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EXECUTIVE SUMMARY
Background

This report offers a snapshot of the status of the environment for nanotechnology in the context of
information and communications technologies ( ICT). Analysis of that environment, trends in the
data, and the effects of European policies and actions on nan otechnology, will be reported in the
NanoData ICT Impact Assessment and are therefore not included in this report.

Role of nanotechnology

In using new methods and new technologies, the main goal of manufacturers of traditional ICT, such
as chips for electr onics, is to make smaller, faster and better devices. Reduced size means that more
components and more functionalities can be put into a device. Faster and better devices are built

with components with better computing speed and capacity. Better devices ma y also have the ability
to process and/or store more data. Associated goals are to minimise costs of materials and
manufacture, as well as to optimise performance, e.g. by controlling the heating of components.
Nanotechnology can contribute to all these go als through coatings, particles and films but also, in

the future, perhaps through radical changes in how ICTs work, though the use of spin (rather than

charge) in technologies known as spintronics, quantum computing and DNA computing.

Policies

National po licies to support nanotechnology tend to be generic at Member State level in that they

may support nanotechnology within broad science and technology (S&T) initiatives (e.g. Innovate

UK in the United Kingdom , which funds S&T across the board) or support it as a designated priority
but usually do not single it out for specific measures (e.g. NanoNext in the Netherlands). Examples

of initiatives in which nanotechnology and ICT (or related areas) have been specified together include

the establishment of IMEC ! in Belgium; the founding of the Iberian Nanotechnology Laboratory 21n
Portugal; and the thematic calls of the ANR 3 in France (on miniaturisation, new technologies and

new devices for electronics and nano -photonics).

European supports are concentrated in the EU RTD Framework Programmes (see below under EU

R&D projects ) as these have the greatest role in EU funding of nanotechnology R&D (research and
development). Other policies include those for industry and for ICT. There are many examples of

collaborativ e and co -ordination mechanisms at European level including ERA -NET#s, European
Technology Platforms (ETPs) and Networks of Excellence (NoEs), not least NANOFUNCTION, CHIST -
ERA, ETP4HPC and ECSEL. In ICT policy, in addition to the Framework Programmes, ther e is the

Digital Agenda for Europe, which aims to exploit the potential of ICT for jobs, growth and society.

Globally outside of the EU, countries that have specified nanotechnology and ICT (or related areas)

as a priority within their policies and program mes at some point in the recent past include the

Russian Federation (with the RUSNANO cluster on optoelectronics and nano -electronics); Japan

(under its Second and Third S&T Basic Plans, 2001 -2005 and 2006 -2010, although Japan has now

moved to more generic priority areas); and Korea (with national programmes and centres). Other

countries include nanotechnology in policies and programme:
NanoMission).

In terms of available data, this report tracks research and develop ment activities through projects,
publications and patents to products and markets in the context of the wider socio -economic
environment.

EU R&D projects

For projects at the European level, nanosciences and nanotechnologies (NT) were first provided for
at a significant level in FP6, taking about 10% of the budget (EUR 1,703 million for nanotechnology
out of EUR 16,692 million for FP6) mainly under the headings of NMP (EUR 870 million); Information
Society (EUR 346 million); and Life Sciences (EUR 54 milli on), as well as Human Resources and

! Interuniversitair Micro  -Electronica Centrum,  http://www?2.imec.be/be_en/about -imec.html
2 http://inL.int/

3 http://www.agence __ -nationale -recherche.fr/

4 Also ERA-NET plus

10
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Mobility (Marie Curie Actions, EUR 219 million).

1307 projects (75% of them in FP7) were found to be related to nanotechnology and ICT,
approximately 32% of all nanotechnology projects in the two Framework Programmes. They received

EUR 2,655 million in funding, EUR 0.66 billion in FP6 and EUR 2 billion i n FP7. The largest proportion
of funding by theme was under the ICT -related theme of the Co  -operation Programme in both FP6
(46.6%) and FP7 (56.6%). 25% of FP6 funding for ICT and nanotechnology was under the NMP
theme, reducing to 10% in FP7. Marie -Curie Actions took around 10% of funding in both FPs.

Throughout FP6 and FP7, the top three countries (DE, FR and UK) received almost half of ICT
nanotechnology funding and together have also taken over half of the total FP funding. Other
countries (including | taly, the Netherlands, Switzerland, Belgium and Spain) follow at a distance.

Higher education establishments predominate in the FPs (receiving 45% of the funding), followed
by research organisations (29%) and large companies (16%). SMEs are less strong in funding
participation in ICT nanotechnology (7.5%) than for nanotechnology (12%) or FP overall (11%).

In terms of individual organisations in the EU28, the countries of France (CNRS 5, CEAS), Belgium
(IMEC), Germany (Fraunhofer 7 and Max Planck & Gesellschaf ten) and the United Kingdom (the
Universities of Cambridge and Manchester) are strongly represented in the top 20, which also

includes organisations from the Netherlands, Sweden, Italy and Finland. Switzerland is the strongest

non - EU28 country (EPFL ° and ETHZ?) and Israel is represented by the Weizmann Institute.

Looking at companies by funding, branches of the French -Italian company group STMicroelectronics
participate in 100 projects in FP6 and FP7, receiving funding of over EUR 80 million. Both Philips

(NL, DE) and Infineon (DE, AT) with over 40 projects each received EUR 26 million. There are no
SMEs in the top 25. In terms of location, the countries of these large companies are Germany (7),

France (5), the Netherlands (3), Austria, Belgium and Italy (2 each), Spain, Finland, the United
Kingdom and Switzerland (one each).

Publications

Of 1.8 million publications globally related to nanoscience and nanotechnology (NST) between 2000
and 2014, about 130,000 were related to ICT, 7% of the total output.

The strongest publishing countries in 2014 were the China and the US, followed by Korea, Japan,
Germany, India and the United Kingdom. Of the EU28, the strongest in publications in 2014 were

Germany, the United Kingdom , France, Italy and Spain, the top thre e being the same as for FP
projects.

Thirteen of the top 25 publishing organisations are in China. Of the top ten, six are from China and
two each from Singapore and Korea. There are no European organisations in the top 25.

Looking at EU&EFTA organisations in 2014, these are led by the University of Cambridge (UK), the
University of Paris XI Sud and IMEC, each with over 100 publications. However, there has been no
normalisation of the data to take into account factors influen cing publication output such as the
number of researchers/technicians/students or the research budgets. The companies with the most
ICT publications globally in 2014 were IBM, Samsung Electronics and Nippon Telegraph (NTT).

Patenting

The strong presence of  countries such as the US, Japan, Korea, Germany and the United Kingdom
is also seen in patenting, with the omission of China and the addition of the Netherlands in the top

six. However, the third placed Korea has less than a quarter of the patent families (422) of the US

(2196) and Japan (1787). Using patenting families 11 as the measure, the top EU28 countries for ICT

nanotechnology patenting between 1993 and 2011 were Germany, the Netherlands, the United

5 Centre National de la Recherche Scien tifique, the National Centre for Scientific Research www.cnrs.fr

5 Commissariat a I'énergie atomique et aux énergies alternatives, the French Alternative Energies and Atomic
Energy Commission  www.cea.fr

" Fraunhofer -Gesellschaft zur Férderung der angewandten Forschung e.V. www.fraunhofer.de

8 Max - Planck - Gesellschaft, the Max Planck Society www.mpg.de
9 Ecole Polytechnique Fédérale de Lausanne, the Swiss Federal Institute of Technology in Lausanne
www.epfl.ch
10 Eidgendssische Technische Hochschule Zirich, Swiss Federal Institute of Technology in Zurich www.ethz.ch
11 At the European Patent Office, US Patent and Trademark Office or World Intellectual Property Office

11
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Kingdom and France.

The top ten EU and EFTA countries by number of applications are the same as the top ten as
measured by patents granted (DE, NL, UK, FR, BE, CH, SE, IT, ES and FI) with some changes in
position but with the top five countries being the same in both. Germany , the United Kingdom and
France also lead the table in FP projects and publications on nanotechnology and ICT (followed by

Italy and Spain) but in patents the Netherlands also performs strongly.

Globally, the leading organisation for patents (by patent fa milies) was the CEA in France, with the
CNRS in France and IMEC in Belgium also in the top ten. Four out of the top ten organisations filing
patents were in the US, and one each from Japan, Korea and Taiwan.

Of the top 15 universities and research organis ations ranked by the highest number of EPO patents
granted between 1993 and 2011, four are from the EU28/EFTA countries (CEA, CNRS, IMEC (ranked
1, 2 and 3 respectively) and the Fraunhofer Gesellschaft (ranked 10)). Seven are from the US.

Of the top ten co  mpanies with the highest number of patent families (with percentages for PCT, US

and EP applications), five are in Japan and three the United States. Germany is the only EU28 country

that features with the company Infineon, which is also very engaged in EU Framework Programmes.
It should be noted that some may be holding companies rather than research companies or
manufacturers.

Companies from the US and Korea lead the organisations with highest number of patents granted

by the EPO. Infineon Technologies ( DE) appears again at fourth place and is joined by Philips ( NL),
both strong FP performers. Another Dutch company (NXP) also has a significant number of EPO

patents granted.

Pr oducts and markets for ICT through nanotechnology

The global market nanotechno logy ICT products is expected to grow (USD 2 billion 2013, over USD

10 billion 2019). There is the potential for dramatic changes in computing but the markets for these

cannot be quantified. It can only be forecast that 3 -4% of the market in 2019 will come from
applications of technology that do not already exist in some form. A relative decrease in exploitation

of carbon nanotubes is expected by 2019 and the use of solid particles and thin films to increase.

The largest markets globally in 2014 were estim ated 2 for low -k dielectric films for electrostatic
protection (USD 870 million); sputtered magnetic coatings for hard discs (USD 429 million);
nanoparticles in ceramic capacitors (USD 242 million); and nano -inks for printed electronics (USD
225 million). The hi  ghest growth for these products is forecast in low -k dielectric films, followed by
nano -inks (and the silver nanoparticles they contain) and nanoparticles in ceramic capacitors.
However, the market for new products such as transparent electrodes is expecte d to be very strong.
In total markets in 2019, the forecast is for almost USD 7 billion for low -k dielectric, USD 1 billion

for nano -inks for printed electronics, and almost USD 0.5 billion for sputtered magnetic coatings for
hard disc applications. Market opportunities may also arise from the spintronics, quantum computing
and valleytronics.

84 ICT -related products using nanotechnology have been identified as being commercially available
on the market. Nanotechnology occurs mostly in components including data storage but also strongly
in materials such as electrostatic dissipative coatings.

Regulation and standards

European regulations for nanotechnology are well -advanced with definitions and many regulatory
documents. ICT is regulated under the European F ramework Directive for Electronic
Communications, which is mostly oriented towards the provision of network services and
international trade and does not address the uses of nanotechnology in ICT.

Nanomaterials used to make or improve ICT must comply with the overarching regulatory framework

in place for chemical substances, the Waste Electrical and Electronic Equipment Directive (WEEE )
and the Directive on the Restriction of the use of Certain Hazardous Substances in Electrical and

Electronic Equipment (R 0oHS2) . In general, nanomaterials fall under REACH - the Registration,
Evaluation, Authorisation and Restriction of Chemicals (REACH)

12 BCC Research
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Some European Member States have put in place additional ways to regulate nanotechnologies (e.g.

using databases and repo rting schemes for nanomaterials). Non -EU countries have their own
controls under which nanotechnology and ICT may fall. In general, marketing authorisations must
be applied for on a country by country basis.

The International Organisation for Standardisation (ISO) is responsible for the standardisation of
nanotechnologies but has not directly addressed ICT. The European Committee for Standardisation
committee on nanotechnology (CEN/TC 352) has not developed st andards relevant to ICT but covers
ICT and nanotechnology more generally through its working group on health, safety and
environmental aspects. ICT and nanotechnology also fall under the International Electrotechnical
Commission (IEC) and the European Comm ittee for Electrotechnical Standardisation (CENELEC)
committee.
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1 BACKGROUND

The ability to measure and manufacture at the nanoscale is opening up many new avenues within
industry and across society including information and communication technologies (ICT)

This report is a Landscape Compilation of facts and figures related to nanotechnology and ICT. It

offers a snapshot of the status in 2015 of the environment for nanotechnology in the context of ICT.

It documents past and current policies and programmes f or nanotechnology (in particular, but not
exclusively, those relating to ICT); the outputs of research (projects, publications and patents) and

how those outputs are used in the application of nanotechnology to ICT (products and markets).

Being a nanotechn ology landscape, it does not provide detailed analysis of the data or its trends or
draw policy conclusions. The analysis of the data in this report will be fully presented in the Impact
Assessment report that accompanies it. The Impact Assessment consider s the policies and practices
at European level to date (an ex -post evaluation) and looks at gaps in the policies and practices,
concluding with a review of what actions could be taken to enhance nanotechnology and ICT in the

future (an ex -ante analysis).

The outline of this report is as follows:

Introduction to ICT and the role of nanotechnology;

Policies and programmes for nanotechnology and ICT;

Research projects, the EU Framework Programmes;

Publications in nanotechnology and ICT;

Patenting in nanotechn  ology and ICT;

Industry and nanotechnology for ICT;

Products and markets for ICT through nanotechnology; and

The wider environment for nanotechnology and ICT (regulation and standards, environmental
health and safety, communication and surveys on nanotechn ology and ICT).

= =8 =8 -4 -8 -8 _°8_°

The next section introduces ICT and the role of nanotechnology in addressing it.
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2 |INTRODUCTION TO ICT AND THE ROLE OF NANOTECHNOLOGY

2.1 Introduction to ICT

Information and communications technology (ICT) is an umbrella term applied to communication
devices and systems (including computer and network hardware and software); telecommunications

(e.g. telephones, mobile phones, radio and television); and satellit e systems. It also covers the
applications associated with them, such as video -conferencing, data management and distance
learning. The devices and systems are often inter -linked, for example, satellites used by mobile

phone networks.

Key applications of ICT

1 Smart mobility: improve air quality, reduce congestion, sustain mobility for the elder
generation and increase accident free mobility;

1 Smart society: intelligent, secure and easy -to -use data systems;

1 Smart energy: sustainable energy generation and con version, reducing energy
consumption, efficient community energy management;

1 Smart health: long and healthy living through affordable care and well -being; improved
food production, processing and delivery; and

1 Smart production: manufacturing and process au tomation and new manufacturing and

process technologies enabled by advanced electronics systems.

Adapted from  http://www.ecsel _ -ju.eu/

ICT today is mainly semi  -conductor and silicon -based, with integrated circuits driving ICT systems

T here called Traditional ICT . Also of relevance in the context of nanotechnology is Frontier ICT
using new materials and novel systems (including the poten tial of quantum computing and organic
electronics). The following paragraphs introduce traditional ICT and frontier ICT.

2.1.1 Traditional ICT

ICT has, following the age of the vacuum tube, relied largely on electronics composed of electronic
components (e.g. resistors, capacitors, diodes and transistors 13) and/or integrated circuits.
Integrated circuits (ICs) are semiconductor wafers holding thousands or millions of miniature
components - resistors, capacitors, transistors, etc. Int  egrated circuits can have many functions
including being amplifier s, timers, actuators, counters, computer memories and microprocessors.

Semiconductors

A semiconductor is a substance that can conduct electricity under some conditions but not

others, making it a good medium for the control of electric current. The ease with which a
semiconductor conducts (its conductance) varies depending on the current or voltage
applied to a control electrode, or on the intensity of irradiation by infrared, visible or

ultr aviolet light or X -rays.

The properties of a semiconductor depend on the impurities, or dopants, added to it. An N-
type semiconductor carries current mainly in the form of negatively -charged electrons, in
a manner similar  to the conduction of current in a wire. A P-type semiconductor carries

current predominantly as electron deficiencies (holes). A hole has a positive electric charge,
equal and opposite to the charge on an electron. In a semiconductor material, the flow of
holes is opposite in direction to the flow of electrons.

Elemental semiconductors include antimony, arsenic, boron, carbon, germanium, selenium,

silicon, sulphur and tellurium. Silicon is the best -known of these, forming the basis of most
integrated circuits (ICs). Common semiconductor com pounds include gallium arsenide,
indium antimonide and the oxides of most metals. See: http://whatis.techtarget.com

13 Transistor: a device that regulates current or voltage flow in a circuit, acting as a switc h or gate for
electronic signals.
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Advances in ICT have long been driven by the goal of miniaturisation, making smaller components

in order to make smaller devices and systems and to incorporate a greater number of functionalities

into devices. The rate of miniaturisation was predicted by Moore in 19
states that the number of components on an integrated circuit will increase exponentially over time

i.e. double every year. In 1975, Moore revised his Law to state that the number of components on

an integrated circuit would double every two years.

The Law proved to be accurate in large part, in that industry has delivered smaller and smaller and
more and more powerful devices. The Law has long been used in goal -settingandlong -term planning
by the semiconductor and computer industries in the scenario called More Moore . The exponential

trajectory  of semiconductor manufacture, and hence computing power, has led to steeply decreasing

costs in ICT making their applications (devices) increasingly accessible to consumers while
constantly offering greater functionality. The ICT giant Intel estimates 14 that the transistors it now
produces run 90,000 times more efficiently and are 60,000 times cheaper than the first one it

produced in 1971.

Transistors

Transistors are the basic elements of standard integrated circuits ( IC) with many
transistors that are interconnected by circuitry forming a single electronic chip.

The transistor was invented by scientists at Bell Laboratories in 1947, rapidly replacing the

vacuum tube as a regulator for electronic signals. It is a device that regulates current or
voltage flow and acts as a switch (or gate) for electronic signals. Tr ansistors typically
consist of three layers of a semiconductor material, each capable of carrying a current. A
small change in the current or voltage at the inner semiconductor layer (which acts as the

control electrode) produces a large, rapid change in t he current passing through the entire
component. The component can thus act as a switch, opening and closing an electronic

gate many times per second. It can also act as a current amplifier. Electrodes can be

attached to each of the three layers of the sem iconductors in order to better control the

flow of electrons (or holes) through the transistor.

Field -effect transistors (FETS) use this three electrode system. In some FETs, the
semiconductors layers are coated with metal oxides, forming MOSFETs (metal o xide
semiconductor FETSs). Metal oxide semiconductors are also present in CMOS technologies
complementary metal oxide semiconductor technologies. CMOS technology uses both ~ N-
type and P -type semiconductors inacomplementary way for electrical control. Comp uters
and many other ICT devices use circuitry based on CMOS technology. CMOS components

use almost no power when not needed. However, the direction of the current can be very

rapidly changed in CMOS transistors and they can become hot, limiting the speed at which
circuits such as microprocessors can operate.

See: http://whatis.techtarget.com

The continuation of O6More Moored relies on being able to re
basis. While that may be possible for some future years 15 companies are also seeking to sustain

and grow their sales by increasing performance through the stacking of components in forms known

as Osystem on a chipd (SoC) or Osystem anconabuigaotdalgged ( Si P)
in the miniaturisation of ICT (More Moore) but also in this new direction ( More than Moore ). OMore

than Moored may indeed prove to be the better route for com
as the fabrication facilities to make smaller and smaller components (More Moore) require very high

levels of investment in infrastructure, an estimated USD 6 billion in 2015 for a new semiconductor

fabrication plant @so -cal l ed 6éFabd) . New functionality adudtorbetter pe

based applications is being targeted through the use of nanostructures such as nanowires and
nanomaterials.

14 Reported in April 2015 in http://www.economist.com/blogs/economist -explains/2015/04/economist -
explains -17

15 Intel expectst o be able to maintain the law to 2025 at least, slimming its transistors down to 5nm, about
the thickness of a cell membrane (ibid).
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The manufacture of silicon -based computer chips

Sand contains a high percentage of the semiconductor material silicon and is the starting
material for computer chips. The silicon is melted and cooled into a solid monocrystalline
lattice cylinder (ingot) with, for example, a diameter of 300 millimetres (mm) and a weight

of about 100 kilogrammes (kg). Each ingot is cut into individual silicon di scs (wafers) about
one mm thick that are polished to a mirror -smooth surface.
Photolithography is used to imprint a pattern on the wafer. A light -sensitive, etch  -resistant

material (photoresist) is applied to the wafer surface. This can be done using a number of

techniques including:  physical vapour deposition (PVD), chemical vapour deposition (CVvD),
electrochemical deposition (ECD ), molecular beam epitaxy (MBE) and atomic layer
deposition (ALD). The photoresist is hardened and parts of it are exposed to ultraviolet

light, making it soluble. The UV light passes through a mask (similar to a stencil), and then

through a lens to shrink and print circuit patterns on each layer of every chip on t he wafer.
A chemical process is used to remove the soluble photoresist, leaving a patterned
photoresist image.

lons are embedded beneath the surface of the wafer in regions not covered by photoresist,
changing the conductive properties of the silicon in th e selected positions. A silicon dioxide
layer is created over the wafer to insulate the transistor from other elements.

Multiple layers of high -k dielectric material can be applied to the wafer surface by atomic
layer deposition. The high -k dielectric mate rial improves performance and reduces leakage.
This material is etched away in some areas, such as the silicon dioxide layer, as necessary.

Holes are etched into the insulation layer above the transistor and filled with copper or
another material to form m etal connections to other transistors.

The wafers are put into a copper sulphate solution. Copper ions are deposited onto the
transistor using a process called electroplating. Excess material is polished off, revealing a
specific pattern of copper. In a t hree -dimensional system, metal layers interconnect the
transistors in a chip. The design of the chip determines how the connections are made.
Although chips look flat, they can have more than 30 layers of complex circuitry.

After wafer processing is comple te, each chip on a wafer is tested for its functionality. The
wafer is cut into pieces (called die). Together, the substrate, the die and a heat spreader

(a thermal interface that helps dissipate heat) form a completed processor. The substrate
makes electr ical and mechanical connections so that the processor can interact with the
overall system.

Adapted from:  https://www __-ssl.intel.com/con _tent/www/us/en/history/museum -transistors -to-
transformations _-brochure.html

Moving away from semiconductors, s ilicon photonics is being seen as a future means to enable the

transmission of huge amounts of data at very high speeds with extremely low power over thin optical
fibres. Combining these with semiconductor electronics, s ystems in a package may be able to

integrate extremely fast Il -V circuits with silicon  -based circuits for transmission via optical fibres.

Future goals in ICT

1 Semiconductor process, equipment, and materials: More Moore, More than Moore and
System in Package (SiP) technology;

i Design technologies;

i1 Cyber -physical systems: embedded intelligent ICT systems that are interconnected,
interdependent, collaborative, autonomous and prov ide computing and communication,
monitoring/control of physical components/processes; and

1 Smart system integration: 3D integration for sensing, data processing, actuating,

electronics with micro  -electro -mechanical and other physical, electromagnetic, chemical
and biological principles.

Adapted from  http://www.ecsel _ -ju.eu/

networking, energy scavenging and managing, that combine nano -, micro -, and power -
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Existing or soon -to-be-realised applications of nanotechnology in the field of ICT include:
nanotechnology -enabled data storage technologies (e.g. hard disc media and computer memory);
materials to make ICT (e.g. conductive inks for printed electronics); m aterials to enhance ICT (e.g.
electro -conductive coatings); and nanotechnology -enabled components (e.g. multilayer ceramic
capacitors and magnetic nanocomposites). Much more information on these (and the role of
nanotechnology in them) is given in the sect ion on Products and Markets for ICT through
Nanotechnology. A large future market is anticipated in novel technology applications such as spin
waves, spintronics, and quantum dot technologies, including quantum computing, novel sensors,
graphene transistor s and quantum cryptography.

2.1.2 Frontier ICT

Quantum computers __ are being developed by companies including D -Wave and IBM. They use qubits

(quantum bits 6) to represent a one or a zero (like a conventional computer) but they can also

represent both a one and a zero at the same time, making quantum computers potentially much

faster than conventional ones. In April 2015, IBM announced that they had overcome one of the

barriers to quantum computing, the detection of quantum errors (for example, where one bit has

flipped and taken a zero value instead of one) 17 while, in September 2015, D -Wave launched its D -

Wave 2X system, a quantum computer of over one thousand qubits, that was subsequently installed

at NASAO6s Ames Research Centre, in a&aARAahdlithe USUnigetsitiesn bet ween
Space Research Association 18,

Quantum cryptography uses photons (light) to transfer encryption keys for secure systems via
optical fibres. Nanotechnology coatings are being used to improve the quality of the fibres for
transmis sion, in addition to nanoscale effects being at the core of quantum cryptography as a
technology. Quantum key distribution is already in use in the global banking sector. Researchers are

now working on twisting the light to increase the amount of informati on that can be transmitted by
each photon, currently only one qubit. The technique uses the orbital angle momentum of the photon

instead of its polarisation. 19

Novel sensors : Energy harvesting uses autonomous and self -powered sensors, adsorbing energy
from arenewable source that is continuously available in the ambient environment, without the need

for battery replacement. F  or energy -harvesting to be adopted for a device, it must be able to match

the need for energy in the device. Research is being done on reducing the gap between energy
harvesting (supply) and device consumption (demand). Zero power switches would enable devices

to operate without any energy being expended. More than Moore approaches are being researched

to create nano -sized electronic swi tches. It has been shown that, theoretically, nano -magnetic zero -
power switches that do not dissipate energy during operation are possible 20,

Graphene ?'_transistors  are being researched as a replacement for existing computer chip
technologies because graphen e, at a thickness of a single atom, can conduct electricity at room
temperature. It is ultra -light, tough, 200 times stronger than steel and highly flexible. Its
transparency and flexibility make it a candidate material for wearable electronics and bendabl e
displays. Graphene transistors are being developed as photodetectors because of their ultra -high
carrier mobility and light absorption in a broad range of wavelengths. Graphene field - effect
transistors would perform well in high -frequency electronics %2,

16 A quantum bit is analogous to the binary digits (bits) of classical computing and relies on a two -state

quantum -mechanica | system (e.g. the polarisation of a photon, the two states being vertical and
horizontal polarisation).

7 http://www ___-03.ibm.com/press/us/en/pressrelease/46725.wss

18 http://www.dwavesys.com/press -releases/d -wave -systems -announces -multi -year -agreement -provide -its -
technology -google -nasa-and

1% New J ournal of Physics 17, 033033, http://m.iopscience.iop.org/article/10.1088/1367 -
2630/17/6/063008/pdf

20 http://m.iopscience.iop.org/article/10.1088/0957 -4484/26/22/222001/meta#nan0512242fn3

2! http://w _ww.graphene.manchester.ac.uk/

22 hittp://gr _-sci.net/papers/10  -02.PDF
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2.1.3 Applications of ICT z

The applications of ICTs are manifold, from direct use as computers and phones to their being tools

for signal processing and sensing applied to sectors including manufacturing, transport, health,

energy and environment. Future applica tions may include invivo health monitoring and drug delivery
systems, smart home control systems and wearable computers. Sectoral examples are given below

of a few of the current uses of ICT, particularly those in which nanotechnology is increasingly play ing
arole.

ICT in the transport sector

The transport industry is responsible for generating 7% of European GDP and 5% of employment.

The mobility of people and the flow of goods to, from and within Europe must be cost - effective, safe
and environmentally ~ sustainable. Currently, the sector is responsible for the emission of 24% of
greenhouse gases and 28% of CO  ,, and is 97% dependent on fossil fuels.

The uses of ICT in the transport sector (now and in the future) include:

1  Assisted driving systems (for fue | efficiency, safety, etc.);
- Distance and speed regulation (as safety systems and for fuel efficiency);
- Warning systems (e.g. obstacle avoidance systems);
- Autonomous driving (driverless vehicles);

1  Advanced positioning and communication systems; and

1 Imp roved logistics management.

By 2017, the market for automated driving support systems alone (e.g. collision warning, drowsiness
monitoring and night vision) is expected to reach USD 7.6 billion, representing a CAGR of 28.1%
over the period 2012 to 2017. Also by 2017, sales of human machine interfaces (HMI) and navigation
systems are expected to reach USD 5.2 billion (CAAGR of 9.8% over the same period).

ICT in the health sector

ICT, particularly as it becomes miniaturised with the help of nanotechnology, is increasingly seen as
a key tool for personalised healthcare. Applications include personal diagnosis and monitoring,

implants and enhanced levels of telemedicine across the community, all important to a growing and

ageing population. In 2015, there are 901 million people aged 60 or over, 12% of the global
population 24, Within that, Europe has the highest percentage of its population aged 60 or over at

double the average, 24%. The annual rate of growth of the global population aged 60 or above is

3.26% and the total is projected to be 1.4 billion by 2030 and 2.1 billion by 2050. With the aims of
long life and healthy living, personalised medicine and home healthcare have a significant role to

play.

Examples of the use of ICT in health include:

1  Implantable pacemakers (since the late 1950s);

i1  Clip-on finger monitors of b lood oxygen levels (pulse oximeters) (since the 1980s);

I  Scanners such as MRI, CT and CAT scanners (since the 1970s and 1980s); and

1  Glucose -sensing bio -implant insulin pumps for diabetes treatment (since the 2000s, e.g. 2003
in the UK 25),

Advances that ar e being made using nanotechnology and ICT together, and already at the
demonstration stage 25, include:

1 Wearable E -skin that can measure heart rate and blood pressure 27+ and
i1  Paper diagnostic machines the size of a credit card that can give instant readings on blood and
saliva samples 28.

Zhttp://www.smart  -systems -integration.org/publi __c/about/objectives  -mission (Strategic Research Agenda,
accessed Nov. 2015)

24 http://esa.un.org/unpd/wpp/

25 http://www.nice.org.uk/quidance/tal51

26 http://ph __ys.org/news/2015  -05 -e-skin -pocket -sized -diagnostic -machines -patients.html#Cp

27 http://www.sciencedaily.com/releases/2015/05/150512090729.htm

28 hitp://www.ifm.liu.se/applphys/biosensors -and - bioelectro/research/biosensors/
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Working at the level of nanotechnology but further away in terms of development are:

Combining nano -carriers and MRI scanning for brain cancer therapy 29,

Neural implants for severely disabled or injured people 30,

3-d scanning to help in the study of degenerative bone diseases such as osteoporosis st
Ultrasensitive microRNA sensors for the diagnosis and treatment of pancreatic and other
cancers 32: and

i  Tissue engineering with ICT controlling and optimising the bioreactor 33,

1
1
1
1

Much of the activity in ICT and nanotechnology for health is around biosensors. Healthcare
companies report that the five technologies of greatest importance to their market are micro -electro -
mechanical systems (MEMS), micro -optical electro -mechanical syst ems (MOEMS) and micro -fluidics;
micro -sensors and micro -actuators; design and simulation technologies; semiconductor and More -
than -Moore technologies; and micro -nano - bio -systems (MNBS). All of these use or, as scales are
reduced in the search for new and b etter products and processes, they will use, or become,
nanotechnology. Global sales of biosensors were USD 8.5 billion in 2012 and were expected to double

to USD 16.8 billion by 2018, a large market for nanotechnology -related products across health, food,
environment, etc. Remote patient monitoring (including support systems) has been estimated at a

market value of USD 10.6 billion in 2012 34 while the total global health and personal well -being
sector was estimated in 2011 to be over USD 300 billion 35 The n anotechnology -based medical device
market was estimated to be USD 5 billion in 2014, rising to USD 8.5 billion in 2019 (CAGR 11%) 36,

ICT in the manufacturing sector

ICT is ubiquitous in the modern manufacturing sector, as is nanotechnology. The main technologies
used by companies in the sector are reported to be similar to those in healthcare: micro -sensors
and micro -actuators; MEMS, MOEMS and micro -fluidics; design and simulation technologies; and
semiconductor and More  -than - Moore technologies. These  are applied in

1 Manufacturing and prototyping equipment;

1  Process control systems linked to intelligent sensors;
1 Robotics and factory automation; and

i  Testing and inspection.

Nanotechnology and ICT work together in areas including: sensor systems for fact ory processes,
robotics and testing; nano -coatings for heat reduction on electronic, electrical and mechanical
components; testing and inspection at very small scales, in conjunction with signal processing

systems; smart control of the work environment and monitoring of the workforce; and proto -typing

using 3 -D printing.

Within ICT, nanotechnology is present in components and materials. It may also play a significant

role in the future in novel systems and new materials for ICT. Applications include datast  orage (Co,
Ni, Fe nanowires); sensors (nanowires, graphene); transistors (graphene, nanowires); energy

harvesters (nanowires); light -emitting diodes and lasers (nanowires); and electronic paper/ flexible
electronics/ transparent screens (thin films and coa tings). More information about nanotechnology

in ICT follows below.

29 http://phys.org/news/2015 -11 -nanocarriers -brain -cancer -therapy.html
30 http://actu.epfl.ch/news/neuroprosthetics -for - paralysis -an-new -implant -on-t/
31 http://phys.org/news/2015 -11 -d-nanostructure -bone -visible.html

32 http://phys.org/ne  ws/2015 -11-nanotech -based -sensor -micrornas -blood -cancer.html
33 A tissue engineering bioreactor can be defined as a device that uses mechanical means to
influence biological processes. See http://epubs.rcsi.ie/cgilviewcontent.cgi?article=1045&context=anatart
34 http://www.kaloramainformation.com/about/release.asp?id=3159
% Medical Devices Industr y and Market Prospects 2012 -2022, Vision Gain 2012,  www.visiongain.com
3 MarketsandMarkets,  http://www.marketsandmarkets.com/PressReleases/nanotechnology -medical -

device.asp
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2.2 Role of nanotechnology in ICT
The main goals of manufacturers of traditional ICT, such as chips for electronics, include:

1 Reduced size (to make smaller devices);

1 Greater computing  capacity/speed while maintaining size requirements;
1 Increased transmission capacity while maximising signal coherence; and
1 Higher density data storage/memory (non -volatile).

Associated goals include:

1 Minimising heat output; and
1 Minimising the costs associa ted with materials.

While these are the goals of using nanotechnology in traditional ICT and electronics, in the future,
nanotechnology may offer radical new solutions in ICT, including quantum and DNA computing.
Some examples of the ways in which nanotec hnology is being used or developed to improve ICT
include:

i1 Silver nanowires, being highly conductive and flexible, are potential replacements for the indium
tin oxide that is currently used to make transparent, conductive layers for tactile displays s,

1  Nanoscale quantum dots, in the form of a thin film in front of an LCD backlight, are being used
in novel television screens 38, Quantum dots (QDs) of different sizes each emit a different colour
of light, improving the reproduction rate and brightness compared with conventional liquid -
crystal or LED displays, making for a more saturated appearance of colour. The QD technology
is also expected to be cheaper than organic LED screens.

1 Nanoimprint lithography  2° is a technique to produce higher resolution patterns for integrated
circuits than traditional photolithography. It has been used to fabricate field -effect transistors
and single -electron memories. It is a simple, low -cost, and high -throughput process for
replicating micro - and nanoscale patterns using mechan ical deformation to create a pattern on
a resist -coated substrate. The resist may be cured using heat or ultra -violet light. One mould
may be used repeatedly to routinely make patterns at the scale of tens of nanometres.

1 Nanotechnology -based imaging systems are being used to position components with great
precision in three dimensions in the research, testing and manufacture of ICT and in combination
with ICT systems. 4°

1 Research is underway on carbon nanotubes (CNTSs) as integrated light sources, modul ators and
detectors in silicon -based photonic devices. Single wall carbon nanotubes (SWNTSs) are mono -
dimensional materials, with specific electronic and optical properties relevant to electronics and
opto -electronics devices, including light sources.

1 Hard disc drives are magnetic memories that do not lose the information stored in them when
the power is removed. They are however, relatively slow to access, much slower than random

access memories (RAM). Many new solid - state technologies are being developed based on the

magnetic spin of their materials. One such is spin -transfer -torque magnetic RAM (STT -MRAM) in
which the information is stored in the spin of nano -magnets and accessed electrically 4%, This set
of technologies is known as spintronics a2,

I Spini torg ue nano i oscillators (STNOs) have outstanding advantages of a high degree of
compactness, high 71 frequency tunability, and good compatibility with the standard
complementary metal i oxide i semiconductor process, which offer prospects for future wireless
communic ation.

1  Plant -based photonic devices may in the future be used as sensor and communication networks.
Photonic structures occur in plants and fruits as well as in butterflies, beetles, jellyfish and
birds 3. In plants, these structures affect the internal a bsorption and channelling of light. It may
be possible to use this channelling effect in sensors and/or for energy harvesting. Plants may

87 https://www.basf.com/us/en/company/news -and -media/news -releases/2015 /03/P -US-14-37.html
38 http://www.ibtimes.com/quantum -dots -promise -cheaper -4k -tvs -are -they -really -better -oled -video -1782802
39 http://www.ncbi.nim.nih.gov/pmc/articles/PMC4079920/
40 Physics World Focus on Nanotechnology: reaping the benefits of nanomaterials, May 2015
www.physicsw orld.com .
http://www.nature.com/nnano/journal/v10/n3/full/nnano.2015.50.html#close
42 http://www.natu ___re.com/subjects/spintronics
43 http://rsif.royalsocietypublishing.org/content/10/87/20130394#sec -9
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also be able to power a small circuit using the sugars they produce, or act as chemical sensors
and communicate inform  ation by fluorescent signalling 44,

The purpose of nanotechnology in ICT products currently on the market is discussed in the later
section on Products and Markets

The next section considers the policies and programmes in place for nanotechnology and ICT.

44 Physics World Focus on Nanotechnology: reaping the benefits of nanomaterials, May 2015
www.physicsworld.com
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3 EU POLICIES AND PROGRAMMES FOR NANOTECHNOLOGY AND
ICT

Support for public sector research and development (R&D) in the European Union is funded by

Member States either directly through national programmes or indirectly via the programmes
administered by  the European Commission and its agencies. In addition, research and development

are funded by companies (intra - and extra -mural R&D) and by philanthropic bodies and individuals.

This report concentrates mainly on funding via the European Commission (EU fun ding), on Member
State funding and on the outputs of industry funding of its own R&D.

EU funds for research and innovation are provided through dedicated programmes. In 2014 -2020,
these include the Framework Programmes (currently Horizon 2020), covering a Il research fields and
fully dedicated to funding research and innovation activities; sectoral research programmes (nuclear

energy, coal and steel, space); and the European Structural and Investment Funds. These

programmes are complemented by five other EU programmes with links to research and innovation
activities: The Third Health Programme 45 Life 46, Erasmus+ 47, COSME*® and the Connecting Europe
Facility 4°.

This section will first consider the EU Framework Programmes.

3.1 The EU Framework Programmes: s upports for nanotechnology

The Framework Programmes (FPs) being the largest source of EU funds for R&D, they have the

greatest role in EU funding of nanotechnology R&D. Support specifically named as being for
nanosciences and nanotechnologies was first provided at a significant level in the Sixth Framework
Programme (FP6, 2002 -2006) 5°. Within FP6 funding, 56.6% of ICT nanotechnology projects were
funded under Information Society while 25% were funded under NMP (Nanotechnologies and
nanosciences, knowledge based multi -functional materials and new production processes and
devices).

Nanotechnology funding in FP6 was followed up with targeted funding in the Seventh Framework

Programme (FP7, 2007 -2013). The largest part of funding for ICT and nanotechnology under the
Co-operation Programme was under ICT (46.1%). Under that theme, for example, ICT Challenge 3

(Alternative Paths to Components and Systems) covers nano -electronics and photonics, the
heterogeneous integration of these key enabling technologies with related compo nents and systems,
as well as advanced computing and control systems at a higher level. Other themes under Co -
operation that supported ICT were NMP (Nanosciences, Nanotechnologies, Materials and new

Production Technologies) with over 10% of funding and the Joint Technology Initiatives 5! (JTIs) with
over 8%.

The ICT topics were also funded under FP7 in non -specific basic research and in People and
Capacities:

1  The European Research Council (ERC): total funding of over EUR 7.5 billion in FP7 (and EUR
13.1 bill ion in 2014 -2020 under Horizon 2020  52) for investigator -driven, bottom -up research
ideas in science, engineering and interdisciplinary research, awarded through open competition,
with 18.8% of nanotechnology ICT funding;

4 Preventing diseases, protecting EU citizens from cross -border health threats, contributing to innov ative
health systems, and facilitating better access to healthcare.

4 For environment, biodiversity and climate change.

47 Supporting relocation for education and training purposes.

48 Supporting the creation and expansion of companies, especially by expandi ng their research and innovation
activities.

4 Improving trans  -European infrastructure for transport, energy and telecommunications.

50 FP6 NMP: Nanotechnologies and nanosciences, knowledge -based multifunctional materials and new
production processes and de  vices: thematic priority 3 under the 'Focusing and integrating community
research’ of the 'Integrating and strengthening the European Research Area' specific programme, 2002 -
2006.

51 Joint Technology Initiatives (JTIs) are long -term Public -Private Partnersh ips which are managed within
dedicated structures based on Article 187 of the Treaty on the Functioning of the European Union (TFEU)
(see more information later in this chapter)

52 http://erc.europa.eu/
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i The Marie Curie Actions 53:total funding of up to EUR 4.7 billion FP7 in 2007 -2013 (and EUR 6.16
billion Horizon 2020 funding in 2014 -2020) for training, mobility and career development of
researchers with 10% of nanotechnology ICT funding; and

1  The Capacities Programme _%*: total budgetof E  UR 4.1 billion for research infrastructure; research
for the benefit of SMEs; regions of knowledge and support for regional research -driven clusters;
research potential of Convergence Regions; science in society; support to the coherent
development of rese arch policies; and international co -operation, with 2% of nanotechnology
ICT funding.

Framework Programme funding is covered in much greater detail later in this chapter.

ICT, Nano and Health: the Micro - and Nano -Bio Systems cluster in FP6 and FP7 55

One ICT activity of relevance to nanotechnology and health is the Micro - and Nano -Bio Systems
cluster that looks at how systems can be integrated for applications that have, or interact with,

biological components. Other areas of application include environmen tal monitoring, and food
and beverage quality and safety.

MNBS projects to date have had targets of achieving substantial improvements via system

integration (e.g. miniaturisation and reduced power consumption, integration of molecular and

cell biology), improving system quality and/or reliability, and reducing the time -to-
market. MNBS has sub -groups on biomedical applications; miniaturised and lab -on-chip
systems for biological (  in vitro ), chemical and biochemical analysis; and systems for in vivo
interac tion with the human body, etc. These aim, inter alia , to accelerate the development of
integrated diagnostic, monitoring and therapeutic devices.

Mechanisms for collaboration on nanotechnology and ICT include, inter alia ,the ERA -NETSs, Networks

ofExcele nce (NoEs) and ESFRI, as outlined below. Later in the |
Eurostars; the European Technology Platforms; and the Joint Technology Initiatives (and Joint

Undertakings).

The ERA-NET scheme began under FP6 to support collabora tion between and co -ordination of
national research programmes. For example, some activities of the ERA -NET ERA-SPOT - Strengthen
Photonics and Optical Technologies for Europe (2005 -2009, total funding EUR 880,000, started by
funding agencies from Austria, France, Germany, Slovenia, and Sweden) are relevant to the ICT

sector. ERA -SPOT aimed to consolidate activities in optical technology (OT) through the co -ordination
of national research funding programmes, by developing and implementing joint strategies a nd
actions.

The ERA-NET scheme continued under FP7 to develop and strengthen the co -ordination of national
and regional research programmes through ERA -NET Plus actions, providing in a limited number of
cases with high European added value, additional EU f inancial support to facilitate joint calls for
proposals between national and/or regional programmes. For example, ERANET+ projects targeting

ICT have been funded in OLAE+.

OLAE+ %¢ (2011 -2016, funding EUR 6 million) is the Organic and Large Area Electronics European
competition for collaborative R&D funding. Its goal is to consolidate funding activities throughout

Europe and achieve the best possible exploitation of the resources an d the innovative potential of
European industry and science. OLAE+ uses joint calls focussing on organic and large area
electronics technology, materials and systems. The topic and basic concept for this ERANET+
originated from the Mirror Group of the Euro pean Technology Platform Photonics21 that was made
up of governmental representatives from the Member and Associated States involved with the
promotion of photonics.

53 http://ec.europa.eu/research/mariecurieactions/ Marie Curie Actions becaGuee Mari e Skgodo\
Actions under Horizon 2020.

54 http://ec.europa.eu/research/fp7/index_en.cfm?pg=capacities

55 http://cordis.europa.eu/fp7/ict/micro -nanosystems/home_en.html

56 www.olaeplus.eu/
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Under FP7, there are also the two examples of CHIST-ERA and ICT-AGRI:

1  CHIST-ERAY, the European Co-ordinated Research on Long-term Challenges in Information and
Communication Sciences & Technologies, is carried out by national and regional research funding
organisations with the contribution of the EU. The main purpose is to foster co-operat ion across
countries, with the greater level of attention being on research that involves multiple disciplines.
In the last few years, the topics on which the calls were issued were the Internet of Things, the
terahertz band for next -generation mobile comm unication systems, and quantum information
and technologies.

1 Also partially related to nanotechnology and ICT is ICT-AGRI®®, which aims to support fit he

effectiveness and efficiency of national research programmes  within information  and
communication technol ogy (ICT) and robotics for a competitive, sustainable and
environmentally -friendly agr i cul tur eo.

Networks of Excellence (NoE) were introduced in the Sixth Framework Programme (FP6) with the
objective of combatting fragmentation in the European Research Area (ERA) by integrating the
critical mass of resources and expertise needed to enhance E ur o pglobat competitiveness in key
areas relevant to a knowledge -based economy. These bottom -up initiatives are led by consortia
targeting  specific research or techno logical challenges. They include NANOFUNCTION and
ACROPOLIS:

1 The NANOFUNCTION ICT Network of Excellence (Beyond CMOS nano-devices for adding
functionalities to CMOS) received an EC research funding contribution of EUR 2.8 million (2010 -
2013). The consortiu m involves partners from industry and academia located in ten Member
States, working on the integration of nanostructures with CMOS (complementary metal i oxide i
semiconductor) chips in order to improve the range of functionality on a nano scale®. The
partner s concentrated on f u | {sensitive nano-sensors capable of detecting signals in
molecules; nano -structures for harvesting energy for the development of autonomous nano -
systems; nano-devices for spot cooling of integrated circuits; and nano -devices for radio-
frequency (RF) communi c &t i ono

1 ACROPOLIS®! (Advanced coexistence technologies for radio optimisation in licensed and
unlicensed spectrum) was established in 2010 with mainly academia partners. Its objective is to
i ma x i nthespetential of wireless commu nications sy st e amd & t reduce the fragmentation
of research in Europe on coexistence technologies such as spectrum sharing and cognitive r a d i
It has received an EU research funding contribution of EUR 3 million. ©2

European research is also being co -ordinated through collaboration on the development, establishing
and running of large research infrastructures, so large that they cannot easily be funded by one

agency or country alone. Under the auspices of the European Strategic Forum on Research
Infrastructures (ESFRI) %3, Member States are coming together to fund infrastructures related to ICT,

energy, health and other fields. EU grants support the preparatory phases of all selected projects

and assist in implementation and operation of prioritised projects. There was EU funding of EUR 1.85

billion in FP7 and about EUR 2.5 billion in Horizon 2020. Research infrastructures relevant to ICT

include the project Partnership for Advanced Computing in Europe (PRACE) 64 and the Eu ropean
Magnetic Field Laboratory (EMFL) 85, which form part of the infrastructure needed to enable ICT
applications of nanotechnology.

57 http://www.chistera.eu/

58 http://www.era __-platform.eu/era _ -nets/ict -agri/

59 http://cordis.europa.eu/project/rcn/95145_en.html

50 http://cordis.europa.eu/programme/rcn/853_en.html

61 http://www.ict _ -acropolis.eu/ .

52 http://cordis.europa.eu/project/rcn/95593_en.html

63 hitp://ec.europa.eu/research/infrastructures/index en.cfm?pg=home
64 http://www.prace _ -project.eu/

85 www.emfl.eu
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Other mechanisms to support research and innovation in nanotechnology and ICT are outlined in
the section on Other EU P olicies: Industry, later in this chapter. They include:

17 EUREKAOs Eurostars;
i1  European Technology Platforms; and
1  Joint Technology Initiatives (and Joint Undertakings).

The next section reports on funding and participation data for the Sixth and Seventh E U Framework
Programmes, FP6 and FP7.
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3.2 The EU Framework Programme: f unding and participation data for FP6 and
FP7

3.2.1 Overview

Project -related data was extracted from the eCorda database for the EU Sixth Framework
Programme (FP6) and the EU Seventh Framework Programme (FP7) ©6. The total number of projects
was 35,265, of which 25,238 were FP7 projects and 10,027 were FP6 projects. There were 210,177
participations, of which 133,615 were in FP7 and 76,562 were in FP6.

From the initial set of 35,265 projects, 4, 143 were found to be related to nanotechnology in that

they contained, in the title or abs tronandtheroelevantkeen p%¥oj ect , t
Thus, nanotechnology projects form over 10% of the total FP projects. The share of nanotechnology

projects increased slightly between FP6 (10.4%) and FP7 (12.3%).

75% of the 4,143 projects were FP7 projects and 25% were FP6 projects. The relative shares of
nanotechnology projects were similar to those found for FP projects in general (72% in FP7 and 28%
in FP6).

Table 3-1:Number of projects and shares for total projects and for nanotechnology

I R I A T

FP total Number of FP Projects 35,265 25,238 10,027
Share of FP Projects (total) 100% 71.6% 28.4%

Nanotechnology Number of FP Projects 4,143 3,096 1,047

Share of FP Projects (NT) 100% 74.7% 25.3%
Share of nanotechnology of total FP (projects) 11.7% 12.3% 10.4%
Number and share of ICT nanotechnology projects

The number of projects (in FP6 and FP7 together) that were related to both ICT and nanotechnology

was determined using a keyword search %9, to be 1,307 , approximately 32% of the total number of
projects related to nanotechnology. The percentages of ICT nanotechnology projects were very
similar in FP7 (31.9%) and FP6 (30.5%).

Projects in FP7 comprised over 75% of all ICT nanotechnology with less than 25% of projects being
in FP6. The proportion of FP7 projects is slightly higher than for either nanotechno logy projects
(74%) or FP projects (72%), that for FP6 ICT NT being lower.

% |t should be noted that the FP7 projects may not represent the total number of projects that will take
place during FP7 but include only the projects funded up until the date when the extraction of data
from eCorda was made (January 2015).

The termoficanul d appear as a part of a word (e.g. nanotechnology,
nanoscale), as a part of compound word separated with hyphen (e.g. nano -science) or as an independent
word fAnanoo.

% Unlike the other sectors considered by the project (HT , EN, PH, MF), for ICT additional projects were

identified by use of keywords such as graphene. These were judged to be too important in ICT to be
omitted. This did, however, result in the total number of nanotechnology projects being different for ICT
(4, 143) and the other sectors (3,544).

% See Annex for details of keywords
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Table 3-2: Number of projects and shares for nanotechnology and ICT nanotechnology

Total FP projects, all topics 35,265 25,238 10,027
Nanotechnology FP projects 4,143 3,096 1,047
ICT nanotechnology FP projects 1,307 988 319

Total FP projects, all topics 100% 71.6% 28.4%
Nanotechnology (NT) FP  projects 100% 74.4% 25.6%
ICT NT FP projects 100% 75.6% 24.4%
ICT NT projects as % of all NT 31.5% 31.9% 30.5%
projects

ICT NT projects as % of all FP 3.7% 3.9% 3.2%
projects

Funding of ICT nanotechnology projects

The 1,307 nanotechnology ICT projects received an EC contribution of EUR 2,655 million. The EC
contribution for ICT projects was EUR 655 million (24.7%) in FP6 and EUR 2 billion (75.3%) in FP7.

In FP6, the EC contribution for nanotechnology and ICT represented 33.4% of the total
nanot echnology EC contribution, whereas in FP7 it was 35.3% indicating a relative small increase of

ICT -related funding within nanotechnology funding, as shown in the figure below.

9,000.0 - - 35.5%
A 353% =
N 8,000.0 - oS
S 7,000.0 - 8% IS
'-'EJ L 34.5% 2
< 6,000.0 - 2
5 %
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‘S 4,000.0 - - 335% $
g A 3349 [ 3°%UW
8 3,000.0 - o
o - 33.0% @
[ 2,000.0 - =
1,0000 r 325% ©

0.0 - . 32.0%

Total FP6-7 FP7 FP6

= ICT (MEUR) m Rest of NT (MEUR) 4 ICT share of NT (%)

Figure 3-1: Funding of ICT nan otechnology for FP6 and FP7 together, for FP7 and for FP6
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3.2.2 Activities by programme and sub - programme
3.22.1 FP6 ICT nanotechnology acti vities

There were 1,047 nanotechnology projects in FP6, approximately 10.4% of the total number of
projects in FP6. Of those, 319 were ICT -related, 30.5% of FP6 nanotechnology projects and 3.2%
of FP6 projects as a whole.

FP6 was structured in three main blocks of activities:
1) Focusing and integrating the ERA - divided into  Thematic Priorities and Specific Activities ;
2) Structuring the ERA T including research and innovation, research mobility, infrastructure

development and science and society; and
3) Strengthening the ERA 1 for co -ordination and policy activities.
There was, in addition, the EURATOM activity.

In FP6, projects specific to nanotechnology and ICT made up approximately 33.4% of all

nanotechnology activities as measured by EC funding allocation. They to ok place mainly under the
priority of  Focusing and integrating the ERA . In fact, 89.3% of all funding for ICT activities under

FP6 came from this priority. The remaining 10.7% was funded under Structuring the ERA

Table 3-3:FP6ICT nanotechnology activities by programme and sub - programme

Number of prolects EC contribution (MEUR) Share of EC contribution
FP6 Summary
FP6 FP6 FP6 FP6

1. Life Sciences 2,336.5 64.1 10.0 14.0%

2. Information Society 1,089 135 97 3,798.9 525.3 370.9 22.8% 26.8% 56.6%

3. NMP 444 283 58 1,534.2 896.9 1639 9.2% 45.7% 25.0%

4. Aeronautics and Space 241 8 4 1,066.1 23.1 13.6 6.4% 1.2% 2.1%

5. Food Quality and Safety 189 0 0 754.2 0.0 0.0 4.5% 0.0% 0.0%

6. Sustainable Development 666 11 3 2,300.9 31.7 16.3 13.8% 1.6% 2.5%

7. Citizens and Governance 236.6 1.4% 0.1% 0.0%
—---------

Policy Support 604.2 44.1 5.7 3.6%

Horizontal Research Involving SMEs 490 33 5 463.1 27.5 4.2 2.8% 1.4% 0.6%

International Co -operation 350.3 2.1% 0.2% 0.0%
R T P e g P P P

Research Area

Research and Innovation 224.0 0.0 1.3% 0.2% 0.0%

Human Resources and Mobility 4,546 478 141 1,723.1 243.0 61.3 10.3% 12.4% 9.4%

Research Infrastructures 147 17 3 717.6 74.3 8.8 4.3% 3.8% 1.4%

Science and Society 0.5% 0.3% 0.0%
--umm

Co-ordination of Activities 303.8 1.8% 0.4% 0.0%

Research & Innovation Policies 19 0 0 135 0.0 0.0 0.1% 0.0% 0.0%

EURATOM 185.7 0.4% 0.0%

TOTAL 10,027 1,047 - 16,692.3 1,961.7 655.2 | 100.0% 100.0% 100.0%
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Within these Thematic Priorities:

i1 Information Society had 97 projects and EUR 370.9 million of EC funding (56.6% of the total),
the largest amount of nanotechnology ICT funding;

1 NMP (Nanotechnologies and nanosciences, knowledge based multi -functional materials and new
production processes and devices) had 25% of the total (EUR 163.9 million) for 58 projects;

1 Human Resources and Mobility had the highest number of projects (141), which amounted to
9.4% of all ICT funding, with EUR 61.3 million;

i Other pro grammes which gathered EC funding were Sustainable Development (2.5%),
Aeronautics and space (2.1%), Life Sciences (1.5%), Research Infrastructures (1.4%), Policy
Support (0.9%) and Horizontal Research Involving SMEs (0.6%).

3.2.2.2 FP7 ICT nanotechnology activities

ICT nanotechnology projects comprised 3.9% of the total number of projects in FP7 70 and, with 988
ICT nanotechnology projects, 31.9% of FP7 nanotechnology projects. Nanotechnology activities

make up approximately 12% of the total EC FP7 funding to date, and ICT NT activities 35.3% of NT
funding and 4.5% of total FP7 funding.

The broad objectives of FP7 group into four categories:

1  Co-operation;
1 Ideas;

1 People; and
i  Capacities.

The largest proportion of funding for ICT nanotechnol ogy is seen under the Co  -operation Specific
Programme ICT (Information and Communications Technologies) with EUR 921.8 million (46.1% of
total nano ICT funding in FP7) for 256 projects.

European Research Council, under the Ideas Specific Programme, has the next highest funding with
EUR 376.2 million (18.8%) for 207 projects. NMP (10.2% of funding), Marie - Curie Actions (10%),
and Joint Technology Initiatives (8.3%) followed in terms of EC funding allocated to ICT
nanotechnology.

Health, Energy, Environment, Transport, Socio -Economic Sciences, Space, Security, Research
Infrastructures, Research for the Benefit of SMEs, Regions of Knowledge, Research Potential and
International Co -operation accounted for the remaining 6.6% of all EC funding in ICT
nanotechnolog .

0 Data extraction January 2015
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Table 3-4:FP7 ICT nanotechnology activities by programme and sub - programme

Number of projects EC contribution (MEUR) Share of EC contribution

FP7 Summary

Health 1,008 38 6 4,791.7 168.1 15.3 10.7% 3.0% 0.8%
Food, Agri and Bio 516 25 0 1,850.7 97.1 0.0 4.1% 1.7% 0.0%
ICT 2,328 330 256 7,877.0 1,169.3 921.8 17.5% 20.6% 46.1%
NMP 805 427 56 3,238.6 1,649.3 203.1 7.2% 29.1% 10.2%
Energy 368 32 11 1,707.4 106.9 33.9 3.8% 1.9% 1.7%
Environment 494 12 2 1,719.3 29.2 2.2 3.8% 0.5% 0.1%
Transport 719 21 9 2,284.2 78.8 17.3 5.1% 1.4% 0.9%
Socio -economic Sciences 253 2 2 579.6 2.4 2.4 1.3% 0.0% 0.1%
Space 267 22 11 713.3 44.2 17.9 1.6% 0.8% 0.9%
Security 314 6 1 1,295.5 16.4 2.3 2.9% 0.3% 0.1%
General Activities 26 0 0 312.7 0.0 0.0 0.7% 0.0% 0.0%
Joint Technology Initiatives 1,966.4 204.1 167.0 4.4 3.6% 8.3%
--
European Research Council 4,525 7,673.5 1,173.2 376.2 17.1% 20.7% 18.8%
N E e e e
Marie - Curie Actions 10,716 1,305 371 4,777.5 657.7 201.0 10.6% 11.6% 10.0%
I S T T 7 L
Research Infrastructures 1,528.4 3.4% 0.4%
Research for the benefit of SMEs 1,028 78 10 1,249.1 99.9 15.7 2.8% 1.8% 0.8%
Regions of Knowledge 84 4 1 126.7 7.3 2.8 0.3% 0.1% 0.1%
Research Potential 206 28 5 377.7 57.8 11.4 0.8% 1.0% 0.6%
Science in Society 183 16 0 288.4 16.5 0.0 0.6% 0.3% 0.0%
Research Policies 26 0 0 28.3 0.0 0.0 0.1% 0.0% 0.0%
International Cooperation 157 14 8 173.4 12.7 15 0.4% 0.2% 0.1%
Fusion 4 0 0 5.2 0.0 0.0 0.0% 0.0% 0.0%
Fission 134 1 0 352.8 11 0.0 0.8% 0.0% 0.0%

25,238 3,096 988 44,917.3 5,671.8 2,000.1 100.0% 100.0% 100.0%
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3.2.3 Activities by participant type

The table below shows the participations in FP6 and FP7 for the Higher Education Sector (HES),

Public Research Organisations (PROs), large companies (PCO), SMEs and other organisations. As

well as the number of participations (Particip.), the table shows the total EC funding and share of
funding for each, for all FP6 and FP7, for nanotechnology and for ICT nanotechnology.

Table 3-5: Participations in FP6 and FP7 including funding and share of funding =

Total FP6 a nd FP7 NT in FP6 and FP7 ICT in NT in FP6 and FP7

Partici EC Share of rici EC Share of Partici EC Share of
P: Funding Funding P: Funding Funding P: Funding Funding

46.6% 3,136 1,190.9

41.8% 9,145 3,552.5 44.9%

HE 76,777 25,736.0

53,384 17,304.4 28.1% 5,564 2,175.2

TN 70213  11.4%  [PELE 810.2
EENEYE N ess26 112%  ERL 878.2

4,626.8 7.5% 1,262 210.3 2.8% 351 67.5

28.5% 1,775 778.9 29.3%

10.6% 1,196 418.6 15.8%
11.5% 820 199.3 7.5%

2.5%

Higher education institutes (HES) received close to half (44.9%) of the EC contribution to
nanotechnology and ICT, as shown in the table above and the figure below. They are followed by

research organisations (REC, 29.3%), large companies (PCO, 15.8%), sma Il and medium -sized
companies (SME, 7.5%) and other organisations (OTH, 2.5%).

OTH 2.5%

SME 7.5% SME 8.2%
90% SME 5.4%

100%

80%
70%
60% 39 REC 28.0%

’ REC 29.3% REC 33.4%
50%
40%

30%

HES 44.9% HES 46.6%

20% HES 39.6%

10%

0%
FP6-7 ICT FP7ICT FP6ICT

Figure 3-2: Shares of EC contribution by organisation type for nanotechnology and ICT

The proportion of funding going to organisations in the higher education sector (44.9%) is only
slightly lower than that corresponding to their share of nanotechnology funding (46.6%), and higher

" The EC contribution in eCorda projects and the participant database differ by a small amount. The figures
reported here for participants therefore do not exactly match those for projects in previous sections
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than their share for FP funding overall (41.8%). The relative importance of HES rose from 39.6% in
FP6 to 46.6% of all ICT funding in FP7.

For research organisations, their share dropped from FP6 (33.4%) to FP7 (28%). The proportion
going to companies rose from FP6 to FP7 (from 14.3% to 16.2% in the case of PCOs; and from 5.4%
to 8.2% for SMEs).

Overall, the participant types are rather aligned with those of NT and FP. The only significant
differences occur for large companies (where the percentage of EC funding is higher for ICT), and
SMEs, where the opposite is true.

3.2.4 Activity by organisations re ceiving funding

The organisations receiving the largest amounts of funding for ICT nanotechnology activities were

the CEA™ (FR) (EUR 105.44 million for 156 projects); the CNRS™ (FR) (EUR 100.4 million for 193
projects); IMEC™ (BE) (EUR 72.63 millionfor 11 0 projects) and Fraunhofer ~ 7® (DE) (EUR 71.7 million
for 113 projects).  See table below.

Out of the top 25 recipients, 10 were higher education institutions, 9 were research organisations,

and 6 were companies. The top ten are from France (3), Belgium, Germany, Switzerland, the UK,

the Netherlands, Sweden and Italy. The companies STMicroelectr onics, Infineon Technologies, IBM
Research GmbH and Philips all feature in the top 25 organisations receiving funding.

The second table below indicates the most active companies in FP ICT nanotechnology projects by
funding. In this sector, none of the 25 most relevant companies were SMEs.

The French -ltalian company group STMicroelectronics, which has its headquarters in Geneva,
Switzerland, obtained over EUR 80 million in 100 projects through its different companies
(STMicroelectronics Crolles 2 SAS, STMic roelectronics SRL, STMicroelectronics S.A. and
STMicroelectronics Grenoble 2 SAS). The re are also the  groups of companies of Philips (NL and DE )
Infineon (DE, AT) with over 40 projects and EUR 26 million each . IBM Research GmbH (DE) and
Thales SA (FR) rece ived between EUR 16 and 17 million. The rest of the companies in the top 25

received less than EUR 10 million.

2 Commissariat & I'Energie Atomique et aux Energies Alternatives, the French Alternative Energies and Atomic
Energy Commission  www.cea.fr

3 Centre National de la Recherche Scientifique, the National Centre for Scientific Research www.cnrs.fr
" Interuniversitair Micro - Elektronica Centrum Vzw, www.imec.be
S Fraunhofer -Gesellsc haft zur Forderung der angewandten Forschung e.V. www.fraunhofer.de
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Table 3-6: Organisations participating in FP6 and FP7, top 25 ranked by funding received

ICT - Top participants Country No. of EC Share of

Projects Funding ICT
(MEUR) Funding

CEA™® FR 156 105.44 4.25%
CNRS™ FR 193 100.40 4.05%
IMEC"® BE 110 72.63 2.93%
Fraunhofer -Gesellschaft ™ DE 113 71.70 2.89%
EPFL® CH 86 50.45 2.04%
n University of Cambridge UK 83 44.48 1.79%
Technische Universiteit Delft NL 63 41.13 1.66%
ﬂ STMicroelectronics Crolles 2 SAS FR 23 39.00 1.57%
ﬂ Chalmers Tekniska Hoegskola AB 8! SE 52 34.12 1.38%
CNR®2 IT 97 32.15 1.30%
Max Planck Gesellschaft 82 DE 55 28.18 1.14%
ETHZ® cH 45 25.18 1.02%
VTTE Fl 43 21.50 0.87%
STMicroelectronics SRL T 48 20.31 0.82%
Infineon Technologies AG DE 40 20.04 0.81%
STMicroelectronics S.A. FR 24 19.67 0.79%
University of Manchester UK 20 19.39 0.78%
Kungliga Tekniska Hoegskolan (KTH) 8 SE 33 17.76 0.72%
Weizmann Institute of Science ~ ® IL 24 17.71 0.71%
Forschungszentrum Juelich GmbH 8 DE 25 17.64 0.71%
csic® ES 50 1751 0.71%
Brno University of Technology (ov4 5 17.29 0.70%
IBM Research GmbH cH 33 16.72 0.67%
Phillips Electronics Nederland B.V. NL 32 16.61 0.67%
Imperial College UK 38 16.49 0.67%

~

& Commissariat & 'Energie Atomique et aux Energies Alternatives, the French Alternative Energies and Atomic
Energy Commission  www.cea.fr

7 Centre National de la Recherche Scientifique, the National Centre for Scientific Research www.cnrs.fr
8 Interuniversitair Micro  -Elektronica Centrum Vzw, www.imec.be
® Fraunhofer -Gesellschaft zur Férderung der angewandten Forschung e.V. www.fraunhofer.de
8 Ecole Polytechnique Fédérale de Lausanne, the Swiss Federal Institute of Technology in Lausanne
www.epfl.ch
81 http://www.chalmers.se/en/About - Chalmers/Pages/default.aspx
82 Consiglio Nazionale Delle Ricerche, the Italian National Research Counc il www.cnr.it
8 Max - Planck - Gesellschaft, the Max Planck Society www.mpg.de
84 Eidgendssische Technische Hochschule Zirich, Swiss Federal Institute of Technology in Zurich www.ethz.ch
8 Teknologian Tutkimuskeskus, Technical Research Centre of Finland www. vit.fi

8 https://iwww.kth.se/en

87 http://www.weizmann.ac.il/pages/

8 http:/www.fz  -juelich.de/portal/DE/Home/home_node.html

8 Consejo Superior de Investigaciones Cientificas, the Spanish National Research Council WWW.CSIC.es
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Table 3-7:Companies participating in FP6 and FP7, top 25 ranked by
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ICT - Top Company Participants

STMicroelectonics Crolles 2 SAS
STMicroelectronics SRL

Infineon Technologies AG
STMicroelectronics S.A.

IBM Research GmbH

Phillips Electronics Nederland B.V.
Thales SA

Phillips Technologie GmbH

NXP Semiconductor Nederlands BV
Siemens Aktiengesellschaft

AMS AG

Infineon Technologies Austria AG
S.0.L.Tec Silicon on Insulator Technologies SA
Robert Bosch GmbH

Aixtron SE

ON Semiconductor Belgium BVBA
Airbus Defense and Space GmbH
NXP Semiconductors Belgium NV
Telefonica Investigacion y Desarrollo SA
Mapper Lithography B.V.
Stmicroelectronics Grenoble 2 SAS
Micron Semiconductor Italia SRL

ARM Limited

Nokia OYJ

OSRAM Opto Semiconductors GmbH

Country

NUTS2

FR714
ITC45
DE21H
FR105
CHO040
NL414
FR105
DEG00
NL414
DE212
AT221
AT211
FR714
DE115
DEA25
BE235
DE21H
BE242
ES300
NL333
FR714
ITC45
UKH12
F1181
DE232

No. of
Projects
FP6 -7

funding received

EC
Funding
(MEUR)

39.00
20.31
20.04
19.67
16.72
16.61
16.31
9.34
8.23
6.75
6.10
6.03
5.75
4.83
4.12
4.05
4.01
3.95
3.92
3.65
3.46
3.46
3.39
3.38
3.34
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3.25 Participation by country

In total, 65 countries took part in ICT nanotechnology projects funded under FP6 and FP7. The top
fifteen are shown in the table below, with funding and shares of funding for each country.

Table 3-8: Top fifteen countries for FP participation ranked by funding received

ICT NT funding (MEUR) % of funding

1 504.5 19.0%
2 FR 435.0 16.4%
3 UK 311.3 11.7%
4 IT 202.3 7.6%
5 NL 176.6 6.7%
6 CH 163.0 6.1%
7 BE 139.9 5.3%
8 ES 133.7 5.0%
9 SE 104.7 3.9%
10 AT 88.3 3.3%
11 Fl 57.7 2.2%
12 IL 52.7 2.0%
13 EL 50.2 1.9%
14 DK 46.1 1.7%
15 IE 34.3 1.3%
TOTAL 2,500.4 94.2%

Table 3-9: Country ranking by FP funding for top ten in FP, NT and ICT nanotechnology

(Listed in order of received ICT nanotechnology funding, highest at the top of the table)

FP Total Nanotechnology ICT and Nanotechnology
MEUR Share of FP MEUR Share of NT MEUR Share of ICT

10,164.1 1 16.5% 1,395.5 1 18.3% 504.5 1 19.0%
7,319.3 3 11.9% 936.4 3 12.3% 435.0 2 16.4%
9,295.2 2 15.1% 989.3 2 13.0% 311.3 3 11.7%
5,046.5 4 8.2% 615.4 4 8.1% 202.3 4 7.6%
4,438.4 5 7.2% 511.5 6 6.7% 176.6 5 6.7%
2,503.2 8 4.1% 423.9 7 5.6% 163.0 6 6.1%
2,518.0 7 4.1% 327.3 8 4.3% 139.9 7 5.3%
4,200.6 6 6.8% 544.2 5 7.1% 133.7 8 5.0%
2,386.7 9 3.9% 321.3 9 4.2% 104.7 9 3.9%
1,612.2 2.6% 204.6 2.7% 88.3 3.3%
e e U

The top three countries accounted for almost half of the total EC funding for ICT nanotechnology

projects. The same three countries, in almost the same order, head the ranking for nanotechnology
projects and for FP projects overall, as seen in the table below. The list is topped by Germany with

a share of 19%, followed by France (16.4%) and the UK (11.7%). Other countries, like Italy, the

Netherlands and Switzerland, follow at a dis tance.
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The figure below shows the ranking of countries participating in ICT nanotechnology projects. In

most cases, the share of funding for ICT nanotechnology projects is lower than the shares for both
nanotechnology projects and FP projects as a whole. There ar e some exceptions to this rule, with
France, in particular, and then Belgium, Germany, Switzerland and Austria having higher
percentages of funding for ICT nanotechnology. It is worth mentioning the case of France with a

share of funding of ICT nanotechnol ogy projects that is 4.1% higher than its share of funding of
nanotechnology projects. It can be concluded that these countries show a higher specialisation in

the field of ICT nanotechnology.

18.3%
19.0%

0% 5% 10% 15% 20%

M FP Country share (%) M NT Country share (%) ™ ICT Country share (%)

Figure 3-3: Percentage shares of FP funding by country in FP, NT and ICT nanotechnology

In the figure below (the EC funding for ICT nanotechnology projects in FP6 and FP7 (bars) and the

country shares (points or diamonds), five countries have increased their share of funding for ICT
nanotechnology projects from FP6 to FP7 (The Netherlands, Switzerland, Spain, Sweden and

Austria). The Netherlands and Switzerland are the most significant cases, as they increased their

shares of funding from 4.6% to 7.3% and from to 4.7% t0 6.6%, respectively. Belgium, on the other
hand, reduced its share of funding from 7.2% in FP6 to 4.6% in FP7
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Figure 3-4: EC funding for ICT NT activities in FP6 and FP7 in MEUR and country shares

3.2.6 Snap shot of outputs from FP7

A review was undertaken of 106 FP7 nanotechnology projects reported on via the SESAM system in
which participants themselves report on their project. The projects are random, being the first ones

to report, which they can only do when the project has finished. In addition, the information has not
been normalised to take into account the type and size of project. It is therefore not intended to
present the information here as a rigorous review, only as a snapshot at a point in time

projects that have reported to date.

In the review of the 106 SESAM reports, it was found that:

1 82% of projects had published work during the project, the total number of publications being
1783 and the average number being almost 17; and

1 32%ofpro jects had applied for patents, a total of 73 patents having been applied for, an average
of 0.7 per project. Of these, 18 have been applied for at the European Patent Office, 20 under
the PCT at WIPO, 6 at the USPTO and 30 at other (national) patent office s.

Of the 106 projects, ten were classified by review as being related to ICT and nanotechnology. Those
ten projects reported outputs of:

1 171 publications, an average of 17 publications per project, the same as for nanotechnology
overall; and

1 6patentap plications, an average of 0.6 per project, slightly less than for nanotechnology overall.

Thus, of the projects under review, ICT nanotechnology projects under FP7 produce the average

r 25%

EC contribution - Country share (%)

of FP7

number of publications and less than the average patents for nanotechnol ogy FP7 overall, as

captured in the SESAM reports to date.

The next section considers EU policies and programmes that complement the supports for
nanotechnology described previously in this section for the EU Framework Programmes.
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3.3  Other EU policies and programmes

3.3.1 EU policies and programmes: Industry

Policies related to industry and economic development fall under the Framework Programmes (e.g.
for ICT) and other EU measures (e.g. under the remit of DG Communications Networks, Content and
Technology and D G Enterprise and Industry). Some, addressing ICT, are identified below.

Under FP7, the objective of ICT research funding is to strengthen the science and technology base

to the level of global leadership, to stimulate innovation and creativity in products, processes and
services, and to enhance the use of ICT for public benefi t in society and the economy. EUR 921
million have been allocated to the ICT theme under FP7, making this the largest in budgetary terms

under the Co -operation Programme.

The Competitiveness and Innovation Framework Programme (CIP) % (running from 2007 to 2013
with a budget of EUR 3.6 billion) aimed to provide better access to finance and business support to

SMEs. With particular reference to ICT, it supported the take -up and use of ICT. One of the three
sub - programmes dealt with the Information Communicati on Technologies Policy Support Programme
(ICT -PSP)°L. The priority areas include ICT for health, ageing and inclusion, Digital Libraries, ICT for

improved public services, ICT for energy efficiency and smart mobility, Multi -lingual web and Internet
evolutio n.

A more recent policy is the European Strategy for KETs , particularly relevant for ICT. Key Enabling
Technologies (KETs) are a priority for European industrial policy. The European Strategy for KETS,

which includes micro - and nano -electronics, nanotechn ology, photonics (as well as industrial
biotechnology, advanced materials, and advanced manufacturing technologies), aims to increase

the exploitation of KETs in the EU and to reverse the decline in manufacturing to stimulate growth

and jobs. In 2012, the European Commission tabled its strategy to boost the industrial production

of KETs - based products, e.g. innovative products and applications of the future. The strategy seeks

for the EU to keep pace with its main international competitors in industrial cap abilities and
capacities, restoring growth in Europe and creating jobs in industry, at the same time addressing

current key societal challenges. The European Commission also identified KETs as a key priority

within its Europe 2020 strategy, and they are se en as essential to  Flagship Initiatives  such as The
Innovation Union and The Digital Agenda for Europe (see the section on  European policies and
programmes: ICT for more on the Digital Agenda ).

I n accordance with the strategy f oor mé&dTand nafioA-eldettonio pean St r
component s an d hasypeenh devetoged. Its aim is to maintain the EU in a leading position

in designing and manufacturing micro and nano electronics, as well as to create jobs, through: (i) a

European industrial roadma  p, involving the whole value chain; (ii) a Joint Technology Initiative (see

below ECSEL); and (iii) measures to improve competitiveness. More concretely, the strategy focuses

on areas including the promotion of capital investment, smart specialisation, acc ess to design and

dialogue among stakeholders.

Research by companies in the EU is also supported through the EUREKA Eurostars % initiative
established under Article 185 of the Treaty on the Functioning of the European Union (TFEU), in
partnership between t  he European Commission, the Member States and the countries associated

with the Framework Programmes. Eurostars supports European R&D -performing SMEs to
commercialise their research. It helps them to accelerate the time to market of products, processes

and services. It also encourages them to develop and internationalise their business. Funding of up

to EUR 100 million was made available through EUREKA for the period 2008 -2013, the EU
contribution comprising a maximum of one third of the funding provided by the participating
countries. Funding for Eurostars has continued with a total public budget of EUR 1.14 billion in 2014 -
2020, EUR 861 million of national funding and EUR 287 million of EU funding from Horizon 2020. In

the 39 success stories identified for Eurostars, two relate to nanotechnology, one to IT and telematics
technologies and four to information processing and information systems.

90 http://ec.europa.eu/cip/

91 http://ec.europa.eu/ciplict -psp/index_en.htm

92 http://ec.europa.eu/digital -agenda/en/news/communication -european -strategy -micro -and -nanoelectronic -
components -and -systems

9 https://www.eurostars __ -eureka.eu/
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Another type of mechanism is the European Technology Platform (ETP)%. ETPs are bottom -up,
industry -led stakeholder fora, the aim of which is to increase interaction between research actors

and to facilitate the development of medium to long -term research and technological goals and
associated roadmaps. They do not fund rese arch projects but are aco  -ordination mechanism. ETPs
contribute to design, and update and provide recommendations on the Strategic Research Agenda

on the specific sector with which they are dealing. ETPs now exist across the themes of ICT, energy,

environ ment, production and processes, transport and the bio -based economy.

Under the ICT themes, the ETPs ARTEMIS, ENIAC, EPoSS, ETP4HPC, euRobotics, NEM, NESSI,
Networld 2020 and Photonics21 are listed. The most relevant for this report include NEM, ETP4HPC
and EPoSS (as well as former ETPs ENIAC and ARTEMIS described below).

1 NEM (initially Network and Electronic Media Initiative, now New European Media) 9 was launched
under FP7 to help Athe convergence between consumer el ect
It includes the major stakeholders that together developed a Strategic Research and Innovation
Agenda (SRIA). NEM focuses on digital content; distributed media applications; future media

delivery networks and network services; and new user devices and term inals.

1 ETP4HPC (the European Technology Platform for High Performance Computing (HPC)) % a
contractual Public Private Partnership under H2020 97 focuses on: new technologies (HPC stack
elements); system characteristics (extreme scale requirements); and new HPC deployments and
HPC usage expansion.

1  EPoSS (the European Technology Platform on Smart Systems Integration) % provides a common
approach on Innovative Smart Systems Integration and integrated Micro - and Nano -systems
from research to production; defines common future priorities and road maps; mobilises
resources. EP0SS represents the Smart Systems community in the Joint Technology Initiative for

Electronic Components and Systems for European Leadership (JTI ECSEL). The platform aims to
provide a common Eu ropean approach on innovative and smart systems integration from
research to production, with an agreed roadmap for action and a strategic R&D agenda and to
provide the resources to deliver the roadmap from public and private sources. EPoSS has
members in  over 20 Member States including large companies, SMEs, universities and other
public organisations undertaking research and development.

1  Netlworks (now called Networld 2020) 9 the European Technology Platform for communications
networks and services, supp  orts the development of mobile and wireless, fixed and satellite
communications.

1 Photonics21 (a contractual Private Partnership under H2020) focuses on seven priority areas
(e.g. working groups): information and communication; industrial manufacturing and quality;
life sciences and health; emerging lighting, electronics and displays; security, metrology and
sensors; design and manufacturing of components and systems; photonics research, education
and training.

Joint Technology Initiatives (JTIs) are long -term Public -Private Partnerships managed within
dedicated structures based on Article 187 of the Treaty on the Functioning of the European Union

(TFEU). JTIs support large -scale multinational research activities in areas of major interest to
European indust rial competitiveness as well as issues of high societal relevance. They are established

in cases where the scale and scope of the initiative make the loose co -ordination through ETPs and
support by the regular instruments of the Framework Programme for Res earch and Development
insufficient 1°0, Under FP7, six areas were identified for the development of a JTI: Nano -electronics
(ENIAC) 1°t; Embedded Computing Systems (ARTEMIS); Innovative Medicines; Fuel Cells and
Hydrogen; Aeronautics; and GMES (global monitoring for environment and security).

94 http://ec.europa.eu/research/innovation -union/index_en.cfm?pg=etp

% http://nem__-initiative.org/what __-is-nem/

9 http://www.etp4 _hpc.eu

97 1n 2013, under Horizon 2020, the European Commission launched the contractual Public Private Partnerships
(cPPPs) to leverage more than EUR 6 billion of investments through H2020 calls.

http://www.smart __-systems -integration.org/public

98

9 http://networld2020.eu/vision -mission/
100 http://era.gv.at/directory/142
101 Since 2014, ENIAC and ARTEMIS has been replaced by ECSEL ( https://ec.europa.eu/digital -

agenda/en/time _-ecsel )
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1 ENIAC? the JTlin nano -electronics. The ENIAC Joint Undertaking was established in February
2008 to co -ordinate European nano  -electronics research activities through competitive calls for
proposals. It describes itself as a public -private partnership in nano -electronics strengthening
European competitiveness and sustainability, bringing together the ENIAC Member States, the
European Commission and AENEAS, the association of R&D actors in the field.

1 ARTEMIS (Advanced Researc h & Technology for EMbedded Intelligence and Systems) 103 jnvolves
disciplines such as mechanics, electronics, control and software engineering and aims to make
Europe the leader in embedded and cyber -physical systems. ARTEMIS merged into another JTI,
ECSEL, in 2014. The ARTEMIS Industry Association has remained, representing actors in
embedded and cyber -physical systems within Europe. The association represents industry and
the public sector (large companies, SMEs, universities and research institutes) in the ECSEL JU.

1 ECSEL is the Joint Technology Initiative for Electronic Components and Systems for European
Leadership 1% and is the public - private partnership in electronic components and systems, under
H2020 (covering the topics addressed in FP7 within the AR TEMIS and the ENIAC JTlIs and in the
ETP EPo0SS). Its consortia are collaborating on projects to develop smart systems; systems and
components for smart energy; smart cities; smart governance; and smart living, including
photonics. The current members of ECS EL are the European Union (through the Commission);
Member States and Associated Countries to Horizon 2020; and three associations (EP0SS 105
AENEAS and the ARTEMIS Industry Association) representing the actors from the areas of micro -
and nano -electronics, smart integrated systems and embedded/cyber -physical systems.

3.3.2 EU policies and programmes: ICT

Launched in 2010, the Digital Agenda for Europe 106 aims to better exploit the potential of ICT to
foster innovation, growth and progress and contains several initiatives and actions to:

i1  Strengthen the ICT ecosystem (e.g. finance, procurement, standardisation);

i1 Develop ICT -based infrastructures (e.qg. high - capacity and high -performance communication
network, distributed computing infrastructures, data infrastructures, high -performance
computing (HPC) infrastructures);

1  Support emerging technologies research (through incubators T e.g. Future and Emerging

Technologies (FET) 107-, Future Networks 108, Future Internet Research and Experimentation
Initiative (FIRE) 1°%; and

1 Maintain the leadership in components and system (electronics, organic and large era
electronics, photonics, cyber physical system, advanced comput ing and smart manufacturing).

In 2013, in the context of the Digital Agenda for Europe 110 'the European Commission launched the
14MS 11 jnitiative (ICT Innovation for Manufacturing SMEs) as part of the public private partnership

Factories of the Future  (PPP FoF)1!2, I14MS was given a funding contribution of EUR 77 million, taken

from the FoF total budget (EUR 660 million). Involving twelve EU Member States and five Associated

Countries (FYROM 123 Israel, Norway, Switzerland and Turkey), this initiative aims to suppo rt SMEs
and mid -caps'* (40% of the funds) in the manufacturing sector to provide them access to
competences for the digital transformation, to innovation network and to funding through, for

example, European competence centres/innovation hubs. This is a way to position SMEs and mid -
caps to exploit ICT to modernise Europe's manufacturing capabilities by profiting from the latest

102 http://www.eniac.eu/web/index.php
103 hitps://artemis _ -ia.eu/about_artemis.html

104 http://www.ecsel __-ju.eu/web/index.php

105 hitp://www.smart  -systems -integration.org/public

106 https://ec.europa.eu/digital -agenda/en/digital _-europe

107 https://ec.europa.eu/digital -agenda/en/future  -emerging -technologies -fet
108 https://ec.europa.eu/digita |-agenda/future -internet

109 hitp://www.ict __ -fire.eu/home.html

110 https://ec.europa.eu/digital -agenda/en/innovation _ -ict-manufacturing -smes

11 http://i4ms.eu/projects/projects.php

112 pyblic Private Partnership Factories of the Future (PPP FoF), established in 2008 and continued also under
H2020, targets in particular SMEs and supports them in tackling global competitiveness by improving the
technological base of manufacturing across a broad range of sectors.

113 Former Yugoslav Republic of Macedonia

114 A company with a market capitalisation between USD 2 and USD 10 billion, ca lculated by multiplying the
number of shares by its stock price.
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advancesin ICT. Some FP7 projects in the field of HPC cloud -based simulation services and intelligent
sensor -based equipment are associated with this in itiative (e.g. INTEFIX, FORTISSIMO, CloudFlow

and CloudSME).

3.3.3 EU policies and programmes: Structural and Investment Funds

Four (out of five) European Structural and Investment Funds (ESI Funds) provide support for
research and innovation activities:

1  The European Regional Development Fund (ERDF), for economic regeneration and safeguarding

employment. Its main priorities are the support of small to medium -sized enterprises; the

creation of a low carbon economy; research and innovation; information and commun
technology; environmental protection, climate change adaptation; risk prevention and
management; transport and social inclusion.

1  The European Social Fund (ESF), for the enhancement of employment opportunities, social
inclusion and skills, support s skills and training; access to employment for all including women
and migrants; improvement of public services; innovation in SMEs; and access to start
capital.

The ERDF and ESF together have a budget of about EUR 280 billion over 2014 -2020.

1 The Europ ean Agricultural Fund for Rural Development (EAFRD), which aims to strengthen the
links between agriculture, food production and forestry and those performing research and
innovation activities. Groups of collaborators are funded under the European Innovat
Partnership on Agricultural Productivity and Sustainability. The Fund has a budget of EUR 95.6
billion over 2014 -2020.

1  The European Maritime and Fisheries Fund (EMFF) with a budget of EUR 6.4 billion over 2014

2020 for the development of businesses thr ough research and innovation. It can also fund

research studies for the development of policies for the management of fisheries.

The first two ESI Funds above are the ones most relevant to ICT and nanotechnology, albeit that
the topic is likely to capture only a small part of their budget, particularly in comparison with the
funding available under the Framework Programmes, and the ICT theme in particular.

3.34 EU policies and programmes: Cohesion funds

SMART SPECIALISATION AND REGIONAL RDI POLICY

The European Commission's Cohesion Policy aims to reduce differences between regions in Europe
and to ensure growth across the continent. Structural Funds are among the main tools to implement

ications

_up

ion

the policy, and it is within this framework that smart specialisation was in troduced. The Smart

Specialisation Strategies (RIS3) 115 aim to focus regional innovation policies on regional priorities

based on existing areas of strength; competitive advantage; and potential for excellence in each
region.

Smart Specialisation is about identifying the unique characteristics and assets of each country and
region, highlighting local competitive advantages, and aligning regional stakeholders and resources
around an excellence -driven vision of their future. It aims to:

1  Focus policy supporta nd investments on key national/regional priorities and challenges;

f Build on each country/regionbs strengths, competitive

excellence;
1  Exploit potential synergies with other countries and regions;
Support all forms of  innovation, and encourage innovation and experimentation; and
i  Stimulate private sector investment;

=

The next section considers Member State policies and programmes for nanotechnology and ICT.

115 http://s3platform.jrc.ec.europa.eu/eye -ris3 . As of December 2015, 260 regions and countries that prioritise

KETs; out of these  there are 7 regions that have set a priority in nanotechnology.
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4 POLICIES AND PROGRAMMES IN MEMBER STATES FOR
NANOTECHNOLOGY AND ICT

While European funding is important for many researchers, it makes up only about 8% of total public

funding for R&D in the European Union. Member States channel the remaining 92% into natio nal
research and development, mostly retaining it within their own borders. However, much of that

funding is employed in projects, the results of which feed into European networks and collaborations.

As Member States chose to prioritise nanosciences and na notechnologies for funding at European
level, it is hardly surprising that they largely have the same view at national level. While some

countries fund nanotechnology R&D as a designated priority area, others choose to integrate it into

broader programmes.

For ICT and nanotechnology, specific initiatives at Member State level, past or present, include:

Austria:  The Austrian Nanolnitiative 16 (2004 -2011, total funding EUR 70 million, administered by

the Austrian Research Promotion Agency (FFG)). The initiativ e works on a collaborative basis across
Austria and trans - nationally with consortia of research institutes, universities and firms working on
problem -driven basic research questions with a medium -term perspective (5 -7 years). The focus of

the programme, ma  tching the remit of its funding agency FFG, has been to invest in projects with

considerable market potential and relevant to Austrian companies. The type of activities begun under

the programme are now continuing under t Indingprdqgmmnees.i c ar eas
For example, since 2012, nanotechnology is supported, inter alia , via FFGb6s thematic re
funding for  Production of the Future

Belgium:  In 1984, the Government of Flanders granted EUR 62 million (as an initial investment) to
create t he first associated laboratory of IMEC 117 in Leuven/ Louvain (Belgium). IMEC is a research
institute that provides laboratories, facilities and technical support rooms to partners including
industry. For the period 2002 -2006, the Government of Flanders contributed EUR 34 million (24%

of | ME€CE@a$ trtevenue), while | MEC6s revenues from contract [
million). In 2007, the Government of Flanders granted around EUR 48 million. IMEC focuses on R&D
in microelectronics, nanotechnology, design methods and technologies for ICT systems.

Denmark: Under the Danish Council for Strategic Research, the Programme Commission on
Strategic Growth Technologies 1! has had annual calls of total annual value approximately EUR 10
million for research projects on ICT, nanotechnology and biotechno logy. The programme is now
managed by the Innovation Fund Denmark. Between 2005 and 2010, EUR 116 million was allocated

to strategic research centres, research alliances and research projects, EUR 62 million being for
nanotechnology, biotechnology and ICT.

Finland : FinNano, the Finnish nanoscience and nanotechnology programme, was established in
2005 and co-ordinated jointly by Tekes and the Academy of Finland. Over EUR 120 million were
invested by the programme between 2005 and 2010, with the aim of providing support across the
whole innovation chain for nanotechnology from basic research to commercial products. Its goals
for 2006 i 2009 were to draft i ¢ o mmauidelines for the development of nanotechnology and its
commercial ap pl i c awith ¢ha goidt efforts of business and academia. Work groups were created
for application areas, including for example, ICT and electronics. ''° Tekes collaborates also with
China in the China-Finland ICT Alliance through joint calls in the area of ICT, nanotechnology and
6cl ean®echod.

France: The French Agence National de la Recherche (ANR) channels public funding into priority
areas including Nanotechnologies and Manufacturing. Since 2006, the P2N programme 2! aims to
strengthen national excellence in the areas of micro and nano-engineering (ranging from core
technologies to systems), and speed up technology transfer to French firms in order to exploit the
potential of the nanotechnologies. Miniaturisation, new technologies and new devices for electronics
and nano -photonics are among the thematic priorities that have been targeted in annual calls. The

16 https://www.ffg.at/nano -das-programm
17 http:/ /www2.imec.be/be_en/about -imec/imec -strategy/mission -and -vision.html
118 hitp://en.innovationsfonden.dk/strategic -research/

119 http://www.tekes.fi/globalassets/julkaisut/finnano_loppuraportti.pdf

120 http://www.t __ekes.filen/programmes _ -and -services/grow -and -go -global/china/

21 http://www.agence __ -nationale -recherche.fr/en/projects -and -results/calls -for -proposals -2013/aap -
en/nanotechnologies -and -nanosystems -p2n-2013/
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EUR 35 bhillion economic stimulus package Investissements d 6 Av e(miestments for the Future)
was launched at the end of 2009.

Germany: Germany was the first country in Europe to recognise a need for a specific funding
measure for nano -electronics and -photonics, introducing the lead innovation programme fiNanof ab o
and i Na n o Las early as 2001. Even earlier - in 1999 - the German Federal Ministry of Education
and Research (BMBF) launched the Framework Concept for the Production of Tomorrow . The Nanofab
programme ran until 2014 with an overall budget of EUR 403 Million. The main rationale was to
foster the manufactu ring industries of Germany in an ever more dynamic and competitive
environment with enhanced mobility of goods, capital and information. The Framework Concept
comprised four thematic fields of action amongst which was the area of production processes and
production equipment (including primary shaping and recasting, chipping, surfaces and layers, heat
treatment, assembling, and measurement engineering). Furthermore, the programme Optical
Technologies (2002 -2012, total funding of EUR 2755 millon administer ed by VDI
Technologiezentrum) supported co-operative R&D projects in the realm of nano -electronics,
information and communication (as well as healthcare systems and biotechnology, environment,
traffic and mobility). Its successor, the Photonics Research programme was launched in 2012 with
a funding of EUR 100 million per annum. It is sub-divided into three fields of action: optical systems,
especially next generation optical systems; innovative applications of light for humans, production
and the environmen t; and promotion of start -ups and creation of favourable general conditions.

In addition, in Germany at regional level, the Research Strategy of Thuringia (2008) covered
research areas such as photonics; optical technologies, micro - and nano -technologies, micro -
electronics; and information and communication technologies. The main fields of activity of regional
research policy are (i) to support competitiveness; (i) to strengthen networks; (iii) to support young
researchers; and (iv) to invest in infrastruc ture.

Italy: The ltalian National Research Programme 2004 -2006 stressed the importance  of
nanotechnology and, among its focus areas, mentioned nano -fabrication and electronics. In
September 2014, MISE (the Ministry for Economic Development) within its FCS (Fondo per la crescita
sostenibile, fund for sustainable growth) allocated EUR 300 million low interest loans (of which 60%
earmarked for SMESs), covering areas including nanotechnology, ICTs, advanced manufacturing, etc.
(only technologies associated with H2020) 122,

Lithuania: Since 2012, the Agency for Science, Innovation and Technology (MITA) has actively
promoted innovative start -ups. The High Technology Development Programme (2012) aims to
encourage scientists, researchers and students to establish start -ups or spin -off companies. Thirteen
new companies have obtained public funding (a maximum of EUR 20,000) across high -tech areas
including information technology; nanotechnology; mechatronics; laser technology; and
biotechnology 1%3.

The Netherlands: NanoNed (2004 i 2010, total funding of EUR 235 Million administered by the
Dutch Ministry for Economic Affairs), the Nanotechnology R&D initiative in the Netherlands, has
clustered the Dutch expertise on nanotechnology and enabling technology into a natio nal network.
The NanoNed programme was organised into eleven independent programmes, or flagships,
amongst which were Bottom -up Nano -Electronics and Nano -Fabrication. In 2011, NanoNed was
followed by NanoNextNL 24, a consortium of more than a hundred compani es, nine knowledge
intensive institutes, six academic medical centres and thirteen universities. Stakeholders collaborate
on fundamental as well as applied research through research projects. NanoNextNL is expected to
grow into an open-innovation ecosystem , with new partners joining the consortium. Industry has
committed to continue its support for NanoNextNL after 2015.

In addition, innovation in the Netherlands is organised under the Top Sector Policy'?® announced in
2010. Businesses, researchers and government work closely together in Top consortiums for
Knowledge and Innovation (TKIs). The only policy objective that has been set specifically for the top
sector policy is that public and private parties should participate in the TKIs for an amount of at least
U 5 0 Million by 2015, 40% of which should be financed by trade and industry. The formal objective

122 https://rio.jrc.ec.europa.e u/en/country -analysis/Italy/country  -report

123 hitps://rio.jrc.ec.europa.eu/en/country -analysis/Lithuania/country -report
124 http://www.nanonextnl.nl/
125 http://Iwww.hollandhightech.nl/nationaal/innovatie/roadmaps/smart -industry
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set for the top sector policy is that it should contribute to fi astronger innovative capacity in the
Dutch e c 0 n o mie.. that the Netherlands will be ranked among the top five knowledge economies
worldwide by 2020 and will spend 2.5% of GDP on R&D by 2020.

One of the nine top sectors is High Tech Systems and Materials with its roadmap on nanotechnology
(im plemented by TKI NanoNext) as an enabling and cross-cutting technology. The aim of the
roadmap is to enable research that will lead to new applications to address the challenges that
society currently faces. Advances in mechatronics and manufacturing are being coupled with those
in nanotechnology for areas including energy efficiency in buildings (energy -efficient building
cooling, heating and lighting control using low cost micro - and nanotechnology -based autonomous
sensors and control systems with local intelligence).

Portugal:  The International Iberian Nanotechnology Laboratory 1?6 (INL) was established as the
result of a joint decision of the Governments of Portugal and Spain, in November, 2005. With a total
investment of EUR 46.5 milion (of which EUR 30 million came from the European Regional
Development Fund, i S p aii o r t u @@elatiopnal Programme, 2007 -2013). INL is an international
research organisation in the field of nanoscience and nanotechnology. Established as an
Intergovernmental  Organisation (IGRO), the INL is developing itself into a state -of the art research
environm ent (including nanofabrication  faciliies) for materials science at nanoscale, nano -
electronics, nano -biotechnology and nanomedicine. In addition to being a facility for researchers in
Portugal and Spain, it hosts those from non-EU countries such as Brazil. Among the key research
activities at INL is nano -electronics (including spintronics, MEMS and nano -devices).

Slovakia:  The Ministry of Education, Science, Research and Sports (MESRS) 127 published the Action
Plan for the Innovation Strategy for Smart Specialisation, 2014 -2020 28, The Action Plan focused on
measures to encourage R&D expenditure of companies and applied research. The Action Plan
identified also seven priority areas that inclu de material research and nanotechnologies (about EUR

42 million) and information and communication technologies (about EUR 10 million). 129

Spain: The Sixth National Scientific Research, Development and Technological Innovation Plan
(2008 -2011) included the Strategic Action for Nanoscience and Nanotechnology, New Materials and
New Industrial Processes (SANSNT), which addressed seven priorities, amongst which were nano -
electronics and molecular electronics, optoelectronics and photonics, and semiconductor nano -
structures as well as magnetic information storage and magneto -electronics. Under the Spanish
State Plan for Scientific and Technical Research and Innovation 2013 -2016, endorsed in February
2013, a number of funding support instruments are available for the development and dissemination
of Key Enabling Technologies, including nanotechnology.

The United Kingdom (UK): In 2002, the UK Government, after issuing the Taylor Report which
recognised the increase of investment in nanotechnology worldwide, allocated GBP 90 million (EUR
131.4 million) %0 of funding for the Micro - and Nano -Technology Manufacturing Initiative. This
funding was committed between 2003 and 2007. Approximately one third of this investment went

to Collaborative R&D MNT Projects, and two thirds to capital infrastructure. Generally built on
existing university or business expertise, the twenty -four facilities are targeted at addressing a broad
range of key application areas where micro/nano scale activity is considered key to future UK

industry ¢ apability and where the UK has some strength 131,

More generally, the main player in UK policy measures related to nanotechnology as a key enabling
technology (KET) is the Department for Business, Innovation and Skills (BIS) and its agency, the
Technology Str ategy Board, now called Innovate UK 132 |t supports SMEs with high growth potential,
manages the Small Business Research Initiative 133 and identified future potential growth sectors and

126 http://inl.int/

27 https://www.minedu.sk/about -the - ministry/

128 hitp://s3platform.jrc.ec.europa.eu/regions/SK

129 hittp://s3platform.jrc.ec.europa.eu/documents/10157/511834/PPT_Slovakia_Dublin%20FINAL%2026%206
%202014.pdf .

130 Average yearly conversion rate, 2003 -2007 ( source :
https://www.ecbh.europa.eu/stats/exchange/eurofxref/html/eurofxref -graph -gbp.en.html )

131 However, following to an evaluation in 2010, the initiative was judged quite unsuccess ful ( source :
http://www.cientifica.com/why -has-the -uk-given -up-on-nanotechnology/ )

182 https://www.gov.uk/government/organisations/innovate -uk

133 hitps://www.gov.uk/government/collections/sbri -the -small -business -research -initiative
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commercialisation opportunities. Much of the activity around environment, health and safety in the
UK is under the remit of DEFRA.

The UK Enabling Technologies Strategy 2012 -2015 34 also addresses four enabling technologies -
advanced materials; biosciences; electronics, sensors and photonics; and information and
communication technology (ICT) to support business in developing high -value products and services
in areas such as energy, food, healthcare, transport and the built environment. Nanotechnology is
identified as having a significant underpinning role across most of these technology areas,
particularly in the healthcare and life sciences sectors.

134 hitps://www.gov.uk/government/publications/enabling -technologies -strategy -2012 -to-2015
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Table 4-1:Member State policies and programmes for

nanotechnology

Country Name of Initiative Dates Relevance Description Target Implementing Budget
Groups Body .
(EUR millions)
AT Austrian NANO 2004 - Directly Multiannual, funding collaborative R&D, co -ordinating IND SME HEI FFG 70 over 8 years
Initiative 1%° 2011 Targeting NT NANO-related policy measures at national and PRO
regional l evel s. Since 2012,
(NANO) thematic research funding e.g. Production of the
Future
AT - From Thematic, not Since 2012,NT R&D is being support Al FFG 450 for all disciplines
2012 NT Specific thematic research funding e.g. Production of the (over the preceding 4
Future years when funding was
managed by BMVIT)
BE IMEC From Thematic, not Since 1984 the Government of Flanders is supporting All Government of Initial investment: 62
1984 NT Specific IMEC research institute Flanders .
For every period the
contribution increased
until reaching around
48 in 2011.
DK Strategic Research in From Directly Programme to strengthen research at the bio -nano - IND SME HEI Innovation c. 10 per annum
Growth Technologies %3¢ 2005 Targeting NT ICT interface for socio  -economic benefit PRO Fund Denmark
Fl FinNano 37 2005 - Directly Multiannual funding for nano S&T to study, exploit IND SME HEI Tekes 70 over 5 years
2009 Targeting NT and commercialise nano. PRO
FR Nanomaterials From Directly Mandatory reporting scheme for nanomaterials of All ANSES n/a
Mandatory Reporting 2013 Targeting NT 100g and above
Scheme 38
FR PNANO 2002 -5 Directly R&D on IND SME HEI ANR?3®
Targeting NT PRO and
P2N 2006 -13 . . . Individuals 139.8 for P2N over 8
1 Nanotechnologies, Nanodevices, Micro -Nanosystems years
1 Simulation and Modelling of Nanosystems
1 Nanotechnologies for Biology, Health and Agro -food
1 Nanotechnologies for Energy and Environment
1 Integrative Research Projects for Nanosystems
FR Investissements From Generic Excellence initiatives including nanobiotechnology IND SME PRO ANR 12 per annum
déavenir 2011 and bioinformatics
DE Nanotechnology 2004 - Directly Five leading -edge innovation programmes including All BMBF 24 over 3 years

135 hitps://iwww.ffg.at/na no-aktuell ; https://www.ffg.at/11 -ausschreibung -produktion -der -zukunft
136 http://innovationsfonden.dk/en/about -ifd

137 www.tekes fi

138 https://www.anses.fr/fr/lexigue/nanotechnologies

139 http://www.agence  -nationale -recherche. fr/
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Country Name of Initiative Dates Relevance Description Implementing Budget
Body -
(EUR millions)
Conquers Markets 2006 Targeting NT NanoforLife i pharmaceuticals and medical
DE Nano Initiative i Action 2006 - Directly Cross - departmental initiative led by BMBF: to speed All BMBF 640 over 5 years
Plan 2010 Targeting NT up the use of the results of nanotechnological

research for innovations; introduce nanotechnology
to more sectors and companies; eliminate obstacles
to innovation by means of early consultation in all
policy areas; and (4) enable an intensive dialogue
wit h the public.

DE Innovation Alliances 2007 - Directly For strategic long -term co -operation between All BMBF 500 over 6 years
2012 Targeting NT multiple industry and public research partners. Funds
R&D, other innovation  -related activities. Public and
private funds are combined in a 1:5 ratio.

IT Fondo per la Crescita 2002 - Targeting NT In September 2014 MISE issued the call for industrial Mainly SMEs MISE 300
Sostenibile (FCS) 2004 R&D projects of the FCS, covering the fields of ICTs,
. nanotechnology, advanced manufacturing, advanced
(Fund for sustainable materials, biotechnology, technologies associated
growth) with the EU Horizon 2020 programme.
LT High Technology 2012 - The High Technology Develop ment Programme in SMEs MITA 13 companies obtained
Development Ongoing 2012 aims to encourage scientists, researchers and public funding for a
Programme students to establish start -up or spin -off companies. maximum of around
13 new companies obtained public funding. The high - EUR 20,000 each

tech areas concerned are: information technology,
nanotechnology, mechatronics lasers technology and

biotechnology
NL NanoNed 2004 - Directly NanoNed was organised into eleven independent IND SME HEI Dutch Ministry 235 over 8 years
2011 Targeting NT flagships based on regional R&D strength and PRO and for the
industrial relevance, including NanoFabrication and Individuals Economy

NanoElectronics

NL NanoNextNL 2011 - Directly Consortium -based system (over one hundred IND SME HEI Dutch Ministry 125 over 5 years
2015 Targeting NT companies, nine kno wledge intensive institutes, six PRO and for the
academic medical centres and thirteen universities). Individuals Economy

Stakeholders collaborate on fundamental and applied
research projects. It includes NanoFabrication.

NL Top sectors 2010 to Directly The Top Sector Policy involves government support in IND SME HEI Dutch Ministry Objective for public and
date Targeting NT nine key economic areas (the top sectors) through a PRO for the private sector to
combination of generic (i.e. financial) instruments Economy participate in the Top
and a focused emphasis on achieving optimum Consortia for
cooperation in the Ago | d e m a nfgrinea S by Knowledge and
companie s, research institutions and government. Innovation (TKIs) for an

The policy works through Top Consortia for amount of at least EUR
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Country Name of Initiative Dates Relevance Description Implementing Budget
Body

(EUR millions)

Knowledge and Innovation (TKiIs). 500 million by 2015,
40% of which from
trade and industry.

ES Strategic Action of 2008 - Directly To enhance the competitiveness of industry by IND SME HEI Ministry 33 over 4 years
Nano Science, Nano 2011 Targeting NT generating new knowledge and applications based on PRO
technologies, new the convergence of new technologies, where
materials and new nanotechnology plays a central role.

industrial processes

PT International  Iberian 2005 to Directly International  research organisation in the field of IND SME HEI Governments 46.5 (of which 30 from
Nanotechnology date Targeting NT nanoscience and nanotechnology, the result of a joint of Portugal and ERDF Spain i Por t ug
Laboratory decision of the Governments of Portugal and Spain. Spain Operational
Becoming a state -of the art research environment Programme) over 7
(including nano fabrication facilities) for nano - years

biotechnology, nano -electronics, nanomedicine and
materials science at nanoscale. INL hosts researchers
from the EU and non-EU countries including Brazil.

SK Action Plan for the 2014 - Targeting NT, The Action Plan focused on measures to encourage Industry MESRS Around 42 for
Innovation Strategy for 2020 but not only R&D expenditure of companies and applied research. nanotechnology
Smart Speciali sation The Action Plan identified also seven priority areas
(RIS3) 2014 -2020 that include material research and nanotechnologies Around 10 for ICT

and information and communication technologies.

UK Micro and 2003 - Directly Support for collaborative R&D and capital Industry DTI 329 over 4 years, over
Nanotechnology 2007 Targeting NT infrastructure, co  -financed by industry 100 from public funds
Manufacturing
Initiative 140

UK UK Nanotechnologies 2009 - Directly Targets the ways by which nanotechnologies can IND SME HEI TSB, EPSRC,

Strategy 2012 Targeting NT address major challenges facing society such as PRO BBSRC and
environmental change, ageing and growing MRC

populations, and global means of communication and
information sharing.

UK Key Enabling 2012 - NT as Addresses four enabling technologies - advanced Business Innovate UK GBP 20m a year in
Technologies Strategy 2015 Underpinning materials; biosciences; electronics, sensors and mainly higher -risk, early -stage
Technology photonics; and information and communication innovation across
technology (ICT) to support business in developing advanced materials;
high -value products and services in areas such as biosciences; electronics,
energy, food, healthcare, transport and the built sensors and photonics;

environment. Nanotechnology is identified as having

140 http://www.innovateuk.org/
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Country Name of Initiative Dates

Relevance

Description

a significant underpinning role across most of these
technology areas, particularly in the healthcare and
life sciences sectors.

Implementing
Body

Budget

(EUR millions)

and ICT
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5 POLICIES AND PROGRAMMES IN OTHER COUNTRIES 141
51 Europe

5.1.1 Non -EU Member States
51.1.1  Norway

From 2002 to 2011, Norway addressed nanotechnology for ICT through its Programme on

Nanotechnology and New Materials (NANOMAT) “with 61 CT inclusive microsystemsd?d
thematic investment areas. It covered, for example, nanomaterials and nanocom ponents for

electronics, data storage, optics, sensors, actuators and radio frequency components; integration of

nanomaterials into sensors and actuators; nano -structuring; and nano  -fluidics 43.

In 2012, a follow -on programme to run until 2021 was initiate d, the Nanotechnology and Advanced

Materials Programme (NANO2021) 44, Managed by the Research Council of Norway 145 " this large -

scale programme covers research on nanoscience, nanotechnology, micro -technology and advanced

materials. The programme is designed to further raise the level internationally of the Norwegian

knowledge base in nanotechnology and advanced materials. NANO2021 receives funding from the
Ministry of Education and Research and the Ministry of Trade and Industry. The annual budget in
the period 2013 -2021 has been set at NOK 92.1 million (EUR 10 million 146) 147

5.1.1.2 The Russia n Federation

The Russian Federation came comparatively late to nanotechnology as a topic for research,

development and innovation policy. It was only in 2007 that a comprehensive government effort in
the field began with the | aunch, in April of that year, of
industriesd6. The strategy was to be realised through a seri

which was one specifically dedic  ated to the development of nanotechnology and the creation of new
government bodies for that purpose. The main focus of Russian nanotechnology efforts since that

time has been on the development of a domestic infrastructure for nanotechnology research and
development as well as for innovation, commercialisation and manufacturing of nano -products. This
is expected to remain the ma jor theme for the coming years.

State institutions have been the principal actors in the field of nanotechnology in Russia for the
intervening period. The State Corporation, RUSNANO, has had primary responsibility for the
development of nanotechnology innovation and its commercialisation. RUSNANO was the outcome

ofare-organisation in 2011 of the State cihRwucslsa gaine s@o riphoatat wa
established in 2007. It was set up as one of several State Corporations intended to lead the economic
modernisation that was proposed in the Concept forthe Long -Term Socio -Economic Development of

the Russian Federation

RUSNANO now combines an open joint -stock company and a Fund for Infrastructure and Educational
Programmes (FIEP). It had capital funding in 2008 -2009 of over USD 4 billion (EUR 2.8 billion 148)
but this dropped to USD 2.6 billion (EUR 1.9 billion **°) by the end of 2010, falling further thereafter.

A gradual privatisation of RUSNANO began in 2011. The mission of RUSNANO is to grow the national
nanotechnology industry through the commercialisation of nanotechnology and the co-ordination of
nanotechnolo gy-related innovation. It acts as a co-investor in nanotechnology projects having
substantial economic or social potential.

141 The UN method of classifying countries by macro geographical (continental) regions and geographical sub -
regions was followed (  http://unstats.un.org/unsd/methods/m49/m49regin.htm )

142 hittp:/lwww.forskning sradet.no/prognett -
nano2021/Artikkel/About_the_programme/1253970633592?lang=en

143 http://www.forskningsradet.no/prognett -nanomat/Programme_description/1226993 562834

144 hitp.//www.forskningsradet.no/servlet/Satellite?c=Page&pagename=nan02021%2FHovedsidemal&cid=1253
969916237&Ilang variant=en

145 hitp://www.forskningsradet.no

146 At the current exchange rate, October 2015

147 Nanotechnology and Advanced Materials i NANO2021: Work Programme
148 Average yearly conversion rate, 2008 -2009 ( source : www.wolframalpha.com )
149 Average yearly conversion rate, 2010 ( source : www.wolframalpha.com )
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RUSNANO has a very wide range of activities spanning from research to foresight to infrastructure,
education, standards and certifi cation. Its research projects fall under six clusters, some of them
relevant to ICT, such as the optoelectronics and nano -electronics cluster. As of October 2010, fifteen
out of 83 industrial investment projects had been on nano -photonics, as well as seven on nano -
electronics 1%,

5.1.1.3 Switzerland

Basic (fundamental) research is funded at national level through the Swiss National Science

Foundation (SNF) and the Commission for Technology and Innovation (CTI) and takes place mainly

in the Swiss Federal Institute of Technology (ETH) and the universities, as well as some 30 research

organisations. Applied research and the transfer of research to market innovation takes place in

industry and fiFachhochschul eno (Uni v e-thisds of R& sinvestf mémp pl i ed Re
(which in Switzerland is almost at the EU target of 3% of GDP) comes from private industry.

CTI funds the Swiss MNT network (micro and nanotechnology) as one of the core innovative themes

of national and international importance 151 The Swiss MNT Networ k is an R&D consortium of the
major public R&D institutions in micro and nanotechnology whose goal is to simplify access to

industries looking for competences and expertise for their projects 152 'Members include ETH Zdirich,
Hightech Zentrum Aargau, Centre of Micronanotechnology (EPFL), Adolphe Merkle Institute and
companies such as IBM, BASF and Novartis. There are also some regional networks that include
nanotechnology as priority: i -net innovation networks Switzerland T i-netNano 1%, and Nano -Cluster
Bodense e!%*. Most activities are strongly focused on R&D to support industry.

5.2 The Americas

5.2.1 North America
5211 Canada

Nanotechnology is promoted in Canada mainly at the level of its Provinces, for example in Alberta,
Quebec and Ontario.

Alberta

The National Institute for Nanotechnology (NINT) is a research institution located in Edmonton on

the main campus of the University of Alberta. Its primary purpose is nanotechnology research. The

Institute was established in 2001 as a partnership between t he National Research Council of Canada
(NRC), the University of Alberta and the Government of Alberta. As an institute of the NRC, its core

funding comes from the Government of Canada and additional funding and research support from

the university, the Gov  ernment of Alberta and various federal and provincial funding agencies.

Following the announcement in 2007 of the Government of Alberta's Nanotechnology Strategy,

nanoAlberta was created as an implementation organisation for that Strategy. NanoAlberta pro vides
leadership to and co -ordination of the Province's wide range of capabilities, organisations and
individuals with the aim of gaining a return of CND 20 billion (EUR 13.4 billion 155) in market share
for nano -enabled commerce by 2020.

Quebec

NanoQuébec is a not -for-profit organisation funded by the MEIE (Ministére de I'Economie, de
I'lnnovation et des Exportations du Québec). Its mission is to strengthen nanotechnology innovation,
increase its diffusion and raise both capabilities and capacities in the Province in order that Quebec

becomes a centre of excellence for nanotechnology. The overarching and long -term aim is that of

maximising economic impacts from nanotechnology in Quebec. Since December 2014, following a

% Anatoly Chubais, RUSNANO Chief Executive Officer, ARUSNANO: fost
Nanotechnol ogy &, ,AnnuasNeBti@ig, QcBober 2010, San Francisco, California, USA,
https://www.usrbc.org/pics/File/AM/2010/Presentations/Chubais_GB_830.ppt.pptx

151 https://www.kti.admin.ch/kti/en/home/unsere -foerderangebote/Unternehmen/internationale -netzwerke -
und -forschungskooperationen  -neu/spezialthema -japa n-schweizl/foerderlandschaft  -schweiz.html

152 http://www.swissmntnetwork.ch/content/

153 http://mww.i  -net.ch/nano/

154 http://www.ncb.ch/wordpress_neu/

15 Current conversion rates, October 2015

o o
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merger with the Consortium Innovation Polyméres, NanoQuébec has formed part of Prima Québec,
Quebecds advanced materials research and innovation

Quebec s AdianiPlan 2013 -2018 156 specifically targets four priority sectors: microsystems,
health, industrial materials and forestry. It covers infrastructure, financing of innovation, knowledge

transfer and technology transfer, and national and international outrea ch horizontally across the four
priority areas.

Via a central point (QNI or Quebec Nanotechnology Infrastructure), it co -ordinates and provides
infrastructure for 300 experts using a fund of CND 300 million (EUR 200 million 157). QNI has
particular strengths in micro -nanofabrication, characterisation, synthesis and modelling. Other

infrastructure can be accessed but is not funded via QNI.

The Action Plan has also led to the financing of technological feasibility projects (maximum six
months); collaborative industry/university research projects (one to two years); and international

research projects with strategic NanoQuébec partners. Knowle dge and technology transfer are
supported through training, industry internships, and dissemination and awareness activities; by
establishing networks and by organising interactive visits by experts. Outreach actions aim to attract

new projects and finance to Quebec and to increase the engagement in international projects by
people from Quebec.

NanoQuébec collaborates with Prompt, a non-profit corporation whose mission is to encourage
university and industry collaboration in R&D with a particular focus on ICT industry as ICT-related
innovation is considered important for the economy of Quebec (which has 5,000 related companies
with about 140,000 employees). 158

Ontario

An ICT -related initiative, but with its main focus on photonics, took place also in Ontario. The
Canadian Photonics Fabrication Centre (CPFC) 159 opened in 2005 as a  partnership between the
National Research Council and Carleton University. Its aim is to support the growth of the photonics

sectorin Canada. The Canadian government and the province o f Ontario contributed CDN 30 million
(EUR 45 million) 1% and CDN 13 million (EUR 19.5 million) respectively to the capital cost of the

building and equipment. The CPFC is located at the NRC laboratories and the NRC covered the

operating costs of the facility

5.2.1.2 The United States of America (US)

The National Nanotechnology Initiative 161 was launched in 2000 across a group of eight Federal
agencies with some responsibility for nanotechnology research, application and/or regulatory

activity, and has grown to include 25 Federal agencies. It aims to create collaborations and bring
together expertise to work on shared goals, priorities, and strategies thereby leveraging the

resources of the participating agencies. The goals of the NNI Goals are to advance world -class
nanotechnology research and development; foster the transfer of new technologies into products for

commercial and public benefit; develop and sustain educational resources, a skilled workforce and

the supporting infrastructure and tools to advance nanotechno logy; and support the responsible
development of nanotechnology.

The NNI is managed within the framework of the National Science and Technology Council (NSTC),

a cabinet -level council under the Office of Science and Technology Policy at the White House. Th e
Nanoscale Science, Engineering, and Technology (NSET) Subcommittee of the NSTC facilitates

planning, budgeting, programme implementation and review across the NNI agencies. The National
Nanotechnology Co -ordination Office (NNCO) was established in 2001 t o provide technical and
administrative support to the NSET Subcommittee, serve as a central point of contact for Federal
nanotechnology R&D activities and perform public outreach on behalf of the National Nanotechnology

Initiative.

The NSET Subcommittee is  composed of representatives from agencies participating in the NNI and

156 http://www.nanoguebec.ca/media/plan -action_en1.pdf
157 Current conversion rates, October 2015.
158 http://www.promptinc.org/en/about -us/prompt_-at-a-glance/

159 http://www.nrc___-cnre.gc.ca/eng/solutions/facilities/prototyping_index.html

160 Average rate 2005, CDN 1.5 to EUR 1.00 ( WWW.X_-rates. com )
161 http://www.nano.gov/
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NSET has Working Groups on Global Issues in Nanotechnology; Nanotechnology Environmental &
Health Implications; Nano  -manufacturing, Industry Liaison, & Innovation; and Nanotechnology
Public Engagement and Communications.

In February 2014, the National Nanotechnology Initiative released a Strategic Plan 162 gutlining
updated goals and five "programme component areas" (PCAs). The goals focus on extending the
boundaries of research; fostering the transfer of technology into products; developing and sustaining

skilled people (with the right infrastructure and t oolset) for nanotechnology; and supporting
responsible development of nanotechnology. The five PCAs include a set of five Nanotechnology
Signature Initiatives (NSIs) as well as PCAs for foundational research; nanotechnology -enabled

applications, devices, a nd systems; research infrastructure and instrumentation; and environment,
health, and safety. The five Nanotechnology Signature Initiatives (NSIs) are also relevant to ICT (for
example, nano -electronics, nanotechnology for sensors and sensors for nanotechn ology.

The 2014 NNI Strategic plan also identifies the different  priorities and interests  of
departments/agencies, for example, nanotechnology and ICT are relevant to:

1 Intelligence Community (IC)/Office of the Director of National Intelligence (ODNI) with reference
to ultralow -power non-volatile memory for saving power in data centres and satellites; and

1 Department of Defence (DoD) (quantum information science, communications and information
processing systems needed for persistent surveillance).

The NNI's budget supplement proposed by the Obama administration for Fiscal Year 2015 provided

for USD 1.5 billion (EUR 1.2 billion 163 of funding. Cumulative NNI investment since fiscal year 2001,
including the 2015 request, totals almost USD 21 hillion (EUR 17 bill ion 164), Cumulative investments
in nanotechnology -related environmental, health, and safety research since 2005 is nearly USD 900

million (EUR 680 million 16%). The Federal agencies with the largest investments are the National
Institutes of Health (NIH), the N ational Science Foundation (NSF), the Department of Energy, the
Department of Defence, and the National Institute of Standards and Technology (NIST).

Some of the above -mentioned institutions (like NIST, with its main focus on measurement sciences
and stand ards development) have areas dedicated to nanoscience and nanotechnology (for NIST
including nano -electronics and nanoscale electronics and nano -magnetics) as well as to information
technology and electronics and telecommunications %6, The latter includes optoelectronics, quantum
information, semiconductors, sensors and microelectronics. Information Technology Manufacturing
at NIST 167 encompasses subject areas including nano -manufacturing, green manufacturing, robotics,
systems integration, etc. NIST also provides facilities to support production, through the Centre for
Nanoscale Science and Technology (CNST) 168, established in 2007. The CNST facilitates access to
commercial state -of-the -art nanoscale measurement and fabrication tools through its NanoFab . One
focus area is Future Electronics.

Another important actor active in nanotechnology is the NSF. This federal agency, with an annual
budget of USD 7.3 billion (EUR 6.8 billion %) (FY 2015), funds appr oximately 24% of all federally -
supported basic research (except for medical sciences) conducted by America's colleges and
universities 179, With reference to the ICT sector, the Directorate for Computer & Information Science
&Engineering (CISE) is particularl y relevant, dealing with advanced cyber -infrastructure, computing
and communications foundations, computer and networks systems, and information and intelligent
systems. CISE is also leader of the National Strategic Computing Initiative (NSCI) 17! in collabor ation
with academia and industry, aiming at maximising @ b e n e &f ihighs performance computing (HPC)
research, development, and de pl oy meAlsa the Directorate of Engineering (ENG), Division
Electrical, Communications and Cyber Systems Division (ECCS) is active in the field of ICT, in

162
163

http://www.nano.gov/sites/default/files/pub_resource/2014_nni_strategic_plan.pdf
Averag e yearly conversion rate, 2015 ( source : www.wolframalpha.com )

164 Average yearly conversion rate, 2001 -2015 ( source : www.wolframalpha.com )

165 Average yearly conversion rate, 2005 -2015 ( source : www.wolframalpha.com )

166 http://www.nist.gov/electronics -and -telecommunication _s-portal.cfm

167 http://www.nist.gov/manufacturing -portal.cfm

168 http://www.nist.gov/cnst/index.cfm

169 Current conversion rate, November 2015 ( source : www.wolframalpha.com )

170 http://www.nsf.gov/about/

171 hitps://www.whitehouse.gov/the -press -office/2015/07/29/executive -order -creating -national -strategic -

computing -initiative
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particular with the programmes on electronics, photonics and magnetic devices (EPMD) and
communications,  circuits, and sensing -systems (CCSS).

In additional to these Federal initiatives, there exist several policy initiative s at State level 172,
Programmes for the promotion of nanotechnologies currently exist in 23 states. Notable examples
are the Texas Emerging Technology Fund 173 ' the Oklahoma Nanotechnology Initiative 174 "the lllinois

Nanotechnol ogy i &% hnd thé oQremandNanpstience and Micro - Technologies Institute
(ONAMI) 176 The State -level organisations typically undertake some or all of the following activities:
fostering collaboration on nanotechnology topics and challenges between researchers and research

centre s; higher education/industry joint projects; education and outreach; access to technology

experts and infrastructure; early -stage funding and investment opportunities; technology transfer

and commercialisation; and awareness raising in the community.

Finally, an international industry -led initiative relevant for ICT is sponsored by the United States
Semiconductor Industry Association (SIA) 77 together with the European Semiconductor Industry
Association (ESIA), the Japan Electronics and Information Technology Industries Association (JEITA),
the Korean Semiconductor Industry Association (KSIA) and the Taiwan Semiconductor Industry
Association (TSIA). They drafted the International Technology Roadmap for Semiconductors 8 it o
ensure cost-effective advancements in the performance of the integrated circuit and the advanced
products and applications that employ such d e v i c°sTbe. Roadmap focuses on devices (including
3D power scaling, edgeless wrapped materials and CMOS), system integration (e.g. spinwave
devices) and manufacturing (related to nano integrated circuits and big data).

5.2.2 South America
5.2.2.1  Argentina

A first initiative to foster nanotechnology in Argentina was established in 2003 when the national

Science and Technology Secretariat started to organise research networks in the field. In 2004, the
Secretariat, looked to address gaps in what being done under the National Agency for Scientific and
Technological Promotion (ANPCYT, Agencia Nacional de Promocion Cientifica y Tecnoldgica 180) as a
result of which four nan  oscience and nanotechnology networks were approved in 2005, bringing

together around 250 scientists. In the same year, the Argentinian -Brazilian Nanoscience and
Nanotechnology Centre (CABN, Centro Argentino -Brasileno de Nanociencia y Nanotecnologia) was
created as a binational co  -ordination body integrating research groups, networks of nanoscience and
nanotechnology, and companies in Argentina and Brazil, in order to support scientific and

technological research in the area and to improve the human and scie ntific resources of both
countries.
The Argentinian Foundation for Nanotechnology (FAN) 181 was initiated in 2005 by the Economy and

Production Ministry, with the aim of stimulating training and developing technical infrastructure to
promote advances in nanot  echnology and the adoption of nanotechnology by industry. It also aimed
to encourage the participation of researchers, institutions and companies from Argentina in
international networks.

While previous national programmes had differentiated between fundin g either for the public sector
(essentially the research networks) or for the private sector (projects of the FAN), the
nanotechnology sector funds (FS -NANO) launched in 2010 provided funding to projects dedicated to
basic and applied science via public -private partnerships.

In 2011, the Ministry of Science, Technology and Productive Innovation published the Argentina

172 http://www.nano.gov/initiatives/commercial/state -local

173 http://gov.texas.gov/ . As of October 2010, the Texas Emerging Technology Fund has given a total of UDS
173 million to 120 companies as well as UDS 161 million to educational institutions.

174 http://www.oknano.com /

175 http://nano.illinois.edu /collaboration/index.html

176 http://onami.us/

77 http://www.semiconductors.org/

178 hitp.//www.semiconductors.org/news/2014/04/01/press_releases _2013/international_technology_roadmap
for_semiconductors_explores_next_15_ years_of chip_technology/

179 http://www.itrs.net/about.html

180 http://www.agencia.mincyt.gob.ar/frontend/agencia/fondo/agencia

8L http://www.fan.org.ar/en/
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Innovadora 2020 (Innovative Argentina Plan 2020): National Plan of Science, Technology and
Innovation. The plan focuses on three general - pur pose technologies (nanotechnology, biotechnology
and information and communication technology (ICT)) addressing six strategic groups, including
industry.

5.2.2.2 Brazil

Systematic policy support for nanotechnology started in 2001, when the Brazilian Ministry of Sc ience

and Technology (MCT) through the Brazilian National Research Funding Agency (Conselho Nacional

de Desenvolvimento Cient2fico e Tecnol - -gico or ACNPQgo0o) wear
(EUR 1.12 million 82) over four years to form Co -operative Net works of Basic and Applied Research

on Nanosciences and Nanotechnologies. Four national research networks were established:

semiconductors and nano  -structured materials; nano -devices; molecular nanotechnologies and

interfaces; and nano -biotechnology. In la te 2004, a network on Nanotechnology, Society and
Environment was created that was independent of the formal funding mechanisms.

Since 1999, Brazil 6s national pl an has c-gearstraiegioepthn an annual
(the Plano Plurianual or PPA) . In 2003, the Ministry created a special division for the general co -

ordination of nanotechnology policies and programmes whose work resulted in a proposal for specific

nanotechnology -related funding. That proposal was taken up in the PPA in 2004 -2007, wh ich

provided for BRL 78 million (c. USD 28 million) (EUR 22 million 183) over 4 years for the Programme

for the Development of Nanoscience and Nanotechnology. Th
develop new products and processes in nhanotechnology with a view to increasing the
competitiveness of Brazilian industryo, which it i mpl emen
laboratories and projects.

A review of the funding in the light of the 2004 policy on Industrial, Technological and Foreign Trade,

the governmen t reconsidered the original budget and increased Federal investment for 2005 and

2006 from the original USD 19 million (EUR 15 million 184) to c. USD 30 million (EUR 24 million 185)
for those two years. Ten new research networks were set up to continue previous research activities
but linking more closely to broader industry, technology, and trade policies. Industrial policy helped

to reinforce the strategic status attributed at national level to nanotechnology and its role in
enhancing Brazil 6s Ofo panpicalari imponaatnie ghe . programmes were the
development of qualified human resources, the modernisation of infrastructure and the promotion

of university -industry co -operation.

In 2012, the Brazilian Ministry for Science, Technology and Innovation (MCTI) launched the
SisNANO 8 nitiative, enabling scientists throughout Brazil to conduct experiments at 26 iopen o
laboratories offering the very best equipment for research in nanotechnology. University students
and staff can use the facilities free of charge i provided that they submit a good research proposal
T while scientists working in industry are able to access specialist equipment and expertise at highly
subsidised rates. The laboratories offer facilities fundamental for improving for example, electron -
spinning. A laboratory quite related to ICT sector is the Centre for Semiconductor Components, CCS,

focused on @i n a relectronics, nano -photonics and micro-e |l ect r d%hi cs o.

In 2013, MCTI launched the Brazilian Nanotechnology Initiative (IBN) with funding estimated to be
BRL 440 million (EUR 148 million  18) for the 2013 -2014 period. The implementation of IBN was an
effort to further strengthen nanotechnology in Brazil by strengthening academic and industry

linkages thereby to promote the scientific and techn ological development of the nanotechnology
sector.

182 Average yearly conversion rate, 2001( source : www.wolframalpha.com )

183 Average yearly conversion rate, 2004 -2007 ( source : www.wolframalpha.com )

184 Average yearly conversion rate, 2005 -2006 ( source : www.wolframalpha.com )

185 Average yearly conversion rate, 2005 -2006 ( source : www.wolframalpha.com )

186 Sistema Nacional de Laborat6rios em Nanotecnologias ftp://ftp.mct.gov.br/Biblioteca/39717 - SisNANO.pdf
187 http://www.ccs.unicamp.br/novosite/en/

188 Average yearly conversion rate, 2013 -2014( source : www.wolframalpha.com )
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5.3 Asia

5.3.1 Eastern Asia
5.3.1.1 China

The transition of China from a centrally -planned to a more market  -oriented economy, begun in the
1980s, has also led to greater decentralisation of the science and technology (S&T) system. Central
government is increasingly co -ordinating S&T, rather than managing research and development
(R&D), with research institutions taking on a greater role in policy, setting their own research

agendas in the context of the National Five -year Plans.

The National High Technology Research and Development Programme (the 863 189 programme
announced in 1986) focuses on key high -technology fields of relevance to China's national
development, supporting research and development, strengthening technol ogical expertise and
laying the foundations for the development and growth of high technology industries. Its goals are

‘promoting the development of key novel materials and advanced manufacturing technologies for

raising industry competitiveness' includin g nanomaterials. The programme is supervised by the
National Steering Group of S&T and Education, and is managed by the Ministry of Science and
Technology.

The 863 Program me has been implemented through successive Five -Year Plans. In addition to
nanotechn ology research funding, the Tenth Five -Year Plan (2001 -2005) targeted commercialisation
and development of nanotechnology. The Government disaggregated nanotechnology development

into short -term projects (development of hanomaterials), medium -term projects  (development of
bio - nanotechnology and nano medical technology), and long -term projects (development of nano
electronics and nano -chips). The Eleventh Five -Year Plan (2007 -2012) emphasised innovative
technologies, including the development of new material s for information technology, biological and
aerospace industries, and commercialising of the technology for 90 -nanometer and smaller
integrated circuits.

The 1997 dANational Pl an on Key Basic Research and Devel oy
Programme on Key Basic Research Project (973 Programme)o sough
in line with national strategic targets 190 The 973 Programme complements the 863 programme,

funding basic research on nanomaterials and nanostructures (i.e. carbon nanotubes ). The National

Steering Committee for Nanoscience and Nanotechnology (NSCNN) was established in 2000 to

coordinate and streamline all national research activities including overseeing the 863 and 973

programmes. The NSCNN consists of the Ministry of Scien ce and Technology (MOST), the Chinese

Academy of Sciences (CAS), the National Natural Science Foundation (NSFC), the National

Development and Reform Commission (NDRC), the Ministry of Education (MOE) and the Chinese

Academy of Engineering (CAE).

The Medium -and Long -term National Plan for Science and Technology Development 2006 -2020
(MLP) aims to achieve the promotion of S&T development in selected key fields and to enhance
innovation capacity. The MLP calls for more than 2.5% of GDP to be invested in R&D; for S&T to

contribute at least 60% to economic growth; for dependence on foreign technologies to decrease to
under 30%; and for China to rank in the top five in the world for patents and citations in international
publications.

Nanotechnology is given priority status under the MLP, being seen as one of the Chinese
'megaprojects’ in science. ICT is among the priority topics under il n f o r mladustro rand Modern
Service | n d u s areay b includes sensor networks and intelligent information process ing. The MLP,
in identifying the frontier technologies, stresses the key role of ad hoc network technology (mobile
networks, computing networks, storage networks, sensor networks, low-cost real -time information
processing systems, multi -sensor information integration, etc.). As the MLP is implemented in the
context of the Five-Year Plan for S&T Development (2011 -2015), it is relevant that it also emphasises
key technologies for strategic and emerging industries (including nanotechnology  with ICT,
photonics, manufacturing and agriculture).

18 The programme is named for its date, the 86 for 1986 and the 3 for the third month, hence 86/3 or 863.
Likewise for the 973 programme launched in March 1997.
190 http://www.chinaembassy.bg/eng/dtxw/t202503.htm
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In addition, China is promoting itself in nanotechnolo gy. From http://www.china.org.cn/ : AChina is
positioning itself to become a world | eader in nanotechnol
applications with significant economic consequences in industrial design , medicine, agriculture,

energy, defence, food, etc. In medicine for example, these include nanoscale drug particles and

delivery systemsandnano -el ectroni c biosensorsé. Today, China | eads

nanotechnol ogy patentso.
5.3.1.2 Japan

Strategi c prioritisation of nanotechnology started in Japan under the Second Science and Technology
Basic Plan (STBP) 2001 -2005. Among the eight priority R&D topics of national importance were ICT
and nanotechnology, as well as manufacturing technology and materials, energy, environmental

sciences and life sciences, and the cross-cutting areas of infrastructure and frontier research.
Nanotechnology was seen as being relevant to a broad range of fields and it was expected to help
Japan to maintain its technol ogical edge. Total governmental funding of this field grew in these years
from JPY 85 billion (EUR 782 million) *°! in 2001 to JPY 97 billion (EUR 709 million 1°2) in 2005.

In the subsequent STBP!%, which ran from 2006 to 2010, Japan established nanotechnology and
materials as one of its four priority research fields, the others being information and communications,
environmental sciences; and life sciences. Together with manufacturing, energy, environment, and
frontiers, these formed eight Promotion Areas. The total budget over the five years was JPY 250
trillion (EUR 200 billion) 4. There were five sub-areas under nanotechnology and materials 1 nano -
electronics; fundamentals  for nanotechnology and materials; materials; nanotechnology  and
materials science; and nan o-biotechnology and biomedical materials.

In 2010, a 6 Ne@®@rowth St r at was ynGoduced to combat the lengthy stagnation of the Japanese
economy. The strategy sought to create jobs by tackling the issues faced by the economy and
society. This took the form of a reorientation of priorites towards green innovation (reducing
emissions and addressing climate issues); life innovation (healthy and long living); the Asian
economy (issues of specific Asian concern including falling birth rates and ageing societi es); and
tourism and the regions. Growth -related strategies for ( 6 ma k Japag a superpower i n 8c)ence,
technology and ICT, for employment and human resources, and for the financial sector were also
identified as essential in supporting growth. The strat egy also addressed the issues arising from the
earthquake, tsunami and nuclear crisis of 2011.

The same priori ties were incorporated in 2011 into the Fourth Science and Technology Basic Plan
(2011 -2015) with a budget of EUR 250 billion (JPY 25 trillion). As with the New Growth Strategy,
and in contrast to the previous Basic Plan for Science and Technology, the Fourth Basic Plan shifted
away from emphasising technologies towards fi d e ma driden and solution -oriented t o p i asswell
as to ipr oblsavimg and issue-driven p ol i cane $hé A de e p e rhe nrgationship  between
society and science and t e c hn o | Dwg yoroad based areas are prioritised: Life Innovation and
Green Innovation and an emphasis has been placed on technologies to reduce global warming,
provision and storage of energy supply, renewable energies, and diffusion of such technologies. As
there is no specific emphasis on individual technologies, nanotechnology is incorporated across
research and development without being specifically targeted.

5.3.1.3  Korea (South)

Long a topic of relevance in Korea, support for nanoscience and nanotechnology reached a new level

in December 2000 with the announcement by the National Science and Technology Council (NSTC) 195
of the Korean National Nanotechnology Initiative (KNNI). Nanotechnology was also identified as one

of six priority fields in the National Science and Technology Basic Plan (2002 1 2006). The NT
191 Average yearly conversion rate, 2001 ( source:

www.europarl.europa.eu/RegData/etudes/note/join/2007/379231/IPOL -
TRAN_NT%282007%29379231_EN.pdf )

192 Average yearly conversion rate, 2005 ( source:
www.europarl.europa.eu/RegData/etudes/note/join/2007/379231/IPOL -
TRAN_NT%282007%29379231_EN.pdf )

193 https://www.jsps.go.jp/english/e -quart/17/jsps17.pdf

194 Average yearly conversion rate, 2006 ( source:
www.europarl.europa.eu/RegData/etudes/note/join/2007/379231/IPOL -
TRAN_NT%282007%29379231_EN.pdf )

195 http://www.nstc.go.kr/eng/
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Development Plan was approved by the NSTC on in July 2001 and the NT Development Promotion

Act passed in November 2002 by the National Assembly. The initiative is now in its 3 4 phase (2011 -
2020), with focus on 6éclean nanot ec-20®5) wdsa0b.2 biliom&want i n phase
(EUR 83 million 1%); phase 2, 277.2 billion Won (EUR 1,541.8 million 197},

Under its KNNI, Korea has focused on establishing specific support mechanisms (programmes,

systems and societies) and centres of excellence across the country. The launching of the National

Programme for Tera -Level Nano -devices (2000) was followed by the founding of the Nanotechnology
Industrialisation Support Centre (2001) and the Korean Advanced Nanofabrication Centre 198 (KANC)
(2003). In more recent times, building on former centres, Korea established two NST centres at the

Institute for Basic Science: the Centre fo r Nanoparticle Research and the Centre for Nanomaterials

and Chemical Reactions (2012) 199 In total, 24 nanotechnology -related centres now exist in Korea.

The Korean Institute of Science and Technology (KIST) 200 has a Material and Life Science Division,
cover ing nanotechnology , ICT and biotechnology. Also related to ICT and nanotechnology at KIST,

the Post -silicon Semiconductor Institute has a specialised Centre for Spintronics as well as a Centre

for Electronic materials, a Centre for Opto -Electronic Material s and Devices, and a Centre for
Quantum Computing 2°*. In addition, by 2010, over forty universities had nanotechnology
departments.

Under the Nanotechnology Development Promotion Act 2002, Korea also established in 2004 the
Korean Nano Technology Research Society (KoNTRS) 292 as a mechanism for co-operation between
researchers working on nanotechnology throughout the country, to develop -collaborative research
programmes between institutions (public and private) and to support the government in establishing
appropriate national NST policies.

Korea has since continued to invest in nanotechnology, with the review by NSTC in 2006 of the first
five years of its NNI leading to support continuing for an additional ten years. In this third phase of
the NT Development Plan (2011 -2020), there is greater focus on clean nanotechnology and overall
the policy has evolved, moving away from funding fundamental research towards more application -
driven actions. 203

Korea has also sought to develop its nanotechnology policy and policy system, with the production
of the Korean Nanotechnology Roadmap in 2008 and the establishment of the National
Nanotechnology Policy Centre (NNPC) in 2010. The NNPC announces on its web site 24 the national
vision for Korea to be fit hweo r | dufiser one nanotechnology powe r and the four goals:

T ATo become a l eading nati on in nanotechnol ogy wi t h s
programmes;

1  To create a new industry based on nanotechnology;

i1  To enhance social and moral responsibility in researching and developing nanotechnology; and

1  To cultivate advanced nanotechnology experts and maximise the utilisation of nanotechnology

infrastructure. 0

Mid-term and long -term strategies for nanotechnology in Korea, which have been developed and
implemented since about 2009, include:

1 The Fundame ntal Nanotechnology Mid -term Strategy [NT 7  -4-3 Initiative] through which the
Ministry of Education, Science and Technology (MEST) supported 35 green nanotechnologies in
seven areas as well as funding four infrastructure projects;

19 Average yearly conversion rate, 2001 -2005 ( source :
www.ecb.europa.eu/stats/exchange/eurofxref/html/eurofxref -graph -krw.en.html )

197 Average yearly conversion rate, 2006 -2010 ( source :
www.ecb.europa.eu/stats/exchange/eurofxref/html/eurofxref -graph -krw.en.html )

198 hitp://www.kanc.re.kr/kancEnglish/center/center_overview.jsp

199 https://www.ibs.re.kr/eng/sub02_04_03.do

200 K|IST is a science and technology institute. It was the first S&T research institute founded in Korea following

the joint statement by the Presidents of Korea and the US on th
and Applied Science R&Dttpl/engkistirdkukiseeng/ (1 9?6ub Num=728
http://eng.kist.re.kr/kist_eng/?sub_num=1596

http://kontrs.or.kr/english/index.asp

203 http://www.nanotechmag.com/nanotechnology -in-south -korea/

204 http:/ww.nnpc.re.kr/htmlpage/15/view
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1 The Nano Fusion Industry Development Strategy by MEST and the then Ministry of the
Knowledge Economy (MKE), which sought to support nanotechnology all across the value chain,
from the research laboratory to the marketplace;

1 The National Nano Infrastructure Revitalisation Plan, al so by MEST and MKE, to link
nanotechnology infrastructures together, thereby giving them new impetus; and

1  The Nano Safety Management Master Plan 2012 -2016 to define methods and processes for the
identification and manage any safety risks that emerge with the development, commercialisation

and manufacture of nanotechnology products.

2012 saw the creation of the Nano-Convergence Foundation (NCF)?2% whose remit is to increase the
commercialisation  of national NST research outcomes. It operates under the joint support of the
Ministry of Science, ICT & Future Planning (MSIP) and the Ministry of Trade, Industry & Energy
(MOTIE). Korea plans to invest 930 billion Korean Won (ca. USD 815 million, EUR 740 million 2°¢) by
2020 in the NST, with projects in the Nano Converg ence 2020 programme eligible to receive up to
2 billion Korean Won (EUR 1.5 million 2°7) each.

5.3.1.4  Taiwan (Chinese Taipei) 208

The National Nanoscience and Nanotechnology Programme 2°° was approved for a period of six years
by the National Science Council (NSC) in 2002. With a budget envelope of USD 700 million (EUR
740 million %) and actual expenditure estimated to be USD 625 million (EUR 486 million 21') over
2003 -2008, the aim of the programme was to foster nanotechnology research and development in
research institutes, universities and private companies, achieving academic excellence and
supporting commercialisation.  The Academic Excellence part of the programme includes physical,
chemic al and biological properties of nano-sensors, nano -structures, nano-devices and nano -
biotechnology. Industrial applications are the remit of the Industrial Technology Research Institute

(ITRI). ITRI has 13 research laboratories and centres in areas includi ng optoelectronics, electronics,

mechanical and systems, applied materials, biomedicine, chemistry and mechanics. The Information

and Communications Research Laboratories 2?2 and the Electronic and Optoelectronic  System
Research Laboratories are relevant for the ICT sector. 213 The latter, in particular, conducts research
in new semiconductor architectures, including advanced memories, 3D-IC and ultra -fine line, and
embedded -inte rposer -carrier substrates.

The National Nanoscience and Nanotechnology Programme also co-ordinates the nanotechnology
research efforts of government agencies mainly through the establishment of common core facilities
and education programmes, by promoting technology transfer and commercialisation into industrial
applications and estab lishing internationally = competitive nanotechnology platforms. Among the
thematic priorities of the programme overall have been the design and fabrication of interconnects,
interfaces and system of functional nano -devices, and the development of MEMS/NEMS technology.

T ai wa Nanstechnology Community (NTC) was established in 2003 to identify commercial
applications of nanotechnology and, in 2004, the Taiwan Nanotechnology Industrialisation Promotion
Association (TANIPA) was set up by the Industrial Developm ent Bureau at the Ministry of Economic
Affairs (MOEA), with a strategic remit related to industrial applications of nanotechnology and to
facilitate public -private co-operation.

Phase | of the National Nanoscience and Nanotechnology Programme was complete d in 2008. Phase
Il was approved by the NSC in April 2008 to run for another six years (2009 -2014) with the goal of

strengthening and concentrating public resources on iNanot echhadagyri alie.stleeti ono,

development of nanotechnology for domestic industry relevant to Taiwan and its growth into high -
tech industry. Building on Phase 1, Phase Il has supported nano -instrumentation, nano -
optoelectronics, nano -electrics, energy and environmental nanotechnology, nano-materials and

205 http://www.nanotech2020.org/download/english_brochure.pdf

206 Current exchange rate, November 2015 ( source : www.wolframalpha.com )
207 Current exchange rate (November 2015) ( source :
www.ecb.europa.eu/stats/exchange/eurofxref/html/eurofxref -graph -krw.en.html )

208
209
210

http://www.twnpnt.org/

http://ww.twnpnt.org/english/g01_int.asp

Average yearly conversion rate, 2002 ( source : www.wolframalpha.com )

211 http:/;vww.ncbi.nlm.nih.gov/pmc/articles/PMC2768287/

212 https://www.itri.org.tw/e ng/Content/Messagess/contents.aspx?SitelD=1&MmmID=617766557770066341
213 hitps://www.itri.org.tw/eng/Content/Messagess/contents.aspx?Sitel D=1&MmmID=617751557022321307
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nano -biotechnology and applied nanotechnology in traditional industries.

5.3.2 Southern Asia
5.3.2.1 India 24

The Nanomaterials Science and Technology Initiative (NSTI) was launched by the Ministry of Science

and Technologyds (MST) Department of Science asBuppofechnol og

priority areas of research in nanoscience and nanotechnology; strengthen national characterisation
and infrastructural facilities; enhance nanotechnology education in order to generate trained

manpower in the area; and create an applications -relate d interface between educational institutions

and industry. The Indian government committed to investing USD 16 million (EUR 14 million 215y in
nanomaterials research and commercial development over the five -year duration of the initiative,
2002 -2006. The fund ing was used for projects, centres of excellence, conferences, advanced courses

(schools) and post -doctoral fellowships. Within its basic and application -oriented research
programmes, it supported work on nanomaterials for pharmaceuticals and drug delivery , gene
targeting and DNA chips.

A capacity -building programme for nanoscience and nanotechnology (called Nano Mission) 216 was
announced in 2007. It was implemented by DST with a budget of EUR 155 million over 5 years. In

that time, India raised its publicati onoutputinnano -science and i technology generating about 5000
research papers and about 900 PhDs directly from Nano Mission funding. Under the programme,

scientists were given access global state -of-the -art facilities in countries including Japan and
Germany. The programme is also seen as having resulted in products including nano hydrogel -based
eye drops, pesticide removal technology for drinking water, water filters for arsenic and fluoride

removal and nano silver based antimicrobial textile coatings. F inally, it facilitated discussions on

standards for nanotechnology at national level.

The continuation of the Nano Mission was approved by the Government in February of 2014 and
EUR 91 million (INR 650 crore) were sanctioned for the time period 2012 to 201727, The programme
will continue to support nanoscience and technology by promoting basic research, human resource
development, research infrastructure development, international collaborations, national dialogues,
and nano -applications and technology deve lopment. In the area of development of products and
processes, the programme has focused, and will continue to focus, on areas of national relevance
including sensor development, safe drinking water, materials development and drug delivery.

In addition to DST, several other agencies support nanotechnology research and development:

1  The Council of Scientific and Industrial Research (CSIR) 218 has a network of 38 laboratories and
other partners involving about 4600 scientists in research and development across a wide range
of disciplines, including nanotechnology, and for application areas including electronics and
instrumentation.

1 In 2003, th e CSIR launched the New Millennium Indian Technology Leadership Initiative

(NMITLI) to foster public  -private partnerships via grant -in-aid funding to public partners and
soft loans to their industrial partners. The initiative specifically targeted nanoscie nces and
nanotechnologies; biotechnology; energy and materials. 219

T The CSIR6s International Science and Technol ogy

workshops and projects in collaboration with partners from South Africa, France, South Korea,
China and Japan 2%,

T The MST6s Science and Engineer i ng? 8&ipportsafiontidr an@ounci |

214 http://www.oecd.org/science/nanosafety/37277620.pdf . http://nanomission.gov.in/
http://www.ris.org.in/images/RIS_images/pdf/DP%20193%20Amit%20Kumar.pdf ,
http://erawatch.jrc.ec.europa.eu/erawatch/opencms/information/country pages/in/country?section=Resea

rchPolicy&subsection=ResPolFocus

215 Average yearly conversion rate , 2002 -2006 ( source : www.wolframalpha.com )
216 http://nanomission.gov.in/
217 http:/ftimesofindia.indiatimes.com/home/science/Govt -approves -Rs-650 -crore -for -Nano -

mission/articleshow/30722422.cms
218 www.csir.res.in/
219 hitp://lwww.csir.res.in/external/heads/collaborations/NM.pdf
220 http://www.teriin.org/div/ST_BriefingPap.pdf
221 www.dst.gov.in/about_us/ar05 -06/serc.htm
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interdisciplinary research. Support for nanotechnology projects has been provided through its
R&D schemes for basic science and engineering science.

5.3.2.2 Iran 22

The Islamic Republic of Iran ranked 23 " in the world in nanotechnology in 2007, second to Korea in
citations in Asia 223, but, by 2012, it had moved to 10 th place 224: 225 |n 2013, Iran ranked 20 tin
science production in the world (Thomson Reuters) and 18 th in science production for medicine.
According to the Ministry, its share of global science production rose from 1.39% in 2013 to 1.69%

percent in 2014, as measured by indicators including the number of scientific papers, the quality

and quantity of documents, p atenting inventions, industrial plans, partnership with foreign
universities, and the use of technology in domestic organisations.

There are nine scientific committees responsible for organising and coordinating science activities in
Iran including committ  ees for nanotechnology, biotechnology, aerospace, information technology,
renewable energies and environment.

Iran began its nanotechnology activities with a Study Committee for Nanotechnology in 2001. Its

work led to the development of the Iran Nanotechno logy Initiative Council (INIC) 226 established in
2003 to develop policies to foster nanotechnology in Iran and monitors their implementation. The

Council also funds researchers, having supported over 1400 researchers for nanotechnology activity

between 2004 and 2010, at a cost of USD 12 million 227 (EUR 9 million 228),

INIC has also funded the development of research and training facilities for nanotechnology
research, such as the Institute for Nanoscience and Nanotechnology (INT) at the Sharif University
of Technology. The INT, established in 2004, was the first institute to offer a PhD in nanotechnology

in Iran 22°. INIC undertakes education and awareness -raising activities including
Club, seminars, workshops, publications and a multi -lingual (" Arabic, Persian, Russian and English)
website 230,

Also in 2004, INIC was instrumental in establishing the Iran Nanotechnology Laboratory Network to

optimise Irands nanot ec hn o l-teglaboratands acaosstiranwopetate undertheFor t y
network. The role of INIC includes evaluation and ranking of member laboratories and providing

support for them in areas such as training workshops, lab equipment, and in gaining accreditation

as testing and calibration labs.

INIC operates through working groups o n areas including Human Resource Development;
Technology Development and Production; and Education and Awareness. It also addresses standards

and regulations through the Iran Nanotechnology Standardisation Committee (INSC) 231 " a body
established in 2006 asa  collaboration between the INIC and the Institute of Standard and Industrial

Research of Iran (ISIRI) 232,

Continuing to support nanotechnology and the work of I NI
2005 by the Cabinet, a 10  -year nanotechnology development (2005 - 2014). Its mission was to

place Iran among the top fifteen advanced countries in nanotechnology in the world. The focus was

placed on building and using infrastructure and human resources; improving communication and

networking both within Iran an d internationally; and generating economic added value from
nanotechnology as a means of achieving economic development 233,
222 See also http://www.sciencedev.net/Docs/Iran_Nano.pdf (2010)

22!
22

w

http://webarchive.nationalarchives.gov.uk/20090609003228/http://www.berr.gov.uk/files/file11959.pdf
http://statnano.com/report/s29

225 http://www.nanotech  -now.com/news.cgi?story_id=45237

226 http://nano.ir/index.php?lang=2

227 http://www.nanotech  -now.com/news.cgi?story_id=36557

228 Average yearly conversion rate, 2004 -2010 ( source : www.wolframalpha.com )

229 http://blogs.scientificamerican.com/quest -blog/science -and -sanctions -nanotechnology -in-iran/
230 http://nano.ir/index.php?ctri=static_page&lang=2&id=397&section_id=22

231 http://nanostandard.ir/index.php?lang=2

232 hittp://www.isiri.com/

233 http://statnano.com/strategicplans/l
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5.3.3 South -Eastern Asia
5.3.3.1  Malaysia

Priority emerging technologies including nanotechnology and nano -biochips, nano -biosensors and

photonics wer e i dentified under Malaysiab6s Second National Sci e
launched in 2003. Other products and technologies were also specified: photovoltaic (PV) solar cells,

Li-ion batteries, plant vaccines, and drug delivery systems.

The Malaysian National Nanotechnology Initiative (NNI) was established in 2006 to advance
nanotechnology and related sciences by clustering local resources and knowledge of Malaysian
researchers, industry and the government. The NNI paved way for the establis hment in 2010 of the
National Nanotechnology Directorate under the Ministry of Science, Technology and Innovation
(MOSTI). The National Nanotechnology Directorate (NND) ** facilitates nanotechnology development
in Malaysia by acting as a central co-ordination agency.

To further support activity on these priority areas, the National Innovation Council of Malaysia in

2011 identified the need for a national organisation for n anotechnology commercialisation.
NanoMalaysia 23° was created in 2011 as a company under the Ministry of Science, Technology and
Innovation (MOSTI). It is responsible for commercialisation of nanotechnology research and
development; industrialisation of nanot echnology; facilitation of investments in nanotechnology; and
human capital development in nanotechnology.

In 2011, the Top down Nanotechnology Research Grant (NanoFund) was introduced and
NanoMalaysia Centres of Excellence created. Among these are the Institute of Nano -Electronics and
Engineering (INEE) %3¢ (with research groups on memory devices, photonics and novel silico devices)
and the Institute of Micro Engineering and Nano-electronics (IMEN), at UKM?2¥, specialised in
MEMS/NEMS and nano -electronics and micro- and nano -electronics system.

5.3.3.2  The Philippines 2%

Nanotechnology was first identified as a priority area in the Philippines in 2009 when the Department

of Science and Technology (DOST) formed a multidisciplinary group to create a roadmap for the
developm ent of nanotechnology in the country. The Nanotechnology Roadmap for the Philippines
identified five key sectors for the application of nanotechnology that also coincided with the priority

areas of DOST for R&D support. These areas were: information and co mmunications technology and
semiconductors; health; environment; food and agriculture; and energy.

Both the MAPUA Institute of Technology and the University of Philippines Diliman are active in
nanotechnology R&D for ICT and semiconductor applications. 23°

5.3.3.3  Singapore

With the aim of transitioning to a knowledge -based economy, Singapore has relied, since the early

1990s, on its five -year basic plans for science and technology (S&T). Foresight and technology

scanning were key components of the process by which the 2010 plan?*° was developed. Thirteen
technology scanning panels were established, including one on 6 Ex p| oNatniontgec hnoThergi e s 6.
were also foresight panels on semiconductors, broadband, information storage, manufacturing,

materials and infrastruct ure, intelligent systems, the grid, information management, energy,
environmental technologies, engineering science in medicine, and frontiers in chemicals.

In the 2010 strategy document, the connection is made between the S&T Plan and the Manufacturing
2018 Plan Intelligent National Plans of Si n g a p oEcandvsc Development Board 24!, and the
Roadmap (ITR5) of the Infocomm Development Authority 242, It links nanotechnology research and

234 http://www.mosti.gov.my/en/about -us/divisions -departments/national  -nanotechnology -directorate -division -
nnd/
235 http://www.nanomalaysia.com.my/index.php?p= aboutus&c=whoweare

23

=3

http://inee.unimap.edu.my/

27 www.ukm.my/

238 http://www.techmonitor.net/tm/images/d/d1/10jan_feb_sf3.pdf

239 http://nanotech.apctt.org/countryreports/Philippines%20Country%20Report.pdf

240 hitps://www.mti.gov.sg/ResearchRoom/Pages/Science -and - Technology -Plan-2010.aspx
241 www.edb.gov.sg

242 www.ida.gov.sg
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development to industrial development and supports collaboration between industry, research
institutes and universities. The aim is for an enhancement of applied research in nanotechnology to
enable industrial clusters including ICT, electronics, precision machinery, transportation machinery,
engineering, chemicals, food, and environmental. The Plan also indicates nanotechnology is
fundamental and horizontal to these clusters.

Nanotechnology is one of six areas at the heart of clinical and translational research supported under

the Biomedical Research Council, which is responsible for research related to the industrial sectors
of pharmaceuticals, medical technology, biotechnology and healthcare services and delivery.
Nanotechnology is also a key area for the Science and Engineering Research Council (SERC).

The main funding agency for nanoscience and nanotechnology (NST) in Singapore is the Agency for
Science, Technology & Research (A*STAR) 243. A* ST A Rlanstechnology Initiative started in 2001
with the target of building on existing capabilities to develop specific areas of NST resear ch always
with applications and potential use by industry as a goal. A*STAR research institutes involved in NST
include the Data Storage Institute 2*4 (that includes the Data Centre Technologies and the Non-
Volatle Memories), the Institute of High Performanc e Computing 2%, the Institute for Infocomm
Research, and the Institute of Microelectronics 246 (with a MEMS and nano -electronics programme).

In 2010, A* St aSiMiech launched the Nanotechnology in Manufacturing Initiative (NiMI) to foster
collaborative efforts between research and industry, developing industrial capability and enhancing
competitiveness.  NiMI concentrates fi o rthe application of nanotechnology in the processes of
forming, joining and c o at i pagtioujarly for the electronics industry, nanocompos ite physical
vapour deposition (PVD) coatings and others. Characterisation is also a relevant part of the
initiative. 247

In Singapore, nanotechnology is also a key area for the Science and Engineering Research Council
(SERC).

5.3.34 Thailand

Thailand has been active in nanotechnology since at least 2003 when it established NANOTEC?*® as
the leading national agency for nanotechnology development. It operates under the jurisdiction of
the National Science and Technology Development Agency (NSTDA) and the Ministry of Science and
Technology (MOST), one of four such agencies. The guiding aims of NANOTEC are to contribute to
society; increase T h ai | aonpétitveness; and improve the quality of life and the environment of
the people of Thailand through research and develo pment in nanoscience and nanotechnology.

NANOTEC undertakes and supports research, development, design and engineering in
nanotechnology, and the transfer of the resulting technology to industry and the marketplace. In
2013, the Central Laboratory of NANOTEC consisted of twelve units located at the Thailand Science
Park. These covered areas including nano -characterisation; engineering and manufacturing

characterisation; integrated  nano -systems, nanomaterials for energy and catalysis, hybrid
nanostructures  and nanocomposites; nanoscale simulation; and functional nanomaterials and
interfaces.

In 2012, the National Nanotechnology Policy Framework (2012 -2021) ?*° and the Nanosafety and
Ethics Strategic Plan (2012 -2016) 2°° were approved by government for implementati on by the
Ministry of Science and Technology, and relevant agencies. The Framework has three primary goals:

i  Utilising nanotechnology to develop materials, products, and equipment in order to enhance the
quality of life, wellness, and environment;

1 Improvi ng agricultural technology and manufacturing industry that meet the demand of the
market through nanotechnology; and

243 www.a -star.edu.sg/

244 http:/lwww.a __-star.edu.sg/dsi/Home.aspx

245 http://w  ww.a -star.edu.sg/ihpc/Research/Overview.aspx

26 https://iwww.a  -star.edu.sg/ime/

2T http://www.a  -star.edu.sg/Media/News/Press  -Releases/ID/1363/ASTAR  -SIMT ech-Nanotechnology -in-
Manufacturing - Initiative -NiMI -to-Overcome -Challenges -to-Tap-Market - Potential.aspx

248 http://www.nanotec.or.th/th/wp - content/uploads/2013/05/ NANOTEC-brochurell.pdf

249 http://www.nanotec.or.th/en/wp -content/uploads/2012/02/The -National -Nanotechnology -Policy -framework -
exe -sum.pdf

250 http://www.nanotec.or.th/en/
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T Becoming ASEANGO6s | eader in nanotechnology research

The overall strategic direction of the Framework encompasses four target clusters, including
manufacturing  industry and electronics, and defines seven flagship products including nano -
electronics. It aims to achieve its goals through actions in human resources, research and
development, infrastructure  development, management (of quality, safety and standards) and
technology transfer.

The strategy in Thailand is largely to focus on product development through nanotechnology. To this
end, NANOTEC is addressi ng national and NSTDA priorities under the Framework through seven
flagship programmes to develop specific products.

5.3.4 Western Asia
5.34.1 Israel

The first nanotechnology  policy initiative in Israel was the establishment of the Israel
Nanotechnology Initiative  (INNI) 251 in 2002 as a shared action of the Forum for National
Infrastructures  for Research & Development (TELEM)?%2 and the ministry for the economy (now
called the Ministry for Industry, Trade and Labour) 253, | N N Indission is fi t make nanotechnology
the next wave of successful industry in Israel by creating an engine for global | e a d e r STh aclpede
this, actions have been taken on scientific research in nanoscience and nanotechnology (NST); on
increasing public -private collaboration on NST; on speeding up commercialisation of NST; and on
leveraging funding from both public and private sources to support NST in Israel. INNI is closely
linked to the national system with its Director appointed by the Chief Scientist at the Ministry, and
its Board operating out of the MAGNET Programme 254 at the Office of the Chief Scientist.

Since the identification of nanoscience and nanotechnology (NST) as a national priority area in 2007,
the areas that have been targeted have included research infrastructure; training Israeli scientists
in NST, attracting foreign researchers to work in Israeli institutions; increasing collaboration in NST
and publication output of the highest international standard; fostering public -private partnerships;

and knowledge transfer and commercialisa tion of NST. Investment has been c. USD 20 million (EUR
15.5 million 255) per annum for basic NST equipment plus another almost USD 10 milion (EUR 8
million 2%6) per annum for new infrastructure and facilities. 2 The aim has been to create a
sustainable basis for NST within the universities via training, recruitment and the provision of
facilites on the basis that, without a strong research base, direct investment in technology will not
be able to generate the required returns in terms of technology development and deployment.

In addition, the Triangle Donation Matching (TDM) programme 258 was launched under the INNI in
2006, a five -year national programme to support NST research infrastructure in six universities in
Israel. A total of USD 250 million (EUR 198 million?%°) has been invested by Israeli Universities,
private donors and the lIsraeli government to recruit leading nano -scientists and acquire equipment,
facilities and laboratories for six nano-centres at the universities. The first impact was seen at
Technion, | s r a dristituse of Technology 26°: 261 in 2005 (before the official launch of the
programme), the other five research universities receiving support in 2006. One of them is the
Hebrew University Centre for Nanoscience and Nanotechnology whose focus areas includes nano -
optronics for sensing and communication applications and nanomaterials for industrial applications

21 http://lwww.nanoisrael.org/
22 http:/iwww.trdf.co.il/leng/fundinfo.php?id=2846
253 http://lwww.economy.gov.il/English/Pages/default.aspx
24 http:/;mww.moital.gov.il/NR/exeres/111E3D45 -56E4 -4752 -BD27 -F544B171B19A.htm
The Magnet programme supports companies and academics to form consortia to research precompetitive
generic technologies. Direct funding is up to 66% of the cost of the project with no obligation to repay
royalties.
25 Average yearly conversion rate, 2012 ( source : www.wolfram _alpha.com )
256 Average yearly conversion rate, 2012 ( source : www.wolframalpha.com )
27 Figures for funding under the programme to 2012.
258 http://www.  nanoisrael.org/category.aspx?id=1278
29 Average yearly conversion rate, 2006 ( source : www.wolframalpha.com )
260 The Technion centre was co  -funded by the Russel Berrie Foundation via a donation of USD 26 million which,
together with funding from Technion itself, the Office of the Chief Scientist and the Ministry of Finance,
made up to USD 78 million for the Russell Berrie Institute for Research in Nanotechnology.
Israel Institute of Technology http:/iwww.technion.ac.il/en/

4

26

2

65

and

e


http://www.nanoisrael.org/
http://www.trdf.co.il/eng/fundinfo.php?id=2846
http://www.economy.gov.il/English/Pages/default.aspx
http://www.moital.gov.il/NR/exeres/111E3D45-56E4-4752-BD27-F544B171B19A.htm
http://proinno.intrasoft.be/index.cfm?fuseaction=wiw.measures&page=detail&id=-598&CO=10
http://www.wolframalpha.com/
http://www.wolframalpha.com/
http://www.nanoisrael.org/category.aspx?id=1278
http://www.wolframalpha.com/
http://www.technion.ac.il/en/

NanoData 1 Landscape Compilation - ICT

and also has a specialisation in sol-gel-based nanomaterials. Work is also taking place at the Institute
of Nanotechnology and Advanced Materials at Bar-llan University in several areas, including
computers. 262 Furthermore, photonics and electronics is among the research activities of the llse
Katz Institute for Nanoscale Science & Technology, at Ben-Gurion University, with a specialisation
in design, simulation and fabrication of nano -photonic chips and devices. 263

To help academics and industry to access the facilities of the six Israeli nano centres, the INNI has
made available a national nano infrastructure catalogue 264. The catalogue of equipment includes
pricing for the use of the equipment and contact information. Industry users are supported by the
university nano -centres to enable them to be effective in using their R&D equipment.

INNI also has introduced the Industry -Academia Matchmaking programme to make Israeli
nanotechnology mor e visible to the industrial and investment communities and to promote | sr a
NST research capabilities to potential partners. Experts help potential collaborators to meet, access
expertise and access funding depending on their needs. They engage with key nanotechnology
stakeholders in Israel and abroad, initiate and managing national and international networks in NST.
They also gather statistics and market information on NST.

5.3.4.2  Saudi Arabia 265

The King Abdul Aziz City for Science and Technology (KACST) was established in 1985 as the
Ki n g d onmaih sagency for promoting research and development. In 2002, Saudi Arabia decided to
build further on the work of KACST by putting in place a National Policy for Science and Technology
(NPST) with plans to increase R&D funding to 1.6% of GDP. KACST was made responsible for
implementing the policy which included five -year strategic plans (missions) in eleven research areas
prioritising areas relevant to ICT including nanotechnology and information technology, electronics,
photonics, advanced materials, as well as others: water, oil and gas, petrochemicals, biotechnology,
space and aeronautics, energy and environment. The National Nanotechnology Programme (NNP)
was established to deliver the plan.

During the implementation of the NNP, nanotechnology centres began to be established, such as the

Centre of Excellence in Nanotechnology (CENT) established 2005 at the KFUPM 266: and the CNT
established in 2006 at the KAU 267 that covers the fields of electromechanical (MEMS/NEMS) devices,
semiconductors nanomaterials and computational nanotechnology . These centres operated in the
context of the multidisciplinary programme of Strategic Priorities for Nanotechnology 2008 -2012,
put in place by the Saudi Arabian Ministry of Economy and Plannin g in 2008.

Additional nanoscience and nanotechnology centres followed. T he Centre of Excellence of Nano -
manufacturing Applications (CENA) was established in 2009 at KACST (active in the area of

fabrication of sensors) and the King Abdullah Institute for Na notechnology (KAIN) 268 established in

2010 at the KSU in the Riyadh Techno Valley. The KAIN covers areas including telecommunications,
manufacturing of nanomaterials, energy, medicine and pharmaceuticals, food and environment, and
water treatment and desalin ation. Companies also collaborate on nanotechnology research with the
nanotechnology centres

5.3.4.3  Turkey

Nanotechnology was one of eight strategic fields of research and technology identified in the Vision
2023 Technology Foresight Study prepared by the Turkish Supreme Council of Science and
Technology (SCST) in 2002. The Foresight Study formed part of the development of the National
Science and Technology Policies 2003 -2023 Strategy Document. In nanotechnology, seven thematic
priority areas were selected: (i) nano-sized quantum information processing; (i) nano -photonics,
nano -electronics and nano-magnetism; (i) nanomaterials; (iv) nano -fabrication; (v) nano -
biotechnology; (vi) nano -characterisation; and (vii) fuel cells and energy. Nanotechnology was also
included as a priority technology field in the Development Programme prepared by State Planning

262 http://nano.biu.ac.ilires earch -centers/nano - materials

263 http://in.bgu.ac.il/en/iki/Pages/Research - Activityl.aspx

264 http://www.nanoisrael.org/category.aspx?id=13671

265 A review of nanotechnology development in the Arab World, Bassam Alfeeli et al., Nanotechnology Review,
2013 (05/2013; 2(3):359  -377)

6 King Fahd University of Petroleum and Minerals, Riyadh

7 King Abdul Aziz University, Jeddah

8 http://nano.ksu.edu.sa/en
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Organis ation (SPO) for the period 2007 -2013.

Projects in nanotechnology are supported by the Scientific and Technological Research Council of
Turkey (TUBITAK) and the Ministry of Development (MoD) and, between 2007 and 2014, it is
estimated 2%° that nanotechnology received State support of about one billion Turkish Lira, or c. USD
500 million (EUR 367 million 29). Over 20 nanotechnology research centres, departments and
graduate schools have been established including NanoTam 27! (with a research programme on
gallium nitride devices) and Unam %72 at Bilkent University (focused on optics and fibre lasers, and
nanophotonics); Sabanci University Nanotechnology Research and Application Center (SUNUM) 273;
and the Micro and Nanotechnology Department at the Middle East Technical Univ ersity 274.

5.4 Oceania
541.1 Australia

The National Nanotechnology Strategy (NNS) was put in place in 2007 by the Australian Department

of Innovation, Industry, Science and Research as a dedicated strategy for nanotechnology, 2007 to

2009. The Australian Office of Nan otechnology was established to co -ordinate the strategy and
ensure a whole -of-government approach to nanotechnology issues. A Public Awareness and
Engagement Programme formed part of the NNS.

In 2009 -2010, the NNS was replaced with a National Enabling Tec hnology Strategy (NETS), a
comprehensive national framework for the safe and responsible development of novel technologies
(including nanotechnology and biotechnology). With funding over four years of AUS 38.2 million

(EUR 28.3 million 27%), the strategy aimed to ensure good management and regulation of enabling
technologies in order to maximise community confidence and community benefits from the
commercialisation and use of new technology. Public engagement has remained an important topic

in Australia for nanotechnology and other novel technologies.

In 2012, the National Nanotechnology Research Strategy 276 was prepared by the Australian Academy
of Science, using funding received from the National Enabling Technologies Policy Section in the
Department of Industry, Innovation, Science, Research and Tertiary Education. The Research
Strategy highlighted the importance of developing the nanofabrication capabilities necessary to have
a major impact on all areas of information and communication technology (ICT), for example,
through the fabrication of quantum/nanoscale photonic, electronic and electromechanical structures.
In addition, it identified Australia as being a world leader in optical fibres (through its Institute for
Photonics and Advanced Sensing 2”7, Institute of Photonics and Optical Science 2’8 and Australian
National Fabrication Facility (ANFF)27°). The Strategy also identifies Australian strengths in the
fabrication of nanomaterials relevant to ICT: structures on silicon (SoS) for nano -electr onics and
quantum computing applications; fabrication of Ill -V quantum dots, nanowires, metamaterials,
plasmonic structures and photonic crystals for applications in electronics and photonics, including
novel sensors; nanostructured glasses for novel optic al fibres used for sensors and ICT applications;
novel MEMS and nanostructures in Il -VI semiconductors and germanium for applications in sensors,
nano -photonics and nano - electronics.

More generally, the Strategy set out a vision for Australia to become a world leader in a
nanotechnology -driven economy with a strong nanotechnology research base and the means to
assist industry to revolutionise its portfolio through nanotechnology, for greater competiveness and
to address the grand challenges most relevant to Australia. The Strategy highlighted the importance
of infrastructure, interdisciplinary  research, international engagement, the translation of research

269 http://www.issi2015.org/files/downloads/all - papers/0720.pdf

210 Average yearly conversion rate, 2007  -2014 ( source : www.wolframalpha.com )

271 http://iwww.nanotam.bilkent.edu.tr/eng/main.html

272 pttp://lunam.bilkent.edu.tr/?page_id=576

273 http://sunum.sabanciuniv.edu/

274 http://mnt.metu.edu.tr/

275 Average yearl y conversion rate, 2010  -2013 ( source :
https://www.ecb.europa.eu/stats/exchange/eurofxref/html/eurofxref -graph -aud.en.html )

276 https://www.science.org.au/publications/national -nanotechnology -research -strategy

277 http:/lwww.adel _ aide.edu.au/ipas/about/role/

278 http://sydney.edu.au/ipos/

279 http://iwww.anff.org.au/
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and the growth of SMEs.

Australia also operates a network to link research facilities across the country, the Australian
Nanotechnology Network 289, The Network was established by bringing together four seed funding
networks. It comprises about 1,000 active researchers from universities, institutes and government
research organisations, half of whom are stude nts. Its aims are to promote collaboration, increase
multidisciplinary ~ awareness and collaboration, foster forums for postgraduate and early career
researchers, increase and improve awareness of nanotechnology infrastructure, and promote
international  link s.

54.1.2 New Zealand

Nanotechnology strategies in New Zealand began by taking a networking approach and were led by
the MacDiarmid Institute for Advanced Materials and Nanotechnology 28'. The Institute, formed in
2002, is a partnership between five Universities and two Crown Research Institutes in Auckland,
Palmerston North, Wellington, Christchurch and Dunedin. It was awarded USD 23.2 million (EUR 19
million 282) funding for 2003 -2006 from the Ministry of Education and, in early 2006, developed a
fiNanot ec himit aticegfgr New Z e a | 2*1 dléntifying where capability in nanotechnology could
be developed in the country. The Initiative identified six programmes for nanoscience and
nanotechnology research: nano -photonics, nano -electronics and nano -devices; nanotechnolog y for
energy; nanomaterials for industry; nano- and micro -fluidics; bio-nanotechnologies; and social
impacts of nanotechnology.

Also in 2006, the New Zealand government released a Nanoscience and Nanotechnologies Roadmap
(2006 -2015) 284, Highlighting interna tional and national research, the Roadmap placed
nanotechnology = amongst government's  strategic  priorities, setting high -level directions for
nanotechnology -related research and policy in New Zealand. Among the key sectors, some potential
areas and type of applications were identified. ICT and electronics and components (including
photonic crystals and optical computing) are considered to be key sectors. Three priority areas for
public funding were identified: the creation of new materials; diagnostic devices; and tools and
techniques. The Roadmap noted the crucial importance of the programme on nano -photonics, nano -
electronics and nano -devices, included in the Nanotechnology Initiative for New Zealand. The
Ministry of Science and Innovation was put in charge of policy actions to implement the Roadmap.

The Ministry of Science and Innovation Statement of Intent 2011 -14 highlighted two high -level
priorities T growing the economy and building a healthier environment and society. In addition to
the traditional resource sectors of New Zealand, it sought to capability in knowledge -intensive
activities, such as high -technology manufacturing and the services sector. Six priority areas were
identified including high -value manufacturing and services, energy and minerals , health and society,
as well as biological sciences, hazards and infrastructure, and the environment 285,

55 Africa
55.1.1 South Africa

Since 2002, the Republic of South Africa has launched several national nanotechnology initiatives to
strengthen national  capabilities in this field. Relevant steps have included:

1 In2002, the formation of the South African Nanotechnology Initiative (SANi) 286 with membership
comprising academics, researchers, engineers, private sector companies, and research councils;

1 In2003, the | aunch of South Africaés Advanced Manu#acturing
by the Department of Science and Technology (DST);

1 In 2005, the publication of the National Strategy on Nanotechnology (NSN) 288 py the DST. The

strategy focuses on four areas:

20 http:/ivww.ausnano.net/index.php?page=home

281 http://www.macdiarmid.ac.nz/

22 pverage yearly conversion rate, 2003 -2006 ( source : www.wolframalpha.com )

283 http://www.macdiarmid.ac.nz/a -nanotechnology -initiative -for -new -zealand/

284 http://statnano.com/strategicplans/13

285 http://www.mbie.govt.nz/

286 http://www.sani.org.za/

287 http://www.esastap.org.za/download/nat strat_advmanu_mar2005.pdf

288 http://chrtem.nmmu.ac.za/file/35e56e36b6ab3a98fac6fc0c31ee7008/dstnanotech18012006.pdf
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- establishing characterisation centres (national multi -user facilities);

- creating research and innovation networks (to enhance collaboration: inter -disciplinary,
national and internationally);

- building human capacity (development of skilled personnel); and

- setting up flagship projects (to demonstrate the benefits of nanotechnology towards
enhancing the quality of life, and spurring economic growth).

South Africa launched its first nanotechnology innovation centres in 2007 at the CSIR 289 and
MINTEK 20, Each cent re has developed collaborative research programmes, often with other national
institutions. These include programmes in designing and modelling of novel nano -structured

materials, at the CSIR - National Centre for Nano  -structured Materials (NCNSM) 2% and work on the
application of nanotechnologies in the fields of water, health, mining and minerals at MINTEK.

In addition to engaging with European researchers through Framework Programmes, South Africa

has established international collaboration mechanisms with other developing countries, e.g. the
India 7 Brazil - South Africa (IBSA) partnership 292 enables joint projects and mobility 293 petween S&T
departments in those countries.

The next section reports on publishing activity in nanotechnology and ICT.

289 hittp://www.csir.co.za/

290 http://www.nic.ac.za/

291 http://ls _-ncnsm.csir.co.za/

292 http://  www.ibsa_-trilateral.org/

293 http://iwww.ibsa __-trilateral.org/about _ -ibsa/areas -of-cooperation/people  -to -people
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6 PUBLICATIONS IN ICT NANOTECHNOLOGY

6.1 Overview

Around 1.8 million publications were identified 2% from the Web of Science as being related to
nanoscience and technology (NST) 295 petween 2000 and 2014. Of those, approximately 130,000
were identified as relating to nanotechnology and ICT. This volume of publications is equivalent to
over 7% of all of the output for nanoscience and nanotechnology (NST).

The table below shows the publication output between 2000 and 2014. Over 38,000 publications on

ICT were produced i n EU 28 plus EFTA countries (EU28&EFTA, includes Switzerland and Norway),
almost 30% of the total World ICT publications in the time -period 2000 -2014. The share of
EU28&EFTA has gradually decreased over time from almost 40% to less than 25%.

Table 6-1:Annual NST publication output for ICT worldwide and in the EU28&EFTA, 2000 -

2014
Do Lome o ow

2000 2,259 826 36.6%
2001 2,668 1,034 38.8%
2002 3,135 1,122 35.8%
2003 3,562 1,249 35.1%
2004 4,336 1,473 34.0%
2005 4,829 1,489 30.8%
2006 5,716 1,860 32.5%
2007 6,357 2,115 33.3%
2008 7,467 2,456 32.9%
2009 8,697 2,871 33.0%
2010 10,153 3,215 31.7%
2011 12,616 3,625 28.7%
2012 15,463 4,157 26.9%
2013 19,017 4,759 25.0%
2014 23,704 5,411 22.8%
TOTAL 129,979 37,662 29.0%

Source: Derived from Web of Science

There has been a high level of growth in ICT publications as indexed to the year 2000. For the World,
there has been almost a ten -fold growth while for the EU28&EFTA, it is around a six -fold growth.
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Figure 6-1: Annual NST ICT publication output, worldwide and EU28&EFTA, 2000 -2014
(indexed to 2000(=1))

Looking at the EU28&EFTA proportion of world output on ICT, it is seen to have decreased over time,
as shown below. This  is mainly caused by a sharp increase in the output from China.

Figure 6-2: NST ICT publications as a percentage of NST World total, 2000 -2014

The table below shows the most important journals in which researchers in this sector published
their results. The results show a clear preference for the top four journals.



