing issues and encourage networking, and
produced case studies and newsletters promoting best practice. However,
disappointingly only four feasibility studies were approved to assist companies
in assessing their manufacturing options, and in identifying and raising finance
for manufacturing investments.

The rationale was valid when the programme was launched, although it is now
questioned whether the shortage of manufacturing capacity envisaged was
entirely accurate. Thinking developed later beyond the question of whether
there is sufficient capacity to meet demand and explored the distinction
between small and large-scale manufacturing for clinical or market suppliers,
together with the availability of manufacturing technology for specific products
types. The initiative was not designed to directly address the capacity issue,
although collectively the objectives have informed the understanding of the
problem.

Varies elements of the initiative, particularly the support for training, can be
considered a success, although the initiative did not deliver fully on all it set out
to achieve. Evidence suggested that the initiative was pitched at addressing
factors identified as fundamental to the success of the biomanufacturing sector.
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5.4.4. In August 1999 the MfB initiative was expanded to include the provision of
feasibility grants for biotechnology SMEs. Funding of £100k was allocated from
within the existing funding envelope for the MfB initiative.

5.4.5. The initiative was extended until the end of July 2003.

PROGRAMME ACTIVITES

5.4.6. The MfB initiative sought to build a supportive network that helped UK
biotechnology companies take informed decisions regarding their
manufacturing requirements. The initiative offered a series of measures aimed
at raising the awareness among biotechnology companies and to assist them in
resolving these challenges. These measures, coordinated by a programme
manager, included engaging the biotech SMEs in a series of workshops,
seminars and conferences which provided access to specialist advice and
guidance on technical issues, and enabled them to develop networks across
the industry to assist with their manufacturing decisions.

5.4.7. The programme manager was also tasked with undertaking a study to provide
an up-to-date account of company’s needs and contract manufacturing
capability. Information on the demand and supply of early stage biotech
manufacturing tends to be fragmented and this study aimed to review the
market for biotech manufacturing and to assess the manufacturing capabilities
available in the UK to meet this demand.

5.4.8. The initiative provided funding for training in, and access to, manufacturing
expertise at registered centres of excellence around the country. Grants of up
to 75% of the cost, up to a maximum of £800, were available to encourage
SMEs to send employees on Masters-level course modules in biochemical
engineering offered through the Integrated Graduate Development Scheme
(IGDS). There were five accredited training providers: UCL, Birmingham,
Manchester, Aston and Cranfield, offering a range of modules. Support was
limited to two modules per company in any one year.

5.4.9. Only a small number of companies participate in collaborative research,
therefore the initiative also intended to promote collaborative research
programmes by raising the profile of the various mechanisms available, such
as the Innovative Manufacturing Initiative (IMI), LINK and TCS scheme.

5.4.10. In August 1999, the MfB initiative was extended to include the provision of
grants to assist SMEs in conducting feasibility studies of their manufacturing
options and to help identify finance for manufacturing investments and
expenditures. Grant support provided 50% of the eligible costs up to a
maximum of £5,000. A higher level of grant of £10,000 was available for
collaborative projects.

5.4.11. The ROAME statement set out an expected spending profile for the initiative
covering the period from 1197/98 to 2000/01, see Table 1 below
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Table 1: Expected spending profile for MfB Initiative 1997 – 2001 (£k)

1997/98 1998/99 1999/00 2000/01 Total

Commitment 45.0 200 110 45 400.0
Expenditure 2.5 185 165 25 377.5
Marketing Costs 2.5 10 10 0 22.5
Total Programme
Spend

5.0 195 175 25 400.0

Running Costs for DTI 5.0 8 8 5 26.0

PROGRAMME RATIONALE

5.4.12. The development of biotechnology-based products is characterised by SMEs,
many of whom have spun-out from the science base or are at a very early
stage of development. Such firms are a key source of innovation although, to
date, few new products have been brought to market. The challenge facing
such companies is how to maximise the benefits of years spend in R and D,
and develop a presence in the market place.

5.4.13. Medicines based on biological processes rather than chemical synthesis result
in more complex molecules that necessitate fundamentally different
manufacturing techniques to those involved in conventional chemical
pharmaceutical manufacturing. This presents significant challenges in the
transformation from discovery into product. Such products and their associated
manufacturing processes will require a new range of specialist skills and
facilities. SMEs tend to lack both the depth and breadth of expertise needed to
develop bioprocesses for the production of these highly complex products, and
the capital to build their own manufacturing facilities.

5.4.14. Traditionally pharmaceutical companies have dominated the manufacturing
arena, but changes in the industry driven by increased globalisation and the
complexities of the biological approach have resulted in moves by these
companies to rationalise their manufacturing facilities and to outsource
manufacture.

5.4.15. The rationale argued that biotech SMEs are unprepared for the manufacturing
challenge, believing they can resolve their manufacturing requirements by
similarly outsourcing, relieving them of the need to develop in-house skills or
specialist manufacturing facilities. With increased demands for contract
manufacturing from both pharmaceutical and biotech companies however,
demands may outstrip supply forcing manufacturing needs to be met from
abroad.

If no action is taken, it is argued that companies will be ill equipped to tackle the
escalating costs of manufacture, which would lead to long term damage to the
competitiveness of the industry. A strong biomanufacturing sector will bring direct
benefit to the UK. The rationale is aimed at raising awareness of these manufacturing
issues alerting SMEs of the need to consider their manufacturing strategy earlier in the
product development phase. In particular the availability, complexity, costs and approval
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5.4.24. The interdisciplinary nature of bioprocessing was highlighted in the recent BIGT
report56 together with the need to build and strengthen the academic base. It
recommended the building of a network of bioprocessing Centres of Excellence
across the UK in leading HEIs, whose mission would include the delivery of
graduate training designed to create interdisciplinary awareness and expertise
in bioprocessing. This view was endorsed by the industrialists interviewed in
the course of this evaluation.

5.4.25. It is not disputed that the development of new biotech products utilises a more
complex approach, however the underlining fear of a manufacturing shortfall
within the biotech sector may not be entirely accurate, and a closer
examination is required to establish where the main manufacturing bottleneck
lies.

5.4.26. Manufacturing facilities are both expensive to build and operate, and
investment decisions will undoubtedly be based on very early stage products
that ultimately could fail. Not surprisingly, the biotech SME who exists
essentially in a research-orientated environment tends to rely on a third party
bio-manufacturing sector to address their development and processing
requirements, thereby reducing the risk. In any case many biotech SMEs have
no intention of producing and marketing the products they develop but aim
instead to licence or sell out to pharmaceutical or larger biotech firms. It is
possible however that greater information about manufacturing may help some
biotech SMEs decide which strategy to follow.

5.4.27. This trend of subcontracting to a third party was becoming the favoured
manufacturing strategy of both the biotech SME and the large pharmaceutical
to address their differing needs by. It is questioned however whether the
capacity constraint envisaged when formulating this initiative is in fact related to
the availability of a specific type of manufacturing or processing requirement
rather than a deficient supply of manufacturing facilities.

5.4.28. There is a strong need for SMEs to understand the route to manufacture and to
consider manufacturing earlier in the development phase. MfB was designed to
raise awareness of manufacturing issues and engage the interest of senior
managers. Many of the activities of the programme manager set out to address
this.

5.4.29. In particular the complexities of the biologically derived molecules and the scale
up from laboratory to processing manufacture being more than geometric
(many procedures possible in the laboratory will not be suitable for large-scale
operation). It follows, therefore, that the actual deficiency is not the availability
of manufacturing capacity per se, but a combination of process development,
its characterisation, validation and regulatory scrutiny, and the availability of
appropriately skilled individuals to address these challenges. All of these are
important elements in manufacturing capability.

56 Bioscience 2015, A report to Government by the Bioscience Innovation and Growth Team (BIGT),
Chapter 4: Build a strong bioprocessing sub-sector within UK bioscience.
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5.4.30. Overall this evaluation takes the view that the rationale for the initiative was
valid, although with the clarity of time the need for improved understanding of
the bioscience underpinning bioprocessing, to increase the predictability and
reproducibility of biological processes, and ultimately accelerate the
development phase, has become paramount to ensure that the UK maintains a
strong lead in this area.

5.4.31. The emergence of a manufacturing element within the Harnessing Genomic
programme, which was launched in 2001, strengthened this argument. This
programme has subsequently closed and bioprocessing is currently supported
under the Technology Programme.

PROGRAMME MANAGEMENT

5.4.32. A programme manager was appointed by CB Directorate to assist with the
running of the programme. The programme manager was responsible for
managing delivery of the seminar and workshop programme, catalysing an
industry network, preparation and dissemination of best practice, conducting a
study of company’s needs and contract manufacturing capability, and
developing and disseminating the contract manufacturing model.

5.4.33. The assessment and distribution of the training grants and the feasibility
studies were managed by the Chemicals and Biotechnology (CB) Directorate,
later the Bioscience Unit, with the help of an advisory panel comprising of
representatives of the BIA’s Manufacturing Advisory Committee and the
BBSRC. Training support was supplied through the Integrated Graduate
Development Scheme (IGDS) at five accredited HEI training centres.
Companies interested in training initially contact the relevant accredited training
centre, but administration was handled by the DTI.

5.4.34. The CB Directorate was responsible for day-to-day monitoring of the initiative.

Achievement of programme objectives

5.4.35. The initiative set out the overarching objectives as:

To raise awareness of the importance and strategic opportunity of
manufacturing for the biotechnology industries; to encourage SMEs to access
cutting-edge research in bioprocessing; to stimulate the development of a
supportive infrastructure and to address skills shortages in biotechnology
SMEs.

5.4.36. The following paragraphs look at each specific objective in turn and comment
on the progress towards them. The objectives as given in the ROAME are
shown in italics below.

To appoint a Programme Manager within three months of the pilot being
approved and to agree an action plan for the delivery of the support measures


