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Forewords
Foreward from the Chair of Glasgow Economic Leadership Professor Sir Jim McDonald 

About Us
This audit has been undertaken by a consortium that brings together a unique combination of research strengths 
and expertise in the field of enabling technologies, coupled with strong economic leadership, support and direction. 
The consortium is led by Glasgow Economic Leadership1 and includes Glasgow City Council, Scottish Enterprise, 
the Universities of Strathclyde, Glasgow, and Heriot-Watt, NPL Scotland, Fraunhofer Centre for Applied Photonics, 
Technology Scotland, and the Scottish Innovation Centre for Sensors and Imaging Systems (CENSIS).

The Central Belt with its major 
cities of Glasgow and Edinburgh 

is Scotland’s main population 
centre - a compact and connected 
innovation region which is home to 
some of the UKs most research–
active universities and to a growing 
translational infrastructure focussed 
on responding to market demand 
and anticipating disruptive change.   
 

Scotland’s challenge, recognized by the Economic Strategy 
of Scottish Government, is to achieve substantial increases 
in productivity, exports, and job creation. This audit focusses 
on the Enabling Technologies Sector in Scotland, its potential 
to accelerate young companies – particularly in photonics 
and quantum sensing -  and its potential to produce step 
changes in the productivity of the manufacturing base and 
in the management of key infrastructure assets such as the 
power grid and our water network.  

The Enabling Technology sector is relatively small in the 
Scottish Economy producing 1% of GVA, but it produces 10% 
of Scottish exports and invests 25% of Scottish BERD. Our 

regional innovation system has developed remarkably 
over the last 15 years, from research pooling to innovation 
centres, Fraunhofer and Catapults, creating a young but 
effective Triple Helix support structure. 
 
With further investment this system can build a vibrant 
internationally competitive photonics and quantum 
sensing cluster. Through Technology Integration our 
Enabling Technology sector can help the digital transition 
of manufacturing in highly specialised application 
areas including Forming and Forging, and Industrial 
Biotechnology, creating thousands of jobs. And it can 
support our Infrastructure sectors – particularly energy 
- to make big performance improvements through 
sophisticated sensing and control systems.
 
The outcomes of this report, written with the support of 
Scottish Enterprise, are fully aligned with the Scottish 
Government economic strategy and its Manufacturing 
Action Plan. This report gives strong support to the 
creation of the National Manufacturing Institute 
for Scotland, and highlights a set of exciting growth 
opportunities for manufacturing and services in Scotland 
and through the UK. 

Foreward from the Chair of Technology Scotland Dr Allan B Colquhoun  

Technology Scotland has been 
deeply engaged with the 

development of this Science and 
Innovation Audit. The Audit report 
has identified the strengths of 
our Enabling Technologies cluster 
including its contribution to exports 
and Business Investment in R&D, 
its strong links to the excellent 
research base, and the benefits of 

investment in links between industry and research. Most 
importantly the report seeks to start a process to create 
the environment for a step change in the growth of our 
Enabling Technology companies and help drive the digital 
transformation of our manufacturing and infrastructure 
sectors.  The Audit has set out opportunities and actions 
which will help our sector companies individually and 
collectively and Technology Scotland will play its part in 
building on this exciting collective vision.
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Introduction/context
In autumn 2015 the UK Government announced regional Science and Innovation Audits 
(SIA’s), to catalyse a new approach to regional economic development. SIAs enable 
consortia to focus on analysing regional strengths and identify mechanisms to realise their 
potential. 

In the Central Belt of Scotland a consortium was formed to focus on our strength in 
enabling technologies. This report presents the results which includes broad-ranging 
analysis of the Central Belt of Scotland’s capabilities within this area, the challenges and 
the substantial opportunities for future economic growth.
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The Region 

The Central Belt of Scotland is one of the UK’s highest performing and best connected 
innovation regions. Scotland is second only to London when it comes to Foreign Direct 
Investment (by value), with the Central Belt’s two major cities, Glasgow and Edinburgh, 
ranking 5th and 6th in this respect2.

The Central Belt is by far the most important economic, employment and innovation 
region in Scotland, with a concentration of high value, highly skilled jobs, but productivity 
(both for the Central Belt and Scotland more generally) is not as high as it could be. 
Growing productivity faster is a priority for both the UK and Scottish Governments, and 
we are making some progress. In 2015 Scotland moved up to joint 16th place (out of 
36 countries) for productivity levels amongst OECD countries, placing Scotland in the 
second quartile – but there is scope to do more. 

Business investment in research & development (BERD) is recognised as a leading 
indicator of future productivity. Scotland’s general BERD performance is only around 
60% of the UK average (where BERD is measured as a proportion of GDP), and BERD 
within manufacturing (a significant sector for Scotland) also lags the UK average3. The 
Scottish Government has recognised the need to boost productivity to ensure long term 
growth within the manufacturing sector – and a key means of achieving this will be the 
adoption of innovative enabling and emerging technologies.

 
Enabling Technologies

There are many accepted definitions of enabling and emerging technologies, but 
essentially they can be defined as technologies that improve productivity and efficiency 
in existing industries, and new technologies that could have significant commercial 
impact. We believe that by their very nature, enabling technologies are the key to 
unlocking productivity improvements, accelerating the UK’s global competitiveness, and 
increasing exports. 

2 EY’s Attractiveness Survey Scotland, May 2017: Standing strong in uncertain times. 
 http://www.ey.com/Publication/vwLUAssets/EY-attractiveness-survey-Scotland-2017/$FILE/EY-Scotland-Attractiveness-Survey-2017.pdf
3 A Manufacturing Future for Scotland, Scottish Government
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For this audit, we have considered all technology areas within the scope of Innovate UK’s 
“Emerging and Enabling Technologies programme”. Within this, we have concentrated 
mainly on industrial applications and uses. So, in this report, reference to “enabling 
technologies” can be taken to mean any combination of the following, applied in an 
industrial setting:

 n Quantum (technologies which harness quantum physics to deliver previously 
unattainable levels of functionality or performance)

 n Sensors, sensor systems and photonics (devices that are capable of highly accurate 
sensing, measurement and transmission of physical properties)

 n Electronics (essential for all goods and services which need intelligent control)

 n Robotics and autonomous systems (machines and systems that can perform useful 
“real world” tasks, extend our capabilities, reduce risk and increase productivity)

 n Industrial biotechnology (the use of living components such as bacteria and 
enzymes in industrial manufacturing, with the potential to transform  processes or 
create entirely new products)

 n Advanced/smart materials (materials which are designed to significantly 
outperform their traditional counterparts or exhibit completely novel properties)

 n Software and data analysis (advanced programmes and operating systems, and 
the analysis and manipulation of large or complex data sets to  improve processes, 
support decision making, or develop new insights)

 n Communications, including satellite (infrastructure to facilitate connections and 
secure transfer of information) 

 n Monitoring and control (systems to monitor, predict and optimise performance, 
including the “internet of things” – connecting together objects in a way that allows 
them to send and receive information, so devices in the physical world can talk to us, 
applications, and each other)

 
Enabling Technologies in the Central Belt

The Central Belt is a hub for enabling technologies – over 90% of Scotland’s enabling 
technology companies are based here. The enabling technology sector is hugely important 
to Scotland and the UK, representing one of the most BERD and export-intensive sub 
sectors for the economy as a whole, even though it delivers relatively small outputs 
in terms of overall % Gross Value Add (GVA). There is a thriving relationship between 
industry and academia within the audit region, and a high proportion of enabling 
technology companies have typically either grown from, or are strongly connected to, our 
internationally recognised academic expertise. This is particularly true for those companies 
focussed on photonics, quantum, sensors, robotics/autonomous systems, and industrial 
biotechnology.

Summary Report
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Our Vision

 

To capitalise on the full range of opportunities the enabling technology sector has to offer, this 
audit takes a dual approach, therefore our vision is twofold.

Firstly, we want to double the size of our existing enabling technology asset base over the 
next 10 years to create an internationally recognised cluster of growth companies in the 
Central Belt that will act as an engine for productivity & exports, and a magnet for foreign 
direct investment.

Our audit considers how existing and new enabling technology companies in the Central Belt 
can be developed, accelerated and anchored in order to achieve this. Our main focus in this 
respect is on high growth enabling technology companies, and our expertise in the creation 
and application of photonics and quantum enabled devices.

Secondly, we want to utilise our significant enabling technology assets in order to increase 
productivity by 3% per annum in the manufacturing and infrastructure sectors (initially in 
the audit area, but with scope to replicate these productivity gains across Scotland and the 
UK as a whole).

Within Scotland, both are large sectors in terms of turnover and output. However, our 
manufacturing sector in particular demonstrates relatively low BERD and exports.  Our audit 
considers how, through the adoption and integration of enabling technologies, there is scope 
to deliver a step change in productivity and competitiveness within these sectors.

Our vision is underpinned by an innovation cluster in the Central Belt that demonstrates4:

 n World class research strengths and translational assets in enabling technologies. 

 n Growing enabling technology companies, which are prepared to invest strongly for the 
future. 

 n Proven capability to export, at a time when the market is growing and there is rapidly 
increasing global demand for the quantity and sophistication of enabling technologies.

 n A strong coalition of innovative companies, higher education institutions (HEI’s), 
translational organisations, and an enterprise agency with an established track record of 
successful collaboration with partners in a close knit innovation ecosystem. 

4 See Audit Main Report for detailed evidence in support of these statements

VISION
 n Double the size of our existing enabling technology asset base over the next 10 years 
 n Create an internationally recognised cluster of enabling technology growth companies in the Central Belt
 n Use our enabling technology assets to increase productivity by 3% per annum within the manufacturing and 

infrastructure sectors
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By taking a holistic approach that considers both the enabling technology companies 
themselves, and the benefits and uses of the products and services they deliver, we 
believe this creates a proposition with the potential to deliver something that is far greater 
than the sum of its already considerable parts.

Broader Context

Our vision is in keeping with the Scottish Government’s economic strategy, and its focus 
on the “4I’s” of investment, innovation, inclusive growth and internationalisation. It 
explicitly addresses several themes within the Manufacturing Action Plan for Scotland 
which was launched in 2016, including investment in SMART manufacturing, energy 
efficiency and competitive infrastructure. It also aligns with Glasgow’s Economic Strategy 
2016-20235, which aims to make Glasgow the most productive major city economy in the 
UK through a focus on key sectors, innovation and productivity.

At a UK level, our vision addresses several of the principles and areas of focus outlined 
in the UK Government Industrial Strategy Green Paper, particularly the “balancing 
productivity” agenda across UK regions. It is in keeping with the goals of the UK 
Government’s Industrial Strategy Challenge Fund, which aims to invest in priority 
technologies where the UK has the potential to turn strengths in research into a global 
industrial and commercial lead. It also aligns with the UK Government’s commitment to 
future investment in Catapults and other similar technology proving environments.

The UK National Infrastructure Commission (NIC) has been asked by UK Government 
to review new technologies in areas like digitalisation, the internet of things, big data, 
and artificial intelligence, to better understand how these will create opportunities for 
improving the way we manage infrastructure. The NIC will explore which emerging 
technologies have the most potential for improving infrastructure productivity, and will 
make recommendations to Government on what actions it should consider to support 
deployment. We expect that at least some of the NIC’s findings, as yet unpublished, will 
endorse our vision.

If we achieve widespread adoption of enabling technologies in industrial sectors, this 
will help deliver significant impact in application areas such as manufacturing and 
infrastructure which cut across many key sectors for the UK and the Scottish economy. 
These areas include aerospace, chemical/petroleum engineering, bio-processing, energy 
generation & distribution, and transport. Each of these feature in Innovate UK’s Enabling 
Technologies Strategy 2012-2015, and have strong overlap with industrial digitisation, 
energy, clean growth, low emission vehicles, and life sciences – all identified in the UK 
Government Industrial Strategy Green Paper as priority areas.

Summary Report
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Key Strengths
The Central Belt excels in terms of research quality and intensity in subjects that support enabling technologies, and 
also in successfully exploiting these technologies through the creation of new companies6.

The Central Belt’s universities have a research base of exceptional quality, with an average research power that is 20% 
higher than the UK average. The Research Excellence Framework (“REF2014”) shows the audit area demonstrates a 
particular concentration of excellence and power in those subjects that are most relevant to the enabling technologies. 

 n University of Strathclyde physics department ranked 1st in UK by grade point average 

 n The general engineering submission by Edinburgh and Heriot-Watt universities was top in the UK by research power

 n Glasgow University’s engineering department ranks in the UK top five for “internationally excellent” and “world-
leading” research, as does Glasgow and Strathclyde’s joint chemistry submission (3rd), Edinburgh and St Andrews 
Chemistry submission (2nd), and Edinburgh and St Andrews Physics submission (4th). 

 n University of Strathclyde Electronic and Electrical Engineering was third in the UK

 n University of Strathclyde Business School is in the top 10 in the UK

The HEI consortium partners are involved in all four of the Engineering and Physical Sciences Research Council’s Quantum 
Technology Hubs, with Glasgow leading on QuantIC (The UK’s Quantum Technology Hub for Quantum Enhanced Imaging).

Table: Key Enabling Technology strengths by University 
 

Technology Area University

Photonics University of 
Edinburgh

University of 
Glasgow

Heriot Watt 
University

University of 
St. Andrews

University of 
Strathclyde

Micro/nano 
electronics

University of 
Edinburgh

University of 
Glasgow

University of 
Strathclyde

Advanced materials University of 
Edinburgh

University of 
Glasgow

University of 
St. Andrews

University of 
Strathclyde

Industrial 
Biotechnology

University of 
Edinburgh

University of 
Glasgow

Heriot Watt 
University

University of 
Strathclyde

Advanced 
manufacturing

University of 
Edinburgh

University of 
Glasgow

Heriot Watt 
University

University of 
Strathclyde

Nanotechnology University of 
Edinburgh

University of 
Glasgow

Heriot Watt 
University

Napier 
University

University of 
St. Andrews

University of 
Strathclyde

 
Source: Analysis conducted by Scottish Enterprise in 2015

In addition to the Central Belt’s discrete strengths within these disciplines, REF2014 also shows that our HEI’s 
demonstrate a 15-year track record of successfully collaborating in order to achieve greater research excellence and 
greater international competitiveness. This is achieved, in part, through the Scottish Funding Council’s (SFC) research 
pooling investments. Specific collaborations that are particularly relevant to this audit include the Scottish Universities 
Physics Alliance (SUPA), the Scottish Research Pool in Engineering (SRPe) and the Chemistry Pool (ScotCHEM). 

6 Examples of relevant company spin-outs from Edinburgh, Glasgow, Heriot Watt & Strathclyde provided in Appendix B.
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We also have a unique set of translational assets that are already transforming economic impact at regional, UK and 
international level. 

Table: Key translational assets by technology area 

Technology Area Key Translational Assets

Photonics Fraunhofer Centre for 
Photonics

James Watt 
Nanofabrication Centre LiFi Research and Development Centre

Advanced 
Sensors CENSIS QuantIC

Micro/Nano 
electronics

James Watt Nanofabrication 
Centre

Scottish 
Microelectronics Centre

Advanced 
Materials

Thin Film Centre University of 
the West of Scotland

Industrial 
Biotechnology IBioIC Scottish Association for 

Marine Science James Hutton Institute

Advanced 
Manufacturing 
Technologies

Advanced Forming Research 
Centre

Continuous 
Manufacturing and 
Crystallisation

Centre for Innovative Manufacturing 
in Innovative Manufacturing in Laser-
based Production Processes

Nanotechnology SAFENANO

Summary Report

There are around 400 companies engaged in enabling technologies in Scotland, employing in the region of 15,000 people 
– and as already noted, around 90% of these are based within the audit area.  This strong company base is a significant 
contributor to Scottish research. It represents 17% of all Scottish R&D spend, and has a world class BERD figure of £200M 
(5.0% of turnover). Analysis conducted by Scottish Enterprise breaks this down further by key technology areas7, with 
results shown below.
 
Table: Employment and economic data for key technology areas in Scotland

Technology Area GVA Estimate 
(£M)

Employment Estimate Companies

Photonics 300 4,000 45

Advanced Materials 180 3,000 40

Micro/nano electronics 250 2,500 45

Industrial Biotechnology 61 1,100 43

Nanotechnology 20 200 10

Source: Analysis conducted by Scottish Enterprise

Of the broad cross section of technology areas that can be described under the enabling technologies banner, we have 
identified  that the audit area shows particular strengths in sensors, photonics & quantum technologies, micro &nano-
electronics, industrial use of data, robotics & autonomous systems, satellite earth observation, the internet of things, and 
cyber security.

7 Smart Specialisation: Scotland’s Key Enabling Technologies, Scottish Enterprise Report, 2014
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Growth Opportunities
The data collected during this audit strongly supports our 
vision, demonstrating that:

 n There is an opportunity to develop a high growth 
cluster of enabling technology companies within our 
audit area, based around the consortium’s assets. 

 n These companies, with expertise in the provision 
of high quality, premium price services to end 
user companies, have the potential to create new 
supply chains for Industry 4.0, underpinned by 
advanced sensing, measurement and manufacturing 
technologies.

 n The consortium’s engineering and physics based 
research excellence in measurement science 
(particularly in quantum and photonics technologies), 
provides an opportunity to accelerate the audit area’s 
emerging company base in photonics and quantum 
enabled devices, which has the potential to be globally 
recognised.

 n The audit has helped substantiate our assertion that 
there is potential to capitalise on the adoption and 
integration of enabling technologies to markedly 
increase productivity in the manufacturing and 
infrastructure sectors. BERD investment in Scotland 
is significantly lower than the UK average (BERD 
expenditure was 0.60% of Scottish GDP in 2015 – 
lower than the comparable figure of 1.11% for the 
UK). This underperformance in BERD is particularly 
marked in manufacturing. This audit provides 
objective evidence to support the fact that adoption of 
enabling technologies will act as a positive catalyst on 
investment and productivity within both these sectors.

OPPORTUNITIES
 n Develop a high growth cluster of enabling 

technology companies within our audit area, 
based around the consortium’s assets. 

 n Create new supply chains for Industry 
4.0, underpinned by advanced sensing, 
measurement and manufacturing 
technologies.

 n Use research excellence in measurement 
science (particularly in quantum and photonics 
technologies), to accelerate emerging 
company base in photonics and quantum 
enabled devices

 n Ensure adoption of enabling technologies 
acts as a positive catalyst on investment 
and productivity within manufacturing and  
infrastructure sectors.
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Gap Analysis
The Central Belt has strong and relevant research 
base assets, a collaborative ecosystem that is mature 
compared to most UK regions, and a unique set 
of translational assets (some of which are already 
demonstrating a catalytic effect on technology 
adoption and productivity). However, we have 
identified several gaps in our innovation landscape, 
which need to be addressed if the Central Belt is to 
deliver the types of productivity gains we hope to 
achieve from the growth opportunities noted above. 
These gaps are:  

Technology Integration Facilities 

Within the region there needs to be a better understanding of the range of support 
mechanisms available, alignment of goals, and the ability to take a sector-agnostic, end-
to-end system level approach to addressing industry problems, as identified by Innovation 
Centres in the region8. Significant investment is therefore required in more industry-
led technology integration facilities and centres that work across traditional sector 
boundaries. This will ensure that we have the ability to rapidly identify and link developing 
technologies (at TRL 3-5) and trial these in pre-competitive environments, in order to 
accelerate productivity gains for relevant sectors. These integration facilities are needed to 
complement and extend the reach and impact of existing translational assets in our audit 
areas innovation system, such as the High Value Manufacturing Catapult (HVMC), Offshore 
Renewable Energy Catapult (OREC), Satellite Applications Catapult node, Centre of 
Excellence for Sensor and Imaging Systems (CENSIS), Industrial Biotechnology Innovation 
Centre (IBioIC), Fraunhofer-Centre for Applied Photonics (FCAP), and QuantIC.  
 
Technology Demonstration Facilities & Larger Scale Test Beds

Existing demonstrator facilities need additional infrastructure to support the diversifying 
demand-led needs of industry, with no demonstrator facilities available in some sectors9. 
Significant investment is therefore required to create new and extend existing sector-
specific technology demonstration facilities. These would focus on technologies at a more 
developed stage of readiness (TRL’s 5-8) so that industry sectors such as manufacturing 
and infrastructure can demonstrate, prototype and validate new technologies in a realistic 
setting and scale. It would also introduce the capacity to up-skill companies and their 
staff, resulting in the faster adoption of new technologies to accelerate growth in industry 
productivity.  

Summary Report

8 See Appendix C for further feedback from key Translational Assets
9 See Appendix C for further feedback from key Translational Assets on challenges and barriers that they face when trying to support
 industry demand

GAPS
 n Sector agnostic technology integration 

facilities – complete solutions
 n Sector focused technology demonstration 

facilities
 n Skills at all levels 
 n Financing
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Developing and maintaining appropriate skills

Underpinning any successful economy is its skilled workforce. To sustain strong growth 
will require significantly more graduates and post-graduates entering the workforce, plus 
ongoing retraining of the existing workforce from, for example, oil and gas industries. 
Indeed the main barrier to the increased adoption of enabling technologies is likely to be 
the skill set of the workforce, without which growth will be vulnerable to stalling. Since 
many of the opportunities that enabling technologies will unlock may disrupt existing 
business models it is also crucial that middle and senior management are ready to adapt. 

Stimulation of the Scottish Investment Market with International Risk Capital

To support the growth clusters identified in our vision, the final gap that we need to 
address is the attraction of UK or international specialist investors. Working in partnership 
with Government agencies (Innovate UK, UKTI, SDI), attracting investment with a focus 
on those types of emerging, growing companies we focus on in this audit would markedly 
assist the long term economic productivity and international competitiveness of the audit 
area. This would address the current weakness within the Scottish market to provide the 
rapid follow on investment and global market presence that is needed to pull through start 
ups that are more often invested in by vigorous, but limited, early stage investor networks.

Key Ambitions/Proposals
The technologies we focus on in this report have the potential to act as enablers across 
every single one of the UK’s 8 Industrial Strategy challenge areas10. They will assist in 
closing the overall productivity gap (between high performing UK based industries and their 
less productive counterparts, and also between the UK and substantially more productive 
countries such as France and Germany – where niche industrial manufacturing positively 
thrives). 

Scotland’s overall labour productivity (measured by output per hour) has risen by an average 
of 0.99% per hour in the last 10 years (to 2016). Manufacturing productivity in Scotland 
has increased by 1.55% per annum in the same period. Data from the Conference Board 
shows that, over the period 2000 – 2016, despite the 2008 financial crisis, several western 
countries exceeded 3% average annual growth in output per hour in manufacturing, including 
Belgium, Denmark, Sweden, Ireland and the USA11. We envisage, with the investments noted 
above driving the pervasive adoption of enabling technologies, and with the full benefits of 
Industry 4.0 adopted by manufacturers, it would be possible to achieve a 3.0% per annum 
ongoing increase in productivity within our manufacturing sector, which if sustained would 
represent an effective doubling of our existing productivity levels. This is further supported 
by a recent SAS report that indicates that the application of Bid Data and the IoT within the 
UK could result in a 2.7% per annum increase in GDP12.

10 https://www.gov.uk/government/news/business-secretary-announces-industrial-strategy-challenge-fund-investments
11 https://www.conference-board.org/ilcprogram/index.cfm?id=30139 
12   https://www.sas.com/content/dam/SAS/en_gb/doc/analystreport/cebr-value-of-big-data.pdf
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In relation to infrastructure, an analysis of the ONS ABS statistics indicates that UK 
productivity (in terms of GVA per head) grew by an average of 1.3% per year over 2010 to 
2015 (separate figures are not publicly available for Scotland). We believe the deployment 
of the latest enabling technologies in infrastructure, providing smart electric grids, smart 
water and sewage networks and smarter buildings, for example, can lead to a step change 
in productivity, such that a similar 3% target is ambitious but achievable.

Due to the overall size and structure of the Central Belt’s economy, an equally important 
prize will be the accelerated development of clusters of high growth companies. These 
companies will have the potential to become internationally competitive, driving growth in 
high value exports, but also attracting investment (both from the UK and internationally) 
into the audit area. 

Significantly growing the size of the enabling technologies sector will be a challenge, but 
the opportunity is clear. In September 2016, Markets and Markets forecast a compound 
annual growth rate of 8.4% for the global photonics market between 2016 and 202113; 
in May 2016, Frost and Sullivan forecast compound annual growth rate of 11.6% for the 
global sensor market during 2015 to 201914. Based on this, and our audit findings, we 
believe there is realistic scope to double the size of our enabling technologies company 
base over the next 10 years in terms of jobs, turnover and GVA, (effectively an average 
annual growth rate of 7.2%), and in doing so, create a world leading position in quantum 
and photonic enabled devices.

High Value Technical Services

This Audit has established that successfully developing the central belt’s enabling 
technology capabilities and integrating those into widespread industrial applications will 
inevitably create opportunities for specialist companies to emerge. The offerings of such 
specialist companies and services will support the increased use of information and data 
intensive technologies by large, industrial end users. Therefore, the findings of our audit 
strongly complement Edinburgh City’s Wave 1 Audit “Enabling a World-Leading Regional 
Digital Economy through Data Driven Innovation”.

The trajectory of an emergent company base, that delivers high end enabling technology 
services, and supplies international markets, could be comparable to the growth of 
the offshore technical services industry in Scotland. This industry now represents a 
significant area where Scottish indigenous companies compete globally to the benefit of 
UK productivity, and enabling technologies have the potential to do something similar – 
particularly in areas like industrial data analysis, industrial digitisation, industrial control, 
condition monitoring and specialist inspection.

Growth of a cluster of this type would be particularly accelerated by all the types of 
investments noted in this report.

Summary Report

13 http://marketsandmarkets.com/Market-Reports/photonics-market-88194993.html
14 http://www.frost.com/sublib/display-report.do?id=NF1F-01-00-00-00
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High Value Quantum - and Photonic-Enabled Devices

Our audit substantiates the hypothesis that the research base and translational assets of 
the Central Belt provide outstanding potential for the development of specialist companies 
creating new devices and products based on Quantum and Photonic technologies. These 
could have a variety of applications, such as imaging, intelligent lighting, non-GPS positioning 
(vital for autonomous vehicles), and the emerging LiFi industries. The success of existing 
companies like Cascade Technologies Ltd, Coherent (formerly Microlase Systems Ltd) and 
MSquared Lasers Ltd, demonstrates that designing 
and “product-ising” such devices can provide a solid 
basis for sustained growth. With enough focus on “step 
change” development of new products, the contribution 
of such companies to the economy is not vulnerable to 
the rapid effects of commoditisation.

Growth of a cluster of this type would be particularly 
enabled by sustained investment in the type of 
new and large scale systems integration centre for 
photonic and quantum Innovations cited in this report. 
Such investment would complement and work with 
the translational assets across the Central Belt and 
more widely.   

 
Key Proposals

The proposed interventions noted below will 
contribute significantly to accelerating industrial 
productivity in the audit area, with particular emphasis 
on manufacturing and infrastructure. 

i. Establishing headquarters and/or nodes of UK 
Catapult centres (or similar models) within the 
Central Belt. If there are future UK Catapults in 
sensor systems/industrial data/digitisation (or 
investments backed by the industrial strategy 
challenge fund), there is evidence that due to our 
significant capabilities and translational assets, 
the audit area would be well placed to fully 
exploit such opportunities and create economic 
impact as a result, both within the audit area and 
more broadly across Scotland and the UK. Other 
specific examples could include establishing 
a node of the Compound Semiconductor 
Applications Catapult or the Energy Systems 
Catapult within the audit area.

PROPOSALS
Sector agnostic technology integration facilities – 
complete solutions

 n Establish headquarters and/or nodes of UK Catapult 
centres (or similar models) within the Central Belt

 n Invest in the creation of a new and large scale 
systems integration centre, or “virtual foundry”, 
to facilitate the rapid combination and testing of 
quantum and photonics technologies

Sector focused technology demonstration facilities
 n Co-investment by UK and Scottish Governments 

in the proposed National Manufacturing Institute 
for Scotland (NMIS), as part of the UK High Value 
Manufacturing Network

 n Secure further strategic investment to extend the 
scope and linkages of the existing Power Networks 
Demonstrator centre (PNDC)

 n Create a scale-up demonstrator for Industrial 
Biotechnology processes

Skills – at all levels
 n Training and fostering entrepreneurial leaders
 n  Co-ordinate CPD type interventions to support our 

industry leaders
 n Development of complimentary FE-based 

programmes
 n Work-based learning programmes

Financing
 n Create funds specifically to provide access to the 

range of investment size that is currently problematic
 n Link Consortium members more “intelligently” with 

global specialist VCs 
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ii. Investing in the creation of a new and large scale systems integration centre, or “virtual foundry”, to facilitate 
the rapid combination and testing of quantum and photonics technologies. The resulting devices and systems 
being developed would combine capabilities in quantum and photonics with other enabling technologies such as 
microelectronics, software, data processing & analytics, simulation / visualisation, robotics, autonomous systems and 
control technologies. This would combine a host of complementary expertise in order to address opportunities and 
challenges identified by industry. We envisage this as a facility (or facilities) that would be co-invested (at the very 
least) by UK Research and Innovation (UKRI), and Scottish Enterprise.

Both of these proposals would have a significant impact in addressing the current gap in relation to technology integration 
facilities.

iii. Co-investment by UK and Scottish Governments in the proposed National Manufacturing Institute for Scotland 
(NMIS), as part of the UK High Value Manufacturing Network.  The proposed Digital Factory 2050 (DF2050), 
positioned within NMIS, will provide a critical collaborative physical environment and proving ground for the 
demonstration, development and acceleration of cutting edge manufacturing technologies. It will focus on the 
innovative tools and techniques needed to manufacture products and components competitively, using state of 
the art automation (including robotics), and reconfigurable work spaces & equipment. Using advanced sensing, 
measurement, data acquisition and analysis systems, the DF2050 will demonstrate the concepts of Industry 4.0 in a 
practical, relevant and tangible way.

Given the importance of proximity to what is primarily an SME manufacturing base in the audit area, the placement of 
such a facility within the Central Belt will be essential to move SMEs (and other manufacturing companies) up the “high 
value chain” – a pre-requisite for rapid productivity growth.

Our audit findings support the argument that a successful NMIS implementation would contribute significantly to the UK 
Government’s balancing productivity agenda. It would also accelerate the development of integrated technology solutions 
which could translate to other key sectors both in Scotland and the UK. The NMIS business plan will create 10,000 new 
advanced manufacturing jobs and draw in £900M of industrial investment over 15-20 years. It will firmly establish the 
Inchinnan area (close to Glasgow airport) as a manufacturing innovation district of UK significance, and help facilitate even 
larger growth of high value manufacturing jobs in the broader audit area – we anticipate around 100,000 in the same period.

iv. Further strategic investment to extend the scope and linkages of the existing Power Networks Demonstrator 
centre (PNDC). Such an investment would firmly anchor the PNDC facility within a bigger UK National Smart Energy 
Institute. Within this broader proposition, the PNDC would function as a critical hub for the UK’s demonstration 
system for smart grid technologies, with a unique combination of academic and translational institutes, including the 
energy systems catapult. 

The combined power of this, along with PNDC’s current industry members working in partnership with other major 
solutions providers in the power networks industry, has the scope not just to address the requirement for a large scale 
technology test bed – it has the potential to be a driving force for developing a safe, secure, multi-vector energy system – 
and associated market reform for the UK.

v. Creation of a scale-up demonstrator for Industrial Biotechnology processes. This type of large scale facility is 
required to demonstrate the feasibility of exciting industrial biotechnology developments across a variety of markets. 
This kind of facility would complement the Central Belt’s existing academic assets and the IBioIC innovation centre 
(which already has a suite of small scale pilot equipment and laboratory facilities). It would also support the cluster 
of regional SMEs who are already working (via IBioIC’s programmes) to realise Scotland’s National Plan for Industrial 
Biotechnology, which targets a £900M turnover in Scotland by 2025. 

Summary Report
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15 Appendix E provides a summary of current EPSRC-funded CDTs that Consortia members are leading.

Essentially, this type of large scale demonstrator would address the gap of a large scale, specialist facility for this 
particular sub sector of high value manufacturing, in a similar way that NMIS will act as a facility for more mainstream, 
engineering based manufacturing

vi. Training and fostering entrepreneurial leaders: These leaders will form start-up companies and lead their growth. 
The audit geography is rich in proven initiatives addressing this from the purely educational, such as Strathclyde’s 
Hunter Centre for Entrepreneurship, to the relatively well developed enterprise support infrastructures in our 
Consortium such as the University sector’s Enterprise Campus, Converge Challenge processes, and the Glasgow City 
Council’s Tontine House accelerator;

vii. Co-ordinate CPD type interventions to support our industry leaders: The Central Belt plays a lead role in many UK 
Centres for doctoral training15, providing an obvious platform for the higher-level, multi-disciplinary and industry-
informed skills that will be vital for sustainable growth. However, it is important that this post-graduate training 
is balanced with continued professional development (CPD) type interventions to ensure we support our industry 
leaders, putting them in a strong position to deliver the step change in business performance and process required to 
fully capitalise on the opportunities set out in this audit.

viii. Development of complementary FE-based programmes: Scottish Funding Council sees FE Colleges as a key 
component of the innovation system, and is working closely with the FE sector to enhance its role. An exemplar of 
this approach is the collaboration between the Industrial Biotechnology Innovation Centre and three regional Further 
Education Colleges to develop a range of programmes including an HNC/HND to address the skills shortage within 
the Industrial Biotech sector. This complements the MSc and PhD places funded by IBioIC. This could be extended 
across other Innovation relevant Innovation Centres such as CENSIS and DataLab.

ix. Work-based learning programmes:  While the introduction of the Apprenticeship Levy has started driving training 
activity, there is a need to also change workplace and management culture to enable more sophisticated use of work-
based learning programmes. The Centre for Work Based Learning (CWBL) is a partnership between Skills Development 
Scotland, the University of Strathclyde, Heriot-Watt University and Robert Gordon University, and will work with a range 
of international partners including Duale Hochschule Baden-Württemberg (DHBW) and the Organisation for Economic 
Co-operation and Development (OECD). Its research has a particularly relevant objective: understanding the skills, 
knowledge and capability required by industry and the labour market for the fourth industrial revolution.

x. Create funds specifically to provide access to the range of investment size that is currently problematic: 
Early stage, growing companies within the Audit Region have limited access to investment capital in the range 
of £2M-£20M. The Scottish Investment Bank (SIB) has issued a tender for a review of the feasibility of a 
“secondary fund” to help maximise private sector investment into Scotland. To help realise the ambitions of the 
audit, the Audit Consortium will need to work with the region’s existing Angel Investment Syndicates, SIB and 
other UK Investors to ensure that routes to access such investment capital are opened and other funds raised, 
once demand is validated. 

xi. Link Consortium members more “intelligently” with global specialist VCs: More also needs to be done to 
identify and engage with sophisticated (lead and co-lead technology-specific) international investors. EIE 
(Engage Invest Exploit) is Scotland´s premier technology investor showcase. Their annual EIE conference 
features Scotland´s most promising high growth companies from the life sciences, ICT and energy sectors, 
seeking funding from seed to series A. More EIE type activities could help to intelligently link growing companies 
with global specialist VCs investing in enabling technologies, high end technical services, photonics and quantum 
technologies, particularly if events and conferences focused on the enabling technologies company base. There 
is also the potential for government agencies to co-develop a plan for promotion of the Central Belt as a hotbed 
of opportunity for investment in growth companies in enabling technologies.
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PROPOSALS
Sector agnostic technology integration facilities – 
complete solutions

 n Establish headquarters and/or nodes of UK 
Catapult centres (or similar models) within the 
Central Belt

 n Invest in the creation of a new and large scale 
systems integration centre, or “virtual foundry”, 
to facilitate the rapid combination and testing of 
quantum and photonics technologies

Sector focused technology demonstration facilities
 n Co-investment by UK and Scottish Governments 

in the proposed National Manufacturing Institute 
for Scotland (NMIS), as part of the UK High Value 
Manufacturing Network

 n Secure further strategic investment to extend the 
scope and linkages of the existing Power Networks 
Demonstrator centre (PNDC)

 n Create a scale-up demonstrator for Industrial 
Biotechnology processes

Skills – at all levels
 n Training and fostering entrepreneurial leaders
 n  Co-ordinate CPD type interventions to support our 

industry leaders
 n Development of complimentary FE-based 

programmes
 n Work-based learning programmes

Financing
 n Create funds specifically to provide access to 

the range of investment size that is currently 
problematic

 n Link Consortium members more “intelligently” with 
global specialist VCs 

VISION
 n Double the size of our existing enabling technology asset base over the next 10 years 
 n Create an internationally recognised cluster of enabling technology growth companies in the Central Belt
 n Use our enabling technology assets to increase productivity by 3% per annum within the manufacturing and 

infrastructure sectors

OPPORTUNITIES
 n Develop a high growth cluster of enabling 

technology companies within our audit area, 
based around the consortium’s assets. 

 n Create new supply chains for Industry 
4.0, underpinned by advanced sensing, 
measurement and manufacturing 
technologies.

 n Use research excellence in measurement 
science (particularly in quantum and photonics 
technologies), to accelerate emerging 
company base in photonics and quantum 
enabled devices

 n Ensure adoption of enabling technologies 
acts as a positive catalyst on investment 
and productivity within manufacturing and  
infrastructure sectors.

GAPS
 n Sector agnostic technology integration 

facilities – complete solutions
 n Sector focused technology demonstration 

facilities
 n Skills at all levels 
 n Financing

Summary Report
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Networking/Collaboration

The consortium delivering this audit brings together a unique combination of research and innovation 
strengths and expertise in the field of enabling technologies, coupled with strong economic leadership and 
economic development expertise. The consortium is led by Glasgow Economic Leadership16, with other 
partners including Universities of Glasgow, Heriot-Watt and Strathclyde, NPL Scotland, Fraunhofer Centre 
for Applied Photonics, Scottish Innovation Centre for Sensors and Imaging Systems, Technology Scotland, 
Glasgow City Council and Scottish Enterprise.

The consortium, through its members, and working in partnership with industry, other HEIs in Scotland 
and the UK, and Government agencies, has the skills and assets to leverage real improvements in 
productivity and competitiveness, in the audit area and beyond. Consortium members have a track record 
over 10-15 years of creating translational assets in partnership with industry and Government that are 
already starting to demonstrate an impact on the Central Belt’s productivity, and that are regularly cited 
as UK-leading in the context of impact. The collaborative ethos among the consortium members, other 
universities in the Central Belt, the Scottish Funding Council and key UK funders such as EPSRC, BEIS and 
Innovate UK is a distinctive feature that assists us.

This audit process has enabled us to look objectively at our strengths, and assess opportunities that have 
the potential to deliver economic benefit. These opportunities rely on leveraging the value inherent in our 
already sophisticated ecosystem by bringing together multiple actors to provide solutions to challenges 
that span many of the most important productivity challenges in Scotland and the UK. 

Throughout the audit process we sought to engage with as many stakeholders as possible. Technology 
Scotland and Scottish Enterprise were essential in ensuring the range of diverse business and industry 
viewpoints were captured and integrated into the audit’s findings and conclusions. Both these 
organisations, together with Scottish Funding Council, BEIS, UKRI, and most importantly of all our large 
cohort of engaged industry partners, will be essential in making the persuasive investment business cases 
we now need to make in order to secure the technology integrator and technology demonstrator assets 
identified in our gap analysis, which in turn will drive the 10 year plus vision that we have presented for 
the contribution of enabling technologies to UK productivity, driven from Scotland’s Central Belt.

Finally, the outputs of our audit and the plans that we will implement subsequent to it, are directly 
complementary to the outputs of at least three other SIAs. Our findings complement the Edinburgh City 
wave 1 Audit in “Enabling a World-Leading Regional Digital Economy through Data Driven Innovation“, by 
providing routes to industrial application and productivity via improved and pervasive use of industrial data and 
measurement. Our Consortium is already working with Edinburgh to ensure we capitalise on these synergies.

Our findings also complement the quantum elements of the wave 2 audits from Innovation South and 
Oxford.  Our audit’s findings focus on the potential in the Central Belt for rapid integration of quantum 
and photonic technologies with other enabling technologies (at relatively low TRLs 3-5) into prototype 
devices. Through our demonstrators, this will support major strides in technology adoption in industrial 
monitoring, process control, asset management, imaging/ visualisation and digital manufacturing (at 
higher TRLs 5-7). The same capacity for integration of quantum technologies into composite devices at 
low TRLs will also complement the Oxford audit’s aspirations in respect of quantum computing and the 
Innovation South audit’s aspirations in quantum supply chain. 

16 GEL has many of the characteristics of a LEP, bringing together businesses, local authorities, HEIs and the Enterprise Agency to develop regional
 strategies for economic development. 
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17 EY’s Attractiveness Survey Scotland, May 2017: Standing strong in uncertain times. 
 http://www.ey.com/Publication/vwLUAssets/EY-attractiveness-survey-Scotland-2017/$FILE/EY-Scotland-Attractiveness-Survey-2017.pdf
18 GEL has many of the characteristics of a LEP, bringing together businesses, local authorities, HEIs and the Enterprise Agency to develop regional 
 strategies for economic development.

The Central Belt of Scotland is one of the UK’s highest-performing and connected 
innovation regions and is by far the most important economic, employment and innovation 
region in Scotland. Scotland is currently second only to London in respect of Foreign 
Direct Investment by value with the Central Belt’s two cities (Glasgow 5th, Edinburgh 
6th) significant in this17. There are 8 universities within the Central Belt including 5 
research-intensives that are internationally competitive, and there is an unusually 
strong collaborative ethos among these HEIs that has been fostered for over 15 years 
by the Scottish Funding Council’s Research Pooling programme. These universities 
have outstanding strengths in subjects such as Engineering & Physics that are relevant 
to Enabling Technologies. The Central Belt’s HEIs, together with industry partners and 
Government funding agencies such as the Research Councils, Innovate UK and Scottish 
Enterprise, have also pro-actively created a unique and growing set of translational assets 
over the last 10 years. These translational assets such as the Quantum Enhanced Imaging 
Hub (QuantIC), Advanced Forming Research Centre and Fraunhofer Centre for Applied 
Photonics (F-CAP) are often cited as leading UK examples of  good practice. Typically 
they involve intensive multi- and interdisciplinary R&D working with industry partner 
involvement at higher Technology Readiness Levels (TRLs) than would be normal for 
university research.      

However, productivity in Scotland, and in the Central Belt, is not high (OECD second 
quartile), and growing productivity faster is a priority for the UK and Scottish Governments. 
Recognising Business Investment in R&D (BERD) as a leading indicator of future 
productivity it is a concern that Scotland’s BERD is only c.60% of the UK average (where 
BERD is measured as a proportion of GDP). As Manufacturing BERD also lags the UK, the 
Scottish Government has recognised a need to boost long-term productivity growth in 
Manufacturing via adoption of technological innovations.  Also, while there are a small 
number of large engineering-intensive companies in the Central Belt such as Rolls-Royce, 
the Prestwick Aerospace Cluster, Leonardo, SSE, GSK, etc the company base (especially in 
Manufacturing) is heavily dominated by SMEs.  

With the above in mind, a Consortium was formed to bid for a SIA bringing together 
the HEIs, with strong economic leadership and economic development expertise. The 
Consortium consists of Glasgow Economic Leadership18 (GEL) (Lead), Universities of 
Glasgow, Heriot-Watt and Strathclyde, NPL Scotland, F-CAP, Scottish Innovation Centre 
for Sensors and Imaging Systems (CENSIS), Technology Scotland, Glasgow City Council and 
Scottish Enterprise. The Consortium requested UK BEIS’s support to carry out an SIA to 
explore and validate the potential opportunities for accelerating productivity growth that 
the Central Belt’s strong Enabling Technologies research, innovation and industry base can 

The Central Belt of 
Scotland is one of 
the UK’s highest-
performing and 
connected innovation 
regions and is by far 
the most important 
economic, employment 
and innovation region 
in Scotland.
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unlock.  

This report presents the Audit’s findings and includes a wide-ranging analysis of the 
capabilities, challenges and gaps identified, and the substantial opportunities for 
future economic growth in the Audit area. The opportunities are presented in two main 
categories:

(a) ways by which Enabling Technologies companies in the Central Belt can be accelerated 
and anchored as an engine of productivity and export growth for the Audit area, 
with reference to high-growth clusters in (i) technology service companies based on 
Enabling Technologies; and (ii)  world-leading expertise in the creation and application 
of quantum- and photonics- enabled devices.

(b) ways by which the much larger (but still SME-dominated) Manufacturing and 
Infrastructure sectors in the Central Belt can deliver progressive step-changes in 
productivity and competitiveness by accelerated adoption of advances from Enabling 
Technologies.

The geography of this Audit partially overlaps with that considered in the Edinburgh 
and South-East Scotland City Region SIA of Data-Driven Innovation in Wave 119. The 
thematic foci of the two Audits are entirely complementary particularly with regard to 
target industry sectors. Taken together the two Audits provide a broad overview across 
Central & Southern Scotland of digital innovation applicable across a very wide range of 
critical business sectors. Whereas the Edinburgh Audit’s focus on data-driven innovation 
provides an overarching capability in data analytics, this Audit complements and leverages 
its findings by identifying how data analytics can be integrated with other Enabling 
Technologies in devices and systems that will deliver productivity in industrial settings 
such as Manufacturing, Infrastructure, etc.

19 http://www.ed.ac.uk/news/2016/report-points-to-digital-boost-for-economy 
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Overview of Scotland’s Central Belt 

The audit area extends across the Central Belt of Scotland and encompassing 15 of 
Scotland’s 32 local authorities. It is anchored on each side by the great cities of Glasgow and 
Edinburgh. Its resident population is 3.344m, with a working age population of 2.194m (16- 
64). It is the largest UK region outside London, with a combined GVA of £89.5bn20. 

Well-connected by motorway and road, inter-city rail, Scotland’s two major centres - 
Glasgow and Edinburgh – are only 45 minutes apart and travel between them is easy. That 
together with close institutional collaboration is a key facilitator and attractor for research, 
innovation, business networks, entrepreneurship and investment.

1.1
SIA Geography

20 Technopolis, 2017
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21 Technopolis 2017: Gateway to Research
22 HESA
23 Scottish Funding Council

Universities and Innovation Centres
The Audit Area is home to 8 Universities and 2 small specialist institutes. The Universities 
of Edinburgh, Glasgow, Heriot-Watt, St Andrews and Strathclyde all have major RCUK 
grant portfolios (£2.9B of research council funding from 2004-2016 which represents 9.3% 
of the total funding allocated across the UK)21.  The Audit Area has 148,110 HEI students, 
26% of who are postgraduates – and is one of the largest talent concentrations in the 
UK, and approximately 63% of the Scottish total. It is also home to 17 Further Education 
institutes22.

Table 1: Higher education student enrolments and qualifications obtained at higher 
education providers in the United Kingdom 2015/16

HE provider
Total 

postgraduate
Total 

undergraduate Total
The University of Edinburgh 9425 20930 30355
The University of Glasgow 7990 19230 27220
The University of Strathclyde 6505 14965 21470
Glasgow Caledonian University 2780 13800 16580
Heriot-Watt University 3325 7135 10460
The University of St Andrews 2710 8035 10745
Edinburgh Napier University 2225 10360 12585
The University of the West of Scotland 2145 13410 15555
Glasgow School of Art 540 1520 2060
Royal Conservatoire of Scotland 270 815 1080

Source data: HESA

 
The Audit Area hosts key UK and Scottish Government funded translational assets 
including a High Value Manufacturing Catapult Node and the Offshore Renewable Energy 
Catapult in Glasgow, UK Astronomy Technology Centre, Fraunhofer Centre for Applied 
Photonics (the UK’s quantum technology hub for quantum enhanced imaging), NPL 
Scotland and the Satellite Applications Catapult Regional Centre of Excellence. 

The region is also home to 6 of the 8 Scottish Innovation Centres. Launched in 2012, the 
Innovation Centre programme aims to support transformational collaboration between 
universities and businesses to enhance innovation and entrepreneurship across Scotland’s 
key economic sectors, creating jobs and grow the economy.  £120M has already been 
invested in the Innovation Centre programme over five years (2013-18)23 and each 
Innovation Centre leverages further investment from industry and other sources of public 
funding. More detail on the Innovation Centre programme is included in Appendix A.

  

1.2
Overview of 
Research and 
Innovation 
Capabilities

The Audit Area is one 
of the largest talent 
concentrations in 
the UK  and hosts 
key UK nd Scottish 
Government funded 
translational assests.
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Economic Performance and Growth Potential: 
Jobs, GVA and Investment
There are around 100,000 businesses located within the Audit Area and they account 
for 58% of the active companies in Scotland. The Audit Area is a principal destination for 
foreign direct investment (FDI), with Glasgow and Edinburgh alone securing 63 or 75% of 
all new projects in Scotland in 201524. In 2015 there were 14,185 new business starts, a 
number that has grown by 47% over the last 5 years.

Glasgow, Edinburgh and the wider Central Belt of Scotland has long been at the economic 
heart of Scotland. As of 2015 the total regional economic output of the area was £89.5Bn, 
or 65.6% of Scottish GVA. The areas of most economic output are Glasgow City (£19.62Bn) 
and the City of Edinburgh (£18.44Bn). There are approximately 1.704 million jobs in the 
Audit Area, with a job density ratio of 0.78 which is below the UK average job density of 
0.81. The main employment areas are Glasgow City and the City of Edinburgh25. 

Increasing productivity is a key strategic priority for Scotland and in 2015 Scotland 
moved up to joint 16th place (out of 36 countries) for productivity levels amongst OECD 
countries, placing Scotland in the second quartile26. The Scottish Government has 
recognised the need to boost productivity in manufacturing through the adoption of 
technological innovations to ensure the long-term growth of that sector in Scotland27. 
Currently business R&D in Scotland is proportionally lower than the UK average (41% vs 
67%)28. However, the Enabling Technology sectors discussed in this report account for a 
disproportionate part of Scotland’s business R&D investment showing that this is a sector 
that is prepared to invest in its future. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: BERD as a proportion of GVA comparing Scotland with UK in Electrical, 
Computer, Electronic and Optical Products, including Photonics29 

Covering a compact 
geography, the Audit 
Area is home to 
most of the Enabling 
Technology activity 
in Scotland, from 
research through to 
industry. The Central 
Belt is a major UK 
technology corridor 
that is and will be of 
increasing importance, 
not only to Scotland’s 
future prosperity, 
but also to the UK 
economy.

24 EY’s Attractiveness Survey Scotland, May 2017: Standing strong in uncertain times. 
 http://www.ey.com/Publication/vwLUAssets/EY-attractiveness-survey-Scotland-2017/$FILE/EY-Scotland-Attractiveness-Survey-2017.pdf
25 Technopolis, 2017: NOMIS Official Labour Market Statistics
26 http://www.gov.scot/About/Performance/scotPerforms/purposetargets/productivity
27 A Manufacturing Future for Scotland, Scottish Government
28 Technopolis, 2017: BERD Reports
29 Source: Scottish Enterprise analysis of ONS and Scottish Govt. statistics from Annual Business Survey and BERD reports
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30 Technopolis, 2017: ONS Annual Population Survey

Scotland has a relatively vibrant early-stage investment market with a number of angel 
syndicates established since 2003. The majority of early stage investments are led 
by angel syndicates such as Archangel, Par Equity and Equity Gap. The Scottish Co-
Investment Fund and related products of the Scottish Investment Bank (currently part of 
Scottish Enterprise) have played a pivotal role in stimulating and supporting early stage 
investment activity in Scottish start-ups by match-funding individual deals on the basis of 
“following” the deal-flow of approved private investors (up to 50% of individual deal value). 
This has been a relatively unique feature of the Scottish early stage market which has 
assisted enormously in the growth and value of transactions (See Appendix B).

Scotland also has some institutional investors such as Scottish Equity Partners, Pentech, 
Epidarex, Maven Capital Partners, Penta Capital and Panoramic Growth Equity as well 
as a small number of other national and international venture capital (VC) and corporate 
investors who have invested in Scotland. These investors are typically focused on more 
established businesses with a turnover of greater than £1M as opposed to early stage 
companies; some are also co-investment partners with SIB’s products.

The audit area is a high skill UK location with the workforce qualifications at NVQ4+ and 
NVQ3+ being significantly higher than the UK average (43.4% vs 37.1% and 59.9% vs 55.8% 
respectively). However the audit area also has a higher proportion of its workforce with no 
qualifications, 9.6% compared to 8.6% in the UK30. 

Covering a compact geography, the Audit Area is home to most of the Enabling Technology 
activity in Scotland, from research through to industry.  The Central Belt is a major UK 
technology corridor that is and will be of increasing importance, not only to Scotland’s 
future prosperity, but also to the UK economy. 

The science and innovation strengths of the region are closely connected into the broader 
UK science and industry base. With Enabling Technologies forming the basis for the 
digital transformation across multiple sectors, the region’s assets have the potential to 
act as a catalyst for the more rapid development of a strong UK Enabling Technology 
industry. With the right focus and resources, we believe that the Central Belt’s Innovation 
Cluster in Enabling Technologies has the potential to catalyse their adoption and lever the 
significant improvements in productivity and competitiveness they can bring; to advanced 
manufacturing and resilient infrastructure sectors and companies; their workforces; 
supply chains; and, to the benefit of Scottish and UK economies.  Our vision aligns with 
the industrial policy priorities and smart specialisation strategies of the UK and Scottish 
Government, with a high-value Enabling Technologies manufacturing sector supporting 
the broader digital transformation of manufacturing, infrastructure and other sectors. 
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This audit has been structured to explore and test two hypotheses:

1) That there is opportunity to create a high growth cluster of technology companies 
within our Audit Area and based around the Consortium’s Assets. These companies 
with expertise in sensor systems hardware (including device design and fabrication), 
control software, big data analytics, and provision of high quality premium price 
services to end user companies have the potential to create new supply chains for 
Industry 4.0 underpinned by advanced sensing, measurement and manufacturing 
technologies.

2) That the Consortium’s physics-based research excellence in measurement science, 
and particularly in photonics and quantum technologies, provides opportunities to 
accelerate the regional emergent company base in laser and quantum technologies 
and that their applications have the potential to be globally-recognised.

1.3
Hypotheses to 
be tested
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31 Times Higher Education analysis of REF2014  – research power = grade point average x total number of FTE staff submitted to REF 
32 Technopolis, 2017: Gateway to Research
33 ibid

The Audit Area hosts a world-class research capability, and demonstrates a strong 
history of collaboration across the institutions and beyond. The universities within the 
Audit Area represent an internationally-leading research and innovation base as verified 
by the Research excellence Framework (REF) 2014 which showed an average research 
power 20% higher than the UK average31. The Audit Area also punches above it weight 
in research intensity, securing for £2.9Bn of Research Council funding from 2004-2016. 
This represents 9.3% of the total funding allocated across the UK (disproportionately high 
compared to a researcher population of 6.1% of the UK)32.     

The Audit Area’s REF submission profile showed a particular concentration in the research 
areas associated with this audit. The key strengths of direct relevance include:33 

nn University of Strathclyde physics department ranked 1st in UK on GPA. 

nn University of Glasgow engineering was placed in UK top 5 for ‘internationally excellent’ 
and ‘world leading’ research

nn University of Strathclyde Electronic and Electrical Engineering was third in the UK

nn Universities of Glasgow and Strathclyde chemistry 3rd  in UK for number staff  
internationally excellent or world leading

nn University of Glasgow computing science 1st in Scotland for research impact  

nn Universities of Edinburgh and Heriot-Watt’s joint submission in the mathematical 
sciences was ranked 5th in the UK

nn The Universities of Edinburgh and St Andrews joint submissions were ranked 2nd in 
chemistry, and 4th in physics

nn The joint general engineering submission by The Universities of Edinburgh and Heriot-
Watt was ranked top in the UK by Research Power

nn University of Strathclyde Business School is in the top 10 in the UK.

2.1
Excellence in 
Science and 
Research

Universities with the 
Audit Area represent 
an internationally 
leading research and 
innovation base.
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The universities in the Audit Area have broad based research excellence from healthcare 
to engineering, with particular strengths, and crucially, a critical mass of internationally 
leading activities directly aligned to this audit, including:

nn Unparalleled sensor systems research capability – including:

 – Hardware – photonics, quantum Imaging, and micro electrical mechanical 
systems (MEMS) sensor technologies

 – Electronic, photonic, quantum, micro and nano fabrication technology

 – Communications expertise needed to connect a multiplicity of sensors (“internet 
of things”)

 – Software, data analytics and engineering data

nn Industrial laser development and applications in manufacturing

nn Industrial nanometrology

nn Digital manufacturing, photonic-enabled manufacturing and re-manufacturing

nn Advanced manufacturing techniques for a diverse range of applications and sectors 
from aerospace and infrastructure to electronics and chemicals.

The research theme receiving the largest share of the total funding within the Audit Area 
(2004-2016) was information and communication technologies (5.7%, £165.4M), followed 
by energy (3.4%, £98.9M) and tools, technologies and methods (1.9%, £55.7M), which 
demonstrate the degree of specialisms in Enabling Technologies34.

Semantic analysis of Gateway to Research data demonstrates that the region also has a 
high degree of specialism in connecting Enabling Technologies to advanced manufacturing 
especially in relation to photonics35. 

34 Technopolis, 2017: Gateway to Research
35 ibid

The region has a high 
degree of specialism 
in connecting 
Enabling Technologies 
to advanced 
manufacturing.
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In Scotland there is an inclusive and collaborative research environment. Several research 
pools were established by the Scottish Funding Council to strengthen collaborative 
research and post graduate research (PGR) training across Scotland.  The success 
of this has been reflected by a number of joint REF2014 submissions (e.g. Glasgow/
Strathclyde Chemistry, St Andrews/Edinburgh Physics). Universities in the Audit Area 
are heavily involved in these pools. SUPA (Scottish Universities Physics Alliance) and 
Scottish Research Partnership in Engineering (SRPe) are leading the way on many fronts, 
including research excellence (For example, all SUPA partners showed improvements 
in REF GPA in Physics between 2008 and 2014), post graduate researcher training and 
knowledge exchange. SUPA has established relationships with a number of translational 
assets including the UK Astronomy Technology Centre, the Fraunhofer Centre for Applied 
Photonics, the National Physical Laboratory and QuantIC. SRPe led proposals to establish 
the Energy Technology Partnership, the Centre of Excellence for Sensor and Imaging 
Systems technologies (CENSIS), the Advanced Forming Research Centre, and the Offshore 
Renewables Energy Catapult.

Analysis of funding by area from the Engineering and Physical Sciences Research Council 
(EPSRC) demonstrates the UK national competitiveness and Enabling Technologies 
specialisms of the region, with a combined current EPSRC research portfolio of £496M, of 
which 48.3% (£240M) relates to the themes of this audit, the highest percentage across all 
regions in the UK36.     

Between 2007-2015 Enabling Technology journal articles from the Audit Area 
were cited almost 10% more frequently than similar articles from the UK as a whole 
(normalised for publication year). From 2012 to present they were also 10% more likely 
to have industry collaborators than the UK as a whole. The Audit Area’s research power 
has been expanding with growth in our Enabling Technology research outputs of 418% 
against a UK figure of 197%37. 

36 Analysis of EPSRC Visualising our portfolio data 
37 SciVal analysis

The region’s EPSRC 
research portfolio has 
the highest percentage 
of Enabling Technology 
specialism in the UK.
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All of the universities in the Audit Area have a strong global presence with the research 
intensive institutions taking a leading role in many international research collaborations.  
We have 3 in the world’s top 100 universities38.

The Audit Area also has a strong international research profile and accounts for 7.9% of 
the UK’s REF-submitted international income. There is a trend of international research 
income being concentrated in subjects such as general engineering (10%, £33.29M), 
computer science and informatics (10%, £32.76M) and physics39 – all of particular 
relevance to this audit.

Examples of our international collaboration and global reputation:

nn SUPA has led long-standing links between Stanford and established SU2P – a 
research bridge between SUPA Universities and Stanford and Caltech and help 
establish Scottish connections with the Max Planck Society through our Max Planck 
Partnership (Observation and Measurement at the Quantum Limit).  Both are 
providing a platform for academic and industry collaborations

nn Fraunhofer Centre for Applied Photonics is the first such institute established in 
the UK

nn The majority of our Universities also have strong international footprints with the 
establishment of joint ventures to support to research and training.  Examples include 
University of Glasgow Singapore (a joint venture with the Singapore Institute of 
Technology) and Heriot-Watt University’s campuses in Dubai and Malaysia.

38 The Times Higher World Ranking 2016-17 
39 Technopolis report, page 9, para 1 & table 4
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The last 10-15 years has seen radical change in the innovation system in Scotland, and 
in the Audit Area in particular, based on collaborative initiatives (the Triple Helix approach) 
and on linking academic expertise to industry demand.  

In 2008, co-investment from government and industry led to the creation of the Advanced 
Forming Research Centre (AFRC). This involved an initial capital investment of £20M from 
Scottish Enterprise towards the creation of the AFRC facility, and an ongoing programme 
commitment, for a minimum of 5 years from AFRC’s founding Tier 1 industry members 
including Rolls-Royce and Boeing. AFRC thrived and is now a node in the UK High Value 
Manufacturing Catapult. Building on the experience of this, the University of Strathclyde 
and Scottish Enterprise established the Technology and Innovation Centre (TIC) and Inovo 
cluster in the centre of Glasgow as hubs for industry-academic engagement particularly 
around Enabling Technologies and Renewable Energy. The TIC and Inovo represent a 
combined investment of £120M. The philosophy of TIC as a hub for industry-university 
collaboration gained considerable attention from agencies such as Scottish Funding 
Council and Innovate UK. The first UK Fraunhofer Centre and the HQ of the Offshore 
Renewables Catapult are based there. 

Scottish Funding Council followed quickly by announcing its Innovation Centres initiative 
in 2012. These eight centres are industry-led and support engagement of all Scottish HEIs 
with the relevant industry sectors. They emerged in response to demand from business 
in Scotland, and in several cases are closely linked to the relevant research pools. These 
provide a specialist sector-facing engagement mechanism for HEIs which complements a 
cross-cutting SME engagement mechanism provided by SFC’s Interface initiative.

Entrepreneurship has been given a renewed boost through initiatives such as Enterprise 
Campus (which supports postgraduate students from any Scottish University who want 
to set up their own business) and Converge Challenge (Scotland’s largest entrepreneurial 
training programme and competition). This is further supported outside the university 
sector by the e-spark accelerator for start-up and scale-up businesses. Business 
acceleration has been supported by multiple initiatives including:  SE’s high growth 
programme, open innovation initiative, and support of innovation active companies; 
Glasgow City Council’s Tontine House Accelerator (funded as part of the Glasgow City 
Deal); and Strathclyde Business School which runs the Santander Growth Advantage 
Programme to accelerate companies, and is one of only 5 Business Schools in the UK with 
the Gold CABS Award for SME Support. 

The University of Glasgow is now embarking on a £1Bn campus extension programme 
which incorporates new city wide capacity to support research, innovation and industrial 
collaboration. A main thrust of the development is to attract and anchor new R&D 
intensive corporate partners within the region.

2.2
Innovation 
Strengths and 
Growth Points

The last 10-15 
years has seen a 
radical change in the 
innovation system in 
Scotland and the 
Audit Area.
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Two innovation districts are being developed in Glasgow, one centred around the 
University of Strathclyde Technology & Innovation Centre (TIC), Inovo and Glasgow City 
Council’s Tontine business accelerator facility, and the other encompassing the University 
of Glasgow’s expanded campus and innovation spaces, including the Clinical Innovation 
Zone at the Queen Elizabeth University Hospital campus. There is also a proposal to 
develop the hub of the National Manufacturing Institute for Scotland adjacent to AFRC and 
Glasgow Airport.  The City of Glasgow was shortlisted as a finalist in the 2nd Innovation 
Capital of Europe competition 2016, with its bid focussing on its innovation ecosystem and 
partnership-working. 

The eight universities in our audit area have an outstanding record in relation to company 
creation. The Universities of Edinburgh and Strathclyde are both in Spin-outs UK’s rolling 
10 year UK top 10, with the Universities of Glasgow and Heriot-Watt making the top 20. 
The Universities of Strathclyde and Heriot-Watt were also the three highest non Russell 
Group universities for the same period40. 

The collaborative research income from our universities is disproportionately high 
compared to the population of the audit geography (£342M over the last three years 
– 9.3% of the UK total). Our university spin-outs and start-ups also attract high levels 
of risk capital investment by third parties in their first year of trading (also known as 
venturing). In 2007-15 this “venturing” amounted to £31M for the 8 universities. The 
Audit Area universities have filed 731 patents between 20013/14 and 2015/16, which 
comprises 11.6% of the UK total. While patent filings do not necessarily reflect ultimate 
impact or productivity they can be considered a reasonable proxy for “innovation 
readiness”, especially when normalised against income in relevant subject/ discipline 
areas. In particular, the Audit Area performs strongly in the ‘photonics’ thematic area. 
Between 2004 and 2011, over a third of patents with UK inventors had inventors within 
the audit region41. 

The Central Belt, home to more than half the Scottish population, includes a wide range of 
business sectors, including IT, banking and finance, life sciences, tourism, manufacturing 
and engineering services.  The Edinburgh Wave 1 SIA focussed on digitally enabled 
opportunities across a number of these sectors, while this audit focusses particularly 
on Enabling Technologies and their applications into broader manufacturing and 
infrastructure. 

40 http://www.spinoutsuk.co.uk/ 
41 Scottish Funding Council

The eight universities 
in the Audit Area have 
an outstanding record 
in company creation.

The Central Belt of 
Scotland contains a 
wide range of business 
sectors.
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Manufacturing employs around 105,000 people across the audit area, generating £7.1Bn 
GVA42. These jobs are high quality, paying 40% above the Scottish average. Scotland’s 
Manufacturing Action Plan43, published in 2016, sees manufacturing as a key driver 
of future prosperity as it produces over 50% of Scotland’s international exports and is 
Scotland biggest investor in business research and development. Boosting productivity 
will be key to driving long-term growth in the manufacturing sector and industry must 
embrace and implement technological innovations to remain competitive. Embracing the 
Industry 4.0 agenda through support from innovation agencies and translational centres 
is key to this.  This sector is very important for Scottish and UK Government objectives of 
inclusive growth. Manufacturing is present in all areas of Scotland but tends to constitute 
a larger proportion of employment outside the major cities44 and so plays a key role in local 
economies and reducing regional inequality.  

Computer, electronic and optical products 
A recent bottom-up analysis of companies in this sector undertaken by Scottish 
Enterprise, based on latest accounts submitted to Companies House,  revealed that 
companies in this sector exported over £2.5Bn annually and invested over £200M in R&D, 
the highest of any sector in Scotland. While these figures are for all of Scotland, in fact 
around 90% of this activity occurs within the audit geography.  Technopolis analysis scored 
Manufacture of computer, electronic and optical products with an LQE of 1.5 representing 
a reasonably strong specialisation. When this broad sector is viewed in greater granularity, 
then three inter-related specialisms stand out: Microelectronics, Photonics and Sensors.  
In Microelectronics, there is clear innovation strength in analog and mixed signal design 
with multinationals including Broadcom, Cirrus Logic, Analog Devices, ST Microelectronics 
and Dialog Semiconductor all operating design centres in the region. Microelectronics 
and MEMS research are underpinned by the facilities at the Scottish Microelectronics 
Centre and the Micro Systems Engineering Centre (MISEC). The MISEC facilities include 
a large fully equipped clean room for non-silicon manufacturing and processing, a Low 
Temperature Co-fired Ceramic (LTCC) manufacturing facility, bonding equipment (die 
bonder, wire bonder, flip-chip bonding machine), a fully equipped analytical laboratory that 
includes white light interferometry for optical profiling, FIB and SEM microscopy, as well as 
a state-of-the-art microwave and antenna measurement facility.

Compound Semiconductors is a related strength, exemplified by companies such as 
CST Global. The photonics sector is diverse but laser technology lies at its heart, with 
notable companies including MSquared Lasers, Cascade Technologies, Renishaw, Kaiam 
and Gooch & Housego. In sensors and sensor systems, there are around 200 companies 
across Scotland employing 8,000 people. Among these, many multinationals, including 
Leonardo (formerly Selex), Thales, Teledyne, Coherent and Honeywell, undertake both R&D 
and production in Scotland. There are a number of translational assets supporting these 
areas including the Fraunhofer Centre for Applied Photonics, CENSIS, the James Watt 
Nanofabrication Centre (JNWC), the Scottish Microelectronics Centre and QuantIC. 

2.2.1
Manufacturing

42 Source: Business register and employer survey 2014, Office of National statistics
43 http://www.scottish-enterprise.com/knowledge-hub/articles/insight/scotlands-manufacturing-action-plan
44 http://www.spinoutsuk.co.uk/ 

Manufacturing plays 
a key role in local 
economies and in 
reducing regional 
inequality. Boosting 
productivity through 
technological 
innovation is vital for 
long-term growth.
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45 https://www.ellenmacarthurfoundation.org/case-studies/scotland-making-things-last-a-circular-economy-strategy

Utilising the assets of the JNWC, Kelvin Nanotechnology Limited are a key enabling global 
supply chain partner in the production of around 20 million semiconductor lasers, 5% of 
the total international supply for communication within cloud computing server farms 
around the globe.

Beverages
Technopolis analysis scored Manufacture of beverages with an LQE of 3.5 and this is 
Scotland’s largest export sector, generating £3.85Bn primarily from whisky sales. 
While this high-value product is marketed on its traditions, it is a willing adopter of 
enabling technologies which can ensure the quality of the product and protect it from 
counterfeiting, such as laser marking. There is a strong partnership between industry and 
academia as illustrated by the International Centre for Brewing and Distilling (ICBD) at 
Heriot-Watt. Many whisky producers have also looked to industrial biotechnology to gain 
economic benefit from their waste streams. For example, Celtic Renewables’ technology 
enables the production of biofuel (biobutanol and bioethanol) from barley residue and 
Horizon Proteins enables the extraction of underutilised proteins found in distillery by-
products for use as a sustainable and nutritionally suitable source of protein for salmon 
feed. This also illustrates the link to the Circular Economy, where the Scottish Government 
recently published a comprehensive and ambitious strategy45.

Aerospace
A cluster of aerospace companies between Prestwick and Glasgow, including Spirit 
AeroSystems, Rolls Royce and Clyde Space is supported by the Advanced Forming 
Research Centre, part of the High Value Manufacturing Catapult, amongst other agencies. 
It is now applying knowledge gained in aerospace to other high-reliability sectors, 
including energy. The region is also home to nodes of National Wind Tunnel facility, which 
is a UK-wide network of strategic wind tunnels identified and selected for their key 
capabilities to ensure the UK remains a key player within the field of Aerodynamics.

“Centres such as 
the AFRC are vital 
to bridging the gap 
between academic 
research and 
industry” 

David Watson,
Senior Manager at 
Spirit AeroSystems 
(Europe) Advanced 
Technology Centre
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CASE STUDY

Spirit AeroSystems 
(Europe) Ltd
Combining robotics, in-process sensing, and data analytics is key to the smart 
manufacture of high value aerospace components.  Robust measurement is 
critical to the operation (as well as the safety and integrity) of such systems – this 
is supported via NPL Scotland. The Advanced Forming Research Centre (AFRC) 
provides a world leading hub/demonstration facility with state of the art equipment 
that allows rapid transfer of these technologies to its members – including Rolls-
Royce, Boeing, etc.  

Prestwick-based aerospace component manufacturer Spirit AeroSystems Europe 
Ltd (part of Spirit AeroSystems Holdings Inc, NYSE: SPR) worked in collaboration 
with KUKA Robotics UK Ltd (part of KUKA A.G.) and AFRC on a successful project to 
drive step-change improvements in inspection rates and accuracy within Spirit’s 
high-value manufacturing process. Inspection rates for metrology and non-
destructive testing (NDT) operations in this field are very dependent on the specific 
component and its geometry. Current inspection rates using separate inspection 
systems can run to 5m2 per hour. Increased production demands (potentially 
doubling in 10 years) create the need for much higher rates of productivity. 

Following the development of an initial demonstrator, AFRC and its partners 
produced a full size, flexible inspection automation facility at AFRC. This provides 
the capability to pursue new research, deliver industrial contracts in a single 
location, and provide for ongoing collaboration between the partners to further 
improve the inspection process. The current performance of the flexible automation 
facility is such that metrology at a rate of 15m2 per hour, and NDT at a rate of 40m2 
per hour is possible. For a typical six square metre part, this implies a reduction in 
overall inspection time from 2.4 hours to around 50 minutes, a reduction of 60%. 
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Advanced Manufacturing Technologies
Advanced Manufacturing involves technology or processes with a high IP content, and 
encompasses innovative technologies and methodologies for improved productivity 
and competitiveness.  Technologies include laser-based processes such as Additive 
Manufacturing (3D printing); Advanced Robotics and Automation/Artificial Intelligence; 
Cloud Computing; Digitisation; Advanced Materials.  It hence cuts across many sectors, 
from aerospace to chemical/petroleum engineering to bio-processing.

The current drive in manufacturing is increasing digitisation and interconnectivity, often 
termed Industry 4.0.  This is underpinned by communication and information systems that 
allow machines to communicate with each other, sensor systems and people – coupled 
with the ability to operate autonomously and make decisions locally.  Scotland has 
important assets in the necessary robotics and autonomous systems (Edinburgh Centre 
for Robotics, £35m joint venture between Edinburgh and Heriot-Watt Universities) as 
well as in digitally-controlled manufacturing technologies such as high power laser-based 
processes, including additive manufacturing (3D printing) e.g. Heriot-Watt University; 
Renishaw (metal powder bed 3D printing machines); CA Models (applications of 3D 
printing of metals in motorsport). Cronin Group PLC an AIM LISTED spin-out from the 
University of Glasgow is a discovery company focussing on the discovery, design, and 
digitization of solutions combining chemical, materials and pharmaceutical discovery, and 
aiming to make chemistry more productive, predictable and enable smart synthesis by 
design.

The translation of modern manufacturing techniques into precision mechanical 
components is supported by the Advanced Forming Research Centre, part of the High 
Value Manufacturing Catapult.  This Centre (a joint venture between Strathclyde, 
Innovate UK, and industry) concentrates on modern forging and forming techniques, with 
applications across a range of sectors including Aerospace, Automotive, Energy, Medical 
Devices and Marine.

Very recently, the area of Advanced Materials has been substantially augmented by rapid 
academic expansion at The University of Edinburgh, including the establishment of two 
EPSRC-funded ventures – the Centre for Advanced Materials for Renewable Energy 
Generation (£2.4M) and the UK Structural Composites Research Facility (£1.8M), the 
latter providing a strong focus for new opportunities in the burgeoning field of composite 
materials.    

The Centre for Innovative Manufacturing in Laser-based production processes (CIM-Laser, 
based at Heriot-Watt) has close engagement with Leonardo, Powerphotonic, Renishaw 
and Coherent Scotland. 

SECTION 2 
Strengths in science and innovation
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CASE STUDY

Renishaw 
Renishaw plc is an R&D-intensive UK global company with core skills in measurement, 
motion control, spectroscopy and precision machining. Innovation in manufacturing and 
processes, as well as in the products themselves, enables Renishaw to manufacture high 
value products in the UK, of which >90% are exported.  Renishaw and Heriot-Watt have 
had a Strategic R&D Alliance since 2006 in recognition of the complementarity of Heriot-
Watt’s research strengths with Renishaw’s technology roadmap. 

 n The Alliance has directly provided Renishaw with several technologies that it has 
implemented successfully to the enhancement of its productivity. Additionally, via 
the CDTs, Renishaw has accessed a pipeline of new highly skilled staff, whilst also 
allowing existing employees to be trained in emerging technologies - helping staff 
development and retention by the company. 

Successes of the Alliance include:

 n A project exploring new non-contact techniques for surface shape and surface quality 
measurements provided Renishaw with a laboratory prototype of a new optical 
scanner with verified operating principles. This work yielded 5 patent applications and 
an investment of £1.5M by Renishaw, which is the basis for the development of at 
least two new commercial products.  Nick Weston, Manager of Renishaw Edinburgh 
stated, “[this project] has given us a three year head start on our development”;

 n Additive manufacturing (“3D-printing”) of metal components is increasingly used in a 
wide range of applications, in particular for low-medium volume/high value sectors 
like medical and aerospace.  Heriot-Watt and Renishaw have been working to improve 
the reproducibility and reliability of a laser-based additive manufacturing process 
such that new designs can be manufactured ‘right first time’.  They have also been 
exploiting these advances in re-manufacturing, co-developing an innovative parallel 
robot that combines measurement, laser machining and 3D printing capabilities;

 n Laser welding of highly dissimilar materials, such as glass to metal, is another current 
research area.



41

46 http://www.gov.scot/Topics/Statistics/Browse/Economy/Exports/ESSPublication
47 http://www.gov.scot/Topics/Statistics/Browse/Business/TrendRandDBusiness
48 https://www.scottish-enterprise.com/knowledge-hub/articles/publication/scotlands-industrial-biotechnology-progress-report-2015-2025
49 ibid

Industrial Biotechnology
Technopolis analysis scored Manufacture of coke and refined petroleum products with a 
high LQE of 2.3 due primarily to the large petrochemical operations at Grangemouth. This 
sector accounted for £2.75Bn international exports in 2015 (10% of Scotland’s total46) 
and the Chemicals sector invested £167M in R&D (nearly 20% of Scotland’s total47). This 
specialisation has been driven by the availability of North Sea Oil and Gas feedstocks but 
now an important part of the long term future of this sector is in moving to sustainable 
chemical production, one important aspect of which is in Industrial Biotech.

Sitting at the interface of chemicals, life sciences and engineering, Industrial Biotechnology 
uses biological resources from natural or waste sources to produce and/or process 
material feedstocks into desired intermediate and final products. The audit region has an 
emerging international reputation in Industrial Biotechnology reflecting the cooperation 
and leadership coming from the public and private sector. The Scottish Industrial 
Biotechnology Development Group (SIBDG) published its ‘National Plan for Industrial 
Biotechnology 2015-2025’ in 201348, identifying opportunities to deliver lasting benefit 
to the Scottish economy by maximising the use of this emerging technology across a 
range of key industries.  The region already has nearly 50 companies with Industrial 
Biotechnology at the core of their business strategy including GSK and Ingenza, and also 
hosts many other companies utilising industrial biotech concepts such as Diageo, Unilever 
and Ineos. SIBDG has a vision to ‘increase the turnover of chemical products manufactured 
using at least one biological step from £189-£900M by 2025’ At the time of the National 
Plan refresh in 2015, the sector in Scotland had already grown by 18% to £230m putting it 
on track to achieve this goal49.

Demand for products and processes that utilise feedstocks other than petrochemical 
resources has industry increasingly looking to bio-based routes to enable the manufacture 
of products with a reduced carbon footprint; improved recyclability; better green 
credentials through use of sustainable raw materials; and reduced reliance on heavy and 
precious metals as catalysts. As such, it is key to achieving a circular economy. Robust 
estimates of the value of the global market range from £150Bn to £360Bn by 2025, with 
key markets including health, agriculture, marine, and advanced manufacturing.

Reflecting the abundance and diversity of feedstocks available, Scotland is also home 
to an increasing number of award winning start-ups and established SMEs including 
Cellucomp, Celtic Renewables, Horizon Proteins, Marine Bioploymers and Xanthella. 

“IBioIC have create 
a true collaboration 
with industry and 
at GSK this has 
allowed us to make 
new connections 
with academia and 
SMEs and identify 
new opportunities. 
The challenge 
ahead for both of 
us is now turning 
this collaboration 
into tangible 
benefit, and I will be 
very excited to see 
this happen” 
Dave Tudor, GSK
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Scotland has been designated by the European Commission as a Model Demonstrator 
Region for sustainable High Value chemical manufacturing, and a key player in the 
Vanguard Initiative, based on our industrial biotechnology strengths, and a focus of this 
also relates to industrial clustering at Grangemouth, Scotland’s largest industrial site.

IBioIC - The Industrial Biotechnology Innovation Centre funded by SFC (£10m) is based 
in Glasgow and has nearly 200 industry fee-paying members. IBioIC provides two 
open access Equipment Centres filling UK-wide gaps in scale-up facilities and skills 
training (College level, and postgraduate MSc and PhD). Additional sectoral support 
is available through Heriot-Watt University and Strathclyde University who host two 
equipment centres offering test and demo support to industry and a third centre is under 
development in Oban on Marine Bioprocessing, led by Highlands and Islands Enterprise. 
IBioIC captures and coordinates academic research from all the Scottish HEIs, this 
providing access to world class research in the diverse areas related to industrial biotech.

Pharmaceutical Manufacturing

A significant amount of medicine manufacturing has been lost from the UK due to the high 
costs of production, and so both the on-shoring of this industry and the cost-reduction 
required to support certain types of personalised medicines require a disruptive change. 
The Centre for Innovative Manufacturing in Continuous Manufacturing and Crystallisation 
(CMAC), based at the University of Strathclyde, and which received an £11M investment 
in Research facilities from the UK Research Partnership Investment Fund (RPIF) grant 
from the UK Government, has been developing the technology to do this to support the 
UK’s advanced pharmaceutical manufacturing industry. CMAC has a range of industrial 
partners, including Tier 1 partners; GSK, AstraZeneca, Novartis, Bayer, Lilly and Roche. 
A MMIC (manufacturing medicines innovation centre) is now under development, which 
will seek to commercialise the outputs of CMAC amongst other UK centres to increase 
productivity, competitiveness and innovation within the fine and pharma (initially) business 
base. This project is also being supported by InnovateUK, BEIS, OLS and the Centre for 
Process Innovation (CPI) which is the LCS arm of the HVM catapult.

“CMAC has had 
an impact both 
on a national and 
international level 
in this area [Dial-
a-particle model 
predictive control 
for lactose resulting 
in reduced particle 
size and improved 
control] and AZ 
has benefitted 
substantially from 
being associated 
with the centre” 
Jon-Paul Sherlock, 
Director at AstraZeneca
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50 http://www.gov.scot/Publications/2017/01/3414

Technopolis analysis scored Electricity, gas, steam and air conditioning supply with an LQE of 
1.9 and Water collection, treatment and supply with an LQE of 1.4. For Scotland as a whole, 
Oil and Gas is another area of high comparative advantage and many of the enabling 
technologies in the region are targeted at supporting this infrastructure.

Infrastructure includes a range of different sectors, all with challenges around operation 
and asset management of large-scale distributed infrastructure for which enabling 
technologies provide the promise of substantial productivity gains through new forms 
of monitoring, control, maintenance, and long-term asset management. We focus 
only on those areas where there are large translational facilities and opportunities for 
collaboration in Scotland. The Scottish Government is active in supporting these elements 
of resilient infrastructure, creating an environment in which innovation can flourish. 

Energy systems
In early 2017, the Scottish Government published its draft Energy Strategy50 which takes 
an integrated system-wide approach that considers both the use and the supply of energy 
for heat, power and transport. The focus is on the supply of safe, reliable energy and on 
sustaining a vibrant climate for innovation in the energy sector. The renewables sector 
alone currently employs 21,000 people across Scotland, the majority within the region. 
For example, Glasgow and the West is home to several notable companies including 
Scottish Power Renewables, Smarter Grid Solutions, SgurrEnergy - a leading renewable 
energy and grid integration consultancy. The UK’s Offshore Renewable Energy Catapult is 
headquartered Glasgow as is the recently opened National HVDC facility, and University-
Industry partnerships have been key to identifying ways to operate efficiently and safety. 

The Power Networks Demonstration Centre (PNDC) is an internationally recognised smart 
grid acceleration facility that utilises an innovative systems testing capability to derisk grid 
technologies and ready them for deployment on power networks. As part of the University 
of Strathclyde, PNDC has attracted over £20M funding in collaboration with industry 
members and public sector sources to provide an environment for the development 
and rapid deployment of new and emerging technologies, and the shaping of policies 
to optimise network operations of the future. PNDC uses a range of different Enabling 
Technologies to perform sensing, measurement, and control. As the complexity of the 
energy system increases, such validated cyber-physical system solutions are required 
for operations, black start recovery, risk management, market access to new technology, 
and many more issues. This area is exemplary for the ways in which multiple sensing and 
measurement techniques generate industrial data for sophisticated control. 

2.2.2
Infrastructure

“The performance 
of the HMV system 
was excellent. The 
SASensor system is 
truly revolutionary. 
It offers the PNDC 
a platform for trial 
and development 
of new protection, 
control and 
monitoring 
solutions which will 
add real business 
benefit to power 
utility companies”
David Rutherford, 
CEO, Power Networks 
Demonstration

SECTION 2 
Strengths in science and innovation
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51 http://www.gov.scot/Topics/Business-Industry/waterindustryscot/hydronation
52 https://www.scottishcities.org.uk/workstreams/smart-cities

Water
Water is also recognised as an important area of opportunity and Scottish Government 
has developed a Hydro Nation51 strategy with a specific focus on innovating water 
management and targeting export opportunities. To achieve this, Scottish Water has an 
active R&D programme with over 50 live projects that focus on using new technologies. 
It has been working on these with its diverse supply chain, which includes around 60 
companies directly involved in the fields of smart management, instrumentation, testing, 
sensing and monitoring to achieve near real time intelligence products. The technology 
and expertise developed in this supply chain is also opening up new international 
opportunities.

Oil and Gas, and Subsea Technology 
Oil and gas have long been a major element of the Scottish economy and the installation, 
maintenance and decommissioning of oil and gas related infrastructure continue to be a 
key driver of economic activity and innovation in the region.  For example, this year TÜV 
SÜD has agreed to invest £11.1M in its NEL site in East Kilbride to develop the Centre 
of Excellence for subsea development, thanks to a £4.9M R&D grant from Scottish 
Enterprise. This will provide a best-in-class, high pressure multiphase flow test facility, 
with a test range beyond anything currently available anywhere else in the world. The Oil 
and Gas Innovation Centre based at Herriot-Watt links Scottish Universities to the North 
Sea Oil and Gas Sector.  Engineering Services provided into the Oil and Gas and Subsea 
industries have long been a source of export earnings, and can continue to do so as they 
adapt to the impact of new technologies. 

Smart Cities 
Technology areas such as digital, internet of things, advanced sensors, photonics and 
electronics, recognised strengths within the audit area, will all play a crucial role in driving 
the evolution in local and national infrastructure within Scotland. This has been recognised 
by the Scottish Government through its SMART cities programme, providing over £2Bn 
in funding for Glasgow and Edinburgh with an aim to improve infrastructure and service 
provision52.

In 2013, Glasgow beat a host of other UK cities to win funding worth £24m from the 
Technology Strategy Board to create a Future Cities hub that explores innovative ways to 
use technology and data to make life in the city safer, smarter and more sustainable. Other 
assets such as the CENSIS Innovation Centre, the Institute of Future Cities (University of 
Strathclyde), and the Centre for Excellence in Satellite Applications have placed Glasgow at 
the forefront of the ‘connected cities’ evolution.

Thanks to the 
expertise that were 
afforded to us by 
the project [with 
the University 
of Glasgow and 
CENSIS], we are 
in a position to 
trial our prototype 
system which will 
present significant 
benefits to our 
customer” 
Colin Irvine, Managing 
Director, Findlay Irvine

Enabling Technologies 
provide the promise 
of substantial 
productivity gains for 
infrastructure.
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In April 2014, Glasgow was named as one of the first 32 members of the Rockefeller 
Foundation’s 100 Resilient Cities (100RC) Network (a $100M initiative). Glasgow’s 
membership in the network represents a major step towards creating a strategic, multi-
agency approach in proactively managing the inevitable challenges, shocks and stresses 
the city faces53.

2017 has also seen the launch of MaaS Scotland54, a trade association that will work with 
companies and organisations to develop future transportation and alternative mobility 
options. Based around Mobility as a Service, the group aims to facilitate technological 
developments and their implementation to smart, efficient and sustainable mobility. The 
audit area is in an excellent position to play an active role in the development of future 
mobility with strong capability in ICT, energy and transport, three key elements within the 
Mobility as a Service model.

The University of Glasgow’s campus redevelopment programme55 will also provide a 
unique asset to support the development of urban digital and data technologies and 
systems.  The development is the largest, most complex project in its history and with a 
headline budget of £1Bn, it is also the single largest project in the City of Glasgow region. 
Glasgow’s Smart Campus initiative will embed the use of smart technology into the daily 
life of the campus and integrate an extensive and internationally significant research 
programme within the campus. This will be underpinned by city-wide engagement and co-
creation with industrial partners.

53 http://www.100resilientcities.org
54 https://maas-alliance.eu/maas-presented-glasgow/
55 http://www.gla.ac.uk/about/campus/
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Innovate UK have offered grants totalling £250M to businesses and organisations in 
the Audit Area covering around 1300 projects and partners, including KTPs, since the 
Technology Strategy Board began56. An analysis reveals that about three quarters of this 
investment and nearly two thirds of the projects/partners are related to the areas of 
focus in this SIA. The two graphs below show how this is broken down among the main 
themes of the SIA. There have been more projects associated with Enabling Technologies, 
but more funds have gone to infrastructure and manufacturing, where the projects are 
typically larger.

Figure 2: Audit Area InnovateUK funding in relevant themes

2.2.3
Innovate UK 
Support 

26+26+3+45+A57+26+2+15+A
Projects/Partners (total = 806) Grants (total = £189M)

n  Infrastructure
n  Manufacturing
n  Industrial Biotech
n  Electronics, Photonics and Sensors

n  Infrastructure
n  Manufacturing
n  Industrial Biotech
n  Electronics, Photonics and Sensors

56 Analysis carried out by Scottish Enterprise
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Enabling Technologies already form a uniquely strong science and engineering-based sector 
in the Central Belt that punches well above its weight in both BERD and in contribution to 
exports from Scotland (and the UK). The Enabling Technologies sector in the Central Belt has 
benefited from the creation of a range of collaborative and industry-led translational assets 
in recent years, and has the potential, with the selected investments, to grow very rapidly 
and to support directly a significant positive impact in terms of improved productivity from 
manufacturing and infrastructure industries through further support. 

Our vision is to capitalise on our overall assets in Enabling Technologies to transform 
productivity in Scotland and the UK, and to create an internationally-recognised cluster of 
growth companies in the Central Belt that will act as an engine of exports and a magnet 
for FDI. Our vision includes an aspirational doubling of the current highly productive 
and BERD-intensive Enabling Technologies company base in the Central Belt within 10 
years, and an ongoing increase in productivity from the region’s large manufacturing and 
infrastructure industry sectors of 3% per annum based on the pervasive and progressive 
adoption of Enabling Technologies in these sectors.

We envisage accelerating the growth and impact of technology companies by additional 
targeted investments in Technology Integration at TRLS 3-5 and Technology Demonstration 
at TRLs 5-8. These investments would both increase the rate of adoption of new 
technologies emerging from the science base and increase the rate of application of these 
technologies in manufacturing, infrastructure and other industrial sectors in the Central 
belt towards the productivity goals identified above. 

This vision is underpinned by research strengths and significant translational assets in key 
Enabling Technologies in the Central Belt represents an innovation cluster with:

 n World class research strengths and translational assets

 n Growing Enabling Tech companies which are prepared to invest strongly for the future 

 n Proven capability to export, at a time when the market is growing as IoT is increasing 
demand for the quantity and sophistication of sensing technologies

 n A strong coalition of Innovative companies, HEIs, Translational Organisations and 
an Enterprise Agency willing to work closely and with an established track record of 
successful collaboration in a closely knit innovation ecosystem. 

2.3
Our Vision: 
Accelerating 
the Growth 
and Impact 
of Enabling 
Technologies

SECTION 2 
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VISION
 n Double the size of our existing enabling technology asset base over the next 10 years 
 n Create an internationally recognised cluster of enabling technology growth companies in the Central Belt
 n Use our enabling technology assets to increase productivity by 3% per annum within the manufacturing and 

infrastructure sectors
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Unlocking the potential of enabling technologies
Enabling technologies are characterised as knowledge intensive, with high R&D intensity, 
rapid innovation cycles, high capital expenditure and a highly skilled employment base57. 
Unlike ‘vertical’ sectors, such as automotive or aerospace, the Enabling Technology sector 
can serve multiple end markets. Often the integration of these technologies is not obvious 
in the end product leading to them being described as ‘invisible’ technologies. 

Broadly speaking, Enabling Technologies are new technologies and capabilities that can 
improve productivity and efficiency in existing industries across the UK economy. There 
remains a lack of consensus on what technology areas should be included under the 
Enabling Technologies definition. The European Commission’s analysis of Key Enabling 
Technologies, alongside an expanded definition provide by Innovate UK include the following:

nn cyber security

nn data

nn the internet of things

nn satellite earth observation

nn electronics

nn sensors and photonics

nn robotics and autonomous systems.

Importantly, these technologies, often applied in combination and integrated into new or 
existing systems, provide a basis for the significant advancement of product performance 
and capabilities. They are driving the modernisation of the global industrial base and are 
at the centre of some of the highest profile recent technological advances such as point of 
care medicine, smart phones and autonomous vehicles. 

These technologies are the key to unlocking innovation, and will be instrumental in 
developing entirely new industries. They will catalyse a step change in existing industries, 
increasing efficiency, driving productivity, boosting exports and are continuing to play a 
crucial role in the search for solutions to some of society’s most pressing challenges. In 
Europe alone, 2015 figures show that enabling technologies represented a production 
volume of €1 trillion58 – but leading the way in emerging and enabling tech will yield far 
more than production volumes. The far reaching impact of these technologies means 
that  positioning the Central Belt and the UK at their forefront will secure our place as an 
advanced, sustainable and open global economy.     

3.1
National and 
international 
trends and 
size of global 
markets

57 EU competiveness report 2013
58 European Commission Key Enabling Technologies Observatory 2nd Report, December 2015
 https://ec.europa.eu/growth/tools-databases/kets-tools/sites/default/files/library/kets_observatory_second_report.pdf
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These technologies are already in the spotlight, and now is the time to capitalise on them. 
Industry 4.0 is starting to drive rapid improvements in many advanced manufacturing 
processes, but the UK still has some way to go. A focus on high quality science and 
innovation is a core theme in the UK’s Productivity Plan59, and the UK Government’s 
Industrial Strategy paper60 clearly identifies the need to “close the gap” (between high 
performing UK based industries and their less productive counterparts, but also between 
the UK and substantially more productive countries such as France and Germany – a 
country where niche industrial manufacturing positively thrives). These technologies will 
make the difference, with the potential to act as enablers across every single one of the 
UK’s 6 Industrial Strategy challenge areas61. 

By their very nature, the development and application of enabling technologies will deliver 
economic impact on multiple levels:

nn Economic growth from the investment, development, production and trade in the 
technologies themselves

nn The significant competitive advantage these technologies will confer on engineering 
processes, high value manufacturing and resilient infrastructure systems

nn Wider productivity benefits that will arise from their application across a diverse range 
of sectors and through their supply chains.

59 https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/443898/Productivity_Plan_web.pdf
60 https://beisgovuk.citizenspace.com/strategy/industrial-strategy/supporting_documents/buildingourindustrialstrategygreenpaper.pdf
61 https://www.gov.uk/government/news/business-secretary-announces-industrial-strategy-challenge-fund-investments
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Enabling technologies are a vital component in a wide range of day to day products and 
serve high profile markets such as telecommunications, electronics, automotive, oil & gas, 
and healthcare.

Enabling technologies are playing a critical role in the innovation of products and services 
in some of the largest and fastest growing global markets. These include communications, 
healthcare, defence and security, energy, and advanced manufacturing.

Key Global application areas for enabling technologies 

nn Communications

nn Defence & Security

nn Healthcare

nn Subsea

nn Oil & Gas

nn Energy

nn Consumer goods

nn Space

nn Advanced Manufacturing. 

Within Scotland, the Enabling Technology community supports two of the country’s 
largest sectors; Energy (£33.8Bn turnover) and Engineering (£20.8Bn turnover). Together 
these sectors represent 25% of total Scottish turnover and 45% of international exports. 
In addition, Enabling Technologies are also routinely incorporated into products and 
services within the Chemical (£2.7Bn turnover), Life Sciences (£2.1Bn turnover), and Digital 
Economy sectors (£9.5Bn turnover), together responsible for a further 23.5% of Scottish 
turnover and 30.5% of international exports62.

3.1.1
Application 
areas for 
enabling 
technologies

62 based on the ONS Annual Business Survey and SG’s Global Connections Survey.
 http://www.gov.scot/Topics/Statistics/Browse/Business/SABS
 http://www.gov.scot/Topics/Statistics/Browse/Economy/Exports/ESSPublication
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The global market for Enabling Technologies, defined under the EU definitions of Key 
Enabling Technologies, was estimated at more than €1 trillion in 2015. Average growth 
potentials of 10-20% per annum are expected over the coming years with specific 
technologies and sub markets likely to show growth significantly in excess of this63.

Within the European Union, over 3 million people are employed within the Enabling 
Technologies sector generating products worth over €950Bn per year. Enabling 
Technology products are considered to be:

(i) An enabling product for the development of goods and services enhancing their 
overall commercial or social value

(ii) Induced by constituent parts which are based on at least one of nanotechnology, 
micro/nano-electronics, industrial biotechnology, advanced materials or photonics

(iii) Produced by advanced manufacturing technologies

Table 2: Global opportunities for key technology areas

Technology Area Global market size CAGR

Photonics $979.9 billion (2024) 7% (2016-2024)

Industrial Biotechnology $775 billion (2025) 9.9% (2016)

Micro/nano electronics $300 billion (2011) 7.4% (2012-2016)

Advanced sensors $240 billion (2022) 11.8% (2017-2022)

Advanced materials $102.5 billion (2024) 10.4%

Nanotechnology $75.8 billion (2020) 18.7% (2017)3

 
Source: Technopolis, 2017, Global Market Insights Inc (2016), ‘Towards knowledge driven 
re-industrialisation’, European Competitiveness Report, European Commission, 2013

3.1.2
Global 
opportunity

63 Key Enabling Technologies Observatory Report, European Commission, 2015
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There are around 400 enterprises engaged in Enabling Technologies in Scotland, 
employing in the region of 15,000 people. Of these, around 90% are based within the Audit 
Area. The sector generates £1.5Bn GVA, over £4Bn in turnover, and £2.5Bn in exports, 
representing 10% of all Scottish exports. It is responsible for 1% of Scotland’s GDP64.

The sector is also a significant contributor to Scottish research, representing 17% of all Scottish 
R&D with a world class BERD figure of £200M (5.0% of turnover). Analysis conducted by 
Scottish Enterprise provides some additional detail by selected technology area65.

Table 3: Employment and economic data for key technology areas in Scotland

Technology Area GVA Estimate 
(£M)

Employment Estimate Companies

Photonics 300 4,000 45

Advanced Materials 180 3,000 40

Micro/nano electronics 250 2,500 45

Industrial Biotechnology 61 1,100 43

Nanotechnology 20 200 10
 
Source: Analysis conducted by Scottish Enterprise

3.2
Local Science 
and Innovation 
Assets

Analysis conducted by Scottish Enterprise in 2015 identified strong Universities in each of the six Key Enabling 
Technologies defined by the European Commission66. Universities were identified based on QS World University Rankings, 
RAE data and participation in relevant FP7 projects. 
 
Table 4: Key Enabling Technology strengths by University 
 

Technology Area University

Photonics University of 
Edinburgh

University of 
Glasgow

Heriot Watt 
University

University of 
St. Andrews

University of 
Strathclyde

Micro/nano 
electronics

University of 
Edinburgh

University of 
Glasgow

University of 
Strathclyde

Advanced materials University of 
Edinburgh

University of 
Glasgow

University of 
St. Andrews

University of 
Strathclyde

Industrial 
Biotechnology

University of 
Edinburgh

University of 
Glasgow

Heriot Watt 
University

University of 
Strathclyde

Advanced 
manufacturing

University of 
Edinburgh

University of 
Glasgow

Heriot Watt 
University

University of 
Strathclyde

Nanotechnology University of 
Edinburgh

University of 
Glasgow

Heriot Watt 
University

Napier 
University

University of 
St. Andrews

University of 
Strathclyde

 
Source: Analysis conducted by Scottish Enterprise in 2015

64 Smart Specialisation: Scotland’s Key Enabling Technologies, Scottish Enterprise Report, 2014
65 ibid
66 ibid
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In addition to the University base detailed above, Scotland’s Enabling Technology Sector is 
also served by a multitude of additional assets and organisations.

Scotland’s Enabling Technology Sector benefits from the Scottish Funding Councils 
Innovation Centres programme. 6 of the 8 innovation centres are located within the Audit 
area, with access to the Oil and Gas Innovation Centre (OGIC) located in Aberdeen and 
Scottish Aquaculture Innovation Centre (SAIC) located in Stirling available to companies 
and universities throughout Scotland. 

Innovation Centres within Audit Area

nn Centre for Sensor and Imaging Systems (CENSIS)

nn Construction Scotland Innovation Centre (CSIC)

nn Digital Health and Care Institute (DHCI)

nn Industrial Biotechnology Innovation Centre (IBioIC)

nn Stratified Medicine (SMS-IC)

nn The Data Lab.
 
In addition to the Innovation Centres, a number of additional research centres provide an 
important supporting role for the Enabling Technologies Sector in Scotland67. 

3.2.1
Translational 
assets

67 Smart Specialisation: Scotland’s Key Enabling Technologies, Scottish Enterprise Report, 2014
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Table 5: Key translational assets by technology area 

Technology Area Key Translational Assets

Photonics Fraunhofer Centre for 
Photonics

James Watt 
Nanofabrication Centre LiFi Research and Development Centre

Advanced 
Sensors CENSIS QuantIC

Micro/Nano 
electronics

James Watt Nanofabrication 
Centre

Scottish 
Microelectronics Centre

Advanced 
Materials

Thin Film Centre University of 
the West of Scotland

Industrial 
Biotechnology IBioIC Scottish Association for 

Marine Science James Hutton Institute

Advanced 
Manufacturing 
Technologies

Advanced Forming Research 
Centre

Continuous 
Manufacturing and 
Crystallisation

Centre for Innovative Manufacturing 
in Innovative Manufacturing in Laser-
based Production Processes

Nanotechnology SAFENANO

The Sector is also well supported by a series of trade organisations based around both technology areas and end markets. 
These organisations provide crucial support to their members and respective communities, representing their needs, 
promoting their skills and products, and providing opportunity for collaboration and business growth.

Table 6: Trade associations

Organisation Technology area / End Market

Technology Scotland Emerging & Enabling Technologies

ScotlandIS Digital Technologies

Scottish Engineering Manufacturing Engineering

Scottish Life Sciences Association Life Sciences & Healthcare

ADS Aerospace & Defence

SECTION 3 
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Scotland’s Enabling Technology Sector is diverse and underpinned by a range of strong 
and vibrant academic centres and disciplines, generating world class graduates and 
postgraduates to support the highly skilled employment base required to drive innovation 
and product development in the sector. 

 Student base in Scotland

In 2015-2016, there were over 93,000 students studying Science and Engineering 
subjects within Scottish Higher Education Institutions, an increase of 17.9% since 2006.  
This student base provided over 27,000 highly skilled graduates in 201668.

Table 7: Students in Higher Education in Scottish HEIs and Colleges 2015-2016 – 
selected subjects 
 

Subject Total Student Numbers Qualifiers 2014-2015
Biological Sciences 22,795 6,545
Engineering and Technology 28,760 10,435
Computer Science 14,405 5,220
Mathematical Sciences 4,535 1,235
Physical Sciences 11,770 3,220

 
Source: Scottish Funding Council

 
Doctoral Training Centres (DTCs) underpin excellence in research in key areas of UK 
capability and provide another successful mechanism for engaging with industry and 
finding solutions to industrial challenges.  Institutions in the audit area have secured 
investment in 16 EPSRC-funded DTCs (14% of the 117 EPSRC Doctoral Training Centres 
established across the UK in the 2013) and most of these DTCs are directly relevant 
to the audit theme of enabling technologies for advanced manufacturing and resilient 
infrastructure. All of the following training centres have industrial engagement as a core 
component of their activity for developing relationships with industrial partners, providing 
proof of concept for larger research projects and developing PhD graduates with industry 
relevant skills. 

The University of Edinburgh leads on Doctoral Training Centres in Mathematical Analysis 
and its Applications, Data Science, Pervasive Parallelism, and Optical Medical Imaging.

The University of Glasgow lead on Doctoral Training Centrein Integrative Sensing and 
Measurement.

Heriot-Watt University leads Doctoral Training Centresin Applied Photonics, Robotics and 
Autonomous Systems and Embedded Intelligence. 

3.2.2
Local science 
and innovation 
talent

68 Higher Education Students and Qualifier and Scottish Institutions 2015-2016, SFC Statistical Publication, 2017
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The University of St Andrews leads on Doctoral Training Centresin Critical Resource 
Catalysis, Condensed Matter Physics, and the Scottish Doctoral Training Centrein 
Condensed Matter Physics.

The University of Strathclyde leads on Doctoral Training Centresin Future Power Networks 
and Smart Grids, Wind and Marine Energy Systems, Wind Energy Systems, Medical 
Devices and Health Technologies and an Industrial Doctorate Centre in Advanced Forming 
and Manufacture.

The majority of these Doctoral Training Centresinvolve other partner institutions from 
within audit area as well as the wider UK.

Analysis by HESA provides some detail on the destinations of Scottish students graduating 
from Science and Engineering subjects (1st degree). In all STEM areas, the vast majority of 
graduates transfer to employment within the UK or continue further studies.

Table 8: Destination of full-time, first degree leavers from Scottish Higher Education 
Institutions 
 

Physical
Sciences

Mathematical 
Sciences

Computer 
Science

Engineering & 
Technology

UK Work 43% 57% 74% 71%
Overseas Work 2% 3% 3% 4%
Work & further 
study

5% 4% 3% 3%

Further study 37% 23% 9% 14%
Unemployed 8% 6% 8% 6%
Other 4% 6% 3% 3%

 
Source: HESA

Employment data for relevant STEM occupations (SOC Groups) showed an absolute and 
proportional growth in these areas between 2013 to 2016 across Scotland from 135k to 
165k or 5.7% to 6.8% of total employment in Scotland69. These figures demonstrate good 
employment growth and a relatively large workforce. To maintain or expand on these 
growth rates will require appropriate training at all levels, from school leavers to senior 
managers, as well as ongoing retention and attraction of skilled individuals.

69 Scottish Government Employment data for relevant STEM SOC groups
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It is clear that a complementary regional innovation ecosystem is growing in the areas of 
IoT, cyber-physical systems and data analysis that will underpin the automation revolution. 
Figure 3 illustrates the complementarity of both the Glasgow Economic Leadership and 
Edinburgh audits combining existing infrastructure supporting data driven innovation 
(focus of the previous Edinburgh audit), IoT/cyber-physical systems (focus for this audit), 
and existing well-established, research and translational asset links across the whole of 
the central region enabling expertise and assets to be further combined to offer complete 
integrated solutions to industry. Beyond the clear capabilities on the supply side, there are 
specific demand areas identified with both regional and international potential. 

 
Figure 3: Complementary technology & cluster capabilities with planned outputs 
(Image courtesy of Scottish Enterprise)

There are therefore excellent opportunities to stimulate and execute collaborative 
initiatives that facilitate and drive the regional adoption of digital technology, leading 
to smart manufacturing or products that can offer significant monetary and capability 
benefits to adopters. Fundamental to this are incentives to stimulate exemplar projects 
that can be used as case studies illustrating the benefits for prospective adopters who 
may be wary or unfamiliar with the technology.

3.3
Key Enabling 
Technologies: 
pivotal to 
digitisation and 
the automation 
revolution
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Of the broad cross section of technology areas that may be described under the Enabling 
Technologies banner, we identified the following strengths in the audit area: Advanced 
Sensor System based on photonics and quantum technologies; micro and nano-
electronics; industrial use of data including internet of things and cyber security; and 
robotics and autonomous systems.

If mainstreaming is achieved, these technologies could deliver significant impact in 
application areas such as Advanced Manufacturing and Resilient Infrastructure which 
cut across many key sector for the UK and the Scottish economy: aerospace, chemical/
petroleum engineering, bio-processing, energy generation & distribution and transport, 
all feature in the Innovate UK Enabling Technologies Strategy 2012-201570 and have 
strong overlap with industrial digitisation; energy, clean growth and low emission 
vehicles; and life sciences – all of which the BEIS Industrial Strategy Green Paper71 
identifies as priority areas.

Advanced sensors are becoming ubiquitous in a range of sectors, driven by recent 
advancements in technologies such as wireless sensors, miniaturised lower-power 
sensors, and sensors with built-in intelligence.

Growing industrial output (driven by lower production costs) and an expanding middle 
class is likely to lead to increased demand and consumption of sensors in the coming 
years. Sensors will play a crucial role across a number of sectors where the Internet of 
Things (IoT) will fuel an exploding demand for real-time actionable information with some 
estimates suggesting that up to 50 billion devices will be connected to the internet by 
2020. Industry is also likely to push demand for IoT technologies applied to advanced 
manufacturing techniques, enabling real-time manufacturing information flow and 
process automation72.

Another key growth area will be in automotive where the evolution of connected and 
self-driving cars is helping to generate growing demand for sensors. Intelligent functions 
are to some extent already enabled by existing sensor, radar and interface technology but 
for these to work optimally, car parts such as the body shell and seats now also need to 
use sensors. A further requirement for market penetration by advanced sensors is their 
mutual embedding with robust miniaturised electronic systems, including on-board digital 
signal processing.

Scottish companies are making particular in-roads in sensor technology applied to medical 
diagnostics, environmental monitoring, security, communications and renewable energies, 
including marine energy and onshore and offshore wind power. There are around 200 
companies across Scotland employing 8,000 people producing sensor technologies and 
systems. They achieve sales in excess of £1.5Bn GBP per annum and over half is exported. 
£100M GBP per annum of this turnover is reinvested in R&D, a rate roughly 10x the 
Scottish average73.  

3.4
Key Enabling 
Technologies 
for Scotland

3.4.1
Photonic 
and Quantum 
enabled 
Advanced 
Sensor 
Systems

70 https://www.gov.uk/government/publications/enabling-technologies-strategy-2012-to-2015
71 https://beisgovuk.citizenspace.com/strategy/industrial-strategy/supporting_documents/buildingourindustrialstrategygreenpaper.pdf
72 Technopolis, 2017: Catalyst Corporate Finance (2015) Sector Update: Sensors – Autumn 2015. Available at http://www.catalystcf.co.uk/research- 
 documents/2015/catalyst-corporate-finance-sensors-sector-update-autumn-2015.pdf (accessed 20 March 2017)
73 Unpublished Scottish Enterprise analysis based on Company House returns.:

There are around 100 
research groups across 
Scotland working 
in the broad area of 
sensor technology 
and its applications, 
spanning all areas 
from engineering to life 
sciences.

SECTION 3 
Enabling Technology



SCIENCE AND INNOVATION AUDIT OF THE
ENABLING TECHNOLOGIES IN SCOTLAND’S CENTRAL BELT60

There has been considerable direct foreign investment into Scotland over the years and 
the largest companies in this area are multinationals, including Leonardo (formerly Selex) 
Thales, Teledyne, Coherent and Honeywell, all of whom undertake R&D and production 
in Scotland. Many of the smaller operations in Scotland, such as Edinburgh Instruments, 
Nautronix and Cascade Technologies, are now also part of international groups. Almost all 
companies in the space, from start-ups to large multinationals, look to exports for growth 
and have shown a willingness to invest in innovation to develop competitive products.

The advanced sensor industry in Scotland is supported by a strong University base with 
Edinburgh, Glasgow, Heriot-Watt and Strathclyde Universities all having high international 
rankings in both the Physics and Electronics areas which underpin this technology. There 
are around 100 research groups across Scotland working in the broad area of sensor 
technology and its applications, spanning all areas from engineering to life sciences.

In 2009, the Technology Advisory Group’s Enabling Technology Strategy for Scotland74 
identified Sensor Technologies as a key strength and opportunity for Scotland, and followed 
this up with an Action Plan for Sensor Systems in 201375. This led to a number of initiatives, 
including setting up the CENSIS innovation centre.  Technology Scotland is the new industry 
body with responsibility for this cluster and they work closely with CENSIS, the Fraunhofer-
CAP and Innovate UK to organise events and networking within the cluster.

Photonics

With exports of around £350M and Business R&D investment of over £40M per year, 
Photonics is one of the most innovative and internationalised sub-sectors in Scotland.

Photonics technologies cover a wide range of applications including lasers, light emitting 
diodes (LEDs), single photon avalanche diodes (SPADs), solar cells, and play a key enabling 
role in the advanced sensors sector. In Jan 2017, the UK Photonics Leadership Group 
carried out analysis into the potential sources of future growth in the UK photonics sector, 
identifying opportunities in data and optical communications, health and life sciences, 
lighting, and security and defence76.

Another key area identified in this analysis was laser technology applied to industrial 
manufacturing. The UK is already an early adopter of laser based additive manufacturing 
and laser welding is also expected to be a significant growth market. In addition, laser 
processing of composite materials such as carbon fibre is expected to play an important 
role in next generation automotive and aerospace manufacturing.

Translational assets include the University of Strathclyde’s Institute of Photonics (IoP), the 
Fraunhofer Centre for Applied Photonics (FCAP), The University of Edinburgh’s Scottish 
Microelectronics Centre, Heriot-Watt University’s Institute of Photonics and Quantum 
Sciences, James Watt Nanofabrication Centre, QuantIC the UK Quantum Technology Hub in 
Quantum Enhanced Imaging and , LiFi Research and Development Centre (LRDC) alongside 
key companies like Thales, Optronics, Leonardo, Coherent Inc, M Squared Lasers and 
TechnipFMC. 

74 https://www.scottish-enterprise-mediacentre.com/news/first-ever-enabling-technologies-strategy-aims-to-boost-jobs-and-output-in-scotland
75 https://www.scottish-enterprise.com/knowledge-hub/articles/publication/framework-for-action
76 Technopolis Paper on Enabling Technologies ref 8

With exports of around 
£350M and Business 
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most innovative and 
internationalised sub-
sectors in Scotland.
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Innovation excellence begins in the universities of the region which currently win 25% of 
all UK research funding in this area. These universities have spawned a steady flow of 
spin-out companies over many years providing the seed for the majority of photonics 
manufacturers in Scotland, including Gas Sensing Solutions, Helia Photonics and 
Edinburgh Instruments. This flow continues, with 5 photonics spin-outs currently in 
Scottish Enterprise’s High Growth Ventures programme.

This beacon of photonics innovation has attracted considerable international investment 
as many of these university spin-outs are acquired and scaled by international companies 
who see Scotland as a great place to capitalise on the local skills and ecosystem, such 
as STMicroelectronics, Kaiam, Renishaw and Emerson. Similarly, other companies, such 
as TechnipFMC, have seen Scotland as fertile ground to invest in greenfield photonics 
development groups.

Photonics has been one of the most active areas for European collaboration in the 
region with 13 companies, 2 research institutes and 5 universities participating in 100 
different projects in FP7 and H2020 with a total value of €334M, from materials science 
to applications in life sciences and energy. Photonics in the region has also had one 
of the highest rates of participation in Innovate UK competitions, with 48 companies 
and 16 universities and research institutes involved in a total of 173 separate projects 
representing over £36M total costs for these participants. Technologies included lasers, 
LEDs, SPADs, IR sensors, solar PV, holographics and quantum techniques with applications 
in life sciences, manufacturing, renewable energies and space, among others.

The development of the cluster is managed by the Scottish Optoelectronics Association 
(SOA) which is part of the independent trade body Technology Scotland. This ensures a 
strong industry voice to coordinate the activities of the cluster and guide the support of 
the public sector.

A disruptive new enabling technology, LiFi (Light Fidelity), was invented at The University 
of Edinburgh. LiFi uses advanced photonics devices to transform wireless connectivity. 
There is now a strong research cluster involving the Universities of Strathclyde, St. 
Andrews, Glasgow and Edinburgh with a total of more than £10M in competitively won 
research grants. In addition, the creation of purelifi through investment of $26M has 
established in Edinburgh a focus for exploitation of the technology.  LiFi has the potential 
to provide substantial innovation in a range of vertical industries such as healthcare, 
security and defence, IoT, 5G and 6G cellular communications, aeronautics, transport, 
subsea, smart and resilient cities, and industry 4.0. The world’s first and internationally 
leading LiFi Research and Development Centre (LRDC) was established at The University 
of Edinburgh. The LRDC is an incubator for industrial development by means of translating 
technology readiness level (TRL3) research and IPR into TRL6 prototypes for the 
development of a LiFi ecosystem.

“The universities 
in Scotland are 
second to none in 
laser and photonics 
research, and the 
output of qualified 
people from 
undergraduate 
and postgraduate 
studies is a bedrock 
of Coherent 
Scotland’s 
existence. The 
photonics industry 
acts as an incentive 
to undertake these 
studies”
Chris Dorman, Vice 
President and General 
Manager, Coherent Inc.
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CASE STUDY

MSquared Lasers
Glasgow-based Photonics company MSquared Lasers Ltd (M2) is accelerating innovation, 
developing new products and accessing knowledge, skills and know-how by stimulating 
high value Scottish supply chains through close and embedded collaboration across the 
audit area’s science base and translational assets.

M2 is a high growth, multi-award winning business with offices in the UK, Europe, and 
USA. It was founded by Drs Graeme Malcolm and Gareth Maker, the former joint MDs 
of Microlase Optical Systems Ltd – a University of Strathclyde Physics Department 
spin-out that was sold to US based Coherent Inc. in 2002 and which forms the core of 
Coherent’s Scottish-based activities to this day. M2 develops and sells advanced laser 
platforms that are critical enablers in fundamental physics and engineering research. 
M2’s dedicated innovation group also collaborates with the research base and commercial 
partners to develop completely new light-based applications offering solutions in the 
fields of quantum technology, biophotonics and chemical sensing. M2  has grown to over 
100 employees, is delivering 40% year-on-year growth towards a turnover of £12M, and 
received the Queen’s Awards for Enterprise in Innovation and International Trade for its 
groundbreaking ‘SolsTiS’ laser platform. 

M2 collaborates intensively with the James Watt Nanofabrication Centre (JWNC), Kelvin 
Nanotechnology Ltd (KNT), QuantIC, Fraunhofer-CAP, University of Strathclyde, and other 
commercial partners. It has a well-established model of partnering, using Innovate-UK 
funding to explore the potential for new devices, approaches, and application areas. 
These projects have the potential to yield portable quantum systems that are enabled 
by miniaturized components in laser, cold atom and 3D ion trap technologies. Diverse 
markets for these systems include GPS replacement, quantum sensing, quantum 
simulations and quantum computing. The vision is to become recognized as world leaders 
in quantum and photonic components and systems development and deployment, and to 
have the audit area recognised as the best quantum ecosystem in the world. Scotland has 
all the constituent parts to be the location the world looks to for quantum innovation and 
system supply. 
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77 http://uknqt.epsrc.ac.uk/

Quantum Technology
The global race to industrialise a second generation of Quantum Technology has already 
begun and the UK has emerged as a leader in this area.

Technologies based on quantum physics are already ubiquitous; transistors, lasers and 
integrated circuits are the foundation upon which most of our consumer electronics is 
based. The first quantum technology revolution enabled low cost-computing, data storage 
and mobile communications, with enormous impact to the economy and society. 

The emerging second generation of Quantum Technology has been recognised by UK 
government and its innovation agencies as a key opportunity and resulted in a £270M 
investment in the UK National Quantum Technology Programme (UK-NQTP)77. The aim 
of the UK-NQTP is to translate quantum science into new marketable technologies; its 
unique strength lies in the integration of academia, industry and government agencies into 
a single national programme, which is already delivering prototype technologies to users 
and has an unprecedented level of industrial and user participation. 

Scotland plays a major role in the UK-NQTP with HEIs in the Audit Area involved in all 
four of the hubs and QuantIC, the UK Quantum Technology Hub for Quantum Enhanced 
Imaging, based at the University of Glasgow. QuantIC brings together over 100 world-
leading quantum technologists from seven Universities (4 in the Audit Area and 3 in 
England) with over 40 global industry leaders. It is already delivering tangible innovation in 
areas such imaging leaking gasses, looking around corners, seeing through smoke and fog 
and imaging gravity. 

Moreover, central to Scotland’s contribution to the UK-NQTP are the translational assets 
provided through the James Watt Nanofabrication Centre (JWNC) and its commercial arm, 
Kelvin Nanotechnology Ltd, CENSIS and the Fraunhofer Centre for Advanced Photonics 
(F-CAP) and our strong cluster of photonics and sensor companies. Scotland has clear 
innovation strengths ranging from multinational companies including both Leonardo and 
Thales, to high-growth companies like M-Squared Lasers, Horiba and Clydespace.

“QuantiC has 
played a critical 
role in creating 
and supporting 
the opportunity 
for Thales to work 
with Heriot-Watt 
University on 
non-line-of-sight 
detection and 
imaging or looking 
around corners”
Thales
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78 http://researchbriefings.parliament.uk/ResearchBriefing/Summary/POST-PN-0552?utm_source=directory&utm_medium=website&utm 
 _campaign=PN552 
79 https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/564946/gs-16-18-quantum-technologies-report.pdf 

A recent POSTnote report78 cited an analysis of global patents by the UK Patent Office, 
which supports the UKs strength in quantum technologies and the Blackett review79 
also cited the “strong case for continuing the National Programme in order to maintain 
the UK’s global position and recommends; (a) the creation of ‘innovation centres’ with a 
greater focus on industry and co-location of academic and industrial partners, (b) more 
engagement with end-users and industry to ensure products meet market needs and (c) 
securing private sector matched investments.

Quantum technologies will also feed into other areas of research and innovation that 
are currently focus of investment including advanced manufacturing and resilient 
infrastructure. Integration between these technologies will deliver far-reaching impacts 
in sectors such as sensors, metrology, navigation, security and communications. The 
effective development of Quantum Technology advanced manufacturing capabilities 
with impact across a range of sectors would require the collaboration of multiple 
stakeholders in an environment where they can make use of shared data and facilities, 
which in turn will develop technologies required for industry, including design, 
fabrication, metrology and testing.  Quantum Technologies themselves also represent 
an advanced manufacturing opportunity because nanofabrication technologies require 
considerable development in order to release the full commercial potential and benefit 
of quantum technology in worldwide. 

  

Scotland plays a major 
role in the UK National 
Quantum Technology 
Programme with 
HEIs in the Audit Area 
involved in all four of 
the hubs.

http://researchbriefings.parliament.uk/ResearchBriefing/Summary/POST-PN-0552?utm_source=directory&utm_medium=website&utm_campaign=PN552
http://researchbriefings.parliament.uk/ResearchBriefing/Summary/POST-PN-0552?utm_source=directory&utm_medium=website&utm_campaign=PN552
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SPAD Technologies for novel 
imaging applications and 
markets
Built on a long standing relationship with the University of Edinburgh, STMicroelectronics 
has industrialised CMOS Single Photon Avalanche Detectors or SPAD technology to 
a position where they have built and sold over 250 million SPAD based devices.  ST 
Microelectronics are making their CMOS SPAD based technology and capabilities available 
to innovative companies and academics (many of whom are supported by QuantIC, the 
UK’s Quantum Technology Hub for Quantum Enhanced Imaging) seeking technology 
introductions into emerging or niche markets.  

Access to CMOS technologies has traditionally required very large volumes in order 
to achieve economies of scale and acceptable market prices.  Large scale fabrication 
facilities have been reluctant to develop niche CMOS devices for prototyping, small scale 
demonstration or niche markets and thus the CMOS SPAD has not been exploited by new 
technology based companies.  STMicroelectronics is making available their industrialised 
SPAD device and fabrication facilities for external partners by the establishment of a 
dedicated foundry service.  The company continues to make available this route to silicon 
for the development of new technologies, allowing applications in non-core markets.  The 
foundry provides a reliable and stable materials supply route for low to medium volumes 
at economic prices, allowing small companies to raise capital and confidently secure long 
term customer orders.

This innovative model is opening up new applications in sectors such as defence, life 
sciences and nuclear waste disposal that SMEs and larger companies are now able to 
exploit.   QuantIC is also supporting further development and feasibilities projects with a 
range of companies and academic partners.     

UK industry is set to reap the rewards from the new imaging innovations in SPAD 
technology being offered by STMicroelectronics.  All parties are also working together to 
build the nucleus of a supply chain and all involved will benefit from this innovative and 
transformative approach. 

SECTION 3 
Enabling Technology
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Micro and nano-electronics 

Micro and nano-electronics is an important enabling technology for both photonics and 
advanced sensors, two of Scotland’s strongest technology clusters.

The microelectronics industry, otherwise known as the semiconductors industry, concerns 
the design and manufacture of electronic chips. In terms of profitability, it is an industry 
traditionally characterised by “boom and bust” cycles caused by development costs, process 
migration glitches and fluctuating demand80. However, even as an industry with fluctuating 
performance, it is still worth approximately £1.5Bn a year to the Scottish economy, 90% 
of which is exported with BERD in excess of £80M and providing 2,000 highly skilled jobs. 
Almost all the industry in Scotland (>95%) is located in the audit area81.  
 
Significant growth opportunities have been identified in automotive electronics, including 
autonomous vehicles and power components, and ‘infotainment systems’ where 
submarkets such as smart phones, HD TVs and wearable electronics are driving demand.

Another significant growth sector is that of advanced manufacturing where industry is 
increasingly turning to microelectronics to make production more cost-efficient. The market 
is expected to be worth $60Bn by 2022 with a CAGR of 9.7% between 2014 and 201982. The 
combination of microelectronics, photonics, quantum technology and advanced sensors 
will also play a crucial role in providing a technological platform for the advancement of the 
internet of things as a powerful tool for future manufacturing processes. Insight estimates 
that IoT semiconductor sales will grow at a CAGR of 19.9% from 2014 to 2020 having been 
worth $18.4Bn in 201683.

There are around 45 companies working in the micro/nanoelectronic field within Scotland, 
the vast majority based within the Audit Area. There is clear innovation strength in analog 
and mixed signal design with multinationals including Broadcom, Cirrus Logic, Analog 
Devices and Dialog Semiconductor all operating design centres in the region while other 
major semiconductor players, including NXP and Xilinx, develop Intellectual Property.

There has been a history of universities spinning out successfully microelectronics ventures, 
with Gold Standard Simulations, a spinout from the University of Glasgow, recently being 
acquired by Synopsis, bringing a global leader in design tools for microelectronics to Glasgow. 
There is also a vibrant cluster of compound semiconductor companies, including CST Global 
and Kelvin Nanotechnology, who, with support from and delivery into Scotland’s photonics 
sector, provide complete end to end supply chain capabilities in this area. 

The sector is supported within the Audit Area by the James Watt Nanofabrication Centre 
at the University of Glasgow, a 1350m2 facility housing £32M of nanofabrication tools. It 
currently has over £54M of active research grants undertaking micro- and nano-fabrication 
in Si-technology, MEMS, compound semiconductors, piezoelectric and magnetic materials. 
The Scottish Microelectronics Centre is another powerful asset in the region, providing 
extensive cleanroom facilities and the bandwidth to undertake research requiring access to 
smart microsystems technology as well as an environment which hosts start-ups and staff 
from collaborating industries.

Micro and nano-
electronics is an 
important enabling 
technology for 
both photonics and 
advanced sensors, two 
of Scotland’s strongest 
technology clusters.

80 Technopolis, 2017: Eastern Academy of Management: http://eaom.org/2016/modules/request.php?module=oc_proceedings&action=view. 
 php&id=61&type=1&a=Accept (accessed 20 March 2017)
81 Calculated by SE based on Companies House data
82 Technopolis, 2017: PricewaterhouseCoopers and Global Industry insights. Both cited in Zacks.com (2017) Semiconductor Industry Outlook.  
 Available at https://www.zacks.com/commentary/100510/semiconductor-industry-outlook---january-2017 (accessed 21 June 2017)
83 ibid



67

84 Foresight Review of Big Data – Towards Data Centric Engineering, 2014

Advanced sensor technologies are increasingly used on individual machines, machine 
components and across complex, interconnected machine systems producing a rich 
range and large volume of data. The analysis of the resulting big data has the potential to 
increase efficiency, reduce costs, improve reliability and productivity and enhance safety.

A recent report, commissioned by the Lloyd’s Register Foundation84, in advance of their 
£10m investment in the Alan Turing Institute, examined how developments in the area 
of big data might impact the safety and performance of the engineered assets and the 
infrastructures on which modern society relies.

The report asserts that to really embrace the opportunity that big data offers, we need to 
adopt a viewpoint that was termed data-centric engineering. Data-centric engineering, 
recognising the value of data as an asset in itself and puts data considerations at the core 
of engineering design. It improves performance, safety, reliability and efficiency of assets, 
infrastructures and complex machines. From cradle to grave, design to decommissioning, 
big data analytics will feature at all phases of the life-cycle of engineered systems, and will 
inform new developments as part of an iterative process. Analytics will create value from a 
wide range of data, informing not only asset and machine performance but linking these to 
the physical, economic, social, and human environments in which they sit.

The report identified three key focus areas that are relevant to the audit:

1) Design for data

Design for Data will become important in the future, in recognition that embedded 
sensors, intelligent systems, and data management will form part of the integral design, 
which needs planning at the outset rather than as an add-on. As part of ‘design for data’, 
consideration will need to be given to factors such as what to measure, where to place 
sensors, choice of sensors, sensor development, system integration, interoperability, 
scalability, computer system design, human interface etc. This is where the science of big 
data meets engineering.

2) Codes, standards and data sharing

 As more and more data is generated, collected, transmitted, stored and manipulated by 
engineering systems, there is a need for assurance of that data. Potentially, some critical 
decisions will be made using this data, creating the need for codes and standards to certify 
such factors as data quality, traceability, security and integrity.

3) Data analytics

This is concerned with the development of algorithms and mathematical models for data 
analysis. It is data analytics that will enable the value of big data to be realised by enabling 
data scientists, predictive modellers and mathematicians to analyse large volumes of 
sensor and other types of data. This will help make more informed decisions leading to 
enhancements in safety, reliability and performance of assets and infrastructure.

3.4.2
Industrial 
Use of Data   
(The Industrial 
Internet of 
Things and 
Cyber Security) 

Advanced sensor 
technologies produce 
a rich range and large 
volume of data. The 
analysis of this  data 
has the potential to 
increase efficiency, 
reduce costs, 
improve reliability 
and productivity and 
enhance safety.
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85 Sacks, 2016, BDO LLP/IMechE, 2016

Industry 4.0
The new digital technologies becoming available as part of what is being called “the fourth 
industrial revolution” will have a transformative effect on the efficiency and productivity of 
manufacturing industry. 

By adopting these technologies, manufacturing companies can dramatically improve 
competitiveness, connect into new supply chains and explore new business models such 
as servitisation. However, the UK currently lags behind other European nations in terms of 
the uptake of Industry 4.0 technologies amongst manufacturing companies and Scotland, 
as a region of the UK, is no different in this respect85.

The Audit Area has key expertise that can be applied to the Industrial use of data in the 
context of Industry 4.0. Located at the University of Strathclyde, ARCHIE-WeSt provides 
high performance computing for the West of Scotland. The University of Edinburgh is 
home to the Edinburgh Parallel Computing Centre (EPCC). EPCC is a leading European 
centre of excellence in simulation and data analytics, technology transfer and the provision 
of high-performance computing services to academia and industry including the UK’s 
national HPC service, ARCHER. Both ARCHIE-WeSt and EPCC engage extensively with 
industry, seeking to facilitate economic benefit leveraging supercomputing capabilities. 

In addition, The University of Edinburgh’s School of Informatics and School of Mathematics 
are core partners within the Alan Turing Institute. Funded by the EPSRC and Lloyd’s 
Register Foundation the Institute’s core areas of research range from data-centric 
engineering, high-performance computing and cyber-security, to smart cities, health, the 
economy and data ethics.

The IoT Centre is a facility within CENSIS to help businesses overcome many of the 
challenges they face in product development around the Internet of Things (IoT) and 
is designed to help businesses – normally SMEs – take an IoT product from concept 
to prototype in a fraction of the time normally required. The Centre provides access to 
a complete suite of development devices and software from world-leading vendors. 
Hardware, software and firmware engineers are also on hand to provide support.

The Audit Area has 
key expertise that 
can be applied to the 
Industrial use of data 
in the context of 
Industry 4.0.
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Sensor-Works 
Sensor-Works Ltd, a start-up company based in Livingston, is set for growth after 
developing an Internet of Things (IoT)-enabled condition monitoring device that could 
revolutionise asset management in a variety of industries. The technology, named “BluVib”, 
allows any business that operates machinery to cut the cost of maintenance, minimise 
downtime, and detect faults by recording and analysing a range of data – primarily 
vibration and temperature. Developed in conjunction with CENSIS, the Scottish Innovation 
Centre for Sensor and Imaging Systems, it can be employed in sectors as wide ranging 
as petrochemicals, water management, renewables, and manufacturing. Initial market 
interest has been very strong, particularly from the USA. In Scotland, the renewables and 
petrochemicals sectors present the biggest opportunity, where critical infrastructure is 
often geographically remote e.g. offshore renewable energy assets. 

BluVib is a low-power, cost-effective alternative to existing condition monitoring 
equipment. Through innovative design and manufacturing, it is significantly lower cost 
than competing products.  It has universal application, both in sector and geographical 
terms, and is a very different proposition to what is already available on the market. It can 
be used wirelessly with any kind of mobile device and users are not locked in to expensive 
associated proprietary technologies. 

In one of the first Industry 4.0 demonstrators in Scotland, BluVib will be deployed at the 
University of Strathclyde’s Advanced Forming Research Centre (AFRC), part of the High Value 
Manufacturing Catapult, to measure vibrational signatures on specific machines. The data 
acquired will be analysed to predict issues, in real-time, relating to machine performance; 
providing an early indicator of conditions where machine instability can occur. 

Sensor-Works envisages rapid increases in turnover as BluVib is progressively validated 
in the next 12 months. Supported by Scottish Enterprise’s High Growth Start-up Unit, the 
company aims to move onto a multi-million pound turnover in the coming years. The product 
development, and its subsequent deployment at the AFRC, provides a significant opportunity 
to showcase its potential and take advantage of the emerging market for intelligent systems 
in manufacturing technology. However, Sensor-Works will continue to need a strong multi-
disciplinary approach to realise this potential, as it takes advantage of key skills residing 
within the multiple translational assets and universities in the audit area.
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CENSIS in partnership with Stream Technologies, Semtech Inc. and Boston Networks 
is paving the way for the next wave of internet technology; a low cost IoT network 
covering 12km2 across Glasgow has been established. This low power wide area 
network technology known as LoRaWanTM has a wide variety of applications across many 
sectors. Glasgow was selected as the test case because of its similarities to many major 
metropolitan areas worldwide. The city includes a grid system like major US conurbations, 
older historic spaces and a mix of urban and extra-urban environments – all of which are 
ideal for testing low-power radio network performance. Access to the network is expected 
to attract multinational technology companies to the city as well as helping to create a 
cluster of new businesses keen to develop solutions based on this technology.

The Cyber Security Network Integrator (NI) for Scotland is building the community of cyber 
security supply companies in Scotland, growing the sector and maximising its potential 
economic impact. The NI ensures cyber security companies in Scotland are informed about 
the opportunities, support and funding available to allow them to grow sustainably. They 
create effective linkages between businesses and researchers in the community and the 
wider UK and international industry. The aim is to ensure that Scotland’s company and 
academic base is positioned to gain the optimum share of international market growth.

Interpretation, analysis and visualisation of data is fundamental to capitalising on 
the opportunity Industry 4.0 presents – data translated into high value information 
can enable predictive maintenance, improved process control, increased automation 
& product customisation. The real opportunity for Scotland, given the Scottish 
Government’s Manufacturing Action Plan, is to exploit the momentum gained in growing 
the manufacturing base to develop regional capabilities around system integration, data 
processing/analytics and simulation/visualisation bespoke to manufacturing use cases, 
thus maximizing value creation. Linking this through to create manufacturing supply 
chains that are digitally enabled, rather than focusing on individual companies, will unlock 
further productivity gains but this necessitates addressing metrology challenges with 
associated questions of data integrity throughout the supply chain, trust in the data and 
its security. Figure 4 provides an illustration of how precision measurement, data analytics 
and integrated value chains can drive shared economic benefits.
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Figure 4: Creating economic value through measurement (Image courtesy of CENSIS)

The University of Strathclyde is a strategic partner in the UK’s National Physical Laboratory 
and hosts NPL Scotland within its Technology Innovation Centre. From the outset, NPL 
Scotland has conducted joint research programmes, feeding into a Knowledge Exchange 
Centre (KEC) delivering consultancy, services, in-company support, and training to industry. 
The hub’s current research focus includes metrology for advance manufacturing, including 
smart design, on-demand manufacturing and the digitally enabled supply chain. It will also 
develop pharmaceutical innovation and manufacturing metrologies, supporting continuous 
manufacturing and crystallisation in the pharmaceutical sector. 

SECTION 3 
Enabling Technology
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Digitally Enabled Supply Chain
To realise the full benefits of Industry 4.0, the UK therefore needs to develop a Digitally 
Enabled Supply Chain (DESC) that allows the UK to integrate and lead global supply chains. 
The key enabler to this is measurement, the data it produces and how it is produced. The 
user has to have trust in the data, starting from sensors and flowing through to the (often 
automated) decision making. 

NPL Scotland, alongside NPL’s regional hubs, have proposed a DESC Programme which 
has three streams that ensure its success and adoption across the UK. 

These are:

 n a SME Accelerator to directly engage with and enable SMEs to develop their digital 
manufacturing capabilities and skills

 n  a professional technical service that coaches businesses, SMEs in particular, in end to 
end improvement in measurement practice, which evidence shows directly leads to 
increased productivity and competitiveness

 n a programme of work that will deliver advances in data quality and assurity combined 
with sensors integration to bring together the UK’s strong but diverse community of 
sensor developers and manufacturers, who provide the key technology needed for 
digital manufacturing to thrive.

Having a national standard for trusted data will further strengthen confidence in the 
UK’s digitally enabled supply chain. These three streams combine to provide the UK with 
capabilities that will support and enable SMEs to access a greater market.

Figure 5: Proposed Digitally Enabled Supply Chain Programme (Image courtesy of NPL)

To realise the full 
benefits of Industry 
4.0, the UK therefore 
needs to develop 
a Digitally Enabled 
Supply Chain.
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Scotland has valuable assets in the fields of robotics and autonomous systems. The 
Edinburgh Centre for Robotics (ECR) is a £35m joint venture between The University of 
Edinburgh and Heriot-Watt University, supported by EPSRC and industry. It captures 
the expertise of over 30 principle investigators of international standing from 12 cross-
disciplinary research groups and institutes across the School of Engineering and Physical 
Sciences and the Department of Computer Science at Heriot-Watt University, and the 
Schools of Informatics and Engineering at The University of Edinburgh

Part of Edinburgh Centre for Robotics, the Robotarium is a national UK facility which is 
generally available to researchers for proof of concept experiments. The Robotarium 
consists of interaction spaces for humans and robots to work together and Field robotics 
systems, including humanoids and unmanned vehicles. These are underpinned by a set 
of Enabling Facilities comprising rapid prototyping and micro-assembly equipment for 
fabrication and inexpensive duplication of novel (bioinspired) robot embodiments, their 
sensors and their on-board computing. Also, state of the art computing accelerators with 
programmable hardware to develop power efficient computation suitable for autonomous 
deployments.

Other translational assets in this area include the Renishaw Advanced Metrology Centre 
at Heriot-Watt University. This centre provides Heriot-Watt University with metrology 
equipment, flexible powder bed additive manufacturing capability, high power laser 
sources and precision motion and control equipment to support manufacturing research.  
Heriot-Watt University also hosts CIM-Laser, a research council funded manufacturing 
research centre for innovative manufacturing in laser-based production processes.

The translation of modern manufacturing techniques into precision mechanical 
components is supported by the Advanced Forming Research Centre, part of the High 
Value Manufacturing Catapult.  This Centre (a joint venture between Strathclyde, 
Innovate UK, and industry) concentrates on modern forging and forming techniques, with 
applications across a range of sectors including Aerospace, Automotive, Energy, Medical 
Devices and Marine.

3.4.3
Robotics and 
Autonomous 
Systems

Scotland has valuable 
assets in the fields 
of robotics and 
autonomous systems.

SECTION 3 
Enabling Technology
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CASE STUDY

SeeByte
SeeByte is a highly successful spinout from Heriot-Watt University, established 
in 2002.  Since then it has rapidly expanded and become a world leader in smart 
software solutions with a truly global market presence.  Operating from offices in 
Edinburgh, Scotland, Southampton, England and San Diego, California, SeeByte 
has achieved a position of leadership in the development of smart software for 
underwater vehicles, sensors, and systems in both the Military and Oil & Gas 
sectors. The company provides products and services to major government and 
commercial clients around the world.

The research outputs of Heriot-Watt’s Robotics and Autonomous Systems Group 
have directly contributed to establishing SeeByte’s leadership in autonomy 
software in the maritime domain. Over the period 2008-2014, 15 technology 
licences from Heriot-Watt have generated £11 million in revenues. Customers 
include 20 Navies worldwide, including those of the US, UK, Canada, Netherlands 
and New Zealand, whilst their Autotracker product holds the world record for 
autonomous pipeline inspection, vital for oil and gas infrastructure.

In the military sector, SeeByte’s SeeTrack software is used to optimise operations 
involving unmanned underwater vehicles, enabling fast and efficient mission-
planning, monitoring, and post-mission analysis.  In the oil & gas sector, 
meanwhile, SeeByte has developed tools to automate complex subsea tasks. In 
order to lessen the demands placed upon operators, smart software technology 
can be used to make operations more efficient and consistent. Through SeeByte’s 
software capabilities, operators can focus on the job at hand with a higher level of 
confidence in vehicle control, improving quality and reducing the time and cost of 
performing a range of subsea tasks.
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The Audit area is strongly connected and engaged at the local, national and international 
level. This outward looking approach is evidenced from the research base through to our 
linkages with industry.

Research groups in the Scottish research pool SUPA collaborate with researchers 
elsewhere in Europe, the US, India and China, thereby developing international research 
pools with a Scottish core. An example is the Science Bridges project in photonics 
(SU2P) which was initially funded by Scottish Funding Council, Scottish Enterprise and 
Research Councils UK. The university partners are Glasgow, Heriot-Watt, St Andrews and 
Strathclyde, along with CalTech in California and Stanford. They support research and 
commercialisation in photonics and its applications in physics, engineering, energy and the 
life sciences in collaboration with local industries. Activities include:

nn funding entrepreneurial fellows to work at the US universities on high-tech, 
industrially relevant, cross disciplinary projects

nn funding exchange visits for academics 

nn Industry Partnership Programme (involving; MSquared Lasers, KAIAM, Coherent, 
Optos )

nn establishing an investor network which aims to break down the barriers between 
academia and the investment community to realise new commercial opportunities 
based on Scotland’s photonics research. 

The Advanced Forming Research Centre (AFRC) is one of 7 High Value Manufacturing 
Catapult (HVMC) Centres in the UK and the only one located in Scotland. AFRC’s remit 
through HVMC is to support UK industry, however as the AFRC was established prior to 
being part of HVMC it has from inception had a global reach, with member companies 
based in the US, EU and UK.

The Centre for Manufacturing in continuous manufacturing (CMAC) is a world-class 
international hub for manufacturing research and training. CMAC is a partnership between 
academics from 7 UK based Universities (Bath, Cambridge, Imperial, Leeds, Loughborough, 
Sheffield and led by Strathclyde) as well as our Industry partners including GlaxoSmithKline, 
AstraZeneca, Bayer, Lilly, Novartis, Roche and Takeda. Working in partnership with industry, 
its purpose is to transform current manufacturing processes into the medicine supply 
chain of the future. The Future CMAC Hub will revolutionise the development and supply 
of functional high-value chemical and pharmaceutical solid products by delivering a rapid 
innovation pipeline to integrated continuous manufacturing processes. 

The Centre for Innovative Manufacturing in Laser-based Production Processes is a 
5-university Centre, with the lead, Heriot-Watt, being the only Scottish partner – the other 
academic partners are Cranfield, Cambridge, Liverpool and Manchester.  The Centre has a 
>30 industrial collaborators across the UK, from SMEs to multinationals such as Leonardo, 
and strong connections to the European industrial laser community.

3.5
National and 
international 
engagement

The Audit area is 
strongly connected 
and engaged at the 
local, national and 
international level. 
This outward looking 
approach is evidenced 
from the research base 
through to our linkages 
with industry.
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The regional priority for Enabling Technologies flows directly from the Scottish 
Government’s Economic Strategy (2015), which has four broad priority areas investment, 
innovation, inclusive growth, and internationalisation. Within the Innovation area this led 
to the creation of the Scottish Innovation Centres programme.

Scottish Enterprise is Scotland’s main economic development agency and a non-
departmental public body of the Scottish Government.  It supports Enabling Technology via 
a sector specific Technology Advisory Group which identified Sensor Technologies as a key 
strength and opportunity for Scotland, and followed this up with an Action Plan for Sensor 
Systems in 2013. This led to a number of initiatives, including setting up the CENSIS 
innovation centre.  

As part of Scotland’s manufacturing action plan the First Minister of Scotland has stated 
her commitment to establishing a National Manufacturing Institute for Scotland (NMIS).  
The NMIS proposal is to support Scottish and UK Engineering and Science manufacturing 
companies by linking them to the academic expertise in the Scottish Research 
Partnership in Engineering, which includes the Universities of Strathclyde, Heriot-Watt, 
Glasgow and Edinburgh, and which focusses in its High Value Manufacturing Theme on 
Forming Research, Advanced Micro and Nano Systems, Industrial Photonics, and Digital 
Manufacture.  The Enterprise agencies, Skills Development Scotland, and the Scottish 
Funding Council are also closely involved in the planned operation of NMIS. 

Building on AFRC which is part of the UK HVM Catapult, NMIS will be able to provide a 
unique UK-wide expertise in digitally enabled forming and forging. Traditional technologies 
such as forging, forming, casting and machining are still at the heart of manufacturing, and 
digital manufacturing provides huge opportunities to improve the performance and quality 
by improved monitoring and control of these manufacturing technologies. To do this we 
need new and innovative sensors and control systems, self-learning, adaptive control and 
improved our process modelling capability.

NMIS will address Scotland’s Manufacturing Action Plan goal of working with Innovate UK 
to align interventions and promote opportunities around digital for manufacturing, driving 
manufacturing readiness and stimulating innovation to uncover new sources of revenue 
from manufacturing. It is essential that companies in Scotland are able to enter the large 
company supply chains in a variety of sectors including aerospace, automotive, oil and gas, 
construction/infrastructure and food and drink. NMIS will rapidly accelerate the uptake 
of manufacturing systems based on enabling technologies by manufacturers in the Audit 
Area, as its plans include: 

3.6
Developments 
in the wider 
funding 
Landscape

The regional priority for 
Enabling Technologies 
flows directly from the 
Scottish Government’s 
Economic Strategy 
(2015).
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Digital Factory 2050 (DF2050) – a facility providing a collaborative environment and 
technology and manufacturing proving ground. DF2050 will accelerate and demonstrate 
innovative technologies, tools and techniques to competitively manufacture products 
and components using ‘state of the art’ and next generation automation, reconfigurable 
work spaces and equipment. Using advanced sensing, measurement, data acquisition and 
analysis systems the DF 2050 will also demonstrate the key concepts of Industry 4.0.  

Manufacturing Skills Academy (MSA) - support training at all levels including craft 
and technician apprenticeships, degree apprenticeships, postgraduate training and 
continued professional development. MSA will deliver a high-level, high-status technical 
education combining academic and applied knowledge, enabling study towards a degree 
in manufacturing related fields whilst remaining in employment. It will also offer the 
opportunity to advance to postgraduate degrees including PhD or Engineering Doctorate 
linked to and employed by their parent company. Partnership with Skills Development 
Scotland, the Scottish Research Partnership in Engineering and Colleges Scotland ensures 
students can access the MSA programmes from across Scotland and can benefit from 
access to research in all of Scotland’s Universities.

SECTION 3 
Enabling Technology



SCIENCE AND INNOVATION AUDIT OF THE
ENABLING TECHNOLOGIES IN SCOTLAND’S CENTRAL BELT78

4 

Conclusions 



79

To capitalise on the full range of opportunities the enabling technology sector has to offer, this audit took a 
dual approach, with a vision that reflected this:

Firstly, we want to double the size of our existing enabling technology asset base over the next 10 
years to create an internationally recognised cluster of growth companies in the Central Belt that will 
act as an engine for productivity & exports, and a magnet for foreign direct investment.

Our audit considered how existing and new enabling technology companies in the Central Belt can be 
developed, accelerated and anchored in order to achieve this. Our main focus in this respect was on 
high growth enabling technology service companies, and our expertise in the creation and application of 
photonics and quantum enabled devices.

Secondly, we want to utilise our significant enabling technology assets in order to increase 
productivity by 3% per annum in the manufacturing and infrastructure sectors (initially in the audit 
area, but with scope to replicate these productivity gains across Scotland and the UK as a whole).

Within Scotland, both are large sectors in terms of turnover and output. However, our manufacturing 
sector in particular demonstrates relatively low BERD and exports.  Our audit considered how, through the 
adoption and integration of enabling technologies, there is scope to deliver a step change in productivity 
and competitiveness within these sectors.

This Audit has validated many of the contentions that were contained in the original Expression of 
Interest and our preliminary assessments of the Audit Area’s strengths have been borne out by the 
Audit findings. In short our audit geography punches well above its weight in terms of Research Quality, 
Research Intensity in subjects that support Enabling Technologies, and in several indicators of successful 
exploitation such as levels of new company creation based on its research base. We have an exceptionally 
well-developed culture of pan-region multi- and inter-disciplinary research collaboration among our HEIs, 
and with industry, and a unique set of translational assets that are already working closely with industry 
at regional, UK and international level (see Appendix C).

We have validated firmly our first hypothesis that there is opportunity to create a high growth cluster of 
technology companies within our Audit Area and based around the Consortium’s Assets. These companies 
with expertise in sensor systems hardware (including device design and fabrication), control software, 
big data analytics, robotics, autonomous systems and provision of high quality premium price services to 
end user companies have the potential to create new supply chains for Industry 4.0 all underpinned by 
advanced sensing and measurement technologies.

SECTION 4 
Conclusions

VISION
 n Double the size of our existing enabling technology asset base over the next 10 years 
 n Create an internationally recognised cluster of enabling technology growth companies in the Central Belt
 n Use our enabling technology assets to increase productivity by 3% per annum within the manufacturing and 

infrastructure sectors
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Within the audit geography there is also very clear potential to increase productivity 
markedly in sectors such as Manufacturing and Critical Infrastructure by more seamless 
and rapid adoption of integrated Enabling Technologies. As noted earlier, business 
R&D investment in Scotland is proportionally lower than the UK average (41% vs 67%). 
However, the Enabling Technology sub-sectors discussed in this Audit already account 
for a disproportionate part of Scotland’s business R&D investment and there is objective 
evidence to support the contention that the potential for these to have a catalytic 
effect on investment and productivity within sectors such as Manufacturing and Critical 
Infrastructure is huge.

With longer-term, international competitiveness in our sights we consider that the Audit 
also supports our second hypothesis i.e. that the Consortium’s engineering and physics- 
based research excellence in measurement science, and particularly in photonics and 
quantum technologies, provides opportunities for an acceleration in the regional emergent 
company base in laser and quantum technologies and their applications that has the 
potential to become a globally-recognised cluster.

Despite the positive statements above, there are notable gaps that still hamper economic 
productivity from our innovation system. These gaps affect directly the productivity in 
our Audit Area and beyond, and investment to address these gaps will allow us rapidly to 
accelerate the economic gains from our area.

 

4.1
Gap Analysis

GAPS
 n Sector agnostic technology integration 

facilities – complete solutions
 n Sector focused technology demonstration 

facilities
 n Skills at all levels 
 n Financing
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86 See Appendix C for further feedback from key Translational Assets.

Technology Integration Facilities 
Within the region there needs to be a better understanding of the range of support 
mechanisms available, alignment of goals, and the ability to take a sector-agnostic, end-
to-end system level approach to addressing industry problems, as identified by Innovation 
Centres in the region86. Significant investment is therefore required in more industry-
led technology integration facilities and centres that work across traditional sector 
boundaries. This will ensure that we have the ability to rapidly identify and link developing 
technologies (at TRL 3-5) and trial these in pre-competitive environments, in order to 
accelerate productivity gains for relevant sectors. These integration facilities are needed to 
complement and extend the reach and impact of existing translational assets in our audit 
areas innovation system, such as the High Value Manufacturing Catapult (HVMC), Offshore 
Renewable Energy Catapult (OREC), Satellite Applications Catapult node, Centre of 
Excellence for Sensor and Imaging Systems (CENSIS), Industrial Biotechnology Innovation 
Centre (IBioIC), Fraunhofer-Centre for Applied Photonics (FCAP), and QuantIC.

 
“Our projects are extremely diverse, however the common 
element they all share is that CENSIS is helping to overcome 
the significant practical challenges involved in taking innovation 
to the marketplace. A key strength is our ability to deliver 
Technology Readiness Level (TRL) uplift with our collaborative 
projects and we work very hard to help companies and their 
academic partners tackle the ‘valley of death technology gap”
Bob Downes, Chairman, CENSIS 

SECTION 4 
Conclusions
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Technology  Demonstration Facilities & Larger Scale Test Beds
Existing demonstrator facilities need additional infrastructure to support the diversifying 
demand-led needs of industry, with no demonstrator facilities available in some sectors87. 
Significant investment is therefore required to create new and extend existing sector-
specific technology demonstration facilities. These would focus on technologies at a more 
developed stage of readiness (TRL’s 5-8) so that industry sectors such as manufacturing 
and infrastructure can demonstrate, prototype and validate new technologies in a realistic 
setting and scale. It would also introduce the capacity to up-skill companies and their 
staff, resulting in the faster adoption of new technologies to accelerate growth in industry 
productivity.

Developing and maintaining appropriate skills
Underpinning any successful economy is its skilled workforce. To sustain strong growth 
will require significantly more graduates and post-graduates entering the workforce, plus 
ongoing retraining of the existing workforce from, for example, oil and gas industries. 
Indeed the main barrier to the increased adoption of enabling technologies is likely to be 
the skill set of the workforce, without which growth will be vulnerable to stalling. Since 
many of the opportunities that enabling technologies will unlock may disrupt existing 
business models it is also crucial that middle and senior management are ready to adapt. 

Stimulation of the Scottish Investment Market with 
International Risk Capital 
The Audit has noted that the market in the audit geography for equity investment in 
early-stage technology companies is over-dependent on a small but growing number of 
highly active business angel syndicates and first tier private equity companies and that 
articulation with global, specialist Venture Capital and other firms is limited. All of this 
despite our audit geography’s relatively high rate of creating new technology companies. 
The final gap that we consider would markedly assist the longer term economic 
productivity and international competitiveness of the audit geography, would be the 
attraction, in partnership with Government agencies (Innovate UK, UKTI, SDI) of UK or 
international specialist investors with focus on the types of companies whose emergence 
and growth is signalled by this Audit.

87 See Appendix C for further feedback from key Translational Assets on challenges and barriers that they face when trying to support 
 industry demand.



83

CASE STUDY

Mirage Project
The ground-breaking £6M collaborative “Mirage” R&D project is placing Scotland at the 
forefront of the £70 billion global sensors and imaging systems market, and aims to 
deliver significant economic growth and the transfer 41 highly skilled research and 
manufacturing jobs from Asia. Mirage is co-ordinated by CENSIS and backed by Scottish 
Enterprise and sees III-V-semiconductor expertise from the University of Glasgow brought 
together with 4 companies: Cascade Technologies (lead company partner and a spin-out 
from Strathclyde); Compound Semiconductor Technologies Global (a spin-out from the CST 
Facility set up in the 1990s by the Universities of Glasgow and Strathclyde and Scottish 
Enterprise); Gas Sensing Solutions Ltd (GSS); and Amethyst Research Ltd.

A Scottish FIRST in global 
manufacturing

The £6m  
Mirage Project

Hi-tech manufacturing 
jobs will return to 

Scotland from Asia.

Significant economic 
growth for Scotland: 

Strengthened 
supply chain 

of businesses 
and technical 

expertise in the 
Scottish SIS 

industry.

£56m
over 10 years

State-of-the-art technology  
to develop new products

The  Mirage Project

Further innovation and breakthroughs 
with the materials will continue through 

collaborative research and the sharing  
of expertise

The  Mirage Project
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 PRODUCTS AND APPLICATIONS: 
 The materials will enable development  
 and manufacturing of a vast range of  
 products for these growing markets: 

Universities 
research the 
technology  
and share 

knowledge

Companies  
apply the 

technology  
and share

knowledge

UNIVERSITY
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The project is allowing participating companies 
to create new cutting-edge, quality mid-infrared 
sensors in high volumes with greater sensitivity, 
lower cost, reduced energy use and a longer lifespan 
many industrial applications including gas sensing/ 
analysis, process control, and emissions control, as 
well as in the manufacture of various devices and 
products that use sensors, ranging from asthma 
inhalers to infrared cameras. The company partners 
in Mirage – all based in the audit area - will then 
take the materials and produce a variety of different 
products relevant to their specific end markets – 
none of them will compete with each other. 
 
The project is funded for 3 years, comprising 
£2.8M from the companies, £2.6M from Scottish 
Enterprise’s collaborative R&D support and 
£241,000 plus capital equipment provided by 
CENSIS. Mirage is a perfect example of the type of 
early-stage technology integration activity that this 
Audit contends requires significant investment to 
increase the capacity for integration at TRLs 3-5 and 
rapid acceleration into new products and services in 
relevant sectors/ markets.

SECTION 4 
Conclusions
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CASE STUDY

CMAC & Sensors
The integration of sensor elements with industrial data interpretation and 
control are at the heart of an intensive £3.1M collaborative research programme 
initially funded by EPSRC. This collaboration developed in response to the 
need for Intelligent Decision Support and Control Technologies for 
Continuous Manufacturing and Crystallisation (CMAC) processes which aim 
to revolutionalise manufacturing in the Pharmaceuticals and Fine Chemicals 
sectors. The ‘Future- ICT/CMAC programme’ is running over a 5 year period 
starting in Feb 2013 and the programme is now an integrated part of the CMAC 
Future Manufacturing Research Hub (which received a £10M funding boost 
from the EPSRC in Dec 2016).

CMAC is a world-class international hub for manufacturing research and training 
delivered through a partnership of 7 research-intensive universities. Working 
in partnership with industry, its purpose is to transform current manufacturing 
processes into the medicine supply chain of the future. The Future-ICT-CMAC 
programme supports the aim of deriving on-line information about particle shape, 
form and size in industrial crystallisation processes, interpreting the information 
in real-time and implementing distributed closed loop control. The demand- 
led manufacturing research scope was co-created with industry partners who 
span the world’s largest pharmaceutical manufacturers and a large number of 
technology companies, SME’s and end users from other high value chemical 
sectors. Companies involved include GSK, AstraZeneca and Novartis Bayer, 
Lilly, Roche and Takeda. Better process control is key to achieving continuous 
manufacturing, the Holy Grail in the high value pharmaceutical manufacturing 
industry. The five year Future-ICT/CMAC programmes funded through EPSRC 
Manufacturing the Future aimed to bring together innovative ICT / digital research 
and innovative manufacturing research. However the scope of the was limited 
and focused the ICT / digital research challenges on software components of 
ICT and excluded research relating to the development of new ICT hardware, 
including new sensors. . Therefore only existing sensors, developed to support 
the current batch manufacturing paradigm, were available. A more integrated 
approach to funding research in this area could enable the parallel development of 
new generation sensors more suited to continuous processes with potential to 
accelerate the application of Intelligent Decision Support and Control Technologies 
in this area and, ultimately, support the development and adoption of continuous 
manufacturing: The Future CMAC Hub aims to build on previous research in 
this area to deliver new predictive tools and design approaches for products, 
processes and supply chains to enable the potential of Quality-by-Design (QbD) 
and Industry 4.0 initiatives to be fully realised and deliver the vision of a paradigm 
shift from batch to continuous manufacturing in the Pharma and Fine Chemicals 
sectors in the UK and Globally.
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The data collected during this audit strongly supports our vision, demonstrating that:

 n There is an opportunity to develop a high growth cluster of enabling technology 
companies within our audit area, based around the consortium’s assets. 

 n These companies, with expertise in the provision of high quality, premium price 
services to end user companies, have the potential to create new supply chains for 
Industry 4.0, underpinned by advanced sensing, measurement and manufacturing 
technologies.

 n The consortium’s engineering and physics based research excellence in measurement 
science (particularly in quantum and photonics technologies), provides an opportunity 
to accelerate the audit area’s emerging company base in photonics and quantum 
enabled devices, with serious potential to be globally recognised.

 n The audit has helped substantiate our assertion that there is potential to capitalise on 
the adoption and integration of enabling technologies to markedly increase productivity 
in the manufacturing and infrastructure sectors. BERD investment in Scotland is 
significantly lower than the UK average (BERD expenditure was 0.60% of Scottish GDP in 
2015 – lower than the comparable figure of 1.11% for the UK). This underperformance in 
BERD is particularly marked in manufacturing. This audit provides objective evidence to 
support the fact that adoption of enabling technologies will act as a positive catalyst on 
investment and productivity within both these sectors.

This Audit also demonstrates that the Innovation 
System in the Audit Area has many elements that give 
it a head start over other UK geographies in terms of 
ability to accelerate new technology solutions based on 
Enabling Technologies to market. The types of gap-filling 
interventions noted above will accelerate productivity in 
the Audit Area with particular emphasis on Manufacturing 
and Critical Infrastructure, but also have the potential 
to address most of the emerging challenge areas of the 
UK Government’s Industrial Strategy. They will assist in 
closing the overall gap between high performing UK based 
industries and their less productive counterparts, but 
also between the UK and substantially more productive 
countries such as France and Germany – countries where 
niche industrial manufacturing positively thrives.

However due to the overall size and structure of the 
economy of our Audit Area perhaps the biggest prize will be 
the accelerated growth of (a) cluster(s) of high growth start-
up companies that have the potential to become highly 
competitive internationally and in turn to drive investment 
(including from outside the UK) into the Audit Area as well 
as driving growth in high value exports. As a result of our 
hypotheses we can envisage two main types of cluster.

4.2
Opportunities

OPPORTUNITIES
 n Develop a high growth cluster of enabling 

technology companies within our audit area, 
based around the consortium’s assets. 

 n Create new supply chains for Industry 
4.0, underpinned by advanced sensing, 
measurement and manufacturing 
technologies.

 n Use research excellence in measurement 
science (particularly in quantum and photonics 
technologies), to accelerate emerging 
company base in photonics and quantum 
enabled devices

 n Ensure adoption of enabling technologies 
acts as a positive catalyst on investment 
and productivity within manufacturing and  
infrastructure sectors.
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Conclusions



SCIENCE AND INNOVATION AUDIT OF THE
ENABLING TECHNOLOGIES IN SCOTLAND’S CENTRAL BELT86

This Audit has established that successfully developing the central belt’s enabling 
technology capabilities and integrating those into widespread industrial applications will 
inevitably create opportunities for specialist companies to emerge. The offerings of such 
specialist companies and services will support the increased use of information and data 
intensive technologies by large, industrial end users. Therefore, the findings of our audit 
strongly complement Edinburgh City’s Wave 1 Audit “Enabling a World-Leading Regional 
Digital Economy through Data Driven Innovation”.

The trajectory of an emergent company base, that delivers high end enabling technology 
services, and supplies international markets, could be comparable to the growth of 
the offshore technical services industry in Scotland. This industry now represents a 
significant area where Scottish indigenous companies compete globally to the benefit of 
UK productivity, and enabling technologies have the potential to do something similar – 
particularly in areas like industrial data analysis, industrial digitisation, industrial control, 
condition monitoring and specialist inspection.

Growth of a cluster of this type would be particularly accelerated by all the types of 
investments noted in this report.

4.2.1
High Value 
Technical 
Services
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4.2.2
High Value 
Quantum - 
and Photonic 
- Enabled 
Devices

The Audit has substantiated the hypothesis that the Research Base and Translational 
Assets provide outstanding potential for the development of specialist companies in the 
area of new integrated devices and products based on Quantum- and Photonic- elements 
for applications such as imaging, intelligent lighting, the emerging LiFi (LiFi is the use of 
the visible light portion of the electromagnetic spectrum to transmit information at very 
high speeds) industry, etc. There is proof from the Audit – with reference to the success of 
companies like Cascade Technologies Ltd, Coherent (formerly Microlase Systems Ltd) and 
MSquared Lasers Ltd, that designing and “product-ising” such devices can provide a basis for 
sustained growth and its contribution to the economy is not vulnerable to the rapid effects 
of commoditisation if there is sufficient focus on “step-change” new product development.

With the Quantum Enhanced Imaging (QuantIC) Hub at Glasgow, the Audit Area HEIs as 
partners in all 4 of the EPSRC Quantum Technology Hubs and the critical mass of enabling 
technology translation assets and companies, the Consortium is particularly well-placed 
to taking a leading role in a UK wide effort to drive productivity from the EPSRC’s overall 
investment. Our Audit’s findings major on the potential in Central Scotland for rapid 
integration of quantum technologies with photonics, microelectronics, software/ data 
interpretation at relatively low TRLs 3-5 into prototype devices that will support major 
strides in technology adoption (via our demonstrators) in industrial monitoring, process 
control, asset management, imaging / visualisation and digital manufacturing at higher 
TRLs 5-7. The same capacity for integration of quantum technologies into composite 
devices at low TRLs will particularly complement the Oxford Audit’s aspirations in respect 
of quantum computing and the Innovation South Audit’s aspirations in quantum supply 
chain. It will also provide particular opportunity for rapidly increasing links with the 
Birmingham-based Quantum Hub in Sensors and Metrology.   This will all complement a 
wider UK effort and supply chain development for Quantum Technologies.  

Growth of a cluster of this type would be particularly enabled by sustained investment 
in Fraunhofer-CAP, QuantIC, the Edinburgh Microelectronics Centre etc. and rapidly 
accelerated by the types of investment noted in this report. Again FDI will contribute to 
its acceleration but given the potentially world-leading and disruptive character of this 
proposed cluster, we consider that a high proportion of the companies that will emerge 
and grow will require early and growth stage risk capital investments. 

“Fraunhofer Gesellschaft recognises the scientific excellence 
and industrial potential of the strong photonics sector in central 
Scotland, its applicability to manufacturing and the rapid progress 
in developing Quantum Technologies made by Fraunhofer CAP. 
We continue to encourage the growth of Fraunhofer CAP and its 
role in the Scottish and UK photonics community.”

Ian Fotheringham, Managing Director, Ingenza

SECTION 4 
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The proposed interventions noted below will contribute significantly to accelerating 
industrial productivity in the audit area, by addressing the gaps noted previously, with 
particular emphasis on manufacturing and infrastructure. 

 
Technology Integration Facilities
Establishing headquarters and/or nodes of UK Catapult centres (or similar models) 
within the Central Belt. If there are future UK Catapults in sensor systems/industrial data/

digitisation (or investments backed by the industrial 
strategy challenge fund), there is evidence that due 
to our significant capabilities and translational assets, 
the audit area would be well placed to fully exploit 
such opportunities and create economic impact as a 
result, both within the audit area and more broadly 
across Scotland and the UK. Other specific examples 
could include establishing a node of the Compound 
Semiconductor Applications Catapult or the Energy 
Systems Catapult within the audit area.

Investing in the creation of a new and large scale 
systems integration centre, or “virtual foundry”, 
to facilitate the rapid combination and testing 
of quantum and photonics technologies. The 
resulting devices and systems being developed 
would combine capabilities in quantum and 
photonics with other enabling technologies such 
as microelectronics, software, data processing 
& analytics, simulation / visualisation, robotics, 
autonomous systems and control technologies. This 
would combine a host of complementary expertise 
in order to address opportunities and challenges 
identified by industry. We envisage this as a facility 
(or facilities) that would be co-invested (at the very 
least) by UK Research and Innovation (UKRI), and 
Scottish Enterprise.

4.2.3
Key Proposals

PROPOSALS
Sector agnostic technology integration facilities – 
complete solutions

 n Establish headquarters and/or nodes of UK Catapult 
centres (or similar models) within the Central Belt

 n Invest in the creation of a new and large scale 
systems integration centre, or “virtual foundry”, 
to facilitate the rapid combination and testing of 
quantum and photonics technologies

Sector focused technology demonstration facilities
 n Co-investment by UK and Scottish Governments 

in the proposed National Manufacturing Institute 
for Scotland (NMIS), as part of the UK High Value 
Manufacturing Network

 n Secure further strategic investment to extend the 
scope and linkages of the existing Power Networks 
Demonstrator centre (PNDC)

 n Create a scale-up demonstrator for Industrial 
Biotechnology processes

Skills – at all levels
 n Training and fostering entrepreneurial leaders
 n  Co-ordinate CPD type interventions to support our 

industry leaders
 n Development of complimentary FE-based 

programmes
 n Work-based learning programmes

Financing
 n Create funds specifically to provide access to the 

range of investment size that is currently problematic
 n Link Consortium members more “intelligently” with 

global specialist VCs 
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Technology Demonstration Facilities & Larger Scale Test Beds
Co-investment by UK and Scottish Governments in the proposed National Manufacturing Institute for 
Scotland (NMIS), as part of the UK High Value Manufacturing Network.  The proposed Digital Factory 2050 
(DF2050), positioned within NMIS, will provide a critical collaborative physical environment and proving 
ground for the demonstration, development and acceleration of cutting edge manufacturing technologies. 
It will focus on the innovative tools and techniques needed to manufacture products and components 
competitively, using state of the art automation (including robotics), and reconfigurable work spaces & 
equipment. Using advanced sensing, measurement, data acquisition and analysis systems, the DF2050 will 
demonstrate the concepts of Industry 4.0 in a practical, relevant and tangible way.

Given the importance of proximity to what is primarily an SME manufacturing base in the audit area, the 
placement of such a facility within the Central Belt will be essential to move SMEs (and other manufacturing 
companies) up the “high value chain” – a pre-requisite for rapid productivity growth.

This type of intervention would have a significant impact on addressing the current gap in relation to 
technology demonstration facilities and large scale test beds, as well as tackling the challenge of developing 
and maintaining the necessary skills set to underpin productive, cutting edge industrial processes.

Our audit findings support the argument that a successful NMIS implementation would contribute 
significantly to the UK Government’s balancing productivity agenda. It would also accelerate the 
development of integrated technology solutions, which could translate to other key sectors both in Scotland 
and the UK. The NMIS business plan will create 10,000 new advanced manufacturing jobs and draw in 
£900M of industrial investment over 15-20 years. It will firmly establish the Inchinnan area (close to 
Glasgow airport) as a manufacturing innovation district of UK significance, and help facilitate even larger 
growth of high value manufacturing jobs in the broader audit area – we anticipate around 100,000 in the 
same period.

Further strategic investment to extend the scope and linkages of the existing Power Networks 
Demonstrator centre (PNDC) as an anchor in a UK National Smart Energy Institute (NSEI). This will 
link PNDC to key existing and emerging UK industry partners, academic institutes and Catapults to drive 
transformative innovation in the realisation of a safe, secure, integrated multi-vector energy system 
and associated market reform for the UK. The harnessing of the real potential of local energy systems 
within the context of a UK energy system infrastructure will deliver the decarbonisation, digitisation, and 
decentralisation demanded by the energy trilemma and economic value creation. The NSEI proposition 
would move the PNDC facility, unique at UK level, to a position as a hub of the UK’s demonstration system 
for smart grid technologies, with:

1. Academic and translational institutes such as Energy Futures Lab at Imperial College, Smart Grid 
Lab and Energy Systems Research Centre at Newcastle University, High Voltage Laboratories and 
National Grid Research Centre at Manchester University, Centre for Research into Electrical Storage 
& Applications at Sheffield University, Creative Energy Homes Test Site at Nottingham University, 
Energy Systems Catapult, Offshore Renewable Energy Catapult, LCNF/ NIC demonstration sites and 
NPL through its Scotland Hub;

2. PNDC’s current industry members augmented by the major solutions providers such as ABB & 
Siemens as full members

SECTION 4 
Conclusions
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Creation of a scale-up demonstrator for Industrial Biotechnology processes. This type of large scale 
facility is required to demonstrate the feasibility of exciting industrial biotechnology developments across 
a variety of markets. This kind of facility would complement the Central Belt’s existing academic assets 
and the IBioIC innovation centre (which already has a suite of small scale pilot equipment and laboratory 
facilities). It would also support the cluster of regional SMEs who are already working (via IBioIC’s 
programmes) to realise Scotland’s National Plan for Industrial Biotechnology, which targets a £900M 
turnover in Scotland by 2025. 

Essentially, this type of large scale demonstrator would address the gap of a large scale, specialist facility 
for this particular sub sector of high value manufacturing, in a similar way that NMIS will act as a facility 
for more mainstream, engineering based manufacturing. 

Developing and maintaining appropriate skills
An important feature of investments noted above is that as well as technology-proving for end-user 
organisations they have a significant component addressing the skills needed to ensure smooth 
technology adoption and ongoing operation.

Underpinning any successful economy is its skilled workforce. To sustain strong growth will require 
significantly more graduates and post-graduates entering the workforce, plus ongoing retraining of the 
existing workforce from, for example, oil and gas industries.

Indeed the main barrier to the increased adoption of Enabling Technologies is likely to be the skillset of the 
workforce as without which growth will be vulnerable to stalling. The Consortium’s lead roles in so many 
UK Centres for Doctoral Training88 provides an obvious platform for the higher-level, multi-disciplinary and 
industry-informed skills that will be vital in this. NMIS’s Manufacturing Skills Academy will also support 
training at all levels, including craft and technician apprenticeships, degree apprenticeships, postgraduate 
training and continued professional development – all of which will be needed to embed Industry 4.0 
concepts in our regional workforce, and facilitate the adoption of the full spectrum of new manufacturing 
technologies by the audit area’s manufacturing base (including its many SMEs). 

Since many of the opportunities that enabling technologies will unlock may disrupt existing business 
models it is also crucial that the audit geography provides the leadership of companies with the skills and 
tools needed to take advantage. This will be facilitated by four main strands of activity:

1. Training and fostering entrepreneurial leaders who will form start-up companies and lead their 
growth. The audit geography is rich in proven initiatives addressing this from the purely educational, 
such as Strathclyde’s Hunter Centre for Entrepreneurship, to the relatively well developed enterprise 
support infrastructures in our Consortium such as the University sector’s Enterprise Campus, 
Converge Challenge processes, and the Glasgow City Council’s Tontine House accelerator;

2. Up-skilling and re-skilling via CPD-type interventions, the middle and senior management of existing 
companies, especially the SMEs who will benefit from the technology demonstration facilities 
exemplified above. The Consortium is well placed to provide this via its HEIs’ Business Schools and 
activities such as the Strathclyde Growth Advantage Programme.

88 Appendix E provides a summary of current EPSRC-funded CDTs that Consortia members are leading.
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3. Development of complementary FE-based programmes. Scottish Funding Council sees FE Colleges 
as a key component of the innovation system, and is working closely with the FE sector to enhance 
its role. An exemplar of this approach is the collaboration between the Industrial Biotechnology 
Innovation Centre and three regional Further Education Colleges to develop a range of programmes 
including an HNC/HND to address the skills shortage within the Industrial Biotech sector. This 
complements the MSc and PhD places funded by IBioIC. This could be extended across other 
Innovation relevant Innovation Centres such as CENSIS and DataLab.

4. Work-based learning programmes. While the introduction of the Apprenticeship Levy has started driving 
training activity, there is a need to also change workplace and management culture to enable more 
sophisticated use of work-based learning programmes. The Centre for Work Based Learning (CWBL) 
is a partnership between Skills Development Scotland, the University of Strathclyde, Heriot-Watt 
University and Robert Gordon University, and will work with a range of international partners including 
Duale Hochschule Baden-Württemberg (DHBW) and the Organisation for Economic Co-operation 
and Development (OECD). Its research has a particularly relevant objective: understanding the skills, 
knowledge and capability required by industry and the labour market for the fourth industrial revolution

“SME’s like Ingenza rely on well-trained staff to enable success with 
partners around the world. The IBioIC’s skills programme, including its 
industrially led PhD, is of critical importance – helping build a pool of 
talented bio-scientists for UK companies of all sizes. The programme is 
unique in offering students collaborative projects at the interface between 
academia and industrial R&D as well as training in entrepreneurship and 
management skills”
Ian Fotheringham, Managing Director, Ingenza

SECTION 4 
Conclusions
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Financing
Create funds specifically to provide access to the range of investment size that is 
currently problematic: Early stage, growing companies within the Audit Region have 
limited access to investment capital in the range of £2M-£20M. The Scottish Investment 
Bank (SIB) has issued a tender for a review of the feasibility of a “secondary fund” to help 
maximise private sector investment into Scotland. To help realise the ambitions of the 
audit, the Audit Consortium will need to work with the region’s existing Angel Investment 
Syndicates, SIB and other UK Investors to ensure that routes to access such investment 
capital are opened and other funds raised, once demand is validated. 

Link Consortium members more “intelligently” with global specialist VCs: More 
also needs to be done to identify and engage with sophisticated (lead and co-lead 
technology-specific) international investors. EIE (Engage Invest Exploit) is Scotland´s 
premier technology investor showcase. Their annual EIE conference features Scotland´s 
most promising high growth companies from the life sciences, ICT and energy sectors, 
seeking funding from seed to series A. More EIE type activities could help to intelligently 
link growing companies with global specialist VCs investing in enabling technologies, 
high end technical services, photonics and quantum technologies, particularly if events 
and conferences focused on the enabling technologies company base. There is also the 
potential for government agencies to co-develop a plan for promotion of the Central Belt as 
a hotbed of opportunity for investment in growth companies in enabling technologies.
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PROPOSALS
Sector agnostic technology integration facilities – 
complete solutions

 n Establish headquarters and/or nodes of UK 
Catapult centres (or similar models) within the 
Central Belt

 n Invest in the creation of a new and large scale 
systems integration centre, or “virtual foundry”, 
to facilitate the rapid combination and testing of 
quantum and photonics technologies

Sector focused technology demonstration facilities
 n Co-investment by UK and Scottish Governments 

in the proposed National Manufacturing Institute 
for Scotland (NMIS), as part of the UK High Value 
Manufacturing Network

 n Secure further strategic investment to extend the 
scope and linkages of the existing Power Networks 
Demonstrator centre (PNDC)

 n Create a scale-up demonstrator for Industrial 
Biotechnology processes

Skills – at all levels
 n Training and fostering entrepreneurial leaders
 n  Co-ordinate CPD type interventions to support our 

industry leaders
 n Development of complimentary FE-based 

programmes
 n Work-based learning programmes

Financing
 n Create funds specifically to provide access to 

the range of investment size that is currently 
problematic

 n Link Consortium members more “intelligently” with 
global specialist VCs 

VISION
 n Double the size of our existing enabling technology asset base over the next 10 years 
 n Create an internationally recognised cluster of enabling technology growth companies in the Central Belt
 n Use our enabling technology assets to increase productivity by 3% per annum within the manufacturing and 

infrastructure sectors

OPPORTUNITIES
 n Develop a high growth cluster of enabling 

technology companies within our audit area, 
based around the consortium’s assets. 

 n Create new supply chains for Industry 
4.0, underpinned by advanced sensing, 
measurement and manufacturing 
technologies.

 n Use research excellence in measurement 
science (particularly in quantum and photonics 
technologies), to accelerate emerging 
company base in photonics and quantum 
enabled devices

 n Ensure adoption of enabling technologies 
acts as a positive catalyst on investment 
and productivity within manufacturing and  
infrastructure sectors.

GAPS
 n Sector agnostic technology integration 

facilities – complete solutions
 n Sector focused technology demonstration 

facilities
 n Skills at all levels 
 n Financing
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List of Acronyms and Glossary
Term Description
AFRC Advanced forming research centre, part of the High Value Manufacturing Catapult
BERD Business Expenditure on Research and Development
CAGR Compound Annual Growth Rate
CDTs Centres for Doctoral Training
CENSIS Centre for Sensors and Imaging Systems

Citations The number of items a research publication is reference by another later research publication.  It is an indicator of 
quality

CMAC The Centre for Continuous Manufacturing and Crystallisation
CMOS Complementary Metal-Oxide-Semiconductor - a technology for making low power integrated circuits.
CPD Continuous Professional Development
DF2050 Digital Factory 2050
DTC Doctoral Training Centres
EPSRC The Engineering and Physical Science Research Council
FCAP Fraunhofer-Centre for Applied Photonics
FDI Foreign Direct Investment

FP7 The short name for the Seventh Framework Programme for Research and Technological Development. This was 
the EU’s main instrument for funding research in Europe from 2007-2013

Gateway to research Portal displaying details of public sector funded research, their outcomes and innovation
GBP Great British Pounds (Sterling)
GDP Gross Domestic Product - the total value of goods produced and services provided in a country during one year
GEL Glasgow Economic Leadership group
GPA Grade Point Average score from the REF assessment

GPS Global Positioning System is a network of orbiting satellites that send precise details of their position in space back 
to earth.

GVA Gross Value Add
HEIs Higher Education Establishments
HESA Higher Education Statistics Agency
HVDC High Voltage Demonstration Centre
HVMC High Value Manufacturing Catapult

Ibid in the same source - used to save space in textual references to a quoted work which has been mentioned in a 
previous reference.

IBioIC Industrial Biotechnology Innovation Centre
Industry 4.0 Refers to new digital technologies becoming available as part of what is being called “the fourth industrial revolution”
InnovateUK InnovateUK is the operating name of the Technology Strategy Board, the UK’s innovation agency.
Inovo Incubator facility in the centre of Glasgow
Internationally excellent 
(REF2014) Second highest score available in the REF exercise

IoT Internet of Things - Technologies  / devices that are connected and communicate
IP Intellectual Property
IPR Intellectual Property Rights
JWNC James Watt Nanofabrication Centre
KTPs Knowledge Transfer Partnerships
LCS Life and Chemical Science
LEDs Light Emitting Diodes
LiFi Light Fidelity
LQE Location Quotient by Employment (a score > 1.0 indicates a greater than average concentration of that industry)
M2 MSquared Lasers Ltd
MaaS Scotland Mobility as a Service Scotland (membership organisation)
MEMS Micro-electromechanical Systems
MISEC Micro Systems Engineering Centre
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NEL National Engineering Centre (Part of TUV SUD)
NIC UK National Infrastructure Commission
NMIS National Manufacturing Institute for Scotland
NPL The National Physical Laboratory

NVQ National Vocational Qualifications - they can be taken at five levels within England, Northern Ireland & Wales. 
Within Scotland there are often referred to as SVQs

OECD The Organization for Economic Cooperation and Development
OGIC Oil and Gas Innovation Centre
OLS Office for Life Science (UK Government)
OREC Offshore Renewable Energy Catapult
PGR Post Graduate Researcher
Photonic-enabled 
manufacturing Using laser or light based technologies in the manufacture of products

PNDC The Power Networks Demonstrator centre
QuantIC The UK’s Quantum Technology Hub for Quantum Enhanced Imaging
R&D Research and Development
RAE Research Assessment Exercise – the precursor to REF
REF(2014) Research Excellence Framework, with assessment results published at the end of 2014
Re-manufacturing Adapting a product for extended life or repurposing
Research Impact 
(REF2014) The quality of the economic or society benefits derived from research project as measured in the REF exercise

Research Power 
(REF2014)

The quality score of the REF submission for a particular Institution (or unit of assessment) x by the number of 
people they submitted to the REF in that area

Russell Group A grouping of 24 broad based research intensive universities in the UK
SAIC Scottish Agriculture Innovation Centre
ScotCHEM Scottish Research Pool in Chemistry
SDI Scottish Development International
SE Scottish Enterprise
SFC Scottish Funding Council
SIA Science and Innovation Audit
SIB The Scottish Investment Bank

SMART Manufacturing
The Smart Manufacturing Leadership Coalition definition states, “Smart Manufacturing is the ability to solve existing 
and future problems via an open infrastructure that allows solutions to be implemented at the speed of business 
while creating advantaged value.” Smart Manufacturing is being predicted as the next Industrial Revolution.

SME Small and Medium Enterprises
SOC Standard Occupational Classification as defined by the Office for National Statistics
SPADs Single Photon Avalanche Diodes

SRPe Scottish Research Pool in Engineering - collective collaborations between Engineering departments in Scottish 
Universities

STEM Science, Technology, Engineering and Maths

SUPA Scottish Universities Physics Alliance - The collective collaborations between Physics departments in Scottish 
Universities

TIC Technology Innovation Centre at Strathclyde University

Triple Helix approach

The Triple Helix thesis is that the potential for innovation and economic development in a Knowledge Society 
lies in a more prominent role for the university and the hybridisation of elements from University, industry and 
Government to generate new institutional and social formats for the production, transfer and application of 
knowledge (https://hstar.stanford.edu/3helix_concept)

TRL Technology Readiness Level – ranges from basic research (level 1) to proven products / services (level 9)
UKRI UK Research and Innovation
UKTI UK Trade & Investment – a UK government department
VC Venture Capitalist

Vertical markets A vertical market is a market in which vendors offer goods and services specific to an industry, trade, profession, or 
other group of customers with specialized needs.

World leading 
(REF2014) Highest scored available in the REF exercise
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