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EXECUTIVE SUMMARY  

Background  

This report offers a  snapshot of the status of the environment for nanotechnology in the context of 

transport. Transport is defined here as a sector based on vehicles for transporting people and/or 
goods via the air, rail, road, water and space 1, and is here divided into two main areas, vehicles and 
infrastructure. The industry generates about 5% of European employment and 7% of European 
GDP2. However, transport is also responsible for the emission of nearly  25% of greenhouse gases in 
the EU 3.  

Role of nanotechnology  

Nanotechnology is being deployed current ly,  and has significant future potential , as a means to 

improve the performance of vehicles, for example: to reduce the weight of vehicles (through 
lightweight nano -composites), improve road handling (via the use of nanomaterials in tyres  and 
sensors ), to monitor engine systems and optimise their parameters  (through active feedback 
systems) , as catalysts in fuels , to reduce maintenance (by protecting vehicles from dirt and wear)  
and with wide application potential in autonomous vehicles . Organic light -emitting diodes (LEDs) are 
also expected to grow in use for flexible, high - resolution and low -energy consumption displa ys and 

vehicle lighting. E nergy - related  applications of nanotechnology in transport include batteries,  
hydrogen fuel cells and solar cel ls for next -generation vehicles. Many transport nanotechnology 
developments initially took place in the aerospace industry, gradually filtering down to road vehicles, 
or in the area of competitive, high -performance vehicle s (bicycles and cars) for racing.  

Nanotechnology is also being used to improve the infrastructure for transport, through 
improvements in roads, bridges and tunnels as well as in better traffic monitoring and management 
systems. In asphalt, nanomaterials ar e being considered as a means to reduce the costs of repair 

and maintenance by improving thermal performance, water -proofing and anti -corrosive properties.  

The nanomaterials being used (or explored )  for transport applications include, for example, carbon 
nanotubes (for increased strength, reduced weight and water - repellence); oxide nanoparticles (as 
fuel additives to improve combustion and reduce soot emissions); nanoclays (in asphalt binders); 
nanoparticles in paints and films (for vehicle bodies); and thi n films and nanopolymer coatings (for 
concrete, timber or steel infrastructure).  

Policies  

National policies to address different aspects of transport range from research and development to 
enterprise (for employment and competitiveness), environment and health (where emissions are 
concerned), mobility (and equal access), etc. The main focus in this report is on the European policies 
and programmes that link directly to the development and exploitation of nanotechnology i.e. actions 
for research, developme nt, innovation, demonstration and deployment of technology. These include 

the European Framework Programmes (most recently FP6 and FP7, and now Horizon 2020), 
European strategies for transport and for clean and efficient vehicles, European Technology 
Platf orms (such as ACARE) and Joint Technology Initiatives (such as Clean Sky and the FHC Fuel 

Cells and Hydrogen initiative). Contractual public -private partnerships also exist for transport , e.g. 
the European Green Vehicles Initiative. Other relevant policies  relate to energy efficiency (e.g. the 
EU 2020 Energy Strategy) and emissions (e.g. via the targets on emissions and the EU Emissions 
Trading System). Many actions are underway to develop green vehicles, not least KIC 4 InnoEnergy 

and Climate KIC, supported  by the European Institute of Innovation and Technology (EIT).  

Most European research, development and innovation is funded in Member States , much through 
national public funding. Transport - related nanotechnology policies and programmes at national and 
regional levels, while few, have included Germanyôs 2011 Action Plan for Nanotechnology 2015 , one 
of its five  focus areas being  mobility, and uses of nanotechnology including ócost-effective , resource 
saving mobilityô, óelectric mobilityô and ónanomaterials for intelligent streetsô. 

                                                 

1 For further details about the definition of the transport sector see the NACE European Nomenclature of 
Economic Activities:  http://ec.europa.eu/eurostat/statistics -explained/index.php/NACE_background   

2 Gross domestic product  
3 https://ec.europa.eu/clima/policies/transport_en   
4 Knowledge and Innovation Community.  

http://ec.europa.eu/eurostat/statistics-explained/index.php/NACE_background
https://ec.europa.eu/clima/policies/transport_en
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EU R&D projects  

In  projects at the European level, nanosc iences and nanotechnologies  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 Li fe Sciences (EUR 54 million), as well as Human Resources and 
Mobility (Marie Curie Actions, EUR 219 million).  

There were 200 nanotechnology transport projects in FP6 and FP7 together, over 5% of all 
nanotechnology p rojects. They received EUR 586  million (9.2% of total nanotechnology funding), 
EUR 171 million in FP6 and EUR 415 million in FP7. The largest amount of transport - related 
nanotechnology funding was allocated under the NMP programme for both FP6 (33 projects with 
72% of funding, EUR 124 million) and FP7 (39 projects with 41% of funding, EUR 168 million). In 
FP7, the Transport priority also received 14% of the funding and Space 6% (the same proportion as 

for Aeronautics and Space in FP6).  

Throughout FP6 and FP7, the same six countries (DE , UK, FR, IT, ES and NL) received the highest 
proportions of nanotechnology transport funding as for nanotechnology and for FP funding overall. 
Together they have been allocated over half of the total funding  for nanotechnology and transport .  

Higher educa tion establishments received over 30% of funding in FP6 and FP7 for nanotechnology 
and transport , slightly more than research organisations at around 29% of funding , with little change 
between FP6 and FP7. The proportion allocated to large companies increa sed from 14 to 21% , the 

equivalent reduction being seen in the category Other . SMEs saw little change at around 18% of 
transport nanotechnology funding.  

In terms of individual organisations in the EU28, Germany was well ahead with almost 19% of 
funding goi ng to organisations such as Fraunhofer Gesellschaft, Airbus GmbH, Infineon and Max -
Planck. It was followed by the U nited Kingdom , France and Italy (all with just over 11% of funding )  
with  organisations including the CNRS (FR), Centro Richerche Fiat (IT), C EA (FR), the Universities 

of Cambridge, Birmingham and Surrey (UK), Politechnico de Torino (IT), CNR (IT) and Thales (FR).  

Looking at companies alone, Airbus (DE), Thales (FR) and Infineon (DE) were the top three, Airbus 
having seven projects (EUR 7.85 mi llion of funding), Thales four projects (EUR 3.7 million) and 
Infineon six projects (EUR 3.7 million).   

Publications  

Publication data for nanotechnology and transport revealed that, of 1.8 million public ations globally 
related to nano science and nano technology between 2000 and 2014, almost 17,000 were related to 

transport and nanotechnology, close to 1% of total output.  

The strongest publishing countries in 2014 were the US and China with three to four times the output 
of the next strongest, Germany and the United Kingdom. Of the top EU 28 countries, following the 
top two (DE, UK) were France and Spain. The top publishing organisations were led by China and 
the US in the top four places, followed (in terms of EU28 and EFTA) by organisations in the Uni ted 
Kingdom (2), Switzerland and Finland as well as Greece, Germany and Italy. The United Kingdom 

had four organisations and Finland had two in the top ten for publishing by organisations in the EU28  
and EFTA countries.  

Specifically, the EU28 organisation s performing best in nanotechnology and transport include the 
University of Birmingham (UK), UMIST (UK), the Finnish Meteorological Institute (FI), the University 
of Helsinki (FI) and Aristotle University Thessaloniki (GR/EL). However, there has been no 
no rmalisation of data to take into account factors influencing publication output such as the number 
of researchers/technicians/students or the research budgets. The companies with the most 

nanotechnology and transport publications globally in 2014 were the Ford Motor Company and 
Aerodyne Research.  

Patenting  

Between 1992 and 2011, the number of transport patent families identified among the 
nanotechnology patents was 317, 0.7 % of all nanotechnology patent families. The prevalence of 
countries such as Germany  and France continues as patenting patterns in the EU28 are reviewed 

(although patenting is greatly dominated by the US and its research -performing organisations (151 
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patent families 5), followed by Japan (53). The United Kingdom, Sweden, the Netherlands, S pain, 
Italy and Belgium all feature also but at some distance. In Asia, the lead country for applicants, 
Japan (53), is followed by Korea (19), China (8) and India (4).  

Overall the numbers of patent families and patents granted are small 6 so it is not app ropriate to 
analyse the data in depth. However, it can be seen that organisations in the EU such as the CNRS 
(FR), CSIC (ES), Tecnalia (ES), Leibniz (DE), the French Institute of Petroleum  (FR) , and Fraunhofer 
(DE) are all undertaking patenting activities.  The EU companies identified include Saab (SE), Michelin 

(FR), Siemens (DE), ASML (NL) and Philips (NL) , although the leaders are from the US and Japan 
(e.g. Goodyear, Nissan and Boeing).  

Pr oducts and markets for transport  through nanotechnology  

Global sales of nanotechnology products in the transport sector in 2013 were estimated to be under 

USD 8 million and are forecast to grow to USD almost 14 million by 2019, largely based on the 
growth in existing products and market areas. 7 

The main areas where na notechnology is applied in the field of transport include: nanotubes and 
particles (e.g. for use in capacitors and batteries), nanoporous materials (e.g. for use in fuel cells), 
thin films and coatings (for multiple transport applications), and n ano -compos ite s (e.g. for vehicle 
parts). Of the 385 products using nanotechnology that have been identified as being commercially 
available for transport applications, approximately 20% are coatings (anti -scratch and anti -stick), 
16% cleaning agents, 10% lubricants,  9% batteries and 9% hydrophobic/oleophobic n ano -

composite s. While nanodevices (i.e. sensors) are not yet seen as a large market specific to transport, 
the market is expected to increase by 2019 to about four times its size in 2013, while sales of n ano -
com posite s are projected to almost triple in relative share. Carbon nanotubes are currently forecast 
to play only a marginal role in terms of shares of sales.  

Regulation and standards  

European regulations for nanotechnology are well -advanced with both definit ions and many 

regulatory documents. The use of nanomaterials is not incorporated in transport regulations, with 
the relevant authorities relying on the application of regulations for chemicals to the case of 
nanotechnology. Nanomaterials must comply with t he overarching regulatory framework known as 
REACH8. However, the EU is also reviewing the definition of a nanomaterial and this may have future 
implications for transport, as for other sectors.  

A number of technical committees of the International Organi sation for Standardisation (ISO) cover 
areas linked to transportation , e.g. rubber compounding ingredients (including carbon black) , but, 

in general, neither ISO not its European equivalent , the European Committee for Standardisation 
(CEN) , has developed s pecific standards for nanotechnology and transport although both have 
technical committees working on nanotechnology.   

Human health and safety  

From a hazard assessment of nanomaterials commonly used in transport 9, it was found that the 

highest potential risk arises in the construction phase due to high expected exposure , for all the 

materials examined except calcium carbonate. In the use phase, aluminium (oxide), calcium 
carbonate, cerium oxide, magnesium hydroxide and titanium di oxide have low risk prior ity, nanoclay 
intermediate priority, and  carbon nanotubes and cobalt oxide the highest risk priority. I n the use 
phase , all nanomaterials are contained in a solid matrix, with  exposure being  negligible and health 
risks low. In the end -of - life phase, risk m anagement/evaluation of transport materials containing 
carbon nanotubes and cobalt oxide should receive the highest priority, while the materials containing 

the remainder of the listed nanomaterials should receive intermediate priority.   

                                                 

5 At the European Patent Office, US Patent and Trademark Office or World Intellectual Property Office  
6 In part, this is because there are some patents relevant to transport that are not categorised in the IPC codes 

as being for transport as their applications are generic e.g. some coatings and paints.  
7 BCC Research  
8 Regulation (EC) No 1907/2006 concernin g the Registration, Evaluation, Authorisation and Restriction of 

Chemicals (REACH)  
9 Aluminium, aluminium oxide, calcium carbonate, carbon nanotubes, cerium oxide, cobalt oxide, magnesium 

hydroxide, nanoclays and titanium dioxide.    
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1  BACKGROUND  

Nanotechnology is being applied to the transport sector to improve performance and safety and to 
reduce cost and environmental impact. Transport is defined here as an energy -consuming sector 
based on vehicles whose purpose is transporting people and/or goo ds via the air, rail, road, water 

and space 10 . The sector can be divided into two main areas, vehicles and infrastructure.  

Vehicles used for the transportation of people and/or goods include  

¶ cars (automobiles), buses, trucks, lorries;  
¶ trains;  
¶ ships, boats  and barges;  
¶ aircraft (aeroplanes and helicopters) and spacecraft; and  
¶ motorcycles, mopeds and bicycles.  

Vehicles whose primary purpose is not transportation (such as bulldozers) are excluded.  

Transport infrastructure 11  includes roads, rail (for trains), railway stations, bus stations, airports, 
tunnels and aqueducts, bridges, waterways and canals, trucking terminals, refuelling depots 
(including fuel docks and fuel stations) and seaports.  

This report is a Landscape Comp ilation of facts and figures related to nanotechnology and transport 
as defined above. It offers a snapshot of the status at the start of 2016 of the environment for 
nanotechnology in the context of transport. It reports on past and current policies and pr ogrammes 

for nanotechnology (in particular, but not exclusively, those relating to transport); the outputs of 
research (including projects, publications and patents) and how those outputs are used in the 
application of nanotechnology to transport (e.g. in products and markets). Being a landscaping of 
nanotechnology, it does not provide detailed analysis of data trends or draw policy conclusions.  

The outline of this report is as follows:  

¶ Introduction to transport and the role of nanotechnology;  

¶ Policies and  programmes to support nanotechnology and transport;  
¶ Research projects, mainly within the EU Framework Programmes, on nanotechnology and 

transport;  
¶ Publications in nanotechnology and transport;  
¶ Patenting in nanotechnology and transport;  
¶ Industry, nanotechnology and transport;  
¶ Products and markets for nanotechnology and transport; and  

¶ The wider environment for nanotechnology and transport (regulation, environmental health and 
safety, communication and public attitudes).  

 

The next section introduces transport and the role of nanotechnology.  

 

 

                                                 

10  For further details a bout the definition of the transport sector see the NACE European Nomenclature of 
Economic Activities    

http://ec.europa.eu/eurostat/statistics -
explained/index.php/Glossary:Statistical_classification_of_economic_activities_in_the_European_Communi
ty_(NACE)   

11  Fulmer, Jeffrey (2009). "What in the world is infrastructure?" PEI Infrastructure Investor (July/August): 30 ï
32  

http://ec.europa.eu/eurostat/statistics-explained/index.php/Glossary:Statistical_classification_of_economic_activities_in_the_European_Community_(NACE)
http://ec.europa.eu/eurostat/statistics-explained/index.php/Glossary:Statistical_classification_of_economic_activities_in_the_European_Community_(NACE)
http://ec.europa.eu/eurostat/statistics-explained/index.php/Glossary:Statistical_classification_of_economic_activities_in_the_European_Community_(NACE)
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2  I NTRODUCTION TO TRANSPORT  AND THE ROLE OF 

NANOTECHNOLOGY  

The aim of the application of nanotechnology to transport is make improvements in the sector in 
terms of durability, economy, sustainability, environmental  impact and safety 12 . The areas in which 
nanotechnology contributes to improved  performance in the transport sector can be divided into 
vehicles and infrastructure.  

The transport industry has been estimated as being responsible for generating 7% of Europea n GDP 
and 5% of employment 13 . The mobility of people and the flow of goods to, from and within Europe 

must be cost -effective, safe and environmentally sustainable. Currently 14 , the sector is responsible 
for the emission of approximately 25% of EU green -house  gases (GHG) (the largest proportion from 
road transport at almost 72% of transport GHG emissions) and 20% of CO 2 emissions come from 

road transport in the EU. In 2012, transport in the EU was about 94% dependent on oil, 86% of 
which was imported from outs ide the EU 15 . A 2014 report by the Intergovernmental Panel on 
Climate Change (IPCC) 16  predicted that transportation growth will result in an increase in energy 
use and carbon emissions by 80% over 2002 levels by 2030.  

Nanotechnology in the transport sector could enhance the performance of vehicles and infrastructure 
through the following current or future applications, for example:  

¶ Nanomaterials (e.g. in components);  
¶ Nano -coating s (e.g. to protect from dirt and wear);  
¶ Nanotechnology in lighting and displays  (e.g. organic LEDs 17  (OLEDs);  
¶ Nanosensors;  
¶ Nano - fluids and additives (e.g. in fuels);  

¶ Nano - filters (e.g. in exhaust systems);  
¶ Nanotechnology for energy usage and storage (e.g. lithium ion batteries).  

Nanotechnology draws on other sectors for applications to transport, sectors such as manufacturing, 
photonics, ICT and energy. For example, the uses of ICT in the transport sector (now and in the 
future) include:  

¶ Assisted driving systems for:  

-  Economical driving (for fuel efficiency, etc.);  
-  Distance and s peed regulation ;  
-  Safer driving (e.g. obstacle avoidance );  
-  Autonomous driving (driverless vehicles);  

¶ Advanced positioning and communication systems; and  
¶ Improved logistics management.  

The mark et for automated driving support systems (e.g. collision warning, drowsiness monitoring 

and night vision) is expected to reach USD 7.6 billion, representing an almost 30%  compound annual 
growth rate in 2012 to 2017, and sales of human machine interfaces (H MI) and navigation systems 
are expected to grow annually by almost 10% to reach USD 5.2 billion over the same period 18 . Other 

estimates expect markets of  

¶ Over USD 13 billion for automotive human machine interfaces by 2017 19 ;  
¶ Over ten million óeCockpitsô or HMI systems for cars to be shipped in 2020 20 ;  
¶ Over EUR 120 billion by 2021 21  for óconnected carô technologies22 . 

                                                 

12  http://repository.up.ac.za/bitstream/handle/2263/6352/Steyn.pdf?sequence=1   
13  ERTRAC, the European Road Transport Research Advisory C ouncil 
http://www.ertrac.org/index.php?page=ertrac -research -agenda -and -plans   
14  http://ec.europa .eu/clima/policies/transport/index_en.htm   
15  http://ec.europa.eu/transport/themes/urban/studies/doc/2015 -07 -alter - fuels - transport -syst - in -eu.pdf   
16  https://www.ipcc.ch/pdf/assessment - report/ar5/syr/SYR_AR5_FINAL_full_wcover.pdf   
17  Light -emitting diodes  
18  Strategic Research Agenda of EPoSS, http://www.smart -systems - integration.org/   
19  http://www.strategyr.com/PressMCP -6712.asp   
20  https://www.yanoresearch.com/press/pdf/1147.pdf   
21  http://www.strategyand.pwc.com/reports/connected -car -2015 -study   
22  óConnected carô technologies i.e. cars with access to the internet that enables automated links to smartphones, 

tracking devised, traffic lights, other vehicles and potentially home appliances.  

http://repository.up.ac.za/bitstream/handle/2263/6352/Steyn.pdf?sequence=1
http://www.ertrac.org/index.php?page=ertrac-research-agenda-and-plans
http://ec.europa.eu/clima/policies/transport/index_en.htm
http://ec.europa.eu/transport/themes/urban/studies/doc/2015-07-alter-fuels-transport-syst-in-eu.pdf
https://www.ipcc.ch/pdf/assessment-report/ar5/syr/SYR_AR5_FINAL_full_wcover.pdf
http://www.smart-systems-integration.org/
http://www.strategyr.com/PressMCP-6712.asp
https://www.yanoresearch.com/press/pdf/1147.pdf
http://www.strategyand.pwc.com/reports/connected-car-2015-study
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Nanotechnology is not only applied in automated driving and navigation systems. Paints and coatings 
were estimated to account for over 40% of the  entire nanotechnology market in the automotive 
industry in 2015 23 . Examples of applications of nanotechnology in both vehicles and infrastructure 
are presented in the table below.  

Table 2 - 1 : Applications of nanotechnology to transport: vehicles and infrastructure  

Nanotechnology  Vehicles  Infrastructure  

Nano materials  Bodies  Nano -modified asphalt  

Tyres  

Engine components  Nano -modified cement  

Nano -coatings  Anti - fouling  Anti -glare coatings on surfaces  

 Anti -glare coating for windows   

De- icing coating  

Protective coating for textiles  Anti -graffiti coating for walls 
(e.g. on tunnels)  

Anti -corrosion coating  

Nano -enabled 
OLED24   

Lighting panels   

Displays on dashboard  

Nano -sensors  Monitoring soot emission  Monitoring  condition 
infrastructure  

Monitoring condition vehicle components  Intelligent transportation 
systems  

Monitoring  

Nano - fluids and 
lubricants  

Coolants   

Lubricants  

Fuel additives  

Cleaners  

Nano - filters  Diesel particulate filters  Air filtration systems (e.g. in 
tunnels)  

Air filters  

Nano -enhanced 
energy storage  

Lithium - ion batteries in electric vehicles 
(EV)  

 

Supercapacitors  

Hydrogen storage (fuel cell electric 
vehicles)  

Solar capture (photovoltaics)  

 

2.1  Nanotechnology in vehicles  

Nanotechnology can have an impact on many different parts of a vehicle including the structure and 
interior of the vehicle, the engine and the fuel systems, external surfaces and lighting.  

2.1.1  Structure and interior of the vehicle  

In the quest to improve vehic le performance and appearance, the vehicle manufacturing industry 
requires materials that are lighter, stronger, more durable and are more resistant to extreme 
conditions than conventional and currently used materials. One option is to modify existing 
mate rials, through nanotechnology. For example, the addition of carbon nanotubes to materials such 
as metals, polymers, plastics, carbon fibre and glass fibre can increase their strength and/or reduce 

                                                 

23  www.nanomagazine.co.uk  Nano Issue 4: Editorial on Nanotech nology and Transportation  
24  Organic light -emitting diodes  

http://www.nanomagazine.co.uk/
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their weight. Lightweight materials created in this way are  being used as structural materials for 
vehicles ranging from bicycles (e.g. for competitions such as  the Tour de France) to aircraft 25 , with 
graphene, in particular, often being used in lightweight bicycles. Carbon fibre components are now 
having carbon na notubes added to them , one product  being nano -enhanced carbon fibre wheels that 
are more energy efficient and safe 26 .  

Nanotechnology is also contributing to the sustainability and resource efficiency of tyres. The use of 
carbon black results in tyres that are more environmentally - friendly and wear - resistant than 

conventional tyres and gives them a longer life -cycle 27 .  

Not only is nanotechnology being applied in improving the materials used in transport, it can also 
have an impact on the manufacturing proces s itself. The application of nanotechnology in photonics 
can enhance the laser techniques used in the manufacturing process, especially in the automotive 
industry.  

However, the greatest progress in new nanomaterials and manufacturing techniques has been m ade 

over the years, and is still being made, in aerospace. In the EU - funded project SARISTU 28  (Smart 
Intelligent Aircraft Structures), different (nano)materials have been integrated into components (for 
example, the wings) in order to reduce weight and save  energy. There are also several modifications 
that have the goal of keeping the air resistance to a minimum. An essential element for this is a 
resin containing carbon nanotubes that retains its elasticity at the extremely cold temperatures 
experienced at altitude 29 , as seen, for example in a drag -minimising connecting element between 
the flaps and the wings. Aerospace engineers at MIT have also developed a carbon nanotube (CNT) 

film that can significantly reduce the energy required in the manufacture of air craft and other 
industrial composites. The heated CNT film stimulates the composite to solidify in the same manner 
as in a conventional furnace but at a fraction of the energy cost 30 . 

2.1.2  External surface coatings  

Nanotechnology coatings for vehicles can have multiple functions including: self -healing, self -

cleaning, super -hardening, de - icing, glare - resistance and anti -corrosion. Coatings can be used on 
different types of materials, varying from coating for super -hardening of composite structures to 
glare - resis tance coatings on glass or polymer windows and w indscreen s. There are already many 
different nano -coating products on the market for consumers, in particular for the automotive 
industry. Nano -coatings can also be used to protect systems, such as displays, from environmental 

damage (such as from light) or damage caused by the user 31 .   

Nanotechnology already has a significant impact in anti - fouling applications. Paints containing multi -
walled carbon nanotube (MWNT) can reduce bio - fouling of the hulls of ship s by reducing the ability 
of algae and barnacles to attach to the surface 32 . Superhydrophobic coatings can also be used for 
anti - fouling applications. These kinds of surfaces are usually created by a chemical modification, 
which leads to an increase in the contact angle of a water drop 33  and makes it harder for the water 
to attach itself to the surface. Adding carbon nanotube composite materials to epoxy and silicone 

resins creates superhydrophobic surfaces making the surface water - repelling. Paints and anti - fouling 
coatings modified with nanoparticles are not only more effective in protecting the hulls from bio -

fouling relative to conventional anti - fouling, they are also generally stronger and less subject to 
corrosion, thereby reducing the costs associated w ith maintenance, repainting and repair.  

Other application areas of nano coatings are textiles used in public vehicles. A nano -coating spray 
for textiles in rental cars or trains can make the seats liquid - repellent, self - /easy -cleaning, stain -

                                                 

25  http://articles.sae.org/7240/   
26  http://www.kurzweilai.net/worlds - first -nano -enhanced -carbon - fibre -downhill -bike - rim   
27http://www.keepeek.com/Digital -Asset -Management/oecd/science -and - technology/nanotechnology -and -

tyres_9789264209152 -en#page15   
28  http://www.saristu.eu/   
29  http://cordis.europa.eu/news/rcn/36614_en.html   
30  http://www.nanowerk.com/nanotechnology -news/newsid=39745.php   
31  http://www.nanowerk.com/nanotechnology - in -displays.php   
32  http://mechanosynthesis.mit.edu/journals/076_devolder_13_sciencereview.pdf   
33https://www.thevespiary.org/rhodium/Rhodium/Vespiary/talk/files/3900 -Transformation -of -a-Simple -Plastic -

int o-a-Superhydrophobic -Surface6d99.pdf?topic=1698.0   

http://articles.sae.org/7240/
http://www.kurzweilai.net/worlds-first-nano-enhanced-carbon-fiber-downhill-bike-rim
http://www.keepeek.com/Digital-Asset-Management/oecd/science-and-technology/nanotechnology-and-tyres_9789264209152-en#page15
http://www.keepeek.com/Digital-Asset-Management/oecd/science-and-technology/nanotechnology-and-tyres_9789264209152-en#page15
http://www.saristu.eu/
http://cordis.europa.eu/news/rcn/36614_en.html
http://www.nanowerk.com/nanotechnology-news/newsid=39745.php
http://www.nanowerk.com/nanotechnology-in-displays.php
http://mechanosynthesis.mit.edu/journals/076_devolder_13_sciencereview.pdf
https://www.thevespiary.org/rhodium/Rhodium/Vespiary/talk/files/3900-Transformation-of-a-Simple-Plastic-into-a-Superhydrophobic-Surface6d99.pdf?topic=1698.0
https://www.thevespiary.org/rhodium/Rhodium/Vespiary/talk/files/3900-Transformation-of-a-Simple-Plastic-into-a-Superhydrophobic-Surface6d99.pdf?topic=1698.0
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resistant, an tistatic and anti -microbial and any dirt that accumulates can more easily be removed 34 . 
In general, these coatings are based on superhydrophobic characteristics.  

In the aircraft industry, de - icing coatings using nanotechnology are widely used. To prevent ice 
formation on their outer surfaces, including wings and control surfaces, aircraft are subject to 
treatment by energy - intensive heaters and frequent de - icing prior to departure. Most ice - repellent 
coating and anti - icing surfaces are not sufficient in pr eventing ice - formation in high -humidity 
conditions. Developments are being made in nano -structured surfaces, which can be infused with 

repellent and anti - icing liquid 35 . Carbon nanotube -based coatings can also be sprayed on aeroplane 
wings 36 , reducing ice ad hesion and removing moisture 37 . The same materials can also be used on 
other infrastructure subject to extreme weather conditions, for example to reduce ice formation on 
railways in colder regions.   

2.1.3  Engine components and performance  

Nano -modified materials  incorporated in engine components can make engines lighter and less 
subject to corrosion. The use of multi -walled carbon nanotubes (MWCNTs) in n ano -composite  cams 
(in combination with steel pushers) in high -pressure gasoline pumps, is an application showing 
promise in reducing friction losses and wear 38 .  

Making use of heat - transferring properties optimised at nanoscale can improve the performance, 

emissions from and durability of an engine 39 . In recent years, nanotechnology has contributed in 
the deve lopment of thermoelectric (TE) 40  materials used for improving energy harvesting and energy 
efficiency of generators 41 . Thermoelectric materials have been in use for decades by NASA in 
spacecraft by NASA. For cars, one - third of all the energy in the fuel burn ed can be classified as waste 
energy. The waste heat released by the engine can be converted in energy by means of the 
thermoelectric effect, increasing the overall energy efficiency of the vehicle and, according to major 
automotive companies, such as BMW,  GM and Ford in 2012, could improve mileage by 5%. Carbon 

nanotubes and metal nanowire arrays have the right heat - transferring properties to be suitable as 

thermal interface materials. Currently, research projects are aiming to prove  a large 
volume/commer cially viable production; improvement of the thermoelectric materials and TEG 
efficiency and evaluation of prototypes in vehicles 42 .  

2.1.4  Coatings for fuel systems  

Carbon nanotube coatings can be used to protect fuel systems components in vehicles for 
electrost atic discharge (ESD) and electromagnetic interference (EMI) 43 . ESD is problematic, because 
when electrostatic potential builds up, arcing can occur, which can pierce a hole in the fuel system 
through which fuel and vapours can escape. Protecting fuel systems from EMI implies preventing 
the electronics in aircraft fr om the damage created by lightning.   

Due to the heat - transferring properties of nanotubes, nano -coating s can also be applicable for heat 
transfer in heater, engines and gasoline tanks. As e lectronic cars have less energy available for the 
heating of the i nterior , Fraunhofer 44  has developed a film -based panel heater, which is more energy 
efficient than conventional heaters and therefore more effective for these type of vehicles 45 . A thin 

film can be coated with  a thin layer of conductive carbon nanotubes. Th e natural resistance created  

                                                 

34  http://articles.sae.org/13156/   
35  http://www.aizenberglab.seas.harvard.e du/papers/Kim2012.ACSNano.pdf   
36  http://www.nanowerk.com/nanotechnology -news/newsid=39745.php   
37http://www.geglobalresearch.com/innovation/ge -scientists -demonstrate -promising -anti - icing -nano -surfaces   
38http://ac.els -cdn.com/S1359836814001735/1 -s2.0 -S1359836814001735 -main.pdf?_tid=c61606ce -d0a0 -

11e5 -9501 -00 000aacb35e&acdnat=1455182644_23036e62cf2b0c79791c546d306b2f4f   
39  http://www.researchandmarkets.com/research/34c985/nanotechnology_in   
40  The thermoelectric effect is the con version of temperature difference to electric voltage and vice versa.  
41  http://www.npl.co.uk/upload/pdf/nanostructured_cuenat.pdf   
42  http://energy.gov/sites/prod/files/2014/03/f13/ace00e_fairbanks_2013_o.pdf   
43http://www.businesswire.com/news/home/20110617005245/en/Research -Markets -Nanotechnology -

Automotive -Transportation - Industry -Applications   
44  Fraunhofer -Gesellschaft zur Förderung der angewandten Forschung e. V.  
45  http://www.greencarcongress.com/2015/09/20150902 - fraunhofer.html   

http://articles.sae.org/13156/
http://www.aizenberglab.seas.harvard.edu/papers/Kim2012.ACSNano.pdf
http://www.nanowerk.com/nanotechnology-news/newsid=39745.php
http://www.geglobalresearch.com/innovation/ge-scientists-demonstrate-promising-anti-icing-nano-surfaces
http://ac.els-cdn.com/S1359836814001735/1-s2.0-S1359836814001735-main.pdf?_tid=c61606ce-d0a0-11e5-9501-00000aacb35e&acdnat=1455182644_23036e62cf2b0c79791c546d306b2f4f
http://ac.els-cdn.com/S1359836814001735/1-s2.0-S1359836814001735-main.pdf?_tid=c61606ce-d0a0-11e5-9501-00000aacb35e&acdnat=1455182644_23036e62cf2b0c79791c546d306b2f4f
http://www.researchandmarkets.com/research/34c985/nanotechnology_in
http://www.npl.co.uk/upload/pdf/nanostructured_cuenat.pdf
http://energy.gov/sites/prod/files/2014/03/f13/ace00e_fairbanks_2013_o.pdf
http://www.businesswire.com/news/home/20110617005245/en/Research-Markets-Nanotechnology-Automotive-Transportation-Industry-Applications
http://www.businesswire.com/news/home/20110617005245/en/Research-Markets-Nanotechnology-Automotive-Transportation-Industry-Applications
http://www.greencarcongress.com/2015/09/20150902-fraunhofer.html
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when ele ctricity flows through the film  generates the heat. The carbon nanotube thin - film heater is 
therefore more effective than conventional heaters.  

2.1.5  Lighting and displays  

Organic light -emitting diodes (OLEDs) for automotive applications are still in development and a 
large potential market is envisaged. They have several application possibilities in the transport 
sector, including vehicle displays. Developments in OLED technology are increasing the potential for 

extremely hig h- resolution, low -energy thin and flexible displays. For example, graphene, added as 
a transparent conductor, makes for materials that are very thin and flexible 46 . The large 
manufacturer BMW committed to using an OLED display screen on the dashboard in 201 247  and, in 
2014, it realised its plan to develop OLED vehicle lights 48 . 

Currently, OLEDs are not yet suitable for all types of automotive lighting. For example, headlights 

require a brightness level that  cannot yet be achiev ed with OLED s but brake lights are more suited 
to their use in terms of the required light output 49 . OLEDs are also suitable for lighting inside 

vehicles 50 . Applying nanomaterials and techniques to the transparent electrodes in organic LEDs 
makes the lights more efficien t51 .  OLEDs have a longer lifetime than regular LEDs and the flexibility 
of the material lends itself to distinctive and custom designs.  

2.1.6  Energy applications  

On-board batteries, ultracapacitors (or supercapacitors), hydrogen fuel cells and solar cells 

(poten tially on the roof of vehicles) are examples of energy conversion and storage systems, both 
in electric vehicles (including hybrid electric vehicles (HEVs) and plug - in hybrid vehicles) and in more 
conventional vehicles.  

Nano -sized materials, in particular  carbon nanotubes, have properties that are beneficia l in 
improving storage capacity 52 . Ongoing  research in these areas will have implications for the 

performance as well as the design of the vehicles. Expectations are that, in the future, more vehicles 
will make use of these alternative power sources.  

Improvements in the performance of catalysts through nanotechnology can enhance the potential 
energy efficiency of vehicles.  To optimise catalytic performance, the surface area of the catalytic 
particle needs to be increased to improve the capacity of the chemical reactants to adsorb, react 

with and  desorb on it 53. An increase in the surface area can only be accomplished by decreasing the 

size of the particle: this is where nanotechnology plays a role.  

More detail follows on the application of nanotechnology to batteries and supercapacitors; hydrogen  
(storage); and photovoltaic applications.  

Batteries  and supercapacitors  

Nanotechnology is seen as an enabler of next generation lithium - ion batteries and supercapacitors, 
creating a significant improvement in capacitance 54 , reducing weight and cost and inc reasing the 

running times of lithium - ion batteries in electric vehicles 55 . Nanoparticles coated onto electrolytes 
increase the surface area over which current can flow without using any more material, leading to 
overall weight reduction. European battery ma nufacturers are also working towards the use of 

                                                 

46  http://www.nanowerk.com/news/newsid=15236.php   
47https://www.plusplasticelectronics.com/lighting/bmw -commits - to -developing -oled -vehicle - lights -by -2  
48https://www.plusplasticelectronics.com/lighting/bmw -commits - to -developing -oled -vehicle - lights -by -2  
49https://books.google.nl/books?id=dcjECQAAQBAJ&printsec=frontcover&dq=OLED+fundamentals:+materials,

+devices+and+processing&hl=nl&sa=X&redir _esc=y#v=onepage&q=automotive&f=false    
50  http://www.sae.org/mags/aei/7240   
51  http://www.researchandmarkets.com/research/34c985/nanotechnology_in   
52  http://www.sciencedirect.com/science/article/pii/S1319610311000305   
53http://ac.els -cdn.com/S1319610311000305/1 -s2.0 -S1319610311000305 -main.pdf?_ tid=6d656ac2 -d0ac -

11e5 -ab6e -00000aab0f6b&acdnat=1455187649_407cbbe6887071bf8cdc2825e234ddcf   
54http://www.lockheedmartin.com/content/dam/lockheed/data/corporate/documents/nano/energy.pdf   
55  The aim of the NECOBAUT FP7 project (New Concept of Metal -Air Battery for Automotive Application based on 

Advanced Nanomaterials) is to develop a new concept of battery for automotive applications based on a new 
metal/air technology that overcomes the energy density limitation of the Li - ion battery used at present for 
electrical vehicles. http://www.necoba ut.eu/summary/summary.php     

http://www.nanowerk.com/news/newsid=15236.php
https://www.plusplasticelectronics.com/lighting/bmw-commits-to-developing-oled-vehicle-lights-by-2
https://www.plusplasticelectronics.com/lighting/bmw-commits-to-developing-oled-vehicle-lights-by-2
https://books.google.nl/books?id=dcjECQAAQBAJ&printsec=frontcover&dq=OLED+fundamentals:+materials,+devices+and+processing&hl=nl&sa=X&redir_esc=y#v=onepage&q=automotive&f=false
https://books.google.nl/books?id=dcjECQAAQBAJ&printsec=frontcover&dq=OLED+fundamentals:+materials,+devices+and+processing&hl=nl&sa=X&redir_esc=y#v=onepage&q=automotive&f=false
http://www.sae.org/mags/aei/7240
http://www.researchandmarkets.com/research/34c985/nanotechnology_in
http://www.sciencedirect.com/science/article/pii/S1319610311000305
http://ac.els-cdn.com/S1319610311000305/1-s2.0-S1319610311000305-main.pdf?_tid=6d656ac2-d0ac-11e5-ab6e-00000aab0f6b&acdnat=1455187649_407cbbe6887071bf8cdc2825e234ddcf
http://ac.els-cdn.com/S1319610311000305/1-s2.0-S1319610311000305-main.pdf?_tid=6d656ac2-d0ac-11e5-ab6e-00000aab0f6b&acdnat=1455187649_407cbbe6887071bf8cdc2825e234ddcf
http://www.lockheedmartin.com/content/dam/lockheed/data/corporate/documents/nano/energy.pdf
http://www.necobaut.eu/summary/summary.php
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carbon nanotechnologies in new types of additives, aiming to improve the conductivity of active 
materials in lead -based batteries 56 .  

The first demonstrations of supercapacitors based on nano -structured carbon thin - film s have been 
achieved 57 . Supercapacitors are commonly used in commercial power storage applications such as 
light - rail, electric vehicles and power grids. Carbon nanotubes ( CNTs) can be used to improve their 
performance in terms of capacitance, charge and discharge rates, lifetime and cost.  

Hydrogen  ( storage )  

Hydrogen is considere d to be an ideal energy carrier  because it has the highest energy per mass of 
any fuel and its c onversion to energy is non -polluting. Hydrogen can be used as a fuel by direct 
burning (as in aerospace) or it can be used to produce electricity via hydrogen fuel cells. The latter 
application makes hydrogen suitable for use in electric vehicles. Nanotech nology has been applied 

to build longer - lasting, lighter and more efficient fuel cells. By 2020, the US Fuel Cell Technologies 
Office (FCTO) aims to develop on -board automotive hydrogen storage systems meeting customer 

requirements with respect to range, p assenger and cargo space, refuelling time and overall vehicle 
performance 58 .  

The storage of hydrogen in liquids requires extreme low temperatures, because hydrogen is 
flammable, and hydrogen stored in gaseous form requires large -volume systems. Fuel -cell -powered 
vehicles with on -board hydrogen storage have recently reached the market, having addressed the 
issue of the distance that can be driven following charging 59 . While refuelling can be achieved quickly 
(in approximately five minutes), the issue is where  to find a refuelling station, a problem common 

to all vehicles using new or non -standard fuels. In addition, although some vehicle manufacturers 
have now demonstrated progress with some vehicles travelling more than 300 miles on a single fill, 
this drivin g range must be achievable across different vehicle models and without compromising 
space, performance or cost in order  to be competitive with current vehicles 60 .  

The absorbing capacity of carbon nanotubes is being researched as a means to increase the hyd rogen 

storage capacity of fuel cells 61 , using carbon nanotubes in the membranes of fuel cells to increase 
their performance. In addition, safe tanks to hold the hydrogen fuel and lightweight nanomaterials 

that can hold and release the hydrogen when necessar y can also play a role in this development 62 .  

In addition, nanotechnology can be used for the production of hydrogen. Some nanomaterials are 
very effective in the decomposition of water molecules into hydrogen and oxygen through 
photocatalysis (e.g. nanosc ale titanium dioxide).  

Photovoltaic applications  

Transparent organic solar cells (photovoltaics) are being incorporated in a light -capturing car roof in 
which the light is absorbed and energy generated for use in the vehicle 63 . This joint concept vehicle 
of Daimler and BASF, called ósmart forvisionô, is the first prototype of its kind. In general, 
nanotechnology can be used to make solar cells more efficient by maximising the light entering the 

solar cell, through anti - reflective coatings; by minimising light escaping the solar cell, t hrough 

nanostructured photonic waveguides; and by improving light absorption, through integrated 
plasmonic components 64 .  

Nanotechnology can also be used to make solar cells more flexible, thinner and cheaper. Silicon is 
the main raw material for most phot ovoltaics (PV) and, by making th e solar cells thinner, material  

                                                 

56  http://www.eurobat.org/sites/default/files/rev_of_battery_executive_web_1.pdf      
57  http://www.sciencedirect.com/science/article/pii/S0008622313002303   
58  http://energy.gov/eere/fuelcells/hydrogen -storage   
59  http://worldwide.hyundai.com/WW/Showroom/Eco/ix35 -Fuel -Cell/PIP/index.html   
60  https://www.hydrogen.energy.gov/storage.html   
61http://ac.els -cdn.com/S1319610311000305/1 -s2.0 -S1319610311000305 -main.pdf?_ tid=6d656ac2 -d0ac -

11e5 -ab6e -00000aab0f6b&acdnat=1455187649_407cbbe6887071bf8cdc2825e234ddcf   
62  http://www.understandingnano.com/fuel -cells.html   
63https://media.daimler.com/dcmedia/0 -921 -1653624 -1-1420787 -1-0-1-0-0-0-0-1549054 -0-1-0-0-0-0-0.html   
64  see NanoData Energy Landscape Compilation report, this project.  

http://www.eurobat.org/sites/default/files/rev_of_battery_executive_web_1.pdf
http://www.sciencedirect.com/science/article/pii/S0008622313002303
http://energy.gov/eere/fuelcells/hydrogen-storage
http://worldwide.hyundai.com/WW/Showroom/Eco/ix35-Fuel-Cell/PIP/index.html
https://www.hydrogen.energy.gov/storage.html
http://ac.els-cdn.com/S1319610311000305/1-s2.0-S1319610311000305-main.pdf?_tid=6d656ac2-d0ac-11e5-ab6e-00000aab0f6b&acdnat=1455187649_407cbbe6887071bf8cdc2825e234ddcf
http://ac.els-cdn.com/S1319610311000305/1-s2.0-S1319610311000305-main.pdf?_tid=6d656ac2-d0ac-11e5-ab6e-00000aab0f6b&acdnat=1455187649_407cbbe6887071bf8cdc2825e234ddcf
http://www.understandingnano.com/fuel-cells.html
https://media.daimler.com/dcmedia/0-921-1653624-1-1420787-1-0-1-0-0-0-0-1549054-0-1-0-0-0-0-0.html
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costs can be reduced. Increased flexibility enables a variety of shapes to be created , as well as 
making possible cheaper production techniques, such as printing.  

2.1.7  Filters  

Diesel particulate f ilters (DPFs) are used to remove soot from the exhaust gas es of a diesel engine. 
There are two types of technologies: fuel additive systems and coated DPFs. The first is used in 
conjunction with a diesel catalyst, fuel additives acting as an aid to the cat alyst regeneration process. 

The additives enable the regeneration process to take place at a lower temperature. Fuel additives 
used to facilitate DPFs are usually known as fuel borne catalysts 65. Coated DPFs or ñnon-additiveò 
DPFs, use a catalysing coating to aid the regeneration process, without needing a catalytic converter. 
The coating also lowers the temperature of the regeneration process 66 . The application of a nano 
catalyst in DPFs can also foster an increase in efficiency. New nano -coated filters are being developed  

that  are more efficient in the regeneration of soot than conventional filters coated with precious 
metals 67 .  

Air filters used in aeroplane cabins now mostly use nanotechnology -based filters. These filters enable  
mechanical filtration, in which nanoscale pores trap particles. The filters can also remove  odours. 
Besides aircraft, nanotechnology -based air filters are widely used in cars, buses and other vehicles.  

2.1.8  Sensors  

Nanotechnology can also have major impacts on the operations of infrastructure or vehicles through 

sensor applications. Physical nano -sensors use the properties of nanotubes and nanoribbons to 
measure magnitudes such as mass, pressure, force or displacement  68  69 . Sensors can be used for 
monitoring a nd controlling the engine and other vehicle components. Damage detection is an 
important feature for both vehicles and infrastructure. Sensors can also be used to electronically 
control fuel injection and to detect damage, or to alert the operator when an engine component 
needs cleaning (for example, a diesel particulate filter). Sensors are also used to monitor soot 

emissions.  

Sensors are also gaining ground in their use in autonomous vehicles. Coupled with actuators, they 
are used for navigation and guida nce; driving and safety; and performance management, as outlined 
below 70 .  

Navigation and guidance applications are the most familiar to most drivers, with global positioning 
satellites (GPS) enabling location accuracy of a few metres in most cases. These GPS systems are 
small but sophisticated, using systems -on-a-chip or multi -chip systems coupled to a power supply 
and an antenna. As such electronic components become smaller and smaller, they are increasingly 

reliant on nanotechnology for their production and operation (e.g. their manufacture through 
photolithography). In autonomous driving systems, these GPS systems are being linked to inertial 
measurement units (IMUs) , which monitor the motion of the vehicle and enable it to be guided and 
tracked even whe re a GPS signal is blocked (from being in a tunnel or underground, for example). 
Currently using micro -electro -mechanical systems (MEMS), nanotechnology may enable improved 
precision in navigation and guidance of vehicles.  

Autonomous vehicles can use camer as as one component of their driving and safety systems but 
these tend to be very limited (due to the need for many cameras to counter the effects of lighting 
and shadows and the lack of accurate depth perception). The main unit on an autonomous vehicle 
ma y use  pulses of laser light travelling at high speed to enable a three dimensional judgement of 
distance. These LIDAR systems (light detection and ranging) are supplemented with radar systems 
to judge shorter distances (such as bumper - to -bumper spacing in traffic congestion). 

                                                 

65  https://www.dieselnet.com/tech/dpf_fbc.php   
66  http://www.bmcatalysts.co.uk/diesel -particulate - filters/   
67  http://www.elringklinger.de/sites/default/files/brochures/downloads/2012_ek_cleancoat_e.pdf   
68  http://www.ijcaonline.org/volume14/number2/pxc3872349.pdf   
69  http://www.aicit.org/JCIT/ppl/JCIT2553PPL.pdf   
70  Adapted from: óThe Autonomous Car: A Diverse Array of Sensors Drives Navigation, Driving, and Performanceô, 
Bill Schweber for Mouser Electronics   
 http://eu.mouser.com/applications/autonomous -car -sensors -drive -performance/   

https://www.dieselnet.com/tech/dpf_fbc.php
http://www.bmcatalysts.co.uk/diesel-particulate-filters/
http://www.elringklinger.de/sites/default/files/brochures/downloads/2012_ek_cleancoat_e.pdf
http://www.ijcaonline.org/volume14/number2/pxc3872349.pdf
http://www.aicit.org/JCIT/ppl/JCIT2553PPL.pdf
http://eu.mouser.com/applications/autonomous-car-sensors-drive-performance/
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Nanotechnology is inherently part of such detection systems using lasers and radar, for pulse 
generation and measurement and for component manufacture.  

Sensors in autonomous vehicles are similar to those used in standard vehicles, moni toring aspects 
such as power usage and controlling fuel injection as well as indicating when a component needs to 
be cleaned or replaced. The main difference is in the actuation part where the vehicle may have 
greater control of the responses to the signal s it is monitoring. As before, a significant part of the 
nanotechnology is in the electronics but nanotechnology is also used as the sensing material , e.g. 

detecting emissions, heat and pressure.  

2.1.9  Fluids and additives  

Developments in nano - fluids (fluids co ntaining nanoparticles) are expected to have major impacts 
on the transport sector. Nanotechnology is already widely applied in cleaners, such as automotive 

shampoos, car polish and waxes.  

Some nano - fluids have superior heat - transferring properties compar ed to traditional fluids. Coolants 

using nanotechnology, some of which are already on the market, are used to remove the excess 
heat produced by the vehicle engine. The improvements in cooling resulting from the use of 
nanomaterials can make it possible to  decrease the size of the system required for engine cooling.  

Nanotechnology -based fuel additives can help to reduce soot emissions, as they promote more 
complete combustion, thereby leading to improved air quality as well as savings in fuel costs.   

The si ze of an additive particle has a significant impact on the performance of fuel additives for the 

quality of exhaust emissions. A few examples of nano -additives are: cerium oxide nanoparticles; 
aluminium nanoparticles; magnesium -aluminium and cobalt oxide n anoparticles. Cerium oxide 
nanoparticles have the ability to catalyse combustion reactions. They can also be used to remove 
soot (which clogs up the DPF) and thereby improve the performance of the filters. Magnesium -
aluminium and cobalt oxide nanoparticles  are especially useful in the reduction of NOx 71  emissions 

for biodiesel fuels 72 .  

Nano -additives can also be used in lubricants to improve engine performance by decreasing friction 

and wear. Research has shown that, for example, the use of graphite nanoparticles additives 
improves the lubrication properties of conventional lubricants 73 . 

The paragraphs that follow consider the role of nanotechnology in transport infrastructure.  

2.2  Nanotechnology in infrastructure  

Nanotechnology can enable the construction  and maintenance of a more durable, economical, safe 
and sustainable infrastructure through the use of lighter structures; stronger structural composites 
(bridges, tunnels); low maintenance coatings; improv ed pipe joining materials and techniques; 
reduc ed thermal transfer rates of fire retardant materials and insulation;  and increased sound 
absorption 74 . Nanotechnology is considered below in terms of its use in materials; coatings; and 
sensors.  

2.2.1  Materials  

Materials used for the construction of infrastructure such as roads (e.g. cement and asphalt) can be 
nano -modified to increase their strength. Research into ways to improve asphalt for roads has 
increased in recent years in response to the growing costs of repairing and reconstructing the layers 
on the road. Previously, many types of materials have been used to modify asphalt, including 
rubbers, polymers, sulphur, metal complexes, fibres and chemical agents 75 .  Nanotechnology is now 

being considered for inclusion in asphalt mixtures with a view to improving the  performance of the 
road with respect to temperature -sensitivity, water -proofing, corrosion protection and moisture 

                                                 

71  Nitrous oxide  
72  http://www.azonano.com/article.aspx?ArticleID=3085#Cerium_Oxide_Nanoparticles   
73  A study on the tribological characteristics of graphite nano lubricants :  

http://link.springer.com/article/10.1007/s12541 -009 -0013 -4  
74https://www.researchgate.net/profile/Shashi_Rana2/publication/228915597_Sign ificance_of_Nanotechnology

_in_Construction_Engineering/links/00b4952dddc79c2408000000.pdf   
75  http://www.jmst.org/fileup/PDF/2012 -1425.pdf   

http://www.azonano.com/article.aspx?ArticleID=3085#Cerium_Oxide_Nanoparticles
http://link.springer.com/article/10.1007/s12541-009-0013-4
http://link.springer.com/article/10.1007/s12541-009-0013-4
https://www.researchgate.net/profile/Shashi_Rana2/publication/228915597_Significance_of_Nanotechnology_in_Construction_Engineering/links/00b4952dddc79c2408000000.pdf
https://www.researchgate.net/profile/Shashi_Rana2/publication/228915597_Significance_of_Nanotechnology_in_Construction_Engineering/links/00b4952dddc79c2408000000.pdf
http://www.jmst.org/fileup/PDF/2012-1425.pdf
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resistance. A mixture of nanoclays and asphalt binder, or a combination of nanoclays with rubber 
modified asphalt, can be used to improve th e mechanical properties of asphalt binder. The use of 
nanoclay -modified binder for roads decreases high - temperature rutting, low - temperature cracking 
and stripping in the presence of moisture. It also increases the service life time of the road in 
comparis on to the traditional asphalt modification method 76 . In addition to the use of nanoclays, 
other nanoparticles can be used such as carbon nanotubes (CNT) and nanoparticles of silica, alumina, 
magnesium, calcium and/or titanium dioxide (TiO 2).  

2.2.2  Coatings  

Nano -coating s can be used for the protection and strengthening of transport infrastructures. Nano -
modified polymer coatings are good alternatives to organic polymer and polymer -modified cement 
coatings. Protective coatings can be applied to concrete, timber, steel or brick structures in, for 

example, tunnels or bridges 77 . Nano -composite coating can also be self -cleaning (for example, for 
graffiti, to make it disappear from walls during rain), anti - reflecting, anti -corrosion and self -

repairing. Coating on infras tructures can also absorb sound and light. Photocatalytic coating on, for 
example, concrete walls next to roads and motorways, can be used to transform environmental 
pollution and neutralise it.  

2.2.3  Sensors  

Intelligent transportation systems based on sensors can continually monitor the condition and 

performance of roads, bridg es, tunnels and rails over time 78 . Permanent structural monitor systems 
have already been successfully deployed on bridges, dams and pipelines.  

Developments in nanoelectromechanical sensors (NEMS) are enabling the monitoring of the chemical 
properties of infrastructure, such as roads and bridges, warning of wear or potential failure of such 
transport infrastructure and using sensors embedded directly in the material of the structure.  79   

Researchers have also developed self -sensing nanotechnology composite materials for traffic 
monitoring, using piezo - resistive multi -walled carbon nanotubes as an admixture in cement 80 . 

Wireless sensors offer infrastructure owners a lower -cost option for instrumentation, thereby 
allowing more infrastructure to be economically monitored.  

Nanoscale sensors and devices can also be used for the monitoring and the communication of 
disturbances in the transportation of people or goods; for collision avoidance i n automobiles; for 
maintaining lane position and the adjustment of travel rout es to circumnavigate congestion 81 . 
Sensors can also be used in detectors for chemical and biological weapons at airports and train 
stations .82  Other application areas of nano senso rs are automatic toll collection and congestion 

charging.  

 

 

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

                                                 

76  http://www.me.mtu.edu/~gmodegar/papers/Const_Build_Mat_2011_1072.pdf   
77http://www.academia.edu/3658791/Nano -Composite_Coatings_for_Transportation_Infrastructures -

_Demonstration_Projects - India   
78  http://www.nano.gov/you/nanotechnology -benefits   
79https://books.google.nl/books?id=TfTCAgAAQBAJ&pg=PA324&lpg=PA324&dq=piezoresistive+multi -

walled+carbon+nanotubes+sensor+infrastructure&source=bl&ots=ny3qGOntpN&sig=HAu1cIAUaVtJDd -
SUEwwu9zgbac&hl=nl&sa=X&ved=0ahUKEwjS_sa CwvLKAhXD -
g4KHSi6Bw0Q6AEIMDAC#v=onepage&q=nano&f=false   

80  http://www.nanowerk.com/spotlight/spotid=13009.php   
81  Ibid  
82  http://www.ijcaonline.org/volume14/number2/pxc3872349.pdf   

http://www.me.mtu.edu/~gmodegar/papers/Const_Build_Mat_2011_1072.pdf
http://www.academia.edu/3658791/Nano-Composite_Coatings_for_Transportation_Infrastructures-_Demonstration_Projects-India
http://www.academia.edu/3658791/Nano-Composite_Coatings_for_Transportation_Infrastructures-_Demonstration_Projects-India
http://www.nano.gov/you/nanotechnology-benefits
https://books.google.nl/books?id=TfTCAgAAQBAJ&pg=PA324&lpg=PA324&dq=piezoresistive+multi-walled+carbon+nanotubes+sensor+infrastructure&source=bl&ots=ny3qGOntpN&sig=HAu1cIAUaVtJDd-SUEwwu9zgbac&hl=nl&sa=X&ved=0ahUKEwjS_saCwvLKAhXD-g4KHSi6Bw0Q6AEIMDAC#v=onepage&q=nano&f=false
https://books.google.nl/books?id=TfTCAgAAQBAJ&pg=PA324&lpg=PA324&dq=piezoresistive+multi-walled+carbon+nanotubes+sensor+infrastructure&source=bl&ots=ny3qGOntpN&sig=HAu1cIAUaVtJDd-SUEwwu9zgbac&hl=nl&sa=X&ved=0ahUKEwjS_saCwvLKAhXD-g4KHSi6Bw0Q6AEIMDAC#v=onepage&q=nano&f=false
https://books.google.nl/books?id=TfTCAgAAQBAJ&pg=PA324&lpg=PA324&dq=piezoresistive+multi-walled+carbon+nanotubes+sensor+infrastructure&source=bl&ots=ny3qGOntpN&sig=HAu1cIAUaVtJDd-SUEwwu9zgbac&hl=nl&sa=X&ved=0ahUKEwjS_saCwvLKAhXD-g4KHSi6Bw0Q6AEIMDAC#v=onepage&q=nano&f=false
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3  EU POLICIES AND PROGRAMMES FOR NANOTECHNOLOGY AND 

TRANSPORT  

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, re search 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 funding), on Member 
State funding and on the outputs of indu stry 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 all research fields and 
fully dedicated to funding researc h 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 
activit ies: the Connecting Europe Facility 83 , t he Third Health Programme 84 , Life 85 , Erasmus+ 86  and  
COSME87 .  

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 leve l in the Sixth Framework 
Programme (FP6, 2002 -2006) 88 . Within FP6 funding, over 70% of transport nanotechnology projects 
were funded under NMP (Nanotechnologies and nanosciences, knowledge based multi - functional 
materials and new production processes and d evices) and 16% under Information Society.  

Nanotechnology funding in FP6 was followed up with targeted funding in the Seventh Framework 
Programme (FP7, 2007 -2013). The largest part of funding for transport and nanotechnology under 

the Co -operation Programme was under NMP -  ñNanosciences, Nanotechnologies, Materials and new 
Production Technologies (NMP)ò -  (40.5%), followed by Joint Technology Initiatives (15.0%), ICT 
(14.1%), Transport (13.6%) and Space (5.6%).  

Transport nanotechnology  topics were a lso funded under FP7 in non -specific basic research and in 
People and Capacities:  

¶ The European Research Council  (ERC): total funding of over EUR 7.5 billion in FP7 (and EUR 

13.1 billion in 2014 -2020 under Horizon 2020 89 ) for investigator -driven, bottom -up research 

ideas in science, engineering and interdisciplinary research, a warded through open competition , 
with 4.3% (EUR 17.9 million) of transport nanotechnology funding ;  

¶ The Marie Curie Actions 90 : total funding of up to EUR 4.7 billion FP7 in 2007 -2013 (an d EUR 

6.16 billion Horizon 2020 funding in 2014 -2020) for training, mobility and career development 
of researchers with 3.6% (EUR 14.8 million) of transport nanotechnology funding ; and  

¶ The Capacities Programme 91 : total budget of EUR 4.1 billion for research  infrastructure; research 

for the benefit of SMEs; regions of knowledge and support for regional research -driven clusters; 

                                                 

83  Improving trans -European infrastructure for transport, energy and telecommunications.  
84  Preventing diseases, protecting EU citizens from cross -border health threats, contributing to innovative 

health systems, and facilitating better access to healthcare.  
85  For environment, biodiversity and climate change.  
86  Supporting relocation for educatio n and training purposes.  
87  Supporting the creation and expansion of companies, especially by expanding their research and innovation 

activities.  
88  FP6 NMP: Nanotechnologies and nanosciences, knowledge -based multifunctional materials and new 

production proc esses and devices: thematic priority 3 under the 'Focusing and integrating community 
research' of the 'Integrating and strengthening the European Research Area' specific programme, 2002 -
2006.  

89  http://erc.europa.eu/    
90  http://ec.europa.eu/research/mariecurieactions/  Marie Curie Actions became Marie Skğodowska-Curie 

Actions under Horizon 2020.  
91  http://ec.europa.eu/research/fp7/index_en.cfm?pg=capacities   

http://erc.europa.eu/
http://ec.europa.eu/research/mariecurieactions/
http://ec.europa.eu/research/fp7/index_en.cfm?pg=capacities
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research potential of Convergence Regions; science in society; support to the coherent 
development of research policies; and internat ional co -operation, with 2% (EUR 11.3 million) of 
transport nanotechnology funding, mainly (2.1%) for research for the benefit of SMEs . 

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

Mechanisms for collaboration on na notechnology and transport include, inter alia , the ERA -NETs, 
Networks of Excellence (NoEs) and ESFRI, as outlined below. Later in the report, there is coverage 
of EUREKAôs Eurostars; the European Technology Platforms; and the Joint Technology Initiatives 

(and Joint Undertakings).  

The ERA -NET scheme began under FP6 to support collaboration between and co -ordination of 
national research programmes. For example, ERA -NET Transport (ENT) (EUR 3.89 million), 
established in 2004 on the basis of the ETP on co -oper ation and co -ordination of transport research 

(EPTR) and involving organisations from eleven countries, aimed to create ñan efficient instrument 
for common research programmes on topics with shared priority amongst all membersò in order to 

co-ordinate nati onal transport research programmes at the European level. Moreover, a specific 
ERA-NET was dedicated to each of maritime technologies (MARTEC), road (ENR) and air transport 
(AirTN), as follows :  

¶ MARTEC92 , started in 2006 with nine countries, received around EUR 2.1 million to improve the 
management and coordination of research in maritime technologies;  

¶ ENR93 , established in 2006, obtained EUR 2.5 million and involved eleven countries. It aimed to 
develop trans -national research programme in road transport; and  

¶ AirTN 94  was created in 2006 by organisations coming from sixteen different countries to reinforce 
ñthe co-operation and co -ordination of research activities at national level and to expand the 
European dimensionò in aeronautics and air transport. 

The ERA -NET sche me 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 financial support to facilita te joint calls for 
proposals between national and/or regional programmes. ERA-NET Transport (ENT) became ENT II 

(thirteen countries, EUR 2.99 million) and ENT III (20 countries, EUR 2.3 million). ENT III has 
developed into a service platform for Programme Owners and Managers. It offers support for 
transnational research and innovation. In addition, the focus on maritime, road and air t ransport 
was maintained through:  

¶ MARTEC II;  

¶ Era-Net Road II (ENR2); and  

¶ the Aeronautics ERA -NET (AirTN -  Air Transport Net) .   

MARTEC II, established in 2011, involves 25 countries. With an EC contribution of about EUR 2 
million, MARTEC II goal is to exchange real information and to build partnership across national 
borders.  

ENR2, established in 2009 and counting partners fro m sixteen different countries, received an EC 
contribution of 1.5 million. The main purpose was to support innovative approaches for networkôs 
construction, maintenance and operation, by coordinating road research procurement to obtain a 

better value for m oney.  

The same principle is at the basis of the AirTN creation that addresses to aeronautical RTD, receiving 
EC funding of EUR 1.9 million and involving seventeen countries.  

The ERA -NET scheme under FP7 developed and strengthened the co -ordination of nati onal and 
regional research programmes through ERA-NET Plus  (ERANET+) actions, providing, in a limited 
number of cases with high European added value, additional EU financial support to facilitate joint 
calls for proposals between national and/or regional p rogrammes. For instance, ERA -NET Plus on 

                                                 

92  https://www.martec -era.net/   
93  http://www.eranetroad.org/   
94  http://www.airtn.eu/index.html   

https://www.martec-era.net/
http://www.eranetroad.org/
http://www.airtn.eu/index.html
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Infrastructure Innovation (INFRAVATION) 95  was launched under FP7 in 2014. It comprises 11 
countries with an EU contribution of EUR 2.67 million.  

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  Europeôs global  competitiveness  in key  
areas  relevant  to  a knowledge -based  economy.  These  bottom -up  initiatives  are  led  by  consortia  
targeting  specific  research  or  technological  challenges.  Examples  related  to  nanotechnology  and  

transport  are  EXCELL, POLYSACCHARIDES,  NANOFUNCTION  and  KMN-NoE96 .  

¶ EXCELL, the  Network  of  Excellence  to  overcome  the  fragmentation  of  European  research  in  
multifunctional  thin - film s,  received  EUR 12.5  million  of  EU funding  over  five  years  and  involves  
twelve  institutions  representing  eight  countries.  It  studies  bio compatible  and  bioactive  coatings  
whose  application  areas  include  marine  and  land  transportation,  as well  as mechanical  

engineering  and  construction.  

¶ POLYSACCHARIDES (integration  in  the  field  of  renewable  materials)  received  EUR 5 million  over  
four  years  having  sixteen  partners  from  eight  countries.  The  research  on  polysaccharides  aims  
to  ñreplace oil -derived  materials  with  biodegradable  and  biocompatible  productsò in  the  field  of  
transport  as well  as construction.  

¶ KMN-NoE (integration  in  the  field  of  multi -component  materials)  focuses  on  ñmulti-component  
materials  designed  for  safe  and  durable  performance  in  highly  demanding  conditions  of  loading  
and  environmentò. For  instance,  materials  that  provide  superior  mechanical  properties,  

combined  with  proper ties  like  ñlow density;  excellent  performance  in  high -  temperature  regimes;  
enhanced  fracture  toughness  and  fatigue  lifetime;  and  superior  resistance  to  wear,  corrosion  
and  oxidationò will  be relevant  for  the  aerospace  and  automotive  sector  as well  as for  micro -
sensors.  36  organisations  from  ten  countries  are  involved  and  received  EUR 8.1  million  over  four  
years.  

¶ FAME (integration  in  the  field  of  hybrids  and  ceramics)  includes  fifteen  organisations  (from  seven  
countries)  active  for  example  in  the  fields  of  mechanics,  electronics,  functional  and  protective  

coatings,  sensors  and  catalyst.  Its  EU financial  support  is EUR 5 million.  

European research is also being co -ordinated through collaboration on the development, establishing 
and running of large research i nfrastructures, 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) 97 , Member States are coming together to fund infrastructures related to 
transpo rt , 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.  

Other mechanisms to support research and innovation in nanotechnology and transport  are outlined 
in the section on Other EU Policies: Industry, later in this chapter. They include:  

¶ EUREKAôs Eurostars; 

¶ European Technology Platforms; and  
¶ Joint Technology Initiatives (and Joint Undertakings).  

  

The next section reports on funding and participation data for the Sixth and Seventh EU Framework 
Programmes, FP6 and FP7.   

  

                                                 

95  http://www.infravation.net/   
96  https://e c.europa.eu/research/industrial_technologies/pdf/noes -122007_en.pdf   
97  http://ec.europa.eu/research/infrastructures/index_en.cfm?pg=home   

http://www.infravation.net/
https://ec.europa.eu/research/industrial_technologies/pdf/noes-122007_en.pdf
http://ec.europa.eu/research/infrastructures/index_en.cfm?pg=home
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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) 98 . The total number of projects 
was 35,265, of which 25,238 were FP7 projects and 10,027 were FP6 pr ojects. 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, 3,544 were found to be related to nanotechnology in that 
they contained the term ñnanoò99  in the title or abstract of the project. Thus, nanotechnology projects 

form approximately 10% of the total FP projects. The share of nanotechnology projects increased 
slightly between FP6 (9.1%) and FP7 (10.4%).  

74% of the 3,544 projects were FP7 project s and 26% 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 tota l projects and for nanotechnology  
  

Total  FP7  FP6  

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  3,544  2,636  908  

Share of FP Projects (NT)  100%  74.4%  25.6%  

Share  of  nanotechnology of total FP (projects)  11.7%  10.0%  10.4%  

 

Number and share of nanotechnology transport projects  

The number of projects (in FP6 and FP7 together) that were related to both transport  and 
nanotechnology was determined by the use of a keyword search 100 , to be 200 , approximately 5.6 % 

of the total number of projects related to nanotechnology. The percentage of transport 
nanotechnology projects was slightly lower in FP7 (5.3%) than it was in  FP6 (6.6%). This is an 
indication that the relevance of transport has decreased within nanotechnology FP -activities from 
FP6 to FP7.  

  

                                                 

98  Extraction of data from eCorda January 2015 . 
99  The term ñnanoò could appear as a part of a word (e.g. nanotechnology, nanoscience, nanomaterial, 

nanoscale), as a part of compound word separated with hyphen (e.g. nano -science) or as an independent 
word ñnanoò. 

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

 Numbers of projects  
 

Total  FP7  FP6  

Total FP projects, all topics  35,265  25,238  10,027  

Nanotechnology FP projects  3,544  2,636  908  

Transport  nanotechnology FP projects  200  140  60  

    

 Shares (number of projects)  

 Total  FP7  FP6  

Total FP projects, all topics  100%  71.6%  28.4%  

Nanotechnology (NT) FP projects  100%  74.4%  25.6%  

Transport NT projects  100%  70.0%  30.0%  

Transport NT projects as % of all NT 
projects  

5.6%  5.3%  6.6%  

Transport NT projects as % of all FP 
projects  

0.57%  0.55%  0.6%  

 

Projects in FP7 comprised 70% of all transport nanotechnology with 30% of projects being in FP6. 
The proportion of FP7 projects is slightly lower than for either nanotechnology projects (74%) or FP 
projects (72%).  

Funding of transport n anotechnology projects  

The 200 nanotechnology transport projects received an EC contribution of EUR 586.7 million. The 
EC contribution for transport projects was EUR 171.3 million (29.2%) in FP6 and EUR 415.4 million 
(70.8%) in FP7. In FP6, the EC contribu tion for nanotechnology and transport represented 10.1% 
of the total nanotechnology EC contribution, whereas in FP7 it was 8.9% indicating a small relative 
decrease in transport - related funding within nanotechnology funding, as shown in the figure below.  

 

Figure 3 - 1 : Funding of transport  nanotechnology for FP6 and FP7 together, for FP7 and 

for FP6  
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3.2.2  Activities by programme and sub - programme  

3.2.2.1  FP6 transport  nanotechnology acti v ities  

There were 908 nanotechnology p rojects in FP6, approximately 9% of the total number of projects 
in FP6. Of those, 60 were transport - related, 6.6% of FP6 nanotechnology projects and 0.6% 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 ï including research and innovation, research mobility, infrastructure 
development and science and society; and  

3)  Strengthening the ERA ï for co -ordination and policy activities.  

There was, in addition, the EURATOM activity.  

In FP6, projects specific to nanotechnology and transport made up approximately 10.2% of all 
nanotechnology activities as measured by EC funding allocation. They took place ma inly under the 

priority of (i) Focusing and integrating the ERA. In fact, 96.3% of all funding for transport activities 
under FP6 came from this priority. The remaining 3.7% was funded under (ii) Structuring the ERA.  

Within these Thematic Priorities:  

¶ NMP (Nanotechnologies and nanosciences, knowledge based multi - functional materials and new 
production processes and devices) had 72.3% of the total (EUR 123.9 million) for 33 projects 
(an average of EUR 3.75 million per project);  

¶ Information Society had 6 proj ects and EUR 27.9 million of EC funding (16.3% of total) (an 
average of EUR 4.65 million per project);  

¶ Other programmes which gathered EC funding were Aeronautics and space (5.6%), Human 

resources and mobility (3.2%), Horizontal research involving SMEs (1 .5%) and Research and 
innovation (0.5%).  
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Table 3 - 3 : FP6 transport  nanotechnology activities by programme and sub - programme  

FP6 Summary  

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

FP6  
FP6 

NT  

FP6 

TR 
FP6  FP6 NT  

FP6  

TR 
FP6  FP6 NT  FP6 TR  

I Focusing and Integrating ERA  4,735  455  47  13,445.0  1,383.6  165.0  80.5%  81.3%  96.3%  

Thematic Priorities  3,374  389  44  12,027.5  1,314.8  162.4  72.1%  77.2%  94.8%  

1. Life Sciences  602  20  0 2,336.5  54.1  0.0  14.0%  3.2%  0.0%  

2. Information Society  1,089  80  6 3,798.9  346.1  27.9  22.8%  20.3%  16.3%  

3. NMP  444  271  33  1,534.2  870.1  123.9  9.2%  51.1%  72.3%  

4. Aeronautics and Space  241  5 4 1,066.1  11.6  9.5  6.4%  0.7%  5.6%  

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

6. Sustainable Development  666  10  1 2,300.9  30.5  1.0  13.8%  1.8%  0.6%  

7. Citizens and Governance  143  3 0 236.6  2.4  0.0  1.4%  0.1%  0.0%  

Specific Activities  1,361  66  3 1,417.5  68.8  2.6  8.5%  4.0%  1.5%  

Policy Support  520  29  0 604.2  40.7  0.0  3.6%  2.4%  0.0%  

Horizontal Research Involving SMEs  490  29  3 463.1  24.7  2.6  2.8%  1.4%  1.5%  

International Co -operation  351  8 0 350.3  3.4  0.0  2.1%  0.2%  0.0%  

II Structuring the European 

Research Area  
5,096  449  13  2,744.2  303.1  6.3  16.4%  17.8%  3.7%  

Research and Innovation  240  3 1 224.0  3.9  0.9  1.3%  0.2%  0.5%  

Human Resources and Mobility  4,546  420  12  1,723.1  219.2  5.5  10.3%  12.9%  3.2%  

Research Infrastructures  147  17  0 717.6  74.3  0.0  4.3%  4.4%  0.0%  

Science and Society  163  9 0 79.5  5.8  0.0  0.5%  0.3%  0.0%  

III Strengthening the ERA  118  3 0 317.3  8.0  0.0  1.9%  0.5%  0.0%  

Co-ordination of Activities  99  3 0 303.8  8.0  0.0  1.8%  0.5%  0.0%  

Research & Innovation Policies  19  0 0 13.5  0.0  0.0  0.1%  0.0%  0.0%  

EURATOM 78  1 0 185.7  8.0  0.0  1.1%  0.5%  0.0%  

TOTAL  10,027  908  60  16,692.3  1,702.7  171.3  100 %  100 %  100 %  

 

3.2.2.2  FP7 transport  nanotechnology activities  

Transport nanotechnology projects comprised 0.55% of the total number of projects in FP7 101  and, 

with 140 transport nanotechnology projects, 5.3% of FP7 nanotechnology projects. Funding for 
nanotechnology and transport made up 8.9% of NT funding and 0.92% of total FP7 funding 
nanotechnology overall took 10.37% of the total FP7 funding .  

The broad objectives of FP7 group into four categories:  

¶ Co-operation;  
¶ Ideas;  
¶ People; and  
¶ Capacities.  

The largest proportion of funding for nanotechnology and transport is seen under the Co -operation 
Specific Programme Transport with EUR 371.4 million (8 9.4% of total nano transport funding in FP7) 
with 97 projects. Within the Co -operation Specific Programme, NMP has the highest funding (EUR 

168 million), followed by Joint Technology Initiatives (EUR 62.3 million), ICT (EUR 58.7 million), 

                                                 

101  Data extraction January 2015  
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Transport (EUR 56 .4 million) and Space (EUR 23.3 million).  

The Ideas Specific Programme, implemented via the European Research Council, had a funding for 
transport nanotechnology of EUR 17.9 million (4.3%) for 11 projects.  

Marie -Curie Actions under the People Programme ac counted for 3.6% of the funding (EUR 14.8 
million) for nanotechnology and transport.  

Research for the benefit of SMEs accounted for EUR 8.8 million of funding (2.1%) for nanotechnology 
and transport and Research Potential for EUR 2.4 million (0.6%), both activities under the Capacities 

Programme . 

Table 3 - 4 : FP7 transport  nanotechnology activities by programme and sub - programme  

FP7 Summary  

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

FP7  
FP7 

NT  

FP7 

TR 
FP7  FP7 NT  FP7  TR  FP7  FP7 NT  FP7 TR  

COOPERATION  7,834  756  97.0  28,336.3  2,803.8  371.4  63.1%  60.2%  89.4%  

Health  1,008  33  0 4,791.7  157.0  0.0  10.7%  3.4%  0.0%  

Food, Agri and Bio  516  25  0 1,850.7  97.1  0.0  4.1%  2.1%  0.0%  

ICT  2,328  175  14  7,877.0  561.3  58.7  17.5%  12.0%  14.1%  

NMP 805  412  39  3,238.6  1,595.6  168.0  7.2%  34.2%  40.5%  

Energy  368  24  1 1,707.4  81.5  2.6  3.8%  1.7%  0.6%  

Environment  494  10  0 1,719.3  26.9  0.0  3.8%  0.6%  0.0%  

Transport  719  12  10  2,284.2  61.5  56.4  5.1%  1.3%  13.6%  

Socio -economic Sciences  253  0 0 579.6  0.0  0.0  1.3%  0.0%  0.0%  

Space  267  14  9 713.3  31.7  23.3  1.6%  0.7%  5.6%  

Security  314  5 0 1,295.5  14.1  0.0  2.9%  0.3%  0.0%  

General Activities  26  0 0 312.7  0.0  0.0  0.7%  0.0%  0.0%  

Joint Technology Initiatives  736  46  24  1,966.4  177.0  62.3  4.4%  3.8%  15.0%  

IDEAS  4,525  572  11  7,673.5  1,026.1  17.9  17.1%  22.0%  4.3%  

European Research Council  4,525  572  11  7,673.5  1,026.1  17.9  17.1%  22.0%  4.3%  

PEOPLE  10,716  1,158  22  4,777.5  579.9  14.8  10.6%  12.4%  3.6%  

Marie -Curie Actions  10,716  1,158  22  4,777.5  579.9  14.8  10.6%  12.4%  3.6%  

CAPACITIES  2,025  149  10  3,772.0  249.9  11.3  8.4%  5.4%  2.7%  

Research Infrastructures  341  18  0 1,528.4  72.2  0.0  3.4%  1.5%  0.0%  

Research for the benefit of SMEs  1,028  70  8 1,249.1  86.1  8.8  2.8%  1.8%  2.1%  

Regions of Knowledge  84  4 0 126.7  7.3  0.0  0.3%  0.2%  0.0%  

Research Potential  206  27  2 377.7  55.1  2.4  0.8%  1.2%  0.6%  

Science in Society  183  16  0 288.4  16.5  0.0  0.6%  0.4%  0.0%  

Research Policies  26  0 0 28.3  0.0  0.0  0.1%  0.0%  0.0%  

International Cooperation  157  14  0 173.4  12.7  0.0  0.4%  0.3%  0.0%  

EURATOM 138  1 0 358.1  1.1  0.0  0.8%  0.0%  0.0%  

Fusion  4 0 0 5.2  0.0  0.0  0.0%  0.0%  0.0%  

Fission  134  1 0 352.8  1.1  0.0  0.8%  0.0%  0.0%  

TOTAL  25,238  2,636  140  44,917.3  4,660.8  415.4  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 nanotechnology  and transport . 

Table 3 - 5 : Participations in FP6 and FP7 including funding and share of funding 102  

 Total FP6 and FP7  NT in FP6 and FP7  Transport  NT in FP6 and FP7  

 Particip.  
EC 
Funding  

Share of 
Funding  

Particip.  
EC 
Funding  

Share of 
Funding  

Particip.  
EC 
Funding  

Share of 
Funding  

HES  76,777  25,736.0  41.8%  7,671  3,019.5  47.5%  508  184.9  31.6%  

REC 53,384  17,304.4  28.1%  4,696  1,778.1  28.0%  447  167.0  28.5%  

PCO 25,067  7,021.3  11.4%  2,275  615.4  9.7%  439  112.0  19.1%  

SME  29,428  6,882.6  11.2%  3,239  769.1  12.1%  472  106.4  18.2%  

Other  24,961  4,626.8  7.5%  1,059  174.2  2.7%  110  15.5  2.6%  

Total  209,617  61,571.1  100.0%  18,940  6,356.2  100.0%  1,976  585.7  100.0%  

Higher education institutes (HES) received close to one third (31.6%) of the EC contribution for 
nanotechnology and transport, as shown in the table above and the figure below, similar to that of 
research organisations (REC, 28.5%). These were followed, again with similar figures by large 
companies (PCO, 19.1%) and by small and medium -sized companies (SME, 18.2%) with other 

organisations making up the remainder (OTH, 2.6%).  

The proportion o f funding going to organisations in the higher education sector (31.6%) is 
significantly lower than that corresponding to their share of nanotechnology funding (46.6%), and 
their share for FP funding overall (41.8%). The relative share for HES fell slightl y from 31.8% in FP6 
to 31.5% of all nanotechnology transport funding in FP7.  

For research organisations, their share also dropped slightly from FP6 (29.5%) to FP7 (28.1%). 
Funding to companies rose from FP6 to FP7, the relative rise being in particular in the case of large 

companies (from 14% to 21.2% for PCOs; and from 17.5% to 18 .5% for SMEs).  

The distribution of funds among different types of participants in nanotechnology and transport 
related projects is different from those corresponding to nanotechnology projects in general or FP6 
and FP7 projects together as a whole. Wherea s the share of funds for research organisations is very 
similar in all cases, the share for higher education institutions is lower in nanotechnology and 
transport projects than it is in nanotechnology or FP6 and FP7 projects. In contrast , the shares for 

both large companies and SMEs are much higher in nanotechnology & transport projects than they 

are in nanotechnology projects in general or in FP6 and FP7 projects as a whole . 

 

                                                 

102  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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Figure 3 - 2 : Shares of EC cont ribution by organisation type for nanotechnology and 
transport  

3.2.4  Activity by organisations receiving funding  

The organisations receiving the largest amounts of funding for transport nanotechnology activities 
were the Fraunhofer -Gesellschaft 103  (DE) (EUR 18.73 million for 31 projects), Vysoke Uceni 
Technicke V Brne 104  (CZ) (EUR 17.17 million, 4 projects), the CNRS 105 (FR) (EUR 11.64 million, 28 

projects) and Centro Ricerche Fiat SCPA (IT) (EUR 10.56 million, 29 projects).  

Out of the top 25 recipient s, nine were higher education institutions, eleven were research 
organisations, and five were companies. The top ten organisations are from Germany (3), France 
(2), Belgium (1), the Czech Republic (1), Italy (1), Spain (1) and the U nited Kingdom  (1).  

  

                                                 

103  Fraunhofer -Gesellschaft zur Förderung der angewandten Forschung e. V.  
104  Brno University of Technology https://www.vutbr.cz/en/  
105  Centre national de la recherche scientifique  

https://www.vutbr.cz/en/
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Ta ble 3 - 6 : Organisations participating in FP6 and FP7, top 25 ranked by funding received  
 

Transport  -  Top participants  Country  No. of 
Projects  

EC 
Funding 
(MEUR)  

Share of 
TR 

Funding  

 

1 Fraunhofer -Gesellschaft 106  DE 31  18.73  3.20%  

2 Vysoke Uceni Technicke V Brne 107  CZ 4 17.17  2.94%  

3 CNRS108  FR 28  11.64  1.99%  

4 Centro Ricerche FIAT SCPA  IT  29  10.56  1.80%  

5 CEA109  FR 19  9.06  1.55%  

6 Airbus  Defen ce and Space GmbH  DE 16  7.85  1.34%  

7 Fundacion Tecnalia Research & Innovation  ES 12  5.13  0.88%  

8 Deutsches Zentrum fuer Luft -  und Raumfahrt EV 
(DLR) 110  

DE 7 4.95  0.85%  

9 University of Cambridge  UK 10  4.73  0.81%  

10  Institut von Karman de dynamique des fluides 111  BE 1 4.58  0.78%  

11  Katholieke Universiteit Leuven  BE 6 4.54  0.78%  

12  Politecnico Di Torino  IT  13  4.07  0.70%  

13  Ethniko Kentro Erevnas Kai Technologikis Anaptyxis 
(RISCS) 112  

EL 6 3.75  0.64%  

14  CNR- Consiglio Nazionale Delle Ricerche  IT  11  3.75  0.64%  

15  University of Birmingham  UK 3 3.74  0.64%  

16  THALES SA 113  FR 4 3.70  0.63%  

17  Infineon Technologies AG  DE 6 3.69  0.63%  

18  University College Cork  IE 8 3.51  0.60%  

19  CSIC114  ES 12  3.19  0.55%  

20  Alenia Aermacchi Spa 115  IT  4 3.18  0.54%  

21  EPFL116  CH 10  3.16  0.54%  

22  University of Surrey  UK 6 2.98  0.51%  

23  NXP Semiconductors Netherlands Bv  NL 4 2.96  0.51%  

24  Max Planck 117  DE 1 2.92  0.50%  

25  Rheinisch -Westfaelische Technische Hochschule Aachen  DE 9 2.86  0.49%  

 

  

                                                 

106  Fraunhofer -Gesellschaft zur Förderung der angewandten Forschung e.V. www.fraunhofer.de  
107  Brno University of Technology https://www.vutbr.cz/en/   
108  Centre National de la Rech erche Scientifique, the National Centre for Scientific Research www.cnrs.fr  
109  Commissariat à l'Énergie Atomique et aux Énergies Alternatives, the French Alternative Energies and Atomic 

Energy Commission www.cea.fr  
110  http://www.dlr.de/dlr/en/desktopdefault.aspx/tabid -10002/   
111  https://www.vki.ac.be   
112  http://www.riscs -co2.eu/PartnerData.aspx?IdPartner=2   
113  https://www.thalesgroup.com/en   
114  Consejo Superior de Investigaciones Cientificas, the  Spanish National Research Council www.csic.es   
115  http://www.aleniana.com/about -us/profile/alenia_aermacchi_spa  
116  École Polytechnique Fédérale de Lausanne, the Swiss Federal Institute of Technology in Lausanne 

www.epfl.ch  
117  Max -Planck -Gesellschaft, the Max Planck Society www.mpg.de  

http://www.fraunhofer.de/
https://www.vutbr.cz/en/
http://www.cnrs.fr/
http://www.cea.fr/
http://www.dlr.de/dlr/en/desktopdefault.aspx/tabid-10002/
https://www.vki.ac.be/
http://www.riscs-co2.eu/PartnerData.aspx?IdPartner=2
https://www.thalesgroup.com/en
http://www.csic.es/
http://www.aleniana.com/about-us/profile/alenia_aermacchi_spa
http://www.epfl.ch/
http://www.mpg.de/
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The table below indicates the most active companies in FP transport nanotechnology projects by 
funding. In this sector, eight of these most relevant companies were SMEs.  

The German company Airbus Defence and Space GMBH (DE) received EUR 7.85 million for sixteen 
projects. Thales SA (FR) followed with EUR 3.7 million and fou r projects, Infineon Technologies AG 
(DE) came close with EUR 3.69 million and six projects. Alenia Aermacchi SPA (IT) was the fourth 
company, receiving EUR 3.18 million. The rest of the companies in the top 25 received less than 
EUR 3 million each . 

Table 3 - 7 : Companies participating in FP6 and FP7, top 25 ranked by funding received  
 

Transport  -  Top Company Participants  Country  SME  No. of 
Projects 

FP6 - 7  

EC 
Funding 
(MEUR)  

 

1 Airbus Defence And Space GmbH  DE   16  7.85  

2 Thales SA FR   4 3.70  

3 Infineon Technologies A G DE   6 3.69  

4 Alenia Aermacchi Spa 118  IT    4 3.18  

5 Nxp Semiconductors Netherlands B V NL   4 2.96  

6 Infineon Technologies Austria  A G AT   7 2.71  

7 AMS AG AT   3 2.42  

8 Daimler A G DE   6 2.40  

9 STMicroelectronics SA IT    5 2.38  

10  Phillips Electronics Nederland B.V.  NL   4 2.33  

11  Isis -  Innovative Solutions in Space Bv  NL SME 3 2.19  

12  Cavendish Kinetics B.V.  NL SME 3 2.13  

13  Nanocyl S A BE SME 6 1.96  

14  MBN Nanomaterialia Spa  IT  SME 4 1.92  

15  Airbus Operations Gmb H DE   2 1.79  

16  Integrated Aerospace Sciences Corporation O.E.  EL SME 5 1.71  

17  Airbus Group Sas  FR   6 1.64  

18  CVD Technologies Limited  UK SME 2 1.50  

19  Centro Ricerche Plast -Optica Spa  IT    4 1.47  

20  Beneq O Y FI  SME 2 1.43  

21  Osram Opto Semiconductors Gmb H DE   1 1.41  

22  Nanomaterials Ltd  IL  SME 1 1.35  

23  Acciona Infraestructuras SA ES   5 1.27  

24  AVL List Gmb H AT   4 1.25  

25  Fischer Advanced Composite Components  AT   1 1.23  

 

  

                                                 

118  http://www.aleniana.com/about -us/profile/alenia_aermacchi_spa  

http://www.aleniana.com/about-us/profile/alenia_aermacchi_spa
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3.2.5  Participation by country  

In total, 47 countries took part in transport 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  

Rank  Country  TR NT funding (MEUR)  % of funding  

1 DE 109.5  18.7%  

2 UK 66.9  11.4%  

3 FR 66.0  11.3%  

4 IT  64.8  11.1%  

5 ES 45.6  7.8%  

6 NL 30.5  5.2%  

7 BE 27.5  4.7%  

8 CZ 21.3  3.6%  

9 EL 21.3  3.6%  

10  SE 20.6  3.5%  

11  CH 18.2  3.1%  

12  AT 15.6  2.7%  

13  FI  9.5  1.6%  

14  NO 9.2  1.6%  

15  PL 8.4  1.4%  
 

Total  535  91.3%  

 

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

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

 FP Total  Nanotechnology  Transport and  Nanotechnology  

 MEUR  Rank  Share of FP  MEUR  Rank  Share of NT  MEUR  Rank  Share of TR  

DE 10,164.1  1 16.5%  1,121.5  1 17.6%  109.5  1 18.7%  

UK  9,295.2  2 15.1%  845.9  2 13.3%  66.9  2 11.4%  

FR 7,319.3  3 11.9%  760.9  3 12.0%  66.0  3 11.3%  

IT  5,046.5  4 8.2%  505.2  4 7.9%  64.8  4 11.1%  

ES 4,200.6  6 6.8%  481.0  5 7.6%  45.6  5 7.8%  

NL  4,438.4  5 7.2%  444.3  6 7.0%  30.5  6 5.2%  

BE 2,518.0  7 4.1%  258.4  9 4.1%  27.5  7 4.7%  

CZ 415.7  20  0.7%  58.5  18  0.9%  21.3  8 3.6%  

EL 1,425.5  12  2.3%  128.5  14  2.0%  21.3  9 3.6%  

SE 2,386.7  9 3.9%  271.6  8 4.3%  20.6  10  3.5%  

Total  47,210.0    76.7%  4,875.9    76.7%  474.1    80.9%  

 

The top four countries accounted for more than half of the total EC funding for transport 
nanotechnology projects (52.5%). The same four countries, in the same order, head the rankings 
for nanotechnology projects and for FP projects overall, as seen in the  table above . The list is topped 



 
NanoData ï Landscape Compilation -  Transport  

 

 36 

by Germany with a share of 18.7%, followed by the UK (11.4%), France (11.3%) and Italy (11.1%). 
Other countries like Spain (7.8%), the Netherlands (5.2%) and Belgium (4.7%) follow at a distance . 

The figure below shows the ranking of countries participating in transport nanotechnology projects. 
In some cases, the share of funding for transport nanotechnology projects is lower than the shares 
for both nanotechnology projects and FP projects as a whole. However, there are some  cases in 
which the opposite is true, such as Germany, Italy, Spain, Belgium, the Czech Republic and Greece, 
wh ich  have higher percentages of funding for transport nanotechnology. In Italy and the Czech 

Republic, the shares of funding of transport nanotech nology projects are about 3% higher than their 
shares of nanotechnology projects funding , indicating that  these countries show a higher 
specialisation in the field of transport nanotechnology .  

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

In the figure below (the EC funding for transport nanotechnology projects in FP6 and FP7 (bars) and 
the country shares (points or diamonds)), five countries have increased their share of funding for 
transport nanotechnology projects from FP6 to FP7. These are Germany, the United Kingdom , the 
Netherlands, Belgium and the Czech Republic. The Czech Republic is the most significant case, as it 
increased its share of funding from  1% to 4.7%. France, on the other hand, had a reduced share of 

funding (13% in FP6 to 10.6% in FP7 ) . 
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Figure 3 - 4 : EC funding for transport  NT activities in FP6 and FP7 in MEUR and country 
shares  

3.2.6  Snapshot of  outputs from FP7  

A review was undertaken of 106 FP7 nanotechnology projects self - reported 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 t he 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 of FP7  
projects that have reported to date.  

In the review of the 106 SESAM reports, it was found that only two were directly related to transport. 

The first 119  was on lubricants (oil for passenger cars and grease for industrial bearings) using 
nanotechnology. This project led to twenty  scientific publications and one patent. The second 120  
project focused on the evaluation of metallic nanoparticles as potential fue ls for internal combustion 
engines such as those used in vehicles. It led to two publications and a patent.  

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

3.3  Other EU policies and programmes  

3.3.1  EU policies and programmes:  Transport  

In 2011, the European Commission Directorate General for Mobility and Transport (DG MOVE) 
published a White Paper called ñRoadmap to a Single European Transport Area ï Towards a 
competitive and resource efficient transport systemò121  in which the European Strategy for transport 
was explained. In relation to technology, in the section on ñInnovating for the future ï technology 
and behaviourò, the report identified that fragmentation of research and development efforts in 
Europe is harm ful, and that joint European efforts can bring the greatest European added value in 

areas including the following in which a role for nanotechnology can be envisaged :  

                                                 

119  The development and scale -up of innovative nanotechnology -based processes into the value chain of the 
lubricants mar ketò (AddNano), funded by the FP7-CP- IP scheme and coordinated by VIRTUALPIE LTD. 
https://sites.google.com/site/addnanoeu/  

120  ñTechnologies for Synthesis, Recycling and Combustion of Metallic Nanoclusters as Future Transportation 
Fuelsò (COMETNANO) and it was coordinated by the ñCentre for Research and Technology HELLASò. 

121  http://eur - lex.europa.eu/legal -content/EN/TXT/PDF/?uri=CELEX:52011DC0144&from=EN  

https://sites.google.com/site/addnanoeu/
http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52011DC0144&from=EN
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¶ Clean, safe and silent vehicles for all different modes of transport, from road vehicles  to ships, 
barges, rolling stock in rail and aircraft (including new materials, new propulsion systems and 
the IT and management tools to manage and integrate complex transport systems) ;  

¶ Technologies to improve transport security and safety ;  
¶ Potential new or unconventional transport systems and vehicles such as unmanned aircraft 

systems and unconventional systems for goods distribution ;  
¶ A sustainable alternative fuels strategy, including appropriate infrastructure ;  

¶ Integrated transport management and information systems, facilitating smart mobility services, 
traffic management, and realtime information systems to track and trace freight and to manage 
freight flows; and  

¶ Intelligent infrastructure (both land and space -based) to ensure maximum monitoring and inter -
operability of the different forms of transport and communication between infrastructure and 
vehicles.  

The focus is particularly on forms of mobility that are sustainable, energy -efficient and respectful of 
the  environment. Technical innovations, such as electric vehicles, intelligent transport systems and 
smart grids (all potentially harnessing nanotechnology developments), can contribute to achieving 
this goal. Alternative fuels like bio - fuels and non -pollutin g energy sources, notably hydrogen, are 
also pathways towards a more sustainable mobility.  

In addition, t he Commission Communication ( COM(2010)186 final) sets out a European strategy on 
clean and energy efficient vehicles. óDecarbonisingô transport has been identified as a priority target 

for the development of a sustainable transport system. Priority areas for road transport are thus 
electric vehicles, alternative fuels and hydrogen fuel cell vehicles 122 . 

3.3.2  EU policies and programmes: Industry  

Another type of mechanism to support nanotechnology and transport 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 develo pment of medium -  to long - term 

research and technological goals and associated roadmaps. They do not fund research projects but 
are a co -ordination mechanism. ETPs now exist across the themes of transport, energy, 
environment, ICT, production and processes,  and the bio -based economy.  

The following platforms act in the field of transport:  

¶ ACARE123 : Launched in 2001, the Advisory Council for Aeronautics Research in Europe engages 
in the planning of research activities at different levels (European/national, pri vate/public) in 
priority areas including greening transport; fostering competitiveness and efficiency; and raising 

safety standards levels. Within its remit falls co -ordination activity around projects addressing 
the manufacturing challenges associated wit h nanoparticle - reinforced structures and the use of 
nanoparticles in carbon - fibre - reinforced polymers for enhanced electrical capabilities (e.g. FP7 -
SARITSU 124 )  

¶ ALICE125 : The Alliance for Logistics Innovation through collaboration in Europe was created in 

2013 , on the basis of the European Green Cars Initiative and EIRA, the European Intermodal 

Research Advisory Council.  

¶ ERRAC126 : The European Rail Research Advisory Council  was established in 2001 to renew the 
sector and increase competitiveness through innovat ion and research at European level.  

¶ ERTRAC127 : The European Road Transport Research Advisory Council was set up in 2003 and 
develops a common vision to develop a common vision for road transport research in Europe 
gathering the road transport stakeholders.  

¶ Waterborne 128  started in 2005 as an industry -led initiative. It includes ñdeep and short sea 

                                                 

122  https://ec.europa.eu/jrc/en/research - topic/sustainable - transport -and - fuels   
123  http://www.acare4europe.com/   
124  www.saritsu.eu   
125  http://www.etp - logistics.eu/   
126  http://www.errac.org/   
127  http://www.ertrac.org/   
128  http://www.waterborne - tp.org/index.php/   

https://ec.europa.eu/jrc/en/research-topic/sustainable-transport-and-fuels
http://www.acare4europe.com/
http://www.saritsu.eu/
http://www.etp-logistics.eu/
http://www.errac.org/
http://www.ertrac.org/
http://www.waterborne-tp.org/index.php/
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shipping, inland waterways, yards, equipment manufacturers, marine leisure industryò, etc .  

Another related platforms is EPoSS 129  that deals with Smart Systems Integrat ion and I ntegrated 
Micro -  and Nanosystems.  

Research by companies in the EU is also supported through the EUREKA Eurostars 130  initiative 
established under Article 185 of the Treaty on the Functioning of the European Union (TFEU), in 
partnership between the E uropean 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 ser vices to the market. 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 p rovided 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 iden tified for Eurostars, three relate to nanotechnology and one is linked to 
transport applications but it is not clear that there are any that combine both at this time.  

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 industrial 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 Research and Development 
insufficient 131 . Examples in transport include:  

¶ Clean Sky (CS) 132 : established in 2008 with a budget of EUR 1.6 million, it aims to increase 
aircraft fuel efficiency and reduce NOx and noise emissions. It has six Integrated Technology 
Demonstrators: SMART Fixed Wing Aircraft , Green Regional Aircraft, Green Rotorcraft , 
Sustainable and Green Engines, Systems for Green Operations and Eco -Design. The initiative 

has been extended for 2014 -2020 through Clean Sky 2 (CS2 ) and received EUR 4 million (EUR 

1.8 from the EU and EUR 2.2 million from industry).  

¶ Shift2Rail 133  is a JTI that aims to ñintegrate new and advanced technologies into innovative rail 
product solutionsò and more specifically to the life-cycle cost of railway  transport, increasing 
railway capacity and reliability. Started in 2009 but established in 2014, it will receive an EU 
contribution of EUR 450 million for the period 2014 -2020.  

¶ The JTI FHC 134  Fuel Cells and Hydrogen Initiative Joint Undertaking (JU) was est ablished in 2008 

(launched under FP6) with the aim of establishing the necessary conditions for fuel cells and 
hydrogen technology to be introduced in the market. This goal included creating a critical mass 
of research resources that would persuade industr ies, investors and public authorities to embark 
on a long - term programme. As the enormous challenges posed by the transition from an oil -  to 
a hydrogen -based economy have not yet been overcome, despite significant investment of 
resources, the timescale for  FHC was extended from its original end -date of 2013. Activities are 

continuing under the latest Framework Programme, Horizon 2020 (H2020), with this phase 

(2014 -2020) having a total budget of EUR 1.33 billion provided on a matched basis between the 
EU (re presented by the European Commission), industry, and research.  

¶ The Bio -Based Industries 135 (BBI) Joint Undertaking is a EUR 3.7 billion public -private 

partnership, between the EU and the Bio -based Industries Consortium, which became fully 
operational in Octo ber 2015. The funding is EUR 975 million of EU funds (H2020)  and EUR 2.7 
billion of private investments. BBI aims to create a strong European bio -based industrial sector, 
thereby significantly reducing the EUôs dependency on fossil- fuels, helping the EU me et climate 
change targets, and leading to greener and more environmentally - friendly growth. Its focus is 

                                                 

129  http://www.smart -systems - integ ration.org/public   
130  https://www.eurostars -eureka.eu/  
131  http://era.gv.at/directory/142   
132  http://www.cleansky.eu/   
133  http://ww w.shift2rail.org/   
134  http://www.fch.europa.eu/   
135  http://www.bbi -europe.eu   

http://www.smart-systems-integration.org/public
http://era.gv.at/directory/142
http://www.cleansky.eu/
http://www.shift2rail.org/
http://www.fch.europa.eu/
http://www.bbi-europe.eu/
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on developing biorefining technologies, growing associated markets and jobs (particularly in 
rural and under -developed areas). Benefits envisaged by BB I include the productive use of 
waste, agricultural and forestry residues; diversification and increase of the income of farmers; 
replacement of at least 30% of oil -based chemicals and materials with bio -based and 
biodegradable ones by 2030; and reduction of CO 2 emissions by at least 50% compared to fossil 
alternatives . 

In addition to institutionalised PPPs (like FHC), there are contractual PPPs (cPPPs). One in particular 

is linked to the transport sector, namely the European Green Vehicles Initiative (EGVI) 136 , the 
continuation under FP7  of the European Green Cars Initiative (2009 -2013). The partnership, focusing 
on energy efficiency of vehicles and alternative powertrains, ha s the main goal of accelerating 
research, development and demonstration of technologies for the efficient use of clean energies in 
road transport. Its multi -annual roadmap is co -ordinated with the roadmaps from the three ETPs 

involved (ERTRAC, EPoSS and Sm artGrids). The estimated budget is EUR 1.5 billion (EUR 750 million 

from the H2020 and the same from industrial partners) 137 . EGVI includes in its portfolio of reports 
the project LISSEN 138  (lithium sulphur superbattery exploiting nanotechnology) from an FP NM P call 
on materials: innovative automotive electrochemical storage applications based on nanotechnology .  

3.3.3  Other EU policies and programmes:  Energy efficiency and environment  

Energy efficiency is central to the establishment of a resource -efficient EU economy. Minimising the 
use of energy is a cost -effective way to reduce consumption, concerns about energy security (as the 
need for imports will be lessened) and emissions of greenhouse gases and other pollutants. 
Transport plays a key role in the carbon footprint of the economy.  

In 2010, the European 2020 Energy Strategy 139  defined European energy goals to 2020. The 
Strategy stated the aim to achieve an 80% to 95% reduction in greenhouse gases compared to 1990 
levels by 2050 and to:  

¶ Reduce greenhouse gases by at least 20%;  

¶ Increase the share of renewable energy in the EU's energy mix to at least 20% of consumption; 
and  

¶ Improve energy efficiency by at least 20%.  

With specific reference to emissions from civil aviation, around 3% of total greenhouse gas emissi ons 
in the EU  come from that form of transport . Bio - fuels are seen as having a potential role here as 

they have a lower carbon footprint than conventional fuels. As a consequence, the European 
Commission launched the European Advanced Biofuels Flightpath 140  in 2011, in collaboration with 
Airbus, some European Airlines and bio - fuel  producers. The EU, together with the European 
Committee for Standardisation (CEN), is also working towards improving the technical quality 
standards of biofuels and biofuel blends f or vehicle engines 141 .  

Fuel quality  in general  was first addressed in 1998 and then in 2009 with the EU Fuel Quality 
Directive 142  on petrol and diesel specifications , w hich also envisaged the reduction of the greenhouse 

gas emissions for road transport.  

Among  the policies to  mak e transport more efficient and mitigat e its environmental impa cts, are 143 :  

¶ The inclusion of aviation in the EU Emissions Trading System (ETS);  
¶ Strategies to reduce emissions from cars and vans, including emissions targets for new vehicle s; 

and to reduce heavy duty vehicle fuel consumption and CO 2 emissions;  
¶ A target to reduce the greenhouse gas intensity of fuels;  
¶ Rolling resistance limits , tyre labelling requirements and mandatory tyre pressure monitors on 

new vehicles;  
¶ Legislation to encourage  national authorities to deploy gas and electricity infrastructure; and,  

                                                 

136  www.egvi.eu   
137  http://ec.europa.eu/research/press/2013/pdf/ppp/egvi_factsheet.pdf   
138  www.lissen.eu  
139  https://ec.europa.eu/energy/en/topics/energy -strategy/2020 -energy -strategy   
140  https://ec.europa.eu/energy/node/76   
141  https ://ec.europa.eu/energy/en/topics/renewable -energy/biofuels   
142  http://eur - lex.europa.eu/legal -content/EN/TXT/?uri=CELEX:32009L0030   
143  http://ec.europa.eu/clima/policies/transport/index_en.htm   

http://www.egvi.eu/
http://ec.europa.eu/research/press/2013/pdf/ppp/egvi_factsheet.pdf
https://ec.europa.eu/energy/en/topics/energy-strategy/2020-energy-strategy
https://ec.europa.eu/energy/node/76
https://ec.europa.eu/energy/en/topics/renewable-energy/biofuels
http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32009L0030
http://ec.europa.eu/clima/policies/transport/index_en.htm
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¶ Requirements on p ublic authorities to take account of life time energy use and CO 2 emissions 
when procuring vehicles.  

While many of these are not directly related to nanotechnology, increased demand for improved 
levels of vehicle performance, reductions in emissions and alternative fuels will inevitably lead to an 
increase in research, development and deployment of new and improved technological innovations 
such as tho se resulting from nanotechnology.  

3.3.4  Other EU policies and programmes:  European Institute of Innovation and 

Technology  

The European Institute of Innovation and Technology (EIT) 144  aims to enhance Europeôs ability to 

innovate, adapting quickly to the fast pace of development, being one step ahead in providing 
solutions to rapidly emerging societal problems and developing products that meet the demands and 

desires of consumers.  

Relat ed to transport needs, KIC InnoEnergy was one of the first Knowledge and Innovation 
Communities (KICs) supported by the EIT. Among its specific fields of activity are actions on fuels 
including biofuels (production, transportation, storage and utilisation) ; energy efficiency (including 
transport, which had the highest consumption percentage in the EU in 2012 at 32%); energy storage 

(including electric vehicles and smart batteries and, more specifically, lithium ion batteries and 
supercapacitors) and smart a nd efficient buildings and cities.  

Climate KIC is also one of the Knowledge and Innovation Communities involved in the environmental 
impact of transport. For instance, green mobility and green transport are topics they deal with in 
their working area ñUrban Transitionsò. 

3.3.5  Other 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:  

¶ 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 communications 
technology; environmental prote ction, climate change adaptation; risk prevention and 
management; transport and social inclusion.  

¶ The European Social Fund (ESF), for the enhancement of employment opportunities, social 
inclusion and skills, supports skills and training; access to employm ent for all including women 
and migrants; improvement of public services; innovation in SMEs; and access to start -up 
capital.  

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

¶ The European Agricultural Fund for Rural Developm ent (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 Innovation 
Partnership on Agricultural Producti vity and Sustainability. The Fund has a budget of EUR 95.6 
billion over 2014 -2020.  

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

2020 for the development of businesses through research and innovation. It can als o 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 transport and nanotechnology, albeit 
that the topic is likely to capture only a small part of their budget , particularly in comparison with 
the funding under the Framework Programmes and the NMP theme in particular. The last two will 
also have potential relevance in the use of nanotechnology in fuels and coatings (e.g. anti - fouling 

for ships).  

                                                 

144  The EIT is a body of the European Union based in Budapest, Hungary. It was established by the Regulation 
(EC) No 294/2008 of the European Parliament and of the Council of 11 March 2008. It became operational 
in 2010. http://eit.europa.eu/   

http://eit.europa.eu/
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3.3.6  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 
the policy, and it is within this framework that smart specialisation was introduced. The Smart 
Specialisation Strategies (RIS3) 145  aim to focus regional innovation policies on regional priorities 
based on existing areas of strength; competitive ad vantage; 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:  

¶ Focus policy support and investments on key national/regional priorities and challenges;  

¶ Build on each country/regionôs strengths, competitive advantages and potential for innovation 

excellenc e;  

¶ Exploit potential synergies with other countries and regions;  

¶ Support all forms of innovation, and encourage innovation and experimentation; and  

¶ Stimulate private sector investment;  

 

 

 

The next section considers Member State policies and programmes fo r nanotechnology and 

transport .  

 

                                                 

145  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.  

http://s3platform.jrc.ec.europa.eu/eye-ris3
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4  POLICIES AND PROGRAMMES IN MEMBER STATES FOR 

NANOTECHNOLOGY AND TRANSPORT  

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 national 
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 nanotechnologies for funding at European 
level, it is hardly surprisi ng 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.  

Specific initiatives at Member State level, past 146  or present, tha t relate, either specifically or in 

general, to nanotechnology and transport include:  

Austria: The Austrian NanoInitiative 147  (2004 -2011, total funding EUR 70 million, administered by 
the Austrian Research Promotion Agency (FFG)). The initiative works on a c ollaborative basis across 
Austria and transnationally 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, matching the remi t of its funding agency FFG, was to invest in projects with 
considerable market potential, relevant to Austrian companies. The type of activities begun under 
the programme are now continuing under the thematic areas FFGôs research funding programmes. 
Since  2012, nanotechnology has been supported, largely under open calls, via FFGôs thematic 
research funding e.g. Production of the Future.  

Also in Austria, at regional level, Styria's Economic Strategy 2020 (Wirtschaftsstrategie Steiermark 

2020 (2011) 148  is a successor to the State Government's previous economic strategy 2006. The 
2006 strategy identified so -called economic and technological strong -points (ñStªrkefelderò) of the 
region, on which innovation policy activities were focused including transpor t149 . The 2011 strategy 

bundles activities in these fields under three major leading themes: i) mobility, ii) eco - technology, 
and iii) health technology.  

Belgium:  In 1984, the Government of Flanders granted EUR 62 million (as initial investment) to 

create the first associated lab of IMEC 150  in Leuven. IMEC is a research institute that provides 
laboratories, facilities and technical support rooms. For the period 2002 -2006, the contribution  of 
the Government of Flanders  was EUR 34 million (24% of IMECôs total revenue, with over EUR 100 
million coming from contract research). In 2007, the Government of Flanders granted additional 
funding of around EUR 48 million. IMEC is  relevant to transport as it focuses on R&D in 
microelectronics, nanotechnology, design methods and technologies for ICT systems, including 
activity in wireless communication and expertise in radar systems.  

France : The French Agence National de la Recherche (ANR) channels public funding into priority 
areas including Nanotechnologies & Manufacturing. The P2N programme 151  has aimed, since 2006, 
to strengthen national excellence in the areas of micro and nano -engineering (ranging from core 
technologies t o systems), and speed up technology transfer to French firms in order to exploit the 

extraordinary potential of the nanotechnologies. P2N also addresses nanotechnologies for 
sustainable development. Complementary to P2N, the Sustainable Electricity Product ion and 
Management (PROGELEC) programme aims to accelerate French research for the development of 

                                                 

146  FinNano, the Finnish nanoscience and nanotechnology programme, was established in 2005 and is coordinated 
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 from basic research to 
commercial products. One priority area of the programme was the application of nanotechnology for Health and 
Well -being. More recently, Finland has moved away from specific funding of nanotechnology activity.  
147  https://www.ffg.at/nano -das-programm   

148  http://www.wirtschaft.steiermark.at/cms/bei trag/10430090/12858597   
149  material sciences; mechanical engineering/automotive and transport technologies; chemical and process 

engineering; human technology; information and communication technologies; environmental technologies; 
energy; building services  engineering (including timber construction); nanotechnology; computer simulation 
and mathematical modelling.  

150  http://www2.imec.be/be_en/about - imec.html ;  
151  http://www.agence -nationale - recherche.fr/en/projects -and -results/calls - for -proposals -2013/aap -

en/nanotechnologies -and -nanosystems -p2n -2013/   

https://www.ffg.at/nano-das-programm
http://www.wirtschaft.steiermark.at/cms/beitrag/10430090/12858597
http://www2.imec.be/be_en/about-imec.html
http://www.agence-nationale-recherche.fr/en/projects-and-results/calls-for-proposals-2013/aap-en/nanotechnologies-and-nanosystems-p2n-2013/
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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renewable energies, which have relevance to transport and other areas, and the integration of 
innovative systems for optimised electricity management. The obj ectives are to reinforce the 
partnerships between the industrial and scientific communities, and to improve the competitiveness 
of French technologies by fostering technological breakthroughs.  

Germany :  I n 1999 -  the German Federal Ministry of Education and  Research (BMBF) launched the 
Framework Concept for the Production of Tomorrow. In 2004, the German Innovation Initiative for 
Nanotechnology -  ñNanotechnology Conquers Markets 152ò was launched, funding five leading-edge 

innovation programmes, one being NanoM obil which was put in place due to the importance of the 
automotive industry in Germany. The objective of this programme was to trigger research and 
development projects in nanotechnology for applications in traffic technology, in particular in the 
automob ile industry and its suppliers, taking into account especially the areas of safety, 
ecology/sustainability and comfort.  

Furthermore, the programme Optical Technologies (2002 -2012, total funding of EUR 275.5 million 

administered by VDI Technologiezentrum) s upported co -operative R&D projects in the realm of 
traffic and mobility, (as well as environment, nano -electronics, information and communication and 
healthcare systems and biotechnology,).  

In 2011, the German Ministry for Education and Research (BMBF) pu blished the Action Plan 
Nanotechnology 2015 153 , outlining the strategy for responsible development, innovation and public 
dialogue for the period 2010 -2015. The plan included proposals for developing nanotechnology in 
five main areas (mobility, climate/energ y, health/food and agriculture, communication and security). 

In the field of Mobility of this Plan there was a specific mention of the important contributions of 
nanotechnology to safety, sustainability and comfort in the automobile sector. It was also men tioned 
that electric mobility was the central field of application of nanotechnology in the mobility sector 
(naming as important the ñNational Electromobility Development Planò, the National Platform for 
Electric Mobility and the ñJoint Agency for Electric Mobilityò (GGEMO) as investment platforms). The 
uses for nanotechnology mentioned in this strategy include ñnanotechnology for cost-effective and 

resource -saving mobilityò, ñnanotechnology for electric mobilityò and ñnanomaterials for intelligent 

streetsò.  

Slovakia:  The Ministry of Education, Science, Research and Sports (MESRS) 154  published the Action 
Plan for the Innovation strategy for smart specialisation (RIS3) 2014 -2020 155 . The Action Plan 
focused on measures to encourage R&D expenditure of companies and applied research. The Action 
Plan also identified seven priority areas that include automotive & mechanical engineering industries  
and material research and nanotechnologie s.156   

Spain:  In Spain, in the Sixth National Scientific Research, Development and Technological 
Innovation Plan (2008 -2011), the Strategic Action for Nanoscience and Nanotechnology, New 
Materials and New Industrial Processes (SANSNT) addressed seven priorit ies, industry and 
environment and high performance materials and coatings between them, including those relevant 
to transport.  

Within the Spanish State Plan for Scientific and Technical Research and Innovation 2013 -2016, 

funding support instruments was ma de available for Key Enabling Technologies development and 

dissemination, including nanotechnology, (e.g. R+I+i projects, innovation and technology 
modernisation projects).  

The United Kingdom:  In the United Kingdom in 2010, the Ministerial Group on Nanotec hnologies, 
the Nanotechnology Research Co -ordination Group (NRCG) and the Nanotechnology Issues Dialogue 
Group (NIDG) issued the UK Nanotechnologies Strategy -  Small Technologies, Great Opportunities 
which addressed energy generation through solar technolo gy as a national priority. Advanced 
materials for energy is also a thematic priority area in the Enabling Strategy 2012 -2015 of 

InnovateUK (formerly the Technology Strategy Board).  

                                                 

152  http://d -nb.info/97392179x/34   
153  http://www.lai.fu -

berlin.de/homepages/nitsch/publikationen/Germany_ActionPlanNanotechnology_2015.pdf   
154  https://www.minedu.sk/about - the -ministry/   
155  http://s3platform.jrc.ec.europa.eu/regions/SK    
156 http://s3platform.jrc.ec.europa.eu/documents/10157/511834/PPT_Slovakia_D ublin%20FINAL%2026%206

%202014.pdf  

http://d-nb.info/97392179x/34
http://www.lai.fu-berlin.de/homepages/nitsch/publikationen/Germany_ActionPlanNanotechnology_2015.pdf
http://www.lai.fu-berlin.de/homepages/nitsch/publikationen/Germany_ActionPlanNanotechnology_2015.pdf
https://www.minedu.sk/about-the-ministry/
http://s3platform.jrc.ec.europa.eu/regions/SK
http://s3platform.jrc.ec.europa.eu/documents/10157/511834/PPT_Slovakia_Dublin%20FINAL%2026%206%202014.pdf
http://s3platform.jrc.ec.europa.eu/documents/10157/511834/PPT_Slovakia_Dublin%20FINAL%2026%206%202014.pdf


 
NanoData ï Landscape Compilation -  Transport  

 

 45 

The UK Enabling Technologies Strategy 2012 -2015 157  also addresses four enabl ing technologies -  
advanced materials; electronics, sensors and photonics; information and communication technology 
(ICT); and to support business in developing high -value products and services in areas such as 
transport, energy, the built environment, foo d and healthcare. Nanotechnology is identified as 
having a significant underpinning role across most of these technology areas.  

Many Member State nanotechnology policies and programmes are identified in the table below. In 
addition to individual Member Sta te initiatives, there are bilateral and multilateral collaborations 

between countries, agencies and research organisations. There is also additional information in the 
Annex: Additional Information on Member State Policies and Programmes (an Annex which is  
common to all the NanoData Landscape Compilation reports).  

In addition to individual Member State initiatives, there are bilateral and multilateral collaborations 
between countries, agencies and research organisations. National websites also highlight the 

importance nanotechnology for and some countries actively p romote themselves as leaders in 

nanotechnology. For example:  

¶ From France, the web site of Campus France 158  states:   

ñWith more than 5,300 researchers and 240 laboratories working in the nanosciences and 
nanotechnologies, French institutions are engaged in a  great many nano - research projects in 
the broad fields of electronics, communications , materials, energy (including lithium - ion 
batteries and hydrogen cells for increased autonomy of electric cars  and motors), 
biotechnologies, pharmacology, medicine, healt h, and the environment . [é.] With the research 

infrastructure built since the 1990s, France is one of the leaders in basic research in the 
nanosciences. The country ranks second in Europe, after Germany, in the amount invested in 
nanoscience research, and fifth in the world in number of publications in the field.ò 

¶ From Germany, the Trade and Invest Agency 159  website provides the information that:  
ñApproximately half of the nanotechnology companies in Europe are from Germany; the country 

is number one in Euro pe in the nanotechnology industry. German companies manufacture 
products in the areas of nanomaterials, nanotools, nanoanalytics, and nanotools accessories 

(e.g. vacuum and cleanroom technology, plasma sources, etc.). They also manufacture and 
utilise nano -optimised components and systems, and they provide services in the areas of 
consulting, contract coating, technology transfer, and commissioned analysis and research éò. 
Many of these applications of nanotechnology are relevant to transport, a large and i mportant 
industry in Germany.  

 

Some of the policies and programme s for nanotechnology, and where appropriate nanotechnology 
and transport, in countries outside of the EU are reported in the next section.  

 

                                                 

157  https://www.gov.uk/government/publications/enabling - technologies -strategy -2012 - to -2015   
158  http://ressources.campusfrance.org/catalogues_recherche/recherche/en/rech_nano_en.pdf   
159  http://www.gtai.de/  

https://www.gov.uk/government/publications/enabling-technologies-strategy-2012-to-2015
http://ressources.campusfrance.org/catalogues_recherche/recherche/en/rech_nano_en.pdf
http://www.gtai.de/GTAI/Navigation/EN/Invest/Industries/Chemicals-materials/nanotechnology.html


 

 

Table 4 - 1 : Member State policies and programmes for nanotechnology  

Country  Name of Initiative  Dates  Relevance  Description  Target 

Groups  

Implementing 

Body  

Budget           

(EUR millions)  

AT Austrian NANO 

Initiative 160  

(NANO)  

2004 -

2011  

Directly 

Targeting NT  

Multiannual, funding collaborative R&D, co -ordinating 

NANO-related policy measures at national and regional 

levels. Since 2012, NT is supported via FFGôs thematic 

research funding e.g. Production of the Future  

IND SME 

HEI  PRO  

FFG 70 over 8 years  

AT ------  From 

2012  

Thematic, not 

NT Specific  

Since 2012, NT R&D is being s upported via FFGôs 

thematic research funding e.g. Production of the Future  

All  FFG 450 for all disciplines 

(over the preceding 4 

years when funding was 

managed by BMVIT)  

BE IMEC From  

1984  

Thematic,  not  

NT Specific  

Since  1984  the  Government  of  Flanders  is supporting  

IMEC research  institute  

All  Government  of  

Flanders  

Initial  investment:  62  

For  every  period  the  
contribution  increased  

until  reaching  around  

48  in  2011.  

DK Strategic Research in 

Growth Technologies 161  

From 

2005  

Directly 

Targeting NT  

Programme to strengthen research at the bio -nano - ICT 

interface for socio -economic benefit  

IND SME  

HEI  PRO  

Innovation 

Fund Denmark  

c. 10 per annum  

FI  FinNano 162  2005 -

2009  

Directly 

Targeting NT  

Multiannual funding for nano S&T to study, exploit and 

commercialise nano.  

IND SME  

HEI  PRO  

Tekes  70 over 5 years  

FR Nanomaterials 

Mandatory Reporting 

Scheme 163  

From 

2013  

Directly 

Targeting NT  

Mandatory reporting scheme for nanomaterials of 100g 

and above  

All  ANSES n/a  

FR PNANO  

P2N 

2002 -5 

2006 -13  

Directly 

Targeting NT  

R&D on  

¶ Nanotechnologies, Nanodevices, Micro -Nanosystems  

¶ Simulation and Modelling of Nanosystems  

¶ Nanotechnologies for Biology, Health and Agro - food  

¶ Nanotechnologies for Energy and Environment  

¶ Integrative Research Projects for Nanosystems  

IND SME 

HEI  PRO 

and 

Indiv iduals  

ANR164   

139.8 for P2N over 8 

years  

 

FR Investissements 

dôavenir  

From 

2011  

Generic  Excellence initiatives including nanobiotechnology and 

bioinformatics  

IND SME 

PRO 

ANR 12 per annum  

DE Nanotechnology 

Conquers Markets  

2004 -

2006  

Directly 

Targeting NT  

Five leading -edge innovation programmes including 

NanoforLife ï pharmaceuticals and medical  

All  BMBF 24 over 3 years  

                                                 

160  https://www.ffg.at/nano -aktuell  ; https://www.ffg.at/11 -ausschreibung -produktion -der -zukunft  
161  http://innovationsfonden.dk/en/about - ifd  
162  www.tekes.fi  
163  https://www.anses.fr/fr/lexique/nanotechnologies  
164  http://www.agence -nationale - recherche.fr/   

https://www.ffg.at/nano-aktuell
https://www.ffg.at/11-ausschreibung-produktion-der-zukunft
http://innovationsfonden.dk/en/about-ifd
http://www.tekes.fi/
https://www.anses.fr/fr/lexique/nanotechnologies
http://www.agence-nationale-recherche.fr/
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Country  Name of Initiative  Dates  Relevance  Description  Target 

Groups  

Implementing 

Body  

Budget           

(EUR millions)  

DE Nano Initiative ï Action 

Plan  

2006 -

2010  

Directly 

Targeting NT  

Cross -departmental initiative led by BMBF: to speed 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 with the public.  

All  BMBF 640 over 5 years  

DE Innovation Alliances  2007 -

2012  

Directly 

Targeting NT  

For strategic long - term co -operation between multiple 

industry and public research partners. Funds R&D, other 

innovation - related activities. Public and private funds are 

combined  in a 1:5 ratio.  

All  BMBF 500 over 6 years  

IT  Fondo per la Crescita 

Sostenibile (FCS)  

(Fund for sustainable 

growth)  

2002 -

2004  

Targeting  NT In  September  2014  MISE  issued  the  call  for  industrial  

R&D projects  of  the  FCS, covering  the  fields  of  ICTs,  

nanotechnology,  advanced  manufacturing,  advanced  

materials,  biotechnology,  technologies  associated  with  

the  EU Horizon  2020  programme.  

Mainly  

SMEs 

MISE  300  

LT High  Technology  

Development  

Programme  

2012 -  

Ongoing  
 The  High  Technology  Development  Programme  in  2012  

aims  to  encourage  scientists,  researchers  and  students  to  

establish  start -up  or  spin -off  companies.  13  new  

companies  obtained  public  funding.  The  high - tech  areas  

concerned  are:  information  technology,  nanotechnology,  

mechatronics  lasers  technology  and  biotechnology  

SMEs MITA  13  companies  obtained  

public  funding  for  a 

maximum  of  around  

EUR 20,000  each  

NL NanoNed  2004 -

2011  

Directly  

Targeting  NT 

NanoNed  was  organised  into  eleven  independent  

flagships  based  on  regional  R&D strength  and  industrial  

relevance,  including  NanoFabrication  and  NanoElectronics  

IND  SME 

HEI  PRO 

and  

Individuals  

Dutch  Ministry  

for  the  

Economy  

235  over  8 years  

NL NanoNextNL  2011 -

2015  

Directly 

Targeting NT  

Consortium -based system (over one hundred companies, 

nine knowledge inte nsive institutes, six academic medical 

centres and thirteen universities). Stakeholders 
collaborate on fundamental and applied research 

projects. It  includes  NanoFabrication.  

IND SME 

HEI PRO 

and 

Individuals  

Dutch Ministry 

for the 

Economy  

125 over 5 years  

NL Top sectors  2010  to  

date  

Directly  

Targeting  NT 

The  Top Sector  Policy  involves  government  support  in  

nine  key  economic  areas  (the  top  sectors)  through  a 

combination  of  generic  (i.e.  financial)  instruments  and  a 

focused  emphasis  on  achieving  optimum  cooperation  in  

the  Ăgolden triangleˤ formed  by  companies,  research  

institutions  and  government.  The  policy  works  through  

Top Consortia  for  Knowledge  and  Innovation  (TKIs).  

IND  

SME HEI  

PRO 

Dutch  Ministry  

for  the  

Economy  

Objective  for  public  and  

private  sector  to  

participate  in  the  Top 

Consortia  for  

Knowledge  and  

Innovation  (TKIs)  for  an  

amount  of  at  least  EUR 

500  million  by  2015,  

40%  of  which  from  

trade  and  industry.  
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Country  Name of Initiative  Dates  Relevance  Description  Target 

Groups  

Implementing 

Body  

Budget           

(EUR millions)  

ES Strategic Action of 
Nano Science, Nano 

technologies, new 

materials and new 

industria l processes  

2008 -

2011  

Directly 

Targeting NT  

To enhance the competitiveness of industry by 
generating new knowledge and applications based on the 

convergence of new technologies, where nanotechnology 

plays a central role.   

IND SME 

HEI PRO 

Ministry  33 over 4  years  

PT International  Iberian  

Nanotechnology  

Laboratory  

2005  to  

date  

Directly  

Targeting  NT 

International  research  organisation  in  the  field  of  

nanoscience  and  nanotechnology,  the  result  of  a joint  

decision  of  the  Governments  of  Portugal  and  Spain.  

Becoming  a state -of  the  art  research  environment  

(including  nanofabrication  facilities)  for  nano -

biotechnology,  nano -electronics,  nanomedicine  and  

materials  science  at  nanoscale.  INL  hosts  researchers  

from  the  EU and  non -EU countries  including  Brazil.   

IND  SME 

HEI  

Governments  

of  Portugal  and  

Spain  

46.5  (of  which  30  from  

ERDF Spain  ï Portugalò 

Operationa l 

Programme)  over  7 

years  

SK Action  Plan  for  the  
Innovation  Strategy  for  

Smart  Special isation  

(RIS3)  2014 -2020   

2014 -

2020  

Targeting  NT,  

but  not  only  

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  

include  material  research  and  nanotechnologies  and  

information  and  communication  technologies.  

Industry  MESRS Around  42  for  

nanotechnology  

Around  10  for  ICT  

UK Micro and 

Nanotechnology 

Manufacturing 

Initiative 165  

2003 -

2007  

Directly 

Targeting NT  

Support for collaborative R&D and capital infrastructure, 

co- financed by industry  

Industry  DTI  329 over 4 years, over 

100 from public funds  

UK UK Nanotechnologies 

Strategy  

2009 -

2012  

Directly 

Targeting NT  

Targets the ways by which nanotechnologies can address 

major challenges facing society such as environmental 

change, ageing and growing populations, and global 

means of communication and information sharing.  

IND SME 

HEI PRO 

TSB, EPSRC, 

BBSRC and 

MRC 

 

UK Key  Enabling  

Technologies  Strategy  

2012 -

2015  

NT as 

Underpinning  

Technology  

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 h ealthcare and life sciences sectors.  

Business  

mainly  

Innovate  UK GBP 20m  a year  in  

higher - risk,  early -stage  
innovation  across  

advanced  materials;  

biosciences;  electronics,  

sensors  and  photonics;  

and  ICT  

 

                                                 

165  http://www.innovateuk.org/   

http://www.innovateuk.org/
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5  POLICIES AND PROGRAMM ES IN OTHER COUNTRIES 166  

5.1  Europe  

5.1.1  Non - EU Member States  

5.1.1.1  Norway  

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

and New Materials (NANOMAT) 167 , the first thematic investment area being Energy and the 
environment .  

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

Materials Programme (NANO2021) 168 . Managed by the Research Council of Norway 169 , this large -
scale programme covers research on nanoscience, nanotechnology, micro - techn ology 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 Minis try of Trade and Industry. The annual budget in 
the period 2013 -2021 has been set at NOK 92.1 million (EUR 10 million 170 ) 171 .  

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 launch, in April of that year, of a strategy for the development of the ónano-

industriesô. The strategy was to be realised through a series of Federal Target Programmes, amongst 
which was one specifically dedicated 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 o f 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 princ ipal 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 
of a re -organisation in 2011 of the State ñRussian Corporation of Nanotechnologiesò that was 
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 for the 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 172 )  
but  this  dropped  to USD 2.6  billion  (EUR 1.9  billion 173 )  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  
nanotechnology - related  innovation.  It  acts  as a co- investor  in  nanotechnology  projects  having  
substantial  economic  or  social  potential.   

RUSNANO has  a very  wide  range  of  activities  spanning  from  research  to  foresight  to  infrastructure,  
education,  standards  and  certification.  Its  research  projects  include  work  on  the  Manufacturing  of  
New  Generation  Lithium - Ion  Accumulators  for  Energetics  and  Electric  Transport.  In  December  2011,  

                                                 

166  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  )  

167  http://www.forskningsradet.no/prognett -
nano2021/Artikkel/About_the_programme/12539706 33592?lang=en  

168 http://www.forskningsradet.no/servlet/Satellite?c=Page&pagename=nano2021%2FHovedsidemal&cid=1253
96991623 7&langvariant=en   

169  http://www.forskningsradet.no  
170  At the current exchange rate, October 2015  
171  Nanotechnology and Advanced Materials ï NANO2021: Work Programme  
172  Average yearly conversion rate, 2008 -2009 ( sou rce : www.wolframalpha.com  ) 
173  Average yearly conversion rate, 2010 ( source : www.wolframalpha.com  ) 

http://unstats.un.org/unsd/methods/m49/m49regin.htm
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http://www.forskningsradet.no/prognett-nano2021/Artikkel/About_the_programme/1253970633592?lang=en
http://www.forskningsradet.no/servlet/Satellite?c=Page&pagename=nano2021%2FHovedsidemal&cid=1253969916237&langvariant=en
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within  the  framework  of  that  project,  the  largest  worldwide  plant  for  manufacturing  of  high  capacity  
lithium - ion  accumulators  of  Liotech -company  was  started .  

5.1.1.3  Switzerland  

Basic (fundamental) research is funded at nati onal 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 ñFachhochschulenò (Universities of Applied Research). Two- thirds of R&D investment 
(which in Switzerland is almost at the EU target of 3% of GDP) comes from pri vate industry.  

CTI funds the Swiss MNT network (micro and nanotechnology) as one of the core innovative themes 
of national and international importance 174 . The Swiss MNT Network is an R&D consortium of the 

major public R&D institutions in micro and nanotechn ology whose goal is to simplify access to 
industries looking for competences and expertise for their projects 175 . Members include ETH Zürich, 

Hightech Zentrum Aargau, Centre of Micronanotechnology (EPFL), Adolphe Merkle Institute and 
companies such as IBM, B ASF and Novartis. There are also some regional networks that include 
nanotechnology as priority: i -net innovation networks Switzerland ï i-net Nano 176 , and Nano -Cluster 
Bodensee 177 . Most activities are strongly focused on R&D to support industry.  

5.2  The Americas  

5.2.1  North America  

5.2.1.1  Canada  

Nanotechnology is promoted in Canada mainly at the level of its Pro vinces, for example in Alberta 

and Quebec.   

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 178 ) in market share 
for nano -enabled commerce by 2020.    

Quebec  

NanoQuébec is a not - for -profit organisation funded by the MEIE (Ministère de l'Économie, de 
l'Innovation et des Exportations du Québec). Its mission is to strengthen nanotechnology innovation, 
increase its diffusion and raise both capabilities and capaciti es 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 
merger with the Consortium I nnovation Polymères, NanoQuébec has formed part of Prima Québec, 

Quebecôs advanced materials research and innovation hub.  

Quebecôs Nano Action Plan 2013-2018 179  specifically targets four priority sectors: microsystems, 
health, industrial materials and fores try. It covers infrastructure, financing of innovation, knowledge 

                                                 

174  https://www.kti.admin.ch/kti/en/home/unsere - foerderangebote/Unternehmen/internationale -netzwerke -
und - forschungskooperationen -neu/spezialthema - japan -schweiz1/foerderlandschaft -schweiz.html  

175  http://www.swissmntnetwork.ch/content/  
176  http://www.i -net.ch/nano /  
177  http://www.ncb.ch/wordpress_neu/  
178  Current conversion rates, October 2015  
179  http://www.nanoquebec.ca/media/plan -action_en1.pdf   
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transfer and technology transfer, and national and international outreach 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 180 ). QNI has 
particular strengths in micro -nanofabrication, characterisation, synthesis and modelling. Other 
infrastructure can be accessed but is not f unded 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. Knowledge 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 proj ects and finance to Quebec and to increase the engagement in international projects by 

people from Quebec.  

5.2.1.2  United States of America (US)  

The National Nanotechnology Initiative 181  was launched in 2000 across a group of eight Federal 
agencies with some respon sibility 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 educat ional resources, a skilled workforce and 
the supporting infrastructure and tools to advance nanotechnology; and support the responsible 
development of nanotechnology.  

The NNI is managed within the framework of the National Science and Technology Council (N STC), 
a cabinet - level council under the Office of Science and Technology Policy at the White House. The 

Nanoscale Science, Engineering, and Technology (NSET) Subcommittee of the NSTC facilitates 
planning, budgeting, programme implementation and review acro ss the NNI agencies. The National 

Nanotechnology Co -ordination Office (NNCO) was established in 2001 to 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 
NSET has Working Groups on Global Issues in Nanotechnology; Nanotechnology Environ mental & 

Health Implications; Nano -manufacturing, Industry Liaison, & Innovation; and Nanotechnology 
Public Engagement and Communications , the most relevant for transport being manufacturing .  

In February 2014, the National Nanotechnology Initiative releas ed a Strategic Plan 182  outlining 
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  2014  NNI  Strategic  plan  mentions  the  different  priorities  and  interests  of  Federal  agencies,  that  
are  relevant  to  transport,  for  example:  

¶ The Department  of  Energy  (DOE)  views  nanoscience  and  nanotechnology  as having  a vital  role  
to  play  in  solving  the  energy  and  climate -change  challenges,  particularly  for  energy  storage,  

alternative  fuels,  energy  efficiency  and  solar  energy  collection  and  conversion.  

¶ The Nati onal  Reconnaissance  Office  (NRO)  has  an R&D program me  that  focuses  on  
nanoelectronics,  nanomaterials,  and  energy  generation  and  storage  using  nanotechnologies.   

                                                 

180  Current conversion rates, October 2015.  
181  http://www.nano.gov/   
182  http://www.nano.gov/sites/default/files/pub_resource/2014_nni_strategic_plan.pdf   

http://www.nano.gov/
http://www.nano.gov/sites/default/files/pub_resource/2014_nni_strategic_plan.pdf


 
NanoData ï Landscape Compilation -  Transport  

 

 52 

¶ NASA focuses  R&D activities  also  on  energy  generation,  storage,  and  distribution.   

The NNI's budget supplement proposed by the Obama administration for Fiscal Year 2015 provided 
for USD 1.5 billion (EUR 1.2 billion 183 ) of funding. Cumulative NNI investment since fiscal year 2001, 
including the 2015 request, totals almost USD 21 billion (EUR 17 billi on 184 ). Cumulative investments 
in nanotechnology - related environmental, health, and safety research since 2005 is n early USD 900 
million (EUR 680 m illion 185 ). The Federal agencies with the largest investments are the National 
Institutes of Health (NIH), the Na tional 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  standards  development)  have  areas  dedicated  to  nanotechnology  as well  as to  the  transport -
relevant  area  of  energy  (having  a specific  portal  dedicated  to  each  of  them) 186  187 . NIST  provides  
facilities  to  support  production,  through  the  Centre  for  Nanoscale  Science  and  Technology  (CNST) 188 , 

established  in  2007.  The  CNST facilitates  the  access  to  commercial  state -of - the -art  nanoscale  

measurement  and  fabrication  too ls. In  addition,  NanoLab  enables  researchers  to  collaborate  on  
developing  instruments  designed  to  reveal  the  nanoscale  physical  and  chemical  processes  and  
properties  critical  to  advances  in  energy  conversion,  transport  and  storage 189 . One  focus  area  covers  
the  theory  and  modelling  of  materials  for  renewable  energy;  nanostructures  for  energy  conversion;  
opto -electrical  characterisation  of  nanostructured  photovoltaic  materials  and  devices;  nanoscale  
functional  and  structural  characterisation  of  thin - film  inorga nic  solar  cells;  and  nanostructured  
thermo -electrics,  all  of  which  are  potentially  relevant  to  transport  applications .  

The  US Department  of  Energy  (DoE)  has  established  five  Nanoscale  Science  Research  Centres  that  
provide  facilities  and  instruments  to  the  international  academic,  industry  and  government  research  
community  for  successfully  peer - reviewed  research  projects 190 . The  centres  are:  Centre  for  
Functional  Nanomaterials  (CFN),  Centre  for  Integrated  Nanotechnologies  (CINT),  Centre  for  
Nanophase  Materials  Sciences  (CNMS),  Molecular  Foundry  (TMF)  and  Centre  for  Nanoscale  Materials.  
The  last  one  is a joint  partnership  between  the  DOE and  the  State  of  Illinois,  is one  of  offices  of  the  

DoE191  with  the  main  goal  of  conducting  basic  research  and  instrumentation  development  in  

nanotechnology 192 . The  DOE programmes  EV Everywhere  (for  electric  vehicles)  and  SunShot  (for  
photovoltaics)  are  using  engineered  nanomaterials  and  nanoscale  processes  

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 193 )  (FY 2015),  funds  approximately  24%  of  all  federally -
supported  basic  research  (except  for  medical  sciences)  conducted  by  America's  colleges  and  
universities 194 . Current  topics  (many  of  which  would  address  nanotechnology  and  transport)  include:  

biomass  conversion,  biofuels  & bioenergy;  photovoltaic  (PV)  solar  energy  (particularly  oriented  to  
nanotechnology);  advanced  batteries  for  transportation  and  renewable  energy  storage 195 . 

The US Department of Defence contributes to nanotechnology research through its Defence 
Nanotechnology Research and Development program me 196 . This document is partially connected to 
transport - related matters, for instance energy storage for navy devices and systems and therma l 
energy conversion.  

In additional to these Federal initiatives, there exist several policy initiatives at State level 197 . 

Programmes for the promotion of nanotechnologies currently exist in 23 states. Notable examples 

                                                 

183  Average yearly conversion rate, 2015 ( source : www.wolframalpha.com   )   
184  Average yearly conversion rate, 2001 -2015 ( source : www.wolframalpha.com   )  
185  Average yearly conversion rate, 2005 -2015 ( source : www.wolframalpha.com  ) 
186  http://www.nist.gov/nanotechnology -portal.cfm   
187  http://www.nist.gov/energy -portal.cfm   
188  http://www.nist.gov/cnst/index.cfm  
189  http://www.nist.gov/cnst/erg/index.cfm   
190  http://science.energy.gov/bes/suf/user - facilities/nanoscale -science - research -centers/   
191  http://www.anl.gov/cnm/about -us  
192  http://www.anl.gov/cnm/group/nanophotonics   
193  Current conversion rate, November 2015 ( source : www.wolframalpha.com   )  
194  ht tp://www.nsf.gov/about/   
195  http://www.nsf.gov/funding/pgm_summ.jsp?pims_id=501026   
196  http://www.nano.gov/sites/default/files/pub_resource/dod -report_to_congress_final_1mar10.pdf   
197  http://www.nano.gov/initiatives/commercial/state - local   
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are the Texas Emerging Technology Fund 198 , the Oklahoma Nanotechnology Initiative 199 , the Illinois 
Nanotechnology ñCollaboratoryò200 , and the Oregon Nanoscience and Micro -Technologies Institute 
(ONAMI) 201 . The State - level organisations typically undertake some or all of the following activities: 
foster ing collaboration on nanotechnology topics and challenges between researchers and research 
centres; higher education/industry joint projects; education and outreach; access to technology 
experts and infrastructure; early -stage funding and investment opport unities; technology transfer 
and commercialisation; and awareness raising in the community.  

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 starte d 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 Promoción Científica y Tecnológica 202 ) as a 
result of which four nanoscience 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 Nanotecnología) 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 impr ove the human and scientific resources of both 
countries.  

The Argentinian Foundation for Nanotechnology (FAN) 203  was initiated in 2005 by the Economy and 
Production Ministry, with the aim of stimulating training and developing technical infrastructure to 
pro mote advances in nanotechnology 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 differe ntiated between funding 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 

Innovadora 2020 (Innovative Argentina Plan 2020): National Plan of Science, Technology and 
Innovation. The plan focuse s on three general -purpose 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 Br azilian Ministry of Science 
and Technology (MCT) through the Brazilian National Research Funding Agency (Conselho Nacional 

de Desenvolvimento Cient²fico e Tecnol·gico or ñCNPqò) earmarked BRL 3 million (USD 1 million) 

(EUR 1 .12 m illion 204 ) over four years to  form Co -operative Networks 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 nan o-biotechnology. In late 2004, a network on Nanotechnology, Society and 
Environment was created that was independent of the formal funding mechanisms.  

Since 1999, Brazilôs national plan has comprised an annual budget and a four-year strategic plan 

(the Pl ano 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 

                                                 

198  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.  

199  http://www.oknano.com  /  
200  http://nano.illinois.edu/collaboration/index.html    
201  http://onami.us/   
202  http://www.agencia.mincyt.gob.ar/frontend/agencia/fondo/agencia   
203  http://www.fan.org.ar/en/   
204  Average yearly conversion rate, 2001( source : www.wolframalpha.com ) 
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nanotechnology - related funding. That proposal was taken up in th e PPA in 2004 -2007, which 
provided for BRL 78 million (c. USD 28 million) (EUR 22 million 205 ) over 4 years for the Programme 
for the Development of Nanoscience and Nanotechnology. The aim of the programme was ñto 
develop new products and processes in nanotec hnology with a view to increasing the 
competitiveness of Brazilian industryò, which it implemented by supporting networks, research 
laboratories and projects.   

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

the government reconsidered the original budget and increased Federal investment for 2005 and 
2006 from the original USD 19 million (EUR 15 million 206 ) to c. USD 30 million (EUR 24 million 207 ) 
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 

enhancin g Brazilôs competitiveness. Of particular important in the 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 208  initiative,  enabling  scientists  throughout  Brazil  to  conduct  experiments  at  26  ñopenò 
laboratories  offering  the  very  best  equipment  for  research  in  nanotechnology.  University  students  
and  staff  can  use the  facilities  free  of  charge  ï provided  that  they  submit  a good  research  proposal  
ï while  scientists  working  in  industry  are  able  to  access  specialist  equipment  and  expertise  at  highly  

subsidised  rates.   

In 2013, MCTI launched the Brazilian Nanotechnolo gy Initiative (IBN) with funding estimated to be 
BRL 440 million (EUR 148 million 209 ) 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 technological development of the nanotechnology 
sector .  

Brazil has a collaboration with the International Iberian Nanotechnology Laboratory (INL) 210  which 

has already received more than 25 researchers from Brazilian research centres dedicated to research 
at the nanoscale.  

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, ha s 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, set ting their own research 
agendas in the context of the National Five -year Plans.  

The National High Technology Research and Development Programme (the 863 211  programme 
announced in 1986) focuses on key high - technology fields of relevance to China's national 
development, supporting research and development, strengthening technological 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 manu facturing technologies for 
raising industry competitiveness' including 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.  

                                                 

205  Average yearly conversion rate, 2004 -2007 ( source : www.wolframalpha.com ) 
206  Average yearly conversi on rate, 2005 -2006 ( source : www.wolframalpha.com ) 
207  Average yearly conversion rate, 2005 -2006 ( source : www.wolframalpha.com ) 
208  Sistema Nacional de Laboratórios em Nanot ecnologias ftp://ftp.mct.gov.br/Biblioteca/39717 -SisNANO.pdf   
209  Average yearly conversion rate, 2013 -2014( source : www.wolframalpha.com   )  
210  http:/ /inl.int/about - inl/what - is- inl  
211  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.  
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The 863 Program has been imple mented through successive Five -Year Plans. In addition to 
nanotechnology 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 nanomaterials), 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 materials for information technology, biological and 

aerospace industries, and commercialising of the technology for 90 -nanometer and smaller 
integrated circuits.  

The 1997 ñNational Plan on Key Basic Research and Developmentò together with the ñNational 
Programme on Key Basic Research Project (973 Programme)ò sought to strengthen basic research 
in line with national strategic targets 212 . 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 Science 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 Educa tion (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 capacit y. 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 cit ations in international 
publications.  

Nanotechnology  is given  priority  status  under  the  MLP, being  seen  as one  of  the  Chinese  

'megaprojects'  in  science.  Transportation  is also  one  of  the  priority  areas  and  its  importance  is also  

highlighted  in  areas  such  as Energy  efficiency  applied  to  transport  industry.  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).  

In addition, China is promoting itself in nanotechnology. From http://www.china.org.cn/ : ñChina is 
positioning itself to become a world leader in nanotechnology é nanotechnology has many potential 

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 systems and nano -electronic biosensorsé. Today, China leads the world in the number of 
nanotechnology patentsò. 

5.3.1.2  Japan  

Strategic  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  

nanotechnology,  as well  as manufacturing  technology  and  materia ls,  energy,  ICT,  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  technolog ical  edge.  Total  governmental  funding  of  this  field  grew  in  these  years  
from  JPY 85  billion  (EUR 782  million) 213  in  2001  to  JPY 97  billion  (EUR 709  million 214 )  in  2005.  

In  the  subsequent  STBP215 , 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,  

                                                 

212  http://www.chinaembassy.bg/eng/dtxw/t202503.htm   
213  Average yearly conversion rate, 2001 ( source:  

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

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

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

http://www.china.org.cn/
http://www.chinaembassy.bg/eng/dtxw/t202503.htm
http://www.europarl.europa.eu/RegData/etudes/note/join/2007/379231/IPOL-TRAN_NT%25282007%2529379231_EN.pdf
http://www.europarl.europa.eu/RegData/etudes/note/join/2007/379231/IPOL-TRAN_NT%25282007%2529379231_EN.pdf
http://www.europarl.europa.eu/RegData/etudes/note/join/2007/379231/IPOL-TRAN_NT%25282007%2529379231_EN.pdf
http://www.europarl.europa.eu/RegData/etudes/note/join/2007/379231/IPOL-TRAN_NT%25282007%2529379231_EN.pdf
https://www.jsps.go.jp/english/e-quart/17/jsps17.pdf
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environmental  sciences;  and  life  sciences.  Together  with  manufacturing,  energy,  environment,  and  
frontiers,  these  formed  eight  Promotion  Areas.  The  tota l budget  over  the  five  years  was  JPY 250  
trillion  (EUR 200  billion) 216 . There  were  five  sub -areas  under  nanotechnology  and  materials  ï nano -
electronics;  fundamentals  for  nanotechnology  and  materials;  materials;  nanotechnology  and  
materials  science;  and  nano -biotechnology  and  biomedical  materials.  

In  2010,  a óNew Growth  Strategyô was  introduced  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  priorities  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  societies );  and  
tourism  and  the  regions.  Growth - related  strategies  for  (ómaking Japan  a superpower  inô) science,  
technology  and  ICT,  for  employment  and  human  resources,  and  for  the  financial  sector  were  also  

identified  as essential  in  supporting  growth.  The  strateg y also  addressed  the  issues  arising  from  the  

earthquake,  tsunami  and  nuclear  crisis  of  2011.   

The  same  priori ti es 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  ñdemand driven  and  solution -oriented  topicsò as well  
as to  ñproblem solving  and  issue -driven  policiesò and  the  ñdeepening the  relationship  between  
society  and  science  and  technology.ò Two  broad  based  areas  are  prioritised:  Life  Innovation  and  

Green  Innovation  and  an emphasis  has  been  placed  on  technologies  to  reduce  global  warming,  
pro vision  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 .  I n the  still  limited  information  
existing  about  the  Fifth  Science  and  Technology  Basic  Plan (2016 -2020)  nanotechnology  is 
mentioned  as a technology  to  be consolidated 217 .  

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) 218  
of the Korean National Nanotechnology Initiative (KNNI). Nanotechnology was also identified as one 
of six priority fields in th e National Science and Technology Basic Plan (2002 ï2006). The NT 
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 rd  phase (2011 -

2020), with focus on óclean nanotechô. Investment in phase 1 (2001-2005) was 105.2 billion Won 
(EUR 83 million 219 ); phase 2, 277.2 billion Won (EUR 1,541.8 million 220 ).  

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 Advanc ed Nanofabrication Centre 221  (KANC) 
(2003). In more recent times, building on former centres, Korea established two NST centres at the 

Institute for Basic Science: the Centre for Nanoparticle Research and the Centre for Nanomaterials 
and Chemical Reactions ( 2012) 222 . In total, 24 nanotechnology - related centres now exist in Korea.  

Under  the  Nanotechnology  Development  Promotion  Act  2002,  Korea  also  established  in  2004  the  
Korean  Nano  Technology  Research  Society  (KoNTRS) 223  as a mechanism  for  co-operation  between  

                                                 

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

217  http://www.jeupiste.eu/news/5th -science -and - technology -basic -plan -adopted  
218  http://www.nstc.go.kr/eng/   
219  Average yearly conversion rate, 2001 -2005 ( source : 

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

www.ecb.europa.eu/stats/exchange/eurofxref/html/eurofxref -graph -krw.en.html  )  
221  http://www.kanc.re.kr/kanc English/center/center_overview.jsp   
222  https://www.ibs.re.kr/eng/sub02_04_03.do   
223  http://kontrs.or.kr/english/index.asp   
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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  nanotech nology  and  overall  
the  policy  has  evolved,  moving  away  from  funding  fundamental  research  towards  more  application -

driven  actions. 224  

Korea  has  also  sought  to  develop  its  nanotechnology  policy  and  policy  system,  with  the  production  
of  the  Korean  Nanotechnolog y Roadmap  in  2008  and  the  establishment  of  the  National  
Nanotechnology  Policy  Centre  (NNPC)  in  2010.  The  NNPC announces  on  its  web  site 225  the  national  
vision  for  Korea  to  be ñthe worldôs number  one  nanotechnology  powerò and  the  four  goals:  

¶ ñTo become a leading nation in nanotechnology with systematic nanotechnology R&D 

programmes;  
¶ To create a new industry based on nanotechnology;  
¶ To enhance social and moral responsibility in researching and developing nanotechnology; and  
¶ To cultivate advanced nanotechnology experts and maximise the utilisation of nanotechnology 
infrastructure.ò 

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

¶ The Fundamental 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;  

¶ 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;  
¶ The National Nano Infrastructure Revitalisation Plan, also by MEST and MKE, to link 

nanotechnolog y infrastructures together, thereby giving them new impetus; and  
¶ 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 ma nufacture of nanotechnology products.  

2012  saw  the  creation  of  the  Nano -Convergence  Foundation  (NCF) 226  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 227 )  by  
2020  in  the  NST,  with  projects  in  the  Nano  Convergence  2020  programme  eligible  to  receive  up to  
2 billion  Korean  Won  (EUR 1.5  million 228 )  each.  

5.3.1.4  Taiwan (Chinese Taipei) 229  

The National  Nanoscience  and  Nanotechnology  Programme 230  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 231 )  and  actual  expenditure  estimated  to  be USD 625  million  (EUR 486  million 232 )  over  
2003 -2008,  the  aim  of  the  pro gramme  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 -

                                                 

224  http://www.nanotechmag.com/nanotechnology - in -south -korea/   
225  http://www.nnpc.re.kr/htmlpage/15/view   
226  http://www.nanotech2020.org/download/english_brochure.pdf   
227  Current exchange rate, November 2015 ( source : www.wolframalpha.com   )  
228  Current exchange rate (November  2015) ( source : 

www.ecb.europa.eu/stats/exchange/eurofxref/html/eurofxref -graph -krw.en.html  )  
229  http://www.twnpnt.org/   
230  http://www.twnpnt.org/english/g01_int.asp   
231  Average yearly conversion rate, 2002 ( source : www.wolframalpha.com   )  
232  http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2768287/  
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biotechnology.  Industrial  applications  are  the  remit  of  the  Industrial  Technology  Research  Institute  
(ITRI).  ITRI  has  13  research  laboratories  and  centres  in  areas  of  key  relevance  to  transport  including  
optoelectronics,  electronics,  mechanical  and  systems,  applied  materials,  and  mechanics,  as well  as 
in  biomedicine  and  chemistry.  The  Mechanical  and  Systems  Research  Laboratories  233  and  the  Green  
Energy  and  Environment  Research  Laboratories,  are  highly  relevant  for  the  transport  sector. 234  For 
instance,  in  the  former  they  have  developed  eco- friendly  logistics  electric  vehicles,  and  in  the  latter,  
innovative  automotive  fuels . 

The  Nation al  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.   

Taiwanôs Nanotechnology  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 I  of  the  National  Nanoscience  and  Nanotechnology  Programme  was  complete d in  2008.  Phase 
II  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  ñNanotechnology Industrialisationò, i.e.  the  
development  of  nanotechnology  for  domestic  industry  relevant  to  Taiwan  and  its  growth  into  high -
tech  industry.  Building  on  Phase  I,  Phase II  has  supported  many  transport - relevant  areas  and  covers  
nano - instrumentation,  nano -optoelectronics,  nano -electrics,  energy  and  environmental  
nanotechnology,  nano -materials  and  nano -biotechnology  and  applied  nanotechnology  in  traditional  
industries .   

5.3.2  Southern Asia  

5.3.2.1  India 235  

The Nanomaterials Science and Technology Initiative (NSTI) was launched by the Ministry of Science 
and Technologyôs (MST) Department of Science and Technology (DST) in October 2001 to support 

priority areas of research in nanoscience and nanotechnology; strengthen national characterisation 
and infrastructural facilities; enhance nanotechnology education in order to generate trained 
manpower in th e area; and create an applications - related interface between educational institutions 
and industry. The Indian government committed to investing USD 16 million (EUR 14 million 236 ) in 
nanomaterials research and commercial development over the five -year durati on of the initiative, 
2002 -2006. The funding 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 nanomateri als . 

A capacity -building programme for nanoscience and nanotechnology (called Nano Mission) 237  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 publication output in nano -science a nd ïtechnology 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. Finally, it facilitated disc ussions on 

                                                 

233 https://www.itri.org.t w/eng/Content/Messagess/contents.aspx?SiteID=1&MmmID=617751556732477253    
234 https://www.itri.org.tw/eng/Content/Messagess/contents.aspx?SiteID=1&MmmID=617763640501161230   
235  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 , 
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rchPolicy&subsection=ResPolFocus    

236  Average yearly conversion rate , 2002 -2006 ( source : www.wolframalpha.com ) 
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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  2017 238 . The  programme  
will  con tinue  to  support  nanoscience  and  technology  by  promoting  basic  research,  human  resource  
development,  research  infrastructure  development,  international  collaborations,  national  dialogues,  
and  nano -applications  and  technology  development.  In  the  area  of  dev elopment  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  agencie s support  nanotechnology  research  and  development:  

¶ The Council of Scientific and Industrial Research (CSIR) 239  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 aerospace and 
energy .  

¶ In 2003, the CSIR laun ched 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 nanosciences and 
nanotechnologies; biotechnology; energy and materials. 240  

¶ The CSIRôs International Science and Technology Directorate (ISAD) facilitates nanotechnology 
workshops and projects in collaboration with partners from South Africa, France, South Korea, 
China and Japa n241 .  

¶ The MSTôs Science and Engineering Research Council (SERC)242  supports frontier and 
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 243  

The Islamic Re public of Iran ranked 23 rd  in the world in nanotechnology in 2007, second to Korea in 

citations in Asia 244 , but, by 2012, it had moved to 10 th  place 245 , 246 . In 2013, Iran ranked 20 th  in 
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 docume nts, patenting 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 c ommittees for nanotechnology, aerospace, renewable energies , environment , 
information technology and biotechnology . 

Iran began its nanotechnology activities with a Study Committee for Nanotechnology in 2001. Its 
work led to the development of the Iran Nano technology Initiative Council (INIC) 247 , 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 
betwee n 2004 and 2010, at a cost of USD 12 million 248  (EUR 9 million 249 ).  

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 institu te to offer a PhD in nanotechnology 

                                                 

238  http://timesofindia.indiatimes.com/home/science/Govt -approves -Rs-650 -crore - for -Nano -
mission/articleshow/30722422.cms   

239  www.csir.res.in/   
240  http://www.csir.res.in/external/heads/collaborations/NM.pdf   
241  http://www.teriin.org/div/ST_BriefingPap.pdf    
242  www.dst.gov.in/about_us/ar05 -06/serc.htm   
243  See also http://www.sciencedev.net/Docs/Iran_Nano.pdf  (2010)  
244  http://webarchive.nationalarchives.gov.uk/20090609003228/http://www.berr.gov.uk/files/ file11959.pdf   
245  http://statnano.com/report/s29   
246  http://www.nanotech -now.com/news.cgi?story_id=45237   
247  http://nano.ir/index.php?lang=2   
248  http://www.nanotech -now.com/news.cgi?story_id=36557   
249  Average yearly conversion rate, 2004 -2010 ( source : www.wolframalpha.com   )  
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in Iran 250 . INIC undertakes education and awareness -raising activities including a studentsô Nano 
Club, seminars, workshops, publications and a multi - lingual (Arabic, Persian, Russian and English) 
website 251 .  

Also in 2004, INIC was instrumental in establishing the Iran Nanotechnology Laboratory Network to 
optimise Iranôs nanotechnology infrastructure. Forty- two laboratories across Iran operate under the 
network. The role of INIC includes evaluation and ranking of member labo ratories 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 on areas including Human Resource Development; 
Technology Develo pment and Production; and Education and Awareness. It also addresses standards 
and regulations through the Iran Nanotechnology Standardisation Committee (INSC) 252 , a body 
established in 2006 as a collaboration between the INIC and the Institute of Standard a nd Industrial 

Research of Iran (ISIRI) 253 .  

Continuing to support nanotechnology and the work of INIC, a ñFuture Strategyò was adopted in 
2005 by the Cabinet, a 10 -year nanotechnology development (2005 -  2014). Its mission was to 
place Iran among the top fif teen 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 and internationally; and generating economic added value from 
nan otechnology as a means of achieving economic development 254 .  

Internationally, in the context of the Economic Co -operation Organisation (ECO), Iran promoted the 

establishment in 2009 of an ECO Nanotechnology Network, both providing funding to establish the 
network and agreeing to co -ordinate it jointly with the ECO Secretariat. INIC is the Iranian 
representative on the network .  

5.3.3  South - Eastern Asia  

5.3.3.1  Malaysia  

Priority emerging technologies including nanotechnology and nano -biochips, nano -biosensors and 
photonic s were identified under Malaysiaôs Second National Science and Technology Policy (STP II), 
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  establ ishment  in  2010  of  the  
National  Nanotechnology  Directorate  under  the  Ministry  of  Science,  Technology  and  Innovation  
(MOSTI).  The  National  Nanotechnology  Directorate  (NND) 255  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 256  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 . NanoMalaysia identified as key economic clusters as 
jumpstart sectors of nanotechnology the following: electronics, devices and systems; food and 
agr icultural; energy and environment; and wellness, medical and healthcare .  

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  
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Engineering  (INEE) 257  (with  research  groups  on  memory  devices,  photonics  and  novel  silico  devices)  
and  the  Institute  of  Micro  Engineering  and  Nano -electronics  (IMEN),  at  UKM258 , specialised  in  
MEMS/NEMS  and  nano -electronics  and  micro -  and  nano -electronics  syst em .  

In  2014,  the  Malaysian  government  launched  the  National  Graphene  Action  Plan (NGAP)  2020 259 , 
which  outlined  five  potential  industries  that  could  best  benefit  from  graphene  ð rubber  additives  
(relevant  to  tyres  for  vehicles),  lithium - ion  batteries  anode/ultra -capacitors,  conductive  inks,  
nanofluids  and  plastic  additives.  These  application  areas  were  seen  as enablers  for  the  domestic  

production  of  Electric  Vehicles  and  Hybrids  by  2020  and  as potential  areas  where  high  value  
technologies  could  be crea ted  for  the  automotive  sector  such  as lubricants  and  rubber  products . 

5.3.3.2  The Philippines 260  

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 t o create a roadmap for the 
development 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. T hese areas were: information and communications technology and 
semiconductors; health; environment; food and agriculture; and energy.  

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 261  was  developed.  Thirteen  

technology  scanning  panels  were  established,  including  one  on  óExploiting Nanotech nologiesô. There  
were  also  panels  on  materials  and  infrastructure,  manufacturing,  intelligent  systems,  
semiconductors,  energy,  environmental  technologies,  broadband,  information  storage,  the  grid,  
information  management,  engineering  science  in  medicine,  and frontiers  in  chemicals,  the  first  six  
of  these  being  the  most  relevant  to  transport .   

In  the  2010  strategy  document,  the  connection  is made  between  the  S&T Plan and  the  Manufacturing  
2018  Plan Intelligent  National  Plans  of  Singaporeôs Economic  Developme nt  Board 262 , and  the  

Roadmap  (ITR5)  of  the  Infocomm  Development  Authority 263 . It  links  nanotechnology  research  and  
development  to  industrial  development  and  supports  collaboration  between  industry,  research  
institutes  and  universities.  The  aim  is for  an enhanc ement  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.  

The  main  funding  agency  for  nanoscience  and  nanotechnology  (NST)  in  Singapore  is the  Agency  for  
Science,  Technology  & Research  (A*STAR) 264 . A*STARôs Nanotechnology  Initiative  started  in  2001  
with  the  target  of  building  on  existi ng  capabilities  to  develop  specific  areas  of  NST research  always  
with  applications  and  potential  use  by  industry  as a goal.  In  2003,  A*Star  established  the  Institute  
of  Bioengineering  and  Nanotechnology  (IBN)  which  research  activities  are  focused  on  green  
chemistry  and  energy,  as well  as nanomedicine,  synthetic  biosystems,  biodevices  & diagnostics 265 .  

In  2010,  A*Starôs SIMTech  launched  the  Nanotechnology  in  Manufacturing  Initiative  (NiMI)  to  foster  

collaborative  efforts  between  research  and  industry,  developing  industrial  capability  and  enhancing  
competitiveness.  NiMI  concentrates  ñon the  application  of  nanotechnology  in  the  processes  of  
forming,  joining  and  coatingò, particularly  for  the  electronics  industry,  nano -composite  physical  
vapour  deposition  (PVD)  coatings  and  others.  Characterisation  is also  a relevant  part  of  the  
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initiative. 266  

Nanotechnology is one of six areas at the heart of clinical and translational research supported under 
the Biomedical Research Council  and is also a key area for the Science and Engineering Research 
Council (SERC).  

5.3.3.4  Thailand  

Thailand  has  been  active  in  nanotechnology  since  at  least  2003  when  it  established  NANOTEC267  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  Thailandôs competitiveness;  and  improve  the  quality  of  life  and  the  environment  of  
the  people  of  Thailand  through  research  and  development  in  nanoscience  and  nanotechnology.  

NANOTEC undertakes  and  suppo rts  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  nano -composite s;  nanoscale  simulation;  and  functional  nanomaterial s and  
interfaces.   

In  2012,  the  National  Nanotechnology  Policy  Framework  (2012 -2021) 268  and  the  Nanosafety  and  
Ethics  Strategic  Plan (2012 -2016) 269  were  approved  by  government  for  implementation  by  the  

Ministry  of  Science  and  Technology,  and  relevant  agencies.  The  Framework  has  three  primary  goals:   

¶ Utilising nanotechnology to develop materials, products, and equipment in order to enhance the 
quality of life, wellness, and environment;  

¶ Improving agricultural technology and manufacturing industry that meet the demand of the 
market through nanotechnology; and  

¶ Becoming ASEANôs leader in nanotechnology research and education. 
 

The  overall  strategic  direction  of  the  Framework  encompasses  four  target  clusters,  including  
manufacturing  industry  and  Energy  & Environment , and  defines  eight  targeted  industries  including  
Automotive . 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 addressing  national  and  NSTDA priorities  under  the  Framework  through  seven  
flagship  programmes  to  develop  specific  products.   

5.3.4  Western Asia  

5.3.4.1  I srael  

The first  nanotechnology  policy  initiative  in  Israel  was  the  establishment  of  the  Israel  
Nanotechnology  Initiative  (INNI) 270  in  2002  as a shared  action  of  the  Forum  for  National  
Infrastructures  for  Research  & Development  (TELEM) 271  and  the  ministry  for  the  economy  (now  
called  the  Ministry  for  Industry,  Trade  and  Labour) 272 . INNIôs mission  is ñto make  nanotechnology  
the  next  wave  of  successful  industry  in  Israel  by  creating  an engine  for  global  leadershipò. To achieve  
this,  actions  have  been  taken  on  scienti fic  research  in  nanoscience  and  nanotechnology  (NST);  on  
increasing  public -private  collaboration  on  NST;  on  speeding  up  commercialisation  of  NST;  and  on  
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leveraging  funding  from  both  public  and  private  sources  to  support  NST in  Israel.  INNI  is closely  
linke d to  the  national  system  with  its  Director  appointed  by  the  Chief  Scientist  at  the  Ministry,  and  
its  Board  operating  out  of  the  MAGNET Programme 273  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  outp ut  of  the  highest  international  standard;  fostering  public -private  partnerships;  

and  knowledge  transfer  and  commercialisation  of  NST.  Investment  has  been  c.  USD 20  million  (EUR 
15.5  million 274 )  per  annum  for  basic  NST equipment  plus  another  almost  USD 10  mil lion  (EUR 8 
million 275 )  per  annum  for  new  infrastructure  and  facilities. 276  The  aim  has  been  to  create  a 
sustainable  basis  for  NST within  the  universities  via  training,  recruitment  and  the  provision  of  
facilities  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 277  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 278 )  has  been  invested  by  Israeli  Universities,  
private  donors  and  the  Israeli  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,  Israelôs Institute  of  Technology 279 , 280 , in  2005  (before  the  official  launch  of  the  
programme),  the  other  five  research  universitie s receiving  support  in  2006.  The  main  research  areas  

of  INNI  are  nanomaterials  (including  nanostructures,  solid  nanomaterials  and  nanochemistry),  
nanoelectronics  (including  electronics  and  photonics),  nanobiotechnology  (including  biology,  biotech  
engineeri ng,  applied  biosciences  and  medicines),  and  ñnanowaterò (including  nanomembranes,  
nano - filtration  and  other  nanotechnologies  used  in  water  remediation).    

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 281 . 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  more  visible  to  the  industrial  and  investment  communities  and  to  promote  Israelôs 
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 282  

The King  Abdul  Aziz  City  for  Science  and  Technology  (KACST)  was  established  in  1985  as the  
Kingdomôs main  agency  for  promoting  research  and  development.  In  2002,  Saudi  Arabia  decided  to  
build  fu rther  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  including  nanotechnology  and  information  technology,  electronics,  photonics,  
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The Magnet  programme supports companies and academics to form consortia to research precompetitive 
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advanced  materials,  as well  as others:  water,  oil  and  gas,  petrochemicals,  biotechnology,  space  and  
aeronautics,  energy  and  environmen t.  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 KFUP M283 ; and the CNT 
established in 2006 at the KAU 284 . 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 Planning 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 Nanotechnolog y (KAIN) 285  established in 
2010 at the KSU in the Riyadh Techno Valley. The KAIN covers areas including energy, 

telecommunications, manufacturing and nanomaterials, medicine and pharmaceuticals, food and 

environment, and water treatment and desalination. Com panies such as the energy company Saudi 
National Oil Company (established as an Arabian American Oil Company, known now as Saudi 
ARAMCO), and the Saudi Basic Industries Corporation (SABIC) are collaborating on nanotechnology 
research with the nanotechnolog y centres. There are more than 20 projects in the field of 
nanotechnology for these two organisations alone .  

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)  nanomaterials;  (ii)  fuel  cells  and  energy;  (iii)  nano -photonics,  nano -
electronics,  nano -magnetism;  (i v)  nano -sized  quantum  information  processing  (v)  nano -

biotechnology;  (vi)  nano -characterisation;  and  (vii)  nano - fabrication . Nanotechnology  was  also  
included  as a priority  technology  field  in  the  Development  Programme  prepared  by  State  Planning  

Organisatio n (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 286  that  nanotechnology  rece ived  State  support  of  about  one  billion  Turkish  Lira,  or  c.  USD 
500  million  (EUR 367  million 287 ).  Over  20  nanotechnology  research  centres,  departments  and  
graduate  schools  have  been  established  including  NanoTam 288  and  Unam 289  at  Bilkent  University  

Sabanci  Unive rsity  Nanotechnology  Research  and  Application  Center  (SUNUM) 290  (with  a focus  on  
renewable  energy  systems  and  energy  applications) ;  and  the  Micro  and  Nanotechnology  Department  
at  the  Middle  East  Technical  University 291 . 

5.4  Oceania  

5.4.1.1  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 Nanotechnology was established to co -ordina te the strategy and 
ensure a whole -of -government app roach 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 Technology Strategy (NETS), a 
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291  http://mnt.metu.edu.tr/   

http://nano.ksu.edu.sa/en
http://www.issi2015.org/files/downloads/all-papers/0720.pdf
http://www.wolframalpha.com/
http://www.nanotam.bilkent.edu.tr/eng/main.html
http://unam.bilkent.edu.tr/?page_id=576
http://sunum.sabanciuniv.edu/
http://mnt.metu.edu.tr/
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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 292 ), the strategy aimed to ensure good management and regulatio n 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 293  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  areas  closest  to  
transport  that  the  Research  Strategy  identified  among  the  grand  challenges  was  the  importance  of  
developing  clean  energy  solutions  (with  Nanostructured  materials  for  clean  energy  highlighted  
among  the  selected  areas  of  research,  as well  as nanop orous  membranes  and  fuel  cells) .  

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,  fo r 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  
and  the  growth  of  SMEs.  

Australia  also  operates  a network  to  link  research  facilities  across  the  country,  the  Australian  
Nanotechnology  Network 294 . The  Network  was  established  by  bringing  together  four  seed  funding  

networks.  It  comprises  about  1,000  active  researchers  from  universi ties,  institutes  and  government  
research  organisations,  half  of  whom  are  students.  Its  aims  are  to  promote  collaboration,  increase  
multidisciplinary  awareness  and  collaboration,  foster  forums  for  postgraduate  and  early  career  
researchers,  increase  and  impr ove  awareness  of  nanotechnology  infrastructure,  and  promote  
international  links.  

5.4.1.2  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 295 . 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 296 )  funding  for  2003 -2006  from  the  Ministry  of  Education  and,  in  early  2006,  developed  a 
ñNanotechnology Initiative  for  New  Zealandò297  identifying  where  capability  in  nanotechnology  could  
be developed  in  the  country.  The  Initiative  identified  six  programmes  for  nanoscience  and  

nanotechnol ogy  research:  nanomaterials  for  industry;  nanotechnology  for  energy;  nano -photonics,  
nano -electronics  and  nano -devices;  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) 298 . Highlighting  international  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.  One  that  is particularly  relevant  to  

transport  is dedicated  to  Energy  and  Industrial  (including  applications  like  lubricants  and  fuel  
additives,  energy  storage,  super -hard  bearings  and  coatings,  catalysts,  energy  generation  and  
transmission).  Three  priority  areas  for  public  funding  were  identified:  the  creation  of  new  materials,  
diagnosti c devices;  and  tools  and  techniques.  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  ï growing  th e economy  and  building  a healthier  environment  and  society.  In  addition  to  

                                                 

292  Average yearly conversion rate, 2010 -2013 ( source : 
https://www.ecb.europa.eu/stats/exchange/eurofxref/html/eurofxref -graph -aud.en.html  )  

293  https://www.science.org.au/publications/national -nanotechnology -resear ch-strategy   
294  http://www.ausnano.net/index.php?page=home   
295  http://www.macdiarmid.ac.nz/   
296  Average yearly conversion rate, 2003 -2006 ( source : www.wolframalpha.com   )  
297  http://www.macdiarmid.ac.nz/a -nanotechnology - initiative - for -new -zealand/   
298  http://statnano.com/strategicplans/13   

https://www.ecb.europa.eu/stats/exchange/eurofxref/html/eurofxref-graph-aud.en.html
https://www.science.org.au/publications/national-nanotechnology-research-strategy
http://www.ausnano.net/index.php?page=home
http://www.macdiarmid.ac.nz/
http://www.wolframalpha.com/
http://www.macdiarmid.ac.nz/a-nanotechnology-initiative-for-new-zealand/
http://statnano.com/strategicplans/13
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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  priori ty  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 299 .  

5.5  Africa  

5.5.1.1  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:  

¶ In 2002, the formation of the South African Nanotechnology Initiative (SANi) 300  with membership 
comprising academ ics, researchers, engineers, private sector companies, and research councils;  

¶ In 2003, the launch of South Africaôs Advanced Manufacturing Technology Strategy (AMTS)301  
by the Department of Science and Technology (DST);  

¶ In 2005, the publication of the Nati onal Strategy on Nanotechnology (NSN) 302  by the DST. The 
strategy focuses on four areas:  
-  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 303  and 
MINTEK 304 . Each centre 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) 305 , 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 Framewo rk Programmes, South Africa 
has established international collaboration mechanisms with other developing countries, e.g. the 
India ïBrazil -South Africa (IBSA) partnership 306  enables joint projects and mobility 307  between S&T 
departments in those countries.  

 

 

The next section reports on publishing activity in nanotechnology and transport .  

                                                 

299  http://www.mbie.govt.nz/   
300  http://www.sani.org.za/   
301  http://www.esastap.org.za/download/natstrat_advmanu_mar2005.pdf   
302  http://c hrtem.nmmu.ac.za/file/35e56e36b6ab3a98fac6fc0c31ee7008/dstnanotech18012006.pdf   
303  http://www.csir.co.za/   
304  http://www.nic.ac.za/   
305  ht tp://ls -ncnsm.csir.co.za/   
306  http://www.ibsa - trilateral.org/   
307  http://www.ibsa - trilateral.org/about - ibsa/areas -of -cooperation/people - to -people   

http://www.mbie.govt.nz/
http://www.sani.org.za/
http://www.esastap.org.za/download/natstrat_advmanu_mar2005.pdf
http://chrtem.nmmu.ac.za/file/35e56e36b6ab3a98fac6fc0c31ee7008/dstnanotech18012006.pdf
http://www.csir.co.za/
http://www.nic.ac.za/
http://ls-ncnsm.csir.co.za/
http://www.ibsa-trilateral.org/
http://www.ibsa-trilateral.org/about-ibsa/areas-of-cooperation/people-to-people
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6  PUBLICATION S IN  NANOTECHNOLOGY  AND TRANSPORT  

6.1  Overview  

Around 1.8 million publications were identified 308  from the Web of Science as being related to 
nanoscience and technology (NST) 309  between 2000 and 2014. Of these, almost 17,000 were related 
to both nanotechnology and transport, around 1% of all of the output for NST.  

The table below shows the publication output (number of publications = npub) between 2000 and 
2014. Almost 7,0 00 publications on nanotechnology/transport were produced in EU28 & EFTA 
countries which includes here just Switzerland and Norway) around 40% of the total World 

nanotechnology/transport publications in the time period 2000 -2014.  

Table 6 - 1 : Annual NST publication output for transport  worldwide and in the EU28&EFTA, 

2000 - 2014  

Year  World  EU 28 & EFTA  

npub  npub  %  

2000  616  291  47.24%  

2001  695  276  39.71%  

2002  693  323  46.61%  

2003  799  323  40.43%  

2004  873  356  40.78%  

2005  912  382  41.89%  

2006  1,050  401  38.19%  

2007  1,180  478  40.51%  

2008  1,198  470  39.23%  

2009  1,277  501  39.23%  

2010  1,284  526  40.97%  

2011  1,432  539  37.64%  

2012  1,540  574  37.27%  

2013  1,638  622  37.97%  

2014  1,792  666  37.17%  

TOTAL  16,979  6,728  39.63%  

Source: Derived from Web of Science  

The evolution over time of publications in nanotechnology and transport, as well as the entire NST 

field (both for (i) EU28/EFTA and (ii) the World), is depicted in the figure below, indexed by year 
2000 (=1). There has been a modest growth in nanotechnolo gy transport publications as indexed to 
the year 2000. For the World, there has been almost a three - fold growth while for the EU28&EFTA,  
it is somewhat more than a two - fold growth.  

                                                 

308  http://www.vosviewer.com/Publications   
309  Search included all those publications having been produced with ñnanoò as a core term. The term 

ñnanosecondò has been omitted as not being relevant to the study. 

http://www.vosviewer.com/Publications
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Source: Derived from Web of Science  

Figure 6 - 1 : Annual NST  publication output  on nanotechnology and transport , worldwide 
and EU28&EFTA, 2000 - 2014   
(indexed to 2000(=1))  

Looking at the EU28&EFTA proportion of world output on nanotechnology/transport, it is seen to 
have decreased somewhat over time, as shown below. This is mainly caused by an increase in the 
output from China.  

 

Figure 6 - 2 : EU28&EFTA NST transport  publications as a percentage of World total, 2000 -
2014  
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Tabl e 6 - 2 : Most common journals for NST transport  publications (npub), 2000 - 2014  

Rank  Journal  npub  

1 Atmospheric Environment  1255  

2 Atmospheric Chemistry and Physics  547  

3 Journal of Geophysical Research -Atmospheres  537  

4 Environmental Science and Technology  393  

5 Journal of Power Sources  294  

6 Journal of the Air & Waste Management Association  228  

7 Science of the Total Environment  211  

8 Surface & Coatings Technology  191  

9 Journal of Propulsion and Power  179  

10  International Journal of Hydrogen Energy  169  

 

6.2  Activity by region and country  

The most prolific region 310  for nanotechnology transport publications in 2014 (the most recent year 
for data collection) was EU28 & EFTA followed by Asia and North America.  

Table 6 - 3 : Most prolific regions for nanotechnology transport  publications, 2014  

Region      npub  

EU28 & EFTA  666  

Asia  634  

North America  484  

Middle East  84  

South and Central America  61  

Source: Derived from Web of Science  

The most prolific country for nanotechnology transport publications globally in 2014 was the USA, 
followed by the Peopleôs Republic of China (PRC), Germany, Great Britain (UK) and Italy (by numbers 

of publications, npub).  

 

                                                 

310  This is based on the data for the top 25 performing countries only.  



 
NanoData ï Landscape Compilation -  Transport  

 

 70 

 

Source: Derived from Web of Science  

Figure 6 - 3 : Top ten publishing countries showing their relative performance, 2014  

Table 6 - 4 : Number of nanotechnology transport publications by country (top 20), 2014  

Country  Region  npub  

USA North America  443  

PRC (China)  Asia  360  

Germany  EU28 & EFTA  135  

United Kingdom  EU28 & EFTA  130  

Italy  EU28 & EFTA  111  

India  Asia  97  

France  EU28 & EFTA  94  

Korea  Asia  83  

Spain  EU28 & EFTA  78  

Japan  Asia  71  

Canada  North America  60  

Brazil  South & Central America  43  

Switzerland  EU28 & EFTA  38  

Australia  Oceania  35  

Finland  EU28 & EFTA  35  

Sweden  EU28 & EFTA  34  

Netherlands  EU28 & EFTA  29  

Poland  EU28 & EFTA  29  

Singapore  Asia  28  

Source: Derived from Web of Science  

In the EU28&EFTA, Germany generated the largest number of publications in 2014, followed by the 
United Kingdom, Italy, France and Spain, as shown below.  
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NST	TRANSPORT	PUBLICATIONS,	TOP	TEN	COUNTRIES,	2014
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Figure 6 - 4 : Number of NST transport publications for EU28 and EFTA countries, top 20, 
2014  
Data for the top NST transport  publishing countries only . Source: Derived from Web of Science  

 

6.3  Activity by organisation type  

Identified from the publication data, the most active organisations in NST transport 
publications in 2014 are as shown in the table below for the top 25 publishing organisations. 

The higher education organisations with the most nanotechnology transport publications 
globally in 2014 were the Chinese Academy of Sciences 311 , the University of California and 
Tsinghua University. To see European higher education institutions, it is necessary to look at 
the top fifty where only University College London (UCL), the University of Cambridge and the 
University of Copenhagen are present.  

Table 6 - 5 : Publication s in nanotechn ology transport  for higher education and other 
research organisations, 2014  

Rank  Country  University/ Research Institute  npub  

1 PRC Chinese Academy of Sciences  40  

2 USA University of California  28  

3 PRC Tsinghua University  26  

4 USA University of Colorado, Boulder  25  

5 EU28&EFTA  University of Birmingham  20  

5 EU28&EFTA  Paul Scherrer Institute  20  

7 EU28&EFTA  UMIST  18  

7 USA Carnegie Mellon University  18  

7 EU28&EFTA  Finnish Meteorological Institute  18  

10  Saudi Arabia  King Abdulaziz University  17  

11  USA Berkeley   16  

11  India  Indian Institute of Technology  16  

13  EU28&EFTA  University of Helsinki  15  

                                                 

311  Note that organisations such as the Chinese Academy of Sciences encompass researchers based in a la rge 
number of locations (such as universities and research institutes in China).  
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Rank  Country  University/ Research Institute  npub  

13  Canada  University of Toronto  15  

13  PRC Harbin Institute of Technology   15  

16  Korea  Korean Institute of Advanced Technology, 
KAIST  

13  

17  Singapore  National University of Singapore  12  

17  USA University of Maryland  12  

17  USA MIT  12  

20  PRC Northwestern Polytech University  11  

Source: Derived from Web of Science  

The top ten European higher education institutions and other research organisations are headed up 
by the University of Birmingham and the Paul Scherrer Institute as well as two Finnish organisations 

(The Finnish Meteorology Institute and the University of Helsinki), as shown in the table below of 
the top ten organisations for NST transport publications. Within the top ten, four are UK institutions.  

Table 6 - 6 : Number of NST transport  publications by EU 28 &EFTA organisation s (top ten), 
2014  

University/Research Institute  Country   npub  

1 University of Birmingham  UK 20  

2 Paul Scherrer Institute 312  CH 20  

3 UMIST 313  UK 18  

4 Finnish Meteorological Institute  FI  18  

5 University of Helsinki  FI  15  

6 Aristotle University Thessaloniki  GR 11  

7 Helmholtz Association  DE 10  

7 University of Surrey  UK 10  

7 University of Cambridge  UK 10  

7 KTH314  SE 10  

7 Politecnico di Torino 315  IT  10  

Source: Derived from Web of Science   

While publishing at a much less frequent rate, some companies are also active. The most active 

companies publishing in NST and transport (2014) are shown in the table below, led by the Ford 

Motor Company and Aerodyne Research Inc.  

  

                                                 

312  The Paul Scherrer Institute is a multi -disciplinary research institute which belongs to the Swiss Federal 

Institutes of Technology Domain covering also ETH Zurich and EPFL, https://www.psi.ch/   
313  University of Manchester Institute of Science and Technology  
314  Kungliga Tekniska Hogskolan  
315  Polytechnical University of Turin, Italy  

https://www.psi.ch/
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Table 6 - 7 : Number of NST transport  publications by company (top 8), 2014  

Company  npub  

Ford Motor Co.  12  

Aerodyne Research Inc. 316  12  

General Motors Corporation  4 

Aerosol d.o.o. 317  4 

Robert Bosch GmbH  3 

General Motors Global R&D Centre  3 

AVL List GmbH 318  3 

Source: Derived from Web of Science  

 

The next section goes on to look at the patenting activity in nanotechnology and transport, over 
time, by country of applicant, by applicant organisation and by patents granted . 

                                                 

316  http://www.aerodyne.com/   
317  Magee Scientific Corporation is a global business and has two separate office locations: Berkeley, California, 
USA and Ljubljana, Slovenia, EU. The Ljubljana, Slovenia location operates as an independent EU business, 
Aerosol d.o.o, an SME. http://www.mageesci.com/locations.html   
318  AVL, or Anstalt für Verbrennungskraftmaschinen List, is an Austrian -based automotive consulting firm as 
well as an independent research institute www.avl.com  

 
 

http://www.aerodyne.com/
http://www.mageesci.com/locations.html
http://www.avl.com/
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7  PATENTING IN  NANOTECHNOLOGY  AND TRANSPORT  

7.1  Overview  

This section looks at the patenting activity in nanotechnology and transport by patent filings and 
patents granted over the time period 1993 -2011 at the leading global patent offices and by country 
of applicant and co untry of inventor, and by organisation including companies.  

The patents and patent families (groups of patents related to the same invention) were identified by 
searching using the combination of keywords (identified within the NanoData project for the sec tor) 
and IPC (International Patent Classification) symbols. The IPC symbols used were both those for 

nanotechnology , i.e. B82 , and those related to the sector under consideration (transport, in this 
case) 319 . The patent family to which the patents belonged w as identified and all the patents in the 

patent families were retrieved.  

The search was made for patents registered at the USPTO (US Patent and Trademark Office), EPO 
(European Patent Office) and WIPO (World Intellectual Property Organisation) thereby identifying 
USPTO, EPO and PCT applications. PCT 320  applications registered at WIPO are protected under the 

Patent Co -operation Treaty  (PCT), an international  treaty that enables the filing of patents to protect 
inventions in the countries 321  that are members of the treaty.   

7.2  Nu mber and evolution over time of  nanotechnology transport patent 

families  

Using the above methodology, 45,127 (simple) nanotechnology patent families 322 , 323  of granted 
patents and patent applications were found in the period 1993 -2011 324 . All of these were from the 
European Patent Office (EPO or EP), US Patent and Trademark Office (USPTO or US) or the World 
Intellectual Property Organisation (WIPO) 325 .  

In the same period, the number of transport - related patent families identified among the 

nanot echnology patents is 317, 0.7% of all nanotechnology patent families. As applications may 

have been filed with multiple authorities, the percentages for PCT, EP and US do not sum to 100%. 
The highest percentage of applications relating to nanotechnology an d transport is in the US (92.1%) 
and the lowest at the EPO (53.3%), the difference being almost a factor of two.  

  

                                                 

319  Thus all patent documents including at least one of the keywords (in title or abstract) was found but only 
when the patent was classified as being related to at least one of the sectorial IPC codes. There ar e therefore 
other patents that are relevant for the transport sector,  but do not belong to the classification of the 
transport patent families since they are not specifically related to the transport sector only but also to other 
sectors and applications (e.g. in the case of paints and coatings).  

320  http://www.wipo.int/pct/en/  
321  By filing one international patent application under the PCT, applicants can simultaneously seek protection 

for an invention in  148 countries  throughout the world. 
http://www.wipo.int/pct/en/pct_contracting_states.html   

322  Here the  definition of simple family  is where all documents having exactly the same priority or combination 
of priorities belong to one patent family (http://www.epo.org/searching/essentials/patent -
families/definitions.html). The patent families include at least one PCT, EPO or USPTO patent app lication.  

323  A patent family is  defined  by WIPO (the World Intellectual Property Organisation) as a set 
of  patent  applications inter -related by either priority claims or PCT national phase entries, normally 
containing the same subject matter. http://www.wipo.int/   

324  This year refers to the oldest year of the priority patents.  
325  While patents can be filed in individual patent offices, many inventors choose to file applications under the 

Patent Classification Treaty (PCT). All WIPO applications are PCT applications.  

http://www.wipo.int/pct/en/pct_contracting_states.html
http://www.wipo.int/
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Table 7 - 1 : Absolute numbers and percentages of patents on nanotechnology and transport  

Nanotechnology & Transport  
Applications (1993 - 2011)  

Absolute Number  Percentage  

Total patent families  317  100%  

PCT applications  184  58%  

EP applications  169  53.3%  

US applications  292  92.1%  

 

 

Figure 7 - 1 : Number of patent families by filing authority (PCT, EPO, and USPTO)  

As measured by the percentage of patent families, over time, the percentage of nanotechnology and 
transport patent applications in the EPO has dropped significantly, while PCT filings seem  to have 
experienced an opposite trend 326 . Patent filings at the USPTO have remained significant over the 

whole period as, with the exception of a few years at the beginning of the period, nearly all the 
patent families have a filing at this patent authority . The general trend supports the concept that 
patenting in the US has become relatively more important over time than patenting at EPO or as a 
PCT.  

7.3  Activity by filing country and region  

By looking at PCT applications, it is possible to obtain an indication of the relative patenting activity 
of countries and regions. The top ten patent authorities through which PCT applications were filed 

are shown in the table, the US being by far the mos t prolific, followed by Japan, Europe (EPO) and 
South Korea. The sum of the figures for the European patent offices in this table and the EPO is just 
43, considerably less than in the US.  

  

                                                 

326  It should be noted that the cost of applying for a US patent for an extended market is low compared with an 
EPO patent. There is less scrutiny of a US patent and there is evidence that a higher proportion of US  patents 
are granted for inventions that are not novel, resulting in litigation later.  
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Table 7 - 2 : Number of nanotechnology and transport  patent families by PCT receiving 
authority  

Receiving Authority   No. of Patent Families (1993 - 2011)  

United States  88  

Japan  26  

European Patent Office (EPO)  21  

South Korea  7 

Sweden  7 

Spain  5 

Canada  5 

France  5 

United Kingdom  5 

 

7.4  Activity by country of applicant  

PATENT APPLICATIONS   

Within the group of 317 nanotechnology and transport patent families, there is at least one EU28 or 
EFTA applicant in less than 29,7% of them while there is participation from the rest of the world in 
over 90% of cases.  

Table 7 - 3 : Origin of patent applicants, EU/EFTA and Rest of world (1993 - 2011)  

 EU28 & EFTA   Rest of World  

Number of TR nanotechnology patent families  94  296  

Percentage of TR nanotechnology patent families  29.7%  93.4%  

 

Applicants  file patents with more than one patent authority, e.g. at the USPTO and as at the EPO. 
The table below shows the data for the top countries of applicants, indicating the percentage of 
patent families for each. EU28 and EFTA countries are marked in bold. Percentages can sum to more 
than 100%, as patents may be filed with more than one authority (including PCT, US and EP 
applications).  

By far the highest number of patent families is found where the count ry of the applicant is the US 
(151), followed by Japan (53). Next to Japan, in the table Germany and France occupy the third and 

fourth place in the table, with 38 and 21 patent families each.  

Although with a much lower number of patent families, there are  other European countries in the 

table. More than 50% of the countries in the table are European & EFTA countries.   
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Table 7 - 4 : Patent families by country of applicant, numbers and percentages (1993 - 2011)  

 Country of applicant  No. of Patent 
Families  

PCT  US EP 

1 United States  151  62.3%  100.0%  49%  

2 Japan  53  58.5%  92.5%  62.3%  

3 Germany  38  55.3%  73.7%  65.8%  

4 France  21  52.4%  95.2%  76.2%  

5 South Korea  19  42.1%  78.9%  26.3%  

6 Canada  11  63.6%  100.0%  63.6%  

7 United Kingdom  9  77.8%  88.9%  66.7%  

8 Sweden  9  100.0%  88.9%  55.6%  

9 Switzerland  8  87.5%  100.0%  100%  

10  China  8 62.5%  87.5%  25%  

11  Netherlands  7  100.0%  85.7%  100%  

12  Spain  7  71.4%  85.7%  71.4%  

13  Italy  5  40.0%  100.0%  80%  

14  India  4 100.0%  50.0%  75.0%  

15  Belgium  4  50.0%  100.0%  50.0%  

 

All the patents by US applicants are filed with the USPTO while roughly 62.3% are filed as PCTs, and 
slightly less than 50% at the EPO.  

It is also the case that some European countries file more patents at the USPTO compared to the 
other patent authorities, including the EPO. This is the case, for instance, for the two countries with 
the highest amount of patent families (Germany and France)  

 

 

Figure 7 - 2 : Number of pate nt families by country of applicant (Europe & EFTA)(1993 -
2011)  
 

  


