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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.
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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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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.

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.

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

Homeland 

security

Ultra- 
sensitive

 

chemical 

detectio
n

Remote  

gas leak
 

detectio
n

Military 

communic- 
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Medical 

diagnost
ics

Pollution 
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g

Infra red
 

imaging

Industrial 
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controls

Real-time 

combustion 

controls

 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

COMPANIE
S
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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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