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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).
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As the data and charts presented below show (Source: “Young Company Finance” magazine, 2016), Scottish companies 
generate a high number of investment deals, with Scotland attracting more deals per head of population than many 
European countries, including the UK as a whole. However, most of these deals are at the sub-£2M level, which is typically 
the “business angel” investment space. However, Scotland compares less favourably for deals of sizes >£2M with both 
the number of deals and average investment value per head of population lagging the rest of the UK, Ireland, Sweden 
and Denmark. Deal sizes would need to increase by 33% in the £2M to £20M range to match the UK average.  Given the 
positive comparison on early stage deals (<£2M), this suggests that companies who raise angel investment may find 
raising later stage capital (>£2M) more challenging, creating a “ceiling” on the investment (and therefore in many cases 
growth) they are able to secure – the so called “second equity gap” for companies raising larger Series A and B+ levels of 
funding between £2M - £10M. 

The “second equity gap” has created the following challenges for companies/ investors:

nn In the absence of Series A and larger levels of VC investment, existing investors are required to support 
their existing investee companies with a greater number of follow-on rounds over a greater timeframe;

nn Often the quantum of these follow-on investments reflects the capacity of existing investors to follow 
their money, rather than the funding requirement of the company – resulting in many companies receiving 
investment over several rounds of funding;

nn The increasing levels of follow-on investment puts pressure on existing investors, limiting their ability to 
fund new investments; 

nn The overall lack of trade exits has prevented many investors recycling returns into existing portfolios and 
new investments. 

Whilst these are the challenges, there are significant opportunities for Scotland. Raising investment performance to 
match the rest of the UK will result in Scottish companies raising an extra £18M per year (in £2M to £20M deals) and 
£72M (in £20M+ deals). In addition, it is anticipated that successfully addressing the £2M+ gap will remove one of the 
current bottlenecks in Angel funding, providing potential exit routes for existing angel investments and enabling them to 
recycle more cash, and quicker, into new ventures. 

At present, SIB has issued a tender to try and address this “second equity gap” by the creation of a new fund or funds 
to fill it. However, irrespective of whether SIB manages to create new fund(s) locally, there is a structural deficiency i.e. 
Scotland’s very limited ability to articulate its investment market needs, both cash and non-cash (business competencies 
/ skills and business networks), with much larger and in many cases more specialised or sophisticated investors from 
capital markets outside Scotland. 
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The Risk Capital Market in Scotland
The chart below is taken from The Risk Capital Market in Scotland Annual Report 2015, prepared for Scottish Enterprise by 
Young Company Finance.

 

The chart provides aggregate annual data on the number of deals (214) and level of investment (£430M). As the figures 
can be dominated by a few very large deals, the dotted line also shows the aggregate level investment excluding deals of 
£10M and above (=£166M). 

 

The chart above highlights the significance of the top ten deals in 2015 which, at £318M, represents 74% of the market 
(the 204 smaller deals represent £112M and 26% of the market).
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The chart above provides a breakdown of the number of deals by investments bands:

nn Higher over £2M = 21

nn Middle £100k - £2M = 145

nn Lower under £100k = 45

The chart below provides a breakdown of investments by new deals (£41M) and by follow-on deals (£388M).
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The following two charts provide information on investors.

 

The chart above provides a breakdown of investor type by level of investment. It highlights the significance of VC and 
institutional investors who, typically, support the Higher Band deals, with business angels and public sector investors 
supporting the Middle and Lower Band deals.  

 

The chart above provides a percentage breakdown of deals by the location of lead VC and institutional investors. Non-UK 
investors are typically involved in the very large deals. 
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Investment Market for Technology Companies
As detailed within the Audit report, HEIs in the Central Belt produce a high level of spin-out, start-up and growth 
technology companies. A relatively high proportion of these depend on enabling technologies as defined in this Audit. The 
typical funding path for growth of these companies involves seed and Series A round equity investment from the local 
(Scottish) investment market. Often the “exit” from such companies comes by trade sale, typically to companies outwith 
Scotland, though typically some economic activity is retained in Scotland beyond the exit event. The regional economy 
would benefit more were indigenous technology companies able to finance and deliver their growth for longer from a 
Scottish base.
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3FBio is a Strathclyde spin-out in the Industrial Biotechnology Field. 
Its proprietary system will allow new and existing biorefineries to 
produce the much higher value-added product mycoprotein (equivalent 
to the synthetic foodstuff marketed today as Quorn) from the same 
feedstocks as are currently used to produce only biodiesel and animal 
feedstuffs. This will open up the potential for profitability in the 
biorefining sector, adding much more value to the raw materials and 
reducing net environmental impact.

Alba Ultrasound is a Strathclyde start-up that is a world-class 
technology leader in the field of Ultrasonic Transducers and Arrays. Its 
depth of knowledge in the field of Piezocomposite Technology gives it a 
dominating platform of expertise, combining state of the art technology 
with an innovative team of experienced professionals.

Glasgow spin-out company. Develops automated ozone generation 
equipment for surface decontamination applications in industries such 
as food, medical and consumer goods. The Company has raised ~£3M 
in venture capital from IP Group plc, Sussex Place Ventures and Scottish 
Investment Bank

Bellrock Technology’s mission is to increase support for operational 
decision makers in established industries by accelerating their use of 
innovative data analytics. Its initial focus is the electric power industry, 
which is under pressure from rising costs, growing energy demand 
and ageing plant. Bellrock works with utilities and their R&D partners 
to design, implement and deliver live analytics applications for a 
wide range of industry problems. The company is a spinout from the 
University of Strathclyde. 

Cascade Technologies is the world’s leading designer, developer and 
manufacturer of Quantum Cascade Laser based gas analysers and gas 
emission monitoring systems. Acquired in December 2014 by Emerson 
Process Management (USA) which has invested further in the Stirling 
operation. 

Chromacity Lasers is a spin-out from Herriot Watt University. The 
founding team has over 40 years’ experience in ultrafast lasers and finer 
lasers. Chromacity has developed wavelength tuneable femtosecond 
lasers from the ultraviolet (400 nm) to the mid-infrared (>6 µm) for 
industrial and scientific applications in fluorescence microscopy, gas 
spectroscopy, laser material processing and semiconductor engineering.
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Coherent, Inc. is one of the world’s leading providers of lasers and laser-
based technology for scientific, commercial and industrial customers 
competing in the most demanding markets. The Scottish facility 
resulted from the acquisition by Coherent of Strathclyde-spin-out 
Microlase Optical Systems Ltd

Glasgow spin-out company. Developing a portfolio of enabling 
technologies aimed at transforming the design and discovery new 
materials for a variety of industry sectors.  £3.3M private placement to 
enter the AIM market in September 2015.

Edinburgh Instruments, established in 1971 as one of the first 
University spinout companies in the UK, the company was acquired by 
Techcomp in 2013. Edinburgh instruments continues its partnership 
with the Scottish and EU research base to develop and sells 
fluorescence spectrophotometers on a global basis.

Helia Photonics is a spinout from Heriot-Watt physics department, 
HELIA and their founder, Prof Gerald Buller remain strongly involved 
within Quantum research and develops and manufactures high quality 
optical coatings for the global laser and photonics sector.

Using a novel chemistry & recovery process, Horizon Proteins Limited 
are developing “Fish food from Distillery by-products” such as pot-ales 
that were previously evaporated and fed to livestock. As a replacement 
for fish meal in the aquaculture industry, Horizon Proteins circular 
economy approach benefits the environment, reduces waste and 
energy consumption.

Hydrafact Ltd is a Heriot-Watt spin-out company that is an experienced 
provider of independent technical services to the upstream oil and 
gas industry, based on expertise and sensor technology. Hydrafact is 
recognised as a leader in gas hydrates, flow assurance and PVT and 
has delivered over 500 projects successfully delivered worldwide. Its 
services support improved production and safety performance in this 
critical industry sector.

APPENDIX B 
Example Spin-outs and Start-ups

http://www.croningroupplc.com/index.asp
https://www.edinst.com/
https://www.helia-photonics.com/
http://www.horizonproteins.com
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Hydrason Solutions is a spinout from Heriot-Watt Ocean Systems lab, 
Hydrason are developing broadband “dolphin inspired sonar” primarily 
for the O&G & military sectors. Hydrason has developed bespoke 
analysis algorithms that differentiates between manmade materials 
(plastics/ air/metal/oils etc.) and naturally occurring rock, sand or 
gravels.

  Intense Photonics Ltd is a Glasgow spin-out which uses proprietary 
Quantum Well Intermixing (QWI) technology and manufacturing 
processes to create diode laser products with unrivalled levels of power, 
brightness and reliability for range of markets.

Microsense Technologies Ltd is a Heriot-Watt spin-out that won 
the prestigious Converge Challenge competition in 2016. MTL is a 
service company based on a patented product called FoodSense 
that provides an advanced sensor system for the food and drink 
industries. Combining novel sensing technology, advanced electronics 
and software algorithms, the sensor system is an automated, online 
monitoring system measuring the variation of the composition of a 
product. MTL uses is proprietary sensor technology to enable advanced 
manufacturing in the  food & drink sector.

mLED Ltd was a Strathclyde spin-out that developed novel devices 
based on micro light emitting diode technology (mLEDs). Its MLEDs had 
[some features]. The company gained customers in the field of digital 
printing, and location-finding devices, before developing business in 
wearables and being acquired in 2016 by a large US company.

Optoscribe Ltd is a 2010 spin-out from Heriot-Watt supporting high-
precision 3D laser micro-manufacturing. It provides a proprietary 
enabling technology that uses lasers to etch glass blocks for connecting 
optical fibres together in data centres. Optoscribe has raised >£1M in 
funding since 2015.  

Photon Force is a University of Edinburgh start-up in image sensing 
which won the Converge Challenge in 2015. Building on over a decade 
of successful research experience in time-resolved imaging from 
the CMOS Sensors & Systems Group at the University, Photon Force’s 
mission is to provide innovative, high quality, and accurate sensor 
technology to facilitate research, with an initial focus on the biomedical 
field. Until now, single photon detection and timing capabilities have 
only been available as separate, bulky, and low-throughput pieces 
of equipment. Photon Force’s products help speed up the research 
process by streamlining these features into a single, simple unit, easily 
integrated into an existing lab setup.

http://www.hydrason.com
http://www.css.eng.ed.ac.uk/
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PowerPhotonic is a pioneer in the use of laser micro-machining for 
the manufacturing of precision micro-optics products for laser and 
optical applications. A spinout of Heriot-Watt physics department, 
PowerPhotonic use lasers to directly sculpt microlens arrays onto 
optical surfaces to perform beam correction, focussing or provide 
coupling between optical systems. From its base in Scotland, 
PowerPhotonics lens arrays find wide application in high power diode 
lasers, industrial material processing, telecoms and projection.

Palpation Diagnostics is a joint spinout between NHS Lothian, 
Heriot-Watt & Edinburgh Universities, within a Royal Society of 
Edinburgh Enterprise Fellowship, Palpation Diagnostics is currently 
trialling a Digital Rectal Examination (DRE) device that promises 
a quantitative diagnosis on prostate cancer reducing the need for 
biopsy or invasive procedure. 
http://www.sunergosinnovations.com/company-creation/spinout-
projects/pre-spinout-projects/

Pure Li-Fi is a University of Edinburgh spin-out company focusing on 
Visible Light C ommunication (VLC) technology. In simple terms VLC 
technology enables a simple LED light bulb to be turned into a high speed 
communications device similar to a Wi-Fi, recently referred to as Li-Fi. 
Interest in this technology has been growing as the radio spectrum, 
traditionally used for wireless data transmission, is becoming more and 
more congested. With 10,000 times more bandwidth available in the 
visible spectrum and with the LED light bulb market growing rapidly, the 
time to commercialise this interesting technology has come.

SeeByte is a Heriot-Watt spin-out that provides clients in the Military 
and Oil and Gas sectors with the most advanced software to enhance 
the capabilities of their underwater sensors, vehicles and systems. 
spinout from Heriot-Watt Ocean Systems lab now owned by US based  
Bluefin Robotics Inc. SeeByte employs >100 staff developing software 
solutions for the global AUV & ROV tracking & imaging market. With key 
customers in Military and offshore energy, SeeByte retains strong links 
to the research base and pipeline of new technologies.

Smarter Grid Solutions spun-out from Strathclyde in 2008, and 
offers Distributed Energy Resources (DER) integration and control 
products and services for power utilities and DER operators. DER are 
growing globally and network operators are faced with the challenge 
of integrating low carbon energy technologies and operating a 
more flexible system. SGS provides a real-time, autonomous and 
deterministic control solution based on its Active Network Management 
(ANM) technology. Power utilities have already saved £millions and 
connected 100s of extra MegaWatts to their networks using SGS 
technology and the company has raised over £4.5M from corporate 
venturing and VCs.

APPENDIX B 
Example Spin-outs and Start-ups

http://www.powerphotonic.com
http://www.sunergosinnovations.com/company-creation/spinout-projects/pre-spinout-projects/
http://www.sunergosinnovations.com/company-creation/spinout-projects/pre-spinout-projects/
http://www.seebyte.com
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Synaptec Ltd is a highly-innovative Strathclyde spin-out company, 
founded in 2014 with a mission to reduce the downtime and operating 
costs of electrical power networks by providing cost-effective, high-
performance instrumentation capable of underpinning present and 
future monitoring, protection and control functions. 

A Glasgow spin-out company, TCS develops and exploits thermoelectric 
systems and sensors enabling energy harvesting in markets from 
automotive to defence. Company has an international customer base 
and is now preparing for significant investment.

µFraction8 (micro-fractionate)  - http://ufraction8.com/  as a 2017 
RSE Enterprise Fellow, µFraction8 are developing high flow rate 
microfluidic water purification systems that rapidly remove pathogens 
(giardia, legionella etc.) from potable water and has application to cell 
separation, de-watering and bio-processing.
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The following is a list of some of the relevant translational assets within the audit region that work to help bridge the gap 
between research within academia and the provision of products and services by industry.

nn Advanced Forming Research Centre (SU)

nn Advanced Nuclear Research Centre (SU)

nn Aerospace Centre of Excellence (ACE)

nn CENSIS Innovation Centre for Sensor and Imaging Systems

nn Centre for Ultrasonic Evaluation (CUE) (SU)

nn Centre for Process Analytics and Control Technology (CPACT, SU)

nn Concurrent and Collaborative Design Studio (CCDS)

nn Continuous Manufacturing and Crystallisation Centre (CMAC, SU)

nn Datalab Innovation Centre

nn Edinburgh Centre for Robotics & Autonomous Systems (HW)

nn Energy Technology Partnership

nn Engineering Academy

nn EPSRC Centre for Innovative Manufacturing in Laser-Based Production Processes (HW)

nn Formulation Unit

nn Fraunhofer-CAP (SU) 

nn Glasgow School of Simulation and Visualisation (GU)

nn Higgs Centre for Innovation

nn High Value Manufacturing Catapult (SU)

nn IBioIC (Industrial Biotechnology Innovation Centre)

nn Interface

nn James Watt Nanofabrication Centre (GU)

nn Kelvin Nanotechnologies Ltd (GU)

nn Kelvin-Rutherford Nanotechnology Services Ltd

nn MakLab (under development Dundee, Stirling, Paisley, Edinburgh)

nn MAKLab Ltd Glasgow & Dumfries

nn Measurement / Metrology (NPL Scotland)

nn National Wind Tunnel Facility

nn NMIS (National Manufacturing Institute Scotland)

nn Offshore Renewable Energy Catapult
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nn Power Networks Demonstrator Centre (SU)

nn Satellite Applications Catapult

nn School of Textiles and Design (HW)

nn Scottish Institute for Remanufacture

nn Scottish Manufacturing Advisory Service

nn Scottish Microelectronics Centre

nn Strathclyde Space Institute (SSI)

nn SU2P

nn Technology & Innovation Centre (SU)

nn The Alan Turing Institute

nn UK Astronomy Technology Centre

Many of these translational assets have undergone recent reviews, unfortunately the findings for some e.g. the AFRC 
were not available at the time of writing. The Reid review and EKOS evaluation (footnote 1) support the statement within 
the main report that the Innovation Centres are engaged with business and at the local level, with further evidence of 
engagement at different levels given below. In addition, the formal “Mid-term Evaluation Report for Fraunhofer CAP” 
completed June 2015 (unpublished), which was conducted by independent industrialists and scientists from the UK and 
from Germany, gave a glowing report and strong recommendations for continued investment. 

The following provides additional information about a sub-set of these key translational assets, predominantly ones 
highlighted within the main report. This additional information is included to demonstrate the range of sub-themes and 
variety of engagement mechanisms supported. 

The information has been collated through a series of pro-formas as a means of standardising the information provided 
so that the key messages stand out. 

APPENDIX C 
Examples of Regional Translation Assets 

Footnote 1: http://www.sfc.ac.uk/Priorities/Innovation/IndependentICReview/ICReview.aspx
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Advanced Forming Research Centre, part of the High Value Manufacturing Catapult (HVMC).

Carrie Shaw, Head of Operations 

Period of Operation (including end date if fixed by funding)
AFRC has been operating since 2008 with no end date planned. 
Scale (level of funding; no. of people)
The AFRC building was established in 2009/10 with £16M funding from Scottish Enterprise with a 
further contribution of £3.3M towards extending the infrastructure in 2012/13, more than doubling 
the size of the building. AFRC has also received £30M since 2011 in funding from the HVM Catapult for 
investment in equipment, infrastructure and capability development.

AFRC is targeting £16M turnover in 16-17 and currently has 131 employees. 17-18 targets are for 
turnover of £20M and increasing headcount to 165 with a 5 year plan to grow to over £60M turnover. 

Overall AFRC investment, since 2008, is £115m, consisting of £70m capital capability and £45m 
collaborative research and development (CR&D). 
Background Information.
AFRC was established based on industrial demand for forging and forming support, and was initially 
mainly based around a membership model (£200k per company per year, with all funds going into 
a central pot with shared access to IP). The option for companies to engage AFRC directly through 
commercially funded projects or engage in collaborative research and development (CR&D) has always 
existed, but initially these engagement mechanisms were less utilised than the core membership. 

With AFRC being awarded the HVMC as part of a consortium in 2011, this accelerated the growth of 
the AFRC through investment in capability development and enabled a widening of the offering to 
industry.
Primary mechanism for engagement
AFRC engages with companies through CR&D (mainly I-UK, AGP etc.), directly funded commercial 
work, and also through the membership model, which still exists but now makes up a smaller 
proportion of overall funding due to the other engagement mechanisms growing at a faster rate. 
Engagement remit & reach (Local / UK / EU / Worldwide)
AFRC’s remit through HVMC is to support UK industry, although the AFRC was established prior to 
being part of HVMC therefore the reach is global, with member companies based in the US, EU and UK. 
Due to the nature of forming and forging (a relatively small market, but with worldwide activity), the 
reach is global but we are finding as we broaden the offering beyond traditional forming and forging 
(automation, composites, digital manufacture etc.) that our customer base is growing rapidly and tends 
to be more UK/Scottish based companies, particularly as AFRC focuses on developing the proposal to 
Scottish Government for a National Manufacturing Institute for Scotland (NMIS). 
Key challenges
One of the key challenges that the AFRC faces is growing quickly enough; recruiting the right highly 
skilled staff and growing our facility quickly enough to house all of the equipment required to service 
the opportunity areas (some of the equipment is very large scale compared to what is seen more 
usually in a university due to being production scale rather than lab scale).
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How do you work with other translational assets?
AFRC has delivered collaborative projects with a number of other translational assets both across UoS 
(e.g. CUE, WARC, AMRL, ANRC, NPL, DMEM and other academics) and beyond. As part of the HVMC 
we engage in a programme of Catapult-funded collaborative capability development with the other 6 
centres and also refer enquiries to each other where appropriate.
What needs to be in place to help you work better collectively?
In terms of getting projects established, better information sharing between translational assets about 
the capabilities available and increased communication about enquiries or calls and how we might 
respond collaboratively would help. AFRC has ring-fenced some of its Catapult funding allocation 
over the past couple of years to allocate to collaborative capability development with other academic 
departments that will lead to collaborative projects being delivered (circulated calls UoS-wide for 
proposals that are a ‘Route-to-Impact’) with some success. We have considered opening the call out 
beyond Strathclyde in future years which may help, but it’s the communication routes and willingness 
to collaborate that will lead to increased/larger scale collaboration. 

APPENDIX C 
Examples of Regional Translation Assets 
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Aerospace Centre of Excellence

Contact: Prof Massimiliano Vasile

Period of Operation (including end date if fixed by funding)
No end date, the centre is part of the Department of Mechanical & Aerospace Engineering at the 
University of Strathclyde and was founded in 2016.
Scale (level of funding; no. of people)
The Aerospace Centre of Excellence (ACE) in the Department of Mechanical & Aerospace has a 
portfolio of research projects that is worth nearly £6M. The centre collects 10 staff members covering 
a wide range of topics in aerospace, ranging from theoretical and computational aeroscience to 
astrodynamics.
Background Information
The Aerospace Centre of Excellence (ACE) was funded in 2016 to encapsulate three application labs: 
Advanced Space Concepts laboratory (ASCL), Future Air-Space Transportation Technology laboratory 
(FASTT) and Intelligence Computational Engineering laboratory (ICElab). The centre was created to 
facilitate collaboration and communication and to share resources across the three laboratories.

ACE develops frontier research on innovative concepts and solutions for current and future space 
systems, sustainable aerospace transport, space exploration, satellite applications and the sustainable 
exploitation and colonisation of space. The research in ACE has a target horizon of more than 50 years in 
the future but deploys practical solutions, over a wide range of Technology Readiness Levels, to respond 
to the needs of today. 
Primary mechanism for engagement
ACE starts from a base of existing collaborations with major platform integrators like Airbus and 
Thales, collaboration with all major space agencies (ESA, CNES, DLR, UKSA, JAXA and NASA) and a 
number of SMEs in Scotland and abroad. Starting from these existing collaborations ACE acquires 
funding from the European Commission, ESA the UK Space Agency and other funding bodies to 
develop research with a bottom up approach. At the same time the collaboration with industry leads 
to sponsorships for the development of specific technologies and to the translation of research into 
knowledge exchange to responds to the needs of industry and society.
Engagement remit & reach (Local / UK / EU / Worldwide)
ACE has a wide range of collaboration both nationally and internationally. ACE is currently connected to 
over 40 institutions worldwide, the majority of which are in Europe, USA, China and Japan.

Key Areas of Research

nn Advanced Space Concepts Laboratory (ASCL)
The ASCL undertakes frontier research on visionary space systems. Our work is delivering radically new 
approaches to space systems engineering to underpin new technologies for space exploration, new 
space services and the sustainability development of space activities. Our research projects are in the 
following areas:

- Cubesat and small satellites services and technologies
- Swarm engineering and networked systems
- Space situational awareness and space traffic management
- Minor bodies exploration, exploitation and manipulation
- Autonomous systems
- Advanced space concepts
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Key challenges
In its operational capacity, ACE is facing one key challenge: to translate research into practical 
applications while, at the same time, supporting a wide base of fundamental research activities that 
are curiosity driven. 

From a  research point of view ACE is strongly engaged in the solution of key societal, scientific and 
economy challenges with particular focus on resilience in complex engineering systems,  sustainable 
aerospace transport and sustainable exploitation and exploration of space.
How do you work with other translational assets?
ACE is part of the Strathclyde Space Institute and works in close collaboration with the Centre for 
Space Mechatronics in DMEM, the Department of Physics and the Centre for Excellence in Signal and 
Image processing in the EEE department.
What needs to be in place to help you work better collectively?
Since ACE is a new centre, more communication to academia and industry on what ACE is and what 
can offer would certainly help.

nn Future Air-Space Transportation Technology Laboratory (FASTTlab)
FASTTlab is a multidisciplinary research unit developing and integrating a range of aerospace 
technologies required for future sustainable aerospace systems. The vision of the laboratory is to 
transform the global air-space transportation system that include superior performance, safety and 
sustainability. Our research projects are in the following areas:

- Theoretical and computational aeroscience
- Trajectory and design optimisation for trans-atmospheric vehicles 
- Environmental impact of aerospace activities
- Planetary re-entry modelling and analysis
- Advanced propulsion systems

nn Intelligent Computational Engineering Laboratory (ICElab)
ICElab develops advanced research on artificial and computational intelligence techniques with 
particular focus on optimisation, optimal control, uncertainty-based multidisciplinary design 
optimisation and machine learning applied to the design and control of complex engineering systems. 
Our research projects are in the following areas:

- Continuous and combinatorial optimisation methods
- Design for robustness, reliability and resilience
- Approaches for uncertainty treatment 
- Machine learning for data analytics and engineering design
- Optimal control of complex engineering systems

APPENDIX C 
Examples of Regional Translation Assets 
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CENSIS: Innovation Centre for Sensor and Imaging Systems   

Ian Reid, CEO

Period of Operation (including end date if fixed by funding)
Launched 2013 with funding renewal date March 2018.
Scale (level of funding; no. of people)
£10m for initial 5 years plus £2m CAPEX.     

Staff - 19 FTEs.
Background Information
One of eight Innovation Centres (ICs) funded by the Scottish Funding Council (SFC), CENSIS – the 
Innovation Centre for Sensor and Imaging Systems (SIS)- enables industry innovators and university 
researchers to collaborate at the forefront of market-focused sensor and imaging systems innovation, 
developing products and services for global markets to create sustainable economic value in the 
Scottish economy.
Primary mechanism for engagement
Industry challenge led projects with Scottish HEIs.
Engagement remit & reach (Local / UK / EU / Worldwide)
Sensor and imaging systems is a key enabling technology achieving quality, efficiency and performance 
across all key markets. CENSIS works with companies of all sizes and sectors; from developers of 
sensor systems solutions to organisations that may need to use, or are interested in accessing, SIS 
technologies to improve or grow their business. CENSIS’ aim is to help companies generate economic 
growth, e.g., by transforming ideas into new products or services or breaking into new markets. The 
primary focus is economic benefit for Scotland, but CENSIS can also engage with companies via 
national and international networks and programmes including, but not limited to, Innovate UK and EU 
calls.
Key challenges
nn The wide span of technology and end applications

nn Articulating the importance of emerging and enabling technologies to the wider stakeholder base

nn Building and securing funding for large scale game-changing projects

nn Working with an SME-dominated industry structure
How do you work with other translational assets?
nn Co-funding of major projects with Enterprise Agencies

nn Collaborative projects with other ICs and Research Institutes such as AFRC

nn Joint IC outreach activities with others, including several Catapults

nn Cross-referrals etc. 
What needs to be in place to help you work better collectively?
An overarching mission and themes for the innovation ecosystem, and contiguous remits for key 
actions and goal alignment. This can be driven by a clearly defined theme – such as advanced/digital 
manufacturing within a clearly defined region – with an attendant action plan that articulates the role 
of various actors, particularly the translational assets.
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Centre for Ultrasonic Engineering 

Prof Anthony Gachagan, Director

Period of Operation (including end date if fixed by funding)
The Ultrasonic Research Group (established in 1980) at Strathclyde, was rebranded The Centre for 
Ultrasonic Engineering (CUE) in 1998 with funding from SHEFC. There is no end date.
Scale (level of funding; no. of people)
~£1.2m/year through a number of research and KE grants; ~65 people (academics, postdoctoral 
researchers, PhD/EngD students and support staff)
Background Information
CUE was established in 1998, from the Ultrasonic Research Group at Strathclyde, with support from 
SHEFC. The Centre has grown by over 300% since being established and is a cross-Faculty entity with 
representation in both Electronic and Electrical Engineering and Mathematics & Statistics. 

The Centre for Ultrasonic Engineering has a unique set of facilities to undertake research and 
knowledge exchange projects in the field of ultrasonic system design, implementation and application. 
These include: analytical and numerical modelling, signal and image processing, array imaging, NDE, 
robotics and automation, bio-acoustics, process control, and structural condition monitoring. Over 
the past 20 years, CUE has achieved an international reputation in the field of ultrasonics and an 
extensive portfolio of collaboration work spanning government, academic, RTOs and industry, with UK, 
European, and worldwide organisations, has helped to maintain a significant research presence. CUE 
is an interdisciplinary research grouping with key capabilities in engineering, mathematics, materials, 
chemistry, physics, biology and signal processing. In 2009, The Facility for Innovation in Structural 
Testing (FIRST) laboratory was established within CUE, assisted by an EPSRC equipment grant (EP/
G038627/1). This laboratory is equipped to facilitate technology transfer collaboration in the field of 
NDE.

CUE was a founding member of the EPSRC and industry funded Research Centre for Non-Destructive 
Evaluation (RCNDE) in 2003. This organisation currently has six academic collaborators (Imperial 
College, Bristol, Warwick, Nottingham, Manchester and Strathclyde), 15 full industrial members and 
over 35 associate members. RCNDE is now is its third phase of EPSRC funding (2014-2020) and is 
aligned with the EPSRC funded CDT in Quantitative NDE. Moreover, RCNDE is a strategic partner with 
EPSRC.
Primary mechanism for engagement
Collaborative project work funded through RCUK, IUK, KTP, SE (CENSIS, OGIC, etc), EU and industry. 
We also undertake consultancy contracts across all applications of ultrasonic technology. Thus CUE 
operates across the TRL range 1-7 and has significant industrial collaborations in a broad range 
of application areas: underwater sonar, aerospace, consumer products, nuclear, power, health and 
manufacture.

CUE is also active in a large scale industrial/academic partnership: RCNDE, AFRC and ANRC, which 
provides excellent engagement with the industrial community and ensures the focus of core research 
and technology transfer activities is well placed to generate meaningful impact. 

Collaboration is critical to the current and future success of CUE. This encompasses academia, industry 
and RTOs, and this approach provides a strong platform from which CUE is able to deliver across a 
wide TRL range.
Engagement remit & reach (Local / UK / EU / Worldwide)
CUE has a global outlook and has a number of active research and KE collaborations with academia, 
industry and RTOs across 4 continents. The majority of CUE activities are based in the UK and Europe, 
but there are worldwide active links in Australia, Hong Kong, USA and Canada, for example. 

APPENDIX C 
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Key challenges
nn Adaptive inspection technologies
nn Transduction systems for extreme environments
nn Autonomous inspection systems
nn High-throughput automated inspection systems
nn High resolution metrology for automated/autonomous systems
nn Engineering advanced sensor systems inspired by bioacoustics science
nn Automated feature identification and reporting
nn Efficient processing of large array datasets
nn Real-time control of welding and additive manufacturing processes
nn High performance (bandwidth and sensitivity) ultrasonic transduction
nn Advanced signal/data processing integrated into a real-time inspection/monitoring system

nn Inspection of highly attenuative and/or highly scattering materials 

The following are some of the operational challenges:

nn Funding model to ensure employment continuity for high quality researchers to engage and deliver 
industrially facing projects. Such staff are funded through individual contracts/projects, which 
makes short-term projects difficult to resource.

nn Progression of research students into postdoctoral positions to maintain and develop key expertise 
within Centre.

nn Upgrading of key equipment and facilities to ensure technical capabilities are appropriate to 
develop next generation technologies.

nn Maintaining strong links with Funding Bodies to ensure quick response to specific calls.
How do you work with other translational assets?
nn Collaborative projects with industry and academia
nn Engage in the KTP scheme linking industry and academia
nn Consultancy services and feasibility studies with industry
nn Relationships with large academia/industry partnerships
nn Utilise the broad discipline base within the Centre to participate in multi-disciplinary programmes
nn Maintain strong links with a broad base of funding bodies within key industrial sectors 

What needs to be in place to help you work better collectively?
nn A number of Knowledge Exchange Fellows operating within the Centre to engage with external 

organisations and support the successful delivery of projects. The current mode of operation is 
inflexible due to the postdoctoral researcher cohort being aligned with individual contracts.

nn Promotion of industrial secondments to increase understanding between academic researchers 
and industrial needs. 

nn Funding to support networks and forums (both national and international) to provide a platform to 
develop new collaborative activities.

nn Promotion of funding schemes into the SME sector to encourage supply chain organisations to 
engage with academic partners to deliver the next generation of products/services.
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Concurrent and Collaborative Design Studio (CCDS)

Prof Massimiliano Vasile

Period of Operation (including end date if fixed by funding)
No end date, the facility was delivered as part of the Strathclyde Technology Innovation Centre and 
have been effectively operational since 2016
Scale (level of funding; no. of people)
The facility was an investment of the University and has an estimated value of £50,000. It is managed 
by the Aerospace Centre of Excellence in the Department of Mechanical & Aerospace. Besides 
the IT support of the TIC building (1FTE), three staff of ACE are in charge of the maintenance and 
development of the facility. The facility hosts a maximum of 34 people at full capacity.
Background Information
Concurrent engineering is a method of designing and developing products, in which the different 
stages run simultaneously, rather than consecutively. It decreases product development time and also 
the time to market, leading to improved productivity and reduced costs. 

The CCDS at Strathclyde University was conceived and designed following the same model of the 
concurrent design facility in ESA and is currently in the list of European facility that ESA is considering 
for future collaborations. The CCDS was initially conceived to allow complete end-to-end space and 
system and mission design. However, the facility allows for the design of any system and product.

The facility is set up to allow concurrent engineering sessions with a full team of people on site or with 
multiple teams deployed in different facilities around the world and working collaboratively via web.
Primary mechanism for engagement
The facility is conceived to allow people to work collaboratively on projects of difference size, crossing 
distance barriers.  It is also a laboratory to develop new methodologies and software tools for design, 
uncertainty quantification and otpimisation of products and processes. It can be used by academics 
and industry or a mix of both.
Engagement remit & reach (Local / UK / EU / Worldwide)
The CCDS is designed to allow concurrent engineering sessions with multiple entities around the world. It 
uses a number of modern communication systems and tools to access the tools in the facility and share 
information. The research goal of the facility is to develop new advanced tools for collaborative design, 
for uncertainty quantification, machine learning and for embedding resilience in product and process 
design. The tools developed within the CCDS incorporate elements of artificial intelligence to give support 
to the designer, facilitate the exchange of information and improve the quality of the design.
Key challenges
One of the main challenges comes from the use of heterogeneous tools across different centres 
located in different countries. Distributed design sessions are a challenge but would improve the whole 
design and manufacturing process, removing inconsistencies and reducing paperwork. The challenge 
is to extend the concept of model based systems engineering on a global scale and over distributed 
systems. To this one can add other two key challenges: one is the introduction of robustness and 
resilience in the design cycle and the other is to provide automatic feedback to designers on the quality 
of the design solution. Both challenges are currently addressed within the UTOPIAE, 4 million euros 
H2020 project, led by ACE, in which the CCDS will play a key role.
How do you work with other translational assets?
The CCDS is connected to Archie the HPC facility available to the staff at Strathclyde and can be 
accessed both physically and virtually (via virtual server) by all members of the Strathclyde Space 
Institute and by other research groups on site at Strathclyde.
What needs to be in place to help you work better collectively?
The facility is currently not well known yet and more information to potential users is required.

APPENDIX C 
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Continuous Manufacturing and Crystallisation - CMAC (Future Research Hub)

Craig Johnston, Industry Director

Period of Operation (including end date if fixed by funding)
12.25 years (01/10/2011 – 31/12/2023)
Scale (level of funding; no. of people)
£150m (£37m cash) (£113m leveraged) 
Personnel 137 people
Background Information
CMAC was initiated in 2011 as a Centre for Innovative manufacturing in Continuous Manufacturing and 
rystallisation and ran until December 2016.  In 2017 CMAC was re-launched as the Future CMAC Hub, 
to run until end 2023. CMAC is a world-class international hub for manufacturing research and training. 
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.
Primary mechanism for engagement
CMAC’s vision is to revolutionise the way pharmaceuticals and high value products are made.  The 
approaches developed and adopted within CMAC have been developed through close collaboration 
with industry and the support of its Tier 1 partners, which include GlaxoSmithKline, AstraZeneca, 
Bayer, Lilly, Novartis, Roche and Takeda. CMAC has Tier 2 members which are 16 technology 
companies and service providers ranging from the multinational Siemens through to SMEs. CMAC also 
has collaborative links with a wider network or organisations. https://www.cmac.ac.uk/translation.htm 
Engagement remit & reach (Local / UK / EU / Worldwide)
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 Tier 1 Industry partners. 
CMAC has strong international academic links through:
nn A collaborative international doctoral training programme for 8 students as part of a strategic 

partnership between Strathclyde and NTU Singapore;
nn Co-founding the International Institute for Advanced Pharmaceutical Manufacturing (I2APM) – a 

collaboration between CMAC, C-SOPS (Rutgers, Purdue, NJIT) and RCPE (Graz)with support from 
NSF and ESPRC until 2018; 

nn has co-organised the International Symposium on Continuous Manufacturing of Pharmaceuticals 
(ISCMP) in 2014 and 2016;

nn and is part of the NPL Scottish Hub based at Strathclyde hosting 3 joint studentships. 

CMAC has a doctoral training centre with students currently based at Bath, Cambridge, Edinburgh, 
Glasgow, Heriot Watt, Loughborough and Strathclyde. It also has a facility based in the technology 
and Innovation Centre at Strathclyde which can be accessed by academics or industry through the 
National Facility Team  e: national-facility@cmac.ac.uk. CMAC has hosted very successful Open Day 
events in 2012, 2013, 2015 and 2017 that are a key date in the diary for professionals in the field of 
continuous manufacturing and advanced crystallisation.  The latest event had over 250 delegates from 
70 organisations across the world.  
Key challenges
nn Articulating the importance of continuous manufacturing of pharmaceuticals and fine chemicals  as an 

emerging and enabling technology to stakeholders 
nn Generation of supply chains for continuous manufacturing of pharmaceuticals and fine chemicals  in 

Scotland, UK and internationally

https://www.cmac.ac.uk/translation.htm
mailto:national-facility@cmac.ac.uk


27

nn Lack of demonstration scale facilities for companies to demonstrate their end-to-end continuous 
processes 

nn Securing public or private finance for the scale-up and commercialisation of continuous end-to-end-
processes

nn Translation of low TRL level projects (CMAC currently operates across TRL 1-5) into commercial impact
nn Ability to sustain and develop the talent pipeline to our industry partners capable of supporting, 

innovating and operating all aspects of end-to-end continuous processing
How do you work with other translational assets?
The Hub has developed relationships with a number of existing translational assets in the UK that include:

nn Collaborative projects with industry and academia 
nn AMSCI funded industry research programmes - ReMediES & ADDoPT
nn Innovate UK funded collaborative R&D projects
nn RCUK funded IAA and KTP
nn Joint PhD programmes with NPL
nn Establishing relationships with central facilities (Diamond Light Source)
nn CRUK Formulation Unit – opportunities to implement technologies with small scale GMP clinical 

trials footprint
nn MHRA – regular meetings with UK regulatory, and stimulating EU focussed regulatory engagement 

with advanced manufacturing technologies and implications
nn HVM Catapult as innovation spoke for the Hub, invited to join Advisory Board 

CMAC has also been involved in working with CPI to develop a proposal for a UK Medicines 
Manufacturing Innovation Centre (MMIC). Currently defining strategic partnership between Strathclyde 
and MMIC to encompass skills, technical support for process design and analytical service provision 
exploiting the world class facilities and excellent research base established with CMAC in TIC.
What needs to be in place to help you work better collectively?
1. Sustained support for pharmaceutical manufacturing with targeted, long term support for key 

organisations and infrastructure to support collaboration, basic and applied research, training and 
translation.

2. Strategic support for interactions between key research, innovation partners and manufacturers and 
supply chain partners across the UK to support next generation manufacturing.

3. Major investment in key infrastructure to support pharmaceutical manufacturing research: 
developing opportunities include: a molecular processes measurement centre; MMIC; capital support 
for a digital infrastructure for CMAC manufacturing research and high performance computing to 
enable Industry 4.0 working in processing industry.

4. Support the early and sustained engagement of manufacturing activities in healthcare-provider and 
patient related initiatives relating to medicines supply e.g. NHS Scotland. There are opportunities to 
bring advanced capabilities to small scale manufacture close to the patient/point of delivery.

5. Targeted capital investments in digital Hub and further development of CMAC National Facility 
infrastructure to handle potents/antibiotics.

6. Access to funds for SMEs to ease access to research base and advanced facilities e.g. in CMAC 
National Facility.

7. Sustained support for funding for skills and training – current CMAC CDT due to end in 2018, need 
long term support to sustain the talent pipeline and meet the needs of industry and innovation 
partners for expert researchers (60% of CMAC alumni have gone into industry posts to date).

8. Translational skills support to support CMAC links with MMIC.

APPENDIX C 
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CPACT (Centre for Process Analytics and Control Technology)

Natalie Kerr, CPACT Administration Manager or Professor David Littlejohn

Period of Operation (including end date if fixed by funding)
20 years 
Scale (level of funding; no. of people)
Self funded by our membership fees.
2 Administrative staff (1 full time and 1 part-time)
1 Technical Director (one day per week)
2 Post-docs (part-time posts)
Background Information
CPACT was formed in July 1997 through the Foresight Challenge with an EPSRC/CDI award of £1.34M; it 
is one of the few remaining Foresight Centres.  CPACT was established as an inter-disciplinary industry-
university consortium to promote advanced process monitoring and control techniques.
CPACT is a self-sustaining organisation, which has won grants from EPSRC, EU, BIS and industry in the past.
Established successful three-way collaboration between academic, technology vendor and end-user companies
Primary mechanism for engagement
The Centre for Process Analytics and Control Technology (CPACT) is the leading network for companies 
seeking advice and research on all areas of process performance monitoring and control.
CPACT addresses the manufacturing challenges being faced by the chemical, biochemical, 
pharmaceutical, food and materials processing industries through the unique synergy of end-user 
process manufacturers, analytical vendor companies and control systems solution providers.

CPACT has Five Strategic Themes
1. Research & Development
2. Conferences & Networking
3. Technology Transfer
4. International Collaborations
5. Expert Training 

CPACT’s research programmes focus on innovations in technologies for process optimisation, 
monitoring and control that provide business benefits to member companies.
Research topics include:

nn Advances in in situ and non-invasive techniques
nn Multivariate data fusion for predictive modelling and performance monitoring 
nn Process chemometrics for data processing and quantitative analysis
nn Data mining
nn Reactor technologies
nn Statistics and statistical modelling
nn Bioprocess performance monitoring
nn Real-time property measurements
nn Supply chain design and optimisation 

Projects involve a wide range of batch and continuous processes and related advances in 
measurement, analysis and modelling technologies



29

Engagement remit & reach (Local / UK / EU / Worldwide)
CPACT engages with industry and academia.  We have end-user and vendor partners which are from 
the UK, EU and Worldwide.

The research is industry-shaped and provides routes to tangible scientific and technological benefits in 
process manufacturing.  CPACT addresses the manufacturing challenges being faced by the chemical, 
biochemical, pharmaceutical, food and materials processing industries through the unique synergy of 
end-user process manufacturers, analytical vendor companies and control systems solution providers.

We also work with the Knowledge Transfer Network (KTN).  KTN’s relationship with CPACT facilitates 
communications with a broad range of companies, providing industry with valuable information 
and ensuring that CPACT is aware of the drivers and needs of companies across chemistry-using 
industries.

CPACT runs an annual conference entitled Advances in Process Analytics and Control Technologies 
(APACT).  This is a leading international 3-day conference.

CPACT are also joint organisers of the triennial European Conference on Process Analytics and Control 
Technology (EuroPACT).  This is also a leading international 3-day conference.
Key challenges
nn Maintain position as the leading process analytics and control technologies network in Europe
nn Assist access to the latest research and enable technology transfer
nn Continue to produce high quality researchers and trained PAT scientists
nn Help companies assess new technology through short feasibility studies
nn Coordinate grant applications to leverage R&D funding 
nn Extend training for both industrialists and academics
nn Influence the production of next generation analysers and data analysis software
nn Support advances in development and manufacturing processes 
nn Help members drive improvements in processes and increases in profitability

How do you work with other translational assets?
nn Collaborative projects with industry and academia
nn KTP’s with industry and academia
nn Feasibility studies with industry and academia
nn Relationship with Knowledge Transfer Network
nn Relationship with Scottish Funding Council, EPSRC, Fraunhofer
nn Work closely with GDCh (The German Chemical Society) 
nn Work closely with Dechema (Society for Chemical Engineering and Biotechnology)
nn Work together with various colleagues to pull together EU calls 

What needs to be in place to help you work better collectively?
nn Funding to facilitate national and international forums for development of collaborative activities 

across sectors and geographical regions
nn Funding to establish more secondments into and from industry in the areas of process analytics and 

control technologies, to assist with translation of improved practices and innovative technologies
nn Funding to help SMEs and supply chain organisations to upskill in process analytics and control 

technologies

APPENDIX C 
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Edinburgh Centre for Robotics & Autonomous Systems

Prof. David Lane (HWU)  and Prof. Sethu Vijayakumar (UoE), Centre Directors

Period of Operation (including end date if fixed by funding)
2013-2020. Expected to run longer and renewal of CDT planned in 2018.

Joint Venture with Edinburgh University established in 2013 with £35M investment from EPSRC and 
industry. 

£8M capital equipment setup as a national facility with access to all universities in the UK. Centre for 
Doctoral Training running since 2014.
Scale (level of funding; no. of people)
> £3m/year; 35 people
Background Information
Heriot-Watt has established the Edinburgh Centre for Robotics in Edinburgh in 2013; via support from 
EPSRC Capital Equipment and Centre for doctoral training support. The EPSRC funds are supplemented 
by significant industry funding. A new building to collocate all HWU activities will open in August 2017. 
Primary mechanism for engagement
Via collaborative project work, joint PhDs; also consultancy contracts and innovate UK initiatives.
Engagement remit & reach (Local / UK / EU / Worldwide)
Engagement is mostly within the UK, but also engage with EU companies, RTOs, and international 
research (e.g. links to Standford and MIT).
Key challenges
Developing the next generation of robotics technologies and skills (PhDs) to capture the growing 
opportunities in robotics and autonomous systems worldwide. The centre has an emphasis on 
interactions (with the environment, between robots to promote collaboration and with humans). 
Applications areas span from field robotics (subsea inspection, autonomous driving, agriculture) to 
service robotics (e-health) and human robot interactions. 
How do you work with other translational assets?
Collaborative research with sensing researchers (CENSIS) and other robotics initiatives in the UK. Plans 
to engage more with manufacturing hubs and quantum hub (imaging). 
What needs to be in place to help you work better collectively?
Collaborative spaces where researchers, industry and students can meet and work collaboratively on 
specific problems. Living labs replicating real world environments. 
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Fraunhofer-Centre for Applied Photonics (FCAP)

Martin Dawson, Head of Centre

Period of Operation (including end date if fixed by funding)
Established in March 2012(ongoing) 
Scale (level of funding; no. of people)
nn Fraunhofer CAP has grown in its first five years, to March 2017, to 24 staff and 17 PhD students.
nn An initial investment of £8.7M was raised for that period (from University of Strathclyde, Scottish 

Government, Scottish Enterprise, Scottish Funding Council and Fraunhofer Gesellschaft) to support 
development against the business plan

nn An additional ~£20M of external project funding (61 projects) has been competitively won for all 
partners with £6M of that being won directly for Fraunhofer CAP.

Background Information.
Fraunhofer CAP was established following a UK Government letter to Fraunhofer Gesellschaft inviting 
their participation in the UK.  Several front runners emerged from a meeting of 20 interested UK 
universities in Stuttgart in 2010.  The University of Strathclyde bid was successful in securing the UK’s 
first Fraunhofer Centre due to several factors: the excellent scientific research base in the region, the 
strong industrial cluster, the existing collaborations with Fraunhofer in Germany, the leadership team 
and the business case for growth. The Institute of Photonics remains a separate and substantial centre 
of excellence within the University and provides an interface for Fraunhofer CAP. 

Fraunhofer CAP was funded with an initial investment package of £8.7M of which one third was 
from Fraunhofer Gesellschaft, underscoring the international view of the excellence in academic and 
industrial photonics in the region. (Fraunhofer Gesellschaft is Europe’s largest applied R and D provider, 
with 24,000 employees in Germany alone, is often referred to as the gold standard in technology 
transfer and has operated internationally for more than 20 years.)
Fraunhofer CAP follows the Fraunhofer model which includes several key aspects:
nn the well-known financial aim of balancing core government support with industrial and 

collaborative income in roughly equal thirds
nn academic leadership- the Head of Centre (a professor) is a joint appointment with the University
nn the importance of post-graduate training 

In five years, Fraunhofer CAP has built a significant base of repeat Scottish and UK customers.  
nn More than 90% of all projects include a UK customer
nn more than 80% of all projects have an SME as the main beneficiary
nn more than 80 % of all projects include a company in the SIA region
nn more than 50% of all projects are with a single UK SME

Primary mechanism for engagement
Fraunhofer CAP seeks to have a roughly equal balance of income between:
nn Directly contracted applied R and D, for industry
nn Collaborative R and D (H2020, Innovate UK type mechanisms) 

Fraunhofer CAP operates with its own staff, laboratories and equipment. Project durations range from short 
term consultancy to multi-year projects. 
 
Quantum Technologies is one rapidly emerging sector which accounts for around 30% of Fraunhofer CAP’s 
income this year. Fraunhofer CAP also delivers projects to; Energy (~30%) Environmental Sensing (~20%), 
Health and Life science (~10%) Defence and Security (~10%). 

APPENDIX C 
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Fraunhofer CAP also has a training mission, with a large cohort of PhD and EngD students gaining an 
experience which prepares them for working in industry. 

(Fraunhofer does not make use of any membership models, remaining equally open to working with any 
organisation.  Fraunhofer is not IP driven and does not have IP metrics)
Engagement remit & reach (Local / UK / EU / Worldwide)
Fraunhofer CAP’s remit is to support the UK economy, including the strong local cluster in photonics, which 
naturally provides collaboration opportunities across the Fraunhofer network and the EU.  As a not-for-
profit company registered in the UK, IP is owned in the UK and any surplus (return over and above the yearly 
business plan) is re-invested in the UK. As a rapidly established centre of excellence Fraunhofer CAP also 
works internationally and has contracts well beyond Europe.
Key challenges
nn Photonics and Quantum Technologies are enabling technologies.  To those in the know, this provides 

a platform of possibilities which reaches into a wide range of sectors.  A better understanding from 
stakeholders, and the public, is a challenge, as the immediacy of impact is often hidden.  Space, defence, 
aerospace and life science sectors present well understood headline impacts while the photonics 
enabling the advance is not credited.

nn The gender balance in STEM recruitment is a key challenge, which if successfully addressed would also 
address the overall STEM numbers issue.

nn Business planning is very challenging given the dominance of SMEs in the photonics area and their 
limited access to finance to enable their scale-up ambitions.  SMEs are often unwilling or unable to 
commit to long term projects.  Fraunhofer CAP is pleased to work with SMEs, making a substantial 
difference to their R and D capabilities, but with around 80% of income to date from projects including 
SMEs, their financial constraints limit Fraunhofer CAP’s ability to plan for growth.

nn Access to EU nationals to work in the UK is potentially our biggest challenge.
How do you work with other translational assets?
Fraunhofer CAP works collaboratively with a large number of other translational assets both across the 
University of Strathclyde and well beyond using a broad range of mechanisms 

nn Fraunhofer CAP works collaboratively with many translational assets in the region on a variety of 
Innovate UK and H2020 projects (partners include Heriot-Watt University, NPL, University of Strathclyde 
(Physics, EEE, Bioengineering, Institute of Photonics)

nn Fraunhofer CAP has also been a subcontractor to several universities, often in the Quantum Technology 
Hubs, as well as being subcontracted by Catapult.

nn Fraunhofer CAP also subcontracts to other translational assets, where appropriate, to best deliver 
projects for the customer (e.g. engaging Italian, German and Polish organisations to deliver a European 
Space Agency contract).

nn Fraunhofer CAP is also subcontracted to by translational assets who have won EPSRC and BBSRC 
support, particularly in a role to help the route to market and impact.

nn Fraunhofer CAP has also had occasional secondments to and from university partners to meet specific 
project needs.

What needs to be in place to help you work better collectively?
RCUK fund universities at 80% of their Full Economic Costs, which disincentivizes their use of subcontractors. 
Subcontracting to RTOs, or other appropriate organisations, best placed to help with impact results in the 
Universities having their overhead recovery very adversely reduced.  University grants from RCUK should 
fully fund any subcontract work, at 100% of its cost, to ensure that they are able to prioritise achieving the 
maximum impact from their work.

Other innovation initiatives and brokerage entities are typically created to allow companies better access to 
the HEI part of the research base and do not include the RTO sector in the list of those approved to receive 
their support.  A more rounded understanding of the availability of scientific and engineering excellence from 
the RTO sector, across the UK, would be beneficial for all concerned.
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Higgs Centre for Innovation (part of the Science and Technology Facilities Council, STFC, in partnership with the 
University of Edinburgh).

Dr. Julian Dines (Head of Innovation at the UK Astronomy Technology Centre) – julian.dines@stfc.ac.uk.

Period of Operation (including end date if fixed by funding)
Due to start operations towards the end of 2017.

Ongoing funded committed by STFC thereafter.
Scale (level of funding; no. of people)
When fully operational the centre will house approx. 50 people – a mixture of start-up companies, 
business support personnel (STFC), big-data analytics researchers (Edinburgh University), and PhD 
students (Edinburgh Uni and others, working with the start-up companies). It will also contain multiple 
clean-rooms and test facilities which will be run by STFC engineering staff with support for SMEs using 
these for specific activities (integration, test, etc).
Background Information
The Higgs Centre for Innovation is a new purpose-built, industry-facing building currently under 
construction alongside the UK Astronomy Technology Centre’s (UK ATC) Crawford Laboratory on the 
Royal Observatory Edinburgh (ROE) site. It will house: a Business Incubation Centre (BIC) with support 
from international organisations in the Space and Particle Physics areas, with up to 12 companies, 
and the associated business support activity to promote the growth of the incubatees; co-located 
academic researchers in Data Intensive Science, including PhD students who will work with the start-
up companies; a Data Visualisation and Remote Presence suite to support the Big Data sector and 
a comprehensive suite of nano-satellite / micro-satellite test facilities located in dedicated clean-
rooms, targeted at SME users. The UK government awarded STFC £10.7M of capital to develop the 
building in order to accommodate more industry-focused activity with two key themes of Space and 
Big Data (Data Analytics), based on STFC’s business incubation expertise, technical capabilities of 
UK ATC & STFC and local academia. STFC has committed to the running costs, and will operate the 
centre in collaboration with the University of Edinburgh and supported by a number of international 
organisations.
Primary mechanism for engagement
nn Intensive start-up company support through the Business Incubation Centre, with an alumni 

network for companies as they graduate (after 2 years). A comprehensive support package is 
available to those companies who are accepted into the BIC.

nn Facilities and technical expertise provided to the incubatees – from STFC/UK Astronomy 
Technology Centre and the University of Edinburgh.

nn Interaction between academics (University of Edinburgh and others) and the start-ups through 
seconded doctorate-level students (PhD, CDT, EngD, etc)

nn Utilisation of Big-Data Visualisation suite and Micro-/Nano-Sat Test Facility by SMEs – particularly 
from Northern UK.

nn Specialist Micro-/Nano-Sat remote sensing (Earth Observation) instrumentation test facilities, 
leveraging the expertise of the UK ATC, made available to SMEs – principally across the UK, but 
potentially further afield.

Engagement remit & reach (Local / UK / EU / Worldwide)
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nn Start-up companies will be head-quartered at the ROE site for the first 2 years, and will then move 
out into other business accelerators either locally or nationally.

nn SME users of facilities expected to come primarily from the North of England, and Scotland.
nn Users of specialist Earth Observation remote-sensing facilities are likely to be drawn from across 

the UK, and possibly wider.
nn The Remote Presence facility will have links into Harwell Campus (Oxfordshire), Daresbury 

Campus and Hartree (Warrington), as well as various other potential sites such as ESA (ESTEC, 
the Netherlands), HPC and Big Data centres, Archer (Edinburgh), the TIC (Glasgow), BioQuarter 
(Edinburgh), etc. It is expected that these links will develop and grow as the centre comes into use.

Key challenges
nn Driving economic growth within the UK through supporting start-ups and SMEs.
nn Ensuring formal agreements with large international organisations happen within the timeline of 

the centre build.
nn Getting the word out around the targeted communities regarding what is about to be offered to 

ensure good take-up from the beginning.
nn The provision of follow-on support, networking opportunities, etc – when a start-up has graduated 

from the BIC – to help encourage companies to stay within the UK and not relocate abroad.
nn Meeting users’ facilities needs in a rapidly moving industry, and ensuring capabilities keep pace 

with demand.
How do you work with other translational assets?
nn Already established close connections with many other support entities and intermediaries – 

including Scottish Space Network, SoXSA, Fraunhofer, Bayes Centre, etc – as well as most of the 
industrial players in the space sector in Scotland, and many further afield.

nn Already running joint events with other organisations – e.g. Satellite Applications Catapult, Scottish 
Space Network – using space at the UK ATC.

nn Signposting to other support entities, where appropriate – particularly for key areas of expertise.
nn Transitioning start-up companies, when they have graduated from the BIC, into the most 

appropriate follow-on / accelerator centres for their particular needs.
nn See also entry for the UKATC which will provide technical expertise for the Higgs Centre.

What needs to be in place to help you work better collectively?
nn Longer term, strategic view on investments in the sector to minimise duplication and maximise use 

of already funded capabilities and facilities.
nn Regional and national acknowledgement and promotion of clusters of expertise. 
nn Additional funding mechanisms for translational R&D from both Universities and Research 

Institutes into industry, particularly SMEs.
nn Stable, long-term space technology development support, through the National Space Technology 

Programme (NSTP).
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IBioIC (The Industrial Biotechnology Innovation Centre)

Dr Jude Huggan, Business Development Manager 

Period of Operation (including end date if fixed by funding)
5 years (2014-2018)
Scale (level of funding; no. of people)
£10M core grant (from the SFC) with leverage of £40-45M (total activity)

Staff – 18.4 FTE’s
Background Information
IBioIC is one of eight SFC-funded Innovation Centres, designed to accelerate and de-risk industrial 
biotechnology (IB) projects using the academic expertise available within Scottish Universities.  IBioIC 
equips industry with a variety of tools required to aid the development of commercially viable prod-
ucts, processes and services and in doing do has established an innovation and growth engine that has 
yielded economic impact and created employment in Scotland.
Primary mechanism for engagement
IBioIC is an industry-led Innovation centre with aims to build upon current capabilities in IB across a 
variety of important sectors in Scotland, such as Chemical Sciences, Life Sciences and Manufacturing, 
in order to rapidly exploit innovation and increase commercialisation.  IBioIC seeks to facilitate the link 
between industry and academia and harnesses the intellectual power of the Scottish Universities to 
solve industry-led problems.
Engagement remit & reach (Local / UK / EU / Worldwide)
IBioIC engages with industry, academia and other stakeholders in the innovation landscape in Scot-
land, UK and the wider IB community with the primary focus being on generating economic impact for 
Scotland.  IBioIC regularly hosts networking and member events designed to encourage collaboration 
between industry and academia and to generate inward investment opportunities for Scotland.

The tools IBioIC use to aid commercial development include:  project funding; skills programme (PhD, 
MSc, HND); Technical Consultant Network; and Open-Access Equipment Centres – all designed to 
accelerate and de-risk the IB commercialisation process.

IBioIC has a global reach and is active across all colours of biotechnology.  IBioIC regularly presents at 
national and international conferences and supports industry projects that exploit the assets available 
in Scotland for economic benefit.  IBioIC are involved in a variety of national and international networks 
and funding initiatives that support the development of commercially viable projects at scale, including 
for high value manufacturing, such as BBI-JU, H2020 and other EU funded programmes, as well as UK 
and Scottish Government funded initiatives.
Key challenges
nn Articulating the importance of IB as an emerging and enabling technology to stakeholders 
nn Generation of supply and impact chains for IB in Scotland and the UK
nn Lack of demonstration scale facilities for companies to demonstrate their bio-processes 
nn Securing public or private finance for the scale-up and commercialisation of bio-processes
nn Translation of low TRL level projects into commercial impact
nn Obvious bias of government incentives towards certain technologies which stifles innovation from 

other emerging technologies (e.g. as evidenced by the Renewable Heat Incentive)
nn Lack of a talent pipeline capable of navigating companies through the scale-up process
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How do you work with other translational assets?
nn Collaborative projects with other Innovation Centres
nn Collaborative projects with industry and academia (Scottish Universities and the N8 Universities)
nn Co-funding of projects with Enterprise Agencies (Scottish Enterprise/Highlands and Islands 

Enterprise) 
nn Co-funding of projects with Zero Waste Scotland
nn Joint outreach activities with other Innovation Centres 
nn Relationships with Scottish Development International and Skills Development Scotland
nn Excellent relationship with Scottish Funding Council, FE Colleges, HE and Research Institutions and 

funders (such as BBSRC, Innovate UK)
nn Member of similar organisations across the globe (ACIB, MBCOI)
nn Member of BioPilots UK (UK-wide open access equipment centres)

What needs to be in place to help you work better collectively?
Clear, defined themes and alignment of goals that articulate pathways of innovation that are sector 
agnostic such that companies looking to commercialise a process know the appropriate steps in their 
innovation journey and understand the tools they need to do this.  A simplification of this innovation 
journey would be advantageous.  
nn Ensure access to available finance such that it would aid innovation (commercialisation of 

invention) nearer commercialisation
nn Ensure plentiful supply of skilled people from various sectors with experience in growing 

companies on hand to provide consultancy
nn Introduce public procurement for emerging sectors based on disruptive technologies to allow 

supply chains to develop

nn Introduce sector specific funding initiatives to drive the adoption of new technologies 

Plans for the future include exploiting the assets available to Scotland that capitalise on experience in 
key areas of IB that will provide the next step in the development of this key sector in Scotland.  These 
include:
nn Marine Bioprocessing Centre – to capitalise on expertise in blue biotechnology
nn Synthetic Biology Centre – to capitalise on Scotland’s expertise in Synthetic Biology
nn Demo-scale Biorefinery – to exploit the potential of the circular economy in areas such as 

lignocellulosics andmunicipal solid waste.
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James Watt Nanofabrication Centre, University of Glasgow

Prof Iain Thayne, Director 

Period of Operation (including end date if fixed by funding)
In operation since 2005 but nanofabrication cleanrooms have been in Glasgow since 1978. Glasgow 
took delivery of the first commercial electron beam lithography system in any UK university in 1990.
Scale (level of funding; no. of people)
Grant portfolio £55M (£2.1M cash for industrial work in financial year 2015/16), 25 staff, 200 users, 
1350 m2 of class 10 to class 10,000 cleanrooms with £35M of equipment. The Centre presently has 
£45.6M funding for photonics projects and £30M of Quantum Technology projects (Glasgow has a 
total of £33.6M Quantum Technology funding). The total income over the last 10 years is over £135M.
Background Information
The James Watt Nanofabrication Centre is a 1350 m2 cleanroom run as a pseudo-industrial operation 
which uniquely enables the co-delivery of fundamental, applied, translational and commercial research 
and commercial development work from one facility. The Centre has £35M of equipment run by 25 
technical and operational staff and commercial access is available through Kelvin Nanotechnology. 
Glasgow has > 37 years of experience of delivering micro- and nano-fabrication with integrated 
processes available for III-V CMOS, III-V MMICs, III-V photonic integrated circuits, III-V optoelectronic 
components (DFB lasers, DBR lasers, SOAs, AOMs, QCSE modulators, photodetectors), Si photonics, 
Si nanowire FETs, mid-infrared InSb sources and detectors, lab-on-a-chip, microfluidics, MEMS 
gravimeters, Si and multi-junction photovoltaics, functional AFM probes and integrated quantum 
technology. The Centre holds many world records which includes single line electron beam lithography 
down to 2.5 nm, layer-to-layer alignment of 0.46 nm rms (2 silicon atomic diameters), the fastest 
mode-locked diode laser, the fastest diamond transistor and the lowest noise figure in a III-V HEMT at 
30 GHz. The centre has been involved in manufacturing over 5% of the DFB lasers deployed into data 
centres globally in the financial years 2015/16 and 2016/17 and 100% of the thermal AFM probes sold 
globally over the last 8 years.
Primary mechanism for engagement
nn For universities, collaborative research programmes are the best route for developing and 

delivering new technology using funding agencies such as EPSRC, Innovate UK, BBSRC, MRC, 
Wellcome, EC, ERC, DSTL, MOD, US DOD, DARPA, Gates Foundation, etc. The STFC facility provides 
routes for STFC funded projects to get access.

nn Kelvin Nanotechnology provide commercial and paid academic access to the facility and industrial 
use ranges from access to the cleanroom to “black-box” delivery of a technology to clients.

nn At present there are at least 15 PhD students working in the cleanroom who are funded by 
industrial collaborators (including DSTL, CSTG, Kaiam, Oxford Instruments, QinetiQ, Clyde Space, 
KNT).

nn As all 28 UK cleanrooms are industrial partners or collaborators on Glasgow grants, the centre also 
has an excellent view of which industrial fabrication lines to translate technology into production 
facilities.

nn The cleanroom is the only major cleanroom funding in the UK as part of the UK Quantum 
Technology National Programme and is delivering technology through collaborative grants into all 
4 UK Quantum Technology Hubs.
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Engagement remit & reach (Local / UK / EU / Worldwide)
nn The Centre has delivered nanofabrication and microfabrication devices and services over the last 

5 years to 37 UK Universities, 90 international universities in 24 countries (48 in the Times Higher 
Education top international universities list) and over 300 companies in 28 countries worldwide (116 
UK companies) which includes 12 of the top 20 semiconductor multinationals.

nn The cleanroom is the STFC Kelvin Rutherford facility and a strategic partner to DSTL.
nn It was part of the EPSRC III-V National Facility between 2010 and 2016 which has now been changed 

to an epitaxy centre in 2016.
nn It is also the major funded cleanroom in the UK Quantum Technology Programme delivering 

technology into all four UK Quantum Technology Hubs strongly engaged with the Glasgow QT grant 
portfolio of £33.6M.

Key challenges
nn Articulating the science behind and the experience requirements for the delivery of high quality 

micro- and nano-fabrication technology.
nn Developing new processes on new equipment or materials when funding is aimed at applications.
nn Explaining to funding agencies and peer review the key challenges for manufacturing of micro- and 

nano-technology systems.
nn Maintaining trained users as it takes a minimum of 1 year to train a user to be able to deliver 

technology using the cleanroom.  Investment in high-level skills is required not only to maintain the 
delivery from JWNC but also to support emerging industries building on the advanced fabrication 
capabilities such as Quantum Technologies.

nn International pull for students and researchers trained in the James Watt National Centre to work 
with Intel, IBM, Global, TSMC, ST Microelectronics, etc….  

nn Maintaining delivery whilst having only single tools in parts of critical paths for delivery of devices and 
systems.

How do you work with other translational assets?
nn Collaborative projects with other universities (Scottish Universities, UK Universities and International 

Universities). At present we have projects with 37 UK universities and 90 international universities.
nn Collaborative projects with industry and academia (Scottish, UK and EC industry and academia 

especially Innovate UK). The centre has delivered technology over the last 5 years to 116 UK 
companies and over 300 companies in 28 countries including 12 of the top 20 semiconductor 
multinationals. At present the centre has 11 funded Innovate UK project all in photonics and quantum 
technology.

nn Secondments from industry for people to work in the cleanroom alongside students and researchers 
to aid the industrial operation approaches and model. This has included engineers from Kelvin 
Nanotechnology, TSMC, Intense and M Squared Lasers.

nn Co-funding of projects with Enterprise Agencies: many Scottish Enterprise projects have used the 
facility.

nn Excellent relationship with funding agencies (EPSRC, Innovate UK, BBSRC, MRC, Wellcome, EC, ERC, 
DSTL, MOD, US DOD, DARPA, Gates Foundation, etc. ).

nn Use our supply chain and translational experience to partner industry with appropriate partners to 
deliver products to market.

nn The centre is a member of a number of professional organisations including Technology Scotland, 
NMI and JEMI. We frequently receive requests from these organisations to use our vast network to 
solve supply, fabrication or manufacturing challenges for their industrial members.
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What needs to be in place to help you work better collectively?
nn A plentiful supply of skilled people who can be trained as users to deliver.
nn Resource to allow better administrative support.
nn Resource to allow better PR and advertising of the available capability and facilities.
nn Sufficient money to allow significantly more of the inventions from the centre to be protected 

through patents and more funds to aid translation to industry. 
nn More funds to allow academia or industry to translate technologies into production.
nn Projects to allow the development and qualification of new fabrication processes to improve yield.

nn Resource to aid the integration of present modelling tools with device yield statistics to improve yield. 

Plans for the future include exploiting the assets available to capitalise on the experience in micro- and 
nano-fabrication, photonics and quantum technology which includes:
nn Manufacturing centre for integrated quantum technology.
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Kelvin Nanotechnology Ltd (KNT)

Brendan Casey, CEO

Period of Operation (including end date if fixed by funding)
17 years, 2000 -1017
Scale (level of funding; no. of people)
In the last financial year, KNT turnover was in excess of £1.5M with a growth trajectory to be over £2M 
in the next 12months. 85% of turnover is commercial business to business contracts, with 15% being 
innovation R&D and technology exploitation grants. KNT employs 16 staff, 9 of whom hold a PhD, and 
has worked with over 250 companies in 22 countries in the last 5 years. 
Background Information
KNT is a wholly owned subsidiary of the University of Glasgow and was set up as the commercial 
arm of the James Watt Nanofabrication Centre. KNT develops commercial opportunities for the 
centre and executes contracts using JWNC equipment and KNT and JWNC staff. KNT has four core 
revenue streams. These are production electron beam lithography services, device and component 
prototyping and small scale manufacture, niche products and innovation grants. Production ebeam 
is 65% of income and the fastest growing part of the business. The main market sectors driving 
growth are Datacoms and Telecoms where KNT has a 5% market share (Frost&Sullivan, 2017) of the 
grating production for DFB lasers for deployment in data centers and fibre to the home applications. 
Component prototyping covers a wide range of sectors from medical diagnostics to quantum devices. 
KNT currently produces the ion and atom trap devices for NPL for applications in quantum sensing 
and computing. There is overlap between this part of the business and the grant funding and niche 
products. Niche products are developed through innovation grants and by being an exploitation 
partner on academic research grants. KNT is the exploitation partner in one EU FP7 project for 
scanning thermal microscopy with a total budget of €12.9M, three Innovate UK R&D projects on 
ion trap and laser technologies for quantum applications worth £2M and is the exploitation partner 
on 6 EPSRC grants totalling £49M. Through grant funding KNT will build up a product portfolio. The 
company currently supplies scanning thermal AFM probes as a product and has 100% of the global 
market. The technology behind this product was developed by an academic team in the JWNC and 
exploited by KNT. In a similar fashion, the strategy is to add quantum products to the company offering 
where it is already part of the supply chain and has excellent market understanding and penetration. 
This approach, and a strong partnership with the JWNC, will expedite commercial deployment of 
components developed through academic research and industrial R&D. To deliver on this, KNT has 16 
staff focused on commercial delivery and development. The level of expertise required to successfully 
commercially exploit and deliver in these strongly regulated sectors means that of the 16 staff, 9 hold 
a PhD and KNT the industrial sponsor of 3 PhD students starting in the autumn 2017 to ensure a 
strong pipeline of skilled people.
Primary mechanism for engagement
nn Commercial contracts
nn Innovation grants
nn Secondments to and from academia and KNT
nn PhD student sponsorship
nn Qualified supply chain partnerships

Engagement remit & reach (Local / UK / EU / Worldwide)
nn KNT works with a global blue chip customer base
nn In the last 5 years we have worked with over 250 companies in 22 countries
nn Key qualified partner in global supply chain for DFB lasers for Datacoms and Fibre To The Home markets 

(5% market share)
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nn Partner with STFC on the Kelvin-Rutherford collaboration to provide fabrication and innovation services
nn Exploitation partner on 6 EPSRC grants worth £49M including one of the UK Quantum Technology Hubs
nn Partner in one EU FP7 grant with 20 partners from 10 countries worth €12.9M
nn Partner in three Innovate UK grants for quantum technology application
nn Industrial sponsor to three PhD students (Oct 2017) in photonics and quantum technology
nn KNT engineer seconded to JWNC to assist in process development and quality management
nn UoG researcher seconded to KNT to learn industrial deployment of technology

Key challenges
nn Overcoming industry concerns regarding commercial delivery from an academic facility
nn Maintaining and developing quality procedures and protocols
nn Ensuring key stakeholders understand the importance of the sectors we are active in
nn Influencing government strategic investment
nn Resourcing and funding technology translation and scaling
nn Shortage of suitably skilled and experienced people
nn Developing and strong entrepreneurial culture 
nn Understanding that developing strong business and academic relationships takes time and effort
nn Underestimating how important relationships are to developing activity of scale

How do you work with other translational assets?
nn Collaborative projects with academia and industry
nn Exploitation partner on academic grants
nn Supply chain partner with academic facilities to deliver commercial output
nn Secondments to and from KNT to academia
nn PhD student sponsorship
nn European MEng student industrial placements
nn Member of professional organisations including NMI, JEMI and technology Scotland
nn Representation on industry advisory boards and panels for academic projects
nn Representation on government and funding body advisory committees

What needs to be in place to help you work better collectively?
nn Clear strategic landscape of funding options to take technology to market and to develop 

technology to deliver on new market opportunities
nn Pipeline of skilled people
nn Centralised understanding and analysis of sector ecosystems and key organisations
nn Identify, fund and exercise supply chains to deploy new technologies
nn Build academia into the commercial supply chain model
nn Improve communications and relationships with government
nn Government funding for high risk projects at a higher rate (100%)
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Manufacturing using Industrial Lasers 

Duncan Hand, Director

Period of Operation (including end date if fixed by funding)
2003-2018
Scale (level of funding; no. of people)
> £2m/year; 25 people
Background Information
Activity is based around the Centre for Innovative Manufacturing in Laser-based Production Processes 
(and earlier incarnations) plus related projects. Heriot-Watt has hosted an EPSRC Manufacturing 
Centre since 2003, initially via the Innovative Manufacturing Research Centre scheme, and latterly via 
the Centre for Innovative Manufacturing scheme.  The EPSRC funds are supplemented by significant 
industry funding.

There are also a range of other research council, Innovate UK and EU grants focused on industrial laser 
manufacturing.
Primary mechanism for engagement
Via collaborative project work; also consultancy contracts e.g. for laser manufacturing process 
feasibility work
Engagement remit & reach (Local / UK / EU / Worldwide)
Engagement is mostly within the UK, but also engage with EU companies, RTOs, and international 
research (e.g. manufacture of “photonic lanterns” for astronomical applications.
Key challenges
Developing laser-based manufacturing processes for flexible, high productivity manufacturing; 
technologies such as lasers are essential to deliver digital manufacturing (Industry 4.0)
How do you work with other translational assets?
Collaborative research with sensing researchers; plan to engage more closely with Robotics and 
Autonomous systems (digital manufacturing agenda)
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National Physical Laboratory 

Professor Matthew Maynard, Director NPL Scotland

Period of Operation (including end date if fixed by funding)
NPL has been operating since 1900, NPL Scotland began operating in June 2016
Scale (level of funding; no. of people)
NPL Scotland has four joint funded positions and five NPL funded positions. In addition there are 
three joint funded academic positions which we are actively trying to recruit to fill, the first of who will 
join the team in June 2017. The expectation is that by the end of 2017 there will be 15 fully funded 
positions, 21 by the end of 2018.
Background Information
NPL is the UK’s National Measurement Institute; we have roughly 750 staff and 200 PhD/EngD 
students. We collaborate with 47 Universities, have an annual turnover of roughly £80m and 
traditionally have operated from Teddington in SW London. More recently, NPL has expanded its 
footprint and now operates from six sites across the UK. NPL Scotland is growing rapidly and will lead 
NPL’s work in Advanced Manufacturing. This is one of four strategic focus areas for NPL, the others 
being: digital, health & well-being and energy & environment.
Primary mechanism for engagement
Primary engagement method is either through direct commercially funded research or through 
the development of integrated project teams (IPT) that bring together industry, academia and NPL 
resources, where teams are working on shared goals with different funding sources.
Engagement remit & reach (Local / UK / EU / Worldwide)
Remit is to engage in collaborative R&D between UoS, other Scottish Universities and NPL, plus to 
extend and develop measurement knowledge and best operational practice across Scotland
Key challenges
Industrial engagement with SMEs

Differentiating ourselves in a very busy “innovation space”

Partnering with other translational assets to leverage the combined offering to those in need
How do you work with other translational assets?
To date our successes have all been through the IPT model, where NPL resources are funded partly 
through internal sources and part funded by commercial companies who operate their R&T operations 
in Scotland
What needs to be in place to help you work better collectively?
Funding to develop capability here in Scotland that can translate into jobs for a Scottish workforce and 
not just more R&D centres.
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Power Networks Demonstration Centre

David Rutherford, CEO

Period of Operation (including end date if fixed by funding)
PNDC has been operating since 2014 with no end date planned. 
Scale (level of funding; no. of people)
The PNDC facility was established in 2012/13 by the University of Strathclyde with a funding package 
of £12.5M from Scottish Enterprise, Scottish Funding Council, and the commitment of founding mem-
bers ScottishPower Energy Networks and Scottish and Southern Energy Power Distribution. Further 
investments in the facility to enhance the PNDC capabilities have exceeded £2M.

In the current 2016/17 year PNDC is targeting a turnover exceeding £3M. The team currently consists 
of 25FTE, with plans to reach 30FTE by the end of 2017.  
Background Information.
The Centre is an innovative development and demonstration facility for the delivery of critical accel-
eration in the technologies and systems that enable power grids deliver the decarbonisation, digitisa-
tion and decentralisation of energy systems. It operates an industry membership programme that in 
addition to the founding members includes UK Power Networks, Vodafone, and CISCO at Tier 1, and is 
complemented by an international mix of Tier 2 and Associate members. 

The Centre provides an environment for mid-TRL (Technology Readiness Level) and comprehensive 
systems testing, with end-to-end utility-grade realism encompassing a highly configurable medium 
and low voltage MV/LV distribution network, control room and SCADA system, measurement and com-
munications infrastructure, together with extensive power hardware in the loop capability. The envi-
ronment enables close cooperation in RD&D between utilities, developers, technologies, engineers and 
academics.
Primary mechanism for engagement
The central purpose of PNDC is to accelerate the realisation and adoption of innovative smart grid 
solutions, and thus provides a range of mechanisms for engagement ranging from late stage proto-
type evaluation and field trial support, to technology benchmarking and applied research. Companies 
engage with PNDC through commercial R&D projects, collaborative grant funded projects, and through 
the industry members’ core programme of projects. These mechanisms are furthermore complement-
ed by joint staff appointments and collaborative PhDs (e.g. with NPL).
Engagement remit & reach (Local / UK / EU / Worldwide)
The PNDC has a remit to support the UK energy sector in delivering value to customers by driving 
innovation and efficiencies in smart grid and energy technologies and systems. It furthermore has a 
remit to support Scottish and UK companies in developing innovative and competitive solutions for the 
global energy marketplace. The Centre’s engagement with the Energy Technology Partnership (ETP) 
and the Energy Innovation Centre (EIC), provide tailored routes for the support of innovation in SMEs.

PNDC’s reach increasingly has a global dimension, as its reputation and client base continues to ex-
pand to include Asian, European and USA companies and partners. Indeed, the PNDC is at the heart of 
a number of international engagement activities and projects, including taking the lead in a transna-
tional laboratory and test centre access programme for stimulating global cooperation in smart grid 
innovation that is stimulating still greater profile and wider use of its facilities. 
Key challenges
One of the main challenges faced by the PNDC is its ability to recruit the highly skilled staff fast enough 
to support its growing programmes. The translation of innovative proof of concept into business as 
usual continues to prove challenging, especially given the nature of supply chains in the network busi-
nesses.
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How do you work with other translational assets?
In addition to direct collaboration with industrial and commercial entities, the PNDC has a number of 
collaborations with a range of translational assets and their industry and academia partners. These 
include NPL, ETP, TUV-NEL, SoXSA (Satellite Applications Catapult), ORE Catapult, EIC, amongst others. 
Joint PhDs, RCUK Impact Acceleration Accounts, ETP Knowledge Exchange Network, and Innovate UK 
calls are proving helpful in funding collaborative projects. Where appropriate, colleagues from other 
assets are invited as participants to PNDC technical workshops and programme theme meetings, 
supporting the technical exchange and articulation of priority challenges and prospective projects for 
power networks. Furthermore, as a member of DERlab e.V., the Centre has opportunity to share best 
practice and develop ideas with an international membership of translational assets, including US 
national laboratories.
What needs to be in place to help you work better collectively?
Improvements in the collaboration and exploitation of synergy across different translational assets 
would be achieved by improved means of communication between translational assets to better ex-
ploit relative synergies and realise large scale multi-disciplinary projects.

Access to effective assistance schemes for the research base to support the escalation of SME innova-
tion and growth, as this would help their penetration into supply chains.

Increased funding for PhDs in applied power networks and grid technologies research will support the 
skills pipeline for both sides of the industry-academic relationship.

Investment in key infrastructure to stimulate effective research and innovation by manufacturers and 
operators in the other energy vectors, and deliver the efficiencies of an integrated energy system.
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QuantIC -The UK Quantum Technology Hub in Quantum Enhanced Imaging

Sara Diegoli, Programme Manager

Period of Operation (including end date if fixed by funding)
5 years initially (December 2014 – 2019)
Scale (level of funding; no. of people)
nn £29m including a £3m grant from the Scottish Funding Council. We have already leveraged over 

£9M through additional grants and company contributions 
nn 6 core staff plus Director and Principal Investigator
nn 25 co-investigators and 120 researchers across partner institutions – Bristol, Edinburgh, Glasgow, 

Heriot-Watt, Oxford, Strathclyde and Warwick Universities
Background Information
QuantIC is one of four quantum technology hubs that are part of the UK Government’s £270m 
National Quantum Technology Programme (UKTP) announced in November 2014 and funded by the 
Engineering and Physical Sciences Research Council (EPSRC). The hubs have been set up to exploit the 
potential of quantum science and to develop a range of emerging technologies with the potential to 
benefit the UK. 

QuantIC’s vision is to pioneer a family of multidimensional cameras operating across a range of 
wavelengths, time-scales, length-scales, creating a new industrial landscape for imaging systems and 
their applications in the UK. We have a core work programme to develop these technologies and to 
make them available to UK industry.
Primary mechanism for engagement
Collaboration is at the centre of our programme and we have a £4M Partnership Resource Fund 
designed to accelerate technology uptake by industry by supporting industry-led projects and two-way 
staff secondments. We also have a dedicated innovation space which has been funded by the Scottish 
Funding Council where companies can work alongside our researchers to develop new technology 
prototypes.

We engage with industry directly, on a one to one basis with individual companies and groups 
of companies.  In addition, we run cross sector workshops and regularly attend conferences and 
exhibitions. 

We fund collaborative industry led feasibility studies and demonstrator projects which are approved 
by our Market Opportunities Panel (MOP) which has cross industry members. The MOP also helps to 
direct industrial engagement and the work programme of QuantIC. 

To date we have also sponsored eight PhD studentships in partnership with industry, leveraging £230K 
to support the programme.
Engagement remit & reach (Local / UK / EU / Worldwide)
Our primary focus is to support UK industry. However this can only be achieved if we are engaged 
in international programmes and activities to ensure we are taking advantage of both research and 
technology developments from across the world. To this end, our researchers are involved in many 
multinational collaborations.

QuantIC receives guidance on international research and technology via our international Strategic 
Advisory Board. We have also developed an internationalisation strategy to help strategically focus our 
international efforts. Further, we have representatives on boards such as Photonics 21.

We have hosted workshops with USA government departments and academics as well as hosting 
visits from international companies. We have also funded projects with overseas companies where 
they are bringing something unique to the collaboration which will be to the benefit of the UK.

https://www.epsrc.ac.uk/research/ourportfolio/themes/quantumtech/
https://quantic.ac.uk/innovation/partnership-resources/
https://quantic.ac.uk/innovation/innovation-space/
http://www.sfc.ac.uk/
http://www.sfc.ac.uk/
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Key challenges
Quantum technologies are still at an early stage of development and persuading companies to invest 
at such a stage before competitive advantages have been demonstrated is an on-going challenge.

To date we have approved over 20 industry led projects.
How do you work with other translational assets?
We are in regular contact with the other three quantum hubs both formally and informally and have 
a strong relationship in particular with the Birmingham University based Quantum Hub on Metrology 
and Sensing.

We are in regular dialogue with both CENSIS and Fraunhofer UK and expect this to grow into stronger 
collaboration as our technology programmes develop.  Individual members of our management board 
are also members of the Fraunhofer UK and CENSIS boards.

We have also sought advice on sectoral opportunities and technology development as appropriate 
from organisations such as IBioIC.

We have supported AGRIEPICENTRE on a grant application to Innovate UK under its Commercialising 
Quantum Technologies Programme. The proposal is to investigate the applicability of quantum imaging 
to the agriculture sector.
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Strathclyde Institute for Operations Management (SIOM) 

Dr Abigail Hird, SIOM Coordinator

Period of Operation (including end date if fixed by funding)
Has been operating for a number of years since 2006, there is no planned end date.
Scale (level of funding; no. of people)
SIOM is a community of academics, industry, policy makers and intermediaries interested in 
Operations Management. The SIOM group pulls expertise across the whole university and key 
partners. The SIOM steering group (currently 8 people) consists of academics from Design 
Manufacture and Engineering Management in the Engineering faculty and the departments of Strategy 
& Organisation and Management Science from Strathclyde Business School, as well as membership 
from RKES. There are also representatives from the Scottish Institute of Remanufacture, Scottish 
Manufacturing Advisory Service and High Speed Sustainable Manufacturing Institute.
Background Information
The Strathclyde Institute for Operations Management (SIOM) brings together the leading experts in 
Operations Management and Advanced Manufacturing from Faculty of Engineering and Strathclyde’s 
Business School and to establish Operations Management as a strategic resource with a view to 
innovating and underpinning best practice Operations Management in Manufacturing.

SIOM activity focuses on:
nn Improving productivity through application of innovation new methods and established techniques.
nn Enabling a networked view across value and supply chains. This is increasingly important as the 

way we do business evolves.
nn Implementation of innovation through effective leadership, culture and change management.
nn The mission of the Institute is to provide a forum for thought leadership and to facilitate 

the advancement of the theory and practice of operations management, particularly within 
Manufacturing.  

nn SIOM has expertise and capability in a number of areas of operations management including 
business model development; business process management; decision making modelling and 
optimisation; forecasting, planning and control; quality and process management; strategic 
management and change; supply chain; and systems engineering.
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Primary mechanism for engagement
SIOM forum events 

With a typical turnout of 70:20:10 (industry: intermediary: academic), SIOM events feature provoking 
presentations, lively discussion and an opportunity for networking and signposting. They create value 
for attendees without any strings which leads to strong relationships and open dialogue,  creating an 
ideal basis for Knowledge Transfer. 

Knowledge Transfer Partnerships

Since October, conversations held at SIOM events have translated into two new KTP proposal 
submissions. 

Collaborative and Directly funded research

The SIOM network is a useful forum for case-based research. The dialogue-based nature of what we 
do enables insight into the subtleties and specifics of challenges facing industry. One example of this 
working well is a Catapult funded current project between DMEM and HSSMI – Digital Manufacturing 
Readiness Level tool development. We are able to coordinate digital manufacturing expertise and run 
workshops in conjunction with industry in order to develop a pragmatic tool that will speak to their 
needs, address their anxieties and help them prepare for a competitive future.

Supporting technical research projects

Although it hasn’t yet been realised, there is an opportunity for SIOM to support the ‘design for 
implementation’ aspects of technical research projects with a view to helping secure impact.
Engagement remit & reach (Local / UK / EU / Worldwide)
Mainly UK, however with a worldwide focus.
Key challenges
Moving from KE to Research, establishing momentum without resource, linking to context.

Opportunity to help operationalise research outcomes (help create impact) but need time and resource 
to make connections with other technically focused translational assets.
How do you work with other translational assets?
Ongoing work with the Advanced Forming Research Centre through projects e.g. the digital readiness 
tool. 

SIR rep on SIOM board (Jacqueline Balfour). 

We are an open forum – if people are on board with what we are trying to do they are welcome to 
come along and get involved.

We anticipate that the new Strategic themes will help connect SIOM with other academic groups we 
can collaborate with.
What needs to be in place to help you work better collectively?
Our current format enables us to work really well with industry and intermediaries. It would be great to 
be able to serve the academic community in terms of the operational aspects of their research. We are 
also able to help to facilitate relationships with industry where appropriate (signposting).

A prompt during the application process for funding to ask academics to consider the relevance/ 
opportunities of partnering with SIOM.

Raising awareness of Operations Management expertise.

APPENDIX C 
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Scottish Institute for Remanufacture

Jacqueline Balfour, Business Development Manager

Period of Operation (including end date if fixed by funding)
5th May 2015 – 4th May 2018.  Currently investigating the sustainability plan beyond May 2018
Scale (level of funding; no. of people)
£1.3M for 3 years. 2 Full time staff. Part-time from 3 academic staff.
Background Information
From the bid document: “The proposed Scottish Institute for Remanufacture (SIR) will align the scientific 
and technical capacity of Scotland’s major research intensive universities with the innovation needs of 
Scotland’s remanufacturers and OEMs through a structured system of knowledge exchange designed 
to identify and meet the needs of industry. The overall aim of the Institute is to support growth in 
remanufacturing profits and markets by expansion in sectors already valued at £5 Billion to the UK 
in 2009. Indeed Remanufacture, refurbishment and repair businesses already exist in many Scottish 
manufacturing sectors including Energy, Aerospace, Defense, Marine and Electronics. Consequently the 
Institute’s focus will be on both establishing new remanufacturing operations (where it is not standard 
practice in many sectors) and enhancing the efficiency or capability of existing Remanufacturers.” 
Primary mechanism for engagement
SIR facilitates a collaborative environment in which companies of all sizes and across a range of 
sectors can respond to technical challenges to increase reuse, repair and remanufacture in their 
manufacturing operations.

We help companies to identify and deliver innovation into their business, enabling collaboration 
between you and research experts from across the university base. SIR provides:

nn Matched funding to dedicate academic time, expertise and resources to industry challenges.
nn A network across industry, university partners and public sector to share knowledge and best 

practice.
nn Access to state-of-the-art and equipment and facilities to investigate and test improvements to 

remanufacturing processes.
nn Training, workshops and events to generate awareness and disseminate knowledge.

Engagement remit & reach (Local / UK / EU / Worldwide)
SIR is funded by SFC and Zero Waste Scotland (ZWS) so all collaborative projects are focused in 
Scotland. This includes working with Scottish SMEs as well as large multi-nationals with a presence in 
Scotland.

SIR is based at the University of Strathclyde but is a pan-Scotland organisation. To date we have 
projects and or close links with the University of Strathclyde, Heriot Watt University, University of 
the West of Scotland, Robert Gordon University, Abertay University, Edinburgh University and Napier 
University.

Key partners we work with are Scottish Enterprise, SMAS, Zero Waste Scotland and HSSMI. 

We also engage with partners outside of Scotland e.g. KTN, ERN (European Remanufacturing Network) 
and WRAP.
Key challenges
Developing collaborative projects is a longer process than anticipated. It takes, on average 8 months 
from initial project enquiry/identification to the project start date. It has been challenging to reach and 
make new company contacts. The landscape for business support is crowded and complex.
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How do you work with other translational assets?
Our engagement with the AFRC includes SIR funding of AFRC remanufacturing projects and 
participation in AFRC workshops/events.

The Centre for Ultrasonic Engineering at Strathclyde has SIR funded projects with one of SIR’s closest 
companies in the network.

SIR sits on the SIOM steering group and has participated in SIOM events and workshops.

We have a strong working relationship with Construction Scotland Innovation Centre (CS-IC).  We 
pulled CS-IC into the Renewables Energy working group when the need for re-use of concrete bases 
was identified as a key area for re-use.  SIR, CS-IC and ZWS also initiated and run a Deconstruction 
Working Group that cuts across industry, academia and the public sector looking at increased re-use in 
the construction/deconstruction sector. 

We have recently built a relationship with the Mountain Bike Centre of Scotland (based at Napier 
University) and co-hosted an event in January focussed at remanufacturing and re-use in the biking 
sector.
What needs to be in place to help you work better collectively?
Our collaborative work is demand driven, i.e. we reach out to the appropriate partners as need 
or opportunity arise. We do not have the capacity to proactively look for strategic partnership 
opportunities.
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Strathclyde Space Institute (SSI)

Prof Massimiliano Vasile

Period of Operation (including end date if fixed by funding)
No end date, the Institute is a cross faculty entity part of the University of Strathclyde and was 
founded in 2012.
Scale (level of funding; no. of people)
The Strathclyde Space Institute (SSI) has a portfolio of research projects that is worth over £15M. The 
Institute counts 17 academic staff members across four departments (MAE, DMEM, EEE, Physics) 
and two faculties (Science and Engineering) covering a wide range of topics in space science and 
engineering, ranging from space systems for space exploration, to satellite applications, from robotics 
and autonomy to space science, from remote sensing to access to space and space transportation.
Background Information
The SSI was funded in 2012 to encapsulate all activities in the space field at the University of 
Strathclyde. It is formed by a number of University centre: the Aerospace Centre of Excellence (ACE) in 
the department of Mechanical & Aerospace Engineering, the centre for Space Mechatronics Systems 
Technology (SMeSTech) in the department of Design Manufacturing and Engineering Management, 
the centre for Excellence in Signal and Image Processing (CeSIP) in the department of Electrical and 
Electronic Engineering, and the Centre for Space Science and Applications (CSSA) in the department of 
Physics. The Institute has a direct link with the Scottish Centre for Satellite Applications, the Scottish hub 
of the Catapult Centre for Satellite Applications, with the Sottish Space School and with the association 
of students for Space StrathSED.

The SSI develops frontier research on innovative concepts and solutions for current and future space 
systems, sustainable aerospace transport, space exploration, satellite applications and the sustainable 
exploitation and colonisation of space. The research in the SSI covers a wide range of Technology 
Readiness Levels, and is both curiosity driven with a bottom up approach and industry driven to respond 
to the needs of today. 

The SSI has access to top research facilities like the robotics laboratory in SMeSTech or the Concurrent 
and Collaborative Design Studio (for design automation in ACE and to the Archie supercomputer.
Primary mechanism for engagement
The SSI has long lasting collaborations with major platform integrators like Airbus and Thales, 
collaboration with all major space agencies (ESA, CNES, DLR, UKSA, JAXA and NASA) and a number of 
SMEs in Scotland and abroad. The major funding mechanisms is to acquires grants from the European 
Commission, ESA the UK Space Agency and other funding bodies to develop research with a bottom up 
approach. At the same time the collaboration with industry leads to sponsorships for the development 
of specific technologies and to the translation of research into knowledge exchange to responds to the 
needs of industry and society. 
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Engagement remit & reach (Local / UK / EU / Worldwide)
SSI has a wide range of collaboration both nationally and internationally. SSI is currently connected to 
over 50 institutions worldwide, the majority of which are in Europe, USA, China and Japan.

The major areas of development are: astrodynamics and mission analysis, remote sensing, space systems 
engineering, computational intelligence, hypersonics and computational fluid dynamics, aerospace 
propulsion, aerospace structures, access to space, multidisciplinary design and concurrent engineering, 
uncertainty treatment and optimisation, machine learning, robotics and autonomy, mechatronics, 
quantum physics, signal processing, astrophysics, photonics.

Active areas of application are: space situational awareness and space traffic management (including on 
orbit servicing), minor body exploration and exploitation, launch systems for small satellites and space 
tourism, satellite applications.

The mandate of the SSI is to foster and coordinate the development of space science and engineering at 
Strathclyde and support the growth of the space sector in Scotland and the UK. The SSI implements both 
a bottom up and a top down approach to research and development whereby the bottom up approach 
is curiosity driven and aims at the development of disruptive ideas with long term applicability while the 
top down approach is driven by market needs and aims at developing solutions with a more immediate 
application. One channel through which the SSI is in contact with Industry is via the catapult centre in 
satellite applications to which the SSI provides scientific and technical support and from which the SSI 
receives information and support to develop new business opportunities and short term solutions to 
respond to market needs.
Key challenges
In its operational capacity, the SSI is facing one key challenge: to translate research into practical 
applications while, at the same time, supporting a wide base of fundamental research activities that 
are curiosity driven. 

From a  research point of view the SSI is strongly engaged in the solution of key societal, scientific and 
economy challenges with particular focus on resilience in complex space systems,  sustainable space 
transport and sustainable exploitation and exploration of space. The SSI looks at providing end-to-end 
solutions to current and future industrial challenges which include the development of innovation in 
space services and data exploitation.  Starting from fundamental research in physics and engineering 
science, the SSI develops solutions and addresses problems both upstream and downstream.
How do you work with other translational assets?
The SSI is integrating a number of other translational assets at Strathclyde and works in close 
collaboration with other institutions in Scotland and worldwide. The SSI is in integral part of one of 
the leading theme of the University of Strathclyde the Ocean, Air and Space theme and is closely 
connected to the activities in ocean engineering and civil aviation. The SSI is also translating space 
technology into solutions applicable to other sectors such as agriculture, manufacturing, energy and 
environment. 
What needs to be in place to help you work better collectively?
Given the rapid expansion of the space sector and of the activities at Strathclyde, the SSI will need 
more resources and visibility to better coordinate the wide spread of capabilities currently available on 
campus. 
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Space Mechatronic Systems Technology Laboratory (SMeSTech).

Prof. Xiu Yan, Director

Period of Operation (including end date if fixed by funding)
SMeSTech lab was established in August 2012. It has gone through a period of rapid expansion in 
terms of number of research projects secured, research work impact and interest in collaboration 
in new research fields, from initial manufacturing to food, agriculture, civil engineering, subsea and 
nuclear applications. 
Scale (level of funding; no. of people)
The researchers in the lab are working on a portfolio of robotic and mechatronic research projects 
with a funding of £4.15 million. The lab hosts 4 fixed robots and six mobile robots. Currently there are 
25 researchers working in the lab on a wide range of research topics in mechatronics, manufacturing 
robotics, space robotics and their terrestrial applications. 
Background Information
Robotics is a generic enabling technology and working on space robotics will enable the development 
of leading technologies for space exploration as well as their terrestrial applications. SMeSTech lab has 
been active in adopting this approach and has been successful in securing substantial funding from 
the UK, European Commission and international funding bodies. These cover fundamental research 
of robotics for space environments and their translation into terrestrial applications such as advanced 
manufacturing, food manufacturing and agriculture. 
Primary mechanism for engagement
SMeSTech lab has an established mechanism for engagement with stakeholders in pursuing its 
vision to develop its capability, be seen as leading in the UK and be recognised internationally. These 
include the Space Robotics Symposium (2015), Mechatronics conferences (2018 and 2012) and 
workshops (2016) to reach out to key stakeholders such as the European Space Agency, UK Space 
Agency and major international space primary contractors. Participation in the EuroScience Open 
Forum (ESOF) Conference 2016, nomination of the Engineer’s magazine award etc have also helped 
to engage the policy makers and the general public. The UK-China Robotics, Autonomous Systems, 
Mechatronics and Automation (RASMA) workshop organised by SMeSTech lab and funded by Foreign 
and Commonwealth Office is another example. These industrial workshops have helped to strengthen 
the industrial link and relevance of research.   
Engagement remit & reach (Local / UK / EU / Worldwide)
An exploration of international collaboration opportunities has started and it is hoped these great 
opportunities will exploited. Engagement with Scottish and the UK companies has focused on 
advanced manufacturing of innovative products in the food and automotive sectors, with both large 
companies and SMEs, to translate the research outcomes into business and economic benefits. 
Engagement with European and Chinese space industrial partners, e.g. Airbus, RAL Space, Thales, 
Leonardo, Sener, GMV, CASC and CALT etc has enabled the lab to be at the forefront in developing new 
technologies for high potential impact.  
Key challenges
Uncertainty of Brexit outcomes will have impact on potential funding from the European Commission 
and other international sources which are needed to build on the initial foundation building block 
research projects in space robotics. These are planned to form a large scale cluster demonstration 
project after these initial six projects finish in early 2019 (SMeSTech is the only UK research centre in 
two of six projects).
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How do you work with other translational assets?
SMeSTech has been collaborating with AFRC on joint PhD projects, impact generation projects and joint 
EPSRC proposal development. Similarly SMeSTech lab has also collaborated with many other research 
centres in sensing, manufacturing, food production and space systems both within the University and 
external research organisations. This is based on a flexible arrangement for mutual benefits. 
What needs to be in place to help you work better collectively?
A longer term plan of scientific and technological development, supported by resources, will ensure 
continued innovation. A better way of showcasing the capabilities to stakeholders and prospective 
researchers will also help. 
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The Alan Turing Institute

Professor Chris Williams, University Liaison Director at Edinburgh

Period of Operation (including end date if fixed by funding)
The Alan Turing Institute is the national institute for data science. It was formed in April 2015 with 
a 5 year Grant from the Engineering and Physical Sciences Research Council. It has Five founding 
universities – Cambridge, Edinburgh, Oxford, UCL and Warwick. 
Scale (level of funding; no. of people)
nn EPSRC - £42 million
nn Five University partners are contributing £5 million each, totalling £25 million
nn Lloyd’s Register Foundation - £10 million 

The Institute began its first year of full operations in autumn 2016 and expects to have more than 
100 full-time and part-time academics working at the Institute throughout the year from its founding 
universities, strategic partners and from the data science community more broadly.
Background Information
The work of the Alan Turing Institute enables knowledge and predictions to be extracted from large-
scale and diverse digital data. It brings together the best people, organisations and technologies in 
data science for the development of foundational theory, methodologies and algorithms. These inform 
scientific and technological discoveries, create new business opportunities, accelerate solutions to 
global challenges, inform policy-making, and improve the environment, health and infrastructure of the 
world in an ‘Age of Algorithms’.

The Alan Turing Institute was a recommendation from the Council for Science and Technology (CST) to 
the UK Prime Minister (7 June 2013), describing the “Age of Algorithms”. CST made the case that “The 
Government, working with the universities and industry, should create a National Centre to promote 
advanced research and translational work in algorithms and the application of data science.”
Primary mechanism for engagement
People: Faculty Fellows, Research Fellows, Doctoral Students, Visiting Researchers

Strategic Partnerships:  Lloyd’s Register Foundation, Intel, GCHQ

Lectures, Workshops, Data Summits, Symposia
Engagement remit & reach (Local / UK / EU / Worldwide)
One of the greatest opportunities and threats facing businesses, government and researchers today is 
Big Data. TATI is the UK National Institute for Data Science and helps secure the UK as a world leader 
by carrying out a programme of internationally leading research, associated PhD training and carrying 
out or facilitating an appropriate range of translational activities.

The Institute is developing the capability to provide the UK with a new flexible and responsive 
capability in a fast moving field where success often results from the unexpected interplay of ideas 
from different research and application areas. It will result in new research and a route for knowledge 
sharing in the key disciplines of data science and promote skills development and uptake of new 
technologies across a range of application domains. It will also catalyse more effective networking and 
new collaborations between industry, academic researchers and policy makers.

Additional benefits included technically informed advice to policy makers, better links at a national 
level between other investments in data analytics and algorithms, and increased UK influence on the 
international agenda.
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Key challenges
The Alan Turing Institute is interested in research which tackles the big challenges in data science with 
lasting effects for science, the economy and the world we live in.

Core areas of our research range from data-centric engineering, high-performance computing and 
cyber-security, to smart cities, health, the economy and data ethics.

The Institute applies data science research to real-world problems, working with partners in industry, 
government and third sector

The Grand Challenges being developed include:

1. Resilient and Robust Infrastructures 

 There is widespread, growing availability of heterogeneous data arising from major complex 
infrastructure systems such as cities, railways, industrial plant, ships, road networks and supply 
chains.  These systems are characterised by multiple human and technological interfaces and provide 
an opportunity to make a step-change in our ability to provide robust protocols for a wide variety of 
engineering design issues. The grand challenge underlying this goal is to develop algorithms with the 
capability of optimally blending data with models in a manner which takes into account uncertainty in 
both.

2. Monitoring Safety of Complex Engineering Systems

Safety is a critical concern in the design and operation of countless engineered systems, ranging 
from aircraft engines and aerospace structures to vehicle electrical systems and even software. 
Understanding and anticipating the impact of rare and high-consequence events in these systems 
is then an essential task.  Research and development activities are also tied to questions of health 
monitoring and predictive maintenance, wherein by learning the state and the failure propensity of 
a system, users can carefully target repairs, modify operational envelopes, and make quantitative 
assessments of risk.

3. Data-Driven Engineering Design under Uncertainty

We are addressing fundamental questions at the intersection of data and optimization: (i) optimal 
design under uncertainty, with particular attention to the management of risk; (ii) optimal experimental 
design, yielding efficient and targeted strategies for sensing and for identifying the most valuable 
elements of large and heterogeneous data sets; and (iii) optimal data collection for design optimization, 
closing the loop between the design of engineered systems and the acquisition of data to inform these 
designs. Advances in these areas will impact engineering design across the entire spectrum of target 
applications described above, from aerospace to energy systems and critical infrastructure.
How do you work with other translational assets?
The Alan Turing Institute fits into a complex organisational landscape that includes the Open Data 
Institute, the Digital Catapult and infrastructure investments.
What needs to be in place to help you work better collectively?
A programme to enhance the uptake of data centric engineering in collaboration with industry demand 
led translational assets would ensure the rapid uptake of new data science techniques and algorithms.
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UK Astronomy Technology Centre (part of the Science and Technology Facilities Council, STFC).

Prof. Gillian Wright (Director).

Period of Operation (including end date if fixed by funding)
The Royal Observatory Edinburgh (ROE) started operations as an observatory in 1896, with 
astronomical instrumentation being developed on-site since 1957. The UK Astronomy Technology 
Centre was created in 1997 in response to the need for a national centre bringing strength and depth 
of engineering and management expertise to the design and construction of cutting edge international 
astronomical observatories and instrumentation. It continues as a Research Council facility, part of the 
STFC National Laboratories, to this day and will transitioning into UK Research & Innovation in 2018.
Scale (level of funding; no. of people)
82 STFC staff, with a turnover of approx. £10M p.a. but managing international collaborative projects 
of considerably greater scale
Background Information.
The UK Astronomy Technology Centre (UKATC) is part of the Science and Technology Facilities Council 
(STFC) who own and operate the ROE site. It is a UK Government Research Council science and 
engineering development facility focused around IR and visible remote-sensing instrumentation, and 
the core programme is astronomy. It designs, builds and calibrates world-leading instruments for the 
world’s largest telescopes – both ground-based and space-based. It has a long history of delivering 
facility-class systems with outstanding capabilities – from the world’s most powerful IR survey 
telescopes and their large format cameras (first WFCAM then VISTA), to powerful THz cameras (SCUBA 
then SCUBA2); from the few-tons robotic multiple hyper-spectral imager (KMOS), to the ultra-light 
mid-IR imager/hyper-spectral imager (MIRI) for the James Watt Space Telescope (JWST), to software 
infrastructure and data heuristics for the  world’s  largest telescope (ALMA). This is accomplished 
through key technical innovations, novel designs, and working with (and often managing) large 
international collaborations including academia and industry. The UKATC has had an Innovation 
Group for over 10 years to support the translation and exploitation of this significant investment in 
science into wider areas of economic impact. This has involved close working with local, national and 
international industries across many different sectors.
Primary mechanism for engagement
nn Working in collaboration on projects funded by: STFC, EPSRC, NERC, MRC, Innovate UK, NHS, DSTL, 

MOD, UKSA, ESA, ESO, and H2020.
nn Collaborative, industrially-relevant research, through: CASE PhD, EngD, CDT, and MSc projects.
nn Commercial use of specialist facilities (e.g. cryostats) and expertise – often linked to collaborative 

projects.
nn Direct commercially-funded R&D work, either expert consultancy or design & build projects.

Engagement remit & reach (Local / UK / EU / Worldwide)
nn Project collaborators are mostly national, EU and worldwide international – both in terms of 

academic and industrial partners.
nn Due to the cutting-edge nature and type of instrumentation being developed, partnerships with 

the best component and sub-system suppliers are established wherever they are in the world.
nn As many of the customers are international organisations (e.g. ESA, ESO, etc) the partnership base 

is usually highly international – with a solid UK component due to the UK’s strong international 
standing in astronomy research.
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Key challenges
nn The core role is to keep the UK at the forefront of international astronomy by designing & building 

world-leading remote-sensing instrumentation.
nn Delivering technically challenging instruments to spec, time and budget – projects always 

incorporate new designs and cutting-edge technology which hasn’t been integrated before into an 
instrument.

nn Assembly, integration and verification (AIV) requiring ever larger integration facilities to handle 
larger and more complex instruments.

nn Mathematical and logical models for observatories and data processing algorithms that are in 
essence ‘niche’ AI systems.

nn Working within, and often project managing, multi-cultural international teams and striving to 
ensure a consistent approach to time and quality.

How do you work with other translational assets?
nn Strong collaborations through joint project activities (as above, and others e.g. CENSIS, KNT) and 

also through strategic interactions (e.g. SUPA KT).
nn Joint doctorate-level research activities (CDTs, Innovation Centres, Catapults, etc).
nn Active membership of professional intermediary bodies (e.g. Technology Scotland, Scottish 

Optoelectronics Association, Interface, etc).
nn Representation on advisory boards and panels (various Universities, Catapult, etc).
nn See also entry for the Higgs Centre for Innovation, which is underpinned by the technical expertise 

of the UK ATC.
What needs to be in place to help you work better collectively?
nn Funding mechanism for academic/research-institute led translational research at lower (3-5) TRLs, 

to compliment the early-stage research (TRL1-3) Research Council funding to Universities, and 
later-stage development (TRL5-7) Innovate UK funding.

nn Continue running the National Space Technology Programme with a long term sustainable 
funding-model.

nn Acknowledge the strength and potential of the growing nano-satellite community in central-belt 
Scotland and target support specifically into this sector.

nn Greater appetite for riskier translational/development funding – acknowledgement that not all 
such projects will succeed, and that should be expected.

APPENDIX C 
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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 
growing the economy.  £120 million has already been invested in the Innovation Centre programme over five years (2013-
18) and each Innovation Centre leverages further investment from industry and other sources of public funding.

Innovation Centres have backing from industry and draw on all of Scotland’s research expertise in the relevant sector 
to work on problems and opportunities identified by industry. They also add value through secondments, industrial 
studentships, spaces for collaborative work and shared access to equipment.  Innovation Centres support skills and 
training to develop the next generation of researchers and knowledge exchange practitioners through masters and post-
doctoral level provision.  The eight Innovation Centres are:

Digital Health & Care Institute (DHI)

The Digital Health & Care Institute brings together people and organisations in the health and social care, charity, 
technology, design and academic sectors to develop new ideas for digital technology that will improve the delivery of 
health and care services for the people of Scotland. Website: http://dhi-scotland.com/.

Stratified Medicine Scotland

Stratified Medicine Scotland aims to transform the management of chronic disease by accelerating biomedical research 
and high quality health care provision.  Website: http://www.stratmed.co.uk/.  

Centre for Sensor and Imaging Systems (CENSIS)

CENSIS aims to enable leading industry innovators and world-class university researchers to collaborate at the forefront 
of market-focused sensor and imaging systems innovation, developing products and services for global markets. Website: 
http://censis.org.uk/.

Industrial Biotechnology (IBioIC)

IBioIC’s vision is to establish an innovation and growth engine which will de-risk the development of commercially viable, 
sustainable solutions for high value (speciality & commodity) manufacturing in the chemistry-using and life science 
sectors. Website: http://www.ibioic.com/index.php.

Scottish Aquaculture Innovation Centre (SAIC)

SAIC aims to support innovation and growth in the Aquaculture sector by addressing Priority Innovation Actions. It offers a 
coordinated problem solving approach to address the major constraints to growth and development, and provides support 
for new businesses and effective knowledge exchange. Website: http://scottishaquaculture.com/.

The Oil and Gas Innovation Centre (OGIC)

OGIC foster, fund and encourage technology innovation: OGIC enables a rapid route to problem solving and the 
acceleration of new technology development to address issues such as: productivity and recovery rates in the UK 
continental shelf; rising operating costs; and decommissioning technology gaps.  OGIC boosts projects with funding, 
technical know-how and project management resource. Website: http://ogic.co.uk.

Construction Scotland Innovation Centre (CSIC)

The CSIC aims to achieve transformational change within the construction industry by supporting innovation across five 
priority themes focused on:  the environment; infrastructure; advanced construction; energy and ICT; and design and 
performance.  Website: http://www.cs-ic.org/.

The Data Lab

The Data Lab aims to enable innovation and development of new data science capabilities in a collaborative environment 
involving industry, public sector and world-class university researchers.  Website: http://www.thedatalab.com/.
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The following list of current Centres for Doctoral Training has been included as they are another successful mechanism 
for engaging with industry and finding solutions to industrial challenges. This list only includes CDT’s that each of the 
universities leads on, thus demonstrating the underpinning research expertise that sits behind them and has been 
validated by EPSRC’s peer review process. 

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. They are also all relevant to the audit theme of enabling technologies for advanced 
manufacturing and resilient infrastructure.

Edinburgh

nn Centre for Doctoral Training in Mathematical Analysis and its Applications

nn Centre for Doctoral Training in Data Science

nn Centre for Doctoral Training in Pervasive Parallelism

nn Centre for Doctoral Training in Optical Medical Imaging

Glasgow

nn Centre for Doctoral Training in Integrative Sensing and Measurement

Heriot-Watt

nn Centre for Doctoral Training in Applied Photonics

nn Centre for Doctoral Training in Robotics and Autonomous Systems

nn Industrial Doctorate Centre: Optics and Photonics Technologies

St Andrews

nn Centre for Doctoral Training in Critical Resource Catalysis

nn The Scottish Doctoral Training Centre in Condensed Matter Physics

Strathclyde

nn Centre for Doctoral Training in Future Power Networks and Smart Grids

nn Centre for Doctoral Training in Wind and Marine Energy Systems

nn Industrial Doctorate Centre in Advanced Forming and Manufacture

nn CDT in Medical Devices & Health Technologies

The additional information provided below is taken from EPSRC’s Grants on the Web website: http://gow.epsrc.ac.uk/
NGBOListSchemeOrgs.aspx?SchemeId=9 . The project partners included below are based on the grant proposals and is 
not a list of all project partners developed throughout the life of the DTC.
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Centre for Doctoral Training in Mathematical Analysis and its Applications, Edinburgh

Founded on rigorous mathematical analysis and its applications, with a strong focus on nonlinear partial differential 
equations, under three broad themes: theoretical, stochastic and numerical. Its scope includes harmonic analysis, 
mathematical analysis of large-scale discrete structures, applied analysis, dynamical systems, stochastic analysis, 
financial mathematics, applied probability and computational mathematics. There will be a special emphasis on the 
connections and interactions between these areas, and their applications, and active collaboration with industry -- in the 
formulation of student projects, in mentoring PhD students, in developing work placements for the students, and more 
broadly in two-way knowledge exchange -- will be a key feature of this CDT. 

The need for mathematicians trained in this centre is manifest in real-world phenomena where cutting-edge differential 
and/or stochastic models are needed, for example in oil extraction, in power grid renewable energy strategies, in finance 
processes, in ecological impacts of climate change, and in processes inside the brain. 

Joint Applicant: Herriot Watt University

Project Partners include: Selex ES (now Leonardo)

Centre for Doctoral Training in Data Science, Edinburgh

Data science is an emerging discipline that combines machine learning, databases, and other research areas in order to 
generate new knowledge from complex data. Interest in data science is exploding in industry and the public sector, both 
in the UK and internationally. Students from the Centre will be well prepared to work on tough problems involving large-
scale unstructured and semi-structured data, which are increasingly arising across a wide variety of application areas.

Skills need: There is a significant industrial need for students who are well trained in data science. Skilled data scientists 
are in high demand. A report by McKinsey Global Institute cites a shortage of up to 190,000 qualified data scientists in 
the US; the situation in the UK is likely to be similar. A 2012 report in the Harvard Business Review concludes: “Indeed the 
shortage of data scientists is becoming a serious constraint in some sectors.” A report on the Nature web site cited an 
astonishing 15,000% increase in job postings for data scientists in a single year, from 2011 to 2012. Many of our industrial 
partners have expressed a pressing need to hire in data science.

Project Partners include: Agilent Technologies Ltd; AlertMe; Amazon; Amor Group; Apple; BBC; Biomathematics and 
Statistics Scotland; BrightSolid Online Innovation; Carnegie Mellon University; Carnego Systems Limited; Center for 
Math and Computer Sci CWI; City of Edinburgh Council; Cloudsoft Corporation; Digital Catapult; Digital Curation Centre; 
Freescale Semiconductor; Google; Helsinki Institute for Information Techn; HSBC; IBM; IDIAP Research Institute; IST 
Austria; Massachusetts Institute of Technology; Microsoft; Open Data Institute; Oracle Corporation; Pharmatics Ltd; 
Psymetrix Limited; Quorate Technology Limited; Rangespan Ltd; Royal Bank of Scotland; Saarland University; Scottish 
Power; Selex ES; SICSA; Skyscanner; The James Hutton Institute; TimeOut; TU Berlin; UCB; University of Pennsylvania; 
University of Texas at Austin; University of Washington; Xerox; and Yahoo! Labs.
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Centre for Doctoral Training in Pervasive Parallelism, Edinburgh

The worldwide software market, estimated at $250 billion per annum, faces a disruptive challenge unprecedented 
since its inception: for performance and energy reasons, parallelism and heterogeneity now pervade every layer of the 
computing systems infrastructure, from the internals of commodity processors (manycore), through small scale systems 
(GPGPUs and other accelerators) and on to globally distributed systems (web, cloud). This pervasive parallelism renders 
the hierarchies, interfaces and methodologies of the sequential era unviable. Heterogeneous parallel hardware requires 
new methods of compilation for new programming languages supported by new system development strategies. Parallel 
systems, from nano to global, create difficult new challenges for modelling, simulation, testing and verification. This poses 
a set of urgent interconnected problems of enormous significance, impacting and disrupting all research and industrial 
sectors which rely upon computing technology. Our CDT will generate a stream of more than 50 experts, prepared to 
address these challenges by taking up key roles in academic and industrial research and development labs, working to 
shape the future of the industry. The research resources and industrial connections available to our CDT make us uniquely 
well placed within the UK to deliver on these aspirations.

The “pervasive parallelism challenge” is to undertake the fundamental research and design required to transform 
methods and practice across all levels of the ICT infrastructure, in order to exploit these new technological opportunities. 
Doing so will allow us to raise the management of heterogeneous concurrency and parallelism from a niche activity 
in the care of experts, to a regularised component of the mainstream. This requires a steady flow of highly educated, 
highly skilled practitioners, with the ability to relate to opportunities at every level and to communicate effectively with 
specialists in related areas. These highly skilled graduates must not only have deep expertise in their own specialisms, but 
crucially, an awareness of relationships to the surrounding computational system. 

Project Partners include: Agilent Technologies Ltd; ARM Ltd; and Wolfson Microelectronics (now Cirrus Logic)

Centre for Doctoral Training in Optical Medical Imaging, Edinburgh

The vision for our CDT in Optical Medical Imaging is to train the next generation of entrepreneurs with a “Heart for Science 
and a Brain for Business”. The CDT will focus on a major priority area in applied physical sciences, optical imaging. Optical 
imaging /sensing is a major technological platform that is now ubiquitous in biomedicine and is rapidly emerging as an 
efficacious ‘point of care’ sensing and imaging modality in clinical medicine exemplified by its rapid, economic and high-
throughput applicability. The future expansion and dissemination of physical sciences in optical imaging will depend on 
scientists with both academic and commercial acumen. Therefore alongside excellence of training and supervision in 
world-leading scientific environments our training program features a bespoke masters course in Healthcare Innovation 
and Entrepreneurship delivered by the University of Edinburgh Business School and the Hunter Centre (at University of 
Strathclyde) with the expectation that this unique and formal entrepreneurial training will breed a new generation of 
physical scientists trained within a clinically focused setting with the ability to fully exploit the UKs research potential in 
healthcare technologies.

In Summary, this CDT in Optical Medical Imaging will train the ‘next generation’ of healthcare scientists who will be 
empowered to gain the maximum impact from their research, commercial ventures, industrial applications and social 
engagements.

Joint Applicants: University of Strathclyde

Project Partners include: Entrepreneurial Spark; GlaxoSmithKline plc (GSK); i2eye Diagnostics Ltd; National Physical 
Laboratory; P A International Consulting Group Ltd; Power of Youth; Royal Society of Edinburgh; ST Microelectronics; and 
Touch Bionics
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Centre for Doctoral Training in Integrative Sensing and Measurement, Glasgow

Centre for Doctoral Training in Integrative Sensing and Measurement that addresses the unmet UK need for specialist 
training in innovative sensing and measurement systems identified by EPSRC, Innovate UK and EPoSS . The proposed CDT 
will benefit from the strategic, targeted investment of >£20M by the partners in enhancing sensing and measurement 
research capability and by alignment with the complementary, industry-focused Innovation Centre in Sensor and Imaging 
Systems (CENSIS). This investment provides both the breadth and depth required to provide high quality cohort-based 
training in sensing across the sciences, medicine and engineering and into the myriad of sensing applications, whilst 
ensuring PhD supervision by well-resourced internationally leading academics with a passion for sensor science and 
technology. The synergistic partnership of UoG and UoE with their active sensors-related research collaborations with 
over 160 companies provides a unique research excellence and capability to provide a dynamic and innovative research 
programme in sensing and measurement to fuel the development pipeline from initial concept to industrial exploitation.

Project Partners include: CENSIS; Defence Science & Tech Lab DSTL; Gloucestershire Hospitals NHS Fdn Trust; Hitachi; 
Nanoflex Limited; National Physical Laboratory; OPTOS plc; Qioptiq Ltd; Selex ES; Spirit Aerosystems; ST Microelectronics; 
Texas Instruments Ltd; Thales Ltd; UK Astronomy Technology Centre; and Wolfson Microelectronics

Centre for Doctoral Training in Applied Photonics, Heriot-Watt

EPSRC CDT in Applied Photonics and responds to the Integrative Technologies priority area, but also impacts on the 
Measurement and Sensing, Photonic Materials and Innovative Production Processes priorities.

Technologies integrating photonics and electronics pervade products and services in any modern economy, enabling vital 
activities in manufacturing, security, telecommunications, healthcare, retail, entertainment and transport. The success of 
UK companies in this technology space is threatened by a lack of doctoral-level researchers with a grasp of photonic- / 
electronic-engineering design, fabrication and systems integration, coupled with high-level business, management and 
communication skills. By ensuring a supply of these individuals, our CDT will deliver broad-ranging impacts on the UK 
industrial knowledge base, driving the high-growth export-led sectors of the UK economy whose photonics-enabled 
products and services have far-reaching impacts on society, from consumer technology and mobile computing devices to 
healthcare and security.

Joint Applicants: University of Dundee, University of Glasgow, University of St Andrews, University of Strathclyde

Project Partners include: AWE; BAE Systems; Cascade Technologies Ltd; Coherent Scotland Ltd; Defence Science & Tech 
Lab DSTL; Fraunhofer UK Research Ltd; Glasgow Science Centre Ltd; Gloucestershire Hospitals NHS Fdn Trust; Gooch 
& Housego; M Squared Lasers Ltd; M-Solv Ltd; Merlin Circuits; National Physical Laboratory; OPTOS plc; Powerlase 
Photonics Ltd; PowerPhotonic Ltd; Renishaw; Rofin Sinar; Scottish Universities Physics Alliance; SeeByte Ltd; Selex ES; ST 
Microelectronics; Thales Ltd; Toshiba; and UK Astronomy Technology Centre
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Centre for Doctoral Training in Robotics and Autonomous Systems, Heriot-Watt

Robots will revolutionise the world’s economy and society over the next twenty years, working for us, beside us and 
interacting with us. The UK urgently needs graduates with the technical skills and industry awareness to create an 
innovation pipeline from academic research to global markets. Key application areas include manufacturing, assistive 
and medical robots, offshore energy, environmental monitoring, search and rescue, defence, and support for the aging 
population. The robotics and autonomous systems area has been highlighted by the UK Government in 2013 as one the 8 
Great Technologies that underpin the UK’s Industrial Strategy for jobs and growth. 

The essential challenge can be characterised as how to obtain successful INTERACTIONS. Robots must interact 
physically with environments, requiring compliant manipulation, active sensing, world modelling and planning. Robots 
must interact with each other, making collaborative decisions between multiple, decentralised, heterogeneous robotic 
systems to achieve complex tasks. Robots must interact with people in smart spaces, taking into account human 
perception mechanisms, shared control, affective computing and natural multi-modal interfaces. Robots must introspect 
for condition monitoring, prognostics and health management, and long term persistent autonomy including validation 
and verification. Finally, success in all these interactions depend on engineering enablers, including architectural system 
design, novel embodiment, micro and nano-sensors, and embedded multi-core computing.

The Edinburgh alliance in Robotics and Autonomous Systems (EDU-RAS) provides an ideal environment for a Centre 
for Doctoral Training (CDT) to meet these needs. Heriot Watt University and the University of Edinburgh combine 
internationally leading science with an outstanding track record of exploitation, and world class infrastructure enhanced 
by a recent £7.2M EPSRC plus industry capital equipment award (ROBOTARIUM). A critical mass of experienced 
supervisors cover the underpinning disciplines crucial to autonomous interaction, including robot learning, field robotics, 
anthropomorphic & bio-inspired designs, human robot interaction, embedded control and sensing systems, multi-agent 
decision making and planning, and multimodal interaction. The CDT will enable student-centred collaboration across 
topic boundaries, seeking new research synergies as well as developing and fielding complete robotic or autonomous 
systems. A CDT will create cohort of students able to support each other in making novel connections between problems 
and methods; with sufficient shared understanding to communicate easily, but able to draw on each other’s different, 
developing, areas of cutting-edge expertise. 

Joint Applicants: University of Edinburgh, Queen’s University of Belfast

Project Partners include: Aquamarine Power Ltd; BAE Systems; Baker Hughes (Europe) Ltd; Balfour Beatty Plc; BP; 
Dimensional Imaging Ltd; Dyson Limited; Edinburgh International Science Festival; Honda; Hydrason Solutions Ltd; 
Industrial Systems and Control Ltd; Kinova; KUKA Robotics UK Limited; MacTaggart Scott & Co Ltd; MARZA Animation 
Planet USA; National Institute of Informatics (NII); OC Robotics; Pelamis Wave Power Ltd; Rail Safety & Standards Board; 
Renishaw; Schlumberger; SciSys Ltd; SeeByte Ltd; Selex ES; Shadow Robot Company Ltd; SICSA; Soil Machine Dynamics 
UK; Subsea 7 Limited; Thales Ltd; Touch Bionics; Transport Research Laboratory Limited; and YDreams
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Industrial Doctorate Centre: Optics and Photonics Technologies, Heriot-Watt

Since the launch of the current Photonics EngD programme in 2001 (a collaboration between Heriot-Watt, St Andrews 
and Strathclyde Universities) the Heriot-Watt-based EngD Centre has established an excellent track-record for integration 
of industrially-relevant research and training, involving 49 projects and 29 different companies ranging from university 
start-ups to multinationals. We propose here a continuation of the existing EngD Centre as an enhanced collaboration 
between Heriot-Watt, St Andrews and Strathclyde Universities and the Scottish Universities Physics Alliance. We build 
upon substantial expansions in research and training activity within Scottish photonics to broaden the scope and the 
academic constituency supporting the proposal. Whereas the original EngD Centre was supported by 27 staff active in 
photonics research, the proposed Centre will be supported by 87 academics of whom about 90% conduct research in core 
optics and photonics subjects; the remainder bring to the Centre expertise vital to the exploitation of Optics and Photonics 
Technologies; that is Signal and Image processing, Microsystems and Digital Tools for the development of photonic 
products. This group constitutes the largest coherent grouping of photonics researchers in the UK and account for about 
50% of all EPSRC funding in photonics.

Joint Applicants: University of Glasgow, University of St Andrews, University of Strathclyde

Centre for Doctoral Training in Critical Resource Catalysis, St Andrews

The future sustainable production of bulk and fine chemicals is an ever-increasing global challenge that requires a 
transformative scientific approach. We must develop new ways of efficiently exploiting valuable fossil-fuel resources and 
tools to exploit renewable resources such as CO2 and lignin. Catalytic methods, the heart of this CDT, are key to these 
transformations, offering the single most powerful and broadly applied technology for the reduction of energy demand, 
cost, environmental impact and toxicity. This CDT will drive forward a sustainable and resource-rich culture.

This CDT in Critical Resource Catalysis (CRITICAT) combines the catalysis research collective of St. Andrews, Edinburgh, 
and Heriot-Watt Universities to create a new and unique opportunity in PhD training and research. CRITICAT will allow 80+ 
bright minds to be challenged in a comprehensive and state-of-the-art PhD training regime in the broad remit of catalytic 
science, transforming them into future scientific researchers, business leaders, entrepreneurs, and policy makers. These 
will be people who make a difference in a technologically-led society.

Joint Applicants:   University of Edinburgh, Heriot-Watt University

Project Partners Include: Bayer AG; Diamond Light Source; Dr Reddy’s Laboratories UK Ltd; DSM Innovative Synthesis 
B. V.; Eastman Chemical Ltd (inc); Eindhoven University of Technology; Hybrid Catalysis BV; INEOS Technologies UK; King 
Abdullah University of Sc and Tech; Leibniz Institute for Catalysis; Marks and Clerk LLP; Netherlands Institute for Catalysis 
Rese; Royal Netherlands Academy Arts Sci KNAW; RWTH Aachen University; SABIC (Saudi Basic Industries Corp); Sasol 
Technology; Technical University of Munich; The James Hutton Institute; University of Helsinki; University of Leipzig; 
University of Leuven; University of Virginia; University of Washington



69

The Scottish Doctoral Centre Training in Condensed Matter Physics, St Andrews

The theme area of this Centre is core-discipline Condensed Matter Physics (CMP), a field of research that impacts on 
numerous technologies and other fields of science such as engineering, biophysics, photonics, chemistry and materials 
science. Its continued ability to do so requires the production of people who have received internationally leading training 
in its core intellectual tools, both theoretical and experimental. Many of our colleagues world-wide have commented to us 
over the years (and some in their letters of support for this Centre) that the lack of rigour of our PhD training disfavours 
our graduates in the international market-place. It was therefore no surprise to hear these sentiments echoed by the 
2005 International Review of Physics. A DTC in CMP with a fully internationally benchmarked training component will 
rectify this deficit, and enable us to provide the UK with a generation of CMP staff who will both advance the field itself 
and contribute to many other fields of interdisciplinary science and technology. The national need for the graduates that 
we will produce is high, as demonstrated by the large number of support letters provided by companies and organisations 
who wish to be formally affiliated with our DTC as Industrial Associates. We draw particular attention to the range of 
disciplines covered by these companies. In addition to the scientific consultancies such as Detica and manufacturers of 
scientific equipment such as Oxford Instruments and e2v, who would be expected to be among our core users, the list 
includes scientific publishers, software houses, companies small and large from the energy sector, large multinationals 
such as Unilever and Toshiba Europe, and representatives of the finance and patent law sectors. This evinces a key 
attraction of graduates possessing the high-level core skills that ours will have: they possess a discipline-hopping 
ability prized by employers in a world where years of vocational training can sometimes be undermined very quickly by a 
technological or intellectual paradigm shift. As the UK embarks on this adventurous DTC scheme it is therefore vital that 
centres like this which will advance core skills are created. In doing so, we will be laying the foundations for tomorrow’s 
interdisciplinarity, and therefore complementing the support of today’s.

Joint Applicants:   University of Edinburgh, Heriot-Watt University

Project Partners Include:

Argonne National Laboratory; Cairn Energy Ltd; Canadian Institute for Advanced Research; Compound Semiconductor 
Tech Global Ltd; CondAlign+; Culham Centre for Fusion Energy; Dassault Group; Diamond Light Source; e2v technologies 
(UK) Ltd; Easy-Lab Edinburgh Instruments Ltd; Element Six Ltd; European Synch Radiation Facility – ESRF; Fluid Gravity / 
Applied Electromagnetics; Hitachi; 

Institute Max von Laue - Paul Langevin; ISIS; Kyoto University; Leibniz Univ of Hannover (replaced) Marks and Clerk 
LLP; Max Planck Institutes (Grouped); Mondelez UK R and D Ltd; Moody’s Analytics UK Ltd; MSD Oss B.V.; Nanovation 
(Chateaufort); Nature Publishing Group; Oxford Instruments Ltd; Renishaw; Science Magazine UK; Scottish Universities 
Physics Alliance; Selex ES; Siemens; Solvay (International Chemical Group); University of Pennsylvania; University of 
Toronto
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Centre for Doctoral Training in Future Power Networks and Smart Grids, Strathclyde

EPSRC priority area of power networks. It directly focuses on the effect of increases in the use of renewable energy 
sources on the existing energy supply network and how future network technologies will deal with these challenges. The 
vision of the Centre is to create a cohort of at least 70 doctoral level engineers prepared for industry, utility, government 
and academic roles at the heart of innovation and advances in the future power networks. They will be a key cohort in 
the delivery of the UK’s low carbon ambitions and will need creative skills, innovation and the underpinning knowledge in 
multiple fields to address research domains directed at the heart of the smart grid challenge. The requirement for a smart 
grid is instrumental for the delivery of low carbon electricity. 

This Centre will train students in the blend of traditional and emerging power network concepts and advances in 
information and communication technologies, consumer and demand side technologies, and integrated energy systems 
required to deliver future networks. We see five key elements to the training. First, an Induction Programme to outline 
the fundamental topics and challenges. Advanced Topics will then provide Masters level research topic oriented training 
in the key subjects that would underpin innovation in the networks. Experiential Learning modules will train the students 
in a wide range of relevant practical topics that develops an awareness of industrial reality and gives the students 
specific skills. Mini-projects will be used to provide experience of team working across disciplines, to provide an early 
link with industrial partners and to promote cohort experience. The final element is Continual Professional Development 
(CPD) and Research Training including elements of the graduate training programmes of our industrial partners. Student 
development is augmented through an industrial or international secondment being available to every student.

Joint Applicants: Imperial College London 

Project Partners include: Alstom Group; Frazer-Nash Consultancy Ltd; National Grid; Northern Powergrid; Rolls-Royce 
Plc; S&C Electric Europe Limited; Scottish and Southern Energy (SSE); Scottish Power; and UK Power Networks

Centre for Doctoral Training in Wind and Marine Energy Systems, Strathclyde

DTC in Wind Energy Systems at the University of Strathclyde. This will bring together staff at Strathclyde with in-depth 
expertise covering the wind resource, rotor aerodynamics, wind turbine structural analysis, turbine control, power 
conversion, condition monitoring, and electrical network integration issues to create a Centre of learning and research 
with strong links to the wind industry that will provide a stimulating environment for the PhD students. The Centre will be 
accommodated in space within the Royal College Building refurbished with the requirements of the DTC specifically in mind. 
The latest wind turbine design modelling software will be made available to students alongside a wide range of power 
system and computation modelling packages. The wider aim, drawing on links to an expected strong ETI funded research 
activity, is to create a centre, with the DTC at is core, that is internationally leading in wind energy systems technology and on 
a par with the centres in Denmark, the USA, Germany and the Netherlands. To meet the interdisciplinary research demands 
of the wind industry a substantial centre bringing together all the relevant skills on a single site is essential. This requires a 
critical mass of staff and early stage researchers of the sort that this proposal would deliver. It is also clear from Government 
and other reports that the projected growth of the wind industry in the UK, and elsewhere, will be limited by a severe 
shortage of skilled engineers unless the universities dramatically increase the scale of their activities in this area.

Joint Applicants: University of Edinburgh

Project Partners include: Atkins; EDF Energy; Energy Technology Centre; Energy Technology Partnership; FloWave TT 
Limited; Gamesa; Garrad Hassan & Partners Ltd; Lloyd’s Register; NAREC National Renewable Energy Centre; Offshore 
Renewable Energy Catapult; Renewable Energy Systems Ltd; Romax Technology Limited; Scottish and Southern Energy 
(SSE); Scottish Power; SgurrEnergy Ltd; Siemens; Sinclair Knight Merz (Europe) Ltd (Jacobs); Subsea 7 Limited; and Technip 
Offshore Wind Ltd UK
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Industrial Doctorate Centre in Advanced Forming and Manufacture, Strathclyde

Industrial Doctorate Centre (IDC) in ‘Advanced Forming and Manufacture’ located in the Advanced Forming Research 
Centre (AFRC) of the University of Strathclyde. The proposed centre will bring together staff at Strathclyde with in depth 
expertise covering the metallurgy, forming and forging, computational simulation, micro-manufacture, automation, 
process control, measurement, operations management, quality control and sustainable manufacturing to create a Centre 
of learning and research with strong links to many of the UK’s leading manufacturers. The 3000m2 AFRC will create a 
stimulating environment for the EngD students in a purpose built facility created specifically to support manufacturing 
research which makes the latest process simulation and modelling software available alongside a wide range of industrial 
manufacturing hardware and supporting materials and metrology laboratory facilities. This proposal aims to put the IDC 
at the core, of an internationally leading group in Advanced Forming and Manufacturing technology and so draw on strong 
links to EPSRC, EU and TSB funded research activity. To meet the interdisciplinary research demands of manufacturing 
industry a substantial centre bringing together all the relevant skills on a single site is essential. This requires a critical 
mass of staff and early stage researchers of the sort that this proposal can deliver. It is also clear from Government 
and other reports that a vibrant high value manufacturing industry in the UK, and elsewhere, will be limited by a severe 
shortage of skilled engineers unless the universities dramatically increase the scale of their activities in this area.

Research at the proposed IDC will be based in the Advanced Forming Research Centre but with a wider scope covering all 
aspects of manufacturing technology and its application: from the forging of turbine blades in exotic alloys to the low cost 
fabrications of micro-components. Fundamental technology issues to be addressed by the IDC will include computational 
simulation, condition monitoring, control systems and tool life: the manufacturing systems issues will include analysis of 
performance data, demand management, whole system simulation (from warehouse to microstructure) and a design of 
experiments approach to process improvement. The teaching elements of the centre will be developed and delivered by 
the Department of Manufacturing and Engineering Management. The driver behind the activity of the IDC will be to meet 
the challenges arising from the rapid growth in overseas competition and the need for low energy processes and systems 
to meet the UK’s targets for carbon emission reduction. The major themes for the proposed IDC are the following: - 
Forging technology - Advanced Materials - Process Improvement Micro-system Manufacture - Information Management 
- Operations Management - Process Design

Project Partners include: Rolls-Royce Plc; and Timet UK Ltd
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CDT in Medical Devices & Health Technologies, Strathclyde

This CDT will address the themes (1) Engineering for Life and Health and (2) Healthcare Device Innovation within the 
current call. It will seek to be distinguished and internationally recognised for its industrial connectivity, innovation in 
devices and health technologies, and for the production of skilled researchers and research leaders of tomorrow through 
research at the clinical and industrial interface. This proposal aims to increase the momentum of the existing CDT moving 
in to an enhanced phase in 2014-2018 with particular strengthening of international networks and EU interfaces, while 
still providing a high quality opportunity for engineers and physical scientists to receive a full research training at the Life 
Sciences Interface (LSI) of high relevance to the sector. The new CDT will have increased global reach into Europe, the USA 
and the fast growing research activities in the sector in the Middle East and Far East through the PI and CIs’ international 
research activities. This CDT addresses the EPSRC’s Delivery Plan for Strategy and will deliver international excellence in 
a sector of importance to the UK, promoting state of the art knowledge, skills and capabilities in MD&HT while generating 
leading edge research between the disciplines of Medicine, Science and Engineering. Our established partnerships with 
the NHS and other clinical providers in the UK and abroad will continue to be the clinical foundation for our work. The 
cohort and student-centred approach for the CDT we propose will provide an active and stimulated peer community for 
the researchers we will train and develop. Importantly the students will be given support from Strathclyde Institute of 
Medical Devices (SIMD) to nurture their awareness of the impact of their research and help them deliver impact of benefit 
to industry, clinicians and patients. 

The new Healthcare Technologies challenge theme looks across the entire EPSRC research and training portfolio, 
providing solutions that underpin the Healthcare and Life Sciences sector, including the pharmaceutical and medical 
technology industries and the NHS. In addition the EPSRC theme Engineering for Life and Health states “In a healthcare 
agenda calling for prolonging independent living and the personalisation/stratification of care, there is opportunity for 
innovation from the engineering community, but successful translation requires early collaboration across industry, 
academia and the NHS”. This CDT will deliver to that agenda through its clinical and industrial interfaces, research 
excellence and impact pathways. MD&HT covers a critical, high-value research and jobs sector in the UK that underpins 
a medical industry with global reach. In 2011 there were over 3,000 medical technology companies in the UK with a 
combined annual turnover of £15bn. These companies employ almost 64,000 people in the UK mainly with professional 
qualifications and this is identified as a strong sector with high growth prospects in UK Government Strength and 
Opportunities Report 2011 1 for the sector. The spread of the sector across disease types and medical conditions includes 
MD&HT in categories such as: single use devices; wound care; orthopaedics, cardiovascular devices and diagnostics as 
well as others. This wide scope drives the need for multidisciplinarity in research, a wide base in training and excellent 
clinical interfaces for relevant research and development. The subthemes for MD&HT projects (from our core Strathclyde 
research strengths) are: 

Drug Delivery, Bioimaging, Medical Diagnostics, Cardiovascular Devices,  Cell & Tissue Engineering, Orthopaedics & 
Rehabilitation Technologies,  Microdevices & Sensors, Biomaterials, Brain Machine Interfaces and Neuroprosthetics,  Bio-
nanotechnology, Biomolecular Gels, Medical Photonics, Devices for Telehealth

Joint Applicants: City University of New York
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The following sector case studies provide additional, complimentary information for the main report, focusing on the 
following sub-sectors within the themes of Resilient Infrastructure and Advanced Manufacturing:

Infrastructure 

nn Communication Networks

nn Offshore Wind

nn Oil and Gas

nn Power Networks

nn Water

Manufacturing

nn Chemicals

nn Pharmaceuticals: Continuous Manufacturing and crystallisation / Advanced pharmaceutical manufacturing
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INFRASTRUCTURE: Communication Networks

Background on area within Scotland, the UK and worldwide
Scotland is a developed economy that includes highly diverse infrastructure spanning dense 
urbanisation to remote villages, and large arable farms to crofts, linked by extended transport and 
supply networks.  There are several clusters of activity, such as this audit geography, and city regions 
that are comparatively compact, making it attractive as a development site for resilience solutions 
addressing challenges seen in many other places across the globe.

As a large conurbation sitting at the exit to the Clyde catchment, the Glasgow and greater Clyde 
region, encompassing high tech industry, manufacturing capability, extensive engineering heritage 
and 4 universities, has many of the opportunities and challenges seen in urban regions elsewhere. The 
city itself contains a broad mix of buildings from a high-rise grid to modern suburban and traditional 
building.  It is this mix of characteristics that marked Glasgow out as an ideal urban location to 
develop and deploy next generation communications technology to enable true IoT and wide area 
infrastructural monitoring.

Further to this, in March 2017, Scotland’s government became the first in the world to make a 
commitment to nationwide provision of LPWA IoT networks. We are now well positioned to deliver on 
this by 2019.
What are the current and future challenges
Climate change, food security, urbanisation and service delivery within falling budgets are key global 
challenge areas. Resilience will demand ever greater ability to monitor both infrastructural elements 
(in the widest sense) and dynamic input variables such as weather, demand, capacity, etc.  Doing this 
requires the ability to deploy IoT sensors which do not require physical connectivity, or even proximity, 
to traditional power or communications networks and which can be deployed for extended periods.
Impact that enabling technologies could have on these challenges (what could help businesses to 
realise the positive impacts* and remove / reduce any negative ones)
Glasgow now has a state of the art LoRa low-power wide-area network for deploying IoT solutions, 
which can deliver geolocation information.  We are working on several applications of this to resilience:

nn With SEPA to address river level monitoring as it has the potential to dramatically increase the 
extent of flood risk monitoring, including into areas previously impractical to reach.

nn On logistics and service delivery, we are exploring the impact of dynamic system optimisation 
using live capacity and demand information.  This impacts distribution and supply chain 
management.  It also supports security, theft prevention and the cost-effective delivery of services 
such as waste removal.

nn In city environments, we are evaluating new approaches to measuring the level of “traffic” 
to particular locations or attractions.  We have partners looking at movement of assets and 
occupancy levels of storage (e.g. parking spaces).

Highlight any skills requirements or issues relating to the above points
One of the major challenges for the supply chain of innovating in this space revolves around upfront 
investments versus monetisation of the offerings. Smart procurement offers one possible approach to 
alleviating this.

APPENDIX F 
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INFRASTRUCTURE: Offshore Wind

Background on area within Scotland, the UK and worldwide
nn Offshore wind is maturing as a technology. Deployment in the UK and Europe continues at pace. 
nn Turbines are getting larger and further from shore (2MW in 2000 to 8.2MW in 2016)
nn Approximately 5.1GW deployed in the UK (1,450 turbines) and 11GW across the globe, which is 

expected to rise to around 20GW by 2020, with new markets such as China and the US beginning 
to build out their projects.

nn Currently Scotland has 197 MW of operational offshore wind. Over 4 GW of offshore wind 
generation has been granted planning consent with the build of Beatrice wind farm in the Moray 
Firth (£2.6 billion project).

nn Key supply chain opportunities available to Scottish and UK companies in the operation and 
maintenance of wind farms throughout their 25 year life.

nn All the turbines and most of the key components are manufactured in Europe, aside from wind 
turbine blades and foundations which the UK has significant manufacturing capability. The 
UK is also a significant supplier of subsea technology used to monitor and repair the subsea 
infrastructure related to offshore wind. 

What are the current and future challenges
nn Cost reduction to make offshore wind cost competitive with other power generation technologies
nn Component reliability/survivability – can key components survive the 25 year design life?
nn Reducing the human risk and cost associated with offshore working
nn Moving to larger turbines in deeper waters, further from shore
nn Moving to serial production of key components (e.g. foundations)
nn Quality assurance for the production of wind turbine blades

Impact that enabling technologies could have on these challenges (what could help businesses to 
realise the positive impacts* and remove / reduce any negative ones)
nn Enabling technologies could reduce the cost of building and operating an offshore wind farm 

through the use of advanced manufacturing, autonomous solutions, intelligent systems, new 
materials and novel sensing.

nn Enabling tech has the potential to increase the reliability/ resilience of key components. This will 
lead to a reduction in failure through improving the quality of goods whilst allowing suppliers to 
differentiate their offerings.

nn Enabling tech can reduce the requirement for offshore human intervention by allowing robotics 
companies developing AI and novel sensing to enter the market.

nn Serial production of foundations will be supported by advanced manufacturing processes which 
will help Scottish foundations suppliers differentiate their offering and reduce costs.
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INFRASTRUCTURE: Oil and Gas

Background on area within Scotland, the UK and worldwide
After a 3 year stable global oil price over $100 barrel the value dropped in 2015 to $40, triggering UK 
oil and gas jobs to drop from 440,000 in June 2014 to 320,000 in December 2016, with most of the 
losses being around Aberdeen [OGIC BD report]. Some signs of recovery, price now $55 per barrel.

Estimated 10-20 billion barrels reserves still remaining on UK continental shelf [Telegraph, 11/2/17], 
42 billion barrels removed so far [Oil and Gas UK].

UK Supply chain (including manufacturing) EBITDA is expected to show a fall by almost half over the 
last two years up to 2016, and is forecast to decline by 21% in 2017 to below £30 billion p.a. However 
oil demand grew strongly globally in 2015. Gas demand in the UK rose by 2.2% [Oil and Gas UK]. Oil and 
Gas accounts for 70% of the UK’s energy consumption.
What are the current and future challenges
The Industry Technology Facilitator (ITF) (representing international oil and gas operating and service 
companies in collaborative research and development initiatives) identifies a number shared tech-
nology challenges. Materials and Manufacturing is one of its 2017 strategic themes, with sub topics 
including:

nn Materials that can operate downhole in High Pressure High Temperature
nn 3D Printing - Improving the effectiveness and efficiency of upstream supply chains
nn Using composites in demanding applications
nn 3D Printing - Reducing manufacturing costs by using 3D Printing 

[Ref http://www.itfenergy.com/about-us/current-technology-programme/]

The Aberdeen based Oil and Gas Technology Centre (part of a £180m city deal) identifies a number of 
cross disciplinary challenge areas relevant to manufacturing including Asset Integrity (sensing solu-
tions, repair, and improved materials for ageing assets) and Big Data (Production: monitoring and 
optimisation

Integrity: monitoring & inspection). [https://theogtc.com/]
Impact that enabling technologies could have on these challenges (what could help businesses to 
realise the positive impacts* and remove / reduce any negative ones)
Improved operational safety through longer lifetime materials and components; improved asset condi-
tion monitoring and big data analysis (A safety incident can ruin an organisation so safety is critical to 
financial sustainability). Reduced environmental damage (through improved safety, e.g. avoiding leaks 
owing to corrosion under insulation). Increased operating lifetime and viability of assets, creating reve-
nue for Scotland and the UK [OGTC targets innovations delivering a 30-50% cost reduction]. 
Highlight any skills requirements or issues relating to the above points
Research conducted by UKCES in March 2015 showed that the substantial shortage of skills is the 
most important challenge currently facing the energy sector today. This affects all key occupations 
but predominantly engineers and technicians, who are in limited supply despite high levels of demand. 
More specifically the BIS 2016 Oil and Gas Workforce Plan identifies major skills shortages in manu-
facturing for oil and gas, with 14,775 skills shortage vacancies in the manufacturing sector and 17,559 
hard to fill vacancies [p.13]. Increased decommissioning activity could lead to a growing demand in the 
supply chain disciplines such as Mechanical, Construction and Installation. 

[Ref: https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/535039/bis-
16-266-oil-and-gas-workforce-plan.pdf] 
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INFRASTRUCTURE: Power Networks

Background on area within Scotland, the UK and worldwide ( Generic Global Themes )
nn Established Asset base
nn Being flexed to accommodate renewable sources
nn Rate of technology adoption

What are the current and future challenges
nn Low carbon economy
nn Electrification of Transport
nn Decarbonisation of Heat
nn Digitisation of Power Networks (comms and cyber risk)
nn Socialisation of Power Networks
nn Market reform
nn Protection of national wires infrastructure in balance with enabling heavy DG ( distributed 

generation and DER (distributed energy resources
nn Black start v social unrest

Impact that enabling technologies could have on these challenges (what could help businesses to 
realise the positive impacts* and remove / reduce any negative ones)
nn Market reform
nn Easier access to research funding that could be transformative
nn Challenge to regulated market models whilst protecting national infrastructure

Highlight any skills requirements or issues relating to the above points
nn Market making skills in the energy sector
nn Energy pricing methodologies across local value chains
nn Integration of digitisation effort to historic wires infrastructure
nn Algorithmic control capability
nn Integrated systems capability
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INFRASTRUCTURE: Water

Background on area within Scotland, the UK and worldwide
Scottish Water (SW) currently utilises telemetry, SCADA, meter and logger data to support SW’s 
operational functions and protect business reputation. SW’s Intelligent Control Centre uses asset 
monitoring data to support both proactive and reactive response to a number of issues such as asset 
failure, leakage etc. However, to be able to respond to the changing business needs, SW aims to 
move towards near real-time intelligence products that will allow the business to respond, as well as 
prevent, outcomes in a more efficient way. 

Specifically, SW aims to:
nn introduce predictive preventive alerting using advanced analytics on high risk sites/assets;
nn introduce greater levels of automation and smart systems;
nn increase granularity of sensing to improve visibility of performance at sub-minute intervals;
nn increase coverage of sensors to help us see the whole picture.

What are the current and future challenges
There is a need to shift from traditional practices/techniques to a new way of asset management, 
where different disciplines such as engineering, computer science, statistics and operational research 
are integrated within a single platform. Challenges include the identification, employment and 
integration of appropriate skills, as well as the appropriate/timely implementation of new processes 
within the current business environment. 
Impact that enabling technologies could have on these challenges (what could help businesses to 
realise the positive impacts* and remove / reduce any negative ones)
Through the use of Data Analytics products, SW aims to achieve the following goals

nn Decrease the cost of water and improve resilience by implementing efficient risk-based 
maintenance strategies. 

nn Decrease the occurrence of incidents such as pollution, flooding etc. by understanding and 
predicting asset performance and managing risk proactively. When such incidents occur, support 
timely and appropriate response.

nn Develop a holistic approach to asset management where environment, customer impact and asset 
performance form part of an integrated set of business goals.

nn Improve strategic planning by joining long-term strategic business planning and operational 
decision-making.

nn Ensure sustainability and the circular economy
Highlight any skills requirements or issues relating to the above points
nn Access to technological capabilities that allow fast processing of large dataset; ability to use such.
nn Ability to collect, store and allow for the analysis of real-time data (technology and skills)
nn Data Analytics/Statistics/Operational Research/Computer Science skills to allow for the analysis 

of big data, the discovery of patterns & relationships in data, the development of decision-making 
tools and the implementation of these tools using latest technology.
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MANUFACTURING: Chemicals

Background on area within Scotland, the UK and worldwide
Scotland has a thriving chemical sciences sector consisting of basic, fine, specialty and industrial 
biotechnology subsectors. The sector employs 10,000 directly in over 200 organisations . Some 
of the world’s leading chemical companies like Fujifilm, GlaxoSmithKline, Ineos and Syngenta have 
Scottish operations, and sit alongside a growing number of small and medium sized businesses in 
the sector (around 85% of businesses in the sector are SMEs), working in a multitude of technologies. 
Grangemouth, which is owned by Ineos, is one of Scotland’s key chemical assets. The site contributes 
4% of Scottish GDP and makes up approximately 8% of Scotland’s manufacturing base, employs over 
1300 people and is home to Scotland’s only crude oil refinery and produces the bulk of fuels used in 
Scotland.

The industry in Scotland is responsible for exports of £4.5bn - accounting for 17 per cent of Scotland’s 
total exports – making it second only to the food and drink industry. R&D expenditures by businesses 
(BERD) in Chemical sciences (including pharma) accounts for 33% of all Scottish manufacturing BERD 
and 19% of all Scottish BERD.

Chemistry is a vital science, core to many other sectors and one that underpins fields as diverse as 
food and drink industry and the energy industry. Markets and application areas include:

nn Dyes and pigments
nn Water treatment chemicals
nn Active Pharmaceutical Ingredients (API Fine Chemicals)
nn Electronic Chemicals

nn Petrochemicals Soaps and Detergents for Personal and Homecare 
What are the current and future challenges
nn Maintaining the substantial Grangemouth petrochemical cluster despite the decline in North Sea 

oil and gas.
nn Commercialising research by translating intellectual property into opportunities for manufacturing.

Impact that enabling technologies could have on these challenges (what could help businesses to 
realise the positive impacts* and remove / reduce any negative ones)
nn Application of industrial biotechnology to create innovative and sustainable products.
nn Application of continuous manufacturing and crystallisation to enhance productivity.
nn Adoption of latest automation and digital technologies to enhance productivity.

Highlight any skills requirements or issues relating to the above points
nn Need to develop a ‘product design to manufacture’ mindset
nn Need to develop a comprehensive skills pipeline across all disciplines and roles
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MANUFACTURING: Pharmaceuticals: Continuous Manufacturing and crystallisation / Advanced pharmaceutical 
manufacturing

Background on area within Scotland, the UK and worldwide
Pharmaceutical Manufacturing is a major contributor to UK GVA with £195Bn. However pharmaceutical 
manufacturing is facing considerable pressures globally to change to meet the future demands to 
accelerate the translation of new products to clinical and commercial supply, quickly, cost effectively 
and reliably (ref Trout and Badman, J. Pharm Sci 2015). Continuous manufacturing and other advanced 
process technologies are receiving increased attention from industry as a means to transform the future 
medicines supply chains. CMAC is a UK national manufacturing research hub, co-created with industry 
to lead the world in crystallisation and accelerate the adoption of continuous manufacturing.
What are the current and future challenges
From our close engagement with industry we have identified a range of pressing needs:
nn Improved understanding of pharmaceutical materials and products and structure property relations
nn Improved understanding of the impact of process history on pharmaceutical products particularly in 

the context of crystallisation
nn Robust measurement and advanced control of continuous processes including novel sensors
nn Improved process models enabling predictive design of particle based processes and products
nn Data science, measurement and modelling exploiting the opportunities of digital manufacturing 

across pharmaceutical R&D and manufacturing

nn Manufacturing for increased array of small volume personalised medicines
 
However, more R&D is needed in the key research priorities of the sector aligned with industry needs 
including:
nn Continuous manufacturing of pharmaceuticals
nn Digital design and predictive methodologies for rapid product and process development
nn Automation and advanced control technologies
nn Data science and digital pharmaceutical manufacturing technology
nn Flexible, reconfigurable, scalable processing technologies
nn Biopharmaceutical manufacturing, including vaccines
nn Physical and chemical measurements of pharmaceutical systems and processes
nn Downstream processing and purification technologies for biopharmaceuticals
nn Additive manufacturing for pharmaceutical applications
nn Medical devices 
nn Manufacturing of advanced drug delivery and cell and gene therapies
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Impact that enabling technologies could have on these challenges (what could help businesses to 
realise the positive impacts* and remove / reduce any negative ones)
Recommendations are:
nn Stronger sector wide support for pharmaceutical manufacturing in the Industry Strategy with 

targeted, long term support for key organisations and infrastructure to support collaboration, basic 
and applied research, training and translation;

nn Strategic support for interactions between key research, innovation partners and manufacturers and 
supply chain partners across the UK to support next generation manufacturing;

nn Major investment in key infrastructure to support pharmaceutical manufacturing research: 
molecular processes measurement centre; MMIC; digital infrastructure for manufacturing research 
and high performance computing

nn Strengthening the link between manufacturing and R&D;
nn Support the early and sustained engagement of manufacturing in healthcare-provider and patient 

related initiatives relating to medicines supply.
nn Targeted capital investments in digital Hub, CMAC National Facility for open access to research

Highlight any skills requirements or issues relating to the above points
Need for researchers, scientists and engineers with the required skills to implement technologies 
in industry R&D and translate into manufacturing practises. The need has been well articulated and 
illustrated in existing reports (ref. Science Industry Partnership Skills Strategy 2025, the ABPIs report 
‘Bridging the skills gap in the pharmaceutical industry’).  A combination of retaining, upskilling from 
apprentiships to senior research fellows is required.  The capability and accessibility of centres and 
programmes such as the CMAC Doctoral training centre are essential to meeting these needs.
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