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Summary and recommendations

1. Summary and recommendations
Cogent Skills, on behalf of the Science Industry Partnership, commissioned TBR, working with Galbraith
Muir Consultancy, PHS Consulting and NNFCC, to deliver a study assessing advanced training models to
improve postgraduate skills in the Industrial Biotechnology (IB) workforce.

1.1 Aims and objectives
The aim of this report is to identify whether or not there is demand from the UK IB industry for training
programmes, and, if demand exists, what form this training should take. This assessment includes, but is
not restricted to, demand for Advanced Training Partnership (ATP) style programmes, which were set-up
in the Agri-Food sector to ensure that the niche research expertise, high, and very high, level skills that
are needed were developed in collaboration between HEIs, industry employers, research institutes and
other stakeholders.
The report’s objective is to provide a clear outline of options for training delivery and to give a clear
recommended outline of next steps. Achieving this required the project to generate an understanding of
lessons learned from the current BBSRC funded ATPs; an inventory of existing postgraduate training and
study provision alongside trends in student numbers; an examination of employer demand and interest for
training provision focusing on generic and specialist skills requirements; a discussion of delivery options
for training provision; and a clear outline of next steps.

1.2 Methodology and report structure
This project, delivered between December 2014 and September 2015, used a range of primary and
secondary research techniques to inform outputs that realise the aims and objectives of the project.
Secondary data were collated and analysed to understand the existing evidence around skills in the IB
sector, trends in uptake and provision of learning at UK Higher Education Institutions (HEIs), and the
industrial characteristics of the sector. Employer engagement was central to the project and was achieved
through a series of thirty qualitative interviews with IB firms. These employer interviews were
supplemented with a series of eleven stakeholder interviews. The information generated through this
research project is presented in this report, which is structured as follows:


Section 2 presents our understanding of IB. We reviewed a range of existing publications to
determine an accurate definition of IB and proceeded to explore existing studies that profiled
technological trends in the sector and quantified the contribution IB makes to both the
international and the UK economies. The purpose of this was to provide a robust knowledge base
from which to inform subsequent primary research and to avoid duplicating previous activity.



Section 3 presents information on the Advanced Training Partnership (ATP) model that has
existed in the agri-food sector since 2011. Whilst understanding the value of the three existing
ATPs was valuable, greater emphasis was placed on understanding the ATP model. It was
important to be able to accurately articulate this to employers during interviews later in the
project; to determine whether or not employers’ requirements would be met by an ATP model for
IB.



Section 4 profiles the provision of biotechnology training in the UK. Secondary data covering
higher education were analysed to generate trend analysis of undergraduate and postgraduate
learner numbers. This information was used to understand the general supply of graduates (and
particularly postgraduates) from UK HEIs, including any geographic concentration. In addition to
this analysis of established secondary data, web searches were employed to identify
unaccredited learning in biotechnology. These courses and providers served as a useful point of
reference when interviewing employers in relation to short courses they may have participated in.

1

1

Although this project is concerned exclusively with industrial biotechnology, higher education course classifications and content
descriptions rarely distinguish between different biotechnology classifications. As such, section 3 uses biotechnology as a standard
term; this should not be interpreted as a deviation from the overall focus on industrial biotechnology.

© TBR

Page 1

Summary and recommendations



2

Section 5 uses TBR’s longitudinal business database, Trends Central Resource (TCR), to
generate an economic profile of the IB sector. This economic profile was developed because its
3
output was required before the more detailed work completed by Capital Economics was
complete. This process led to the development of four classifications, with each firm allocated into
one of the four, as follows: Core IB, Potential Core IB, IB Users, and IB Enablers. These
classifications are described in detail within Table 11 (page 34). This initial list was supplemented
by individual firms from a range of sources:


A list of firms provided by the NNFCC.



A selection of firms with whom members of the research team made contact at the IB
Showcase in London on 11/12 February 2015.



A list of firms currently involved with the IB Leadership Forum and its Skills Group.



Subscriber lists from the thirteen Networks in Industrial Biotechnology and Bioenergy
(NIBB). These data had already been acquired and filtered by the BBSRC to produce a
list of firms to be engaged by Capital Economics; relevant firms on this list were identified
and added.

The distribution of firms across different classifications and segments enabled the qualitative
interviews to focus on industrial activities of greatest interest and relevance. Interviews were
concentrated on firms in the Core IB and Potential Core IB classifications, and reflected the
varying significance of the different segments that they comprised.


Section 6 captures and presents the rich qualitative data generated through the programme of
primary research. These semi-structured depth interviews were conducted primarily with IB
employers and supplemented with a handful of interviews with sector stakeholders. The main
focus of the content of this section is on training demand, both in terms of content and format; it is
the employer insight derived from these interviews that provides the greatest input into the
recommendations and next steps.

1.3 Recommendations and next steps
Before discussing the ten recommendations to emerge from this project, it is worthwhile reflecting directly
on the ATP concept, which was initially a central focus for this project. Our interviews with IB employers
found that their current awareness of the ATP concept was very weak (and often non-existent) even in
larger firms, although we should note that where businesses had engaged with ATPs, or vice versa, the
perception was positive. When asked whether a programme akin to the ATP concept would be valuable
to them, the relative infancy of many firms left them unable to commit either to contributing to its
development or with a clear idea of their skills needs beyond the immediate term. The principles of the
offer – specialist training at suitable facilities at a timetable structured around the needs of the employer –
are popular and may become more relevant as the sector reaches a greater number of mature firms.
In summary, based on interview responses, only a handful of IB firms are of sufficient scale to input into
the development of an ATP model. There is not sufficient demand amongst the wider IB community to
make this viable at the current time. As the sector grows, it may be that the required critical mass
emerges.
The findings of this research project have been distilled into ten clear recommendations, presented below
in no particular order. These recommendations are presented in this section, which can be read in
isolation from the full report. Each recommendation articulates the issue that has been identified, directs
the reader to further discussion and evidence of this issue within the report, recommends how this issue
should be addressed, and concludes with suggested next steps.
2

For more information see: http://www.tbr.co.uk/pages/tbr-observatory/tcr-database.php
Capital Economics (2015) Biotech Britain: An assessment of the impact of industrial biotechnology and bioenergy on the UK
economy
3
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1 Promote Doctoral Training Centres
Issue

The research demonstrates that a substantial proportion of the IB workforce has received
doctoral training. Businesses frequently express the view that although these highly skilled
scientists are receiving excellent technical training from universities during their doctoral
programmes, they do not have the ‘professional skills’ that businesses expect and need from
them and that this skills deficit is detrimental to the businesses’ activity. Here, the term
professional skills refers to general skills required of professional staff in the business
environment, such as project management, communication, managing client and customer
relationships, and elements of business strategy. Although not specific technical skills,
contributing to business management and development requires all professional staff to have at
least a basic awareness of them. Businesses reported that scientists who had received their
training in doctoral training centres had developed these skills and were exceptionally
employable.

Further evidence

Section 6.1 Availability of skilled labour (page 43). Section 6.2 Multi-disciplinary and crossdisciplinary skills (page 45).

Recommendation

Promote the expansion of relevant doctoral training centres that provide good quality scientific
training and develop professional skills. This would beneficially increase the supply of people
into the IB sector. It is important that all aspects of the programme are of good quality. Strong
links to the IB sector will be important so that employment in IB businesses is the natural next
step for students and, in many cases, links with an employer will already be established through
project work. The risk, if this element is not in place, is that the skilled students will naturally
migrate into more established sectors, such as pharmaceuticals.

Next steps

Engage the research councils in discussion about doctoral training centres for the IB sector,
including developing IB links into existing doctoral training centres in appropriate disciplines and
the careful development of further doctoral training centre(s) to meet demand.

© TBR
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2 Stimulate uptake of Professional Doctorates to recognise
and accredit Industrial Biotechnology expertise
Issue

There is a shortage of people with the expertise and skills to design and manage production
processes that commercialise the scientific advances in IB. This is hampering the expansion and
exploitation plans of IB science based businesses. Production engineering and manufacturing
processes can be unattractive to highly skilled scientists who do often do not have an
appreciation of the technical challenges associated with scale-up of laboratory processes to
commercial scale (e.g. scale up, waste minimisation, energy efficiency, process economics,
process safety etc.). Further, there is a shortage of production engineers as their skills are
currently sought by many sectors and they often do not have the bioscience knowledge needed
for design IB processes. Knowledge needs include biological systems and the particular
challenges posed (e.g. by less than reproducible feedstocks), the need for high standards of
hygiene, and the particular risks associated with such systems. Hence, there is a need for a cadre
of people with these key skills. They may be drawn from bioscience or engineering but must have
sufficient knowledge of the other discipline to work effectively with people in that discipline. The
research has shown that, generally speaking, it is easier to provide engineers with the bioscience
skills that they need than to equip scientists with the engineering knowledge that is required.
Businesses particularly recognise and value practical experience that can be directly and
confidently applied in their businesses over theoretical knowledge. However, they are reluctant to
release staff for long periods of training at other locations. In short, there is a need to increase
attractiveness of IB process engineering to scientists and engineers alike, and to provide a
system to recognise the practical experience of those who do have relevant experience.

Further evidence

Section 6.1 Availability of skilled labour (page 43).

Recommendation

An extension of the EngD scheme into a professional doctorate for engineers working in IB could
potentially be attractive to employers and individuals alike. A core curriculum of taught
bioscience, biotechnology and engineering modules (with exemptions for suitably qualified
graduate students) combined with a research programme primarily on company premises would
be attractive. A commercial or business project element would be a welcome supplement. The
taught element would be in focussed, intensive modules with private study between them. The
aim is to minimise time spent away from the workplace and focus on business impact
supplemented by high quality training. This suggests that the EngD scheme should be delivered
by only a few centres and led by academics with substantial industrial experience. The scheme
would be designed to appeal to those who originally trained in a branch of engineering. However,
the flexible curriculum would also enable scientists to follow the engineering elements of the
taught programme.

Next steps

Further discussions, initially amongst members of the Industrial Biotechnology Leadership Forum
(IBLF) Skills Group and subsequently with industry and their academic partners, should be
undertaken to explore the concept of using professional doctorates to validate and accredit the
capability to engineer IB processes.

© TBR
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3 Promote Knowledge Transfer Partnerships
Issue

Businesses, particularly small businesses, need the capability to flexibly and rapidly employ
people with specific skills in response to changing business needs. Our consultations showed that
Knowledge Transfer Partnerships (KTPs) provided a way to rapidly access highly qualified staff,
typically at post-doctoral level, and also with the benefit of a connection to a host university.

Further evidence

Section 6.1 Availability of skilled labour (page 43).

Recommendation

The KTP scheme should be further promoted to raise awareness in companies and universities.
The attractiveness of candidates would be further increased if host universities were able to offer
candidates with business experience. A one-week work placement module in an area of IB, for
example, could be worthwhile. This could be delivered within a single university, but a more
successful programme would be for institutions to run a programme jointly. This would increase
the number of people involved, diversify speakers and attract industrialists. A further extension
would be to open this programme to delegates who are IB specialists already in employment to
expand their business awareness.

Next steps

Develop a plan to raise awareness of the KTP scheme to businesses and also to raise awareness
of IB as a sector in the community of university officers coordinating the KTPs.

4 Entrepreneurship mentoring scheme
Issue

As reported in recommendation 1, above, early career stage scientists and engineers would
benefit from the development of their professional skills. Further, each business presents specific
challenges to its technical workforce as it seeks to commercialise its technology. Technical staff
can sometimes struggle to grapple with the commercial and strategic issues under review and the
implications for their technical work. This is often most acute in small businesses.

Further evidence

Section 6.3.1 HE provision (page 47).

Recommendation

Explore the development of a mentoring scheme for technical specialists at an early stage of their
career in businesses. The Science Industry Partnership (SIP) could set up a business mentoring
scheme whereby experienced entrepreneurs from the IB and bioscience sectors provide
mentoring or coaching support. There would need to be clear mutual understanding that sensitive
commercial information and intellectual property would not be shared and that all discussions
would be confidential. Experienced senior business people motivated altruistically to support the
sector and who are willing to donate time and expertise could support the scheme. This could be
supplemented through the use of professional consultancy services; such a scheme is already
being explored by the Society of the Chemical Industry for the chemical sector.

Next steps

The SIP could discuss whether it was agreeable to promote and support such a scheme and
whether a service could be provided to match early career specialists with senior mentors.
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5 Bioinformatics specialists
Issue

This study has identified that there is a shortage of people with relevant mathematics, statistics,
and computing skills to undertake the bioinformatics related work that is needed by firms in the IB
sector. The importance of this field has been recognised by the research councils. For example.
EPSRC, BBSRC, NERC and MRC have a joint statement about it and all are committed to
4
supporting UK infrastructure and research .

Further evidence

Table 7: Overview of courses listed on findcpd.com (page 30). Section 6.1 Availability of skilled
labour (page 43).

Recommendation

Improve the availability of bioinformatics skills by engaging with the UK’s bioinformatics
community to raise the profile of IB and further developing that community. The Science and
Technology Facilities Council (STFC) has joined with IBM to form the Big Data Innovation Hub for
small businesses that promotes, among other things, the use of bioinformatics. This capability
provides a platform to train people in the skills needed by the IB sector. The advanced skills
needed for bioinformatics are also applicable in other sectors such as healthcare, marketing and
financial services. Although this leads to considerable competition for the few specialists who are
trained in this area it also provides a critical mass to assist the UK in developing these skills. The
SIP could usefully engage in a discussion with the research councils and academic bioinformatics
hubs about how the supply of people with relevant skills could be increased. Engaging industry to
increase the supply of IB related bioinformatics related projects would also enhance the profile of
IB amongst students and in so doing assist the sector as it competes for graduates.

Next steps

The SIP to engage with the Big Data Innovation Hub and research councils about the need for
increased supply of bioinformatics skills into the sector and how to raise the profile of the IB
sector in the bioinformatics community. Engage with academia and other providers to explore and
develop the availability of short courses and distance learning that is suitable for the IB
community. Also increase the availability of industry projects by encouraging Innovate UK
(formerly the Technology Strategy Board) to explore whether this activity can also be associated
with a specific funding call or supported by their Knowledge Transfer Network (KTN).

6 Modular and short course training directory
Issue

Technical specialists’ time is often very scarce and therefore highly valued by industry; this
reduces the attractiveness of training courses that require substantial time away from the
company. This makes short courses and distance learning attractive to them. However, it is not
always easy to find such courses and companies (particularly small businesses) default to inhouse provision.

Further evidence

Section 6.3 Current training provision (page 47). Section 6.4 Training format (page 49).

Recommendation

The SIP should develop and maintain a directory of relevant short course training provision, or
signpost to an existing directory (such as Mtrain).The Cogent Skills Store provides an existing
mechanism to do this. As the skills and training needs are not unique to the IB sector they can be
categorised by the underlying technology platform to avoid a presentational constraint that limits it
to IB.

Next steps

Assess the feasibility of Cogent Skills, on behalf of the SIP, developing and maintaining a
5
database of provision, including the suitability of Mtrain and the Cogent Skills Store for this
purpose.

4
5

For more information see: http://www.bbsrc.ac.uk/documents/bioinformatics-statement-pdf/
For more information see: http://www.skillsstore.com
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7 Promotion of Industrial Biotechnology and
biomanufacturing
Issue

The evidence is that IB competes with other industry sectors for highly skilled graduates and
postgraduates. These can include major well-funded sectors such as pharmaceuticals and fossil
fuels that are perceived as offering attractive careers. IB is smaller and the terms of employment
are regarded as not as attractive. Some IB roles, particularly those associated with
manufacturing, are perceived as being routine in nature and there is a shortage of people with
biomanufacturing skills. Biomanufacturing roles are filled by retraining existing skilled
manufacturing workers, mostly in larger firms. Smaller firms developing new industrial
biotechnology products and processes often use over-qualified graduates and post-graduates to
develop a biomanufacturing capability. Conversely, the fundamental purpose of IB in providing
materials and energy for the future is seen as important and attractive to young people. Anecdotal
evidence suggests that the growth and importance of the sector is perhaps under-appreciated by
many, including those providing careers advice. Further, the skills and training needed are often
6
not unique to the IB sector; the provision could be common to the other ‘colours’ of biotechnology
in addition to white biotechnology, which is the subject of the current study. There is an
opportunity to promote the sector and also career pathways and the valuable and distinct
expertise needed by all those biomanufacturing professionals.

Further evidence

Section 6.1 Availability of skilled labour (page 43) Section 6.2.2 Sectoral diversity (page 47).
Section 6.3.1 HE provision (page 47).

Recommendation

The SIP should take responsibility for promoting IB to relevant university departments,
academics, careers advisors, professional institutions (for early career stage professionals) and
students to raise awareness of the attractiveness of IB as a sector, the professional challenges it
presents, its potential for growth, and its contribution to society. As part of this, consideration
could be given to the word “industrial” in the title of the sector as this may have negative
connotations for the target audience. As part of this promotion the SIP could prepare professional
profiles of people at all levels of biomanufacturing to highlight the expertise, challenges and job
satisfaction of those engaged in biomanufacturing processes regardless of original discipline.

Next steps

Engage with a range of influential voices within the sector to determine how best to promote the
benefits of a career in IB. These will include university departments, academics, careers advisors
and professional institutions, but should also include case studies of early career individuals that
current students will be able to relate to directly.

8 Develop a holistic strategy for skills
Issue

It is clear from the feedback from industry that the IB sector’s skills needs are evolving and that
there is a continuation of technical roles at all levels, including their extension into manufacturing
and commercial activity. Research is being undertaken by Dr Paul Lewis of King’s College
London for the Gatsby Foundation into technician roles. There is a need for skills needs to be
considered holistically, with an accompanying strategy to reflect this. Further, many of the skills
required are common to other branches of biotechnology; this introduces opportunities to develop
a broader skills strategy for biotechnology as a whole, which would benefit from the associated
critical mass. IB is disadvantaged in the sense that there is not a single professional body or
trade association that uniquely focuses upon it.

Further evidence

Section 6.3 Current training provision (page 47).

Recommendation

The SIP should integrate the outcome of Dr Paul Lewis’ research with the findings of this study to
form a single skills strategy. Further, some of the skills gaps identified, such as engineers,
bioinformaticians and electrical and instrumentation technicians, are not unique to the IB sector
but are also employed in other sectors. The SIP and its strategy should cultivate links between
sectors where there is a common interest in tackling skills shortages to collaborate in the
development and promotion of provision.

6

For more information see: section 2.1.1 (page 10)
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8 Develop a holistic strategy for skills
Next steps

To hold discussions with professional bodies and trade associations representing other branches
of biotechnology to explore how the skills needs of the IB sector can be combined with those of
other sectors to develop national strategies. Also, for the SIP to integrate this study and others
into a single coherent and industry-owned skills strategy for the IB sector.

9 Promote industrial placements within degree
programmes
Issue

The first recommendation introduces the concern that some graduates’ professional skills do not
currently meet employers’ expectations. Graduate and postgraduate recruits invariably have
superb technical skills, but are unfamiliar with project management, communication, managing
client and customer relationships, and elements of business strategy. Employers spoke very
positively about the role of work placements as a means of overcoming this issue. Firms that had
hosted undergraduates for a year as part of a sandwich degree often maintained contact with the
student during their final year of study and recruited them permanently on completion of their
degree. Equally, firms that had not hosted an undergraduate in this way made it clear that they
would welcome greater opportunity to do so.

Further evidence

Section 6.3.1 HE provision (page 47).

Recommendation

The SIP should seek to increase the prominence of IB placements across all relevant
undergraduate degree programmes. As with recruitment, IB employers will be competing with
larger, more established firms for placement students and may require support to develop their
pitch. Placements could be year-long (as part of a sandwich degree programme) or shorter
modules (as part of a Masters degree programme).

Next steps

The SIP should audit IB employers to identify those with a latent interest in hosting a placement
student. This process would capture the particular skills that the employer is looking for and the
format that would best suit them. It should then assemble an academic network comprising
institutions with an interest in offering placements such as these, and act as a matching service.

10 Formalise provision of conversion courses
Issue

The specificity of the skills required in IB combined with its low profile relative to more traditional
science subjects determines that many graduates and postgraduates entering the sector require
some skills development. An established observation is that biologists lack production skills and
engineers lack scientific skills; there is a general consensus that it is easier to convert engineers
than biologists. A more recent component is mathematics, linked to the need to promote
bioinformatics outlined in recommendation 5. IB employers are familiar with having to supplement
the skills of their recruits, but would like provision to be more structured and readily available.

Further evidence

Section 6.2.1 Conversion courses (page 46)

Recommendation

The SIP should recognise that many graduates and postgraduates entering the IB workforce will
require some form of conversion training, depending on their existing qualifications. In addition to
the traditional conversion of biologists and engineers, this should expand to encompass
mathematicians, whose ability to manipulate large and complex datasets is valued, but needs to
be supplemented by an understanding of how the data relates to IB activity.

Next steps

The SIP should work with IB employers to determine the number of candidates who require
conversion. Particular attention should be given to the number of mathematicians who require
skills development in IB, as this is an emerging area that is less familiar to IB firms. The SIP
should explore the potential to collaborate with the Centre for Process Innovation (CPI) in
delivering this.
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2. Evidence section 1: Characteristics of the Industrial Biotechnology sector
This research project adopted the Biotechnology and Biological Sciences Research Council’s (BBSRC’s)
definition of Industrial Biotechnology (IB), namely; “a set of cross-disciplinary technologies that use
biological resources for producing and processing materials, chemicals (for non-food applications) and
energy. These resources can be derived from the tissues, enzymes and genes of plants, algae, marine
7
life, fungi and micro-organisms.”
Although IB technologies have been long established, there have recently been major advances in a
number of technologies associated with these disciplines. These range from novel approaches in the use
of enzymatic and whole cell systems for the production of platform and high value chemicals (including
pharmaceutical precursors, biopharmaceuticals and fuel compounds), to new methods that stem from
recent developments in synthetic biology.
The IB sector encompasses a broad range of industrial activities ranging from those dedicated to
developing advanced technologies using molecular and genetic insights through to those who use
established industrial processes to produce materials, chemicals or energy. Within the IB sector there are
ten activities that the Science Industry Partnership (SIP) has identified as being of particular focus. These
were initially considered but ultimately rejected as criteria to classify sub-sectors of the IB sector; work
undertaken as part of this research project suggests that the majority are examples of IB processes which
many firms may undertake, but do not define their business.

2.1 Introducing Industrial Biotechnology
Traditionally, IB has been utilised for processes such as yeast fermentation of sugars into alcohols, for
beer, wine and spirit manufacture, bakers’ yeast to make bread rise, and fermentation of boiled soybeans
into soy sauce. It was even extensively used in the manufacture of explosives in World War 1. IB is now
used to make a vast range of products, including materials, fuels, food, feed, pulp, paper,
pharmaceuticals, biopharmaceuticals, and chemicals. A number of biological resources are used in IB
processes, including genes, enzymes, molecules, and tissues, produced by microorganisms such as
8,9
bacteria, fungi, and algae, and larger organisms including plants and seaweed.
Humans have been modifying the genetics of living things for thousands of years; for example, by
replanting seeds from plants with better yields, certain genes have been preferentially selected to create
more productive crop varieties. More recently, scientists have been able to identify which specific genes
are responsible for certain traits, such as larger grain size or drought resistance, and have been able to
select those genes, or transfer them into new organisms entirely using genetic engineering. In a similar
way to choosing high-yielding crop varieties, the products made or processed in IB are normally
optimised to enhance production. To this end, the genes involved in IB process are often transferred from
one organism to another, typically to an organism more suited to large-scale production.
The emerging technology of synthetic biology is pushing the limits of biotechnology. Synthetic biology is
the application of genetic engineering, using our knowledge of biological processes and the genetic code,
to standardise, manufacture, and create new DNA from scratch. Synthetic biologists can print entire
genomes with a range of genetic instructions from different organisms, or even create new genes and
enzymes never seen before in nature, to construct new organisms with new or enhanced functionality. A
particular focus of synthetic biology has been on microbes, which can produce hydrocarbons for fuel and
chemicals, which directly replace fossil fuels, and could ‘power a bio-industrial revolution’. For example,
diesel-producing bacteria developed at the University of Exeter are being developed for
commercialisation, and research at the University of Warwick is investigating engineering synthetic
microbial communities to produce enhanced methane. The methane produced could be used to produce
10
heat power or used as gas as a transport fuel.

7

http://www.bbsrc.ac.uk/funding/priorities/ibb-industrial-biotechnology.aspx
http://www.europabio.org/what-industrial-biotechnology
http://www.bbsrc.ac.uk/research/biotechnology-bioenergy.aspx
10
http://www.bbsrc.ac.uk/news/fundamental-bioscience/2015/150121-f-impacts-of-bioscience-2007-2013.aspx
8
9
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Commonly, the bacterium E. coli is used in IB processes as it is relatively easy to genetically modify and
control compared to other organisms such as filamentous fungi, which produces a host of valuable
antibiotics and enzymes. More recently, micro-algae have begun to be used for IB processes and
genetically modified to manufacture products, such as biodiesel, nutraceuticals, pharmaceuticals, and
aquacultures, as they have biological differences which make them more suitable for certain products,
and environmental advantages over bacterial cultures. Algae can produce their own energy, from sunlight
and CO2 sequestered from the atmosphere or flue gases directly, rather than using food crop sugars as
an energy source, which make them more self-sufficient. Algae can also be grown in sea or wastewater,
which reduces competition for fresh water. However, industrial use of algae is not as developed as E.coli,
and many algal production lines still use crop sugars and fresh water, and therefore more research and
investment is still required to compete with bacterial IB. Specialty crops can also be genetically modified
to allow ‘in planta’ industrial production of pharmaceuticals, fuels, chemicals, and other valuable
11
products .
2.1.1 Red and White Biotechnology
This report is concerned with industrial biotechnology, also frequently referred to as White Biotechnology.
This is in contrast to Red Biotechnology, which is concerned with the discovery, and development of
innovative drugs and treatments and the use of biotechnology for medical purposes. It is sometimes
necessary to consider where the boundary lies between these two different types of biotechnology. For
the current purposes, we consider that the preparation of materials for use in the pharmaceutical industry
falls within the definition of White Biotechnology. This is consistent with the usual boundary between the
chemical and pharmaceutical industries.
In the analysis that follows in section 5 (page 34) it was not feasible to distinguish between White and
Red Biotechnology applications in the pharmaceutical industry. The pharmaceutical industry is very large
so it features strongly in the economic analysis. This should not be interpreted as meaning that the
pharmaceutical industry is the largest user of White Biotechnology products and processes.
It is also worth noting that there are common scientific and engineering science and technology platforms
between Red and White Biotechnologies. The training is in common and they compete for skilled people.
Our informal discussions with people interested in White Biotechnology led us to find that the
pharmaceutical industry has a stronger profile among students and many universities involved in
biotechnology and there is not universal appreciation that the skills gained through such training are
applicable in industrial biotechnology as well as that related to health and medicine.
We mention for completeness that there are two other ‘colours’ of biotechnology. Green Biotechnology
refers to modification of the genetic composition of plants to provide them with enhanced traits for the
purposes of horticulture or nutrition. Blue biotechnology is concerned with the exploration and exploitation
of marine organisms to develop new products. Although there are some theoretical crossovers with White
Biotechnology (e.g. biofuels from enhanced crops or marine algae) we did not encounter appreciable
competition for skills or resources during the course of this study.

2.2 The Industrial Biotechnology sector internationally
Current global revenues for goods produced using industrial biotechnology are estimated at between
EUR 50 billion and EUR 60 billion annually, according to data released by industry trade publications.
There are many predictions of future market values. For example, one estimate is that by 2030 the global
12
market for industrial biotechnology could reach roughly EUR 300 billion .
Industrial biotechnology continues to grow in the EU. Sales of products made by biotechnological
processes in 2010 were €91.9b representing 6.2% of total chemical sales and are expected to continue to
increase substantially in 2015 and 2020. In 2015, sales of products made by biotechnological processes

11
12

http://www.enalgae.eu/about-algae.htm

https://biobs.jrc.ec.europa.eu/sites/default/files/generated/files/policy/OECD%202011%20Future%20Prospects%20for%20Industrial
s%20Biotechnology.pdf
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will be around €228b representing 12.1% of total chemical sales resulting in a compound annual growth
13
rate (CAGR) from 2010 to 2015 of 20% .
The USA is the largest global manufacturer and consumer of IB products, with strong investment and
political commitment. The USA is particularly promoting corn and cellulosic ethanol fuels, outlined in the
National Bioeconomy Blueprint 2012, including large scale advanced bio-refineries Project Liberty
(POET-DSM), DuPont, and Abengoa’s developments across the US. Japan is the second biggest
pharmaceutical and biopharmaceutical nation in the world (after the USA) and has an innovative IB sector
(the majority being biomedical). The Japanese Government heavily supports the industry, for example the
Okinawa Health Biotechnology R&D Centre provides facilities for biotech companies to carry out
research, and around £1bn of funding was made available in 2013 for stem-cells research over the next
14,15
ten years
.
Germany is one of the strongest IB producers in Europe, and has an excellent reputation for
16
manufacturing high value products such as chemicals and biopharmaceuticals . Germany has a high
17,18
number of IB companies, IB clusters, bio-refineries, and buoyant investment in a strong R&D base
.
Denmark has many established biotechnology companies, including two of the world’s biggest enzyme
producers Novozymes and Danisco (DuPont), and pharma biotech.
Brazil is an emerging IB nation; its position as the international leader in bio-ethanol production from
sugar cane already attracts investment from many large companies, including Amyris, BP, Dow
Chemical, DuPont, and Novozymes. Another fast growing industrial biotechnology market is Malaysia,
which is rich in natural resources and attracts international investment. Support from the Malaysian
Government’s BioNexus Program has delivered world-first projects such as a bio-methionine production
plant and the production of dodecanedioic acid (DDDA).
Some countries are focusing on developing biotech fuels and chemicals from trees, where forestry
resources are plentiful. These include Finland, where the Finnish Government launched an international
19
advanced bio-refinery competition to spur investment in 2014 , and UPM started production of wood
based renewable diesel in January 2015. In New Zealand the Government-owned Forest Research
Institute Scion is developing a range of IB processes with industrial partners to convert wood and
20
cellulosic wastes into chemicals, plastics, and fuels .

2.3 The Industrial Biotechnology sector in the UK
The UK has a strong academic research base, in terms of university rankings, research funding, quality
and quantity of publications, and coordinated clusters of research that have precipitated IB spinout
companies. The UK’s financial sector makes a large contribution to the strength of its research base, but
investment is predominantly in disciplines that are better established than IB, such as the health. As a
consequence, IB is often identified as a sector that requires public investment.
This has led to a strong research base in areas of importance for IB in the UK. Significant expertise exists
in:





Development of enzymatic catalysts for manufacturing processes
Fermentation technologies
Bio-prospecting
Utilizing the functionality of molecules

13

http://www.ey.com/Publication/vwLUAssets/EY-biotechnology-in-europe-cover/$FILE/EY-biotechnology-in-europe.pdf
http://www.bio-portal.jp/english/infra_and_educate/helth_biotechnology/
http://www.genengnews.com/insight-and-intelligenceand153/japan-moves-to-regain-prominence-in-biotech/77900022/
16
http://www.ey.com/Publication/vwLUAssets/German_biotechnology_report_2013/$FILE/German_biotechnology_Report_2013.pdf
17
http://www.ibbnetzwerk-gmbh.com/uploads/media/gtai_-_Industrial_Biotech_Germany_03.pdf
18
http://www.genengnews.com/keywordsandtools/print/3/34337/
19
http://www.biofuelsdigest.com/bdigest/2014/06/04/finland-launches-international-competition-to-scale-up-biorefineries/
20
http://www.scionresearch.com/research/manufacturing-and-bioproducts/industrial-biotechnology
14
15

© TBR

Page 11

Evidence section 1: Characteristics of the Industrial
Biotechnology sector


21

Chemical transformations .

The UK has been important in biosciences and IB in recent years. Not only in terms of manufacturing, but
also in terms of research; for example in 2009, 12.7% of citations of papers on biological sciences
originated in the UK, whilst the Bioscience for Business Knowledge Transfer Network has highlighted UK
strength in areas such as applied biocatalysis, pure enzymology, pathway engineering or ‘combinatorial
22
biosynthesis’, and biochemical engineering .
Evidence from existing IB literature suggests that the sector has grown during the last decade, as well as
providing an indication of important and growing sectors. In December 2008 it was estimated that 42
companies constituted the IB sector in the UK employing 1,500-2,000 people, of which 37 were SMEs
and of which 85% had existed prior to 2005. Across the 25 of these firms for which data were available,
23
combined turnover was £108million . The most widespread application of IB by these firms was
pharmaceuticals (over 25 of the firms), with other firms also using IB in the Biofuels, Environmental, Food
24
and Drink, Healthcare, Other Chemicals, and Personal care/Cosmetics sectors . By 2013, the number of
core IB firms in the UK is estimated to have grown to 121, with a combined turnover of £600million,
25
employing 1,800 people . Amongst these firms, the majority of companies are SMEs, with the fastest
growing being in the biofuels and specialist services sub-sectors, which together represent 87% of
26
revenue in the UK IB sector . The BBSRC has recently funded a research project to determine the
economic contribution and characteristics of the UK IB sector; this was delivered by Capital Economics
and reported in July 2015. The headline findings of this study were that the UK IB sector comprised
27
approximately 225 firms, employed 8,800 people, and generated turnover approaching £3bn in 2014 .
Appreciably more activity exists in the biofuels sector, where the feedstocks and processes are often
similar. Green Biologics, an expanding renewable chemicals firm based in Oxfordshire, works on the
development of integrated fermentation processes for the production of both biofuels and biochemicals.
Other companies working on fermentation processes to produce mainly biofuels are Vivergo Fuels,
Ensus, and AB Sugar (which, as British Sugar, was in 2009 the only producer of bioethanol in the UK).
The number of biotechnology companies in the UK is significant larger than the number of companies
which can be classified as operating in specifically in IB. Although the majority of biotechnology
28
companies work in life science or bio-cleaning, a number of them are also relevant to the IB sector .
Research by the (since discontinued) Chemistry Innovation Knowledge Transfer Network (CIKTN) and
cited by the Industrial Biotechnology Innovation and Growth Team (IBIGT) identified a range of sectors
where IB use was growing, or had potential to grow. These were water treatment, agrochemicals,
29
renewable energy, and the food industry .
Writing in 2009, the Industrial Biotechnology, Innovation and Growth Team estimated that the size of the
global IB market by 2025 would range from £150 billion to £360 billion. In the same analysis, estimates
for the UK IB market range up to £12 billion. This projection has been cited in the years since 2009, most
recently being repeated by the UK Department for Business, Innovation & Skills in February 2015 when

21

Skibar W, Grogan G, Pitts M, Higson A (2009); Analysis of the UK Capabilities in Industrial Biotechnology in Relation to the Rest
of the World
22
Industrial Biotechnology Innovation and Growth Team (2009) IB 2025 Maximising UK Opportunities from Industrial Biotechnology
in a Low Carbon Economy
23
Ibid.
24
Ibid.
25
BBSRC/BIS (2014) Strength and Opportunity 2013 The landscape of the medical technology, medical biotechnology, industrial
biotechnology and pharmaceutical sectors in the UK Ibid.
26
Ibid.
27
Capital Economics (2015) Biotech Britain: An assessment of the impact of industrial biotechnology and bioenergy on the UK
economy
28
Skibar W, Grogan G, Pitts M, Higson A (2009); Analysis of the UK Capabilities in Industrial Biotechnology in Relation to the Rest
of the World
29
Industrial Biotechnology Innovation and Growth Team (2009) IB 2025 Maximising UK Opportunities from Industrial Biotechnology
in a Low Carbon Economy
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30

announcing almost £20m of funding awarded to 23 IB projects . By 2011, the estimated size of the
31
global IB market was £32bn, generated by somewhere in the region of 4,000 firms .
In terms of employment projections, the UK Commission for Employment and Skills (UKCES) has
identified biological scientists and biochemists as being amongst the ‘top 40’ UK jobs of the future, with
employment forecast to increase from 87,000 to 105,000 over the period 2012 to 2022, including 46,000
32
projected job openings . The UKCES also analysed future trends in skills levels in the bio-medical
sector, estimating that an additional 112,000 people with a postgraduate qualification in biological
sciences will be required (representing a 70 per cent increase between 2007 and 2017 and an additional
33
220,000 postgraduates in engineering) .
To realise this growth potential and meet the skills needs of the sector, the UK IB sector must capitalise
on its strengths and overcome its weaknesses. In 2009 a set of strength and weaknesses were published
34
by the Bioscience for Business Knowledge Transfer Network (KTN) . These are presented in Table 1,
below. The three strengths and weaknesses that are most obviously associated with skills are underlined
in Table 1; this draws attention to some issues that might require specific attention during the primary
research phase of this project. In addition to these three issues, there are other strengths and
weaknesses which may or may have roots as a skills issue, such as the continued commercial
investment and government support (strengths) or the insufficient spin out activity and capability in
contract manufacturing (weaknesses).

Table 1: Strengths and weaknesses in UK Industrial Biotechnology
UK Strengths

UK Weaknesses



Strong history of research in the underpinning areas of
microbiology, molecular and structural enzymology, and
biochemical engineering.



Lack of dedicated funding programmes for Industrial
Biotechnology research





Grants for interdisciplinary research are difficult to obtain

Strong expertise in biomass feedstock research; both in
plant and marine sciences.





Lack of chemists with biotransformation experience and
know-how

Well placed in systems biology, particularly
mathematics and biology links are being established.

as





Not enough spin-out activity and capitalisation on
expertise/discoveries

Consolidation of activities by the Bioscience for Business
KTN and the Chemistry Innovation KTN, resulting in a
core community comprising both academics and
industrialists, with good relationships amongst its
members35.



No dedicated funds to mitigate firms’ exposure to risk
when developing novel bio-processes and products



Scale-up and demonstration facilities are scarce



Chemical industry less advanced in
Biotechnology
than
their
continental
counterparts



Almost no capability in contract manufacturing in Industrial
Biotechnology



An established Centre of Excellence for Bio-catalysis,
Biotransformation and Bio-manufacturing, which embraces
close contact with industry and has access to a scale-up
facility

Industrial
European



Centre for Process Innovation at Wilton providing
consultation and scale-up facilities



Lack of governmental incentives for the development of
bio-based products



Genuine commercial interest evidenced by continued
corporate investment in Industrial Biotechnology research
and development (e.g. IBTI)



Limited arable land will make the development of
sustainable supply chains of biomass feedstocks more
difficult.



Close contact with European and US groups through
CoEBio3 and KTN infrastructure



Government support
technologies

for

sustainable

products

and

30

https://www.gov.uk/government/news/cable-announces-20-million-for-uk-industrial-biotechnology
BBSRC/BIS (2014) Strength and Opportunity 2013 The landscape of the medical technology, medical biotechnology, industrial
biotechnology and pharmaceutical sectors in the UK
32
UKCES (2014); Careers of the future
33
UKCES (2010); Strategic Skills Needs in the Bio-medical Sector
34
Skibar W, Grogan G, Pitts M, Higson A (2009); Analysis of the UK Capabilities in Industrial Biotechnology in Relation to the Rest
of the World
31

35

BfB KTN and CIKTN no longer exist and are now part of KTN Ltd. There is now only one KTN in the UK.
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3. Evidence section 2: Existing models for supporting skills development
This section considers the existing support available for skills development in similar sectors to IB.
Principally, it explores the role of the Advanced Training Partnerships (ATPs) in the agri-food sector to
inform the appropriateness of this model in the IB sector. It also summarises other initiatives that support
skills development and evidence of the value of continued investment in research.

3.1 Advanced Training Partnerships (ATPs)
The BBSRC describes the ATPs in agri-food as “supporting research-led, user-focused training for food
36
security R&D, in line with the industry-led AgriSkills Strategy.” The three existing ATPs were established
following a 2010 cross-departmental government report from the Food Research Partnership Skills SubGroup which assessed the status of higher level skills in the agri-food sector and directly recommended
the BBSRC set-up the ATPS to ensure that the niche research expertise, high, and very high-level skills
needed in the agri-food sector are developed in collaboration between HEIs, industry employers,
37
research institutes and other stakeholders .
There are three partnerships worth approximately £13 million within the ATP initiative. Bringing together
companies with research and training organisations, each is a formal, sustainable collaboration between
end users and providers of high-level skills in the agri-food sector. ATPs are evaluated annually to
monitor performance, but this project considers not just the key performance indicators, but broader
reflections on the ATP model.
Funded from 2011 to 2016, each partnership operates under the leadership of an academic institution
and focuses on a particular research area. These partnerships are summarised in Table 2, below.

Table 2: Summary of current Advanced Training Partnerships (ATPs)
Sustainable and efficient food production38: The Institute of Biological, Environmental and
Rural Sciences (IBERS) at Aberystwyth University leads this ATP in partnership with the
University of Bangor and the National Institute of Agricultural Botany (NIAB-TAG). The ATP
offers postgraduate training through workshops and distance learning. Fees in 2014 were
£400 for a workshop, £750 for a distance learning module, or £1,100 for both. Modules can
be built up to achieve Postgraduate Certificate (PGCert), Postgraduate Diploma (PGDip), or
Master’s level qualifications.
AgriFood ATP39: This ATP aims to be a strategic training hub for the UK agri–food industry,
led by The University of Nottingham alongside Harper Adams University, Cranfield University
and Rothamsted Research, as well as industry partners including Campden BRI and
Cambridge University Farm. Study options range from one-day workshops and short courses
through to postgraduate awards including PGDip, PGCert, MSc and research degrees, all
covering various topics across the agri-food sector.
Food ATP40: Led by the University of Reading, working alongside the University of
Birmingham, Leatherhead Food Research and Rothamsted Research, the partnership aims
to educate and challenge food professionals to create a culture of sustainable quality food
production that benefits human health and promotes a responsible, profitable food industry
for the future. The Food ATP modules can be built together to form a professional doctorate,
master’s programme, PGDip or PGCert. Modules may also be taken as standalone CPD
activity without the need to register for a qualification programme.

36

BBSRC (2014) Impact Report 2014; BBSRC Delivering Impact
Food Research Partnership Skills Sub-Group (2010); High-level Skills for Food
http://www.atp-pasture.org.uk/en/
39
http://www.agrifoodatp.ac.uk/aatp/about.aspx
40
http://www.foodatp.co.uk/
37
38
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3.2 Other support for skills development
In addition to the support for the ATPs outlined in section 3.1, there are various other activities that
contribute to the development of skills linked to biotechnology. The BBSRC invests almost £50 million
41
each year in postgraduate training. In addition to the ATPs, in 2014, this investment included :


Doctoral Training Partnerships (DTPs) directly support 250 four-year PhD students per year.
DTPs are designed to widen student experience beyond that provided by traditional doctoral
training. For example, students undertake three-month professional internships areas such as
policymaking, media, teaching and industry.



Over 200 PhD students per year through the CASE mechanism, delivered in collaboration with
over 150 companies; all PhD students are provided with wide-ranging skills training to equip them
for a variety of roles.



Training in core bioscience, technical and transferable skills is an integral element of BBSRC
studentships. Additionally, students are offered training in entrepreneurial opportunities, for
44
example the Biotechnology Young Entrepreneurs Scheme (YES) , a competition for
postgraduate and postdoctoral scientists which raises awareness of the commercialisation of
ideas from the biosciences, including a number of workshops such as Biomedical YES and
Bioscience YES.



Policy internships , for BBSRC-funded PhD students to gain 3-months’ experience of working in
science policy.

42

43

45

41

BBSRC (2014) Impact Report 2014; BBSRC Delivering Impact
http://www.bbsrc.ac.uk/funding/studentships/doctoral-training-partnerships.aspx
http://www.bbsrc.ac.uk/funding/studentships/case.aspx
44
http://www.bbsrc.ac.uk/business/commercialisation/biotechnology-yes.aspx
45
http://www.bbsrc.ac.uk/business/people-information/policy-internships.aspx
42
43
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4. Evidence section 3: Scale of existing training provision
This section explores a range of secondary data sources to profile the scale of existing training in
biotechnology delivered in the UK. Biotechnology is used as a default term throughout this section, and
should be interpreted differently from the rest of the report. This section will make reference to
Biotechnology students, Biotechnology courses, and Biotechnology content; this should not undermine
the principal focus of this report, which remains Industrial Biotechnology. Biotechnology is used because
this is the classification under which secondary Higher Education (HE) data are presented. Analysis of
these data presents a useful headline assessment of the availability and popularity of training in
biotechnology in the UK, but has clear limitations. Firstly, the accuracy of the data is determined by the
accuracy of the input; if UK Higher Education Institutions (HEIs) are teaching biotechnology programmes
but not recording these as such, this undermines the value of the data. Secondly, IB firms often recruit
technical staff with qualifications that are related to, but not specifically classified as, biotechnology.
Therefore the buoyancy of demand for programmes across the engineering and technology subject group
is relevant, and has been included at various stages throughout this analysis.
Accredited training is dominated by undergraduate and postgraduate qualifications offered by UK HEIs.
Time-series data for HEI provision are relatively robust and are analysed and presented in this section.
Secondary data sources that capture provision delivered by private providers are less readily available;
internet searches were used to provide an assessment of this type of training.
Although the focus in this project was initially on the postgraduate skills needs of the IB sector, the scope
was extended to include an assessment of undergraduate provision. This completes the coverage of
existing skills research and complements research into technician skills requirements being undertaken
by Dr Paul Lewis of King’s College, University of London, on behalf of the Gatsby Foundation.
IB employers’ skills needs extend beyond the formal technical skills of IB to include generic areas such as
project management, communication and finance. This was explored in the employer survey element of
this study (section 6), but as these needs are generic and not specific to IB they are not considered in this
section.

4.1 Formally accredited undergraduate and postgraduate training
Much undergraduate and postgraduate training is accredited by UK HEIs, with providers often offering a
range of courses:






At undergraduate level these include Foundation degrees, Bachelor’s degrees in a format that at
headline subject level (informed by Joint Academic Coding System [JACS] codes) is relatively
uniform. However, diversification arises from the joint honours courses on offer.
At postgraduate level these include Postgraduate Diplomas, Postgraduate Certificates, full
Masters courses, and doctoral training in a relatively broad range of disciplines.
The undergraduate JACS code J700 is classified as Industrial Biotechnology and offered by eight
UK HEIs (although many give the course a different title). A further 29 UK HEIs offer
undergraduate courses outside the J700 JACS code that make reference to biotechnology (either
in the course title or the course description, such as H800 – Chemical Engineering).
24 UK HEIs offer a discrete postgraduate course in Biotechnology, but a further 42 UK HEIs offer
postgraduate courses that make reference to biotechnology either in the course title or the course
description.

The Higher Education Statistics Agency (HESA) collates data on HE learners at various levels, studying
various disciplines, and at various institutions. This includes undergraduate and postgraduate learners.
HESA data from the 2009/10 academic year through to the 2013/14 academic year were purchased for
this project to supplement freely available data from 1996/97 through to 2008/09, enabling the project
team to monitor the number of students by subject area, institution, and mode of study.
For both undergraduate and postgraduate learners, a ‘Biotechnology’ classification is available for the
academic years 1996/97 to 2001/02 and 2007/08 to 2013/14. The intervening years use a more specific
‘Industrial Biotechnology’ classification that, despite perhaps being more directly relevant to this project,
interrupts the time series between 1996/97 and 2013/14. During this period, Biotechnology is not
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disaggregated into various forms of Biotechnology. Instead, those elements of Biotechnology study that
were not Industrial Biotechnology were dispersed through other classifications, and therefore data cannot
be aggregated. Because ‘Biotechnology’ is the most accurate classification that is available, it has been
adopted throughout this section.

4.2 Undergraduate training
Section 4.2.1 presents analysis of time series data and identifies trends in undergraduate provision in
terms of volume, institution, and mode of delivery. Section 4.2.2 supplements this by mapping the
institutions that are currently offering undergraduate programmes that include biotechnology content.
4.2.1 Undergraduate provision
Figure 1 presents the numbers of undergraduate students studying biotechnology at UK HEIs between
the academic years 1996/97 and 2013/14. These data are incomplete because of the discontinuity in
classification between 2001/02 and 2007/08 previously mentioned. There is a clear decline in the number
of biotechnology undergraduates between 1996/97 and 2001/02. By the time the original methodology is
reinstated in 2007/08, numbers appear to have recovered to their 1996/97 level. However, in the time
between 2007/08 and 2013/14, numbers exhibit a profile of general decline similar to that between
1996/97 and 2001/02. This discontinuity in data between 2002/03 and 2006/07 dictates that these years
should be excluded. Nonetheless, there is still considerable volatility in the number of undergraduate
students from year-to-year.

Figure 1: Undergraduate biotechnology students at UK HEIs by stage and mode of study
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In addition to presenting Biotechnology undergraduates by mode of study (full-time/part-time), Figure 1
46
also presents full-time students by year of study (first/other) . Numbers of first year undergraduates
provides an indication of annual demand to study Biotechnology; this could be obscured in an
assessment of students of all years (where changes in the profile of degree programmes, such as an
increase in the proportion of 4-year courses, or students being required to re-sit years, could increase the
numbers studying courses without increasing the numbers beginning courses). The trend in
Biotechnology first year undergraduates broadly mirrors trends in undergraduates across all years; across
the period studied the average proportion of undergraduates in their first year is 35%, with a high of 43%

46

Equivalent data are not available for part-time undergraduates; in many years the total number of students is very small and any
further disaggregation would risk being disclosive. In years before 2009/10, data presented in HESA’s Students in HE publication do
not disaggregate part-time undergraduates by year of study.
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(2010/11) and a low of 25% (2000/01).This proportion is very similar to students across Engineering and
technology disciplines (34%) and all subjects (33%), as shown in Table 3.

Table 3: Proportion of undergraduates in their first year of study
Biotechnology

Engineering & technology total

Total - All subjects

35%

34%

33%

Source: HESA Students in HE 1997-2014 (TBR Ref: W5/S1)

Figure 2 presents the same headline data as Figure 1, but instead of distinguishing Biotechnology
undergraduates by mode of study (full-time/part-time) and year of study (first/other); it distinguishes by
domicile (UK/non-UK). It is clear that a greater proportion of Biotechnology undergraduates are UKdomiciled between 1996/97 and 2001/02 than between 2007/08 and 2013/14.This is significant for the UK
IB sector because UK-domiciled undergraduates are generally more likely than non UK-domiciled
undergraduates to work in the UK following graduation. Figure 4, below, discusses whether this is a trend
reflective of all undergraduate subjects or whether it is unique to, or more prevalent in, Biotechnology.

Figure 2: Undergraduate biotechnology students at UK HEIs by domicile
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Figure 3, below, demonstrates that, across all subjects, the expansion in undergraduate students has
been relatively constant, reaching a peak in 2011/12, 38 points above its 1996/97 level. The number of
undergraduate biotechnology students is less buoyant; student numbers exceeded the 1996/97 level in
only one year (2010/11) and closed in 2013/14 33 points lower than the original level The ability of
quantitative data to explain why these trends are present is very limited; it could be that biotechnology as
a discipline lacks recognition and profile, both amongst potential undergraduates themselves and their
sources of advice (including schools, colleges, parents, and peer group).The programme of qualitative
interviews with sector stakeholders confirmed that the general understanding of biotechnology, the
aptitudes required by its students and its relationship to other disciplines remains weak (see section 6.2,
page 45).
Figure 3 also profiles the trend across all programmes of undergraduate study in engineering and
technology. It shows that undergraduate engineering and technology students have increased in numbers
over the last decade and form an increasing proportion of undergraduates as a whole. This proportion
has increased markedly in the last three years. In contrast, the numbers engaged in biotechnology
courses has fallen by almost one third since 2010. It is possible that incorporating a biotechnology
module within more general engineering and technology programmes might be a more effective way to
introduce undergraduates to biotechnology, although feedback from the qualitative interviews emphasised
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that HEIs should not pursue this unless they were in a position to offer a module that was of very high
quality (see section 6.3.1, page 47). Interviewees made reference to previous attempts to include
‘unconventional’ modules in response to an increased policy focus, which had led to the inclusion of
modules that were underdeveloped and failed to provide students with a good, or even accurate, sense of
what more dedicated study in that subject might involve.

Figure 3: Indices of undergraduate students at UK HEIs (1996/97 = 100)
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Figure 2, above, introduced the observation that the proportion of Biotechnology undergraduates that are
non UK-domiciled was appreciably greater between 2007/08 and 2013/14 than it was between 1996/97
and 2001/02. Figure 4 confirms this: the proportion of UK-domiciled Biotechnology undergraduates was
between 76% and 82% between 1996/97 and 2001/02, and between 44% and 56% between 2007/08 and
2013/14. By comparison, the proportion of undergraduates UK-domiciled across all subjects and
Engineering and technology subjects declined modestly but steadily over the full period 1996/97 to
2013/14; from 91% to 87% (all subjects) and 81% to 76% (Engineering and technology). In conclusion,
although the general trend over the period studied was that the proportion of undergraduates UKdomiciled decreased, this was far more pronounced in Biotechnology.

Figure 4: Proportion of undergraduate students at UK HEIs that are UK-domiciled
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Source: HESA Students in HE 2007-2014 (TBR Ref: W3/C1b)
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Despite the decline in undergraduate biotechnology students between 2007/08 and 2013/14, some HEIs
have increased provision. Figure 5 demonstrates the change in numbers of students across all of the 25
HEIs that offered undergraduate biotechnology programmes between 2007/08 and 2013/14. The
University of Nottingham expanded its number of undergraduate biotechnology students by 25, whilst the
University of Abertay Dundee contracted by 85 over the same period. Closer examination of learners at
the University of Abertay Dundee suggests that provision was withdrawn between 2010/11 and 2011/12;
in 2010/11,over 28% of UK biotechnology undergraduates were located at the University of Abertay
Dundee, representing more than double the volume of the next highest provider (University of
Nottingham). It is unclear what caused the withdrawal of provision; it may even have been that
undergraduates previously classified as studying Biotechnology may have been reclassified.

Figure 5: Change in undergraduate biotechnology students between 2007/08 and
2013/14, by HEI
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Source: HESA Students in HE 2007-2014 (TBR Ref: W3/C4a)

Figure 1 (page 17) confirms that there were 320 full-time and a further 5 part-time undergraduate
students studying biotechnology in 2013/14. Figure 6, below, displays the 14 HEIs at which these
students were studying. The University of Nottingham hosted the most biotechnology undergraduates in
2013/14: 60% more than Imperial College, in second. The location of part-time biotechnology
undergraduates is so dispersed that no single institution hosts more than two, and data are therefore
suppressed by HESA.
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Figure 6: Number of undergraduate biotechnology students by HEI, 2013/14
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Source: HESA Students in HE 2013/14 (TBR Ref: W3/C4)

Figure 7 demonstrates that proportion of biotechnology undergraduates pursuing part-time study is
consistently a lot smaller than the overall proportion of undergraduates pursuing part-time study. The
proportion of undergraduate biotechnology students studying part-time peaked at 13% in 2001/02 and
fluctuated below 5% from 2006/07 onwards, finishing on 2% in 2013/14, exactly the same proportion as
1996/97. Meanwhile, the proportion of students pursuing part-time programmes of undergraduate study
across all disciplines peaked at 34% between 2001/02 and 2004/05, before falling steadily to 21% in
2013/14.This might suggest that biotechnology is a subject that is more likely to be studied at
postgraduate level by someone immediately (or very soon) after graduating from an undergraduate
programme. The intensity of the technical knowledge required may deter mid-career professionals who
might be more likely to study part-time.

Figure 7: Trends in part-time undergraduate study, 1996/97 – 2013/14
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Source: HESA Students in HE 2013/14 (TBR Ref: W3/C1)

4.2.2 Undergraduate catalogue
In addition to analysing the number of learners studying biotechnology at an undergraduate level, this
project mapped the undergraduate courses offering some biotechnology content at UK Higher Education
Institutions (HEIs).This additional layer of analysis helps to identify undergraduate programmes that do
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contain biotechnology content, despite their students not be classified as biotechnology undergraduates.
An example of this would be a subject such as chemical engineering, which some UK HEIs (e.g. the
Universities of Birmingham and Manchester) offer as an undergraduate programme containing some
biotechnology.
Data from the Universities and Colleges Admissions Service (UCAS) suggest that UK HEIs currently offer
in the region of 68 undergraduate course titles that include some biotechnology content. These courses
invariably lead to a BSc qualification, but encompass a variety of delivery methods, such as sandwich
courses that include a year in industry and year abroad. The courses are offered across 37 UK HEIs; i.e.
more than the 14 institutions with registered biotechnology undergraduates in 203/14 (Figure 6, page 21).
This is unsurprising, because the definition has expanded beyond strict biotechnology, to include courses
that contain some biotechnology content. A full list of these 37 UK HEIs is appended to the report (Table
16, page 51).
All courses listed by UCAS accord with JACS, which classifies higher education courses into subject
groups based on their content. The most common JACS headline groups for undergraduate programmes
of study that include biotechnology are Biological Sciences (Group C), Engineering (Group H), and
Technologies (Group J).
The 14 HEIs with registered biotechnology students in 2013/14 (Figure 6, page 21) and that also currently
47
offer undergraduate programmes with biotechnology content are listed in Table 4 . Table 4 also presents
the JACS headline groups within which these HEIs classify their programmes of study that include
biotechnology content.

Table 4: HEIs that offer courses with biotechnology content and had registered
biotechnology undergraduate students in 2013/14
Joint Academic Coding System (JACS) group
Higher Education Institution (HEI)
Biological Sciences

Engineering

Technologies

Cardiff University



Imperial College




London Metropolitan University
University College London

Other




University of Aberdeen



University of Hertfordshire
University of Liverpool



University of Manchester



University of Nottingham



University of Surrey



University of Wolverhampton





Source: HESA Students in HE 2007 – 2014 and UCAS 2014 (TBR Ref: W2/S1)

It is clear that Biological Sciences (Group C) and Technologies (Group J) dominate these classifications.
In general terms, feedback from the qualitative employer engagement suggests that it is easier to train
engineers in biological science than to equip biological scientists with engineering expertise (see section
6.2.1, page 46). From an industrial biotechnology perspective, generating graduates in engineering and
technology disciplines with some knowledge of biotechnology would appear more advantageous.

47

Three HEIs – the Universities of Aberdeen, Ulster, and Westminster, respectively – have biotechnology students registered in
2013/14 but appear not to currently offer an undergraduate programme of study that includes biotechnology. It is possible that
these courses have since been discontinued.
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4.3 Postgraduate training
Section 4.3.1 presents analysis of time series data and identifies trends in postgraduate provision in
terms of volume, institution, and mode of delivery. Section 4.3.2 supplements this by mapping the
institutions that are currently offering postgraduate programmes (including doctoral programmes) that
include biotechnology content.
4.3.1 Postgraduate provision
Figure 8 presents the numbers of postgraduate students studying biotechnology at UK Higher Education
Institutions (HEIs) between the academic years 1996/97 and 2013/14. These data are incomplete
because of the discontinuity in classification between 2001/02 and 2007/08. In broad terms, the total
number of postgraduate students studying biotechnology increased between 1996/97 and 2013/14. The
number studying in 2013/14 was almost identical to the number studying in 2007/08, however, which
suggests that the general increase between 1996/97 and 2013/14 may have plateaued since 2007/08.
Despite the similar total numbers in 2007/08 and 2013/14, there was considerable variation in the
intervening years. Student numbers increased until 2009/10 but have since steadily declined, including a
dramatic decline in 2012/13; it appears that, based on the subsequent increase in 2013/14, this may well
have been an anomaly. The cause was a moderate decline (of between 10 and 25 students) across 14
HEIs, as opposed to the complete removal of a course by one institution. The number of part-time
postgraduate biotechnology students has reflected the trend in overall numbers. The proportion peaked at
26% of all biotechnology postgraduates in 1999/2000, but has fluctuated around 10% in the period
2007/08 through 2013/14.

Figure 8: Postgraduate biotechnology students at UK HEIs, 1996/97 – 2013/14
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Figure 9 presents the same headline data as Figure 8, but instead of distinguishing Biotechnology
postgraduates by mode of study (full-time/part-time), it distinguishes by domicile (UK/non-UK). It is clear
that a greater proportion of Biotechnology postgraduates are UK-domiciled between 1996/97 and 2001/02
than between 2007/08 and 2013/14, and that this trend is more pronounced than observed in
undergraduate level (Figure 2) Figure 11, below, considers whether this is a trend reflective of all
postgraduate subjects or whether it is unique to, or more prevalent in, Biotechnology.
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Figure 9: Postgraduate biotechnology students at UK HEIs by domicile
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These observed trends in postgraduate learning in biotechnology are best interpreted alongside an
overview of trends in postgraduate learning in all disciplines. Figure 10 presents the data from Figure 8 as
an index, to allow direct comparison with trends across firstly engineering and technology subjects and
secondly all postgraduate learning. The dark blue line shows the expansion in postgraduate student
numbers studying biotechnology, the orange line the expansion in engineering and technology
postgraduate student numbers, and the green line the expansion in postgraduate numbers across all
disciplines.
Across engineering and technology disciplines and across all postgraduate disciplines the expansion in
postgraduate students is relatively constant, increasing by 39 and 48 points, respectively, over the
eighteen years studied. When data recommence in 2007/08, postgraduate biotechnology student
numbers have increased by 125 points over 12 years, compared to 26 points across engineering and
technology disciplines and 38 points across all postgraduate disciplines.

Figure 10: Indices of postgraduate students at UK HEIs (1996/97 = 100)
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Source: HESA Students in HE 2007-2014 (TBR Ref: W1/C1a)

As outlined previously, postgraduate biotechnology student numbers were similar in 2007/08 and 2013/14
(and actually fell by two points over this period) but this masks much higher numbers in 2009/10 and
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lower numbers in 2012/13. Over the same period, postgraduate numbers studying engineering and
technology increased by thirteen points and those studying across all disciplines by ten points. This
suggests that continued growth in numbers studying biotechnology at postgraduate level is uncertain.
Secondary data analysis provides no indication of why this might be; it could be a contraction in demand
for places (fewer people want to study biotechnology at postgraduate level), a contraction in supply (fewer
HEIs offering postgraduate biotechnology places), or a combination of these two factors. Within these, a
range of reasons can influence demand and/or supply; for example, the wage premia available for
qualifications (individual demand will be suppressed if study does not yield increased earnings) and
potential difficulties that HEIs may encounter when seeking capital investment (expansion of a
programme of study might require new facilities as well as more staff, which incurs an upfront capital
cost).
Figure 9, above, introduces the observation that the proportion of Biotechnology postgraduates that are
non UK-domiciled was appreciably greater between 2007/08 and 2013/14 than it was between 1996/97
and 2001/02. Figure 11 confirms this: the proportion of UK-domiciled Biotechnology undergraduates was
between 52% and 64% between 1996/97 and 2001/02, and between 16% and 35% between 2007/08 and
2013/14. By comparison, the proportion of undergraduates UK-domiciled across all subjects and
Engineering and technology subjects declined steadily over the full period 1996/97 to 2013/14; from 79%
to 62% (all subjects) and 64% to 40% (Engineering and technology). In conclusion, the most striking
observation from Figure 11 is the increase in the proportion of UK-domiciled postgraduates in
Biotechnology between 2008/09 and 2013/14. The consequent convergence with the proportion of
Engineering and technology postgraduates over the same period results in a discrepancy of just 5
percentage points by 2013/14. This suggests that, within the volatile trend in terms of overall
Biotechnology postgraduates, the number and proportion that are UK-domiciled is steadily increasing.

Figure 11: Proportion of postgraduate students at UK HEIs that are UK-domiciled
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Source: HESA Students in HE 2007-2014 (TBR Ref: W1/C1b)

Figure 12 through Figure 15 present the changes in the location of postgraduate students between
2007/08 and 2013/14, by UK nation. Figure 12 and Figure 14 are limited to IB postgraduates, while Figure
13 and Figure 15 consider all postgraduates. Figure 14 confirms a modest increase in the proportion of
postgraduate biotechnology provision being delivered in Wales, Scotland, and Northern Ireland – with a
consequent contraction in the proportion being delivered in England. This is a not a trend that extends to
all postgraduate provision: the proportions observed in Figure 13 and Figure 15 are almost constant.
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Figure 12: PG biotech students, 2007/8

Figure 14: PG biotech students, 2013/4

Figure 13: All PG students, 2007/08

Figure 15: All PG students, 2013/14

Source: HESA Students in HE 2007-2014 (TBR Ref: W1/S3)

Despite the very similar number of postgraduate biotechnology students in 2007/08 and 2013/14, the
change in location of provision has been considerable. Figure 16 demonstrates the change in numbers of
students across all of the 37 HEIs that offered postgraduate biotechnology programmes between 2007/08
and 2013/14. The University of Manchester expanded its number of postgraduate biotechnology students
by 45, whilst the University of East London contracted by 75 over the same period.

Figure 16: Change in postgraduate biotechnology students between 2007/08 and 2013/14,
by HEI
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Source: HESA Students in HE 2007-2014 (TBR Ref: W1/C4a)

Figure 8 (page 23) confirms that there were 500 full-time and a further 45 part-time postgraduate students
studying biotechnology in 2013/14. Figure 17 displays the 30 UK HEIs at which these students were
studying. Following the increase in postgraduate student numbers between 2007/08 and 2013/14 that
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was highlighted in Figure 16, the University of Manchester hosted the most biotechnology postgraduates
in 2013/14: 55% more than the University of Cambridge, in second. Of the 30 HEIs that offer
postgraduate programmes in biotechnology, only five offer programmes on a part-time basis. The most
prominent part-time provision is at Kingston University, where over half of its registered biotechnology
postgraduates study on a part-time basis.

Figure 17: Number of postgraduate biotechnology students by HEI, 2013/14
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Source: HESA Students in HE 2013/14 (TBR Ref: W1/C4)

During an interim review of these data, the Industrial Biotechnology Leadership Forum (IBLF) Skills
Group expressed concern that neither the University of Strathclyde nor University College London – both
of whom have a relatively high profile in biotechnology – appeared in Figure 17. Following a review of
secondary data, which were accurately reported, the project team contacted these two HEIs individually
to establish the cause of their absence, with reasons explained below:


The University of Strathclyde introduced an MSc in Biotechnology in 2012. Registrations for the
course were fewer than 5 students across the three academic years that it was offered (2012/13,
2013/14, and 2014/15). Therefore, these students fell below the suppression threshold for HESA
data. However, the University of Strathclyde introduced a modular masters (MSc) degree
programme in Industrial Biotechnology in September 2014; it has between 15 and 20 students
registered currently, and therefore should appear in the next annual update of HESA Students in
HE data. Initial feedback has been positive across the IB community, particularly in respect of the
delivery format.



Following direct consultation, University College London confirmed that it records its
postgraduate biotechnology students within the Chemical, process and energy engineering
classification. In 2013/14 there were 200 full-time and 10 part-time postgraduate students
registered in this domain at University College London. Students within this classification are not
included in the analysis (from any HEI) because it is unclear what proportion of them will have
studied biotechnology.

Part-time postgraduate opportunities are often more relevant to employers seeking to meet their skills
needs, because they more readily allow individuals to combine work with study. Figure 18 compares the
proportion of biotechnology postgraduates registered to part-time programmes with the proportion of parttime postgraduates across all disciplines.
The most striking observation is that the proportion of biotechnology postgraduates pursuing part-time
study is always a lot smaller than postgraduates overall. The proportion of postgraduate biotechnology
students studying part-time peaked at 26% in 1999/2000 and fluctuated slightly above or below 10%
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between 2006/07 and 2013/14. By contrast, students pursuing part-time programmes of study
represented the majority of postgraduates until 2006/07 across all disciplines, having peaked at 64% in
1998/99.

Figure 18: Trends in part-time postgraduate study, 1996/97 – 2013/14
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4.3.2 Postgraduate catalogue
Whilst UCAS plays a prominent role in administering undergraduate applications to UK HEIs, it tends to
process a lesser proportion of postgraduate applications. Nonetheless, its postgraduate service
(UKPASS) provides helpful listings of postgraduate training opportunities that can be used to catalogue
provision. Searching this source using keywords will return matches where the keyword is contained not
only by course title, but also by the course description.
Data from UKPASS suggest that UK HEIs currently offer in the region of 120 postgraduate course titles
that include some biotechnology content. Some of these courses are offered at a range of postgraduate
levels (e.g. PhD, MSc, PGDip, PGCert).These courses range from a discrete postgraduate programme in
Biotechnology to highly specialised courses unique to institutions (e.g. Bioinformatics with Systems
Biology) to relatively generic courses that will be offered at a range of HEIs but where only one or two
institutions make reference to biotechnology in the course description (e.g. Civil Engineering).
Postgraduate courses with some biotechnology content are offered at 66 UK HEIs, which is greater than
the 30 institutions with registered biotechnology postgraduates in 2013/14 (Figure 17, page 27). As with
undergraduate provision, this is what we would expect, because the definition has expanded beyond
biotechnology exclusively, to include courses that contain some biotechnology content.
The 30 HEIs presented in Figure 17 (page 27) with registered postgraduate biotechnology students in
2013/14 can be split between those that offer discrete biotechnology programmes (18) and those that
include biotechnology content within a broader programme of study (12) Table 5 presents the 18 HEIs
that offer discrete postgraduate programmes in biotechnology and the levels of study at which these are
offered.
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Table 5: HEIs that had registered biotechnology PG students in 2013/14 and offer a
discrete biotechnology programme
Postgraduate level offered

Higher Education Institution
(HEI)

PhD

MPhil

MSc



Anglia Ruskin University

MRes

PGDip

PGCert



Coventry University



Heriot-Watt University



Kingston University



Sheffield Hallam University







University of East London







University of Edinburgh





University of Glasgow



University of Greenwich



University of Hertfordshire



University of Leeds







University of Cambridge

University of Manchester





University of Newcastle















University of Salford



University of Teesside





University of the West of Scotland





University of Ulster







Source: HESA Students in HE 2007 – 2014 and UKPASS 2014 (TBR Ref: W2/S2)

Table 6 presents the 12 HEIs that offer biotechnology training within a broader programme of study, along
with the programme title, and the levels of study at which these are offered.

Table 6: HEIs that had registered biotech PG students in 2013/14, but appear not to offer
a discrete Biotechnology programme
Higher Education
Institution

Postgraduate level offered
PhD

MPhil

MSc

PGDip

PGCert



Aberystwyth University
Discipline(s)

Green Biotechnology and Innovation (MSc)

Discipline(s)

Bio-business (MSc); Bioinformatics with Systems Biology (MSc, MRes); Structural Biology
(MRes)



Birkbeck College





Edinburgh Napier University





Discipline(s)

Biotechnology for Environmental Sustainability (MSc); Medical Biotechnology (MSc, PGDip,
PGCert)

Discipline(s)

Advanced Chemical Engineering with Biotechnology (MSc); Applied Biosciences
and Biotechnology (MSc); Bioimaging Sciences (MRes); Molecular Plant and Microbial Sciences
(MRes)



Imperial College

Discipline(s)
University Campus Suffolk
Discipline(s)





Oxford Brookes University
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Cancer Studies (MSc, PGDip, PGCert)

Regenerative Medicine (MSc); Science of Healthy Ageing (MSc)
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Postgraduate level offered

Higher Education
Institution

PhD

MPhil

MSc


University of Aberdeen
Discipline(s)

MRes

PGDip

PGCert





Medical Biotechnology (with Bio-Business) (MSc, PGDip, PGCert)

University of Abertay Dundee
Discipline(s)


University of Nottingham
Discipline(s)



University of Sheffield
Discipline(s)









Biological and Bioprocess Engineering (MSc); Molecular Biology with Biotechnology (PhD,
MPhil); Molecular Medicine (MSc)


University of Westminster
Discipline(s)

Analytical Biotechnology (MSc); Applied Microbiology and Biotechnology (MSc); Applied
Biotechnology (MSc); Environmental Biotechnology (MSc); Medical Biotechnology (MSc);
Pharmacology (MSc)


University of Wolverhampton
Discipline(s)



Advanced Genemic and Proteomic Sciences (MRes); Applied Biomolecular Technology for the
Pharmaceutical, Biotechnology and Food Industries (MSc); Applied
Biopharmaceutical Biotechnology and Entrepreneurship (MSc); Bioengineering: Imaging and
Sensing (MSc); Cancer Immunology and Biotechnology (MSc); Crop Biotechnology and
Entrepreneurship (MSc); Fungal Biology & Genetics Group (PhD, MPhil); Plant Genetic
Manipulation (MSc); Risk Analysis, Social Processes and Health (PhD, MPhil)

Applied Microbiology and Biotechnology (MSc) Medical Biotechnology (MSc)

Source: HESA Students in HE 2007 – 2014 and UKPASS 2014 (TBR Ref: W2/S2)

4.4 Unaccredited training
Unaccredited training is less clearly defined as postgraduate provision and consists primarily of a mix
between private provision, CPD programmes and short-courses and workshops run by research centres
or networks. We adopted several approaches to identifying unaccredited training provision, the findings of
which are summarised below.
4.4.1 Findcpd.com
The website findcpd.com was used to identify short-courses delivered in the UK. These were identified by
using the pre-defined ‘discipline’ and ‘subject’ filters on the website. This approach identified 49
advertised courses from 29 providers as well as an indication of the price of the courses (Table 7).

Table 7: Overview of courses listed on findcpd.com
Subject

Number of
courses

Number of
providers

Cheapest
course

Bioinformatics & Biocomputing

16

7

£600

£950

Biotechnology

9

5

£395

£2,475

Cell & Developmental Biology

4

3

£945

£2,100

Biochemistry of Metabolism

1

1

£595

£595

Laboratory Methods

11

8

£200

£2,100

Molecular Biology

6

3

£540

£2,100

Structural Biology

1

1

£200

£200

Systems Biology

1

1

Total

49

29
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4.4.2 Web-based searching
This approach used online searches for a variety of search terms including appending “short course” and
“training” to the full range of technologies identified as being relevant to industrial biotechnology
(appended in Table 17, page 51). Courses were not identified for every one of these search terms. A
number of the results returned courses held in 2014, or identified as potential courses for 2015, although
it is not clear whether these will be delivered in 2015. A list of providers who have run courses that match
the key-word tags is shown in Table 8.

Table 8: Short-course providers
Subject

Provider(s)

Synthetic biology

SyBioBeta

Systems biology

Wellcome Trust, SysMIC,

Microbial strain development

Scottish Marine Institute, Charles River

Microbiology

Wellcome Trust

Bioinformatics

Wellcome Trust, EMBL-EBI

Cell biology

EMBO, ACS Distance Education

Biological chemistry

Biochemistry Society, ACS Distance Education

Genetic engineering

Wellcome Trust

Tissue culture

ACS Distance Education, Rothamsted Research (AgriFood
ATP)

Genomics

EMBO, EMBL-EBI

Genetics

ACS Distance Education

4.4.3 Business information on private providers
Earlier in 2015, we were engaged to provide a market assessment for the New Horizons Centre for
biologics and IB in Darlington. Drawing on that work, we have reproduced a list of private providers. The
courses they deliver tend to be designed bespoke for firms and delivered either on-site or via distance
learning. As this training is responsive to business need rather than a pre-set programme of teaching
there is no information on the number or name of courses provided. These providers are shown in Table
9.

Table 9: Private training providers
Provider

Location

Websites

Barnett Educational Services

USA

http://www.barnettinternational.com

Biotech Premier

USA

http://biotechprimer.com/

Honeyman

Barnard Castle

http://www.honeyman.co.uk/training-courses

Ken Blanchard

Guildford

http://www.kenblanchard.com/

NSF Health Sciences

UK-wide

http://nsf-dba.com/courses/schedule/1

One Nucleus

Cambridge

http://www.onenucleus.com/courses

Reading Scientific Services Ltd

Reading

https://www.rssl.com/Our-Expertise/Training

Vantage Partners

USA

https://www.vantagepartners.com/

4.4.4 The BBSRC Networks in Industrial Biotechnology and Bioenergy (BBSRC NIBB) and other
networks
The future events programmes of the BBSRC Networks in Industrial Biotechnology and Bioenergy were
reviewed to identify if these groups offer any short-courses. In 2015 six of the thirteen networks advertise
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programmes that could be classed as short-courses or training provision; details of these courses are
presented in Table 10.

Table 10: Events run by the BBSRC Networks in Industrial Biotechnology and Bioenergy
(BBSRC NIBB)
NIBB

Type of event

Name of event

BioProNET

Research Collaboration Workshops

Exploiting Genomic Tools in CHO Cells

BioProNET

Research Collaboration Workshops

Production of Pharmaceutical and industrial Proteins in Microalgae
and Plants

BioProNET

Early Career Events

Early career researcher meeting

BioProNET

Early Career Events

Industrial Insights

CBMNet

University of Southampton

ADBA R&D Forum

CBMNet

CBMNet Vacation Scholarships

tbc

HVCfP

Residential workshop

Getting value from plants: extracting and purifying high value
chemicals

HVCfP

Workshop

Harnessing the potential of synthetic biology for industrial
biotechnology

LBNet

Workshop

Making value out of lignin

FoodWasteNet

Workshop

Processing Technologies for recovering value added components
from food processing waste

NPRONET

Graduate and Early Career Event

The Chemistry and Biology of Natural Products IX

NPRONET

Early Career Researcher Events

Chemistry in Health 2015 – Towards new therapeutics to fight disease

4.5 Key findings


The number of undergraduates studying biotechnology at UK HEIs has declined by
approximately 34% since 2010/11.Over the same period overall undergraduate numbers
decreased by a modest proportion (8.6) and numbers studying all engineering and technology
disciplines remained constant.



The proportion of biotechnology undergraduates that are UK-domiciled has remained relatively
constant at approximately 50% since 2007/08; this is a lesser proportion than engineering and
technology, which declined slightly to 76% in 2013/14, and all subjects, which declined slightly to
87% in 2013/14.



The University of Nottingham had the most biotechnology undergraduates registered in 2013/14.
This follows an expansion of provision between 2007/08 and 2013/14 of 25 places, culminating in
80 students in 2013/14.



Undergraduate biotechnology provision displays no obvious geographic concentrations, although
the UK nations outside England each offer courses at one institution; the University of Cardiff in
Wales, the University of Aberdeen in Scotland, and the University of Ulster in Northern Ireland.



The long-term trend in students studying biotechnology at postgraduate level is positive; numbers
more than doubled between 1996/97 and 2013/14.The medium-term trend is more mixed;
numbers have fluctuated in the years intervening, but finished in 2013/14 at a level roughly
equivalent to 2007/8. Over the same medium-term period, numbers studying Engineering and
technology postgraduate programmes increased steadily, as did numbers studying all
postgraduate programmes.



The proportion of biotechnology postgraduates that are UK-domiciled increased considerably
from 16% in 2008/09 to 35% in 2013/14. It has almost converged with the rate for engineering
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and technology subjects collectively. This suggests that there is increasing interest in
postgraduate biotechnology study amongst UK-domiciled learners.


The University of Manchester had the most biotechnology postgraduates registered in 2013/14.
This follows an expansion of provision between 2007/08 and 2013/14 of 45 places, culminating in
70 students in 2013/14.



Many postgraduate programmes offer programmes of study below full Master’s degree level;
postgraduate certificates and postgraduate diplomas, for example. These shorter courses may
well appeal to employers and employees who are not in the position to commit for a full Master’s
programme but would like to access rigorous academic training.



The most popular private training programme was in Bioinformatics & Biocomputing, with sixteen
courses offered across seven providers. The variance between the cheapest and most expensive
courses was the smallest observed (of courses offered by more than one provider), which
suggests that demand for this course could be sufficiently developed that market forces
determine the cost.
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5. Evidence section 4: Economic profile of the Industrial Biotechnology sector
This section summarises analysis of economic data generated for the agreed definition: firms “that use
biological resources for producing and processing materials, chemicals (for non-food applications) and
48
energy” . Each firm identified was allocated to one of the four classifications and twenty segments of the
industrial biotechnology (IB) sector. The purpose of this analysis was to provide context around the
relative significance of each of the classifications and segments, to inform the distribution of the firms
interviewed. This economic profile was not the primary output from this project, and was developed
49
because it was required before the more detailed work completed by Capital Economics was complete.
The consistency across this profile and that developed by Capital Economics is reasonable but not
perfect (see discussion in section 5.1).

Table 11: Classifications of firms with an interest in IB
Classification

Characteristics

Core IB

Firms whose business activities lead them to be unequivocally classified as IB.

Potential Core IB

Firms that may or may not qualify as core IB depending on the processes they are using. For
example, a chemical intermediates producer may use IB processes (in which case they would
qualify as core IB) or may only use chemical processes (in which case they would not be relevant) or
a mixture of the two (in which case they would qualify as core IB). .

IB Users

Firms that use products that are created though IB processes but do not themselves carry out IB.
For example, agrochemical or pharmaceutical producers using IB produced products

IB Enablers

Firms that facilitate the work of IB but do not carry out IB directly. For example, companies involved
in the development of bioinformatics or in silico modelling, which may mostly involve activities such
as software design or large scale data analysis which are utilised by IB companies

Multi-national Brand Owner

Firms that are typically very large, and operate internationally. It is likely that they are involved in the
IB sector, but the broad scope of their activities makes it very difficult to define the nature and scale
of this involvement.

5.1 Headline economic indicators
Table 12 summarises the number of firms, employment supported, total turnover and workforce
productivity (GVA per employee) in the UK IB sector. Core IB is made up of around 270 firms and around
2,420 employees. The estimated turnover of the core IB sector is estimated to be around £456 million
with an average workforce productivity of around £55,000 per employee.
Within the Core IB firms, biopharma/biologics producers have by far the highest share of firms and
employment (60% and 73% respectively). However this segment contributes less than half of the overall
Core IB turnover and has workforce productivity that is inferior to other segments of Core IB. This is due
to several large biopharma/biologics producers making losses in 2014. Enzyme manufacture, by contrast,
makes up the largest portion of turnover in Core IB (almost 50%) despite only accounting for 11% of firms
and 19% of employment. Enzyme manufacture shows high levels of workforce productivity – £90,000 per
employee in 2014.
There are many other areas that may also qualify as IB companies. These Potential Core IB segments
may contain many firms that are carrying out IB. It is not certain however, what proportion of these firms
actually fall under the category of IB. There are around 595 potential IB firms in the UK, supporting
around 11,200 employees and producing over £5.3 billion in turnover.
The Capital Economics report found that the turnover of IB companies in 2014 totalled £2.9bn. This
suggests that, to correspond, around 46% of the activity we identified as Potential Core IB would need to
be added to our Core IB turnover figure of £456m. This is feasible. Similarly, in employment terms, the

48

http://www.bbsrc.ac.uk/funding/priorities/ibb-industrial-biotechnology.aspx
Capital Economics (2015) Biotech Britain: An assessment of the impact of industrial biotechnology and bioenergy on the UK
economy
49
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Capital Economics report found that employment by IB companies in 2014 totalled 8,800. Around 57% of
employed classified as Potential Core IB would need to be added to our Core IB employment figure of
2,420. Again, this is feasible. The one headline indicator which is less compatible is firm numbers; the
Capital Economics report identifies 225 firms, whereas we found 270 in our Core IB classification; the
difference between these figures is not huge, but should be acknowledged nonetheless.
In addition to firms directly carrying out IB, many other companies may be supported through the work of
IB companies. These include producers of pharmaceuticals, agrochemicals and firms engaged in water
treatment and supply. This represents a further 1,880 firms and around 61,000 employees that may
potentially be using IB products (although without further research it is not possible to estimate what
proportion of these firms are IB users). By far the largest segment of this is Pharmaceutical producers,
which represents over 1,300 firms, over 50,000 employees and over £13.5 billion in turnover. The role
and relevance of pharmaceuticals to IB is discussed in detail in section 2.1.1 (page 10).
There are also a large number of firms that act as support to the IB sector. These include firms that
provide business support for IB (e.g. firms that provide advice for small IB firms to develop, patent law
firms specialising in IB etc.). There are also a number of firms that provide technical support such as
those engaged in bioinformatics, manufactures of equipment used in IB and laboratory support. We
estimate that these include around 120 firms supporting over 3,300 employees. However, many of these
activities were not included in our firm search because it was not possible to develop sufficiently specific
search terms; as such this is likely to be an underestimate.

Table 12: Headline economic data, by classification and segment, 2014
Economic indicator
Firms

Employment

Turnover (£m)

Workforce
productivity
(£k/employee)

270

2,420

456

55

Anaerobic digestion developer

10

70

27

75

Biopharma/biologics producer

185

1,770

195

15

Enzyme manufacturer, biocatalysts and
biotransformation

30

470

222

90

Industrial biotechnology technology developer

45

100

12

35

595

11,200

5,320

70

20

260

39

20

410

1,140

50

Classification
Segment
Core IB

Potential Core IB
Biocontrol/Antimicrobial product
Biofuel companies
Chemical intermediates producer

-

10

1

60

Fine chemical producer

30

400

164

90

Flavours and Fragrances producer

55

1,220

286

65

Food ingredients producer

40

3,350

1,505

140

Genetics/genomics

120

400

60

55

Nutraceutical developer/producer

10

30

9

70

Speciality chemicals producer

125

5,130

2,115

95

Waste management

10

10

1

35

1,880

61,000

17,644

80

Agrochemicals

500

8,120

3,966

85

Pharmaceutical producer

1,345

52,200

13,568

95

Water treatment & supply

35

680

111

60

IB Users
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Economic indicator
Firms

Employment

Turnover (£m)

Workforce
productivity
(£k/employee)

120

3,310

1,260

80

Business Support for IB

45

2,650

1,133

125

Other technical support

55

600

119

65

Applied Bioinformatics/In silico modelling

15

60

8

50

Classification
Segment
IB Enablers

Source: TBR 2014 (TBR Ref: W4/S3)

5.1.1 Distribution of firms
Figure 19 presents the distribution of firms across the first four of these classifications. IB Users is clearly
the most populous category, accounting for over 65% of the identified firms.

Figure 19: Distribution of UK firms with an interest in IB, by classification
0

200

400

Core IB

600

800

1,000

1,200

1,400

1,600

1,800

270

Potential Core IB

595

IB Users
IB Enablers

2,000

1,880
120

Source: TBR 2014 (TBR Ref: W4/S5)

Figure 20 through Figure 23, below, break these classifications into their constituent segments. The
prominence of pharmaceutical producers is clear; falling within the IB Users classification and recording
almost 1,350 firms, this segment accounts for over 71% of IB Users and almost 47% of all firms with an
interest in IB. Conversely, none of the segments outside of the IB User classification record more than
200 firms.

Figure 20: Firms counts in segments of
Core IB

Core IB

Anaerobic digestion developer

50

Industrial biotechnology
technology developer

Source: TBR 2014 (TBR Ref: W4/S5)
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Biocontrol/Antimicrobial product
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200

20

Biofuel companies

10

185

Biopharma/biologics producer

Enzyme manufacturer, bioctalysts
and biotransformation

0

100 150 200

30

Potential Core IB

0

Figure 21: Firms counts in segments of
Potential Core IB

185

Chemical intermediates producer
Fine chemical producer

30

Flavours and Fragrances producer

55

Food ingredients producer

40

Genetics/genomics
Nutraceutical developer/producer

120

10

Speciality chemicals producer

45

Waste management

125
10

Source: TBR 2014 (TBR Ref: W4/S5)
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Figure 22: Firms counts in segments of
IB Users
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1,000

Figure 23: Firms counts in segments of
IB Enablers
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45

Other technical support

Applied Bioinformatics/In silico
modelling

35

50

55

15

Source: TBR 2014 (TBR Ref: W4/S5)

Source: TBR 2014 (TBR Ref: W4/S5)

5.1.2 Distribution of employment
Figure 24 presents the distribution of employment across the same four classifications. IB Users accounts
for a greater proportion (78%) of employment than the equivalent figure for firms; not only are IB User
firms populous, they are also larger than average employers across the sector.

Figure 24: Distribution of employment in IB, by classification
0
Core IB

10,000

30,000

40,000

50,000

60,000

70,000

2,420

Potential Core IB

11,200

IB Users
IB Enablers

20,000

61,000
3,310

Source: TBR 2014 (TBR Ref: W4/S5)

Figure 25 through Figure 28, below, break these classifications into their constituent segments. The
prominence of pharmaceutical producers remains clear; falling within the IB Users classification and
recording over 52,000 employees, this segment accounts for over 85% of employment in the IB User
classification and 67% of all employment with an interest in IB. This dominance has various
consequences; whilst the significance of industrial biotechnology in the pharmaceutical producers sector
is likely to be small, the presence of other biotechnology disciplines (such as medical) will be greater.
This dominance can extend to the provision of training, so that some course syllabuses default to a
calibration that suits medical biotechnology above other biotechnology disciplines. Conversely, only one
of the segments outside of the IB User classification records more than 5,000 employees.
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Figure 25: Employment in segments of
Core IB
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IB Users

Core IB
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Figure 27: Employment in segments of
IB Users
60,000

8,120
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Water treatment & supply

100
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Source: TBR 2014 (TBR Ref: W4/S5)

Source: TBR 2014 (TBR Ref: W4/S5)

Figure 26: Employment in segments of
Potential Core IB

Figure 28: Employment in segments of
IB Enablers
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410

500 1,0001,5002,0002,5003,000

Business Support for IB

400
1,220

3,350
400
30

Speciality chemicals producer
Waste management

0

2,650

10

Food ingredients producer
Genetics/genomics

6,000

260

Flavours and Fragrances producer

Nutraceutical developer/producer

4,000

IB Enablers

Biocontrol/Antimicrobial product

2,000

5,130

Other technical support

Applied Bioinformatics/In silico
modelling

600

60

10

Source: TBR 2014 (TBR Ref: W4/S5)

Source: TBR 2014 (TBR Ref: W4/S5)

5.2 Sectoral trends in employment change
Table 13 presents employment data by classification and segment, expanding on the total numbers
employed (presented in section 5.1.2) to consider changes in employment between 2011 and 2014. The
rate of churn reflects the proportion of the workforce affected by jobs that have been created or lost; the
annual rates are relatively similar across all four classifications, but these headlines disguise some
significant variations. Higher levels of annual churn tend to feature in segments with fewer employees, but
Biofuel companies display employment numbers in the hundreds (rather than in the tens) coupled with a
relatively high annual rate of churn (17.8%).
The majority of sectors grew in employment terms between 2011 and 2014. With the exemption of two
segments - Industrial biotechnology technology developers and Waste management – all of the segments
display either a modest annual growth (≤5%) in employment numbers, or a modest decline (≥-5%). The
causes of job creation and loss are explored by classification and segment in Table 14 (creation) and
Table 15 (loss).
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Table 13: Changes in numbers employed, by classification and segment (2011 – 2014)
Employment trend 2011 – 2014
Classification

Segment

Core IB

Employme
nt 2011

Jobs
created

Jobs
lost

Annual
churn

Jobs
growth

Annual
change

2,380

230

185

5.8%

45

0.6%

Anaerobic digestion developer

60

10

5

8.3%

5

2.8%

Biopharma/biologics producer

1,740

135

95

4.4%

40

0.8%

Enzyme manufacturer, biocatalysts and
biotransformation

520

25

80

6.7%

-55

-3.5%

Industrial biotechnology technology developer

60

55

10

36.1%

45

25.0%

11,390

645

840

4.3%

-195

-0.6%

Biocontrol/Antimicrobial product

250

15

0

2.0%

15

2.0%

Biofuel companies

450

100

140

17.8%

-40

-3.0%

Chemical intermediates producer

10

0

0

0.0%

0

0.0%

Fine chemical producer

450

20

75

7.0%

-55

-4.1%

Flavours and Fragrances producer

1,190

170

145

8.8%

25

0.7%

Food ingredients producer

3,310

130

95

2.3%

35

0.4%

Genetics/genomics

350

75

25

9.5%

50

4.8%

Nutraceutical developer/producer

30

5

5

11.1%

0

0.0%

Speciality chemicals producer

5,360

125

355

3.0%

-230

-1.4%

Waste management

10

5

0

16.7%

5

16.7%

60,740

3,045

2,785

3.2%

260

0.1%

Agrochemicals

8,160

620

655

5.2%

-35

-0.1%

Pharmaceutical producer

51,910

2,410

2,125

2.9%

285

0.2%

Water treatment & supply

670

20

5

1.2%

15

0.7%

3,130

335

155

5.2%

180

1.9%

Business Support for IB

2,420

295

60

4.9%

235

3.2%

Other technical support

650

25

80

5.4%

-55

-2.8%

Applied Bioinformatics/In silico modelling

60

15

15

16.7%

0

0.0%

Potential Core IB

IB Users

IB Enablers

Source: TBR 2014 (TBR Ref: W4/S8)

5.3 Sectoral trends in employment creation
Between 2011 and 2014 the Core IB segments enjoyed a slight increase in employment with 230 jobs
gained compared to 185 jobs lost, this represents a 1.9% increase in employment among Core IB firms.
The majority of this (63%) was due to existing firms growing. However there were also 85 new jobs
gained by new firms forming during this period.
Firms in the Potential Core IB segments showed a net reduction in employment. However, 645 jobs were
generated between 2011 and 2014. Potential Core segments showed a slightly higher tendency for job
gains through expansion of existing firms compared to the Core IB segments (69% of jobs gained); in
particular, chemical production and waste management firms.
Among IB Users and IB Enablers there was a very strong tendency for employment growth through the
growth of existing firms with one exception; most new jobs in Applied Bioinformatics/Silico Modelling were
through new starts, perhaps reflecting that this is a rapidly developing field.
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Table 14: Source of jobs created, by classification and segment (2011 – 2014)
Employment trend 2011 – 2014
Classification

Segment

Core IB

Jobs created

By firms forming
(%)

By firms growing
(%)

230

37%

63%

Anaerobic digestion developer

10

75%

25%

Biopharma/biologics producer

135

27%

73%

Enzyme manufacturer, biocatalysts and biotransformation

25

38%

62%

Industrial biotechnology technology developer

55

53%

47%

645

31%

69%

Biocontrol/Antimicrobial product

15

64%

36%

Biofuel companies

100

37%

63%

Chemical intermediates producer

0

N/A

N/A

Fine chemical producer

20

0%

100%

Flavours and Fragrances producer

170

22%

78%

Food ingredients producer

130

35%

65%

Genetics/genomics

75

42%

58%

Nutraceutical developer/producer

5

40%

60%

Speciality chemicals producer

125

29%

71%

Waste management

5

0%

100%

3,045

16%

84%

Agrochemicals

620

15%

85%

Pharmaceutical producer

2,410

16%

84%

Water treatment & supply

20

16%

84%

335

4%

96%

Business Support for IB

295

1%

99%

Other technical support

25

0%

100%

Applied Bioinformatics/In silico modelling

15

71%

29%

Potential Core IB

IB Users

IB Enablers

Source: TBR 2014 (TBR Ref: W4/S4)

5.4 Sectoral trends in employment reduction
Around 185 jobs were lost in the Core IB sector between 2011 and 2014, most as a result of firm
contraction (61%). However, this varied hugely by segment, among Enzyme Manufactures, 96% of job
losses were through contractions whereas for Biopharma companies and IB Technology Developers,
most job losses were through firm closures.
Among Potential Core IB firms, most job losses were through closures (69%). Again this varied
considerably by segment. Among Biofuel companies, and producers of Fine Chemicals and Food
Ingredients, most job losses were through firm closures. However, among Flavour and Fragrance
producers and Genetics/Genomics firms most job losses were through declines in existing firms.
IB Users and IB Enablers showed a similar pattern to Potential Core IB sectors with the majority of job
losses through firm closures. Pharmaceutical companies in particular show very heavy losses in
employment due to firm closures, however, due to healthy growth among surviving firms the
pharmaceuticals sector still showed healthy net growth in employment.
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Table 15: Source of jobs lost, by classification and segment (2011 – 2014)
Employment trend 2011 – 2014
Classification

Segment

Jobs lost

By firms
closing (%)

By firms
contracting (%)

185

39%

61%

Anaerobic digestion developer

5

0%

100%

Biopharma/biologics producer

95

65%

35%

Enzyme manufacturer, biocatalysts and biotransformation

80

4%

96%

Industrial biotechnology technology developer

10

88%

12%

840

69%

31%

Biocontrol/Antimicrobial product

0

N/A

N/A

Biofuel companies

140

95%

5%

Chemical intermediates producer

0

NA

NA

Fine chemical producer

75

93%

7%

Flavours and Fragrances producer

145

42%

58%

Food ingredients producer

95

84%

16%

Core IB

Potential Core IB

Genetics/genomics

25

4%

96%

Nutraceutical developer/producer

5

80%

20%

Speciality chemicals producer

355

65%

35%

Waste management

0

N/A

N/A

2,785

67%

33%

Agrochemicals

655

49%

51%

Pharmaceutical producer

2,125

72%

28%

Water treatment & supply

5

50%

50%

155

60%

40%

Business Support for IB

60

8%

92%

Other technical support

80

97%

3%

Applied Bioinformatics/In silico modelling

15

77%

23%

IB Users

IB Enablers

Source: TBR 2014 (TBR Ref: W4/S4)

5.5 Key findings


The economic analysis has shown that Biopharma/biologics and Enzyme manufacturers
represent the most important Core IB segments in terms of employment and turnover,
representing over 1,750 and 450 employees and around £195 and £222 million in turnover,
respectively. However, while enzyme manufacturers showed high workforce productivity,
biopharma firms show very low workforce productivity in 2014 (due to losses by several larger
firms).



In addition to the Core IB segments there are several other areas that may have a large number
of firms carrying out IB. Speciality Chemicals companies and Food Ingredients producers
represent the highest level of employment among the Potential Core Segments, however, it is not
possible to say what proportion of these firms are actually carrying IB without further research.



Also of relevance are IB Users, these companies may source products manufactured or
developed through IB. Pharmaceutical manufacturers alone represent around over 1,300 firms,
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50,000 employees and over £13 billion in turnover and so even if only a modest fraction of these
companies rely on the IB sector, this may still represent a substantial economic impact.


The Potential Core IB classification showed a slight net decrease in employment of around 0.6%
per annum between 2011 and 2014. However, several areas such as Genetics/genomics, and
Flavour & Fragrance producers showed increases in employment. Speciality chemical producers
showed the largest losses (a decline of over 200 jobs); however, it is not possible to say what
proportions of these were in the area of IB.



The Pharmaceuticals segment showed both high jobs losses (mostly through firm closures) and a
high number of new jobs (mostly through firm expansion). However, overall employment changed
little (increasing by an estimated 0.2% per annum). The IB sector is more likely to be influenced
by the Pharmaceuticals industry becoming more reliant on IB products or expertise than on any
change in the overall size of this segment.
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6. Evidence section 5: Demand for training
To assess the demand for training from the Industrial Biotechnology Sector we have completed 41 indepth interviews with employers. Whilst these interviews were discursive in nature and encouraged
businesses to expand upon topics most pertinent to them, there was a set structure of questions used
throughout to ensure consistency in the information and data gathered. These questions covered a range
of themes designed to inform answers to the research questions. These themes were:


Current Workforce – including qualification levels and any skills gaps / shortages



Workforce and Entry Mechanisms – including approach to recruiting staff at different skills
levels, internal training of new staff and awareness of schemes to support recruitment



Future Business Requirements – including changing skills needs and qualification levels of
recruits



How to Fulfil those Needs – including the impact on current workforce and recruitment, and the
preferred methods and training models to best meet skills needs

Our interview programme was spread across all areas of IB, covering Core IB firms (15 interviews),
Potential Core IB (7), IB Users (4) and IB enablers (4) ensuring a range of scientific area, firm size and
maturity, and stages on the pathway from R&D to commercialisation. We also completed 11 interviews
with stakeholders from training providers, professional bodies, government and research councils /
organisations.
Substantial effort was invested in recruiting firms in the Core IB sector in particular. However, we found
that the willingness of firms to participate was lower than expected with the consequence that the
maximum engagement we were able to achieve was 15 firms. We experienced particularly low
participation rates in the enzyme manufacturer, biocatalyst and biotransformation sector. We also found
that some groups, most notably food ingredient producers, did not associate themselves as part of the IB
sector or see the relevance of the IB sector to their business. Informal discussions were also held with a
number of businesses at the Industrial Biotechnology Showcase event on 11 and 12 February 2015.

6.1 Availability of skilled labour
Commercial development and exploitation of industrial biotechnology requires skills drawn from many
different disciplines; it is not a single field of endeavour and the breadth of expertise needed is greater
than can be covered by a general course of study. This is illustrated by the following remarks from
interviewees.
“Biotechnology is so multi-faceted that the best way is to have people from different
areas come together.”
“Hardly anyone does a biotechnology degree.”
We run industrial placements, but don’t take from Oxford or Cambridge as they have
too little practical experience.”
We found that this was reflected in the compositions of the workforce. The majority of people had at least
graduate qualifications and it was not uncommon to find that 25% of employees were qualified at doctoral
level and a similar proportion with masters degrees with the rest still being predominantly graduates.
Firms are very satisfied with the quality of people that they employ.
IB firms often rely on informal networks and recruit, most notably amongst academic networks or
partners. Such an informal modus operandi represents a risk to the future availability of recruits,
particularly should demand spike. Indicative feedback suggested that networks have typically been
exhausted by the time a firm employs between 10 and 20 members of staff. Furthermore, recruitment in
IB is often reliant on finding individuals motivated by problem-solving and direct involvement in science.
Companies highly value practical hands-on skills. People who can use equipment, conduct experiments
and handle materials are needed and valued. Purely academic content can be deprecated.
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“One problem is people being too academically minded – more interested in research
and papers than companies.”
The increasing opportunity for more engagement with formal networks is also important for firms to recruit
the skills they need, especially as novel technologies and process continue to be developed. For
example, our consultation found that the BBSRC Industry Clubs are popular because they offered a
means through which firms could identify and prime potential recruits. Similar feedback was given by a
small number of employers on the Knowledge Transfer Partnerships at universities. The opportunity to
tap into university skills and recruit graduates through the university was especially appealing to one
small company exploring the process primarily because of the short-term nature of the contracts and
because graduates remain employed by the university and not the company, allowing for more flexibility.
“We recruit from recommendations within industry – we always like to have recruits
vouched for by friends in industry.”
Future labour demand is difficult to forecast. Whilst businesses generally have ambitions to grow and
recruit, the exact numbers and skills demand is uncertain – ‘it depends on business and scientific need’
summarises a sentiment expressed by a number of interviewees. However, firms were generally
optimistic that they would be able to recruit the people that they needed. They expect that they will be
able to continue to recruit and meet demand through existing methods as sufficient people are available
with the exceptions of mathematical/information skills and process engineering skills. There is a view that
many technologists lack other skills such as communication, project management, and commercial
awareness. Small businesses use ‘just in time’ recruitment approaches to fill specific project needs, with a
predominance of high-level and often niche skills. The ability to recruit ‘just in time’ is likely to diminish
once a firm begins to scale up production or exploit their R&D outputs by utilising them in manufacturing
processes.
Feedback currently suggests biomanufacturing roles at growing firms are filled by graduates, sometimes
in roles that underutilise graduates’ skills, especially those with the ambition to develop and innovate. It is
possible that this will not be sustained and that employers will instead have to look towards intermediate
skills to fill biomanufacturing roles, meaning there is likely to be growing demand for candidates who can
enter at this level. This area of recruitment is still challenging for SMEs, and with a pool of quality
graduates, ‘over-skilling’ is often easier that pursuing recruitment through Apprenticeships.
“We have thought lots about Apprenticeships but are a small company and so often
find paperwork prohibitive. However degree level recruits also require training so it
may be better to train an apprentice.”
We found that larger established firms more readily embraced the Apprenticeship model.
Both our consultations and review of firms identified in our dataset give rise a scenario where some
current microbusinesses and small businesses might be taken over by larger, more diverse, and more
established firms. This could lead to training requirements being met by internal programmes or the skills
needs of the (former) microbusinesses and small businesses being met by redeploying staff from within
the acquiring business.
An alternative scenario may also materialise, where existing and new microbusinesses and small
businesses remain independent but focus on innovation and R&D and license their intellectual property to
producers once they are ready to be introduced at scale. Historically production at scale has been an
essential criterion for firms to be classified as IB; selling intellectual property following R&D is more typical
of biopharmaceutical firms. Nonetheless, as IB evolves, executing this business model will require
commercial and legal skills to develop relationships with the larger companies. Professional management
of intellectual property will need to be developed and sustained. Our informal and anecdotal conversions
with patent lawyers at networking events suggest that there is a growing market for these services
amongst start-up businesses in particular.
“We are the ‘laboratory of last resort’… Large companies have lost their own R&D
departments / ability in the UK and are outsourcing specialist jobs more and more.
When a breakthrough is made they will capture the IP and then take production inhouse.”
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IB businesses operate in a global market place and some openly seek the best skills regardless of where
these are recruited from. Interestingly, the depressed economic conditions present in southern Europe
have enabled firms to more easily attract skilled labour from within the Schengen Area (e.g. Spain). The
upshot of international recruitment is that some employers have been critical of immigration policy on the
basis that certain skillsets are incredibly rare, with the global pool being in the tens. In this scenario UK
firms (and therefore UK plc.) sometimes lose out to competitors in countries with a more relaxed
approach to immigration.
“People with bench laboratory skills are straightforward to find, but not skills at a
bigger scale of production. We now have 20 different nationalities such has been the
scope of recruiting worldwide.”
In policy and economic development terms clustering and agglomeration is a popular method of
encouraging sectoral growth; placing suppliers in close proximity to customers and stimulating a labour
market with sufficient critical mass to attract and retain a skilled workforce. However, an obvious UK IB
50
cluster is yet to appear (a finding also consistent with Capital Economics’ research ). Levers of public
policy are rarely able to effectively initiate or accelerate clusters. It is better to wait for the cluster to form
organically and subsequently support the sector’s development. These clusters could be geographically
diverse, with different sciences clustering in different regions based on established links with universities
or industrial history and infrastructure.
Despite this, interviewees did articulate an awareness of their location and the impact that this might have
on their ability to recruit. Firms based in Cambridge made reference to how being with the Golden
Triangle (London-Oxford-Cambridge) made recruitment easier, while a firm on the South Coast felt that
postgraduate recruitment would be easier if they were based in Cambridge. Similarly, a firm in the North
East felt they lost skills to firms in other regions and view this as a consequence of firms having to recruit
from one another rather than a wider labour market. These difficulties indicate that clusters have not
developed sufficiently to form local labour pools.
“One year ago there was a big hole in our skillset – we had to look to US to try and fill
this gap. Technology is being driven by the US and there is less experience in the
UK. Being in Cambridge allows university recruits. Also known as a larger tech area
and pulls in people from further afield with name recognition and being twinned with
Boston bringing in good skills.”

6.2 Multi-disciplinary and cross-disciplinary skills
Prior to starting our consultations, it was clear that multi-disciplinary skills are important to the IB sector
based on evidence we gathered for a demand assessment for the National Horizons Centre:
“Yes, it’s what we are working on now – the whole industry is working on multiskilling.”
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There remains a strong consensus from businesses that industrial biotechnology requires a combination
of advanced skills and an understanding of different disciplines. The need to combine engineering and
manufacturing skills (to understand production) with science skills (to understand processes) is relatively
well established. This is most obvious in terms of scaling up production; where scientists are accustomed
to bench experiments but struggle to translate processes to a commercially viable scale. Multi-disciplinary
understanding is also required whenever different teams work together. For example, firms reporting that
it is necessary for biologists to understand the perspective of chemists, and vice versa.
“There is a ’Valley of death’ in R&D where a product doesn’t make it through to
commercialisation. This can be mitigated with better communications and a mutual
language.”
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Capital Economics (2015) Biotech Britain: An assessment of the impact of industrial biotechnology and bioenergy on the UK
economy
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Firms reported attempts to overcome this through a continued focus on internal collaborative working,
which could be as simple as office desks not being arranged in teams of expertise to encourage informal
learning and knowledge sharing across disciplines. Large firms place focus on developing multidisciplinary skills amongst their existing scientific workforce, although this is harder for very niche or novel
technologies where recruitment may be the only option. There is a strong consensus that multiple skills in
science and engineering, and increasingly in biomanufacturing, are a growing feature of IB and that
employers are generally open to the prospect of recruiting from either discipline and training to the
specific requirements of the role.
“The engineering department couldn’t find anyone in graduate recruitment recently;
not a good enough standard, so a chance to train scientists would be a benefit.”
A further dimension is emerging through mathematics. Molecular biology and genetics, in particular, are
generating large datasets that require rigorous analysis along with a creative understanding of how the
resultant analysis might be used. These bioinformatics skills of mixing biology with computing are niche
and extremely scarce – there is a small global market of individuals. The nature of these skills includes
high-level computing and statistics, modelling expertise, and software development, as well as pure
maths and how to interpret (biological) data to provide commercial insight.
Difficulties finding biologists with appropriate maths skills were reflected upon during review of the draft
findings of this report. Some initiatives that cement the need for maths skills already exist; BBSRC-funded
PhD candidates must meet a minimum requirement in maths and maths has become more prominent
within the ‘A’ level biology syllabus, for example. Whilst these were excellent examples of positive steps
taken to encourage the study of maths within/alongside biological sciences, comments reflected a need
for more fundamental change. Such a change would involve confronting a perceived social acceptability
around ‘not being good with numbers’, ensuring that the pipeline of maths students remains plentiful for
as long as possible, and perhaps determining that ‘A’ level maths becomes a prerequisite to studying all
science degree programmes.
We also found that businesses were looking for more than just technical skills. They needed people who
contribute to the workplace and the development of the business; financial literacy was occasionally
mentioned in relation to business development, and reinforces the relevance of mathematical skills. The
commercial and sales activities in IB businesses draw heavily on their technical teams. PhDs awarded by
doctoral training centres were mentioned as being particularly valuable in this respect.
“Don’t worry about quality of science, but worry about the ability of graduates to apply
science to commercial activity.”
6.2.1 Conversion courses
There was a general consensus that firms find it easier to train engineers or mathematicians in the
rudiments of biology than vice versa. This is to some extent reinforced by an underlying view that science
students sometimes chose biology because its numerical content is less than physics or chemistry. To
give specific examples of the conversion skills /needed, chemical engineers often require training in
sterility and clean room practices, risk profile, fundamental cell physiology, and materials of construction.
The presence of manufacturing as a discipline within biology is still relatively novel; biology has
historically been focussed on more observational techniques. This could be an important psychological
shift that is ongoing; the activities involved can be perceived as more repetitive and less exploratory, for
example. Hands-on experience of processes and equipment (notably fermentation, or engineering) is
lacking and employers have found it more difficult to recruit into certain occupations.
“Electrical and instrumentation roles have been particularly difficult; this is an industry
wide.”
A benefit of conversion courses highlighted by several firms is the ability of scientists of different
disciplines to understand one another’s viewpoints and to ‘speak the same language’ when collaborating,
even if for the majority of time they work on separate processes. The current training and career
pathways often cause biologists and chemists to follow separate pathways at university and early in their
careers, and they do not work together again until later in the careers when their specific processes and
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methods are embedded. Conversion courses and CPD style training for people in work can solve this
divergence.
“There needs to be more focus on training at later and mid-career as people change
careers and adapt careers over time and the industry itself changes - people need to
be able to adapt.”
6.2.2 Sectoral diversity
A theme across all analysis is that the IB sector contains great diversity; with some firms utilising and/or
developing processes that are unique. Irregular and highly specified demand for training should not be
surprising, but suggests that there could be a role for an intermediary body that can collate information on
diffuse provision, signpost firms towards what they need, and perhaps perform an accreditation role.
Firms in the biopharmaceutical sector are typically more mature than firms that are strictly IB, and are
better able to recruit employees with good rounded science training and develop their skills in-house –
however this sector is not immune to some of the skills gaps emerging:
“The Association of the British Pharmaceutical Industry has identified a shortage of
statistics skills and has a working group looking at that.”
The pharmaceutical sector identifying similar emerging skills needs to the IB sector is likely to increase
the profile of these skills needs (because of the mature interest groups that exist in and around the
sector). Whilst this increase in profile may be welcome, it also suggests that IB firms will continue to have
to compete with established sectors to secure employees with the skills that they require.

6.3 Current training provision
Geographical mobility does vary and can be significant, depending on the level of qualification; employers
recruiting at higher skill levels (definitely postgraduate and postdoctoral, often graduate) recruit nationally
and internationally.
As previously indicated, there is some sense – although this is not universal – that as the sector grows,
the concentration of roles requiring advanced qualifications will reduce, and that more technicians and
operatives will be required. This will require a change in outlook for recruiting, as candidates to fill these
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roles are unlikely to relocate nationally and internationally . The sector would benefit from a form of ‘early
warning system’ if and when this evolution emerges, with Further Education (FE) colleges that are
proximate to growing IB employers ready to respond and offer training.
6.3.1 HE provision
Employers generally have confidence in the Higher Education (HE) system; both in terms of the quality of
graduates and their availability. The nature of IB firms is that they often have unique processes that
require specific training of new recruits leading some businesses to value well rounded traditional science
skills and potential to learn specialised techniques on the workplace. In this context the UK is well thought
of in terms of the quality of chemistry and biology graduates. However, firms feel that HEIs could do more
to signpost these students towards IB as a career option. For the industry to grow however, steps need to
be taken to ensure the pipeline of skills keeps pace.
“Experience says that molecular biologists have been possible to recruit relatively
easily. Industrial biotechnology is going to grow in the UK; we are comfortable finding
people up to now, but growth will rely on good quality people coming through and a
concern about recruiting really good bio-engineers.”
Potential recruits are typically targeted by large energy and pharmaceutical firms that command a higher
profile, can offer superior terms and conditions, and are adept at identifying candidates. An additional
insight is that many scientists recruited by these large firms find themselves in non-science roles; this is
less likely in smaller firms and could be promoted as a benefit of working in IB for a smaller firm.
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The successful provision of technicians and operators by North Highland College to meet the needs of the nuclear sector in
Dounreay is an example of this.
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“No scarcity of skills, but an issue of perception of students and lack of awareness the
opportunities and broad spectrum of what graduates can go into means people are
lost from the sector.”
A note of caution in respect of HE provision was in terms of equipment and associated processes; some
employers felt that the equipment available to students within an HE environment was often obsolete, and
that this needed to be updated to improve graduates’ work-readiness. Similarly, an equipment supplier
reported having to provide more on-going training to universities as operating skills are more readily lost
than within industry. One firm however suggested there is a role for industry to play here and that if
universities struggle to afford up to date equipment there could be more done by businesses to help
universities access equipment.
Furthermore, while employers were generally positive about the role of HE, a small number of cautionary
but instructive points did emerge. Modules that introduce IB as part of a more established programme of
study are in principle a good idea, but HEIs should avoid rushing to include these if they don’t have the
expertise to deliver it sufficiently well. Similarly, responding to the need for commercial awareness by
adding a module from the business school to a science degree is unlikely to capture the nuances of the
IB sector. The current composition of firms – a large number of micro businesses – in the IB sector can
make it more difficult for HEIs to engage effectively and identify the voice of the sector. More broadly,
there is a limit to the capacity of an undergraduate programme of study; the additional modules that have
been suggested will have to replace existing modules, and it is unclear which elements of the current
syllabus employers feel are dispensable.
The principle of undergraduate courses that included a year in industry or industrial placement was
strongly endorsed. These are still available and are accessed by some IB firms, but others that endorsed
the principle were under the impression that these options were no longer available. This suggests that
an intermediary that can better link firms with HEIs might be worthwhile.
“Cogent industry ‘sandwich degrees’ are a good place to recruit graduates.”
A particular benefit of a year in industry (or similar workplace exposure) included enhanced non-technical
skills, such as teamwork, leadership, communication, problem solving, flexibility, and time management.
Discussions of the draft findings concluded that these skills were sometimes undermined if described as
‘soft’ skills; University College London (UCL) reported rebranding a module taught to all first year
engineering undergraduates from ‘soft skills’ to ‘professional skills’ in a bid to overcome this. There was
some sense that firms were more inclined to underestimate, overlook, or absolve the financial cost of
poor communication skills in a way that they would not poor technical skills.
Careers guidance at all levels of education was also discussed, with a general sense that science
teachers who lack industrial knowledge find it difficult to offer instructive careers guidance. This also links
to guidance given to undergraduate biologists, which is often that their career options are to be teachers
or academic researchers. The Biochemistry Society is working with IMechE and IET to pilot an initiative
where science teachers will undertake industrial placements to improve their knowledge of the
commercial application of what they teach. This currently offers 8 teacher placements per year; evidence
from the USA suggests that this not only improves students’ knowledge of careers in science, but also
boosts their educational attainment. Advice pertaining to a career in IB must recognise and articulate the
prominence of micro and small businesses across the sector.
As employment in IB grows, it is likely that the profile of the sector and demand for undergraduate and
postgraduate programmes of study will also increase. It is important that the quality of tuition provided by
UK HEIs does not diminish as a result.
6.3.2 Private provision
Across a range of training disciplines (encompassing process chemistry, Good Manufacturing Practice,
and Health and Safety), courses delivered by private providers are common. There are two aspects which
make private provision popular amongst businesses. Firstly private providers invariably offer training onsite, which ensures direct relevance to working practices using the company equipment, as well as
allowing more staff to receive the training than if workers had to be sent away for training. Secondly, there
is a perception that private providers respond quickly to business need and able to directly address
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challenges, although this maybe more true of larger businesses than micro-businesses and small
businesses.
“Staff will always need training in the latest techniques to maintain competitiveness.”
However, knowledge of private provision can be very patchy. One potential role for public agencies is to
bring together a directory of accredited training in IB so that firms are able to identify appropriate provision
more quickly and easily.
“We have looked on the internet for short course on – but nothing available. All
directed towards full-blown masters courses, which are just not right for this business.”
Like recruitment, the private training market is global with a small number of firms reporting using
providers based in the USA. The growth of online teaching enables this further, adding even more
flexibility and convenience to the private training offer. Thus the quality and expertise of the training
provider is more important than location for some skills, notwithstanding the areas where hands-on
training is still required.
Alongside private training provision, the lack of professional accreditation was raised as a means through
which greater definition could be provided to individual career development. In sectors where professional
memberships are integral to securing and sustaining employment, training that is accredited by
professional bodies becomes desirable. In some senses, straddling engineering and science (as
described in section 6.2) makes aligning to an existing professional body difficult, and IB may need to
establish a new professional body, perhaps incorporating The Science Council’s Chartered Scientist
accreditation.

6.4 Training format
Current awareness of the ATP concept is very weak (and often non-existent), even in larger firms.
Therefore, asking a straightforward question about the existing ATPs risked alienating the interviewee.
Instead, interviews were structured around more open questions that narrow down employers’
preferences for training delivery and ATPs were subsequently explored where they were relevant.
Generally speaking 1 year courses are not on employers’ radar; the relative infancy of many firms in the
sector provides a possible explanation for this. Short-courses and modular Master’s programmes are
more likely to be utilised by a wider range of firms.
“The trend is away from full masters courses over the last few years towards shorter
week-long (or less) courses. Industry has cut training budget are not able to commit to
time out for employees.”
In summary, based on interview responses only a handful of IB firms are of sufficient scale to input into
the development of an ATP model. The principles of the offer – specialist training at suitable facilities at a
timetable structured around the needs of the employer – are popular and may become more relevant as
the sector achieves a greater number of mature firms.
“ATPs are a good idea but big companies populate the courses; big industries can do
it, smaller companies can’t always afford it In IB, it’s harder for firms to lose staff for
any time and this is a barrier.”
The collaboration of different providers in the ATP model is in keeping with the way firms would like to
engage with HEIs. Expertise is valued by firms, and it may be the case that one university has expertise
in one specific discipline, and a different university in another. A training model which brings together
different pieces of expertise or facilities is more likely to meet the needs of industry. The IBioIC in
Scotland was mentioned as an example, alongside NIBERT in Ireland which one large company
highlighted as the best example they are aware of. Where businesses had engaged with ATPs, or vice
versa, the perception was positive. One training provider who works with postgraduates found business
supportive of an ATP model, with a number of national and high-profile businesses providing feedback
and recommendations for the training methods.
“Role for Cogent is to act as fulcrum between industry and training providers – define
course content and make sure these are meeting the needs of industry.”
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There was some awareness of Doctoral Training Partnerships, with firms reporting engagement with
these; however this was less prevalent than the number firms describing more general engagement with
PhD students.
Employers are receptive to the prospect of financial support for training. Their stated preference for shortcourse delivery that focuses on improving skills in a specific discipline made little mention of formal
accreditation, which is often a pre-requisite to accessing public financial support. This is an important
conflict to resolve; it’s possible that a system of credits could be developed for short courses, but these
would need to offer greater flexibility than current modular Masters programmes. For example, instead of
completing six modules worth 30 credits each, or even nine modules worth 20 credits each, employers’
preference may be for a model that involves completing twenty-five modules each worth between 5 and
10 credits. Learning remotely or online also received a positive response when discussed, as just like for
private provision, the flexibility to study at convenient times is attractive for businesses and their
employees.
“Flexibility is needed; with a modular Masters you can take material out of MSc rather
than having to do the whole course.”
6.4.1 Internal training
The specificity of the skills that employers develop often leads to training being delivered in-house, often
by the firm’s Technical Director (or CTO/CSO) or through ‘learning on the job’ and knowledge transfer
amongst staff. In this sense, it might be that training offered by external providers is not sufficiently
specific, because the requirement is unique to the particular business. In this case, should public
agencies wish to fund training, this may need to be a cash subsidy, which is validated by some form of
external accreditation (even for very small units of training).
“A priority for Cogent should be introducing a high level accreditation so experienced
business / industry experts can be accredited up to Doctoral level but without
continuing education – an industrial vocational qualification.”
The relative youth of the IB sector reinforces the need for training to respond rapidly to emerging
business needs, or to broaden the skillset of employees in a cost-effective manner. This often stimulates
the preference for internal training.
“We have a biochemistry engineer learning on the bioscience team, working on that
team one day every other week - knowledge transfer.”
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7. Appendix
Table 16: HEIs that offer courses with biotechnology content
Higher Education Institution (HEI)

Higher Education Institution (HEI)

Aberystwyth University

University of Central Lancashire

Bangor University

University of Chester

Blackpool and The Fylde College

University of Cumbria

Cardiff University

University of East Anglia

Durham University

University of East London

Edinburgh Napier University

University of Edinburgh

Harper Adams University

University of Exeter

Heriot-Watt University

University of Glasgow

Imperial College

University of Hertfordshire

London Metropolitan University

University of Leeds

Middlesex University

University of Liverpool

Northumbria University

University of Manchester

Oxford Brookes University

University of Nottingham

South Devon College

University of Sheffield

University College London

University of Southampton

University of Aberdeen

University of Surrey

University of Birmingham

University of Wolverhampton

University of Brighton

University of York

University of Bristol

Table 17: List of IB tags used to identify relevant CPD
Technology-based tags

Company description based tags

Bioprocess Engineering

Biocatalysis

Synthetic biology

Metabolic modelling

Systems biology

In silico metabolic modelling

Microbial strain development

Transcriptomics

Enzymology

Genomics

Microbiology

Proteomics

Bioinformatics

Genetics

Cell biology

Carbohydrate chemistry

Biological chemistry

Cell physiology

Genetic engineering

Biotransformation

Tissue culture
Source: IB skills, background information for TBR, Adrian Higson
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