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EXECUTIVE SUMMARY  

Background  

This report is an update on the data in the NanoData Landscape Compilation re ports 

published in June 2017. Those reports were based on data from 2015 (for the reports on 

energy, health, ICT, manufacturing and photonics) and 2016 (for the reports on 

construction, environment and transport).  

EU R&D policy and projects  

The move from the EU Seventh Framework Programme (FP7) to the EU Horizon 2020 

Framework Programme (H2020) has seen both an increase in budget (from EUR 50 

billion for FP7 to over EUR 70 billion for Horizon 2020) and strategic changes, including a 

widening of the knowled ge base and increased emphasis on societal impacts, 

collaboration with industry and the market - related application of research results. 

Greater financial support is being provided for SMEs (with a target of 20% of total 

budget).  

As a horizontal and enablin g technology , nano technology  is seen as relevant to many 

areas under the pillars for Excellent Science (e.g. future and emerging technologies  

(FET)) and Societal Challenge (e.g. secure, clean and efficient energy), but it also gets 

specific attention under the Industrial Leadership pillar in Leadership in Enabling and 

Industrial Technologies  (LEIT), which covers (i) nano technologies , advanced m aterials, 

advanced manufacturing and processing, and bio technology ; (ii) ICT; and (iii) space.  

Nano technology  projects formed 8.8% of H2020 projects to July 2017 1, 1,201 projects 

out of 13,643 being found to be related to nano technology  in that they conta ined the 

term ñnanoò in their óTitleô or óObjectiveô.  

In terms of the distribution of funding for nano technology  between the different H2020 

pillars, Excellent Science has received over half (57%) and Industrial Leadership over a 

third (34%). These compar e with the H2020 budget allocations to the pillars to date of 

37.8% for Excellent Science and 22.8% for Industrial Leadership, showing that 

nano technology - related projects are strongly represented in these two pillars. 34% of the 

H2020 budget is going to S ocietal Challenges but only 6.8% to nano technology  projects 

so far.  

Looking at the distribution of funding for nano technology  within the pillars, almost a third 

(30.7%) of funding under Excellent Science was for the European Research Council and 

almost 15%  for Marie Skğodowska-Curie Actions (MSCA). Within Industrial Leadership, all 

but 2.8% of the funding for nano technology  is allocated to Leadership in Enabling and 

Industrial Technologies  (LEIT), the bulk being allocated to LEIT -NMBP (21%, of which 

16.7% i s in the nano technologies  sub -category).  

Under the SME Initiative, nano technology  has received a smaller share of funding than 

for H2020 overall (4.5% for H2020 and 2.8% for H2020 nano technology ).  

Higher education institutions  (HEIs) dominate in terms of  H2020 nano technology  funding 

(with 44%), followed by public research organisations (PROs 30%) and companies (23%) 

although companies have a higher number of participations (1,224) than PROs (906) but 

less than HEIs (1,491). However, HEIs have received a s maller share of funding to date 

in H2020 than in FP6 and FP7 relative to the other participant types.  

Publications  

                                           

1 Data from July 2017, EC open access data website 
https://data.europa.eu/euodp/en/data/dataset/cordisH2020projects   

https://data.europa.eu/euodp/en/data/dataset/cordisH2020projects
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About 2.3 million publications globally related to nanoscience and nano technology  (NST) 

between 2000 and 2016. The largest proportion by sect or was in ICT (35%), almost 

three times any other sector (manufacturing 13%, health 12%, energy 9%, photonics 

5%). Construction and transport each represented less than 1% of the total.  

The global numbers of publications are growing year on year, most str ongly for photonics 

and energy (at a rate of about 20% each) and least strongly for transport (no growth) 

and construction (3%) between 2000 and 2016.  

The number of nanoscience and nano technology  publications in the EU&EFTA countries 

has also increased yea r on year, doubling from over 27,000 in 2000 to nearly 55,000 in 

2016. However, global publication output has grown at a higher rate, so the percentage 

of EU&EFTA publications has dropped from 40% of total output to 26%.  

The strongest publishing region is Asia and the countries in 2016 were China and the US, 

followed by India, South Korea, Germany, Japan, the United Kingdom and France. Of the 

EU28, the strongest in publications in 2016 (in addition to Germany, the United Kingdom 

and France) were Spain and I taly.  

Higher education institutions  lead the organisations publishing on nano technology  in 

2016, with strong performances from the Chinese Academy of Sciences, the Russian 

Academy of Sciences and several Chinese universities. The highest placed EU&EFTA 

or ganisations are the CNRS (FR). Within HEIs, CNRS is joined by the Max Planck 

Gesellschaft (DE), CNR (IT), CSIC (ES), and the University  

In all sectors other than health, the company contributing to  the most nano technology  

publications globally in 2016 was  Samsung, with strong performances also from IBM, 

Toyota, Intel, NTT, BASF, STMicroelectronics, Sinopec and LG Chem, although publication 

numbers are low relative to those of HEIs. In health, the leaders were Genea Biocells, 

Merck, Bristol Meyers Squibb an d Genentech . Publication activity by companies was 

particularly low in environment, construction and transport.  

Patenting  

The top five patenting offices through which nano technology  patents were files between 

1993 and 2013 were the USPTO (in the top five for all eight sectors), EPO (all sectors), 

the Japanese Patent Office (JPO) (all sectors), WIPO (six sectors) and the Korean Patent 

Office (five sectors). The leading EU patent offic es were in the United Kingdom (in the 

top five for health and photonics), France (manufacturing and environment) and Sweden 

(for transport). The greatest number of patent applications by sector is in ICT, both 

globally and for the EU and EFTA countries.  

The US leads in country of applicant for all sectors, with Japan in second place except in 

health (Germany). Korea is in third place for ICT, manufacturing, energy and 

environment, Germany being in third for photonics, transport and construction. EU 

countri es in the top five for one or more sectors are Germany (all sectors), France and 

the Netherlands (3) and the United Kingdom (2).  

The leading EU organisation for patent applications on nano technology  was the CNRS in 

France, other strong performers being th e CEA (FR), Fraunhofer Gesellschaft (DE) and 

IMEC (BE). Globally, there were strong performances in patent applications from the US 

Institutions  of the University of California, Massachusetts Institute  Technology , the 

University of Texas, the University of  Michigan, Caltech , Northwestern University and 

Princeton. The strongest non -US non -EU&EFTA performers include organisations from 

Korea, Japan, China and Taiwan (Chinese Taipei).  

The leading EU& EFTA companies for patent applications are ASML Netherland BV (NL), 

Infineon Technology  AG (DE), Hitachi Global Storage Technology  Netherlands BV (NL) 

and Mapper Lithography (NL).  
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Applicants may file patents with more than one patent authority. While most patents filed 

by US applicants are filed with the USPTO, between almost 60% (transport 58%, health 

56%) and just over 30% (photonics 32%, manufacturing 35%) of US patent applications 

are filed at the EPO.  

In terms of EPO patents granted  to applicants from  EU&EFTA countries , twelve countries 

occur in the top five ranking across the sectors: Germany and France (8 sectors  each ); 

Italy and the United Kingdom (5 each); the Netherlands (4); Switzerland (3); Austria, 

Belgium and Spain (2 each); and Denmark, Finla nd and Sweden (1 each). For USPTO 

patents, the same ten countries occur in all sectors in the top five ranking: Germany, 

France and the United Kingdom (8 sectors each); the Netherlands (5); Switzerland and 

Italy (3 each); Sweden (2); Spain (1); and Austria  and Belgium (1 each) . For 

organisations, the CNRS (FR) is the leader amongst EU&EFTA universities and public 

research organisations for EPO patents granted.  

EU&EFTA companies  with patents granted include ASML Netherlands BV (NL), Osram 

Opto Semiconductor s GmbH (DE), Mapper Lithography (NL), LôOr®al (FR), Philips 

Electronics NV (NL), Infineon Technology  AG (DE) and Merck Patent GmbH (DE).  

Companies including KK Toshiba (JP), IBM Corporation (US), Samsung Electronics (KR) 

and Canon KK (JP) have patents granted by the USPTO and the EPO, several of them 

patenting in more than three and up to all eight sectors.  

Products and markets 2  

The global market for nanotechnology  products was valued at USD 34.3 billion in 2015 

and forecast to reach about USD 39.2 bil lion in 2016. Growth has been forecast at a rate 

of 18.2% (compound annual growth rate, CAGR) from 2016 to 2021, with an estimated 

market of USD 90.5 billion by 2019 3. Most of the growth is expected to come from 

products that already exist in some form.  

The market estimates for 2021 by sector show that manufacturing is expected to have a 

market value for nano technology  of USD 90.3 billion, photonics USD 43.5 billion, 

transport USD 21.5 billion, ICT USD 10.7 billion, environment USD 8.4 billion (by 2020), 

construction USD 4.8 billion, energy USD 4 billion and health USD 0.5 billion (by 2019).  

For manufacturing, the bulk of the market is expected to be in nanomaterials (mainly 

thin film but also solid nanoparticles and composites), nanotools accounting for ab out 

15% of the total and including next generation lithography tools and nanomanipulators. 

In photonics, the bulk of the market by 2021 is expected  to be due to a growth in the 

area of quantum dots for optoelectronics, as well as extreme UV lithography and  flat -

panel displays. In transport, large markets are forecast in thin films for photocatalytic 

coatings, solid nanoparticles for rechargeable batteries and thin films  for fuel cells. 

Quantum dots for optoelectronics are expected to form the largest part o f the market in 

ICT and nano technology  to 2021. Environmental market applications are expected to be 

led by catalytic converters and nano technology  for both water and air remediation. 

Construction nano technology  markets are forecast to be highest for insul ation and 

coatings and adhesives. Catalysts are expected to have high sales for energy applications 

in 2021, although the rate of growth in the market is quite low. Graphene - related 

applications, such as capacitors, are expected to emerge and also achieve large markets 

by 2023. Health and nano technology  markets are forecast to be largest in solid 

nanoparticles for molecular imaging agents and nanomaterials for implants.  

The transport sector accounts for the largest number (494) of identified products using  

nano technology  in 2017, followed by health (302), manufacturing (277), and energy 

                                           

2 Market data is mainly based on the reports of BCC Research.  
3 BCC Research (2016), Nanotechnology, a realistic market assessment, p.8  
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(269). Other sectors with significant numbers of products are photonics (218) and ICT 

(226). At the lower end are construction (156) and environment products (79). The 

highe st growth in number of products since 2015 is seen in health (182%) and ICT 

(169%), the lowest increase being in photonics, manufacturing and transport although 

even these show a growth of around 40% since 2015.  

Regulation and standards  

Nanomaterials must comply with the overarching regulatory framework in place for 

chemical substances: REACH -  the Registration, Evaluation, Authorisation and restriction 

of Chemicals in Europe since 2007. On 9 October 2017, the European Commission 

published its proposal for amending the REACH Annexes  to address nanoform 

substances. The proposal introduces specific provisions for ónanoformsô and ósets of 

nanoformsô and shall apply from 1 January 2020, while at the same time allowing users 

to comply before that date. The Commis sion Regulation would require, for substances 

which exist in one or more nanoforms that chemical safety reports also describe which 

nanoforms are manufactured and imported. It would also specifically require information 

on all identified uses for each nano form. The modified annexes also clarify how 

manufacturers and importers shall report study results for nanomaterials. The document 

is currently open for consultation.  

Guidance documents related to nanomaterials were published in May 2017 4:  

¶ Nano -specific Ap pendix to Chapter R.6 of the Guidance on Information Requirements 

and Chemical Safety Assessment (QSARs and grouping of chemicals)  

¶ How to prepare registration dossiers that cover nanoforms -  best practices  

¶ Updates to Guidance on IR&CSA (Endpoint specific  guidance):  

­  Appendix to Chapter R.7a for nanomaterials -  Recommendations for physico -

chemical endpoints  

­  Appendix to Chapter R.7b for nanomaterials -  Recommendations for 

ecotoxicological endpoints for nanomaterials (general advice, fate and specific 

endpoints)  

­  Appendix to Chapter R.7c for nanomaterials -  Recommendations for ecotoxicological 

endpoints for nanomaterials (specific advice and specific endpoints)  

Some European Member States have put in place additional ways to regulate 

nanotechnologies, e. g. using databases and reporting schemes for nanomaterials. Non -

EU countries have their own controls under which nanotechnology and construction may 

fall. In general, marketing authorisations have to be applied for on a country -by -country 

basis. No country  has currently developed specific legislation to cover the use of 

nanomaterials in construction.  

Under occupational health and safety legislation, specifically the European Framework 

Directive on Safety and Health at Work (Directive 89/391 EEC), employers are required 

to assess and manage the risks of nanomaterials for their workers. While nanomaterials 

are not expressly covered by the Directive, the European Agency for Safety and Health at 

Work (EU -OSHA), dedicates part of its work to nanomaterials.  

For wo rk on standards specifically related to nanotechnology, there is the International 

Organisation for Standardisation (ISO) technical committee on nanotechnologies, ISO/TC 

229 Nanotechnologies, and, i n Europe, the European Committee for Standardisation 

(CEN)  committee on nanotechnology (CEN/TC 352).  

                                           

4 echa.europa.eu  
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1  INTRODUCTION  

This report is an update to the eight NanoData Landscape Compilation  reports published 

in June 2017. Those reports were based on data from 2015 (for the reports on energy, 

health, ICT, manufacturing and photonics) and 2016 (for the reports on construction, 

environment and transport). This update reports on the outputs of research ( projects, 

publications and patents) and how those outputs are used in the application of 

nano technology  (products and markets).  It also gives an update on regulations affecting 

nano technology  in the EU.   

The outline of this report is as follows:  

¶ Introducti on;  

¶ Policies and programmes for nano technology , the EU Framework Programmes;  

¶ Publications in nano technology ;  

¶ Patenting in nano technology ;  

¶ Products and markets; and  

¶ The wider environment for nano technology  -  regulation and standards . 

Much of the sectoral information is given in comprehensive annexes at the end of the 

document.  
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2  EU FRAMEWORK PROGRAMME AND PROJECTS  

 Introduction : Moving from FP7 to H2020  2.1

The progression in the European Framework Programmes from FP7  to Horizon 2020 h as 

no t just been a development in terms of increased funding (EUR 50 billion for FP7 to over 

EUR 70 billion for Horizon 2020) but also has seen strategic changes . In summary, the 

aims of the changes have been:  

¶ To widen the knowledge base and place greater emph asis on the societal impacts of 

the Framework Programme research (rather than focussing on the deepening of 

knowledge);  

¶ To target increased collaboration with industry; and  

¶ To focus more on the market potential and applications resulting from the researc h.  

Greater financial support is being provided for SMEs (with a target of 20% of the total 

Horizon 2020 budget ). One simplification has been the combining of the Framework 

Programme, the European Institute  for Innovation and Technology  (EIT) and the 

Competitiveness and Innovation Framework Programme (CIP).  

The Seventh Framework Programme 5 (FP7) was structured around the themes of 

Cooperation, Capacities, People and Ideas, as well as Euratom and the Joint Research 

Centre. Its successor, Horizon 2020 6, is concerned with Excellent Science, Industrial 

Leadership, Societal Challenges , Spreading Excellence, Science for Society, the European 

Institute  for Innovation and Technology  (EIT), Euratom and the Joint Research Centre. 

The thematic appro ach of FP7 (under the ten strands of Cooperation 7) are covered in 

H2020 under Industrial Leadership and Societal Challenges. Frontiers research and the 

European Research Council were new in FP7 and fell under Ideas. They have been 

extended in H2020 under t he Excellent Science pillar. Responsible Research and 

Innovation under H2020 seeks to improve access to scientific information, increase 

openness and transparency, and contribute to better policy -making.  

Under Excellent  Science, H2020 is addressing the are as of:  

¶ Excellence in the science base;  

¶ Frontier research (ERC);  

¶ Future and emerging technologies  (FET);  

¶ Skills and career development (Marie Curie); and  

¶ Research infrastructures.  

while it is addressing Societal Challenges through actions on:  

¶ Health, demographic change and wellbeing;  

¶ Food security and the bio -based economy;  

¶ Secure, clean and efficient energy;  

¶ Smart, green and integrated transport;  

                                           

5 https://ec.europa.eu/research/fp7/index_en.cfm  
6 http://ec.europa.eu/programmes/horizon2020/h2020 -sections  
7 https://ec.europa.eu/research/fp7/index_en.cfm?pg=coope ration  
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¶ Supply of raw materials, resource efficiency and climate action; and  

¶ Inclusive, innovative and secure societies.  

Nano technology  is seen as a horizontal and enabling technology  relevant to many of 

these areas. In addition , it gets specific attention under the Industrial Leadership pillar 

with its role of supporting Leadersh ip in Enabling and Industrial Technologies  (LEIT) 

which has three parts:  

¶ Nano technologies , advanced materials, advanced manufacturing and processing, and 

bio technology ;  

¶ ICT; and  

¶ Space.  

Industrial Leadership also covers  Access to Risk Finance and Innovat ion in SMEs.  

Innovation in SMEs 8 (óSME Instrument ô) is a dedicated programme for SMEs aimed at 

supporting them  (to the tune of about EUR 3 billion in 2014 -2020) to develop their 

innovative ideas into products, processes and services for the global market.  It offers 

support for feasibility assessment, innovation development and demonstration (including 

prototyping, miniaturisation, scaling -up, design, performance verification, testing, 

demonstration, development of pilot lines, and validation for market rep lication), 

business coaching (by experienced business coaches selected through the  Enterprise 

Europe Network (EEN)), and access to risk finance (e.g. brokerage activities, assistance 

in applying for EU risk finance, and other innovation support services of fered by the 

EEN).  

Access to Risk Finance 9 aims to help companies and other organisations engaged in 

research and innovation  (R&I) to gain easier access, via financial instruments , to loans, 

guarantees, counter -guarantees and hybrid, mezzanine and equity finance. InnovFin ï 

EU Finance for Innovators -  is the name under which the EU promotes a range of debt 

and equity products and advisory services including guarantees for intermediaries that 

lend to SMEs to direct loans to companies, for all sizes of resea rch and innovation 

projects.  

The funding rate for research is up to 100% in H2020, compared with up to 75% in FP7. 

For demonstration and innovation projects, the funding rates remain generally lower but 

have increased from 50% in FP7 to 70% in H2020 (and u p to 100% for non -profit 

organisations). Different models were used in FP7 to cover overheads and indirect costs 

(ranging from 20% to 60% or actual costs) while H2020 uses a flat rate of 25%.  

In terms of the administrative burden, the time to grant was on  average 12 months after 

submission of the proposal while for H2020 the target is eight  months. Ex -ante financial 

viability checks are only carried out on coordinators in H2020 while for FP7 they were 

required for all beneficiaries with an EU contribution in excess of EUR 500,000. Audit 

certificates were  required in FP7 for all FP7 beneficiaries with an EU contribution in 

excess of EUR 375,000 (cumulative in periods) while for H2020 they are required for all 

beneficiaries with an EU contribution in excess o f EUR 325,000 EUR EU contribution (only 

at the end of the project).  

Intellectual property rules are included in the Rules for Participation for H2020, as for 

FP7, and include some changes, not least the increased focus in H2020 on open access to 

research publications . All funded projects are obliged to ensure that all of their peer -

reviewed journal articles can be openly accessed, free of charge. The H2020 model grant 

                                           

8 https://ec.europa.eu/programmes/horizon2020/en/h2020 -section/innovation -smes  
9 https://ec.europa.eu/programmes/horizon2020/h2020 -section/access - risk - finance  
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agreement makes provision for EU access rights to project results, limited to certain use s 

and specific purposes.  

The Framework Programmes operate in the wider economic and social environment of 

Europe and synergies are sought between EU funding programmes to maximise their 

impact. For the first time in the history of the FPs, there is a legal  mandate to maximise 

synergies between not only H2020 and the European Structural and Investment Funds 

(ESIF) ( Common  Provisions Regulation) , but also with other programmes, such as 

COSME, Erasmus+ and the Connecting Europe Facility. Different types of syn ergies are 

proposed where ESIF can complement H2020 supports: providing funding for positively 

evaluated H2020 proposals that could not be funded due to insufficient budgets; funding 

actions to build research and innovation capacities of actors who aim to participate in 

H2020 or similar programmes; supporting follow -up actions to successful H2020 projects, 

aimed at market up - take; and combining ESIF and H2020 funds to support either 

coordinated parallel actions that complement each other or a single action or a group of 

inter -dependent actions or operations. In this, it must be assured that there is no double 

funding, no substitution of national, regional or private co - funding and no diversion of 

funding. The pilot project 'Stairway to Excellence' aims to su pport EU -13 regions and 

countries to benefit from ESIF/H2020 synergies, in order to promote excellence in all 

regions and EU countries, close the innovation divide and support national and regional 

Smart Specialisation Strategies.  

 Other EU funds  2.2

Over half of EU funding is channelled through the five European Structural and 

Investment Funds 10  (ESIF), jointly managed by the European Commission and the EU 

countries: the European Regional Development Fund (ERDF); the European Social Fund 

(ESF); the Cohesion Fund  (CF); the European Agricultural Fund for Rural Development 

(EAFRD); and the European Maritime  and Fisheries Fund (EMFF).  Their target is job 

creation and creating a sustainable and healthy European economy and environment. 

ESIF mainly focusses  on the five  areas of research and innovation; digital technologies ; 

supporting the low -carbon economy; sustainable management of natural resources; and 

small businesses.  

COSME is an EU programme for the Competitiveness of SMEs, a large part of its activities 

being de dicated towards financial instruments  managed by the European Investment 

Fund (EIF). The COSME financial instruments  aim to improve access to finance for SMEs 

and encourage the competitiveness  of European enterprises. The COSME financial 

instruments  run fr om 2014 to 2020 with a planned budget of EUR 1.3 billion. Via selected 

financial intermediaries, including local financial institutions  or private equity funds, EIF 

provides risk capital financing to SMEs allowing them to reach their next development 

stage . Under COSME, EIF offers two different financial instruments  to financial 

intermediaries: the Equity Facility for Growth (EFG); and the Loan Guarantee Facility 

(LGF). LGF is a successor to the SME Guarantee Facility (SMEG) implemented within the 

Competiti veness and Innovation Framework Programme (CIP) in the 2007 -2013 

programming period, running parallel to FP7.  

The original ERASMUS programme (the European  Region  Action  Scheme for the  Mobility 

of  University  Students) was established in 1987 as an EU stude nt exchange programme. 

It subsequently merged with other programmes (e.g. the Socrates programme for 

education and training) and in its current form, Erasmus+ 11 , it is a broad framework 

programme for education, training, youth and sport. It has a budget of EUR 14.7 billion 

over seven years (a 40% increase in funding compared to the Lifelong Learning 

Programme of 2007 -2013) and aims to support 4 million European citizens. Two - thirds of 

its budget is to enable learning opportunities abroad for individuals (inc luding students, 

                                           

10  https://ec.europa.eu/info/funding - tenders/european -structural -and - investment - funds_en  
11  http://ec.europa.eu/programmes/erasmus -plus/sites/erasmusplus/files/library/erasmus -plus -

factsheet_en.pdf  
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young people, teachers and other educators) while the other third is for partnerships and 

reform of the education and youth sectors.  

The Connecting  Europe Facility 12  (CEF) is a funding mechanism to support the 

development of high performin g, sustainable and efficiently interconnected trans -

European networks in transport, energy and digital services. It has a total budget of EUR 

30.4 billion, including EUR 24.05 billion is for transport, EUR 5.35 billion for energy, and 

EUR 1.0 billion for t elecommunications. The CEF offers financial support to projects 

through grants, guarantees and project bonds. The CEF budget is divided into two 

'envelopes', one available to all EU Member States and the other that is available only to 

the Cohesion Member States 13 .  

 Nano t echnology  in the Framework Programmes  2.3

2.3.1  Participation by type of programme  

2.3.1.1  Overview   

Project - related data was extracted from the eCorda database for FP7. The total number 

of FP7 projects was 25,238 and there were 133,615 participations. 2,636 of those 

projects were found to be related to nano technology  in that they contained the term 

ñnanoò14  in their óTitleô or óAbstractô. Nanotechnology  projects formed 10.0% of FP7 

projects.  

The total number of H2020 projects 15  was 13,643  and there were 55,329  participations. 

1,201  of those projects were found to be related to nano technology  in that they 

contained the term ñnanoò in their óTitleô or óObjectiveô. Nanotechnology  projects formed 

8.8% of H2020 projects to date.  

FP7 and H2020 project data  Projects  

Number of FP projects, all topics  25,238  13,643  

Number of nano technology  FP projects  2,636  1,201  

% of nano technology  FP projects  10.0%  8.8%  

Table 3. 1. Number of projects and shares for nanotechnology in FP7 and H2020  

2.3.1.2  The Seventh Framework Programme (FP7)  

Nano technology  featured most prominently in FP7 under the Cooperation theme 16 , with 

its aim for Europe to gain or to consolidate Οscientific, technological  end economic 

leadership in key sectors. The Cooperation theme covere d cooperative, top -down, 

transnational research, with themes defined according to policy aims. Nanoscience, 

nano technologies , materials and new production technologies  (NMBP) was one of ten 

areas for Cooperation funding, although nano technology  also featur ed in the projects of 

other areas, such as ICT, energy and health.  

                                           

12  https://ec.europa.eu/inea/en/connecting -europe - facility  
13  In 2014 -2020, the  EU Cohesion  Fund is providing funding for 15  Member States :  Bulgaria, Cr oatia, Cyprus, 

the Czech Republic, Estonia, Greece, Hungary, Latvia, Lithuania, Malta, Poland, Portugal, Romania, Slovakia 
and Slovenia.  

14  The term ñnanoò could appear as a part of a word (e.g. nanotechnology, nanoscience, nanomaterial, 
nanoscale), as a pa rt of compound word separated with hyphen (e.g. nano -science) or as an independent 
word ñnanoò. 

15  Data from July 2017, EC open access data website 
https://data.europa.eu/euodp /en/data/dataset/cordisH2020projects   

16  https://ec.europa.eu/research/fp7/index_en.cfm?pg=cooperation  

https://data.europa.eu/euodp/en/data/dataset/cordisH2020projects
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For nano technology , the Cooperation theme took 60.2% of the EC funding contribution, 

less than the 63.1% for FP7 overall. Ideas (European Research Council) took 22.0%, 

more for nano technol ogy  than for FP7 overall (17.1%) and People (Marie Curie Actions) 

12.4%, more for nano technology  than for FP7 overall (10.6%). Capacities (including 

Research Infrastructures and Research for the Benefit of SMEs) took less for 

nano technology  (5.4%) than for FP7 overall (8.4%).  

FP7 Summary  

Number of 
projects  

EC contribution 
(MEUR)  

Share of EC 
contribution  

All  NT All  NT All  NT 

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

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

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

ICT  2,328  175  7,877.0  561.3  17.5%  12.0%  

NMP 805  412  3,238.6  1,595.6  7.2%  34.2%  

Energy  368  24  1,707.4  81.5  3.8%  1.7%  

Environment  494  10  1,719.3  26.9  3.8%  0.6%  

Transport  719  12  2,284.2  61.5  5.1%  1.3%  

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

Space  267  14  713.3  31.7  1.6%  0.7%  

Security  314  5 1,295.5  14.1  2.9%  0.3%  

General Activities  26  0 312.7  0.0  0.7%  0.0%  

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

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

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

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

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

CAPACITIES  2,025  149  3,772.0  249.9  8.4%  5.4%  

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

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

Regions of Knowledge  84  4 126.7  7.3  0.3%  0.2%  

Research Potential  206  27  377.7  55.1  0.8%  1.2%  

Science in Society  183  16  288.4  16.5  0.6%  0.4%  

Research Policies  26  0 28.3  0.0  0.1%  0.0%  



 

17 

FP7 Summary  

Number of 

projects  

EC contribution 

(MEUR)  

Share of EC 

contribution  

All  NT All  NT All  NT 

International Cooperation  157  14  173.4  12.7  0.4%  0.3%  

EURATOM 138  1 358.1  1.1  0.8%  0.0%  

Fusion  4 0 5.2  0.0  0.0%  0.0%  

Fission  134  1 352.8  1.1  0.8%  0.0%  

TOTAL  25,238  2,636  44,917.3  4,660.8  100.0%  100.0%  

Table 3. 2. FP7 nanotechnology activities by programme and sub -programme  

2.3.1.3  Horizon 2020 (H2020)  

In H2020, nano technology  is covered in the LEIT area together with ICT, materials, 

bio technology , manufacturing and space, as well as horizontally under Excellent Science 

and Societal Challenges.  

Excellent Science has four themes:  

¶ Frontier research (ERC);  

¶ Future and emerging technologies  (FET);  

¶ Marie Skğodowska-Curie Actions (MSCA); and  

¶ Research infrastructures (INFRA).  

Industrial Leadership, in addition to Access to Risk Finance and Innovation in SMEs, 

covers Leadership in Enabling and Industrial Technologies  (LEIT) under three headings, 

one of which contains the sub - theme of nano techno logy  as well as related technologies  

and their applications:  

¶ LEIT-NMBP: Nano technologies , advanced materials, advanced manufacturing and 

processing, and bio technology ;  

¶ LEIT- ICT: Information and communications technologies ; and  

¶ LEIT-Space.  

Societal Chall enges comprises actions on:  

¶ Health, demographic change and wellbeing;  

¶ Food security and the bio -based economy;  

¶ Secure, clean and efficient energy;  

¶ Smart, green and integrated transport;  

¶ Supply of raw materials, resource efficiency and climate action; and  

¶ Inclusive, innovative and secure societies.  

Additional activities include Science with and for Society (SwafS) and EURATOM.  
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H2020 Summary  

Number of 

projects  

EC contribution 

(MEUR)  

Share of EC 

contribution  

All  NT All  NT All  NT 

EXCELLENT SCIENCE 7,769  906  8,747.3  1,110.8  37.8%  57.0%  

European Research Council ERC  2,931  364  4,636.3  600.3  20.0 %  30.7 %  

Future & Emerging Technologies  
FET 

150  35  699.6  147.8  3.0 %  7.6 %  

Marie Skğodowska-Curie Actions 
MSCA 

4,526  499  2,415.2  290.4  10.4 %  14.9 %  

Research Infrastructures INFRA  162  8 996.1  72.2  4.3 %  3.7 %  

INDUSTRIAL LEADERSHIP  3,798  246  5,274.0  664.0  22.8 %  34.0 %  

Leadership in Enabling and 
Industrial Technologies  (LEIT)  

1,041  113  4,235.1  609.7  18.3 %  31.2 %  

 LEIT- ICT  621  32  2,457.3  195.1  10.6 %  10.0 %  

 LEIT-NMBP (total)  274  77  1,438.8  411.0  6.2 %  21.0 %  

Nano technologies  62  61  333.8  326.2  1.4 %  16.7 %  

Advanced materials  59  12  324.1  66.8  1.4 %  3.4 %  

Bio technology  19  1 131.8  5.8  0.6 %  0.3 %  

Advanced manufacturing & 
processing  

134  3 649.2  12.3  2.8 %  0.6 %  

 LEIT ï Space  146  4 339.0  3.5  1.5 %  0.2 %  

Access to Risk Finance  8 0 8.3  0.0  0.0 %  0.0 %  

Innovation in SMEs  2,749  133  1,030.6  54.3  4.5 %  2.8 %  

SOCIETAL CHALLENGES  1,762  26  7,919.3  133.7  34.2 %  6.8 %  

Health, Demographic Change and 

Well -Being  
322  8 1,884.3  39.3  8.1 %  2.0 %  

Food Security, Sustainable 
Agriculture, Forestry Marine 
Maritime, Inland Water Research 
and the Bio -economy  

186  5 886.9  26.3  3.8 %  1.3 %  

Secure, Clean, Efficient Energy  380  4 1,871.0  17.3  8.1 %  0.9 %  

Smart, Green, Integrated 
Transport  

436  6 1,417.0  39.9  6.1 %  2.0 %  

Climate Action, Environment, 

Resource Efficiency and Raw 

Materials  

173  2 948.0  6.7  4.1 %  0.3 %  

Europe in a Changing World ï 
Inclusive, Innovative & Reflecting 

133  0 334.1  0.0  1.4 %  0.0 %  
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H2020 Summary  

Number of 

projects  

EC contribution 

(MEUR)  

Share of EC 

contribution  

All  NT All  NT All  NT 

Societies  

Secure Societies -  Protecting 
Freedom and Security of Europe 
and its Citizens  

132  1 578.0  4.2  2.5 %  0.2 %  

OTHER 314  23  1,219.2  45.4  5.3 %  2.3 %  

Spreading Excellence and 
Widening Participation  

128  15  348.9  29.1  1.5 %  1.5 %  

Science with and for Society -  
SWAFS 

75  3 150.2  4.6  0.6 %  0.2 %  

Fast Track to Innovation Pilot  87  5 186.3  11.6  0.8 %  0.6 %  

Euratom  24  0 534.0  0.0  2.3 %  0.0 %  

TOTAL  13,643  1,201  23,160  1,954  100%  100%  

Table 3. 3. H2020 nanotechnology activities by programme and sub -programme  

Over half of the nano technology  funding in H2020 has, to date, been given to Excellent 

Science (57%) and over a third to Industrial Leadership (34%). These proportions are 

greater than for H2020 overall, with 37.8% for Excellent Science and 2 2.8% for 

Industrial Leadership.  

Under Excellent Science, almost a third (30.7%) was for the European Research Council 

(significantly more than the 20% for H2020 overall) and almost 15% for Marie 

Skğodowska-Curie Actions (MSCA) (again nearly 1.5 times the f igure for MSCA in H2020 

overall (10.4%)).  

Within Industrial Leadership, all but 2.8% of the funding for nano technology  is allocated 

to Leadership in Enabling and Industrial Technologies  (LEIT). The LEIT funding for 

nano technology  (31.2%) is significantly more than the figure for H2020 overall (18.3%). 

The bulk of the nano technology  funding is under LEIT -NMBP (21%) with 16.7% of that 

being in the nano technologies  sub -category, with most of the rest of the nano technology  

LEIT-NMBP being allocated to advanced materials. The share of funding for LEIT - ICT was 

approximately the same for H2020 (10.6%) and nano technology  in H2020 (10.0%).  

Nano technology  has so far received a smaller share of funding under the SME Initiative 

than H2020 ove rall (4.5% for H2020 and 2.8% for H2020 nano technology ).  

2.3.2  Participation by type of participating organisation  

The tables below show the participations in the Framework Programmes for the Higher 

Education Sector (HES), Public Research Organisations (PROs), companies (PRC) and 

other organisations. As well as the number of participations (Particip.), the table shows 

the total EC funding and share of funding.  

 

Total FP6 and FP7  NT in FP6 and FP7  

 

Particip.  
EC Funding  

(MEUR)  

Share of 

Funding  
Particip.  

EC Funding  

(MEUR)  

Share of 

Funding  
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HEI  76,777  25,736.0  41.8%  7,671  3,019.5  47.5%  

PRO  53,384  17,304.4  28.1%  4,696  1,778.1  28.0%  

PRC 54,495  13,903.9  22.6%  5,514  1,384.5  21.8%  

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

Total  209,617  61,571  100.0%  18,940  6,356.2  100.0%  

Table 3. 4. Participation in FP6 and FP7, FP6 and FP7 nanotechnology, including funding and share of funding  

 

Total H2020  NT in H2020  

 

Particip.  
EC Funding  

(MEUR)  

Share of 
Funding  

Particip.  
EC Funding  

(MEUR)  

Share of 
Funding  

HEI  17,893  8,776  37.9%  1,491  858.1  43.9%  

PRO  11,617  5,760  24.9%  906  576.7  29.5%  

PRC 17,792  6,219  26.9%  1,224  443.5  22.7%  

Other  8,027  2,405  10.4%  212  75.5  3.9%  

Total  55,329  23,160  100%  3,833  1,953.8  100%  

Table 3. 5. Participation in H2020 and H2020 nanotechnology, including funding and share of funding  

Comparing the percentages, higher education institutions  (HEIs) continue to have a 

higher share of funding in nano technology  (43.9%) than in H2020 as a whole (37.9%), 

the same being true in FP6 and FP7. However, HEIs have received a smaller share to 

date in H2020 than in FP6 and FP7 relative to the other participant types, with small rises 

in the percentage of nano technology  funding received by public research organisati ons 

(from 28.0% to 29.5%), companies (up from 21.8% to 22.7%) and other organisations 

(up from 2.7% to 3.9%). The pattern for H2020 overall is a decrease in that share 

funding to higher education institutions  (down from 41.8% to 37.9%), a decrease for 

publ ic research organisations (down from 28.1% to 24.9%), an increase for companies 

(up from 22.6% to 26.9%) and an increase for other types of organisations (up from 

7.5% to 10.4%), relative to FP6 and FP7.  

 

The next section looks at publications in nano technology  between 2000 and 2016.  
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3  PUBLICATIONS IN NANO TECHNOLOGY 17   

 Global publication trends  3.1

Around 2.3 million publications globally were identified 18  from the Web of Science as 

being related to nanoscience and Technology  (NST) 19  between 2000 and 2016. Of these:  

¶ 800,000 (35%) were related to ICT and nano technology ;  

¶ 286,000 (13%) were related to manufacturing and nanotechnology ;  

¶ 270,000 (12%) were related to health and nanotechnology ;  

¶ 200,000 (9%) were related to energy and nano technology ;  

¶ 113,000 (5%) were related to photonics and nano technology ;  

¶ 66,000 (2%) were related to environment and nano technology ;  

¶ 24,000 (0.9%) were related to transport and nano technology ; and  

¶ 21,000 (0.8%) were related to construction and nano technology . 

 

Figure 4. 1. Number of publications by NanoData sector, 2000 -2016  

Looking at the global numbers of publications over time 20 , from 2000 to 2016, the 

proportion of nano technology  publications grew in all sectors relative to the to tal number 

of publications in that sector, except in transport where it was stable. The trends by 

sector were as follows:  

¶ Up 7% in ICT, from 11% to 18%;  

¶ Up 6% in manufacturing, from 58% to 64%;  

                                           

17  It should be noted that, in attributing publications, full counting is used, meaning that publications may be 
assigned to more than one actor. Where a p erson, organisation or a country is said to have  a number of 
publications, they contributed  to that number of publications, but they may not have been the only 
contributor.  

18  http://www.vosviewer.com/Publications   
19  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. 

20  See tables in Annex: Publication data  

http://www.vosviewer.com/Publications
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¶ Up 4% in health, from 2% to 6%;  

¶ Up 20% in energy, from 35% to 55%;  

¶ Up 23% in photonics, from about 45% to almost 68%;  

¶ Up 5% in environment, from 10% to 15%;  

¶ Stable in transport at 16%; and  

¶ Up 3% in construction from 15% to 18%.  

 European Union and EFTA publication trends  3.2

Over the period from 2000 -2016, the number of nanoscience and nano technology  

publications in the EU&EFTA countries has increased year on year, doubling from over 

27,000 in 2000 to nearly 55,000 in 2016. However, global publication output has grown 

at a higher rate and  the percentage of EU& EFTA publications has decreased in the same 

time period from 40% of total output to 26%.  

Year  

Number of publications  

NST  NST EU&EFTA  % NST EU&EFTA  

2000  68,949  27,470  40%  

2001  74,841  29,337  39%  

2002  80,103  30,737  38%  

2003  86,574  31,283  36%  

2004  96,671  34,220  35%  

2005  105,772  35,603  34%  

2006  115,714  38,174  33%  

2007  122,991  39,503  32%  

2008  131,215  41,002  31%  

2009  137,770  42,085  31%  

2010  145,011  43,808  30%  

2011  160,078  47,159  29%  

2012  168,244  48,447  29%  

2013  182,921  51,316  28%  

2014  194,732  52,609  27%  

2015  203,104  54,166  27%  

2016  207,608  54,697  26%  

Table 4. 1. Nanoscience and nanotechnology publication output by year worldwide and in the EU and EFTA countries (2000 -

2016)   

The proportion of EU&EFTA publications in nanoscience and nano technology  decreased in 
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all of the sectors (except construction where it remained stable), largely due to the 

increase in publishing in China. For example, for ICT, the number of publications in the 

EU&EFTA countries rose from nearly  10,000 in 2000 to over 20,000 in 2016 but the 

proportion dropped from 40% to 25% relative to global output (see figure below).  

 

Table 4. 2. ICT nanotechnology publication output by year worldwide and in the EU and EFTA countries  (2000 -2016)  

For the other sectors, EU&EFTA publication output trends 2000 -2016 were as follows:  

¶ Publications on health and nano technology  increased four - fold in number for the 

EU&EFTA from over 2,000 to about 9,000, while the worldwide output increased si x-

fold from 5,000 to over 30,000;  

¶ Publications on photonics and nano technology  increased almost five - fold in number 

for the EU&EFTA from about 800 to 4,000, while the worldwide output increased 

almost eight - fold from under 2,000 to almost 14,000;  

¶ Publications on energy and nano technology  increased six - fold from 1,000 to 6,000 

approximately for the EU&EFTA, while the worldwide output increased sixteen - fold 

from under two thousand to almost thirty thousand;  

¶ Publications on manufacturing and nano tech nology  increased two - fold in number from 

3,000 to 6,000 approximately for the EU&EFTA, while the worldwide output increased 

three - fold from 8,000 to 25,000;  

¶ Publications on environment and nano technology  increased five - fold in number from 

under 500 to over  2,500 for the EU&EFTA, while the worldwide output increased nine -

fold from over 1,000 to under 10,000;  

¶ Publications on transport and nano technology  increased 2.5 times in number from 

under 300 to over 800 for the EU&EFTA, while the worldwide output increa sed four -

fold from 600 to almost 2,500; and  

¶ Publications on construction and nano technology  increased six - fold in number from 

under 200 to over 1,000 for the EU&EFTA, the worldwide output also increasing six -

fold from 500 to almost 3,000.  

Full details are given in the Annex: Publications.  
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 Publication output by sub - sector: health and energy  3.3

3.3.1  Health  

For health, five sub -sectors were identified (cancer, cardiovascular disease, diabetes, 

infectious diseases and neurodegenerative diseases), plus the category Othe r (remaining 

publications not in the five sub -sectors). The majority of publications in health and in 

health nano technology  relate to cancer as seen below. It is noticeable that particularly in 

cancer, the share of nanotechnology publications (NST) is much  higher than in health in 

general while for infectious diseases it is less.  

 

Figure 4. 2. Distributions of subsectors within health and NST for health  

Sub - sector  

No. of publications  

Sub -sector in all sciences  Sub -sector in NST  

Cancer  209,4336  76,315  

Cardiovascular disease  849,940  11,586  

Diabetes  491,379  6,042  

Infectious diseases  983,676  12,186  

Neurodegenerative diseases  487,496  8,131  

Other  4,975,012  24,1037  

Table 4. 3. Publications in health and  health nanotechnology by sub -sector   

3.3.2  Energy  

For energy, four sub -sectors were identified (alternatives, hydrogen, solar and storage). 

The majority of publications are in solar and storage as seen in the table below.  
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Sub - sector  

No. of publications  

Sub -sector in all sciences  Sub -sector in NST  

Solar  147,791  92,175  

Storage  93,925  61,885  

Hydrogen  36,478  28,262  

Alternatives  61,322  3,343  

Table 4. 4. Publications in energy and energy nanotechnology by sub -sector  

It is noticeable that particularly in alternatives, the share of nano technology  publications 

(NST) is much smaller than in energy research in general. This is an indication that 

nanoscience and nano technology  are not yet much investigated in the area of alternat ive 

energies.  

 

Figure 4. 3. Distributions of subsectors within energy and NST for energy  

 Publication o utput by region and country  3.4

For all sectors, the most prolific region for publications in nanoscience and 

nano technology  is Asia, followed by the EU&EFTA and North America.  

Region  

Number of publications  

ICT  MF EN HT PH EV TR CN 

Asia  419,031  158,468  116,294  112,740  56,012  28,683  8,767  7,124  

EU28&EFTA  255,411  84,476  51,263  87,452  36,215  21,595  9,090  8,651  

North America  166,130  51,245  41,353  71,418  29,711  14,915  6,353  4,042  

Middle East  44,155  13,078  8,756  15,887  4,862  5,591  1,345  2,247  

South & Central 
America  

25,134  8,554  3,986  8,875  2,250  2,830  1,023  1,138  
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Region  

Number of publications  

ICT  MF EN HT PH EV TR CN 

Oceania  17,447  5,309  5,115  6,775  2,767  2,415  464  877  

Africa  12,410  4,527  2,949  4,370  1,485  1,944  365  880  

Table 4. 5. Number of publications by region and sector (2000 -2016)  

By country, the most prolific publisher in 2016 was China followed by the US in all 

sectors 21 . Other countries that featured in the top ranks for the sectors are India, South 

Korea, Germany, Japan, the United Kingdom and France.  

¶ In ICT and nano technology , China had more than twice the number of publications as 

the US and around six times the next  highest producer s of publications (India, Korea, 

Germany and Japan).  

¶ The performance was similar for manufacturing.  

¶ In health and nano technology , China had 1.5 times the output of the US, over three 

times the output of India and about five times the out put of the followers Germany, 

United Kingdom and Korea.  

¶ In energy and nano technology , China produced 2.5 times the output of the US and 

over four times the output of South Korea, five times that of Japan and seven times 

that of Germany.  

¶ In photonics and nano technology , the output of China was 1.5 times that of the US 

and 4.5 times that of Germany, India and the United Kingdom.  

¶ In environment and nano technology , the output of China was more than double that 

of the US and four times that of India.  

¶ In trans port and nano technology , the output of China was 1.5 times that of the US 

and four times that of the next ranked Germany, followed closely by India and the 

United Kingdom.  

¶ In construction and nano technology , the output of China was 1.8 times that of the US  

and four times that of the next ranked Spain, followed closely by the United Kingdom, 

India, South Korea and France.  

For the EU28 and EFTA countries in 2016, the most prolific (in addition to Germany and 

the United Kingdom) were France, Spain and Italy. G ermany had the greatest number of 

publications for all sectors except in construction which was led by Spain and 

environment which was led by the United Kingdom. Apart from its first place amongst 

EU&EFTA countries in environment, the United Kingdom ranked  second in all sectors 

except manufacturing where France was in second place. Spain ranked second in 

environment. Other countries not yet mentioned that featured in the top fifteen for 

publications included Poland (particularly strong in ICT and manufactur ing); Switzerland 

(between 6 th  and 9 th  place in all sectors); the Netherlands, Belgium and Sweden (in the 

top ten in all sectors); and Denmark (in the top ten in all except manufacturing); as well 

as Ireland (in health); and Greece (in energy).  

Rank  Sector  

                                           

21  Note that the figures have not been adjusted for population size or GDP  
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ICT  MF EN HT PH EV TR CN 

1 DE DE DE DE DE UK DE ES 

2 UK FR UK UK UK ES UK UK 

3 FR UK FR IT  FR DE IT  FR 

4 ES ES ES FR IT  FR FR DE 

5 IT  IT  IT  ES ES IT  ES IT  

Table 4. 6. Ranking of EU&EFTA countries by number of publications  by sector (2016)  

Full details are given in the Annex: Publications.  

 Publication o utput by organisation type   3.5

Identified from the publication data  from 2016 , the main players in the R&D landscape of 

nanoscience and nano technology  are higher education institutions , research and 

technology  organisations and industry. The leading higher education institution  (HEI) is 

the Chinese Academy of Sciences (with between 4800 and 80 publications per sector) 

except in construction. Also featuring prominently are th e Russian Academy of Sciences 

(1800 publications in ICT and 395 in manufacturing) and a number of Chinese 

universities (e.g. Tsinghua University) while CNRS (FR) leads the EU& EFTA HEIs (being 

placed between second and sixth place globally in all sectors ( with 1100 publications in 

ICT), except construction where it is ninth). The Spanish National Research Council 

(CSIC) is fourth in construction and seventh in transport but the publication numbers are 

low (43 and 26 respectively).  

Looking at EU&EFTA higher  education institutions  alone, organisations in the top five of 

one or more sectors are the CNRS (FR), the Max Planck Gesellschaft (DE), CNR (IT), 

CSIC (ES), the University of Cambridge (UK), EPFL (CH), University College London (UK), 

the University of Ave iro (PT), Imperial College London (UK), Ghent University (BE), Delft 

University (NL), the Poly technic  University of Catal oni a (ES) and the University of 

Birmingham (UK).  

While publishing with a much lower level of productivity, some companies are active i n 

publishing in nanoscience and nano technology , the most significant producer across all 

sectors except health being Samsung with over 170 publications in ICT and 57 in energy, 

for example. Also featuring in the top publishing companies in 2016 in sectors not 

including health were IBM, Toyota, Intel, NTT, BASF, STMicroelectronics, Sinopec and LG 

Chem (each with over 30 publications). For health, the leaders were Genea Biocells (28), 

Merck (24), Bristol Meyers Squibb (23) and Genen tech  (21). Publication numb ers were 

particularly low in environment (the highest being 10 by BASF), construction (the highest 

being 10 by Jiangsu Sobute New Materials Company Limited) and transport (the highest 

being 6 by Posco).  

 

Further  details are given in the Annex: Publications  by sector .  

 

The next section look s at patenting activity in nano technology , over time, by country of 

applicant, by applicant organisation and by patents granted.  
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4  PATENTING IN  NANO TECHNOLOGY  

 Overview  4.1

This section looks at the patenting activity in nano technology  by patent filings and 

patents granted over the time period 1993 -2013 at the leading global patent offices and 

by country of applicant and country of inventor, and by organisation including companies. 

Full details are given in the Annex: Patent D ata.  

The patents and patent families (groups of patents related to the same invention) were 

identified by searching using a combination of keywords (identified within the NanoData 

project for the sector) and IPC (International Patent Classification) symbols . The IPC 

symbols used were both those for nano technology  i.e. B82 and those related to the 

sector under consideration (e.g. transport) 22 . The patent family to which the patents 

belonged was identified and all the patents in the patent families were retriev ed.  

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 23  applications 

registere d 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 24  that are members of the treaty.   

 Number and evolution over time of nano t echnology  patent families  4.2

Using the above methodology, 50,780 (simple) nano technology  patent families 25 ,26  of 

granted patent and  patent applications were found in the period 1993 -2013 27 . All of 

these were from the European Patent Office (EPO), US Patent and Trademark Office 

(USPTO) or the World Intellectual Property Organisation (WIPO) 28 . The number of patent 

families are shown below by sector and for all nanoscience and nano technology  (NST 

total).  

Sector  

Patent families  

Number  Share of total NST  

NST total  50,780  100%  

ICT  7,119  14.0%  

Health  3,433  6.8%  

                                           

22  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 are 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 an d 
applications (e.g. in the case of paints and coatings).  

23  http://www.wipo.int/pct/en/  
24  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   
25  The definition of simple family is used, 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 application.  

26  A patent family is  defined  by WIPO (the World Intellectual Property Organisat ion) 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/ .  

27  This year refers to the oldest year of the priority patents.  
28  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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Sector  

Patent families  

Number  Share of total NST  

Manufacturing  3,222  6.3%  

Construction  2,254  4.4%  

Energy  2,068  3.6%  

Photonics  2,037  4.0%  

Environment  531  1.0%  

Transport  329  0.6%  

Table 5. 1. Absolute numbers and percentages of patent families for nanotechnology  

 Activity by filing country and region  4.3

By looking at PCT applications, it is possible to obtain an indication of the relative 

patenting activity of countries  and regions. The top five patent authorities through which 

PCT applications were  filed are shown by sector in the table.  

Rank  

Receiving authority (patent office) by sector  

ICT  MF HT EN PH EV TR CN 

1 USPTO USPTO USPTO USPTO USPTO USPTO USPTO USPTO 

2 Japan  Japan  EPO Japan  Japan  Japan  Japan  EPO 

3 EPO EPO Japan  EPO EPO EPO EPO Japan  

4 WIPO  Korea  WIPO  Korea  UK WIPO  Korea  Korea  

5 Korea  France  UK WIPO  WIPO  France  Sweden  WIPO  

Table 5. 2. Top five receiving authorities for PCT applications by sector (1993 -2013)  

Further details are given in the Annex: Patent data by sector.  

 Activity by country of applicant  4.4

4.4.1  Patent applications  

As shown in the table below, the greatest number of patent applications by sector is in 

ICT (for both EU&EFTA and the rest of the World). The highest percentage of EU&EFTA 

patent applications by sector is in photonics (23%), followed by energy (21%) and 

construction (20%), the lowest percentages being in manufacturing and environment 

(14%). The sectors in which there is relatively little patent activity in terms of numbers 

of appli cations related to nano technology  are environment and transport.   

Sector  

EU28 &EFTA patent applications  (1993 - 2013)  

Number  

EU28 &EFTA share  

Total  EU&EFTA Rest of World  

ICT  7,119  1,037  6,082  15%  
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Manufacturing  3,222  463  2,759  14%  

Health  3,433  609  2,824  18%  

Energy  2,068  433  1,635  21%  

Photonics  2,037  282  924  23%  

Environment  551  76  455  14%  

Transport  329  57  272  17%  

Construction  2,254  449  1,805  20%  

Table 5. 3. Patent applications for EU&EFTA and the rest of the World by sector  (1993 -2013)  

The table below shows the top five countries of applicants by sector, with EU28&EFTA 

countries marked in bold. The US leads in countries of applicant for all sectors, with 

Japan in second place except in health (Germany). Korea is in third pla ce for ICT, 

manufacturing, energy and environment, Germany being in third for photonics, transport 

and construction. EU countries in the top five for one or more sectors are Germany (all 

sectors), France (3), the Netherlands (3) and the United Kingdom (2).  

Rank  

Country of applicant by sector  

ICT  MF HT EN PH EV TR CN 

1 US US US US US US US US 

2 JP JP DE JP JP JP JP JP 

3 KR KR JP KR DE KR DE DE 

4 DE NL UK DE UK DE FR KR 

5 NL DE FR CN KR FR KR NL 

Table 5. 4. Top five countries  of applicant by sector (1993 -2013)  

Applicants may file patents with more than one patent authority, e.g. at the USPTO and 

at the EPO. The vast majority of patents by US applicants are filed with the USPTO, for 

example 99% for ICT, 92% for manufacturing an d 82% (the lowest percentage) for 

health. Between almost 60% (transport 58%, health 56%) and just over 30% (photonics 

32%, manufacturing 35%) of US patent applications are filed at the EPO. Between 73% 

(construction and environment) and 51% (manufacturing)  of US applicants file via the 

PCT route.  

Among the applicants from EU&EFTA countries, those filing patents for ICT, 

manufacturing and transport most commonly do so at the USPTO. For health, energy, 

photonics, environment and construction, the differences  in the percentage of filings 

among the different patent authorities are not large. In some cases, there is a slight 

preference for the PCT route, mainly for UK applicants filing in health, energy, 

environment and construction while French applicants have a slight preference for USPTO 

filings in energy, environment and construction.  

Further details  are given in the Annex: Patent data by sector.  

4.4.2  Granted patents  

In terms of EPO patents granted  to applicants from EU&EFTA countries , applicants from 

Germany hav e the  highest number  of patents granted in all of the eight sectors . Twelve  

countries occur in the top five ranking  across the sectors : Germany and  France (8  
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sectors ); Italy and  the United Kingdom (5  each ); the Netherlands (4); Switzerland ( 3); 

Austria,  Belgium and Spain (2  each ); and Denmark, Finland and Sweden (1  each ).  

Rank (EPO)  

EU&EFTA country of applicant for patents granted by sector  

ICT  MF HT EN PH EV TR CN 

1 DE DE DE DE DE DE DE DE 

2 FR NL FR FR FR FR FR FR 

3 NL FR UK UK UK AT CH NL 

4 UK UK CH AT IT  BE IT  SE 

5 BE CH IT  IT  DK FI  NL IT  

Table 5. 5. Ranking by number of EPO patents granted: EU&EFTA applicants by country of applicant by sector (1993 -2013)  

In terms of USPTO patents granted  to applicants from EU& EFTA countries , applicants 

from Germany have the highest number in six of the eight sectors and are in second 

place in the other two, following the Netherlands in manufacturing and France in 

environment, as shown in the table below. The same ten  countries occur in all sectors in 

the top five rankin g: Germany,  France and the United Kingdom (8  each ); the  Netherlands 

(5); Switzerland and Italy (3 each); Sweden (2); Spain ( 1);  and  Austria and Belgium (1  

each ).  

Rank 

(USPTO)  

EU&EFTA country of applicant for patents granted by sector  

ICT  MF HT EN PH EV TR CN 

1 DE NL DE DE UK DE DE DE 

2 NL DE FR FR DE FR FR NL 

3 FR FR UK UK FR ES SE FR 

4 UK UK CH AT NL UK UK UK 

5 BE CH IT  IT  IT  NL CH SE 

Table 5. 6. Ranking by number of USPTO patents granted: EU&EFTA applicants by country of applicant by sector (1993 -2013)  

Further details are given in the Annex: Patent data.  

 Patenting activity by type of organisation  4.5

4.5.1  Universities and Public Research Organisations  

4.5.1.1  Patent applications  

Among the top patenting universities and public research organisations are:  

¶ The University of California (US) with 73 patent families in health, 69 in ICT, 65 in 

manufacturing, 59 in photonics and 57 in energy;  

¶ Massachusetts Institute  Technology  (US) with 53 in phot onics, 50 in health, 32 in 

energy and 30 each in ICT and manufacturing;  

¶ The University of Texas with 66 in health and 31 in manufacturing; and  

¶ The University of Michigan (US) with 28 in health, and 23 each in energy and 
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photonics.  

Other prominent patenting universities in the US in nano technology  include Cal tech , 

Northwestern University and Princeton.  

In the EU&EFTA countries, the leader amongst universities and public research 

organisations is the CNRS in France with patent families as follows:  

¶ 38 in ICT (ranking 23rd amongst all organisations and 4th amongst universities and 

public research organisations);  

¶ 33 in manufacturing (ranking 12th amongst all organisations and 2nd amongst 

universities and public research organisations);  

¶ 27 in photonics ( ranking 10th amongst all organisations and 5th amongst universities 

and public research organisations);  

¶ 23 in health (ranking 10th amongst all organisations and 5th amongst universities and 

public research organisations);  

¶ 22 in energy (ranking 10th amongst  all organisations and 5th amongst universities 

and public research organisations); and  

¶ less than ten each in the other sectors.  

Other strong performers amongst EU&EFTA universities and public research organisations 

are:  

¶ CEA (FR) with 67 patent families in  ICT (ranking 14th amongst all organisations, 

above the CNRS), 42 in manufacturing (ranking 12th amongst all organisations, above 

the CNRS), 25 in photonics, 18 in energy and 12 in construction; and  

¶ Fraunhofer Gesellschaft (DE) with 19 patent families in c onstruction and 12 in 

photonics; and  

¶ IMEC (BE) with 27 patent families in ICT and 11 in photonics.  

Other organisations are visible but with less than ten patent families per sector each.  

The strongest non -US non -EU&EFTA performers include the Electronics a nd 

Telecommunications Research Institute  (KR); the Japanese Science and Technology  

Agency (JP); Tsinghua University (CN); the National Institute  of Advanced Science and 

Technology  (JP); the Industrial Technology  Research Institute  (TW); and the University 

of Tokyo (JP).  

4.5.1.2  Granted patents  

The CNRS (FR) is also the leader amongst EU&EFTA universities and public research 

organisations for EPO patents granted in nano technology  and photonics (12), health (8), 

manufacturing (7), energy (7) and transport (3). In the  other sectors, CEA (FR) leads in 

ICT (17) followed by the CNRS (FR) (15); Fraunhofer Gesellschaft (DE) leads in 

construction (5); and the University of Seville (ES) leads in nano technology  and 

environment, albeit with just one EPO patent granted.  

The University of Seville (ES) also leads in USPTO patents granted in nano technology  and 

the environment with eight, CNRS (FR) having three. Overall in terms of USPTO patents 

granted to EU&EFTA universities and public research organisations, the lead 

organisat ions are the CEA (FR) and the CNRS (FR). For example, the CEA has 41 USPTO 

patents granted in ICT and 38 in manufacturing, while the CNRS has 16 in 

manufacturing, 14 in ICT and 9 in energy.  
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4.5.2  Private Companies 29  

4.5.2.1  Patent applications  

The most prolific companie s for patent applications across PCT, EPO and USPTO are  

¶ KK Toshiba (JP), with 239 patent families in ICT, 38 in manufacturing and 26 in 

photonics;  

¶ Samsung Electronics (KR), with 181 patent families in ICT, 82 in manufacturing, 68 in 

energy, 47 in photonics, 22 in construction and 10 in environment;  

¶ Canon KK (JP), with 70 patent families in photonics, 52 in manufacturing and 33 in 

construction;  

¶ TDK Corporation (JP) with 159 patent families in ICT and 17 in photonics;  

¶ Sony Corporation (JP) with 130 p atent families in ICT;  

¶ ASML Netherland BV (NL) with 125 patent families in manufacturing and 30 in 

construction;  

¶ Fujitsu (JP) with 122 patent families in ICT;  

¶ Hitachi Ltd (JP) with 121 patent families in ICT and 21 in photonics;  

¶ Molecular Imprints Inc. (U S) with 109 patent families in manufacturing and 48 in 

construction;  

¶ Infineon Technology  AG (DE) with 82 patent families in ICT;  

¶ Hitachi Global Storage Technology  Netherlands BV (NL) with 78 patent families in ICT; 

and  

¶ Mapper Lithography (NL) with 55 paten t families in manufacturing.  

The leading EU&EFTA companies for patent applications are therefore ASML Netherland 

BV (NL), Infineon Technology  AG (DE), Hitachi Global Storage Technology  Netherlands 

BV (NL) and Mapper Lithography (NL). Other EU&EFTA companie s that have over twenty 

patent applications are Merck Patent GmbH (DE), BASF (DE) and Osram Opto 

Semiconductors GmbH (DE). Companies with between ten and twenty patent applications 

each are Evonik Degussa GmbH (DE), Philips Electronics NV (NL), LôOr®al (FR), Elan 

Pharmaceuticals (IE) and MidaTech  Ltd (UK). Companies with less than ten patent 

applications each include Rhodia (FR), Bayer AG (DE), Lanxess Deutschland GmbH (DE), 

Saab (SE), Michelin (FR), Michelin (CH), Mesophotonics Ltd (UK) and Solvay (BE). It  is 

noticeable that the majority are companies based in Germany.  

In health, there are less patent applications with the list headed by Immunomedics Inc. 

(US) with 55 patent families; Philips Electronics NV (NL) with 24 (and also 17 in 

photonics) and LôOr®al (FR) with 21. In transport, companies have less than ten patent 

families each, the list being headed by Bridgestone Corporation (JP).  

4.5.2.2  Granted patents  

EU&EFTA companies with EPO patents granted include:  

¶ LôOr®al (FR), with 20 in health;  

                                           

29  In some cases, the companies may be holding companies.  
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¶ Osram Opto Semico nductors GmbH (DE), with 18 in photonics;  

¶ Philips Electronics NV (NL), with 17 in photonics and 15 in ICT;  

¶ Infineon Technology  AG (DE), with 17 in ICT;  

¶ Mapper Lithography (NL), with 12 in manufacturing;  

¶ ASML Netherlands BV (NL), with 11 in manufacturing; and  

¶ Merck Patent GmbH (DE), with 10 in energy.  

Leading non -EU&EFTA companies with EPO patents granted include:  

¶ IBM Corporation (US), with 26 patents in ICT and 12 in manufacturing;  

¶ Samsung Electronics (KR), with 20 patents in ICT;  

¶ Canon KK (JP), with 20 patents in photonics; and  

¶ Immunomedics Inc. (US), with 19 patents in health.  

 

EU&EFTA companies with USPTO patents granted include:  

¶ ASML Netherlands BV (NL), with 81 in manufacturin g and 23 in construction;  

¶ Hitachi Global Storage Technology  Netherlands BV (NL), with 68 in ICT;  

¶ Mapper Lithography (NL), with 32 in manufacturing;  

¶ Osram Opto Semiconductors GmbH (DE), with 25 in photonics;  

¶ LôOr®al (FR), with 11 in health;  

¶ Evonik Degu ssa GmbH (DE), with 11 in construction; and  

¶ Merck Patent GmbH (DE), with 9 in energy and 5 in health.  

 

Leading non -EU&EFTA companies with USPTO patents granted include  

¶ KK Toshiba (JP), with 200 patents in ICT and 35 in manufacturing, 26 in photonics and 

13 in construction;  

¶ IBM Corporation (US), with 156 patents in ICT and 44 in manufacturing;  

¶ TDK Corporation (JP), with 128 patents in ICT and 17 in photonics;  

¶ Samsung Electronics (KR), with 119 patents in ICT, 54 in manufacturing, 32 in 

energy, 47 in pho tonics, 10 in construction and 7 in environment;  

¶ Sony Corporation (JP), with 102 patents in ICT;  

¶ Hitachi Ltd (JP) with 98 patents in ICT and 21 in photonics;  

¶ Molecular Imprints Inc. (US), with 73 patents in manufacturing and 40 in construction;  
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¶ Canon KK (JP) with 70 patents in photonics, 37 in manufacturing and 27 in 

construction;  

¶ Nuflare Technology  Inc. (JP) with 50 in manufacturing; and  

¶ Immunomedics Inc. (US) with 39 patents in health.  

Particularly noticeable are the companies, such as KK Toshiba (JP), Samsung Electronics 

(KR) and Canon KK (JP), that patent in the USPTO across at least three and up to six 

sectors of the eight under consideration here.  

 

Further details  are given in the A nnex: Patent data  by sector.  

 

The next section looks at products and markets for nano technology . 



 

36 

5  PRODUCTS AND MARKETS FOR NANO TECHNOLOGY  

 Introduction  5.1

This section reports firstly on commercialised products using nano technology , in 

particular the changes in number  of products since 2015, and, secondly, on the markets 

for products using nano technology . It provides an overview, with additional information 

for each of the sectors being available in the Annex.  

 Products  5.2

Commercialise d products were identified in all application markets of nano technology  

corresponding to the eight sectors in both 2015 and 2017 , as shown in the figures below . 

In all cases an increase in the number of products was seen. In some cases, the products 

may be  included in more than one sector.  

In 2017, the transport sector accounts for the largest number of identified products (494 , 

up from 363 in 2015 ) . There are also a large number of products in health ( 302 , up from 

107 identified in 2015, the largest relati ve increase ), manufacturing (277 , up from 134 in 

2015 ), and energy (269 , up from 168 in 2015 ). Other sectors with significant numbers of 

products are photonics (218) and ICT (226).  

 

Figure 6. 1. Commercialised products in application markets of nanotechnology, 2015 and 2017  

Source: JIIP 2017  

Growth rates in the number of commercialised products from 2015 to 2017 show the 

biggest increase in health, the number of products in 2017 being 182% of the number of 

products in 2015.  Similar growth is seen for ICT (169%). A doubling of the number of 

products between 2015 and 2017 is seen for nanomaterials in manufacturing (107%) 

and for environment products using nano technology  (98%). The remaining sectors show 

significant but lower g rowth in the number of products, ranging from 42% to 64%, as 

shown in the figure below.  
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Figure 6. 2. Growth in numbers of commercialised products by application market, 2015 to 2017  

Source: JIIP 2017  

The next section looks at t he markets for nano technology  applications.  

 Markets for  nano t echnology  applications  5.3

The global market for nanotechnology  products was valued at USD 34.3 billion in 2015 

and forecast to reach about USD 39.2 billion in 2016. Growth was forecast at a rate of a 

rate of 18.2% (compound annual growth rate, CAGR) from 2016 to 2021, with an 

estimated market of USD 90.5 billion by 2 019 30 . 

This section covers the eight sectors in the following order:  

¶ ICT;  

¶ Manufacturing;  

¶ Health;  

¶ Energy;  

¶ Photonics;  

¶ Environment;  

¶ Transport; and  

¶ Construction  

5.3.1  ICT applications of  nano technology  

5.3.1.1  Overview  

Global sales for nano technology  products in the ICT sector accounted for USD 2.8 billion 

in 2015 and are forecast to be USD 10.7 billion in 2021. The figure below shows the 

forecast growth in commercialised products (USD 10.4 billion in 2021) and the expected 

growth in emerging products  (USD 420.2 million in 2021).  

                                           

30  BCC Research (2016), Nanotechnology, a realistic market assessment, p.8  
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Figure 6. 3. Global market outlook for nanotechnology in ICT applications to 2021  

Source: BCC Research 2016  

Growth is forecast to be driven mainly by products that are already commercialised. 

Ther e are inherently no global sales in emerging application markets for 2015 and 2016 

but they are expected to reach sales of USD 420 million in 2021. In comparison, the 

global market volume for products that are already commercialised is estimated to grow 

and to reach USD 2.3 billion in that same year .  

Application markets with remarkable projected growth to 2021 are quantum dots for 

optoelectronics (CAGR 164.3%) and quantum dots for electronics (CAGR 18.5%), printed 

electronics (CAGR 35.6%) and low -k dielectr ic coatings (CAGR 33.8%).  

Application area  Application market  CAGR%  2016 - 2021  

Materials to make ICT  Quantum dots for optoelectronics  164.3  

Materials to make ICT  Quantum dots for electronics  18.5  

Materials to improve ICT  Low -k dielectric coatings  33.8  

Materials to make ICT  Printed electronics  35.6  

Table 6. 1. The most dynamic application markets in nanotechnology for ICT to 2021  

Source: BCC Research 2014, 2015  

Application markets for nano technology  with projected negative growth to 2021 are 

found in storage: magnetic recording media (CAGR -20%), optical recording media 

(CAGR -2.8%), and hard disk media and heads ( -9.7%). The main driver of this trend is 

the increasing online availability of media co ntent (i.e. via Spotify, iTunes, Netflix etc.). 

The market for nanoimprint lithography is expected to stagnate (CAGR 0%).  

Sector  Application market  CAGR%  2016 - 2021  

Storage  

Magnetic recording media  -20  

Optical recording media  -2.8  

Hard disk media and heads  -9.7  

Table 6. 2. The least dynamic application markets in ICT to 2021  
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Source: BCC 2014  

 

5.3.1.2  Forecasts for individual application markets in ICT and nano technology  

Market data and forecasts can be identified for thirteen application markets within 

nano technology  for ICT.  

Quantum dots for optoelectronics are showing the most dynamic projected development 

to 2021 with a CAGR in application markets almost nine times high as the expected 

average growth of the total global mark et for nano technology  products (CAGR 164.3%).  

Printed electronics and low -k dielectric coatings are application markets that are forecast 

to grow more than twice as much as the whole nano technology  market, while application 

markets in data storage show prospects of either below average or negative growth.  

 

Figure 6. 4. Projected growth in ICT application markets to 2021  

Source: BCC Research 2016  

In emerging application ma rkets, growth forecasts are not available for ICT applications. 

Applications with noteworthy potential sales volumes are, on the one hand, optical 

communication products such as add/drop filters, optical switches and optical amplifiers 

and, on the other ha nd, data storage devices in the form of nanostructured holographic 

memory.  

Nanomaterial  Application market  Sales 2019  (USD millions)  

CNT 

Printed electronics  36  

Field emission devices  7.5  

Nanocomposites  

Add/drop filters  53  

Optical switches  15  

Optical amplifiers  100  

Devices  Nanostructured holographic memory  50  



 

40 

Table 6. 3. Global sales forecast for 2019 in emerging ICT application markets  

Source: BCC Research 2015  

With a projected CAGR to 2019 of 44%, the global market  for graphene is forecast to 

develop more dynamically than the total market for nano technology  products (CAGR: 

19.8%). No data on the estimated growth of application markets is available to 2019, but 

the forecasts for sales show good growth prospects for g raphene in high performance 

computing (CAGR 35%), with projected sales of USD 26 million in 2018 and USD 117 

million in 2023.  

5.3.2  Manufacturing applications of nano technology  

5.3.2.1  Overview  

The commercial applications of nano technology  identified in the field of ma nufacturing 

include nanotools (such as nano -manipulators, near - field optical microscopes, 

nanomachining tools and nanolithography tools) and nanomaterials (such as solid 

nanoparticles, nanostructured monolithics, nanocomposites, nanoscale thin films and 

gr aphene).  

Global sales for nano technology  products in the manufacturing sector were estimated at 

USD 34.2 billion in 2015 and USD 90.3 billion in 2021. The figure below shows the 

forecast growth in nanotools (to USD 13.1 billion in 2021) and in nanomateria ls (to USD 

77.3 billion in 2021). It is seen that much of the growth is expected to be driven by 

nanomaterials.  

 

Figure 6. 5. Global market outlook for nanomaterials and nanotools to 2021  

Source: BCC Research 2016  

Shares of nan otools and nanomaterials are expected to remain almost stable from 2021 

to 2021. The nanomaterials share of the market will remain close to 80% (at USD 77 

billion in 2021) and the nanotools share will remain close to 15%.  
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Figure 6. 6. Market shares of nanotools and nanomaterials, 2015 and 2021  

Source: BCC Research  

The markets for nanotools and instruments  are considered now, followed by the markets 

for nanomaterials.  

5.3.2.2  Market trends for nanotools and instruments  

The global market  for commercialised nanotools includes nanomanipulators, near - field 

optical microscopes, nanomachining tools and nanolithography tools. This market is 

expected to grow from USD 5.7 billion in 2015 and USD 6.6 billion in 2016 to about USD 

13 billion in 2021 . 

With a projected CAGR to 2019 of 14.6% the global markets for nanotools will develop 

less dynamic than the total market for nano technology  products (CAGR: 18.2%).  

Application market  CAGR%  2 016 - 2021  Sales 2021  (USD M)  

Advanced optical nanolithography tools  5,500.0  1.4  

Nanomanipulators  1,041.8  11.6  

Near - field optics  91.5  5.2  

Nanomachining tools  30.4  4.0  

Next -generation lithography tools  6,425.0  51.7  

Table 6. 4. Application markets in nanotools to 2021  

Source: BCC Research 2016  

Commercialised application markets for nanotools show all poor estimated growth rates 

to 2021 reaching from 4% (nano -machining tools) to 5% (near - field optics) and 12% 

(nanomanipulators). Growth in this application area will thus be driven by the emerging 

application market for extreme ultraviolet lithography. This particular market is expected 

to grow with a CAGR of 52.8%, while global sales for nanoimprint lithography are likely 

to stagnate to 2021 and remain marginal in terms of global sales.  

Applicatio n market  Sales 2021 (USD M)  CAGR%  2016 - 2021  

Extreme ultraviolet lithography  6,250  52.8  

Nanoimprint lithography  50  0 
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Applicatio n market  Sales 2021 (USD M)  CAGR%  2016 - 2021  

Maskless optical lithography  120  --  

Table 6. 5. Emerging markets in nanotools to 2021  

Source: BCC Research 2016  

5.3.2.3  Market trends for nanomaterials  

The global market for nanomaterials was worth USD 28.5 billion in 2015 and is expected 

to grow to USD 77.3 billion in 2021.  

Nanomaterial  

Sales (USD millions)  

CAGR%  2015 - 2021  

2015  2016  2021  

Nanoscale thin films  21,893.6  25,003.5  57,847.6  18.3  

Solid nanoparticles  3,281.8  3,670.3  8,810.4  19.1  

Nanostructured 
monolithics  

2,054.6  2,268.5  5,141.7  17.8  

Nanocomposites  1,301.6  1,569.4  5,284.3  27.5  

Carbon Nanotubes  6.2  8.0  171.1  84.5  

Total  28,537.9  32,519.8  77,255.1  18.9  

Table 6. 6. Global market for nanomaterials by type to 2021  

Source: BCC Research 2016  

As seen in the table above, growth in absolute terms is driven by the market for 

nanoscale thin films, while nanocomposites and carbon nanotubes have the highest 

compound annual growth rates (CAGR).  

Nanoscale thin films dominated the global nanomaterials market in 2015, accounting for 

76.7% of total worldwide nanomaterial consumption, reflecting their widespread use in 

catalytic converter s. Solid nanoparticles accounted for 11.5% of the market and 

nanostructured monolithics 7.2%, as shown below.  

 

Figure 6. 7. Market shares of types of nanomaterials, 2013 and 2019  

Source: BCC Research  2014  
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It is forecast that the  market for thin films will stagnate in percentage terms, to decrease 

to 74.9% by 2021, with the market share of nanostructured monolithics forecast to fall to 

6.7%. Solid nanoparticles are also expected to hold their relative market share, at 

11.8%. The m arket for nanocomposites is forecast to grow to 6.7% of the total and 

nanotubes to 0.2%.  

5.3.3  Health applications of nano technology  

5.3.3.1  Overview  

The global market for medical and medicinal products using nano technology  

(nanomedicine) is forecast 31  to grow with a CAG R of 16.3% to reach a total of USD 528 

million in 2019, as shown in the figure below .  

 

Figure 6. 8. Global market outlook for nanomedicine to 2019 (USD million)  

Source: BCC Research 2015  

The largest component of this forecast gr owth is expected to be from pharmaceuticals 

using nano technology , with a CAGR of 14.3% and an expected global sales volume of 

USD 412 billion in 2019. While the market for diagnostics using nano technology  is 

expected to have a higher CAGR (24.4%), growing faster than nanopharmaceuticals, 

global sales for nanodiagnostics accounted for only USD 25 billion in 2013 and are 

expected to reach USD 116 billion in 2019 32
. 

Application markets with particularly high projected growth to 2021 are cellulose 

nanoparticles for biomedical applications (CAGR 94%), biomedical markers/detection aids 

(CAGR 43.5%), and transfection reagents (CAGR 39.3%).  

Application  Application market  CAGR%  2016 - 2021  

Pharmaceuticals  Cellulose nanoparticles for biomedical applications  94.0  

Diagnostics  

Biomedical markers and detection aids  43.5  

Transfection reagents  39.3  

Table 6. 7. The most dynamic application markets in health applications to 2021 33  

                                           

31  BCC Research (2014), Nanotechnology in Medical Applications: The Global Market p. 8  
32  Ibid  
33  Data for cellulose nanoparticles is only available for the period 2014 to 2019  
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Source: BCC Research 2015, 2016  

Application markets for nano technology  with low projected growth to 2021 are found in 

MRI contrast agents (CAGR 4%), drug delivery vehicles (CAGR 7%) and high -

performance liquid chromatography (HPLC) (CAGR 8%).  

Sector  Application market  CAGR%  2016 - 2021  

Diagnostics  Nano -  high -performance liquid chromatography  8.1  

Pharmaceuticals  Drug delivery vehicles  7.1  

Diagnostics  MRI contrast agents  3.6  

Table 6. 8. The least dynamic application markets in health applications to 2021  

Source: BCC 2016  

5.3.3.2  Forecasts for individual application markets in health and nano technology  

Market data were identified for twelve separate application markets (see figure below) 

within nano technology  for health. Data on growth were available for all of these except 

for dru g production and mixing systems and for surface disinfectants.  

 

Figure 6. 9. Projected growth in markets for health applications to 2021 34  

Source: BCC Research 2015, 2016 (*no growth data)  

Cellulose nanoparticles for biomedical applications are forecast to have the most dynamic 

development to 2021, with a CAGR of 94%, almost five times the expected average 

growth of the total global market for nano technology  products (CAGR 18.2%). The sales 

                                           

34  Data on cellulose nanoparticles are only available for the period 2014 -2019  
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volume of these products is starting al most from zero (i.e. USD 0.2m in 2014 rising to 

USD 5.5m in 2019).  

Transfection reagents and biomedical markers and detection aids are application markets 

that are forecast to grow more than twice as fast as the nano technology  market as a 

whole. Commercial ised transfection agents are already available in the market, and 

significant continued growth is expected 35 .  MRI contrasting agents, drug delivery vehicles 

and nano -enabled HPLC (high -performance liquid chromatography) show growth 

prospects significantly b elow average growth rates. This may partly reflect the relative 

maturity of these parts of the market. Silver is already much used for anti -microbial 

solutions and recent studies have shown that resistance to these nanoparticles is on the 

rise, which may r esult in a stagnation or reduction in the market for them, or at least a 

reduced market growth rate 36 .  

Market growth forecasts are not available for emerging applications in health 

applications. Applications with noteworthy potential sales volumes include m olecular 

imaging agents and medical implants.  

Nanomaterial  Application market  Sales 2021 (USD M)  

Solid nanoparticles  Molecular imaging agents  210.0  

Thin films  Nano -magnetic -coated drug delivery 

devices  

6.3  

Thin films  Biocompatible coatings  7.3  

Nanostructured monolithics  Medical implants  147.5  

Nanocomposites  Orthopaedic implants  50.0  

Table 6. 9. Global sales and growth forecasts in emerging application markets for health applications to 2021 (USD millions)  

Source: BCC Research 2015  

 

5.3.4       Energy applications of nano technology  

5.3.4.1  Overview  

Global sales for nano technology  products in the energy sector account for USD 1.9 billion 

in 2015 and an estimated USD 4 billion in 2021.  

Growth is mainly driven by products that are already commercialised. Global sales in 

emerging application markets (currently without visible sales) are forecast to be USD 876 

million in 2021. The global market volume for commercial products is, in comparison, 

estimated as USD 3.1 billion for the same  year.  

                                           

35  Interview with Dr. Felicity Sartain, Director, Profiscio & Dr. Eric Mayes, CEO, Endomag Ltd  
36  In terview with Dr. Felicity Sartain, Director, Profisicio  
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Table 6. 10 . Global market outlook for nanotechnology in energy applications to 2021  

Source: BCC Research 2016  

Application market  CAGR% 2016 - 2021  Sales 2021  (USD M)  

Fuel and explosive additives  0.1  30  

Refinery catalysts  3.4  232  

Catalysts  3.5  1,888  

Table 6. 11 . The least dynamic application markets in energy to 2021  

Source: BCC 2014  

The market for nanoparticulate fuel and explosive additives (CAGR 0.1%) is expected to 

stagnate. Application markets with modest growth prospects to 2021 are refinery 

catalysts (CAGR 3.4%) and catalysts (CAGR 3.5%).  

Application markets with remarkable projected growth to 2019 are solar photovoltaics 

(CAGR 123%), quantum dots for photovoltaics (CAGR 27%), and synt hetic fuel 

production (CAGR 40%).  

Application market  CAGR%  2016 - 2021  Sales 2021  (USD M)  

Solar photovoltaics  123.3  50  

Quantum dots for photovoltaics  27.2  120  

Synthetic fuels production  40.2  26  

Table 6. 12 . The most dynamic application markets in energy to 2021  

Sources: BCC 2014, 2015  

5.3.4.2  Forecasts for individual application markets in energy and nano technology  

Market data and forecasts could be identified for eleven application markets within 

nano technology  for energy (see figur e below).  

Photovoltaics is showing the most dynamic projected development to 2021 with a CAGR 

in application markets of more than five times the expected average growth of the total 

global market for nanotechnology products (CAGR 18.2%).  
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Application market s in energy storage are forecast to grow almost twice as much as the 

whole nanotechnology market, while catalysts and fuel additives show growth prospects 

below average.  

 

 

Figure 6. 10 . Projected growth in commercialised energy application markets to 2021  

Source: BCC Research 2016  

In emerging application markets, a growth forecast is only available for fuel cell 

membranes (i.e. nanostructured monolithics), which, at CAGR 27%, is expected to be 

above the 18.2% average growth expec ted for nano technology  products overall.  

Material  Application  

Sales (USD 

millions)  
CAGR%  

2016  2021  
2016 -
2021  

Cellulose nanoparticles  Oil  0 8 --  

Nanoscale thin films  Transparent electrodes  0 117  ï 

Nanostructured 
monolithics  

Fuel cell membranes  125  414  27  

Aero capacitors/ other electrochemical 
devices  

Neg.*  399  ï 

Nanocomposites  Fuels cells  0 287  ï 

Table 6. 13 . Global sales and growth forecasts in emerging energy application markets to 2021 37  

                                           

37  Data for Cellulose nanoparticles is only available for 2014 -2019  
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Source: BCC Research 2015, 2016  

With a projected CAGR to 2019 of 44%, the global market for graphene is forecast to 

develop more dynamically (CAGR: 19.8%) than the total market for nano technology  

products. No data on the estimated growth of application markets is available to 2019 

but, f or this emerging technology  field, sales forecasts are available 38  for 2018 to 2023.  

Application  Sales (USD millions)  CAGR%  

2018  2023  2018 -2023  

Capacitors  35  435  66  

Photovoltaics  10  48  37  

Batteries and fuel cells  0 62  --  

Table 6. 14 . Global sales and growth in emerging application markets for graphene to 2023  

Source: BCC Research  

The forecasts show remarkable growth prospects for capacitors (CAGR 66%), but no 

estimates are available for batteries and fue l cells.  

5.3.5  Photonics applications of nano technology  

The commercial applications of nano technology  in the field of photonics include: lasers 

and parts thereof, nano -engineered photonics materials, communications and all -optical 

signal processing, and nanoscal e functional imaging and spectroscopy.  

Global sales for nano technology  products in the photonics sector account for USD 11.7 

billion in 2015 and are forecast to be USD 43.5 billion in 2021. The figure below shows 

the forecast growth in commercialised produ cts (USD 36 billion in 2021) and the 

expected growth in emerging products (USD 7.5 billion in 2021). It is seen that much of 

the growth is expected to be driven by already commercialised products.  

 

Table 6. 15 . Global market outl ook for nanotechnology in photonics to 2021  

Source: BCC 2016  

                                           

38  BCC Research  
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Application markets with remarkable projected growth to 2021 are quantum dots for 

optoelectronics (CAGR 164.3%) extreme ultraviolet lithography (CAGR 52.8%) and flat 

panel displays (CAGR 33.8%).  

Application market  CAGR%  2016 - 2021  

Quantum dots for optoelectronics  164.3  

Extreme ultraviolet lithography  52.8  

Flat -panel displays  28.4  

Table 6. 16 . The most dynamic application markets in nanotechnology for photonics to 2021  

Source: BCC Research 2015, 2016  

Optical recording media (CAGR -2.8%) is the only application market for nano technology  

with projected negative growth to 2021 in the photonics sector., and hard disk media and 

heads ( -9.7%). The main driver of this trend is the increasing online availability of media 

content (i.e. via Spotify, iTunes, Netflix etc.). The markets for nanoimprint lithography 

and light -emitting diodes (LEDs) are expected to stagnate (CAGR 0%).  

Application market  CAGR%  2016 - 2021  

Optical recording  media  -2.8  

Light -emitting diodes (LEDs)  0.0  

Nanoimprint lithography  0.0  

Table 6. 17 . The least dynamic application markets in photonics to 2021  

Source: BCC 2016  

5.3.6    Environmental applications of nano technology   

5.3.6.1  Overview  

The commercial market for nano technology  in the field of environment includes: soil 

remediation, water remediation, air remediation, and sensors. Many companies identify 

themselves as being active in the area of nano technology . Where their product is 

generic, with many applications in a wide range of sectors, one of which is environment, 

their product will often not appear as environment -specific. Here, efforts have been made 

to identify only products that are environment -specific thereby increasing the relevan ce 

(but reducing the number) of products.  

Global sales of nano technology  products for air remediation  applications accounted for 

nearly USD 9.4 billion in 2014. During the forecast period of 2015 to 2020, the market is 

expected to grow at a compound annual  growth rate (CAGR) of 10.3%, to reach USD 

16.7 billion in 2020. The nano technology  market for water remediation  applications 

totalled nearly USD 8.2 billion in 2014, and is expected to grow at a CAGR of 12.4% to 

reach USD 16.6 billion in 2020. Soil remedi ation  applications accounted for nearly USD 

5.9 billion in 2014 with forecast growth of CAGR 6.4% to reach USD 8.4 billion in 2020 39 .  

  

                                           

39  BCC Research (2015), Nanotechnology in Environmental Applications: The Global Market, p.7  
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Table 6. 18 . Global market outlook for nanotechnology in environmental remediation applicatio ns to 2020  

Source: BCC Research 2015  

5.3.6.2  Forecasts for individual application markets in environment  

Market data and forecasts could be identified for seven application markets within 

nano technology  for environmental remediation.  

Application market  Sales 2021  (USD M)  CAGR% 2016 - 2021  

Nanoporous membranes  1,256  16.9  

Nano technology  for water remediation*  16,645  12.4  

Nano technology  for air remediation*  16,728  10.3  

Nano technology  for soil remediation*  8,427  6.4  

Catalytic converters  17,606  5.5  

CNT based water filtrations systems  no data  no data  

Nanocomposite water purification filters  150  41.1  

Table 6. 19 . Global sales and growth in commercialised environmental remediation application markets to 2021  

Source: BCC Research 2015, 2016 (*values for 2020, CAGR 2015 -2020)  

With the exception of nanocomposite water purification filters (CAGR 41.1%), all 

application markets in nano technology  for environmental remediation are projected to 

grow more slowly than the total market for nano technolo gy  products (18.2%). However, 

it should be noted that rather high sales volumes are expected in 2020 for all areas of 

environmental remediation.  

There is no data available on market development in emerging application markets. The 

market for water desalination membranes based on nanostructured monolithics is 

expected to reach sales of USD 150 million in 2019, while the market size for cellulose 

nanoparticles in membranes and filters is projected to be USD 28 million in 2019.  

Application market  Sales  2021  (USD millions)  CAGR%  2016 - 2021  
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Application market  Sales  2021  (USD millions)  CAGR%  2016 - 2021  

Water desalination membranes  150  No data  

Cellulose nanoparticles in 
membranes, filters  

27.7  
No data  

Table 6. 20 . Global sales and growth in emerging environmental remediation application markets to 2021  

Source BCC Research 2016  

5.3.7  Transport applications of nano technology  

5.3.7.1  Overview  

Global sales for nano technology  products in the transport sector were estimated to be 

USD 15.2 billion in 2016 and are forecast to grow to USD 21.5 billion by 2021. The figure 

below shows the forecast growth by 2021 of commercialised products ( USD 2.3 billion  in 

2021) and emerging products ( USD 0.89 billion in 2021) , much of the g rowth being 

expected in products that have already been commercialised.  

Growth is seen t o be largely driven by products that have already been commercialised. 

Global sales of emerging products are expected to have a value of USD 773 million in 

2021. The global market volume for commercial  products is much higher at an estimated 

USD 20.7 billi on for the same year.  

Application markets with modest growth prospects to 2021 are tubes for high -pressure 

discharge lamp (CAGR 7.5%), nanostructured structural steel (CAGR 9%) and 

photocatalytic coatings (CAGR 10.4%).  

Application markets with remarkable p rojected growth to 2019 are cellulose nanoparticles 

in coatings, paint and films (CAGR 131.6%), rechargeable batteries and fuel cells (both 

CAGR 36%).  

 

Figure 6. 11 . Global market outlook for nanotechnology in transport applica tions to 2021  

Source: BCC Research 2014  
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Nanomaterial  Application market  
CAGR%  

2016 - 2021  

Sales 2021  

(USD M)  

Nanostructured 
monolithics  

High -pressure discharge lamp tubes  8 5 

Nanostructured structural steel  90  10  

Nanoscale thin films  Photocatalytic coatings  10  219  

Table 6. 21 . The least dynamic application markets in transport to 2021  

Source: BCC Research 2014  

Nanomaterial  Application market  
CAGR% 

2014 - 2019  
Sales 2019 

(USD M)  

Cellulose 
nanoparticles  

Cellulose nanoparticles  in coatings, paint, 
films  

132  67  

Solid 
nanoparticles  

Rechargeable batteries  36  450  

Nanoscale thin 
films  

Fuel cells  36  122  

Table 6. 22 . The most dynamic application markets in energy to 2021  

Sources: BCC 2014, 2015  

5.3.7.2  Forecasts for individual application markets in transport and 

nano technology  

Market data and forecasts could be identified for thirteen application markets within 

nano technology  for transport.  

The market for cellulose nanoparticles in coatings and paints is showing the most 

dynamic projected development to 2019 with a CAGR (131.6%) of more than six times 

the expected average growth of the total global market for nano technology  products 

(CAGR 18.2%).  

Application markets in energy storage (fuel cells) are forecast to g row twice as much as 

the whole nano technology  market, while hydrophobic/oleophobic nanocomposites and 

nanocomposites in automotive components show growth prospects only slightly above 

average.  

In emerging application markets, a growth forecast is only avai lable for ultra - thin 

batteries and capacitors (i.e. carbon nanotubes (CNTs)) fuel cell membranes (i.e. 

nanostructured monolithics) with an estimated growth that is expected to be above the 

average growth of the total market for nano technology  products (CAG R 18.2%).  

With a projected CAGR to 2019 of 44%, global markets for graphene will develop more 

dynamically than the total market for nano technology  products (CAGR: 19.8%). No data 

on estimated growth of application markets is available to 2019 but sales forecasts are 

available to 2023.  
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Figure 6. 12 . Projected growth in commercialised transport application markets to 2 021 40  

Source: BCC Research 2016  

Material  Application  

Sales (USD M)  CAGR%  

2016  2021  2016 -2021  

Carbon nanotubes  Conductive fibres  0 75  --  

Carbon nanotubes  Ultra - thin batteries and capacitors  0 22.6  124.1  

Nanostructured 
monolithics  

Fuel cell membranes  69  414.4  27  

Nanostructured 

monolithics  

Aerocapacitors/ other electrochemical 

devices  

Neg.*  398.6  ï 

Nanocomposites  Fuel cells  0 287  ï 

Table 6. 23 . Global sales and growth forecasts in emerging transport application markets to 2021  

Application  

Sales (USD millions)  CAGR%  

2018  2023  2018 - 2023  

Capacitors  35  435  66  

Structural materials  51  190  30  

                                           

40  Data for cellulose nanop articles are only available for 2014 -2019  
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Application  

Sales (USD millions)  CAGR%  

2018  2023  2018 - 2023  

Batteries and fuel cells  0 62  --  

Table 6. 24 . Global sales and growth in emerging application markets for graphene (USD millions)  

Source: BCC Research  

The forecasts show strong growth prospects for capacitors (CAGR 66%) and a growth 

above average (CAGR 30%) in structural materials (i.e. graphene -polymers and other 

graphene composites). No data on estimated ma rket growth is available for batteries and 

fuel cells.  

5.3.8  Construction applications of nano technology  

5.3.8.1  Overview  

Global sales for nano technology  products in the building and construction sector 

accounted for USD 1.8 billion in 2015 and  are forecast to be USD 4.8 billion in 2021. The 

figure below shows the forecast growth in commercialised products (to USD 4.77 billion  

in 2021) and the expected growth in emerging products (to USD 375 million in 2021) . It 

is seen that much of the g rowth i s expected to be driven by products that are already 

commercialised.  

 

Figure 6. 13 . Global market outlook for nanotechnology in building and construction to 2021  

Source: BCC Research 2016  

A comparison of global sales estimates  by type of nanomaterial shows that solid 

nanoparticles accounted for the largest market share in 2015 and the market is expected 

to decrease to half its size by 2021. Thin films, in contrast, are expected to significantly 

increase their relative share to 2021.  

The share of nanostructured monolithics is expected to almost double by 2021, while 

sales of nanocomposites are projected to increase in relative share only on a 

comparatively modest scale. Carbon nanotubes are currently forecast to play only a 

margi nal role in terms of shares of sales.  
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Figure 6. 14 . Global sales estimates for nanotechnology in building and construction by material type, 2015 and 2021  

Source: BCC Research 2016  

5.3.8.2  Forecasts for application markets in construct ion  

Market data and forecasts could be identified for nine application markets within 

nano technology  for construction.  

Application market  Sales 2021 (USD M)  CAGR%  2014 - 2019  

Coatings and adhesives  1,608  5 

Nanostructured structural steel  10  9 

Photocatalytic coatings  266  10  

Anti -scratch coatings  202  14  

High -strength steel coatings  4 9 

Wire and cable sheathing  84  23  

Hydrophobic/ oleophobic composites  320  25  

Insulation  2,125  31  

Cellulose nanoparticles in coatings, paint, films  67  132  

Table 6. 25 . Projected growth and market size in commercialised application markets for construction to 2021 41  

Source: BCC Research 2014, 2016 (*values for 2020, CAGR 2015 -2020)  

 

 

Application market  Sales 2021  (USD M)  CAGR% 2014 - 2021  

Conductive fibres from nano -composites  160  No data  

Conductive fibres from carbon nanotubes  75  No data  

Table 6. 26 . Projected growth and market size in emerging application markets for construction to 2021  

                                           

41  Data for cellulose nanoparticles are only available for 2014 -2019  
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Source BCC Research 2014  

Application markets in nano technology  for construction that are projected to grow faster 

than the total market for nano technology  products (18.2%) are cellulose nanoparticles in 

coatings, paint, films (CAGR 132%), insulation (i.e. aerogels) (CAGR 31%), 

hydrophobic/oleophobic composites (CAGR 25%) and fire - resistant wire and cable 

sheathing (CAGR 23%).  

Emerging application markets a re seen in conductive fibres, either from nano -composites 

or carbon nanotubes.  

 

Further details are given in the Annex: Products and markets by sector.  

 

The next section looks at regulation and standards for nano technology .  
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6  THE WIDER CONTEXT: REGULATIONS AND STANDARDS  FOR 

NANO TECHNOLOGY   

 Regulation in the European Union  6.1

6.1.1  REACH 

Nanomaterials must comply with the overarching regulatory framework in place for 

chemical substances: Regulation (EC) No 1907/2006 concerning the Registration, 

Evaluation, Authorisati on and Restriction of Chemicals (REACH).  The European 

Commission periodically assesses the regulation regarding  its applicability and 

effectiveness to address nanomaterials. With the First Regulatory Review on 

Nanomaterials SEC (2008) 2036  and the Second R egulatory Review on Nanomaterials 

SWD (2012) 288 final , the Commission gave REACH a central role in regulating 

nanomaterials. ñThere are no provisions in REACH referring explicitly to nanomaterials. 

However, nanomaterials are covered by the ósubstanceô definition in REACHò, states the 

2008 EC Communication.  

Since 2013, there has been ongoing work to adapt the Annexes of REACH to specifically 

cover nanomaterials. An impact assessment and a large consultation on this issue have 

been run by the European Commi ssion but discussions are still ongoing. However, the 

rules of ECHA (the European Chemicals Agency) prevent the modification of the 

regulation two years prior to the next round of registration, which is set for June 2018. 

This rule also applies to guidance  documents that the Agency provides to support 

registrants. In 2016, ECHA nevertheless announced that four guidance documents 

related to nanomaterials would be released in May 2017, one year prior to the next 

registration deadline. On 25 May 2017 42 , the age ncy published:  

¶ How to prepare registration dossiers that cover nanoforms -  best practices;  

¶ Nano -specific Appendix to Chapter R.6 of the Guidance on Information Requirements 

and Chemical Safety Assessment (QSARs and grouping of chemicals);  

¶ Updates to Guida nce on IR&CSA (Endpoint specific guidance):  

­  Appendix to Chapter R.7a for nanomaterials -  Recommendations for physico -

chemical endpoints;  

­  Appendix to Chapter R.7b for nanomaterials -  Recommendations for 

ecotoxicological endpoints for nanomaterials (general  advice, fate and specific 

endpoints); and  

­  Appendix to Chapter R.7c for nanomaterials -  Recommendations for ecotoxicological 

endpoints for nanomaterials (specific advice and specific endpoints).  

On 9 October 2017, the European Commission published its prop osal for amending the 

REACH Annexes  to address nanoform substances. The proposal, in the form of a 

Commission Regulation to amend Annexes I, III, VI, VII, VIII, IX, X, XI and XII, 

introduces specific provisions for ónanoformsô and ósets of nanoformsô and shall apply 

from 1 January 2020, while at the same time allowing users to comply before that date. 

The Commission Regulation would require, for substances which exist in one or more 

nanoforms that chemical safety reports also describe which nanoforms are ma nufactured 

and imported. It would also specifically require information on all identified uses for each 

nanoform. The modified annexes also clarify how manufacturers and importers shall 

report study results for nanomaterials. The document is currently open  for consultation.  

                                           

42  echa.europa.eu  
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6.1.2  Definition of a nanomaterial  

One of the milestones of the European regulatory framework is the  European Commission 

Recommendation on the Definition of a Nanomaterial.  This non -binding document has 

been used by other pieces of regulation that needed to define the term ónanomaterialô. 

The definition is the following:  

ñ2. óNanomaterialô means a natural, incidental or manufactured material containing 

particles, in an unbound state or as an aggregate or as an agglomerate and where, for 

50% or more of the particles in the number size distribution, one or more external 

dimensions is in the size range 1 nm -100 nm.  In specific cases and where warranted by 

concerns for the environment, health, safety or competitiveness the number si ze 

distribution t hreshold of 50 % may be replaced by a threshold between 1 and 50 %.ò 

Developed in 2011, this definition is undergoing a review process with a planned 

conclusion date of December 2014. An outcome of this review could be a revision of the 

definition. The proce ss of review of this definition is still ongoing. Other definitions have 

been developed inside the legal text of several sectorial regulations which address 

nanomaterials (from biocides to food).   

In the proposal for amending the REACH Annexes to address n anoform substances, the 

European Commission introduced a new term: nanoform. This term is based on the 

Recommendation on the Definition of a Nanomaterial as it states:  

ó(é) a form of a natural or manufactured substance containing particles, in an unbound 

state or as an aggregate or as an agglomerate and where, for 50% or more of the 

particles in the number size distribution; one or more external dimensions is in the size 1 

nm -  100 nm, including also by derogation fullerenes, graphene flakes and single wall  

carbon nanotubes with one or more external dimensions below 1 nm, is a nanoform of a 

substance.ô 

6.1.3  Databases and reporting schemes  

While the European Union has been developing a regulatory framework for nanomaterials 

under REACH, some European Member States  have sought to find additional ways to 

regulate nano technologies . In recent years, databases and reporting schemes for 

nanomaterials have been developed in Europe.  

Under the Belgian Presidency of the European Union, in 2010, the European Union 

opened the discussion on a 'harmonised database of nanomaterialsô. This was followed by 

a 2012 letter to the European Commission calling for a European Reporting Scheme and 

signed by ten European Member States, plus Croatia. In the meantime , some European 

Member Stat es have been proceeding.   

6.1.3.1  Belgium  

The Belgian FPS (Public Health, Food Chain Safety and Environment) has also been 

working on a similar scheme. In February 2014, the Belgian Council of Ministers validated 

the Royal Decree regarding the Placement on the Mar ket of Substances manufactured at 

the nano -scale ( Koninklijk besluit betreffende het op de markt brengen van als 

nanodeeltjes geproduceerde stiffen  or Arrêté royal relatif à la mise sur le marché des 

substances manufactur®es ¨ lô®tat nanoparticulaire).  The registration of substances 

began on 1 January 2016, while mixtures had to be registered from 1 January 2017. The 

definition of nanomaterials used is that of the EC Recommendation 2011/696/EU, but 

excluding naturally occurring and incidental nanomaterials,  as well as pigments. Also 

excluded are nanomaterials which fall under other EU legislation (e.g. biocides, food 

products).   

6.1.3.2  Denmark  

Following a public consultation, the Danish Order on a Register of Mixtures and Articles 
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that contain Nanomaterials as well  as the Requirement for Manufacturers and Importers 

to report to the Register -  BEK nr 644 came into force in June 2014. With this Order, the 

Ministry of the Environment creates a national mandatory database of nanomaterial -

containing products that registe red the first products for the year 2014 in the year 2015. 

The definition of nanomaterials included in the executive order follows the European 

Commission definition.  

Certain activities or products are excluded from the registration requirement: nano -

prod ucts sold between businesses and products that fall under specific regulations (e.g. 

food, feed, pharmaceuticals, medical devices, cosmetics, pesticides and waste). The 

following specific products in which nanomaterials are used are also excluded:  

¶ Nano -sized products of substances in REACH Annex V  

¶ Products where the material is not consciously produced in nano -size  

¶ Products where the nanomaterial is in a fixed matrix  

¶ Products where the nanomaterial is used as printing ink directly on the product or on 

labe ls on Οthe product  

¶ Textiles where the nanomaterial is used as printing ink or to colouring of the textile Ο 

¶ Paints and wood protection products containing titanium dioxide where the sole 

purpose for the titanium dioxide is to colour the product  

¶ Products of rubber or rubber parts that contain the nanomaterials carbon black or 

silicon dioxide.  

¶ Products imported for private use  

¶ Products used for research and development.  

6.1.3.3  France  

As part of the electoral promises of the 2007 Presidential Elections, t he óGrenelle de 

lôEnvironnementô, a large environmental debate was organised in France and resulted in 

major environmental acts: Grenelle Acts (Lois Grenelle I & II)  which enacted the future 

creation of a mandatory reporting scheme for nanomaterials. Franc e hence took steps 

towards setting up the first registration scheme for substances at the nano -scale in 

Europe; in 2012, the Decree 43  on the annual declaration on substances at nano -scale -  

2012 -232 was published; it came into force on 1 January 2013. It gr ants to the French 

Agency for Food Safety, the Environment and Labour (ANSES) the authority to collect 

ñinformation from a production, distribution, import of nano-scale substances of 100 

grammesò.  The French legislation refers to, and is applicable to, su bstances as defined in 

article 3 of EC Regulation no. 1907/2006 (REACH), that are intentionally produced at 

nanometre scale, containing particles, in an unbound state or as an aggregate or as an 

agglomerate and where, for a minimum proportion of particles in the number size 

distribution, one or more external dimensions is in the size range 1 nm -  100 nm. 

Furthermore: "in specific cases and where warranted by concerns for the environment, 

health, safety or competitiveness, this minimum proportion may be redu ced".  

A Joint Order (Ministerial Order of 6 August 2012) issued by the Ministers of 

environment, agriculture, health labour and industry states that ñThe minimum 

proportion of the number size distribution is specified to be 50%ò. 

                                           

43  Décret n° 2012 -232 du 17 février 2012 relatif à la déclaration annuelle des substances à 
l'état  nanoparticulaire  pris en applic ation de l'article L. 523 -4 du code de l'environnement  



 

60 

6.1.3.4  Other European Countries  

Other EU Member States and associated countries have been considering options for a 

registration scheme for nanomaterials.  

¶ Norway is considering such a register under its Pollution Control Authority (SFT). Since 

2013, the Norwegian Product Register has req uired information for chemicals 

containing óa substance in nano formô with a ótickboxô system.  

¶ Sweden has given the mandate to its chemical agency (KEMI) to develop a reporting 

scheme. In the spring of 2016, KEMI declared that it aimed to establish a Swed ish 

registry in 2019 which would register manufactured and imported quantities during 

2018.  

¶ Italy is also considering setting up a similar system.  

With these initiatives, EU Member States have been leading the way and encouraging the 

European Commission t o act.  An overview of regulations for nano technology  use in 

Europe is given below.  

Status  Name of the document  Country/Region  Scope  
Nano -

specific  

Implement
ed 

Regulation concerning the 

Registration, Evaluation, 
Authorisation and Restriction 
of Chemicals (REACH) -  
1907/2006(EC)  

EU 

Chemicals & Raw 
Materials  

 

No, but 

ósubstanceô 
covers 
nanomateri
als  

Implement
ed 

European Commission 

Recommendation on the 
Definition of a Nanomaterial  

EU 
Substances at the 
nanoscale  

Yes 

Implement
ed 

Decree on the annual 
declaration on substances at 

nano -scale -  2012 -232  

France  
Substances at the 
nano -scale  

Yes 

Implement
ed 

Royal Decree regarding the 
Placement on the Market of 
Substances manufactured at 
the Nano -scale  

Belgium  
Substances 
manufactured at 
the nano -scale  

Yes 

Implement
ed 

Order on a Register of 

Mixtures and Articles that 
contain Nanomaterials as 
well as the Requirement for 

Manufacturers and 
Importers to report to the 
Register ï BEK no. 644  

Denmark  Nanomaterials  Yes 

Table 7. 1. Overvie w of regulations for nanotechnology use in Europe  

The Second Regulatory Review on Nanomaterials of 2012 included an impact assessment 

of potential transparency measures (which include approaches similar to the reporting 

schemes set in action in several Mem ber States). The Study to Assess the Impact of 

Possible Legislation to Increase Transparency on Nanomaterials on the Market was led by 

RPA and BiPro. Three reports were published to help the EC to decide on an eventual EU -

wide registry of nanomaterials. Ea rly in 2016, the European Commission has stated that 

it will not go forward with an EU -wide nanomaterial registry but would rather support the 

establishment of a knowledge base entitled the óNanomaterials Observatoryô which would 

contain publicly  available  information on nanomaterials and their use in Europe. The EU -  

Observatory for Nanomaterials (EU -ON) was formally launched by ECHA in June 2017; it 
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takes the form of a website, hosted by the chemical s agency, available at 

https://euon.echa.europa.eu/ , where information on nanomaterials and regulation can be 

found.  

 Nano t echnology  regulation in the rest of the world  6.2

In the United States of America , the Toxic Substances Control Act (TSCA)  is the main 

chemical regu lation. The US Environmental Protection Agency (EPA) is in charge of 

adapting this regulation to nanoscale materials (the US authorities have decided not to 

write a binding definition of a nanomaterial). The latest regulatory initiative was taken by 

US EPA in April 2015 with the publication of a proposed rule for section 8 (a) of TSCA .  

This proposal would introduce reporting and recordkeeping requirements for nanoscale 

materials as well as a 135 -days pre -notification requirement for the manufacturers of 

óchemical substances as discrete nanoscale materialsô. This new rule addressing 

nanomaterials under TSCA was promulgated in January 2017 and was initially intended 

to come into force in May 2017, this was however postponed to 14 August 2017.  

In Canada , Health Canada and Environment Canada have been looking at similar 

approaches. In April 2015, they opened a consultation on a Proposed Approach to 

address Nanoscale Forms of Substances in the Domestic Substances List. The DSL lists 

substances that are man ufactured in or imported into Canada Established under the 

Canadian Environmental Protection Act (CEPA 1999). With this ñproposed approachò the 

Canadians intend to establish a list of existing nanomaterials in Canada with the use of óa 

mandatory survey und er section 71 of the Act [é] to obtain the essential data needs to 

support the development of the list of the existing nanomaterials in Canada and 

subsequent prioritisation activities for those substancesô. In 2015, Canada required 

manufacturers and import ers to register information on a selection of 206 substances at 

the nanoscale under the Canadian Environmental Protection Act (CEPA 1999 ). Following 

the registration of those substances, Environment and Climate Change Canada have 

started prioritising the s ubstances for further regulatory action.  

European products are also subject to regulatory frameworks in other countries if they 

are to be marketed abroad. Marketing authorisations  have to be applied for in each 

region or country and there are considerable differences between, for example, the US 

(implemented by the FDA 44), Canada, Australia, China and Japan.   

 Standardisation and nano t echnology  6.3

At the international level, the International Organisation for Standardisation (ISO) is 

responsible for the standardisation of nano technologies  with its TC 229.  

In Europe, the equivalent group is the European Committee for Standardisation 

committee on nano technology  (CEN/TC 352) which has, for example, a working group on 

health safety and environmental aspects.  While standardisation bodies have 

nano technology  committees, nano technologies  are cross -sectoral and are therefore 

relevant in other specific TCs of ISO. The EU FP7 project NanoSTAIR 45  identified all 

ISO/TCs working with nano technologies . 

 

Further details are given in the Annex: Regulations and standards by sector.  

  

                                           

44  US Food and Drug Administration http://www.fda.gov/   
45  http://cordis.europa.eu/result/rcn/157623_en.html  

https://euon.echa.europa.eu/
http://www.fda.gov/
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7  CONCLUDING SUMMARY  

This Landscape Compilation Update Report 2017 shows that the domain of 

nanotechnology has grown since 2015 in terms  of the numbers of publications produced 

worldwide annually , the number of nanotechnology - related products and the size of 

markets for those products and for nanomaterials.  

Changes in nanotechnology - related programmes in the EU can be expected to impact on 

the development of the field in the coming years in terms  of outputs and their 

commercialisation. In particular, the main funding policy around nanotechnology, Horizon 

2020, has an increased emphasis (over its predecessor) on societal impacts, 

collaboration with industry, market - related application of research r esults, and increased 

financial support for SMEs. Recent changes in the regulatory area are also expected  to 

impact on the environment for nanotechnology in Europe. The most recent development 

is the proposal to implement (from 1 January 2020) amendments to the annexes of 

REACH to address nanoforms of substances.  

The growth in nanotechnology is taking place at the global level, in some respects being 

even stronger in other parts of the world than in the EU. W hile the number of global 

nanotechnology publications is growing, the proportion coming from the EU 28 &EFTA 

countries forms a decreasing percentage of tho se, with strong growth being seen in Asia, 

particularly China. Within the EU, the countries that lead in nanotechnology research and 

development and its application are mainly , and remain,  Germany, France and the United 

Kingdom and organisations in those c ountries  contribute to the highest numbers of 

publications .  

The greatest number of patents identified for nano technology is in the ICT sector , with 

over twice the number of patents of any of the other NanoData sectors , the strongest 

patenting countries in  the EU28 being Germany , the Netherlands, France the United 

Kingdom and Belgium, with organisations such as the CEA (FR) and CNRS (FR) and IMEC 

(BE). EU companies with patents in ICT include Infineon (DE), Philips (NL) and NXP (NL).  

The largest number of p roducts in which nanotechnology is being applied in some way 

are found in the transport sector  (nearly 500 in 2017), followed by health , manufacturing 

(a large part of which are the  nanomaterials used in other products) and energy  (all with 

about half the number  of products of transport (250 -300) . Of the sectors considered, 

construction (156) and environment (79) have the lowest numbers of products . The 

highest growth in product numbers since 2015 is seen in health and ICT.  There is strong 

growth in products that are applicable across multiple sectors, such as materials, 

coatings and composites.  Markets for nanotechnology - related products are forecast to 

grow in all sectors and by over 150% in health (e.g. for diagnostic ima ging and implants) 

and ICT (e.g. in optical electronics) . 

This document has provided a detailed overview of the landscape for nanotechnology in 

the EU in 2017 and is complemented by the annexes, which now follow.  
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ANNEX 1: PUBLICATION DATA  BY SECTOR 46  

This Annex presents publication data by sector, in each case including:  

¶ Nano technology  publication data over time globally (2000 -2016);  

¶ Nano technology  publication output by year, worldwide and in the EU and EFTA 

countries (2000 -2016);  

¶ The nano technology  publica tion output time trend in EU28&EFTA and the world 

(indexed to year 2000=1);  

¶ The number of nano technology  publications by region (2000 -2016);  

¶ Nano technology  publication output by country (2016) (world and EU28 and EFTA 

countries);  

¶ Nano technology  publication output by higher education institutions  (2016); and  

¶ Nano technology  publication output by companies (2016).  

Where applicable, data is also reported on sub -sectors (e.g. in health and energy).  

The order of the sectors is determined by the level of production of nano technology  

publications, starting with ICT as it has the most publications and following in the order:  

¶ Information and communications technologies  (ICT);  

¶ Manufacturing (MF);  

¶ Health (HT);  

¶ Energy (EN);  

¶ Photonics (PH);  

¶ Environment (EV) ;  

¶ Transport (TR) and  

¶ Construction (CN).  

 

  

                                           

46  It should be noted that, in attributing publications, full counting is used, meaning that publications may be 
assigned to more than one actor. Where a person, organisation or a country is said to have  a number of 
publications, they contributed  to that num ber of publications, but they may not have been the only contributor.  
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INFORMATION AND COMMUNICATIONS TECHNOLOGIES (ICT)  

Around 2.3 million publications  globally were identified 47  from the Web of Science as 

being related to nanoscience and technology  (NST) 48  between 2000 and 2016. Of these 

800,000 (35%) were related to ICT and nano technology . Looking at the global numbers 

of publications over time 49 , from 2000 to 2016, the proportion of nano technology  

publications grew in all sectors relative to the total numb er of publications in that sector, 

except in transport where it was stable. The proportion of nano technology  publications 

rose by 7% in ICT, from 11% to 18%.  

Year  ICT in all science  ICT & NST  % NST  

2000  192,832  21,690  11%  

2001  200,627  23,943  12%  

2002  212,195  25,869  12%  

2003  227,622  28,059  12%  

2004  244,026  31,505  13%  

2005  261,918  34,707  13%  

2006  280,233  38,136  14%  

2007  295,265  40,975  14%  

2008  321,655  44,086  14%  

2009  342,061  47,226  14%  

2010  353,458  49,643  14%  

2011  380,441  55,609  15%  

2012  402,765  59,828  15%  

2013  429,750  66,478  15%  

2014  448,485  74,690  17%  

2015  468,491  81,200  17%  

2016  482,216  86,176  18%  

Table A1. 1. Publication output in ICT and in ICT and nanotechnology (NST) globally over time (2000 -2016)  

For  ICT, the number of nanoscience and nano technology  publications in the EU&EFTA 

countries rose from nearly 9,000 in year 2000 to nearly 22,000 in 2016 but the 

proportion dropped from 40% to 25% relative to global output in the same timeframe 

(see figure bel ow).  

                                           

47  http://www.vosviewer.com/Publications   
48  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. 

49  See tables in Annex: Publication data  

http://www.vosviewer.com/Publications
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Figure A1. 1. ICT nanotechnology publication output by year, worldwide and in the EU and EFTA countries (2000 -2016)  

The chart below visua lise s the growth as indexed to 2000 (=1) for EU28&EFTA and the 

world. As the world has increased the output by four times the output of 2000, 

EU28&EFTA doubled during the same period.  

 

Figure A1. 2. Output trend for nanotechnology and ICT in EU28&EFTA and the world  

The most prolific region in NST for ICT is A sia, followed by EU28&EFTA and North 

America. The other regions have substantially less output, as shown in the table below.  

 

Region  Npub  

Asia  419,031  

EU28&EFTA  255,411  
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Region  Npub  

North America  166,130  

Middle East  44,155  

South & Central America  25,134  

Oceania  17,447  

Africa  12,410  

Table A1. 2. Number of publications by region for ICT and nanotechnology (2000 -2016)  

In 2016, the most prolific country in NST for ICT is China, followed at a distance by the 

US and at a further distance by  India, South Korea, Germany and Japan. In EU28&EFTA 

the most prolific countries are (besides Germany, UK, and France), Spain, Italy and 

Poland.  

 

Figure A1. 3. Publication output by country in ICT and nanotechnology (2016)  
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Figure A1. 4. Publication output by EU&EFTA country in ICT and nanotechnology (2016)  

Identified from the publication data, the main players in the R&D landscape of NST ICT 

are higher education institutions , research and technolo gy  organisations 50  and industry. 

The most active organisations in NST for ICT publications in 2016 are shown in the table 

below. The higher education organisations contributing to  the most NST for ICT 

publications globally in 2016 were the Chinese Academy of Sciences, Russian Academy, 

the CNRS  and Tsingua University (all of them with more than 1000 publications).  

Within EU28&EFTA, the CNRS, Max Planck CNR and CSIC (all PRO's), Uni versity of 

Cambridge, CEA, Polish Academy and Imperial College are the most active organ isation s, 

contributing to the highest numbers of publications . 

Institution  Country  Npub  

Chinese Academy of Sciences  CN 4809  

Russian Academy of Science  RU 1795  

Centre  National de la Recherche Scientifique (CNRS)  FR 1106  

Tsinghua University  CN 1076  

Peking University  CN 802  

Jilin University  CN 768  

Nanyang Technological  University  SG 753  

University of Science and Technology  of China  CN 749  

Zhejiang University  CN 728  

                                           

50  It should be noted that in these overviews, the (public) research organisations are much more present than 
in the previous report. This is due to a major cleaning of WoS addresses (conducted at CWTS in the past few 
years). There is a growing consciousness of the role of PRO's that has triggered this effort. It does not yet 
make sense to present results on the level of individual institutes of  PROs like the Max Planck Gesellschaft, for 
instance, as they are often missing and only the umbrella organisation is mentioned.  
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Institution  Country  Npub  

Nanjing University  CN 719  

Max Planck 51   DE 672  

Harbin Institute  of Technology  CN 662  

Soochow University  CN 630  

National University of Singapore  SG 624  

Tianjin University  CN 615  

Huazhong University of Science & Technology  CN 606  

Xi'an Jiaotong University  CN 600  

Council for Scientific and Industrial Research  IN  594  

Consiglio Nazionale delle Ricerche (CNR)  IT  581  

Shanghai Jiao Tong University  CN 578  

Fudan University  CN 575  

Spanish National Research Council (CSIC)  ES 569  

Islamic Azad University  IR  535  

Seoul National University  KR 519  

Table A1. 3. Publication output in ICT and nanotechnology by higher education institutions (2016)  

Institution  Country  Npub  

Centre National de la Recherche Scientifique (CNRS)  FR 1106  

Max Planck Society  DE 672  

Consiglio Nazionale delle Ricerche (CNR)  IT  581  

Spanish National Research Council (CSIC)  ES 569  

University of Cambridge  UK 436  

Commissariat a l'Energie Atomique (CEA)  FR 385  

Polish Academy of Sciences  PL 335  

Imperial College London  UK 333  

Karlsruhe Institute  of Technology  DE 329  

Ecole Poly Technique  Federale de Lausanne (EPFL)  CH 323  

                                           

51  Max -Planck -Gesellschaft, the Max Planck Society www.mpg.de  

http://www.mpg.de/
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Institution  Country  Npub  

ETH Zurich  CH 301  

University of Oxford  UK 301  

Communauté Université Grenoble -Alpes  FR 295  

Technische  Universität Dresden  DE 293  

University of Manchester  UK 287  

KTH Royal Institute  of Technology  SE 286  

Czech Academy of Sciences  CZ 268  

Technical  University of Denmark  DK 263  

University of Paris XI -  Paris -Sud  FR 259  

Forschungszentrum Jülich  DE 249  

University College London  UK 246  

Delft University of Technology  NL 230  

Katholieke Universiteit Leuven  BE 230  

RWTH Aachen University  DE 229  

Table A1. 4. Publication output in ICT and nanotechnology by higher education institutions in EU&EFTA countries  (2016)  

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

active companies publishing in NST for ICT (2016) are shown in the table below. The 

companies contributing to  the most nano technology  ICT publications globally in 2016 

were Samsung, IBM, Toyota and Intel, as shown in the table of the top publishing 

companies worldwide. Some companies appear more than once, having subsidiaries in 

different countries.   

Company  Country  Npub  

Samsung Electronics  KR 172  

IBM Corporation  US 88  

Toyota Motor Co Ltd  JP 52  

Intel Corporation  US 48  

NTT Advanced Technologies  Corporation  JP 36  

BASF DE 35  

STMicroelectronics  FR 35  

Sinopec  CN 34  

LG Chemicals Ltd  KR 31  
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Company  Country  Npub  

Toshiba Co. Ltd  JP 25  

Hewlett Packard Corporation  US 21  

Nippon Kayaku Co. Ltd  JP 20  

Philips Research  NL 19  

IBM Corporation  CH 18  

Hitachi Ltd  JP 17  

General Motors  US 17  

Table A1. 5. Publication output in ICT and nanotechnology by companies (2016)  
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MANUFACTURING (MF)  

Around 2.3 million publications globally were identified 52  from the Web of Science as 

being related to nanoscience and technology  (NST) 53  between 2000 and 2016. Of these 

286,000 (13%) were related to manufacturing  and nano technology . Looking at the global 

numbers of pu blications over time 54 , from 2000 to 2016, the proportion of 

nano technology  publications grew in all sectors relative to the total number of 

publications in that sector, except in transport where it was stable. The proportion of 

nano technology  publications rose by 6% in manufacturing, from 58% to 64%.  

Year  Sector in all science  Sector in NST  % NST  

2000  13,230  7,710  58%  

2001  14,457  8,683  60%  

2002  15,632  9,611  61%  

2003  17,340  10,704  62%  

2004  19,531  12,236  63%  

2005  21,254  13,813  65%  

2006  23,547  15,593  66%  

2007  24,636  16,240  66%  

2008  26,182  17,404  66%  

2009  27,046  17,681  65%  

2010  27,665  18,433  67%  

2011  30,660  20,481  67%  

2012  31,655  21,109  67%  

2013  34,988  23,083  66%  

2014  36,712  24,253  66%  

2015  38,017  24,741  65%  

2016  38,487  24,672  64%  

Table A1. 6. Publication output in manufacturing and in manufacturing and nanotechnology (NST) globally over time (2000 -

2016)  

For manufacturing, the number of nanoscience and nano technology  publications in the 

EU&EFTA countries rose from nearly 3,000 in year 2000 to over 6,000 in 2016 but the 

proportion dropped from 38% to 26% relative to global output in the same timeframe 

(see figure below).  

                                           

52  http://www.vosviewer.com/Publications   
53  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. 

54  See tables in Annex: Publication data  

http://www.vosviewer.com/Publications
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Figure A1. 5. Manufacturing nanotechnolog y publication output by year, worldwide and in the EU and EFTA countries (2000 -

2016)  

The chart below visua lise s the growth as indexed to 2000 (=1) for EU28&EFTA and the 

world. As the world has increased the output by four times the output of 2000, 

EU28&EFTA doubled during the same period.  

 

Figure A1. 6. Output trend for nanotechnology and manufacturing in EU28&EFTA and the world  

The most prolific region in NST for manufacturing is Asia, followed by EU28&EFTA and 

North America. T he other regions have substantially less output, as shown in the table 

below.  

 

Region  Npub  
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Region  Npub  

Asia  158,468  

EU28&EFTA  84,476  

North America  51,245  

Middle East  13,078  

South & Central America  8,554  

Oceania  5,309  

Africa  4,527  

Table A1. 7. Number of publications by region for manufacturing and nanotechnology (2000 -2016)  

In 2016, the most prolific country in NST for manufacturing is China, followed at a 

distance by the US and at a further distance by India, Sout h Korea, Japan, Germany, 

France and the United Kingdom. In EU28&EFTA, the most prolific countries are (besides 

Germany, UK, and France), Spain, Italy and Poland.  

 

Figure A1. 7. Publication output by country in manufacturing  and nanotechnology (2016)  

Identified from the publication data, the main players in the R&D landscape of NST 

manufacturing are higher education institutions, research and technology organisations 

and industry. The most active organisations in NST for manufac turing publications in 

2016 are shown in the table below. The higher education organisations contributing to 

the most nanotechnology manufacturing publications globally in 2016 were the Chinese 

Academy of Sciences, Russian Academy of Sciences, CNRS, Jilin University, Peking 

University, Zhejiang University and Tsinghua university (all of them with more than 200 

publications).  
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Figure A1. 8. Publication output by EU&EFTA countries in manufacturing  and nanotechnology (2016)  

Within  EU28&EFTA, the CNRS 55 , the CNR56 , the CSIC 57 , Max Planck (all PRO's) and the 

University of Cambr idge are the most active organis ations.  

Institution  Country  Npub  

Chinese Academy of Sciences  CN 1,298  

Russian Academy of Science  RU 395  

Centre National de la Recherche Scientifique  FR 352  

Jilin University  CN 241  

Peking University  CN 222  

Zhejiang University  CN 210  

Tsinghua University  CN 209  

Sungkyunkwan University  KR 191  

Council for Scientific and Industrial Research  IN  191  

Harbin Institute  of Technology  CN 190  

University of Science and Technology  of China  CN 190  

Tianjin University  CN 186  

Nanyang Technological  University  SG 182  

                                           

55  Centre National de la Recherche Scientifique, France  
56  Consiglio Nazionale delle Ricerche, Italy  
57  Spanish National Research Council  
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Institution  Country  Npub  

Nanjing University  CN 180  

Shanghai Jiao Tong University  CN 172  

Consiglio Nazionale delle Ricerche  IT  167  

Spanish National Research Council  (CSIC)  ES 165  

Soochow University  CN 159  

University of Electronic Science & Technology  of China  CN 152  

Fudan University  CN 152  

Seoul National University  KR 151  

Max Planck Society  DE 150  

ISLAMIC AZAD UNIV  IR  145  

Huazhong University of Science and Technology  CN 142  

Table A1. 8. Publication output in manufacturing and nanotechnology by higher education institutions (2016)  

Institution  Country  Npub  

Centre National de la Recherche Scientifique  FR 352  

Consiglio Nazionale delle Ricerche  IT  167  

Spanish National Research Council  ES 165  

Max Planck Society  DE 150  

University of Cambridge  UK 136  

Polish Academy of Sciences  PL 121  

Commissariat a l'Energie Atomique  FR 106  

Communauté Université Grenoble -Alpes  FR 101  

Karlsruhe Institute  of Technology  DE 88  

Ecole Poly Technique  Federale de Lausanne  CH 86  

Czech Academy of Sciences  CZ 86  

Technische  Universität Dresden  DE 80  

University of Manchester  UK 79  

ETH Zurich  CH 76  

Table A1. 9. Publication output in manufacturing and nanotechnology by higher education institutions in EU&EFTA countries 

(2016)  

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

active companies publ ishing in NST for manufacturing (2016) are shown in the table 
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below. The companies contributing to  the most nano technology  manufacturing 

publications globally in 2016 were Samsung, IBM, NTT, and Intel, as shown in the table 

of the top publishing companies worldwide.  

Company  Country  Npub  

Samsung Electronics  KR 43  

IBM Corporation  US 20  

NTT Advanced Technologies  Corporation  JP 12  

Intel Corporation  US 11  

LG Chemicals Ltd  KR 9 

Toyota Motor Co Ltd  JP 9 

SK Hynix  KR 8 

Sumitomo Metal Mining Co., Ltd.  JP 7 

BASF DE 7 

Texas Instruments  Inc.  US 7 

Table A1. 10 . Publication output in manufacturing and nanotechnology by companies (2016)  
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HEALTH  (HT)  

Around 2.3 million publications globally were identified 58  from the Web of Science as 

being related to nanoscience and Technology  (NST) 59  between 2000 and 2016. Of these 

270,000 (12%) were related to health an d nano technology . Looking at the global 

numbers of publications over time 60 , from 2000 to 2016, the proportion of 

nano technology  publications grew in all sectors relative to the total number of 

publications in that sector, except in transport where it was stable. The proportion of 

nano technology  publications rose by 4% in health, from 2% to 6%.  

 

Sector in all science  Sector in NST  % NST  

2000  222,247  4,923  2%  

2001  229,985  5,311  2%  

2002  240,143  5,919  2%  

2003  256,119  6,859  3%  

2004  273,543  7,879  3%  

2005  290,655  9,243  3%  

2006  310,281  10,606  3%  

2007  338,092  12,049  4%  

2008  366,713  14,020  4%  

2009  387,837  15,706  4%  

2010  412,493  18,150  4%  

2011  440,142  20,338  5%  

2012  472,468  22,377  5%  

2013  500,577  25,338  5%  

2014  515,211  27,654  5%  

2015  534,242  29,540  6%  

2016  543,388  30,829  6%  

Table A1. 11 . Publication output in health and in health and nanotechnology (NST) globally over time (2000 -2016)  

For health, the number of nanoscience and nano technology  publications in the EU&EFTA 

countries rose from over 2,000 in year 2000 to almost 9,000 in 2016 but the proportion 

dropped from 43% to 29% relative  to global output in the same timeframe (see figure 

below).  

                                           

58  http://www.vosviewer.com/Publications   
59  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. 

60  See tables in Annex: Publication data  

http://www.vosviewer.com/Publications
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Figure A1. 9. Health nanotechnology publication output by year, worldwide and in the EU and EFTA countries (2000 -2016)  

The chart below visua lise s the growth as indexe d to 2000 (=1) for EU28&EFTA and the 

world. As the world has increased the output by four times the output of 2000, 

EU28&EFTA doubled during the same period.  

 

Figure A1. 10 . Output trend for nanotechnology and health in EU28& EFTA and the world  

The most prolific region in NST for health is Asia, followed by EU28&EFTA and North 

America. The other regions have substantially less output, as shown in the table below.  

Region  Npub  

Asia  112,740  

EU28&EFTA  87,452  
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Region  Npub  

North America  71,418  

Middle East  15,887  

South & Central America  8,875  

Oceania  6,775  

Africa  4,370  

Table A1. 12 . Number of publications by region for health and nanotechnology (2000 -2016)  

In 2016, the most prolific countries in NST for health were China and the USA followed 

on a distance by India, Germany and the UK.  

 

Figure A1. 11 . Publication output by country in health  and nanotechnology (2016)  
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Figure A1. 12 . Publication output by EU &EFTA country in health  and nanotechnology (2016)  

 

Identified from the publication data, the main players in the R&D landscape of NST health 

are higher education institutions , research and technology  organisations and industry. 

The most active organisation s in NST for health publications in 2016 are shown in the 

table below. The higher education organisations contributing to  the most nano technology  

health publications globally in 2016 were the Chinese Academy of Sciences, Shanghai 

Jiao Tong University, Sich uan University, Zhejiang University and CNRS (all of them with 

more than 300 publications).  

Within EU28&EFTA, the CNRS, CNR and Max Planck and CSIC (all PRO's), UCL, University 

Copenhagen and Czech academy of sciences are the most active organ isation s.  

In stitution  Country  Npub  

Chinese Academy of Sciences  CN 1282  

Shanghai Jiao Tong University  CN 331  

Sichuan University  CN 320  

Zhejiang University  CN 308  

Centre National de la Recherche Scientifique  FR 302  

Jilin University  CN 283  

Fudan University  CN 281  

Harvard University  US 276  

Soochow University  CN 264  

Council for Scientific and Industrial Research  IN  264  

King Saud University  SA 239  

Russian Academy of Science  RU 232  

Nanjing University  CN 232  

National University of Singapore  SG 229  

Peking University  CN 229  

Tsinghua University  CN 227  

Massachusetts Institute  Technology  US 200  

Consiglio Nazionale delle Ricerche  IT  190  

Max Planck Society  DE 184  

Nanyang Technological  University  SG 179  

Spanish National Research Council  ES 179  

Shandong University  CN 179  
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In stitution  Country  Npub  

Seoul National University  KR 175  

Wuhan University  CN 173  

Table A1. 13 . Publication output in health and nanotechnology by higher education institutions (2016)  

Institution  Country  Npub  

Centre National de la Recherche Scientifique  FR 302  

Consiglio Nazionale delle Ricerche  IT  190  

Max Planck Society  DE 184  

Spanish National Research Council  ES 179  

University College London  UK 158  

University of Copenhagen  DK 150  

Czech Academy of Sciences  CZ 137  

University of Cambridge  UK 135  

ETH Zurich  CH 115  

University of Porto  PT 112  

Polish Academy of Sciences  PL 110  

Freie Universität Berlin  DE 106  

Ghent University  BE 103  

Table A1. 14 . Publication output in health and nanotechnology by higher education institutions in EU&EFTA countries (2016)  

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

active companies publishing in NST for health (2016) are shown in the table below. The 

companies contributing to  the most nano technology  health publications globally in 2016 

were Genea Biocells, Merck, Bristol Myers Squibb , Genentech , and AstraZeneca , as 

shown in the table of the top publishing companies worldwide.  

Company  Country  Npub  

Genea Biocells  AU 28  

Merck & Co. Inc.  US 24  

Bristol -Myers Squibb  US 23  

Genentech , Inc.  US 21  

H. Lundbeck A/S  DK 20  

AstraZeneca  UK 20  

Bioneer AS  DK 17  
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Company  Country  Npub  

BASF DE 16  

IBM Corporation  US 16  

Roslin Cells Ltd  UK 16  

Table A1. 15 . Publication output in  health and nanotechnology by companies (2016)  
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ENERGY (EN)  

Around 2.3 million publications globally were identified 61  from the Web of Science as 

being related to nanoscience and technology  (NST) 62  between 2000 and 2016. Of these 

200,000 (9%) were related to energy and nano technology . Looking at the global 

numbers of publications over time 63 , from 2000 to 2016, the proportion of 

nano technology  publications grew in all sectors relative to the total number of 

publications in that sector, except in transport wh ere it was stable. The proportion of 

nano technology  publications rose by 20% in energy, from 35% to 55%.  

 

Sector in all science  Sector in NST  % NST  

2000  5,721  1,975  35%  

2001  6,296  2,242  36%  

2002  6,900  2,640  38%  

2003  7,600  3,075  40%  

2004  9,022  3,810  42%  

2005  10,366  4,701  45%  

2006  12,530  5,934  47%  

2007  14,042  6,755  48%  

2008  16,448  7,983  49%  

2009  19,783  9,984  50%  

2010  23,574  12,239  52%  

2011  28,850  15,327  53%  

2012  32,657  17,638  54%  

2013  38,998  20,991  54%  

2014  44,834  25,145  56%  

2015  50,090  27,695  55%  

2016  53,489  29,405  55%  

Table A1. 16 . Publication output in energy and in energy and nanotechnology (NST) globally over time (2000 -2016)  

For energy, the number of nanoscience and nano technology  publications in the EU& EFTA 

countries rose from just over 800 in year 2000 to nearly 6,500 in 2016 but the 

proportion dropped from 41% to 22% relative to global output in the same timeframe 

(see figure below).  

                                           

61  http://www.vosviewer.com/Publications   
62  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. 

63  See ta bles in Annex: Publication data  

http://www.vosviewer.com/Publications
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Figure A1. 13 . Energy nanotechnology p ublication output by year, worldwide and in the EU and EFTA countries (2000 -2016)  

The chart below visua lise s the growth as indexed to 2000 (=1) for EU28&EFTA and the 

world. As the world has increased the output by four times the output of 2000, 

EU28&EFTA d oubled during the same period.  

 

Figure A1. 14 . Output trend for nanotechnology and energy in EU28&EFTA and the world  

The most prolific region in NST for energy is Asia, followed by EU28&EFTA and North 

America. The other regions  have substantially less output, as shown in the table below.  
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Region  Npub  

Asia  116,294  

EU28&EFTA  51,263  

North America  41,353  

Middle East  8,756  

South & Central America  3,986  

Oceania  5,115  

Africa  2,949  

Table A1. 17 . Number of publications by region for energy and nanotechnology (2000 -2016)  

In 2016, the most prolific countries in NST for energy were China and the USA followed 

South Korea, India, Japan, Germany and the UK.  

 

Figure A1. 15 . Publication output by country in energy and nanotechnology (2016)  
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Figure A1. 16 . Publication output by EU&EFTA country in energy and nanotechnology (2016)  

Identified from the publication data, the main playe rs in the R&D lands cape of NST 

energy are higher education institutions , research and technology  organisations and 

industry. The most active organisations in NST for energy publications in 2016 are shown 

in the table below. The higher education organisations contributing to  the most 

nano technology  energy publications globally in 2016 was the Chinese Academy of 

Sciences. Then on a distance: Tsinghua University, Nanyang Technology  University (SG), 

and Jilin University, Council for Scientific and Industrial Research (IN), CNRS,  Soochow 

and Huazhong University  of S&T (all of them with more than 300 publications). Clearly 

this sector is dominated by China.  

Within EU28&EFTA, the CNRS, EPFL Max Planck, CNR (IT) and CSIC are the most active 

organ isation s.  

Institution  Country  Npub  

Chinese Academy of Sciences  CN 2,029  

Tsinghua University  CN 358  

Nanyang Technological  University  SG 354  

Jilin University  CN 354  

Council for Scientific and Industrial Research  IN  340  

Centre National de la Recherche Scientifique  FR 332  

Soochow University  CN 332  

Huazhong University of Science and Technology  CN 315  

University of Science and Technology  of China  CN 293  

Zhejiang University  CN 286  
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Institution  Country  Npub  

Harbin Institute  of Technology  CN 281  

Xi'an Jiaotong University  CN 279  

Russian Academy of Science  RU 277  

Peking University  CN 272  

Fudan University  CN 264  

Nanjing University  CN 249  

Georgia Institute  of Technology  US 238  

Ecole Poly technique  Federale de Lausanne  CH 237  

Tianjin University  CN 237  

Wuhan University of Technology  CN 227  

Sungkyunkwan University  KR 226  

Max Planck Society  DE 219  

Shanghai Jiao Tong University  CN 217  

Lawrence Berkeley National Laboratory  US 208  

Korea University  KR 208  

Seoul National University  KR 208  

Table A1. 18 . Publication output in energy and nanotechnology by higher education institutions (2016)  

Institution  Country  Npub  

Centre National de la Recherche Scientifique  FR 332  

Ecole Poly technique  Federale de Lausanne  CH 237  

Max Planck Society  DE 219  

Consiglio Nazionale delle Ricerche  IT  182  

Spanish National Research Council  ES 168  

University of Cambridge  UK 165  

Imperial College London  UK 161  

University of Oxford  UK 135  

Helmholtz Centre  Berlin for Materials & Energy  DE 135  

Karlsruhe Institute  of Technology  DE 134  

Uppsala University  SE 128  
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Institution  Country  Npub  

Forschungszentrum Jülich  DE 116  

Technische  Universität Dresden  DE 109  

KTH Royal Institute  of Technology  SE 107  

Istituto Italiano di Tecnologia  IT  106  

Technical  University of Denmark  DK 105  

University College London  UK 102  

Friedrich -Alexander -Universität Erlangen -Nürnberg  DE 98  

Commissariat a l'Energie Atomique  FR 96  

Polish Academy of Sciences  PL 83  

Communauté Université Grenoble -Alpes  FR 76  

Delft University of Technology  NL 71  

Fraunhofer Association  DE 69  

University of Bath  UK 66  

Linköping University  SE 66  

Table A1. 19 . Publication output in energy and nanotechnology by higher education institutions in EU&EFTA countries (2016)  

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

active companies publishing in NST for energy (2016) are shown in the table below. The 

companies contributing to  the most nano technology  energy publications globally in 2016 

were Samsu ng, Toyota, IBM and LG, as shown in the table of the top publishing 

companies worldwide.  

Company  Country  Npub  

Samsung Electronics  KR 57  

Toyota Motor Co Ltd  JP 32  

IBM Corporation  US 18  

LG Chemicals Ltd  KR 15  

Panasonic Corporation  JP 14  

Polyera Corporation  US 13  

Abengoa  ES 11  

EDF R&D  FR 10  

BASF KR 10  

Table A1. 20 . Publication output in energy and nanotechnology by companies (2016)  
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PHOTONICS ( PH)  

Around 2.3 million  publications globally were identified 64  from the Web of Science as 

being related to nanoscience and Technology  (NST) 65  between 2000 and 2016. Of these 

113,000 (5%) were related to photonics and nano technology . Looking at the global 

numbers of publications over time 66 , from 2000 to 2016, the proportion of 

nano technology  publications grew in all sectors relative to the total number of 

publications in that sector, except in transport where it was stable. The proportion of 

nano technology  publications rose by 23% in photonics, from 45% to 68%.  

 

Se ctor in all science  Sector in NST  % NST  

2000  3,935  1,766  45%  

2001  4,293  2,043  48%  

2002  4,792  2,372  49%  

2003  5,292  2,753  52%  

2004  6,016  3,220  54%  

2005  7,229  4,087  57%  

2006  8,025  4,733  59%  

2007  8,822  5,374  61%  

2008  9,815  6,116  62%  

2009  10,380  6,397  62%  

2010  11,245  7,202  64%  

2011  12,815  8,320  65%  

2012  14,185  9,287  65%  

2013  16,036  10,574  66%  

2014  17,502  11,772  67%  

2015  18,704  12,676  68%  

2016  20,275  13,686  68%  

Table A1. 21 . Publication output in photonics and in photonics and nanotechnology (NST) globally over time (2000 -2016)  

For photonics, the number of nanoscience and nano technology  publications in the 

EU&EFTA countries rose from nearly 800 in year 2000 to nearly 4,000 in 2016 but the 

proportion dropped from 45 % to 28% relative to global output in the same timeframe 

(see figure below).  

                                           

64  http://www.vosviewer.com/Publications   
65  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.  

66  See tables in Annex: Publication data  

http://www.vosviewer.com/Publications
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Figure A1. 17 . Photonics nanotechnology publication output by year, worldwide and in the EU and EFTA countries (2000 -2016)  

The chart below visua lise s the growth as indexed to 2000 (=1) for EU28&EFTA and the 

world. As the world has increased the output by four times the output of 2000, 

EU28&EFTA doubled during the same period.  

 

Figure A1. 18 . Output trend for nanotechnology  and photonics in EU28&EFTA and the world  

The most prolific region in NST for photonics is Asia, followed by EU28&EFTA and North 

America. The other regions have substantially less output, as shown in the table below.  

Region  Npub  

Asia  56,012  
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EU28&EFTA  36,215  

North America  29,711  

Middle East  4,862  

South & Central America  2,250  

Oceania  2,767  

Africa  1,485  

Table A1. 22 . Number of publications by region for photonics and nanotechnology (2000 -2016)  

In 2016, the most prolific countries in NST for photonics were China and the USA 

followed on a distance by Germany, India, South Korea and the UK.  

 

Figure A1. 19 . Publication output by country in photonics and nanotechnology (2016)  
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Figure A1. 20 . Publication output by EU&EFTA country in photonics  and nanotechnology (2016)  

Identified from the publication data, the main players in the R&D landscape of NST 

photonics are higher education institutions , research and technology  organisations and 

industry. The most active organisations in NST for photonics publications in 2016 are 

shown in the table below. The higher education organisations contributing to  the most 

nano technology  photonics publications globally in 2016 were the Chinese Academy of 

Sciences, CNRS, Russian Academy of Sciences, Nanyang University Technology , Nanjing 

University and Jilin University.  

Within EU28&EFTA, the CNRS, CNR, University of Cambridge, Max Planck,  EPFL as the 

most active organ isation s (more than 100 publications).  

Institution  Country  Npub  

Chinese Academy of Sciences  CN 819  

Centre National de la Recherche Scientifique  FR 254  

Russian Academy of Science  RU 228  

Nanyang Technological  University  SG 227  

Nanjing University  CN 188  

Jilin University  CN 185  

Zhejiang University  CN 161  

Peking University  CN 156  

Consiglio Nazionale delle Ricerche  IT  154  

University of Cambridge  UK 140  

Massachusetts Institute  Technology  US 131  

Soochow University  CN 130  

National University of Singapore  SG 130  

Huazhong University of Science and Technology  CN 125  

Southeast University  CN 122  

Max Planck Society  DE 118  

University of Science and Technology  of China  CN 114  

Harbin Institute  of Technology  CN 110  

Agency for Science, Technology  and Research  SG 109  

Ecole Poly Technique  Federale de Lausanne  CH 103  

Northwestern University  US 102  

Stanford University  US 98  

Tsinghua University  CN 97  
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Institution  Country  Npub  

Imperial College London  UK 96  

Fudan University  CN 96  

Table A1. 23 . Publication output in photonics and nanotechnology by higher education institutions (2016)  

Institution  Country  Npub  

Centre National de la Recherche Scientifique  FR 254  

Consiglio Nazionale delle Ricerche  IT  154  

University of Cambridge  UK 140  

Max Planck Society  DE 118  

Ecole Poly technique  Federale de Lausanne  CH 103  

Imperial College London  UK 96  

University of Paris XI -  Paris -Sud  FR 87  

Spanish National Research Council  ES 87  

Istituto Italiano di Tecnologia  IT  80  

Commissariat a l'Energie Atomique  FR 76  

University of Oxford  UK 74  

Technical  University of Denmark  DK 73  

Karlsruhe Institute  of Technology  DE 69  

Communauté Université Grenoble -Alpes  FR 68  

ETH Zurich  CH 65  

University of Southampton  UK 64  

Eindhoven University of Technology  NL 53  

Polish Academy of Sciences  PL 52  

Ikerbasque -  Basque Foundation for Research  ES 52  

Catalan Institution  for Research and Advanced Studies  ES 51  

University of Strasbourg  FR 50  

Ghent University  BE 50  

Julius Maximilian University of Würzburg  DE 47  

University of Manchester  UK 45  

Table A1. 24 . Publication output in photonics and nanotechnology by higher education institutions in EU&EFTA countries (2016)  

While publishing at a much less frequent rate, some companies are also active. The most 
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active companies publishing in NST for photonics (2016) are shown in the table below. 

The companies contributing to  the most nano technology  photonics publications globa lly 

in 2016 were Samsung, IBM, NTT , Thales, and Hewlett Packard, as shown in the table of 

the top publishing companies worldwide. The numbers of publications are very low, 

however.  

Company  Country  Npub  

Samsung Electronics  KR 24  

IBM Corporation  US 15  

NTT Advanced Technologies  Corporation  JP 13  

Thales Research & Technology  FR 8 

Hewlett Packard Corporation  US 7 

LG Chemicals Ltd  KR 6 

Intel Corporation  US 5 

OEwaves Inc  US 5 

IBM Corporation  CH 5 

Luceda Photonics  BE 5 

Table A1. 25 . Publication output in photonics and nanotechnology by companies (2016)  

ENVIRONMENT (EV)  

Around 2.3 million publications globally were identified 67  from the Web of Science as 

being related to nanoscience and Technology  (NST) 68  between 2000 and 2016. Of these 

66,000 (2%) were related to environment and nano technology . Looking at the global 

numbers of publications  over time 69 , from 2000 to 2016, the proportion of 

nano technology  publications grew in all sectors relative to the total number of 

publications in that sector, except in transport where it was stable. The proportion of 

nano technology  publications rose by 5% in environment, from 10% to 15%.  

 

Sector in all science  Sector in NST  % NST  

2000  10,911  1,101  10%  

2001  11,681  1,248  11%  

2002  12,573  1,382  11%  

2003  14,471  1,602  11%  

2004  15,780  1,766  11%  

2005  17,255  2,028  12%  

                                           

67  http://www.vosviewer.com/Publications   
68  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. 

69  See tables in Annex: Publication data  

http://www.vosviewer.com/Publications
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Sector in all science  Sector in NST  % NST  

2006  19,759  2,323  12%  

2007  22,380  2,523  11%  

2008  25,916  3,023  12%  

2009  29,469  3,514  12%  

2010  32,257  3,813  12%  

2011  37,305  4,653  12%  

2012  41,566  5,274  13%  

2013  47,473  6,208  13%  

2014  51,526  7,270  14%  

2015  57,096  8,571  15%  

2016  63,362  9,801  15%  

Table A1. 26 . Publication output in environment and in environment and nanotechnology (NST) globally over time (2000 -2016)  

For environment , the number of nanoscience and nano technology  publications in the 

EU&EFTA countries rose from under 500 in year 2000 to over 2,500 in 2016 but the 

proportion dropped from 43% to 26% relati ve to global output in the same timeframe 

(see figure below).  

 

Figure A1. 21 . Environment nanotechnology publication output by year, worldwide and in the EU and EFTA countries (2000 -

2016)  

The chart below visua lise s the growth as indexed to 2000 (=1) for EU28&EFTA and the 

world. As the world has increased the output by four times the output of 2000, 

EU28&EFTA doubled during the same period.  
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Figure A1. 22 . Output trend for nanotechnology and environment in EU28&EFTA and the world  

The most prolific region in NST for environment is Asia, followed by EU28&EFTA and 

North America. The other regions have substantially less output, as shown in the table 

below.  

 

 

Region  Npub  

Asia  28,683  

EU28&EFTA  21,595  

North America  14,915  

Middle East  5,591  

South & Central America  2,830  

Oceania  2,415  

Africa  1,944  

Figure A1. 23 . Number of publications by region for environment and nanotechnology (2000 -2016)  

In 2016, the most prolific countries in NST for environment were China, followed on a 

distance by USA and India. The other countries at some distance from these.  
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Figure A1. 24 . Publication output by country in environment  and nanotechnology (20 16)  

 

Figure A1. 25 . Publication output by EU&EFTA country in environment  and nanotechnology (2016)  

Identified from the publication data, the main players in the R&D landscape of NST 

environment are higher education institutions , research and technology  organisations and 

industry. The most active organisations in NST for environment publications in 2016 are 

shown in the table below. The higher education organisations contributing to  the most 

nano technology  environment publications globally in 2016 were the Chinese Academy of 

Sciences, Tsinghua University, CNRS, Tongji University and Harbin institute  of 

Technology  (all of them with more than 90 publications).  

Within Europe, the CNRS, CNR , CSIC and University  of Aveiro (Portugal) and Imperial 

College London are the most active organ isation s.  

Institution  Country  Npub  

Chinese Academy of Sciences  CN 578  

Tsinghua University  CN 150  

Centre National de la Recherche Scientifique  FR 97  
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Institution  Country  Npub  

Tongji University  CN 91  

Harbin Institute  of Technology  CN 91  

National University of Singapore  SG 82  

Zhejiang University  CN 81  

King Abdul -Aziz  University  SA 78  

Nanjing University  CN 74  

Nanyang Technological  University  SG 73  

King Saud University  SA 71  

Peking University  CN 71  

Council for Scientific and Industrial Research  IN  70  

King Abdullah University of Science and Technology  SA 66  

Tianjin University  CN 64  

Jiangsu University  CN 61  

China University of Geosciences  CN 61  

University of Malaya  MY 60  

Universiti Teknologi Malaysia  MY 58  

Islamic Azad University  IR  57  

University of Technology , Sydney  AU 57  

Hunan University  CN 54  

Sichuan University  CN 53  

Massachusetts Institute  Technology  US 52  

Beijing University of Chemical Technology  CN 52  

Table A1. 27 . Publication output in environment and nanotechnology by higher education institutions (2016)  

Institution  Country  Npub  

Centre National de la Recherche Scientifique  FR 97  

Consiglio Nazionale delle Ricerche  IT  50  

Spanish National Research Council  ES 46  

University of Aveiro  PT 46  

Imperial College London  UK 45  
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Institution  Country  Npub  

Karlsruhe Institute  of Technology  DE 38  

Commissariat a l'Energie Atomique  FR 37  

Technical  University of Denmark  DK 36  

ETH Zurich  CH 35  

Delft University of Technology  NL 32  

University of Manchester  UK 31  

University of Birmingham  UK 30  

Complutense University  ES 29  

Katholieke Universiteit Leuven  BE 29  

Max Planck Society  DE 28  

Université Paul Sabatier  FR 26  

EMPA Swiss Federal Laboratories for Materials Science and 
Technology  

CH 26  

University of Porto  PT 26  

Aix -Marseille University  FR 26  

University of Lisbon  PT 26  

RWTH Aachen University  DE 25  

Ghent University  BE 25  

Paul Scherrer Institute  CH 24  

University of Barcelona  ES 24  

Table A1. 28 . Publication output in environment and nanotechnology by higher education institutions in EU&EFTA countries 

(2016)  

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

active companies publishing in NST for environment (2016) are shown in the table below. 

The companies contributing to  the most nano technology  environment publications 

globally in 2016 were BASF, SINOPEC and IBM, as shown in the table of t he top 

publishing companies worldwide.  

Company  Country  Npub  

BASF DE 10  

Sinopec  CN 6 

IBM Corporation  US 6 

Toyota Motor Co Ltd  JP 4 
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Company  Country  Npub  

GS E&C  KR 3 

Toray Industries  JP 3 

Grundfos Holding AS  DK 3 

PerkinElmer Inc.  CA 3 

Novartis Institute s for BioMedical Research  CH 3 

Guangzhou Hexin Analytical Instrument  Co. Ltd.  CN 3 

Table A1. 29 . Publication output in environment and nanotechnology by companies (2016)  

TRANSPORT  (TR)  

Around 2.3 million publications globally were identified 70  from the Web of Science as 

being related to nanoscience and Technology  (NST) 71  between 2000 and 2016. Of these 

24 ,000 (0.9%) were related to transport and nano technology . Looking at the global 

numbers of publications over time 72 , from 2000 to 2016, the propo rtion of 

nano technology  publications grew in all sectors relative to the total number of 

publications in that sector, except in transport where it was stable. The proportion of 

nano technology  publications stays stable in transport at 16% in transport.  

 

Sec tor in all science  Sector in NST  % NST  

2000  10,418  609  6%  

2001  11,591  707  6%  

2002  12,093  751  6%  

2003  13,506  852  6%  

2004  15,044  941  6%  

2005  16,278  1,054  6%  

2006  17,922  1,171  7%  

2007  19,072  1,351  7%  

2008  21,019  1,359  6%  

2009  23,053  1,483  6%  

2010  23,820  1,496  6%  

2011  26,635  1,683  6%  

2012  28,463  1,761  6%  

                                           

70  http://www.vosviewer.com/Publications   
71  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. 

72  See tables in Annex: Publication data  

http://www.vosviewer.com/Publications
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Sec tor in all science  Sector in NST  % NST  

2013  31,657  1,926  6%  

2014  34,221  2,105  6%  

2015  36,399  2,283  6%  

2016  39,086  2,487  6%  

Table A1. 30 . Publication output in transport and in transport and nanotechnology (NST) globally over time (2000 -2016)  

For transport, the number of nanoscience and nano technology  publications in the 

EU&EFTA countries rose from under 300 in year 2000 to over 850 in 2016 but the 

proportion dropped from 47% to 34% relative to global output in the same timeframe 

(see figure below).  

 

Figure A1. 26 . Transport nanotechnology public ation output by year, worldwide and in the EU and EFTA countries (2000 -2016)  

The chart below visua lise s the growth as indexed to 2000 (=1) for EU28&EFTA and the 

world. As the world has increased the output by four times the output of 2000, 

EU28&EFTA double d during the same period.  
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Figure A1. 27 . Output trend for nanotechnology and transport in EU28&EFTA and the world  

The most prolific region in NST for transport is Asia, followed by EU28&EFTA and North 

America. The other regions have substantially less output, as shown in the table below.  

 

 

Region  Npub  

Asia  8,767  

EU28&EFTA  9,090  

North America  6,353  

Middle East  1,345  

South & Central America  1,023  

Oceania  464  

Africa  365  

Table A1. 31 . Number  of publications by region for transport and nanotechnology (2000 -2016)  

In 2016, the most prolific countries in NST for transport were China and the USA followed 

on a distance by Germany, India and the United Kingdom .  
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Figure A1. 28 . Publication output by country in transport and nanotechnology (2016)  

 

Figure A1. 29 . Publication output by EU&EFTA country in transport  and nanotechnology (2016)  

Identified from the publication data, the main players in  the R&D landscape of NST 

transport are higher education institutions , research and technology  organisations and 

industry. The most active organisations in NST for transport publications in 2016 are 

shown in the table below. The higher education organisati ons contributing to  the most 

nano technology  transport publications globally in 2016 were the Chinese Academy of 

Sciences and Tsinghua University (both with more than 40 publications). The others have 

less than 30 publications  each . 

Within Europe, the CNRS,  CSIC, CNR, University of Bir mingham and Max Planck are the 

most active organisations .  

Institution  Country  Npub  

Chinese Academy of Sciences  CN 81  

Tsinghua University  CN 41  

Beihang University  CN 29  
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Institution  Country  Npub  

Tianjin University  CN 27  

Beijing University of Chemical Technology  CN 26  

CNRS FR 26  

CSIC ES 25  

University of Colorado, Boulder  US 24  

NASA US 24  

CNR IT  24  

Northwestern Poly technical  University  CN 22  

Georgia Institute  of Technology  US 22  

Peking University  CN 21  

Harbin Institute  of Technology  CN 20  

King Abdul -Aziz  University  SA 20  

Wuhan University of Technology  CN 20  

National Oceanic and Atmospheric Administration  US 20  

University of Birmingham  UK 19  

Russian Academy of Science  RU 17  

Central South University  CN 16  

Max Planck Society  DE 16  

Sichuan University  CN 16  

Beijing Institute  of Technology  CN 15  

Table A1. 32 . Publication output in transport and nanotechnology by higher education institutions (2016)  

Institution  Country  Npub  

CNRS FR 26  

CSIC  ES 25  

CNR IT  24  

University of Birmingham  UK 19  

Max Planck Society  DE 16  

Forschungszentrum Jülich  DE 14  

Politecnico di Torino  IT  14  
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Institution  Country  Npub  

University of Aveiro  PT 14  

Finnish Meteorological  Institute  FI  13  

Karlsruhe Institute  of Technology  DE 13  

University of Naples Federico II  IT  13  

University of Manchester  UK 12  

University of Nottingham  UK 12  

JRC Ispra  IT  12  

Leibniz Institute  of Tropospheric Research  DE 12  

Technical  University of Denmark  DK 11  

TNO NL 11  

German Aerospace Centre  DE 11  

Polish Academy of Sciences  PL 11  

Paul Scherrer Institute  CH 11  

Tampere University of Technology  FI  10  

Delft University of Technology  NL 10  

Imperial College London  UK 10  

Table A1. 33 . Publication output in transport and nanotechnology by higher education institutions in EU&EFTA countries (2016)  

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

active companies publishing in NST for transport (2016) are shown in the table below. 

The companies contributing to  the most nano technology  transport publications globa lly in 

2016 were Posco, Ford, Hyundai, Sinopec and Toyota, as shown in the table of the top 

publishing companies worldwide.  

Company  Country  Npub  

Posco KR 6 

Ford Motor Company  US 5 

Hyundai Motor Company  KR 5 

Sinopec  CN 5 

Toyota Motor Co Ltd  JP 4 

PetroChina  CN 3 

Samsung Electronics  KR 3 

Nippon Kayaku Co. Ltd  JP 3 
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General  Motors  US 3 

Toto Ltd.  FR 3 

AVL LIST GmbH  AT 3 

Table A1. 34 . Publication output in transport and nanotechnology by companies (2016)  
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CONSTRUCTION  (CN)  

Around 2.3 million publications globally were identified 73  from the Web of Science as 

being related to nanoscience and technology  (NST) 74  between 2000 and 2016. Of these 

21,000 (0.8%) were related to construction and nano technology . Looking at the glob al 

numbers of publications over time 75 , from 2000 to 2016, the proportion of 

nano technology  publications grew in all sectors relative to the total number of 

publications in that sector, except in transport where it was stable. The proportion of 

nano technolo gy  publications rose by 3% in construction, from 15% to 18%.  

 

Sector in all science  Sector in NST  % NST  

2000  3381  506  15%  

2001  3506  467  13%  

2002  3725  546  15%  

2003  4140  633  15%  

2004  4700  693  15%  

2005  4854  711  15%  

2006  5446  855  16%  

2007  6446  910  14%  

2008  6907  1016  15%  

2009  7795  1178  15%  

2010  8582  1326  15%  

2011  9545  1430  15%  

2012  10859  1741  16%  

2013  12295  2013  16%  

2014  13490  2236  17%  

2015  14864  2478  17%  

2016  16469  2909  18%  

Table A1. 35 . Publication output in construction and in construction and nanotechnology (NST) globally over time (2000 -2016)  

For construction, the number of nanoscience and nano technology  publications in the 

EU&EFTA countries rose from under 200 in year 2000 to over 1,000 in 2016, the 

propor tion relative to global output having risen from 39% in 2000 to 45% in 2006 

before falling back to under 40% since 2012 (see figure below).  

                                           

73  http://www.vosviewer.com/Publication s  
74  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. 

75  See tables in Annex: Publication data  

http://www.vosviewer.com/Publications
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Figure A1. 30 . Construction nanotechnology publication output by year, worldwide and i n the EU and EFTA countries (2000 -

2016)  

The chart below visua lise s the growth as indexed to 2000 (=1) for EU28&EFTA and the 

world. As the world has increased the output by four times the output of 2000, 

EU28&EFTA doubled during the same period.  

 

Figure A1. 31 . Output trend for nanotechnology and construction in EU28&EFTA and the world  

The most prolific region in NST for construction is Asia, followed by EU28&EFTA and 

North America. The other regions have substantially less out put, as shown in the table 

below.  

 

 

 

Region  Npub  
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Asia  7,124  

EU28&EFTA  8,651  

North America  4,042  

Middle East  2,247  

South & Central America  1,138  

Oceania  877  

Africa  880  

Table A1. 36 . Number of publications by region for construction and nanotechnology (2000 -2016)  

In 2016, the most prolific countries in NST for construction were China and the USA 

followed on a distance by Spain, the UK, India, South Korea and France.   

 

Figure A1. 32 . Publication output by country in construction and nanotechnology (2016)  
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Figure A1. 33 . Publication output by EU&EFTA country in construction  and nanotechnology (2016)  

Identified from the publication data, the main players in t he R&D landscape of NST 

construction are higher education institutions , research and technology  organisations and 

industry. The most active organisations in NST for construction publications in 2016 are 

shown in the table below. The higher education organi sations contributing to  the most 

nano technology  construction publications globally in 2016 were the Wuhan university of 

Technology , Southeast university, Tongji U niversity, Tsinghua university (all China), and 

CSIC, Spain (all of them with more than 40 pub lications).  

Within Europe, the CSIC, Ghent university, Delft University of Technology , CNRS and 

Universitat Politècnica de Catalunya are the most active organ isation s.  

Institution  Country  Npub  

Wuhan University of Technology  CN 53  

Southeast University  CN 51  

Tongji University  CN 46  

Spanish National Research Council  ES 43  

Tsinghua University  CN 43  

University of Malaya  MY 32  

Ghent University  BE 29  

Harbin Institute  of Technology  CN 29  

Centre National de la Recherche Scientifique  FR 28  

Delft University of Technology  NL 28  

Universitat Politècnica de Catalunya  ES 26  
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Institution  Country  Npub  

Chinese Academy of Sciences  CN 26  

Curtin University  AU 25  

Shenzhen University  CN 25  

University of Lisbon  PT 24  

Hohai University  CN 23  

Hong Kong Poly technic University  CN 23  

Zhejiang University  CN 23  

EMPA Swiss Federal Laboratories for Materials Science and 
Technology  

CH 22  

China University of Geosciences  CN 20  

Czech Technical  University, Prague  CZ 20  

Table A1. 37 . Publication output in construction and nanotechnology by higher education institutions (2016)  

Institution  Country  Npub  

Spanish National Research Council  (CSIC)  ES 43  

Ghent University  BE 29  

Delft University of Technology  NL 28  

Centre National de la Recherche Scientifique  (CNRS)  FR 28  

Universitat Politècnica de Catalunya  ES 26  

University of Lisbon  PT 24  

EMPA Swiss Federal Laboratories for Materials Science and 
Technology  

CH 22  

Czech Technical  University, Prague  CZ 20  

Ecole Poly technique  Federale de Lausanne  CH 17  

ETH Zurich  CH 16  

University of Sheffield  UK 16  

Brno University of Technology  CZ 14  

University of Aveiro  PT 14  

AGH University of Science and Technology  PL 13  

Katholieke Universiteit Leuven  BE 13  

Technical  University of Madrid  ES 12  
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Institution  Country  Npub  

Universitat Politècnica de València  ES 12  

Cergy -Pontoise University  FR 12  

Technische  Universität München  DE 11  

Université Paul Sabatier  FR 11  

University of Aberdeen  UK 11  

Silesian University of Technology  PL 11  

University of Leeds  UK 11  

Spanish National Research Council  ES 43  

Table A1. 38 . Publication output in construction and nanotechnology by higher education institutions in EU&EFTA countries 

(2016)  

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

active companies publishing in NST for construction (2016) are shown in the table below. 

The amounts are small and hence only a short list. The companies contributing t o the 

most nanotechnology construction publications and at least 3 publications globally in 

2016 were Jiangsu Sobute New Mat Co Ltd, Zeobond Pty Ltd, China Three Gorges Corp 

and Giatec Sci Inc, as shown in the table of the top publishing companies worldwid e.  

Company  Country  Npub  

Sobute New Materials Co. Ltd . CN 10  

Zeobond Pty Ltd  AU 4 

China Three Gorges Corporation  CN 3 

Giatec Scientific Inc  CA 3 

Table A1. 39 . Publication output in construction and nanotechnology by companies  (2016)  

 

The next annex looks at patent data.  
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ANNEX  2 : PATENT DATA  BY SECTOR  

Introduction  

This annex reports patenting activity in nano technology  by patent filings and patents 

granted over the time period 1993 -2013 at the leading global patent offices and by 

country of applicant and country of inventor, and by organisation including companies.  

The patents and patent families (groups of patents rela ted to the same invention) were 

identified by searching using a combination of keywords (identified within the NanoData 

project for the sector) and IPC (International Patent Classification) symbols. The IPC 

symbols used were both those for nano technology  i.e. B82 and those related to the 

sector under consideration (e.g. transport) 76 . The patent family to which the patents 

belonged was identified and all the patents in the patent families were retrieved.  

The search was made for patents registered at the USPT O (US Patent and Trademark 

Office), EPO (European Patent Office) and WIPO (World Intellectual Property 

Organisation) thereby identifying USPTO, EPO and PCT applications. PCT 77  applications 

registered at WIPO are protected under the Patent Co -operation Treat y (PCT), an 

international  treaty that enables the filing of patents to protect inventions in the 

countries 78  that are members of the treaty.   

Each sector is considered in turn.  

  

                                           

76  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 are 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).  

77  http://www.wipo.int/pct/en/  
78  By filing one intern ational 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   

http://www.wipo.int/pct/en/pct_contracting_states.html
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ICT AND NANOTECHNOLOGY (ICTNT)  

Number and evolution over time of ICT nano t echnology  patent families  

Using the above methodology, 50,780 (simple) nano technology  patent families 79 ,80  of 

granted patent and patent applications were found in the period 1993 -2013 81 . 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) 82 .  

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

nano technology  patents is 7,119, 14% of all nano technology  patent families. As 

applications may have been filed with multiple authorities, the percentages for PCT, EPO 

and USPTO do not sum to 100%. The highest percentage of nano technology  ICT 

applications is at the USPTO (92%) while the figures corresponding to PCT (44%) and 

EPO (35% ) are substantially lower.  

ICT nanotechnology applications  Patent families  Share of patent families  

Total patent families  7119  100%  

USPTO applications  6550  92%  

PCT applications  3166  44%  

EPO applications  2511  35%  

Table A2. 1.  Absolute numbers and percentages of patents on nanotechnology and ICT (1993 -2013)  

 

Figure A2. 1. Number of nanotechnology and ICT patent families, total and by filing authority (1993 -2013)  

The figure below shows the evolution over time of patent applications to WIPO (PCT), the 

EPO or USPTO as measured as a share of the total number of patent families.  

                                           

79  The definition of simple family is used, 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 application.  

80  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/ .  

81  This year refers to the oldest year of the priority patents.  
82  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/
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Figure A2. 2. Evolution over time of WIPO (PCT), EPO and USPTO ICT nanotechnology patenting (1993 -2013)  

In the figure above it can be observed that the filings at EPO, USPTO and WIPO follow 

different patterns. The filings at the USPTO are more or less constant at the 90% level. 

PCT filings show an increase from 2000 onwards, whereas the EPO filings sho w at the 

same time a continuous decrease; the peak in 1998 -1999 as an exception to this trend.  

The decline that is visible from 2013 is caused by the fact that not all data has been 

added to the patent databases.  

Activity by filing country and region  

By lo oking 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 and these authorities cover 93% o f the 

PCT filings. The United States is by far the most prolific, followed by Japan and Europe 

(EPO). The patent filings at the EPO (262) are roughly one fifth of those at the USPTO.  

Receiving a uthority  No. of patent families (1993 - 2013)  

USPTO 1419  

Japan  640  

EPO 262  

WIPO  123  

Korea  116  

United Kingdom  115  

Germany  82  

France  77  

China  57  

Canada  50  

Table A2. 2. Number of nanotechnology and ICT patent families by the top ten PCT receiving authorities (1993 -2013)  
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Activity by country of applicant  

PATENT APPLICATIONS   

Within the group of 7,119 ICT - related nano technology  patent families, there is at least 

one EU28 or EFTA applicant in 15% of them while there is participation from the rest of 

the world in 85% of cases.  

 EU28 & EFTA  Rest of World  

Number of nano technology  and ICT patent families  1037  6082  

Percentage of nano technology  and ICT patent 
families  15%  85%  

Table A2. 3. Origin of patent applicants, EU28&EFTA and rest of World (1993 -2013)  

Applicants may file patents with more than one patent authority, e.g. at the USPTO and 

at the EPO. The table below shows the data for the top ten countries of applicants, as 

well as indicating the percentage of patent families for each. EU28&EFTA countries  are 

marked in bold. As patents may be filed in more than one patent authority (i.e. PCT, 

USPTO and EPO applications), the percentages can sum to more than 100%. By far the 

highest number of patent families is found where the country of the applicant is th e 

United States (2224), followed by Japan already with a lower number  of patents (1794). 

The European countries which account for a higher number of patents are Germany 

(332), Netherlands (199), United Kingdom (184) and France (179) all of them among the 

top 10 countries in number of patent families.  

World 
r ank  

Country of 
applicant  

No. of patent 
f amilies  

Share of applications  

PCT USPTO EPO 

1 US 2224  62%  99%  41%  

2 JP 1794  31%  90%  26%  

3 KR 431  21%  94%  22%  

4 DE 332  71%  79%  66%  

5 NL 199  54%  88%  63%  

6 UK 184  86%  80%  61%  

7 FR 179  65%  85%  85%  

8 TW 125  7%  100%  6%  

9 CA 100  70%  100%  43%  

10  CN 89  40%  92%  16%  

Table A2. 4. Top ten countries based on filed patent families, by country of applicant and receiving authority (1993 -2013)  

Almost all patents by US applicants are filed with the USPTO while around half are filed 

as PCTs. Only 40% of the patents by US applicants are filed at the EPO.  With the 

exception of France, a pplicants from the EU28&EFTA countries file less frequently at the 

EPO than at the USPTO or via the PCT route . Looking at the non - EU28&EFTA a nd non -US 

countries of applicants, the filing shows a preference, among the patent authorities 

considered in this study, for filing at the USPTO.  
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Figure A2. 3. Number of patent families by country of applicant for the top ten countries  excluding the US (1993 -2013)  

 

Figure A2. 4. Number of patent families by country of applicant for the top ten EU28&EFTA coun tries (1993 -2013)  

 

World rank  
Country of 

applicant  

No. of Patent 

Families  

Share of applications  

PCT US EP 

4 DE 332  71%  79%  66%  

5 NL 199  54%  88%  63%  

6 UK 184  86%  80%  61%  

7 FR 179  65%  85%  85%  

12  CH 50  82%  82%  78%  
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World rank  
Country of 

applicant  

No. of Patent 

Families  

Share of applications  

PCT US EP 

13  BE 47  34%  89%  85%  

15  SE 42  93%  79%  67%  

17  IT  40  60%  75%  68%  

18  ES 30  87%  67%  47%  

20  FI  27  93%  81%  59%  

22  DK 10  100%  80%  60%  

23  AT 10  50%  70%  60%  

24  IE 8 63%  88%  38%  

26  NO 6 100%  83%  83%  

27  PL 6 33%  50%  50%  

28  PT 5 100%  80%  100%  

31  RO 4 75%  75%  75%  

33  SI  3 100%  33%  33%  

35  GR 3 33%  100%  33%  

38  CY 3 100%  100%  100%  

41  LU 2 100%  100%  100%  

53  CZ 1 0%  100%  100%  

Table A2. 5. Number of patent families by country of applicant and receiving authority for EU28&EFTA countries (1993 -2013)  
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Figure A2. 5. Number of patent families by country of applicant for the top ten non -EU28&EFTA, non -US countries (1993 -2013)  

GRANTED PATENTS  

The country from the EU and EFTA performing most strongly in patents granted by the 

EPO is Germany , followed by France and the Netherlands. These countries, together with 

the United Kingdom, also have the most patents granted by the USPTO. For all countries,  

the number of patents granted by the USPTO is substantially larger than by the EPO.  

World rank 83  EU28&EFTA  country of applicant  Number of EPO patent s granted  

4 DE 80  

6 FR 62  

5 NL 38  

9 UK 27  

12  BE 9 

13  IT  8 

15  CH 6 

23  AT 3 

17  SE 3 

18  FI  2 

24  NO 2 

28  DK 1 

29  PT 1 

19  ES 1 

Table A2. 6. Number of EPO patents granted for EU28&EFTA countries, by country of applicant (1993 -2013)  

World rank 84  EU28&EFTA  Country of 
applicant  

Number of USPTO patents granted  

4 DE 168  

5 NL 118  

6 FR 104  

9 UK 59  

12  BE 27  

                                           

83  World rank is based on decreasing number of total patent families granted by the USPTO and, if needed to 
distin guish, the names of the applicant country in alphabetical order  

84  World rank is based on decreasing number of total patent families granted by the USPTO  

 and, if needed to distinguish, the names of the applicant country in alphabetical order  
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World rank 84  EU28&EFTA  Country of 

applicant  
Number of USPTO patents granted  

13  IT  22  

15  CH 20  

17  SE 14  

18  FI  10  

19  ES 7 

23  AT 4 

25  IE  4 

24  NO 4 

26  CY 3 

28  DK 2 

31  PL 2 

29  PT 2 

32  RO 2 

37  CZ 1 

39  GR 1 

44  LU 1 

Table A2. 7. Number of USPTO patents granted for EU28&EFTA countries, by country of applicant (1993 -2013)  

The country from the EU and EFTA performing most strongly in patents granted by the 

EPO or the USPTO is Germany, followed by Netherlands and France.  France performs 

better on patents granted by the EPO and Netherlands shows a better performance on 

patent granted by the USPTO. For all coun tries,  the number of patents granted by the 

USPTO is substantially larger than by the EPO.  



 

121 

 

Figure A2. 6. Granted patents by country of applicant for top ten EU28&EFTA countries (1993 -2013)  

When considering the country of applicant and the country of inventor as seen in patent 

family data, it is clear that inventions are most often patented in the country in which 

they are invented (see table below). However, it is not uncommon to have invent ions 

that are patented outside of the country in which they originate.  

INVT  CA CN FR DE JP KR  NL  TW  UK  US 

APPL  

CA 91  2 2 9 1 0 0 0 5 26  

CN 0 81  1 0 4 0 0 4 0 19  

FR 2 1 172  8 3 0 5 0 5 22  

DE 6 0 15  295  5 1 12  0 15  60  

JP 0 5 2 6 1761  4 1 0 19  55  

KR 0 8 1 2 6 424  0 0 0 26  

NL 1 0 8 14  25  0 94  0 12  78  

TW 0 15  1 0 0 0 0 102  0 20  

UK 4 0 6 8 5 0 5 2 142  57  

US 36  22  25  51  83  24  10  10  34  2089  

Table A2. 8. Country of applicant and country of inventor table for cross -comparison (1993 -2013)  

 

Patenting activity by organisation type  

Universities and public research organisations  
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PATENT APPLICATIONS  

Among the top ten universities and public research organisations (PROs) with the highest 

number of patent families (with percentages for  PCT, USPTO and EPO applications) , six 

are from outside the United States. Three organisations (CEA and CNRS from France and 

IMEC from Belgium) are from the EU28&EFTA countries , while o nly the French 

organisations are among the top 30 applicants worldwide.  

World 
rank  

Country  Organisation  
No. of 
patent 

families  

Share of patent 

applications  

PCT USPTO EPO 

12  US University of California  69  67%  75%  25%  

14  FR CEA 67  52%  66%  57%  

22  US CalTech  38  50%  97%  16%  

23  FR CNRS 38  68%  45%  68%  

25  KR Elect & Telecommunications  
Res Institute  

36  8%  81%  8%  

26  JP JP Science & Technology  
Agency  

34  71%  82%  56%  

35  US Massachusetts Institute  
Technology  

30  83%  77%  23%  

40  BE IMEC 27  11%  67%  70%  

50  TW Industrial Technology  
Research Institute  

20  0%  100%  0%  

54  US William Marsh Rice 
University  

18  72%  83%  22%  

Table A2. 9. Number of patent families for top ten universities and PROs (1993 -2013)  

World 
rank  

Country  Organisation  
No. of 
patent 

families  

Share of patent 

applications  

PCT USPTO EPO 

14  FR CEA 67  52%  66%  57%  

23  FR CNRS 38  68%  45%  68%  

25  KR Elect & Telecoms  Res Inst  36  8%  81%  8%  

26  JP JP Science & Technology  
Agency  

34  71%  82%  56%  

40  BE Imec  27  11%  67%  70%  

50  TW Industrial Technology  
Research Institute  

20  0%  100%  0%  

61  KR KR Institute  of Science & 17  18%  82%  24%  
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World 
rank  

Country  Organisation  

No. of 

patent 
families  

Share of patent 

applications  

PCT USPTO EPO 

Technology  

68  KR KR Advanced Institute  of 

Science & Technology  

15  7%  47%  13%  

71  JP National Institute  of 
Advanced Ind.  Science & 
Technology  

15  0%  73%  33%  

73  JP JP Science & Technology  
Corp  

15  93%  20%  7%  

Table A2. 10 . Number of patent families in the top EU28&EFTA universities and PROs (1993 -2013)  

GRANTED PATENTS  

The table below shows the public research organisations (PROs: higher education 

organisations or public research organisations)  ranked by the highest number of EPO 

patents granted between 1993 and 2013. Only a few PROs have granted patents by the 

EPO, and three  of them are from the EU28&EFTA countries (from France and  Belgium).  

Rank  Country  Organisation  EPO  USPTO  

1 FR CEA 17  41  

2 FR CNRS 15  14  

3 JP JP Science & Technology  Agency  6 26  

4 BE IMEC 6 11  

5 US William Marsh Rice University  3 13  

Table A2. 11 . Top five universities/research organisations with three or more EPO patents, ordered by decreasing number of 

EPO patents (1993 -2013)  

Ranking by the number of USPTO patents granted between 1993 and 2013, nine of the 

top 12 universities and research organisations are in the U S and only tw o in the 

EU28&EFTA . 

Rank  Country  Organisation  USPTO  EPO  

1 FR CEA 41  17  

2 US University California  41  2 

3 US California Institute  Technology  36  2 

4 JP JP Science & Technology  Agency  26  6 

5 KR Elect & Telecommunications  Res Institute  24  2 

6 US Massachusetts Institute  Technology  23  2 

7 TW Industrial Technology  Research Institute  16  0 
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Rank  Country  Organisation  USPTO  EPO  

8 FR CNRS 14  15  

9 KR KR Institute  of Science & Technology  14  1 

10  US William Marsh Rice University  13  3 

Table A2. 12  Top ten universities/research organisations granted USPTO patents, ordered by decreasing number of USPTO 

patents (1993 -2013)  

Activity of companies  

PATENT APPLICATIONS  

The top ten companies with the highest number of patent families (with percentages for 

PCT, USTO and EPO applications come in majority from Japan. Germany and Netherlands 

are the only EU28&EFTA countries that feature in this table and are marked in bold. It 

should be noted that some may be holding companies rather than research companies or 

m anufacturers.  

Country  Company  

No. of 
patent  

families  

Share of applications  

PCT USPTO EPO 

JP KK Toshiba  239  5%  97%  7%  

KR Samsung Elect Co Ltd  181  5%  84%  23%  

JP TDK Corp  159  13%  96%  16%  

JP Sony Corp  130  25%  87%  30%  

JP Fujitsu Ltd  122  23%  87%  20%  

JP Hitachi Ltd  121  17%  83%  14%  

DE Infineon Technology A G 82  49%  74%  40%  

NL Hitachi Global Storage Technology  78  0%  90%  21%  

JP Matsushita Elect Ind. Co. Ltd  69  64%  65%  35%  

JP Fujifilm Corp  66  11%  79%  42%  

Table A2. 13 . Number  of patent families for top ten companies (1993 -2013)  

GRANTED PATENTS  

The top ten companies that have been granted patents by the EPO and/or USPTO are 

shown in the tables below 85 . The first table shows the top ten when the figures are sorted 

to obtain the h ighest number of EPO patents and the second shows the top ten when 

they are sorted for USPTO patents. In the first table, two companies from Netherlands 

(Philips and NXP) and one company from Germany ( Infineon ) appear as the main 

companies in EPO patents.  

Interestingly, according to the number of patents granted by the USPTO, there is only 

                                           

85  This data d oes not take account of there being multiple offices of one company. Where the name differs in 
the database, the companies are taken as being different.  
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one US company (IBM) in the top five.  

There are five  countries Japan, United States, Korea , Germany  and the Netherlands 

populating both tables below.  

Country  Company  EPO  USPTO  

US IBM Corp  26  156  

KR Samsung Elect Co Ltd  20  119  

DE Infineon Technology  AG 17  57  

NL Kon Philips Elects NV  15  11  

JP Fujitsu Ltd  12  74  

US Hewlett Packard Co  12  18  

US EI Du Pont d e Nemours & Co  12  12  

US Hewlett Packard Dev Co Lp  11  65  

NL NXP BV 10  11  

JP Seiko Instruments  Inc  10  7 

Table A2. 14 . Companies granted USPTO and EPO patents ordered by decreasing number of EPO patents (1993 -2013)  

Country  Company  USPTO  EPO  

JP KK Toshiba  200  8 

US IBM Corp  156  26  

JP TDK Corp  128  9 

KR Samsung Elect Co Ltd  119  20  

JP Sony Corp  102  8 

JP Hitachi  Ltd  98  8 

JP Fujitsu Ltd  74  12  

NL Hitachi Global Storage Technology   68  8 

US Hewlett Packard Dev Co Lp  65  11  

US Seagate Technology  Ltd  64  1 

Table A2. 15 . Companies granted USPTO and EPO patents ordered by decreasing number of USPTO patents (1993 -2013)  
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MANUFACTURING AND NANOTECHNOLOGY (MFNT)  

Overview  

This section looks at the patenting activity in nano technology  and manufacturing by 

patent filings and patents granted over the time period 1993 -2013 at the leading global 

patent offices and by country of applicant and country of inventor, and by organisation 

including companies.  

The patents and patent families (grou ps of patents related to the same invention) were 

identified by searching using the combination of keywords (identified within the 

NanoData project for the sector) and IPC (International Patent Classification) symbols. 

The IPC symbols used were both those for nano technology  i.e. B82 and those related to 

the sector under consideration (manufacturing, in this case) 86 . The patent family to which 

the patents belonged was identified and all the patents in the patent families were 

retrieved.  

The search was made f or 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 87  applications 

registered at WIPO are protected un der the Patent Co -operation Treaty  (PCT), an 

international  treaty that enables the filing of patents to protect inventions in the 

countries 88  that are members of the treaty.   

Number and evolution over time of nano t echnology  manufacturing patent 

families  

Using the above methodology, 50,780 (simple) nano technology  patent families 89 ,90  

(manufacturing and nano technology ) of granted patent and patent applications were 

found in the period 1993 -2013 91 . 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) 92 .  

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

among the nano technology  patents is 3 ,222, 6.3% of all nano technology  patent families. 

As applications may have been filed with multiple authorities, the percentages for PCT, 

EPO and USPTO do not sum to 100%. The highest percentage of manufacturing 

nano technology  applications is in the USPTO  (91%) while the figures correspo nding to 

PCT (54%) and EPO (37%) are considerable lower.  

Manufacturing nanotechnology 
applications  

Patent families  Share of patent families  

Total patent families  3222  100%  

                                           

86  Thus, all patent documents including at least one of the keywords (in title or abstract) was found bu t only 
when the patent was classified as being related to at least one of the sectorial IPC codes.  

87  http://www.wipo.int/pct/en/  
88  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   
89  The definition of simple family is used, where all documents having exactly the same pri ority 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 application.  

90  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/ .  

91  This year refers to the oldest year of the priority patents.  
92  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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Manufacturing nanotechnology 

applications  
Patent families  Share of patent families  

USPTO applications  2925  91%  

PCT applications  1725  54%  

EPO applications  1193  37%  

Table A2. 16 . Absolute numbers and percentages of patents on nanotechnology and manufacturing (1993 -2013)  

 

Figure A2. 7. Number of manufacturing nanotechnology patent families, total and by filing authority (PCT, EPO, and USPTO) 

(1993 -2013)  

The figure below shows the evolution over time of patent applications to WIPO (PCT), the 

EPO or USPTO as measured as a share of the total number of patent families.  

 

Figure A2. 8. Evo lution over time of WIPO (PCT), EPO and USPTO manufacturing and nanotechnology patenting (1993 -2013)  

In this figure, it can be observed that the filings at USPTO are at a more or less constant 

high level in the period 2000 -2013. The filings at the WIPO fol low a somewhat similar 

pattern in the same period; a significant increase in the WIPO and EPO filings is visible in 

the period 1996 -2000, while at the same time the filings at the USPTO decreased. From 

2004 onwards , filing at the EPO started to decline for the rest of the period. The decline 

that is visible from 2013 is caused by the fact that not all data has been added to the 

patent databases.  
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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 patent authorities through which PCT 

applications were filed are shown in the table. The USA is by far the most prolific, 

followed by J apan and Europe an Patent Office. The filings at the EPO (244)) are less than 

a third of those at the USPTO and t he sum of the figures for the European national patent 

offices and the EPO is 463 (including but not only those shown in the table) , roughly two -

thirds  of the US filings.  

 

Table A2. 17 . Number of manufacturing nanotechnology patent families by PCT receiving authority, top ten receiving authorities 

(1993 -2013)  

Activity by country of applicant  

PATENT APPLICATIONS   

Within the group of 3 ,222 manufacturing - related nano technology  patent families, there is 

at least one EU28 or EFTA applicant in 14%, while there is participation from the rest of 

the world in 86% of cases.  

 EU28 & EFTA  Rest of World  

Manufacturing and nano technology  patent families  463  2759  

Percentage manufacturing and nano technology  patent 
families  

14%  86%  

Table A2. 18 . Origin of patent applicants, EU28&EFTA and rest of World (1993 -2013)  

Applicants may file patents with more than one patent authority, e.g. at the USPTO and 

at the EPO. The  table below shows the data for the top ten countries of applicants, as 

well as indicating the percentage of patent families for each. EU28 and EFTA countries 

are marked in bold. As patents may be filed in more than one patent authority (i.e. PCT, 

USPTO an d EPO applications), the percentages can sum to more than 100%.  

By far the highest number of patent families is found where the country of the applicant 

is the US (1314), followed by Japan already with a considerably lower number  of patents 

(768). The Eur opean countries which account for a higher number of patents are the 

Receiving Authority  No. of Patent Families  

USPTO 788  

Japan  250  

EPO 244  

Korea  74  

France  66  

United Kingdom  50  

WIPO  48  

Netherlands  32  

China  26  

Canada  23  
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Netherlands (260), Germany (236), France (148) and the United Kingdom (92), all of 

them among the top 10 countries in number of patent families.  

World 
rank  

Country of applicant  
No. of patent 

families  

Share of applications  

PCT USPTO EPO 

1 US 1314  51%  86%  35%  

2 JP 768  63%  92%  34%  

3 KR 336  37%  89%  25%  

4 NL 260  24%  86%  22%  

5 DE 236  47%  88%  39%  

6 FR 148  58%  75%  63%  

7 TW 123  74%  80%  79%  

8 CN 104  0%  98%  3%  

9 UK 92  37%  68%  13%  

10  CA 47  75%  58%  55%  

Table A2. 19 . Top ten countries based on filed patent families, by country of applicant and receiving authority (1993 -2013)  

Almost all ( 86 %) of the patents by US applicants are filed with the USPTO while roughl y 

50 % are filed as PCTs. Only one third of the patents by US applicants are filed at the 

EPO. Also among the European applicants the USPTO is the preferred place to file 

patents.  

Looking at the non -EU28&EFTA a nd non -US countries of applicants, the filing shows a 

preference, among the patent authorities considered in this study, to filing most at the 

USPTO, except for Canada.  
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Figure A2. 9. Number of patent families by country of applicant, top ten countries excluding the United States (1993 -2013)  

 

Figure A2. 10 . Number of patent families by country of applicant for the top ten EU28&EFTA countries (1993 -2013)  

 

 

 

 

 

World rank  
Country of 
applicant  

No. of patent 
families  

Share of applications  

PCT USPTO EPO 

4 NL 260  47%  88%  39%  

5 DE 236  58%  75%  63%  

6 FR 148  74%  80%  79%  

9 UK 92  75%  58%  55%  

11  CH 42  69%  71%  62%  

12  SE 31  61%  87%  65%  

13  IT  26  58%  81%  46%  

14  ES 25  84%  56%  40%  

18  AT 21  38%  81%  38%  

20  BE 17  35%  82%  76%  
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Table A2. 20 . Number of patent families by country of applicant and receiving authority for EU28&EFTA applicant countries 

(1993 -2013)  

 

Figure A2. 11 . Number of patent families by country of applicant for the t op ten non -EU28&EFTA, non -US countries (1993 -2013)  

GRANTED PATENTS  

The country from the EU and EFTA performing most strongly in patents granted by the 

EPO is Germany, followed by the Netherlands, France and the United Kingdom. These 

four countries also hav e the most patents g ranted by the USPTO of the EU28& EFTA 

countries. In general,  for the EU28 &EFTA countries , more manufacturing nano technology  

patent are granted by the USPTO than by the EPO.  

World rank 93  EU28&EFTA  country of applicant  Number of EPO patent s granted  

5 DE 55  

4 NL 47  

6 FR 40  

9 UK 23  

11  CH 8 

12  SE 6 

13  AT 4 

15  BE 4 

14  IT  4 

23  FI  3 

32  NO 3 

                                           

93  World rank is based on decreasing number of total patent families granted by the USPTO and, if needed to 
distinguish, the names of the applicant country in alphabetical order  
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World rank 93  EU28&EFTA  country of applicant  Number of EPO patent s granted  

21  PL 3 

24  DK 1 

27  LU 1 

19  ES 1 

Table A2. 21 . Number of EPO patents granted for EU28&EFTA countries, by country of applicant (1993 -2013)  

World rank 94  EU28&EFTA  Country of applicant  Number  of USPTO patent s granted  

4 NL 161  

5 DE 110  

6 FR 74  

9 UK 29  

11  CH 19  

12  SE 14  

13  AT 12  

14  IT  11  

15  BE 8 

19  ES 6 

21  PL 4 

30  CZ 3 

24  DK 3 

23  FI  3 

31  IE 3 

27  LU 3 

32  NO 1 

42  PT 1 

43  SK 1 

Table A2. 22 . Number of USPTO patents granted for EU28&EFTA countries, by country of applicant (1993 -2013)  

                                           

94  Ibid  
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Figure A2. 12 . Granted patents by country of applicant for top ten EU28& EFTA countries (1993 -2013)  

When considering the country of applicant and the country of inventor as seen in patent 

family data, it is clear that inventions are most often patented in the country in which 

they are invented (see table below). However, it is not uncommon to have inventions 

that are patented outside of the country in which they originate.  

INVT  CA CN FR DE JP KR  NL  TW  UK  US 

APPL           

CA 46  1 5 2 0 0 1 1 1 12  

CN 1 101  0 2 6 11  0 8 1 14  

FR 5 0 146  3 2 0 3 0 0 5 

DE 2 2 4 219  2 2 25  0 6 25  

JP 0 6 1 2 733  4 0 0 4 69  

KR 0 10  0 2 4 331  0 0 2 27  

NL 1 0 5 18  3 1 228  0 3 35  

TW 1 31  0 0 0 0 0 97  0 7 

UK 1 1 0 4 1 2 3 0 80  23  

US 13  14  6 25  54  27  19  8 18  1247  

Table A2. 23 . Country of applicant and country of inventor  table for cross -comparison (1993 -2013)  
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Patenting activity by organisation type  

Universities and public research organisations  

PATENT APPLICATIONS  

Among the top ten universities and public research organisations (PROs) with the highest 

number of patent families (with percentages for PCT, USPTO and EPO applications), f our  

are in the United States. The EU28 is represented by two organisations in France.  

World 
rank  

Country  Organisation  
No. of 
patent 

families  

Share of applications  

PCT USPTO EPO 

4 US University of California  65  72%  80%  23%  

12  FR CEA 42  62%  60%  19%  

19  FR CNRS 33  79%  67%  73%  

21  US University of Texas  31  13%  77%  55%  

24  US 
Massachusetts Institute  
Technology  

30  83%  77%  20%  

26  CN Tsinghua University  28  7%  93%  4%  

27  US Northwestern University  28  82%  82%  21%  

32  JP 
National Institute  of Advanced 
Ind.  Science  and Technology   

24  92%  67%  46%  

38  TW 
Industrial Technology  Research 
Institute  

24  0%  100%  0%  

36  KR 
Elect & Telecommunications  Res 
Institute  

21  5%  91%  19%  

Table A2. 24 . Number of patent families for top ten universities and PROs (1993 -2013)  

The table below shows the top performing universities and P ROs for patent families in 

EU28& EFTA countries. Only two French organisations are among the top 30 applicants 

worldwide (the ranking being shown in the first column).  

World 
rank  

Country  Organisation  
No. of 
Patent 

families  

Share of applications  

PCT USPTO EPO 

3 FR CEA95  94  48%  55%  9%  

17  FR CNRS96  36  72%  61%  69%  

78  DE Fraunhofer 97  11  73%  36%  82%  

                                           

95  Commissariat à l'Énergie Atomique et aux Énergies Alternatives, the French Alternative Energies and Atomic 
Energy Commission www.cea.fr   

96  Centre National de la Recherche Scientifique, the National Centre for Scientific R esearch www.cnrs.fr   
97  Fraunhofer -Gesellschaft zur Förderung der angewandten Forschung e.V. www.fraunhofer.de  

http://www.cea.fr/
http://www.cnrs.fr/
http://www.fraunhofer.de/
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100  ES CSIC 98  9 78%  22%  44%  

Table A2. 25 . Number of patent families in the top EU28&EFTA universities and PROs (1993 -2013)  

GRANTED PATENTS  

The table below shows the PROs ranked by the highest number of EPO patents granted 

between 1993 and 2013. Only a few PROs have granted patents by the EPO, and three  of 

them are from the EU28 &EFTA countries (from France  and Germany ).  

Rank  Country  Organisation  EPO  USPTO  

1 US University of Texas  8 13  

2 FR CNRS 7 16  

3 DE Fraunhofer Gesellschaft  5 1 

4 FR CEA 4 38  

5 US Northwestern University  4 18  

6 JP 
National Institute  of Advanced Ind.  
Science and Technology  

4 13  

7 JP JP Science & Technology  Agency  4 6 

8 KR KR Institute  of Energy Research  4 3 

Table A2. 26 . Top universities/research organisations with four or more patents granted by the EPO, ordered by number of EPO 

patents (1993 -2013)  

Ranking by the number of USPTO patents granted between 1993 and 2013, four of the 

top ten universities and research organisations are in the United States and only two in 

the EU28&EFTA . 

Rank  Country  Organisation  USPTO  EPO  

1 FR CEA 38  4 

2 US University California  38  3 

3 CN Tsinghua University  22  1 

4 US Northwestern University  18  4 

5 US Massachusetts Institute  of Technology  17  2 

6 FR CNRS 16  7 

7 KR Elect & Telecommunications  Res Institute  16  2 

8 US University of Texas  13  8 

9 JP 
National Institute  of Advanced Ind.  Science 

and  Technology  
13  4 

                                           

98  Consejo Superior de Investigaciones Cientificas, the Spanish Nationa l Research Council www.csic.es   

http://www.csic.es/
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Rank  Country  Organisation  USPTO  EPO  

10  KR KR Institute  of Science & Technology  12  2 

Table A2. 27 . Top ten universities/research organisations with patents granted, ordered by number of USPTO patents (1993 -

2013)  

Activity of companies  

PATENT APPLICATIONS  

The top ten companies with the highest number of patent families (with percentages for 

PCT, USPTO and EPO applications), belong to four  different countries. The Netherlands is  

the only EU28 countries that feature s in the table, marked in bold. It should be noted 

that some may be holding companies rather than research companies or manufacturers.  

World 
rank 99  

Country  Company  
No. of 
patent 

families  

Share of applications  

PCT USPTO EPO 

1 NL ASML Netherlands BV  125  30%  90%  18%  

2 US Molecular Imprints Inc  109  87%  94%  33%  

3 KR Samsung Elect Co Ltd  82  1%  84%  18%  

5 US IBM Corp  63  51%  97%  38%  

6 JP Nuflare Technology Inc  59  0%  100%  0%  

8 NL Mapper Lithography IP BV  55  91%  80%  69%  

9 JP Canon KK  52  6%  100%  25%  

10  JP Asahi Glass Co Ltd  43  98%  84%  21%  

13  JP KK Toshiba  38  5%  100%  3%  

18  US Applied Materials Inc  33  30%  90%  18%  

Table A2. 28 . Number of patent families for top ten companies (1993 -2013)  

GRANTED PATENTS  

The top ten companies that have been granted patents by the EPO and/or USPTO are 

shown in the tables below 100 . The first table shows the top ten when the figures are 

sorted to obtain the highest number of EPO patents and the second shows the top ten 

when they are sorted for USPTO pate nts. In the first table, three companies from 

Netherlands (Mapper Lithography, ASML and Philips) appear.  

Rank  Country  Company  EPO  USPTO  

1 US IBM Corp  12  44  

2 NL Mapper Lithography IP BV  12  32  

                                           

99  The ranking is for all organisations, not only companies  
100  This data does not take account of there being multiple offices of one company. Where the name differs in 

the database, the comp anies are taken as being different.  
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Rank  Country  Company  EPO  USPTO  

3 NL ASML Netherlands BV  11  81  

4 US Molecular Imprints Inc  10  73  

5 JP Hitachi  Ltd  6 21  

6 JP Canon KK  5 37  

7 US Lucent Technology  Inc  5 7 

8 NL Kon Philips Elects NV  5 5 

Table A2. 29 . Companies granted USPTO and EPO patents ordered by decreasing number of EPO patents (1993 -2013)  

Rank  Country  Company  USPTO  EPO  

1 NL ASML Netherlands BV  81  11  

2 US Molecular Imprints Inc  73  10  

3 KR Samsung Elect Co Ltd  54  4 

4 JP Nuflare Technology  Inc  50  0 

5 US IBM Corp  44  12  

6 JP Canon KK  37  5 

7 JP KK Toshiba  35  1 

8 NL Mapper Lithography IP BV  32  12  

9 JP Asahi Glass Co Ltd  32  1 

10  US Applied Materials Inc  26  2 

Table A2. 30 . Companies granted USPTO and EPO patents ordered by decreasing number of USPTO patents (1993 -2013)  

Interestingly, according to the number of patents  granted by the USPTO, the Dutch 

company ASML is the company with the most patents granted by the USPTO.  
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HEALTH AND NANOTECHNOLOGY (HTNT)  

Overview  

This section looks at the patenting activity in nanotechnology and health by patent filings 

and patents granted over the time period 1993 -2013 at the leading global patent offices 

and by country of applicant and country 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 sector) 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 (health, in this case). The patent family to which the 

patents belonged was identified and all the patents in the patent families were retrieved.  

The search was made for patents registered at the USPTO (US Patent and Tradema rk 

Office), EPO (European Patent Office) and WIPO (World Intellectual Property 

Organisation) thereby identifying USPTO, EPO and PCT applications. PCT 101  applications 

registered at WIPO are protected under the Patent Co -operation Treaty  (PCT), an 

internationa l treaty that enables the easy filing of patent applications in countries 102  that 

cooperate in this treaty.   

Number and evolution over time of health nano technology  patent families  

Using the above methodology, 50,780 (simple) nano technology  patent families 103 ,104  of 

granted patent and patent applications were found in the period 1993 -2013 105 . All of 

these were from the European Patent Office (EPO), US Patent and Trademark Office 

(USPTO) or the World Intellectual Property Organisation (WIPO) 106 .  

In the same period, t he number of health - related patent families identified among the 

nano technology  patents is 3,433, 6.8% of all nano technology  patent families. As 

applications may have been filed with multiple authorities, the percentages for PCT, EPO 

and USPTO do not sum t o 100%. The highest percentage of health NT applications is in 

the USPTO (89%), with a slightly lower percentage for PCT applications (80%) and a 

considerably lower percentage for EPO applications (58%).  

Health nanotechnology 
applications  

Patent families  Share of  patent families  

Total patent families  3433  100%  

USPTO applications  3071  89%  

PCT applications  2741  80%  

                                           

101  http://www.wipo.int/pct/en/  
102  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   

103  The definition of simple family is used, 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 application.  

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

105  This year refers to the oldest year of the priority patents.  
106  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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EPO applications  2004  58%  

Table A2. 31 . Absolute numbers and percentages of patents on nanotechnology and health (1993 -2013)  

 

Figure A2. 13 . Number of nanotechnology and health patent families, total and by filing authority (1993 -2013)  

The figure below shows the evolution over time of patent applications to WIPO (PCT), the 

EPO or USPTO as  measured by the percentage of patent families.  

 

Table A2. 32 . Evolution over time of WIPO (PCT), EPO and USPTO nanotechnology and health patenting  

In this figure, it can be observed that the filings at USPTO and WIPO follow an almost 

similar pattern. In both cases the share of patent families is almost constant since 2000. 

The share of total patent families filed at the EPO show a continuous decline since 1994. 

The decline that is visible from 2013 is caused by the fact that not  all data has been 

added to the patent databases.  

Activity by filing country and region  

By looking at PCT applications, it is possible to obtain an indication of the relative 

patenting activity of countr ies and regions. The top patent authorities through w hich PCT 

applications were file d are shown in the table . The USPTO is by far the most prolific, 

followed by Japan and Europe (EPO). The number of EPO filings is about one quarter of 

USPTO filings . 

Receiving  authority  No. of patent families  (1993 - 2013)  
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USPTO 1426  

EPO 329  

Japan  132  

WIPO  129  

United Kingdom  123  

Korea  84  

France  57  

China  56  

Canada  53  

I srael  39  

Table A2. 33 . Number of nanotechnology and health patent families by PCT receiving authority, top ten receiving authorities 

(1993 -2013)  

Activity by country of applicant  

PATENT APPLICATIONS   

Within the group of 3,433 health - related nano technology  patent families, there is at least 

one EU28 or EFTA applicant in 18% of them while there is participation from the rest of 

the world in 82% of cases.  

 EU28 & EFTA  Rest of World  

Number of nano technology  and health patent families  609  2824  

Percentage of nano technology  and health  patent 
families  

18%  82%  

Table A2. 34 . Origin of patent applicants, EU28&EFTA and rest of World (1993 -2013)  

Applicants may file patents with more than one patent authority, e.g. at the USPTO and 

at the E PO. The table below  shows the data for the top ten countries of applicants, as 

well as indicating the percentage of patent families for each. EU28 and EFTA countries 

are marked in bold. As patents may be filed in more than one patent authority (i.e. PCT, 

US and EP applications), the percentages can sum to more than 100%.  

By far the highest number of nano technology  and health patent families is found where 

the country of the applicant is the US (1865), followed by Germany with significantly less 

patents (284). Japan (174), United Kingdom (168) and Fr ance (161) populate positions 3 

to 5 with comparable numbers of patent families. Germany, United Kingdom and France 

are EU28&EFTA among the top ten countries in number of patent families.  

 Country of applicant  No. of Patent Families  

Share of applications  

PCT USPTO EPO 

1 US 1865  70%  82%  56%  

2 DE 284  67%  91%  51%  
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 Country of applicant  No. of Patent Families  

Share of applications  

PCT USPTO EPO 

3 JP 174  74%  71%  75%  

4 UK 168  79%  77%  61%  

5 FR 161  77%  74%  72%  

6 KR 149  73%  80%  82%  

7 CA 118  60%  78%  36%  

8 CN 93  60%  90%  47%  

9 IL  87  72%  76%  40%  

10  IN  80  69%  85%  47%  

Table A2. 35 . Top ten countries based on filed patent families, by country of applicant and receiving authority (1993 -2013)  

Most of the nano technology  and health patents by US applicants ï 82% ï are filed with 

the USPTO while roughly 70% are fil ed as PCT application. Only 56% of the patents filed 

by applicants from the United States are filed at the EPO. Among the European 

applicants, applicants from Ge rmany have a  preference for the USPTO and use the EPO 

less.  

 

Figure A2. 14 . Number of patent families by country of applicant, top ten countries excluding United States (1993 -2013)  
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Figure A2. 15 . Number of patent families by country of applicant for the top ten EU28&EFTA countries (1993 -2013)  

World rank  
Country of 
applicant  

No. of patent 
families  

Share of applications  

PCT USPTO EPO 

2 DE 284  74%  71%  75%  

4 UK 168  77%  74%  72%  

5 FR 161  73%  80%  82%  

11  ES 79  87%  66%  67%  

12  IT  72  81%  58%  75%  

13  CH 71  73%  75%  72%  

14  NL 60  75%  75%  77%  

16  BE 45  84%  82%  76%  

20  DK 33  79%  64%  70%  

22  HU 29  76%  66%  55%  

23  SE 27  78%  67%  70%  

25  IE  17  65%  65%  41%  

26  NO 14  93%  79%  79%  

27  PT 13  54%  46%  77%  

29  FI  11  73%  73%  73%  

31  AT 8 63%  75%  100%  

32  CZ 7 86%  71%  71%  

33  PL 7 86%  57%  29%  
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World rank  
Country of 

applicant  

No. of patent 

families  

Share of applications  

PCT USPTO EPO 

34  SL 7 100%  71%  57%  

36  GR 5 80%  100%  80%  

37  IS  5 40%  80%  80%  

44  HR 2 50%  100%  50%  

45  BG 2 100%  50%  100%  

47  SK 2 100%  50%  50%  

48  RO 2 100%  100%  50%  

55  LV 1 100%  100%  100%  

63  CY 1 100%  100%  0%  

67  EE 1 100%  100%  100%  

Table A2. 36 . Number of patent families by country of applicant and receiving authority for EU28&EFTA countries (1993 -2013)  

 

Figure A2. 16 . Number of patent families by country of applicant, top ten non -EU28&EFTA, non -US applicants (1993 -2013)  

 

GRANTED PATENTS  

The country from the EU 28& EFTA performing most strongly in nano technology  and health 

patents granted by the EPO is Germany, followed by France. Also, these two countries, 

together with the United Kingdom , have the most patents granted by the USPTO.  

World rank 107  EU28&EFTA Country of applicant  Number  of EPO patent s granted  

                                           

107  World rank is based on decreasing number of total patent familie s granted by the USPTO and, if needed to 
distinguish, the names of the applicant country in alphabetical order  
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World rank 107  EU28&EFTA Country of applicant  Number  of EPO patent s granted  

2 DE 93  

4 FR 71  

5 UK 51  

7 CH 34  

12  IT  28  

14  NL 25  

16  BE 22  

13  ES 19  

18  SE 18  

19  IE 12  

20  DK 10  

23  HU 9 

26  AT 6 

28  FI  6 

33  NO 5 

41  CR 3 

29  PT 3 

30  GR 2 

35  SL 2 

36  HR 1 

37  IS  1 

55  LU 1 

43  SK 1 

Table A2. 37 . Number of EPO patents granted for EU28&EFTA countries, by country of applicant (1993 -2013)  

World rank 108  EU28&EFTA country of applicant  Number of USPTO patents granted  

2 DE 90  

4 FR 68  

                                           

108  Ibid  
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World rank 108  EU28&EFTA country of applicant  Number of USPTO patents granted  

5 UK 64  

7 CH 42  

12  IT  27  

13  ES 26  

14  NL 25  

16  BE 21  

19  IE 13  

18  SE 13  

20  DK 10  

23  HU 7 

26  AT 6 

28  FI  3 

30  GR 3 

29  PT 3 

36  HR 2 

37  IS  2 

33  NO 2 

39  PL 2 

35  SL 2 

41  CZ 1 

49  LV 1 

43  SK 1 

Table A2. 38 . Number of USPTO patents granted for countries, by county of applicant (1993 -2013)  
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Figure A2. 17 . Granted patents by country of applicant for the top ten EU28&EFTA countries (1993 -2013)  

In both cases, the top five countries Germany, France, United Kingdom, Switzerland and 

Italy are the same and also in the same order.  

When considering the country of applicant and the country of inventor as seen in patent 

family data, it is clear that inventions are most often patented in the country in which 

they are invented (see table below). However, it is not uncommon to have invent ions 

that are patented outside of the country in which they originate.  

INVT  CA CN FR DE IN  IS  IT  JP KR  NL  ES CH UK  US 

APPL               

CA 118  4 1 3 0 3 0 0 2 1 1 0 7 55  

CN 3 93  0 1 0 1 1 2 4 0 1 0 0 23  

FR 1 0 161  4 2 2 6 2 0 2 6 11  7 14  

DE 3 1 5 284  2 3 3 4 3 12  3 23  6 37  

JP 0 2 2 1 1 1 2 174  0 0 0 0 0 28  

KR 2 4 0 3 2 0 0 0 149  0 0 0 0 30  

NL 1 1 5 20  1 0 0 0 0 60  3 4 7 21  

CH 4 1 16  29  3 1 5 0 2 1 3 71  3 36  

UK 7 2 8 6 3 1 2 0 0 2 9 3 168  46  

US 49  23  17  49  15  30  10  24  29  15  9 21  40  1865  

Table A2. 39 . Country of applicant and country of inventor table for cross -comparison (1993 -2013)  
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Patenting activity by organisation type  

Universities and public research organisations  

PATENT APPLICATIONS  

Among the top ten universities and public research organisations (PROs) with the highest 

number of patent families (with percentages for PCT, USPTO and EPO applications), nine 

are in t he United States. The EU28&EFTA  countries are represented by one organisation 

from France (CNRS). The World ranking shown is for all types of organisations (not only 

universities and PROs).  

World 

rank  
Country  Organisation  

No. of 

patent 
families  

Share of applications  

PCT USPTO EPO 

1 US University of California  73  81%  82%  38%  

4 US University of Texas  66  56%  56%  25%  

5 US MIT  50  94%  76%  42%  

7 US University of Michigan  28  71%  89%  39%  

10  FR CNRS 23  91%  52%  78%  

12  US Northwestern University  21  81%  81%  24%  

14  US Johns Hopkins University  19  74%  74%  37%  

15  US University of Texas  17  100%  0%  0%  

16  US William Marsh Rice University  16  75%  69%  13%  

18  US Emory University  16  94%  69%  44%  

20  SG 
Agency for Science Technology  & 
Research  

15  87%  53%  33%  

Table A2. 40 . Number of patent families for top ten universities and PROs (1993 -2013)  

The table below shows the top performing universities and PROs for patent families in 

EU28&EFTA countries. Only one organisation from France is among the top 30 applicants 

worldwide (the ranking being shown in the first co lumn).  

World 
rank  

Country  Organisation  
No. of 
Patent 

families  
PCT  USPTO  EPO  

10  FR CNRS 23  91%  52%  78%  

61  ES CSIC 9 89%  67%  78%  

62  ES Univ. de Santiago de Compostela  9 100%  44%  44%  

68  FR CEA 9 67%  33%  56%  

99  UK ISIS Innovation Ltd  7 100%  57%  57%  

Table  A2. 41 . Number of patent families of the top five EU28&EFTA universities and PROs (1993 -2013)  
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GRANTED PATENTS  

The table below shows the PROs ranked by the highest number of EPO patents granted 

between 1993 and 2013. Only a few P ROs have granted patents by the EPO, and two of 

them are from the EU28&EFTA countries (from France  and Spain).  

World 
Rank  

Country  Organisation  EPO  USPTO  

3 FR CNRS 8 7 

13  US MIT  4 19  

17  US Scripps Research Institute  4 4 

21  US University of California  3 33  

22  US University of Michigan  3 17  

25  ES CSIC 3 4 

30  IN  Council of Scientific & Industrial Research  3 1 

Table A2. 42 . Universities/research organisations granted patents, top seven based on granted EPO patents (1993 -2013)  

Ranking by the number of USPTO patents granted between 1993 and 2013, ten  of the 

top 12 universities and research organisations are in the U S and only one  in the 

EU28&EFTA . 

World 
Rank  

Country  Organisation  USPTO  EPO  

3 US University of California  33  3 

4 US University of Texas  26  1 

7 US MIT  19  4 

8 US University of Michigan  17  3 

10  US Northwestern University  13  2 

14  US University of Illinois  9 1 

15  US University of Florida Research Foundation Inc.  9 1 

17  US California Institute  Technology  8 1 

19  US William Marsh Rice University  8 0 

20  FR CNRS 7 8 

21  US Emory University  7 1 

22  TW Industrial Technology  Research Institute  7 1 

Table A2. 43 . Universities/research organisations with seven or more patents granted by USPTO (1993 -2013)  
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Activity of companies 109  

PATENT APPLICATIONS  

The top ten companies with the highest number of patent families (with percentages for 

PCT, USPTO and EPO applications), belong to six different countries. Two companies from 

Netherlands and France are  in second and third places  in this table , with one company 

from Ireland and one from the United Kingdom also . It should be noted that some may 

be holding companies rather than research companies or manufacturers.  

World 
rank  

Country  Company  
No. of 
patent 

families  

Share of applications  

PCT USPTO EPO 

2 US Immunomedics Inc.  55  64%  87%  60%  

9 NL Kon Philips Elects NV  24  96%  63%  88%  

11  FR LôOr®al 21  10%  57%  95%  

13  US IBC Pharmaceuticals Inc.  20  20%  95%  20%  

17  US Nanosystems Llc  16  88%  25%  19%  

24  US Abraxis Bioscience Llc  14  50%  79%  36%  

26  IE  Elan Pharma Int.  Ltd  14  43%  29%  79%  

28  US Boston Scientific Scimed Inc.  14  79%  79%  14%  

32  BB Boston Scientific Ltd  13  31%  0%  100%  

39  US Cerulean Pharma Inc.  12  58%  92%  8%  

40  US Neorx Corp  12  92%  42%  58%  

41  UK Mida Tech  Ltd  12  58%  50%  58%  

Table A2. 44 . Number of patent families for top twelve companies (1993 -2013)  

 

GRANTED PATENTS  

The top companies that have five or more patents that have been granted patents by the 

EPO and/or USPTO  are shown in the tables below 110 . The first table below shows the 

figures for the companies with five or more patents granted by the EPO , sorted by EPO 

patent numbers . The second table below contains the data for the companies with five or 

more granted USPT O patents , with one from France and one from Germany . In both 

tables, Immunomedics Inc. and LôOr®al are in the top three.  

Country  Company  EPO  USPTO  

FR LôOr®al 20  11  

                                           

109  In some cases, the companies may be holding companies.  
110  This data does not take account of there being multiple offices of one company. Where the name differs in 

the database, the companies are taken as being different.  
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US Immunomedics Inc.  19  39  

BB Boston Scientific Ltd  8 0 

US Pfizer Inc.  6 5 

IE  Elan Pharma Int. Ltd  6 4 

DE Hexal AG  6 2 

UK Cancer Research Campaign Technology  Ltd  5 4 

IT  Chiesi Farma Spa  5 4 

FR Guerbet Sa  5 4 

BE Janssen Pharmaceutica NV  5 4 

CH Novartis AG  5 2 

Table A2. 45 . Companies granted USPTO and EPO patents ordered by decreasing number of EPO patents (1993 -2013)  

Country  Company  USPTO  EPO  

US Immunomedics Inc.  39  19  

US IBC Pharmaceuticals Inc.  14  1 

FR LôOr®al 11  20  

US Boston Scientific Scimed Inc.  8 0 

US Procter & Gamble Co.  7 2 

US Nano Systems Llc 7 0 

US Theravance Inc.  6 3 

CA Nucryst Pharmaceuticals Corp.  6 1 

US Pfizer Inc.  5 6 

JP Ono Pharma  Co. Ltd  5 3 

US Cydex Pharmaceuticals Inc.  5 2 

DE Merck Patent GmbH  5 2 

Table A2. 46 . Companies granted USPTO and EPO patents ordered by decreasing number of USPTO patents (1993 -2013)  

 

  



 

151 

ENERGY AND NANOTECHNOLOGY (ENNT)  

Overview  

This section looks at the patenting activity in nano technology  and energy (ENNT) by 

patent filings and patents granted over the time period 1993 -2013 at the leading global 

patent offices and by country of applicant and country 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 sector) and IPC (International Patent Classification) symbols. 

The IPC symbols used were both those for nano technology  i.e. B82 and those related to 

the sector under consideration (energy, in this case) 111 . The patent family to which the 

patents belonged was 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 

Organ isation ) thereby identifying USPTO, EPO and PCT applications. PCT 112  applications 

registered at WIPO are protected under the Patent Co -operati on Treaty  (PCT), an 

international  treaty that enables the filing of patents to protect inventions in the 

countries 113  that are members of the treaty.   

Number and evolution over time of energy nano t echnology  patent families  

Using the above methodology, 50,780  (simple) nano technology  patent families 114 ,115  of 

granted patent and patent applications were found in the period 1993 -2013 116 . 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) 117 .  

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

nano technology  patents is 2 ,068, 3.6% of all nano technology  patent families. As 

applications may have been filed with multiple authoritie s, the percentages for PCT, EPO 

and USPTO do not sum to 100%. The highest percentage of energy and nanotechnology  

applications is at the USPTO (9 0%) while the numbers for EN NT patent filings at the EPO 

(41 %) or using the PCT route are considerably lower.  

Energy and nanotechnology 
applications  

Patent families  Share of patent families  

Total patent families  2068  100%  

USPTO applications  1851  90%  

                                           

111  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.  

112  http://www.wipo.int/pct/en/  
113  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   

114  The definition of simple family is used, 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 application.  

115  A patent family is  defi ned  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.w ipo.int/ .  

116  This year refers to the oldest year of the priority patents.  
117  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 appl ications.  

http://www.wipo.int/pct/en/pct_contracting_states.html
http://www.wipo.int/
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PCT applications  1330  64%  

EPO applications  846  41%  

Table A2. 47 . Absolute numbers and percentages of patents on nanotechnology and energy (1993 -2013)  

 

Figure A2. 18 . Number of nanotechnology and energy patent families, total and by filing authority (PCT, EPO, and USPTO) 

(1993 -2013)  

The figure below shows the  evolution over time of patent applications to WIPO (PCT), the 

EPO or USPTO as measured by the percentage of patent families.  

 

Figure A2. 19 . Evolution over time of WIPO (PCT), EPO and USPTO energy nanotechnology patenting  

In t his figure, it can be observed that the filings at USPTO are on a more or less constant 

level in the period 2000 -2012. Filings at the WIPO and the EPO  are on a lower level 

compared to the filings at the USPTO. In contrast with filings at the USPTO and the WIPO 

the filings at the EPO started to decline in 1997 and this trend continued until 2011 when 

signs of a reverse of this trend might be visible. The number of PCT filings increases 

since 2010.  

 

Activity by filing country and region  

By looking at PCT app lications, it is possible to obtain an indication of the relative 

patenting activity of countries and regions. The top patent authorities through which PCT 

applications were filed are shown in the table. The USA is by far the most prolific, 
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followed by Jap an and Europe (EPO). The  EPO filings (128) are about one quarter of 

USPTO filings.  

Receiving authority  No. of patent families  

USPTO 594  

Japan  218  

EPO 128  

Korea  87  

WIPO  57  

France  38  

China  36  

United Kingdom  34  

Germany  24  

Canada  22  

Table A2. 48 . Number of energy nanotechnology patent families by the PCT receiving authority, top ten receiving authorities 

(1993 -2013)  

Activity by country of applicant  

PATENT APPLICATIONS   

Within the group of 2068 energy - related nano tech nology  patent families, there is at least 

one EU28 or EFTA applicant in 21% of the patent families. In 79% of the patent families 

no participation of an EU28 or EFTA applicant could  be determined.  

 EU28 & EFTA  Rest of World  

Number of nano technology  and energy patent families  433  1635  

Percentage of nano technology  and energy  patent families  21%  79%  

Table A2. 49 . Origin of patent applicants, EU28&EFTA and rest of World (1993 -2013)  

Applicants may file patents with more than one patent authority, e.g. at the USPTO and 

at the EPO. The table below shows the data for the top ten countries of applicants, as 

well as indicating the percentage of patent families for each. EU28 and EFTA count ries 

are marked in bold. As patents may be filed in more than one patent authority (i.e. PCT, 

USPTO and EPO applications), the percentages can sum to more than 100%.  

By far the highest number of patent families is found where the of the applicant country 

is the United States (960), followed by Japan (340) and Korea (301) already with a 

considerably lower number  of patents. The European countries that account for the 

highest numbers of patent applications from European countries are Germany (171), 

France (8 9) , the  United Kingdom (74)  and Austria (30) , all of them among the top ten 

countries in number of patent families.  

World 
rank  

Country of applicant  No. of Patent Families  

Share of applications  

PCT USPTO EPO 
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World 

rank  
Country of applicant  No. of Patent Families  

Share of applications  

PCT USPTO EPO 

1 US 960  65%  92%  37%  

2 JP 340  69%  82%  39%  

3 KR 301  32%  89%  25%  

4 DE 171  80%  68%  73%  

5 CN 95  59%  71%  27%  

6 TW 94  0%  99%  5%  

7 FR 89  82%  73%  74%  

8 UK 74  84%  73%  57%  

9 CA 57  60%  79%  30%  

10  AT 30  53%  80%  57%  

Table A2. 50 . Top ten countries based on filed patent families, by country of applicant and receiving authority (1993 -2013)  

Almost all (92%) of patents by US applicants are filed with the USPTO while 65% are 

filed as PCTs. Slightly more than one third of the patents by US applicants are filed at the 

EPO.  

Amo ng the European applicants, the differences in the percentage of filings among the 

different patent authorities are not large. Germany,  France  and the United Kingdom show 

a preference for the PCT route while Austria files a higher percentage at the USPTO . 

Looking at the non -EU28&EFTA and non -US countries of applicants, the filing shows a 

preference, among the patent authorities considered in this study, to filing mostly at the 

USPTO.  

 

Figure A2. 20 . Number of patent families by  country of applicant, top ten countries excluding the United States (1993 -2013)  
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Figure A2. 21 . Number of patent families by country of applicant, top EU28&EFTA countries (1993 -2013)  

World rank  Country of applicant  
No. of pate nt 

families  

Share of applications  

PCT USPTO EPO 

4 DE 171  80%  68%  73%  

7 FR 89  82%  73%  74%  

8 UK 74  84%  73%  57%  

10  AT 30  53%  80%  57%  

11  CH 26  62%  46%  65%  

12  IT  24  79%  58%  71%  

13  ES 23  74%  65%  61%  

16  NL 15  80%  80%  80%  

20  FI  11  91%  64%  55%  

21  BE 10  70%  60%  80%  

22  SE 10  90%  70%  70%  

25  DK 5 100%  20%  20%  

27  NO 4 75%  50%  50%  

29  PT 4 75%  50%  50%  

30  RO 4 0%  100%  50%  

34  GR 3 100%  100%  33%  

38  IE 2 50%  50%  100%  

40  LU 2 50%  100%  50%  
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World rank  Country of applicant  
No. of pate nt 

families  

Share of applications  

PCT USPTO EPO 

41  PL 2 50%  50%  100%  

53  CZ 1 100%  0%  0%  

59  HU 1 0%  100%  0%  

62  LT 1 0%  0%  100%  

Table A2. 51 . Number of patent families by country of applicant and receiving authority for EU28&EFTA countries (1993 -2013)  

 

Figure A2. 22 . Number of patent families by country of applicant for the top ten non -EU28&EFTA, non -US countries (1993 -2013)  

GRANTED PATENTS  

The country from the EU and EFTA performing most strongly in patents granted by the 

EPO is Germany, followed by France. These two countries also have the most patents 

granted by the USPTO. For all EU28&EFTA  countries , the number of patents granted by 

the U SPTO is greater than  those granted by the EPO , as  shown in the tables below.  

World rank 118  EU28&EFTA country of applicant  Number  of EPO patent s granted  

5 DE 34  

7 FR 26  

9 UK 9 

10  AT 8 

11  IT  7 

16  CH 4 

29  BE 3 

                                           

118  World rank is based on decreasing number of total patent families granted by the USPTO and, if needed to 
distinguish, the names of the applicant country in alphabetical order  
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World rank 118  EU28&EFTA country of applicant  Number  of EPO patent s granted  

44  DK 1 

45  FI  1 

21  NL 1 

31  NO 1 

46  PL 1 

17  RO 1 

14  SE 1 

Table A2. 52 . Number of EPO patents granted for EU28&EFTA countries, by country of applicant (1993 -2013)  

World rank 119  EU28&EFTA country of applicant  Number of USPTO  patents granted  

5 DE 47  

7 FR 29  

9 UK 18  

10  AT 13  

11  IT  8 

12  ES 7 

14  SE 5 

16  CH 4 

17  RO 4 

21  NL 3 

27  GR 2 

29  BE 1 

31  NO 1 

39  HU 1 

40  IE 1 

Table A2. 53 . Number of USPTO patents granted for countries, by county of applicant (1993 -2013)  

                                           

119  World rank is based on decreasing number of total patent families g ranted by the USPTO  

 and, if needed to distinguish, the names of the applicant country in alphabetical order  
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Figure A2. 23 . Granted patents by country of applicant for the EU28&EFTA countries (1993 -2013)  

In both cases, the top five countries Ge rmany,  France, United Kingdom, Austria and Italy 

are the same and are in the same order.  

Considering t he country of applicant and the country of inventor as seen in patent family 

data, it is clear that inventions are most often patented in the country in which they are 

invented (see table below). However, it is not uncommon to have inventions that are 

pate nted outside of the country in which they originate.  

INVT  AT  CA CN FR DE JP KR  NL  TW  UK  US 

APPL            

AT 29  0 0 0 9 0 1 0 0 15  29  

CA 0 55  1 3 0 0 4 0 1 15  0 

CN 0 1 89  0 6 4 6 1 1 25  0 

FR 0 2 0 84  6 0 0 0 0 15  0 

DE 12  0 2 7 136  1 0 0 14  36  12  

JP 0 0 4 0 1 326  6 0 6 20  0 

KR 1 4 6 0 0 7 299  0 1 20  1 

NL 0 0 14  0 0 0 0 80  0 7 0 

TW 0 1 1 0 2 0 1 0 70  8 0 

UK 24  17  23  14  33  21  20  6 10  920  24  

US 29  0 0 0 9 0 1 0 0 15  29  

Table A2. 54 . Country of applicant and country of inventor table for cross -comparison (1993 -2013)  
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Patenting activity by organisation type  

Universities and public research organisations  

PATENT APPLICATIONS  

Among the top ten universities and public research organisations (PROs) with the highest 

number of patent families (with percentages for PCT, US and EP applications), four  are in 

the United States. The EU28 is represented by two organisations in France, as  shown in 

the table below.  

World 
rank  

Country  Organisation  
No. of 
patent 

families  

Share of applications  

PCT USPTO EPO 

2 US University of California  57  63%  86%  25%  

3 US Massachusetts Institute  of 
Technology  

32  91%  75%  25%  

8 KR KR Institute  of Science & 
Technology  

24  17%  79%  4%  

9 US University of Michigan  23  83%  70%  61%  

10  FR CNRS120  22  82%  68%  95%  

14  FR CEA & aux energies alternatives  18  78%  0%  0%  

15  US Princeton University  16  81%  81%  75%  

17  KR Elect & Telecommunications  Res 
Institute  

15  13%  93%  7%  

18  KR KR Advanced Institute  of Science & 
Technology   

15  13%  67%  13%  

19  CN Tsinghua University  14  14%  86%  0%  

Table A2. 55 . Number of patent families for top ten universities and PROs (1993 -2013)  

The top universities and  PROS from EU28&EFTA countries are shown in the table below. 

Only the French organisations are among the top 30 applicants worldwide (the ranking 

being shown in the first column).  

World 
rank  

Country  Organisation  
No. of 
patent 

families  

Share of applications  

PCT USPTO EPO 

10  FR CNRS9 22  82%  68%  95%  

14  FR CEA & Aux Energies Alternatives 121  18  78%  0%  0%  

53  DE Max Planck Gesellschaft  8 63%  50%  63%  

75  FR CEA 7 86%  57%  29%  

                                           

120  Centre National de la Recherche Scientifique  
121  CEA & Aux Energies alternatives and CEA, are strongly related organisations but probably not full y identical 

and therefore the information for these two organisations is not merged.  
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141  DE Technische  Universitaet Dresden  5 80%  40%  40%  

146  ES CSIC 5 100%  40%  0%  

Table A2. 56 . Number of patent families in the top six EU28&EFTA universities and PROs (1993 -2013)  

GRANTED PATENTS  

The table below shows the PROs ranked by the highest number of EPO patents granted in 

the period 1993 -2013. Only a  few PROs have granted patents by the EPO, and four of 

them are from the EU28&EFTA  countries (fr om France, Switzerland, Germany and  

Belgium).  

World 
Rank  

Country  Organisation  EPO  USPTO  

1 FR CNRS9 7 9 

2 US Wake Forest University Health Sciences  4 1 

3 US Princeton University  2 10  

4 JP JP Science & Technology  Agency  2 6 

5 JP National Institute  of Advanced Ind.  Science 
and Technology  

2 3 

6 CH Ecole Poly Technique  Federale De Lausanne 
EPFL 

2 2 

7 DE Fraunh ofer Gesellschaft  2 1 

8 BE IMEC 2 1 

9 US Massachusetts Institute  Technology  1 17  

10  US University of Michigan  1 8 

Table A2. 57 . Universities/research organisations granted patents, ordered by descending number of patents granted by the EPO  

Ranking by the number of USPTO patents granted between 1993 and 2013, six of the top 

ten universities and research organisations are from the United States and only one from 

a EU28 &EFTA country  (CNRS, FR) .  

World 
Rank  

Country  Organisation  USPTO  EPO  

1 US University of California  26  0 

2 US Massachusetts Institute  Technology  17  1 

3 TW Industrial Technology  Research Institute  13  0 

4 US Princeton University  10  2 

5 FR CNRS 9 7 

6 KR Kr Institute  of Science & Technology  9 0 

7 CN Tsinghua University  9 0 
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8 US University of Michigan  8 1 

9 US Boston College  7 0 

10  US University of Florida Research Foundation Inc  7 0 

Table A2. 58 . Universities/research organisations granted patents, ordered in descending order of the number of patents 

granted by the USPTO  

Activity of companies  

PATENT APPLICATIONS  

The top ten companies with the highest number of patent families (with percentages for 

PCT, USPTO and EPO applications), belong to four different coun tries. Germany is the 

only EU28& EFTA country that features in this table. It should be noted that some of the 

companies may in reality be holding companies rather than research companies or 

manufacturers.  

World 
rank  

Country  Company  
No. of 
patent 

families  

Share of applications  

PCT USPTO EPO 

1 KR Samsung Elect Co Ltd  68  1%  94%  9%  

4 US Konarka Technology  Inc  28  75%  50%  43%  

5 DE Merck Patent GmbH  27  59%  89%  89%  

6 DE BASF 24  71%  71%  63%  

7 JP Fujifilm Corp  24  83%  58%  17%  

12  JP Sony Corp  20  60%  80%  20%  

13  JP Toyota Jidosha K K 18  78%  61%  44%  

16  JP Sumitomo Chem Co Ltd  16  100%  63%  31%  

22  US E I Du Pont de Nemours & Co  12  42%  100%  42%  

23 =  US Honeywell Int.  Inc  11  27%  91%  64%  

23=  US Plextronics Inc  11  91%  36%  55%  

Table A2. 59 . Number of patent families for top ten companies (1993 -2013)  

GRANTED PATENTS  

The top ten companies that have been granted patents by the EPO and/or USPTO are 

shown in the tables below 122 . The first table shows the top ten when the figures are 

sorted to obtain the highest number of EPO  patents and the second shows the top ten 

when they are sorted on the basis of the USPTO patents. Two companies from Germany 

appear in the top ten for  EPO patents , in first and fourth places . 

Country  Company  EPO  USPTO  

                                           

122  This data does not take account of there being multiple offices of one company. Where the name differs in 
the database, the companies are taken as being different.  
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DE Merck Patent GmbH  10  9 

JP Toyota Jidosha Kk  6 7 

KR Samsung Elect Co Ltd  4 32  

DE BASF  4 6 

US Honeywell Int.  Inc  3 8 

US E Ink Corp  3 3 

US Konarka Technology  Inc  2 12  

JP Sony Corp  2 10  

US 3M Innovative Properties Co  2 4 

JP Showa Denko KK  2 4 

Table A2. 60 .  Companies granted USPTO and EPO patents ordered by decreasing number of EPO patents (1993 -2013)  

Country  Company  USPTO  EPO  

KR Samsung Elect Co Ltd  32  4 

US Konarka Technology  Inc  12  2 

US E I Du Pont de Nemours & Co  11  1 

JP Sony Corp  10  2 

KR Samsung SDI  Co Ltd  10  0 

DE Merck Patent GmbH  9 10  

TW Hon Hai Precision Ind.  Co Ltd  9 0 

TW Nanosolar Inc  9 0 

US Honeywell Int.  Inc  8 3 

JP Toyota Jidosha Kk  7 6 

US IBM  Corp  7 1 

JP Honda Motor Co Ltd  7 0 

Table A2. 61. Companies granted  USPTO and EPO patents ordered by decreasing number of USPTO patents (1993 -2013)  

Companies from five countries populate the top of the table  of companies ranked by 

USPTO patent numbers . One EU28&EFTA company (Merck Patent GmbH from Germany) 

ranks in sixth place.  
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PHOTONICS AND NANOTECHNOLOGY (PHNT)  

Overview  

This section looks at the patenting activity in nanotechnology and photonics by patent 

filings and patents granted over the time period 1993 -2013 at the leading global patent 

offices and by country of  applicant and country 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 sector) 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 (photonics, in this case). The patent family to which the 

patents belonged was identified and all the patents in the patent families were r etrieved.  

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 123  applications 

registered at WIPO are protected under the Patent Co -operation Treaty  (PCT), an 

international  treaty that enables the easy filing of patent applications in countries 124  that 

cooperate in this treaty.   

Number and evolution over time of nanotechn ology photonics patent families  

Using the above methodology, 50,780 (simple) nanotechnology patent families 125 ,126  

(PTNT) of granted patent and patent applications were found in the period 1993 -2013 127 . 

All of these publications were published by the European Pa tent Office (EPO), US Patent 

and Trademark Office (USPTO) or the World Intellectual Property Organisation (WIPO) 128 . 
129  

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

nanotechnology patents is 2 ,037, 4% of all nanotec hnology patent families. As 

applications may have been filed with multiple authorities, the percentages for PCT, EPO 

and USPTO do not sum to 100%. The highest percentage of nanotechnology pho tonic 

applications is in the USPTO  (91%) while the figures corres ponding to PCT (59%) and 

EPO (40%) are considerably lower.  

Photonics and nanotechnology applications  Patent families  
Share of patent 

families  

Total patent families  2037  100%  

                                           

123  http://www.wipo.int/pct/en/  
124  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   

125  The definition of simple family is used, where all documents having exactly the same priority or combination 

of priorities belong to one patent family (http://www.epo.org/searching/essenti als/patent -
families/definitions.html). The patent families include at least one PCT, EPO or USPTO patent application.  

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

127  This year refers to the oldest year of the priority patents.  
128  While patents can be filed in individ ual patent offices, many inventors choose to file applications under the 

Patent Classification Treaty (PCT). All WIPO applications are PCT applications.  
129  Patent publications published by the EPO are called óEPô-documents, those published by the USPTO óUSô-
documents and the ones published by the WIPO óPCTô-documents or óWOô-documents.  

 

http://www.wipo.int/pct/en/pct_contracting_states.html
http://www.wipo.int/
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Photonics and nanotechnology applications  Patent families  
Share of patent 

families  

USPTO applications  1846  91%  

PCT applications  1201  59%  

EPO applications  805  40%  

Table A2. 62 . Absolute numbers and percentages of patents on nanotechnology and photonics (1993 -2013)  

Figure A2. 24 . Number of nanotechnology and photonics patent families, total and by filing auth ority (1993 -2013)  

The figure below shows the evolution over time of patent applications to WIPO (PCT), the 

EPO or USPTO as measured by the percentage of patent families.  

 

Figure A2. 25 . Evolution over time of WIPO (PCT), EPO and USPTO nanotechnology and photonics patenting (1993 -2013)  

In this figure, it can be observed that the share of the total number of filings at USPTO 

and WIPO in the period 2000 -2011 is more or less constant, while the share of filings at 

the EPO show a d ecline  since about the year 2000 . The decline that is visible from 2013 

is caused by the fact that not all data has been added to the patent databases.  

Activity by filing country and region  

By looking at PCT applications, it is possible to obtain an indica tion of the relative 

patenting activity of countries and regions. The top patent authorities through which PCT 

applications were filed are shown in the table, each of them with ten or more filings. The 
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USA is by far the most prolific with 544 patent famili es, followed by Japan and Europe 

(EPO). The number of filings at the  EPO is just 101 , less than one fifth of those at the 

USPTO. 

Receiving authority  No. of p atent f amilies (1993 - 2013)  

United States  544  

Japan  172  

European Patent Office (EPO)  101  

United Kingdom  87  

International Bureau (WIPO)  46  

South Korea  44  

France  36  

Canada  36  

Germany  29  

China  19  

Denmark  15  

Spain  12  

Israel  12  

Singapore  10  

Table A2. 63 . Number of nanotechnology photonics patent families by PCT receiving authority, top ten receiving authorities 
(1993 -2013)  

Activity by country of applicant  

PATENT APPLICATIONS   

Within the group of 2 ,037 photonics - related nanotechnology patent families, there is at 

least one EU28 or EFTA applicant in 23% of them whi le there is participation from the 

rest of the world in 77% of cases.  

 EU28 & EFTA  Rest of World  

Number of PTNT patent families  282  924  

Percentage of PTNT patent families  23%  77%  

Table A2. 64 . Origin of patent applicants 130 , EU28&EFTA and rest of World (1993 -2013)  

Applicants may file patents with more than one patent authority, e.g. at the USPTO and 

at the EPO. The table below shows the data for the top ten countries of applicants, as 

well as indicating the percentage of paten t families for each. EU28 and EFTA countries 

are indicated by bold typeface. As patents may be filed in more than one patent authority 

the percentages can sum to more than 100%. By far the highest number of patent 

families is found where the country of the  applicant is the US (921), followed by Japan 

                                           

130  The numbers are based on the domiciles of the applicants in so far as they are known  
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already with a considerably lower number  of patents (474). The EU28&EFTA  countries 

that  account for a higher number of patents are Germany (160), United Kingdom (144), 

France (110), and Netherlands (40) , all of  them among the top 10 countries in number of 

patent families.  

Table A2. 65 . Top ten countries based on filed patent families, by country of applicant and receiving authority (1993 -2013)  

Applicants from the United States  and Japan file most of their  applications at the USPTO , 

PCT filings come in second place and EPO last.  European applicants file almost equally at 

the WIPO (PCT), USPTO and the EPO , except for the United Kingdowm which files less at 

the EPO . L ooking at the non -EU28&EFTA a nd non -US countries of applicants, the filing 

shows a preference, among the patent authorities considered in this study, to file  most ly  

at the USPTO.  

 

Figure A2. 26 . Number of patent families by country of applicant, top ten countries, excluding the United States (1993 -2013)  

 Country of 
applicant  

No. of Patent 
Families  

PCT  USPTO  EPO  

1 US 921  62%  93%  32%  

2 JP 474  41%  89%  35%  

3 DE 160  69%  68%  65%  

4 UK 144  74%  68%  49%  

5 KR 143  33%  89%  27%  

6 FR 110  64%  71%  77%  

7 CA 80  60%  81%  40%  

8 TW 58  2%  97%  5%  

9 CH 45  51%  76%  13%  

10  NL 40  70%  73%  75%  
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Figure A2. 27 . Number of patent families by country of applicant for the top ten EU28&EFTA countries (1993 -2013)  

World rank  
Country of 
applicant  

No. of patent families  

Share of applications  

PCT USPTO EPO 

3 DE 160  69%  68%  65%  

4 UK 144  74%  68%  49%  

6 FR 110  64%  71%  77%  

10  NL 40  70%  73%  75%  

12  ES 29  69%  62%  41%  

13  IT 28  64%  64%  82%  

14  DK 23  70%  61%  57%  

15  SE 22  64%  64%  36%  

18  CH 17  53%  65%  59%  

19  BE 14  36%  100%  71%  

21  FI  8 100%  63%  38%  

22  NO 8 75%  75%  63%  

24  GR 6 50%  50%  17%  

25  IR 6 50%  50%  33%  

26  AT 5 20%  100%  40%  

29  PT 4 100%  50%  100%  

30  RO 4 25%  75%  25%  

36  HU 2 0%  100%  0%  
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World rank  
Country of 

applicant  
No. of patent families  

Share of applications  

PCT USPTO EPO 

45  CR 1 0%  100%  0%  

47  LT 1 0%  0%  0%  

50  PL 1 100%  100%  100%  

Table A2. 66 . Number of patent family by country of applicant and receiving authority for all EU28&EFTA countries (1993 -2013)  

 

Figure A2. 28 . Number of patent families by country of applicant fo r the top ten non -EU28&EFTA, non -US applicants (1993 -

2013)  

GRANTED PATENTS  

The EU28&EFTA with the highest number of EPO patents is the Germany , France  and the 

United Kingdom . Also, these three countries have the most patents granted by the 

USPTO. 

World rank 131  EU28&EFTA Country of applicant  Number  of EPO patents granted  

5 DE 39  

6 FR 33  

4 UK 27  

10  IT  9 

14  DK 7 

11  NL 6 

13  SE 5 

18  CH 4 

                                           

131  World rank is based on decreasing number of total patent families granted by the USPT O and, if needed to 
distinguish, the names of the applicant country in alphabetical order  
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World rank 131  EU28&EFTA Country of applicant  Number  of EPO patents granted  

15  ES 3 

17  BE 2 

23  IR  2 

21  NO 2 

24  RO 1 

Table A2. 67 . Number of EPO patents granted for EU28&EFTA countries, by country of applicant (1993 -2013)   

World rank 132  EU28&EFTA country of applicant  Number of USPTO patent s granted  

4 UK 75  

5 DE 62  

6 FR 55  

11  NL 15  

10  IT  13  

17  BE 11  

15  ES 11  

14  DK 10  

13  SE 9 

18  CH 6 

21  NO 4 

27  AT 3 

22  FI  3 

26  GR 2 

24  RO 2 

23  IR  2 

33  HU 1 

42  PO 1 

43  SL 1 

4 NL 161  

                                           

132  World rank is based on decreasing number of total patent families granted by the USPTO  

 and, if needed to distinguish, the names of the applicant country in alphab etical order  
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World rank 132  EU28&EFTA country of applicant  Number of USPTO patent s granted  

5 DE 110  

Table A2. 68 . Number of USPTO patents granted for countries, by county of applicant (1993 -2013)  

 

Figure A2. 29 . Granted patents by country of applicant for the top ten EU28&EFTA countries (1993 -2013)  

Considering the country of applicant and the country of inventor as seen in patent family 

data, it is clear that inventions are most often patented in the country in which they  are 

invented (see  table below). However, it is not uncommon to have inventions that are 

patented outside of the country in which they originate.  

INVT  CA CN FR DE JP KR  NL  ES UK  US 

APPL           

CA 77  2 3 8 1 1 0 11  3 18  

CN 1 44  1 2 1 5 0 0 1 7 

FR 3 1 105  4 2 1 3 4 2 19  

DE 8 2 3 156  3 0 6 3 9 17  

JP 1 1 3 4 441  7 1 0 27  32  

KR 0 5 1 1 7 139  0 0 0 17  

NL 0 0 3 9 1 0 31  2 0 11  

TW 0 8 0 0 0 0 0 0 2 7 

UK 5 0 3 11  8 0 1 2 132  27  

US 21  7 21  20  25  16  9 4 31  884  

Table A2. 69 . Country of applicant and country of inventor table for cross -comparison (1993 -2013)  
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Patenting activity by organisation type  

Universities and public research organisations  

PATENT APPLICATIONS  

Among the top ten universities and public research organisations (PROs) (with 

percentages for PCT, USTO and EPO applications), seven are from the United States. The 

EU28 or EFTA is represented by one organisation from France.  

World 
rank  

Country  Organisati on  
No. of patent 

families  

Share of applications  

PCT USPTO EPO 

2 US University of California  59  71%  85%  25%  

3 US Massachusetts Institute of 
Technology  

53  94%  94%  15%  

8 JP University of Tokyo  29  48%  50%  5%  

9 US CAlTech  27  66%  86%  41%  

10  FR CNRS 27  63%  85%  11%  

14  US University of Michigan  23  85%  48%  78%  

17  KR Elect & Telecommunications 
Res Inst.  

17  71%  85%  25%  

20  US Harvard College  17  94%  94%  15%  

22  US Princeton University  17  66%  86%  41%  

24  US Leland Stanford Junior 

University  

16  63%  85%  11%  

Table A2. 70 . Number of patent families for top ten universities and PROs (1993 -2013)  

The table below shows the top performing universities and P ROs for patent families in 

EU28& EFTA countries. Only the three 10  organisations from France, one from Germany 

and one from Belgium are among the top fifty applicants worldwide (the ranking being 

shown in the first column).  

World 

rank  
Country  Organisation  

No. of Patent 

families  
PCT  USPTO  EPO  

10  FR CNRS 27  85%  48%  78%  

29  FR CEA 13  54%  62%  15%  

34  FR CEA & aux  energie s 
alternatives  

12  100%  0%  0%  

35  DE Fraunhofer Gesellschaft  12  58%  25%  75%  

40  BE IMEC 11  36%  100%  64%  
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Table A2. 71 . Number of patent families in the top EU28&EFTA universities and PROs (1993 -2013)  
133

 

GRANTED PATENTS  

The table below shows the PROs ranked by the highest number of EPO patents granted 

between 1993 and 2013 , all of the top five being EU28 countries.  

Rank  Country  Organisation  EPO  USPTO  

1 FR CNRS 12  9 

2 DE Fraunhofer Gesellschaft  4 1 

3 UK University of Glasgow  2 2 

4 BE IMEC 2 1 

5 UK University College Cardiff Consultants Ltd  2 1 

Table A2. 72 . Top universities/research organisations granted EPO patents, ordered by EPO patents  

The table below shows the PROs ranked by the highest number of USPTO patent s 

granted between 1993 and 2013, none of the top ten being EU28 countries.  

Rank  Country  Organisation  USPTO  EP 

1 US Massachusetts Institute of Technology  44  2 

2 US University of California  35  3 

3 JP University of Tokyo  25  4 

4 US California Institute of Technology  18  1 

5 US Princeton University  13  4 

6 KR Elect & Telecommunications Res Inst.  13  1 

7 US Leland Stanford Junior University  11  0 

8 JP JP Science & Tech Agency  10  5 

9 US University of Michigan  10  1 

10  US University of Delaware  10  0 

Table A2. 73 . Top ten universities/research organisations with USPTO patents granted, ordered by USPTO patents granted  

Activity of companies  

PATENT APPLICATIONS  

The top ten companies with the highest number of patent families (with percentages for 

PCT, USPTO and EPO applications), belong to five different countries. Six of the 

companies are from Japan. Germany and Netherlands are the only EU28 countries that 

featu re in the table, marked in bold. It should be noted that some may be holding 

companies rather than research companies or manufacturers.  

                                           

133  No disambiguation was done for the applicants and óCEAô and óCEA & Aux Energie alternativesô might 
therefore refer to the same organisation.  
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Country  Company  

No. of patent 

families  
PCT  US EP 

1 JP Canon KK  70  24%  100%  29%  

2 KR Samsung Elect Co Ltd  47  4%  89%  21%  

3 JP NEC Corp  34  62%  65%  21%  

4 US Hewlett Packard Dev Co Lp  33  97%  85%  48%  

5 JP KK Toshiba  26  15%  88%  15%  

6 DE Osram Opto Semiconductors 
GmbH  

25  64%  84%  72%  

7 JP Hitachi  Ltd  21  29%  76%  19%  

8 NL Kon Philips Elects NV  17  94%  35%  100%  

9 JP Matsushita Elect Ind.  Co Ltd  17  24%  94%  35%  

10  JP TDK Corp  17  65%  88%  41%  

Table A2. 74 . Number of patent families for top ten companies (1993 -2013)  

GRANTED PATENTS  

The companies with at least seven patents granted by the EPO are presented in table 

below ; companies with ten or more patents granted by the USPTO are shown in the 

second table below .134 . The first table shows the top ten when the figures are sorted to 

obtai n the highest number of EPO patents and the second shows the top ten when they 

are sorted for USPTO patents. In the first table, one company each from Germany 

(Osram Opto Semiconductors  GmbH), the Netherlands ( Koninklijke Philips Electronics 

NV) , France (T hales) and the United Kingdom (Mesophotonics) appear as the main EU 

companies in EPO patents.  

World 
rank  

Country  Company  EPO  USPTO  

1 JP Canon KK  20  70  

12  DE Osram Opto Semiconductors GmbH  18  21  

18  NL Koninklijke Philips Electronics NV  17  6 

6 US Hewlett Packard Dev Co  16  28  

33  FR Thales  12  7 

32  JP Sumitomo Elect Ind.  Ltd  11  12  

4 KR Samsung Elect Co Ltd  10  42  

37  US Lucent Tech Inc  8 11  

                                           

134  This data does not take account of there being multiple offices of one company. Where the name dif fers in 
the database, the companies are taken as being different.  
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World 

rank  
Country  Company  EPO  USPTO  

57  US 3m Innovative Properties Co  7 7 

36  JP Fujifilm Corp  7 10  

42  UK Mesophotonics Ltd  7 9 

5 JP NEC Corp  7 22  

21  JP TDK Corp  7 15  

Table A2. 75 . Companies granted USPTO and EPO patents ordered by decreasing number of EPO patents (1993 -2013)  

World 
rank  

Country  Company  USPTO  EPO  

1 JP Canon KK  70  17  

4 KR Samsung Elect Co Ltd  47  2 

6 US Hewlett Packard Dev Co  33  32  

11  JP KK Toshiba  26  4 

5 JP NEC Corp  34  21  

12  DE Osram Opto Semiconductors GmbH  25  16  

15  JP Hitachi  Ltd  21  6 

19  JP Matsushita Elect Ind.  Co Ltd  17  4 

21  JP TDK Corp  17  11  

25  JP Nippon Sheet Glass Co Ltd  15  8 

Table A2. 76 . Companies granted USPTO and EPO patents ordered by decreasing number of USPTO patents (1993 -2013)  

Interestingly, for  patents granted by the USPTO most are Japanese companies. There is 

one US company in the top five.  There are companies from four countries populating this 

table Japan, United States, Korea and Germany . 
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ENVIRONMENT AND NANOTECHNOLOGY (EVNT)  

Overview  

This section looks at the patenting activity in nanotechnology and environment by patent 

filings and patents granted over the time period 1993 -2013 at the leading global patent 

offices and by country of applicant and country of inventor, and by organisation including 

companies.  

The patents and patent families (groups of patents related to the same inventi on) were 

identified by searching using the combination of keywords (identified within the 

NanoData project for the sector) and IPC (International Patent Classification) symbols. 

The IPC symbols used were both those for EV nanotechnology i.e. B82 and those related 

to the sector under consideration (environment, in this case) 135 . The patent family to 

which the patents belonged was identified and all the patents in the patent families were 

retrieved.  

The search was made for patents registered at the USPTO (US P atent and Trademark 

Office), EPO (European Patent Office) and WIPO (World Intellectual Property 

Organisation) thereby identifying USPTO, EPO and PCT applications. PCT 136  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 137  that are members of the treaty.   

Numb er and evolution over time of enviroment and  nanotechnology patent 

families  

Using the above methodology, 50,780 (simpl e) environment and nanotechnology patent 

families 138 ,139  (EVNT) of granted patent and patent applications were found in the period 

1993 -2013 140 . 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) 141 .  

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

the EV nanotechnology patents is 531, 1.0% of all environment and nanotechnology  

patent families. As applications may have been filed with multiple authorities, the 

percentages for PCT, EP and USA do not sum to 100%. The highest percentage of 

environment and nanotechnology  applications is in the USA ( 89 %) while the figures 

corresponding to PCT ( 70 %) and EPO (48%) are cons iderably lower.  

Environment and nanotechnology 
applications  

Patent families  Share of patent families  

Total patent families  531  100%  

                                           

135  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.  

136  http://www.wipo.int/pct/en/  
137  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   

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

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

140  This year refers to the oldest year of the priority patents.  
141  While patents can be fil ed 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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Environment and nanotechnology 

applications  
Patent families  Share of patent families  

USPTO applications  473  89%  

PCT applications  370  70%  

EPO applications  256  48%  

Table A2. 77 . Absolute numbers and percentages of patents on environment and nanotechnology (1993 -2013)  

 

Figure A2. 30 . Number of environment and nanotechnology patent families, total and by filing authority (1993 -2013)  

The figure below shows the evolution over time of patent applications to WIPO (PCT), the 

EPO or USPTO as measured by the percentage of patent families.  

 

Figure A2. 31 . Evolution over time of WIPO (PCT), EPO and USPTO environment EV nanotechnolo gy patenting  

In this figure, it can be observed that the filings at USPTO and WIPO follow a somewhat 

similar pattern, albeit that the PCT applications are at a lower level. The number of EPO 

filings evolve at an even lower level and are seen to decline. The decline that is visible 

from 2013 is caused by the fact that not all data has been added to the patent 

databases.  

Activity by filing country and region  

By looking at PCT applications, it is possible to obtain an indication of the relative 

patenting activ ity of countries and regions. The top patent authorities through which PCT 

applications were filed are shown in the table, each of them with four or more filings. The 
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USPTO is by far the most prolific  in terms of filing of applications , followed by the Japan 

Patent Office and the EPO .  

Receiving Authority  No. of Patent Families (1993 - 2013)  

United States (USPTO)  180  

Japan  47  

European Patent Office (EPO)  38  

Wor ld Intellectual Property Organis ation (WIPO)  17  

France  12  

Korea  12  

Israel  10  

United Kingdom  10  

China  7 

Singapore  5 

Table A2. 78 . Number of environment and nanotechnology patent families by top ten PCT receiving authority (1993 -2013)  

Activity by country of applicant  

PATENT APPLICATIONS   

Within the group of 551 environment - related EV nanotechnology patent families, there is 

at least one EU28 or EFTA applicant in 14% of them while there is participation from the 

rest of the World in 86% of cases.  

 EU28 & EFTA  Rest of World  

Number of enviro nment NT patent families  76  455  

Percentage of environment NT patent families  14%  86%  

Table A2. 79 . Origin of patent applicants, EU28&EFTA and rest of World (1993 -2013)  

Applicants may file patents with more than one patent authority, e.g. at the USPTO and 

at the EPO. The table below shows the data for the top countries of applicants, as well as 

indicating the percentage of patent families for each. EU28 and EFTA countries  are 

marked in bold. As patents may be filed in more than one patent authority (i.e. PCT, US 

and EP applications), the percentages can sum to more than 100%.  

By far the highest number of patent families is found where the country of the applicant 

is the U S (247), followed by Japan with a considerably lower number  of patents (80). The 

European countries that account for the most  patents are Germany (30), France (22), 

Spain (15) and UK (15), all of them among the top 10 countries in number of patent 

families . 

World 
rank  

Country of 
applicant  

No. of patent 
families  

Share of applications  

PCT USPTO EPO 

1 US 247  73%  89%  50%  
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World 

rank  

Country of 

applicant  

No. of patent 

families  

Share of applications  

PCT USPTO EPO 

2 JP 80  77%  98%  41%  

3 KR 36  66%  88%  54%  

4 DE 30  33%  89%  33%  

5 FR 22  80%  67%  80%  

6 CN 19  86%  91%  91%  

7 ES 15  68%  84%  42%  

8 UK 15  80%  80%  73%  

9 TW 12  93%  67%  67%  

10 =  IL 11  0%  100%  17%  

10=  CA 11  100%  91%  82%  

Table A2. 80 . Top ten countries based on filed patent families, by country of applicant and receiving authority (1993 -2013)  

Most of the patents by US applicants (89%) are filed with the USPTO while three quarters  

are filed as PCTs. Only half of the patents by US applicants are filed at the EPO.  

Among the European applicants, all file more than two - thirds at the USPTO and most in 

the top ten (except Germany) file more than two - thirds at the EPO. Germany has low 

filing (33%) at both EPO and via the PCT route.  

Looking at the non -EU28&EFTA and non -US countries of applicants, the filing shows a 

preference, among the patent authoriti es considered in this study, for many (except 

Taiwan and Canada) to file most at the USPTO.  

 

Figure A2. 32 . Number of patents families by country of applicant for the top ten countries, excluding the United States (1993 -

2013)  
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Figure A2. 33 . Number of patents families by country of applicant for the top ten EU28&EFTA countries (1993 -2013)  

World 
rank  

Country of 
applicant  

No. of patent 
families  

Share of applications  

PCT USPTO EPO 

4 DE 30  80%  67%  80%  

5 FR 22  86%  91%  91%  

7 ES 15  80%  80%  73%  

8 UK 15  93%  67%  67%  

13  BE 8 100%  75%  88%  

14  CH 8 88%  75%  50%  

15  NL 7 100%  100%  100%  

16  IT 7 71%  57%  43%  

18  AT 5 60%  60%  100%  

19  FI  4 100%  75%  100%  

20  IE 4 75%  50%  50%  

25  PL 2 100%  100%  100%  

26  SE 2 100%  100%  100%  

30  PT 1 100%  0%  0%  

32  NO 1 100%  0%  100%  

35  CZ 1 0%  0%  100%  

36  DK 1 100%  100%  100%  

Table A2. 81 . Number of patent families by country of applicant and receiving authority for EU28&EFTA countries (1993 -2013)  
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Figure A2. 34 . Number of patent families by country of applicant for non -EU28&EFTA, non -US countries with two or more patent 

families (1993 -2013)  

GRANTED PATENTS  

The country from the EU and EFTA performing most strongly in paten ts granted by the 

EPO is Germany, followed by France. Also, these two countries, together with Spain, 

have the most patents granted by the USPTO.  

World rank 142  EU28&EFTA country of applicant  Number of EPO patents granted  

3 DE 12  

5 FR 4 

13  AT 2 

11  BE 1 

31  FI  1 

19  IE 1 

14  IT  1 

32  NO 1 

6 ES 1 

20  SE 1 

15  CH 1 

Table A2. 82 . Number of EPO patents granted for EU28&EFTA countries, by country of applicant (1993 -2013)  

World rank 143  EU28&EFTA country of applicant  Number  of USPTO patents granted  

                                           

142  World rank is based on decreasing number of total patent families granted by the USPTO a nd, if needed to 
distinguish, the names of the applicant country in alphabetical order  

143  World rank is based on decreasing number of total patent families granted by the USPTO  

 and, if needed to distinguish, the names of the applicant country in alphabeti cal order  
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World rank 143  EU28&EFTA country of applicant  Number  of USPTO patents granted  

3 DE 13  

5 FR 10  

6 ES 10  

10  UK 5 

11  BE 4 

13  AT 2 

14  IT 2 

15  CH 2 

17  NL 2 

19  IE 1 

20  SE 1 

21  DK 1 

27  PL 1 

Table A2. 83 . Number of USPTO patents granted for countries, by county of applicant (1993 -2013)  

 

Figure A2. 35 . Granted patents by EPO and USPTO by country of applicant for the EU28&EFTA countries (1993 -2013)  

When considering the country of applicant and the country of inventor as seen in patent 

family data, it is clear that inventions are most often patented in the country in which 

they are invented (see table below). However, it is not uncommon to have invent ions 

that are patented outside of the country in which they originate.  

INVT  FR DE UK  IS  JP PRC KR  ES TW  US 

APPL           
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INVT  FR DE UK  IS  JP PRC KR  ES TW  US 

APPL           

FR 22  1 1 0 0 0 0 0 0 1 

DE 1 30  0 0 1 1 0 0 0 4 

UK 1 0 13  0 1 0 0 0 0 4 

IS  0 0 0 11  0 0 0 0 0 0 

JP 0 1 1 0 78  0 1 0 0 6 

KR 0 2 0 0 0 19  3 0 0 3 

ES 0 0 0 0 1 3 36  0 0 0 

TW 0 0 0 0 0 0 0 15  0 0 

US 2 5 6 1 4 5 1 0 0 239  

Table A2. 84 . Country of applicant and country of inventor table for cross -comparison (1993 -2013)  
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Patenting activity by organisation type  

Universities and public research organisations  

PATENT APPLICATIONS  

Among the top ten universities and public research organisations (PROs) with the highest 

number of patent families (with percentages for PCT, US and EP applications), five  are in 

the United States. The EU28 is represented by two organisations, one in Spain and one in 

France.  

Looking at the top 15 performing universities and PROs for patent families, five out of 15 

are from outside the US, two being from the EU28 or EFTA (f rom France and Spain). The 

table  below show s the universities and PROs in the top 40 by number of patent families 

(of all types of organisations) . 

World 
rank  

Country  Organisation  

No. of 

patent 
families  

Share of applications  

PCT USPTO EPO 

3 ES Universidad De Sevilla  9 67%  89%  67%  

4 US University of California  8 75%  50%  13%  

6 FR CNRS144  7 57%  86%  57%  

10  US University of Arkansas  5 40%  100%  40%  

11  KR 

Korea Institute of Science & 

Technology (Kist)  5 0%  80%  20%  

15  US Idaho Research Foundation Inc  4 50%  75%  25%  

18  US Rice University  4 25%  75%  0%  

19  KR 

Gwangju Institute of Science & 

Technology  4 0%  50%  0%  

25  I L Technion R&D Foundation Ltd  3 67%  67%  33%  

29  US Auburn University  3 33%  67%  0%  

32  US 
Stevens Institute of 
Technology  3 67%  100%  0%  

33  US 
Massachusetts Institute of 
Tech  3 67%  67%  0%  

37  US U Chicago  Argonne Llc  3 0%  100%  0%  

38  US Michigan State University  3 67%  67%  33%  

39  US Washington State University  3 33%  100%  33%  

Table A2. 85 . Number of patent families for top ten universities and PROs (1993 -2013)  

The table below shows the top performing universities and PROs for patent families in 

EU28&EFTA  countries. Only French and Spanish organisations are among the top 30 

                                           

144  Centre National de la Recherche Scientifique  
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applicants worldwide (the ranking being show n in the first column).  

World 
rank  

Country  Organisation  
No. of 
Patent 

families  

Share of applications  

PCT USPTO EPO 

3 ES Universidad de Sevilla  9 67%  89%  67%  

6 FR CNRS9 6 57%  86%  57%  

44  ES CSIC 2 100%  50%  50%  

50  FR CEA 2 50%  100%  50%  

Table A2. 86 . Number of patent families in the top EU28&EFTA universities and PROs (1993 -2013)  

GRANTED PATENTS  

The table below shows the PROs ranked by the highest number of EPO patents granted 

between 1993 and 2013. Only a few PROs have granted patents by the EPO, and two of 

them are from the EU28&EFTA  countries (from Germany and Spain).  

Rank  Country  Organisation  EPO  USPTO  

1 ES Universidad De Sevilla  1 0 

2 US University of Arkansas  1 8 

3 IN  Indian Institute of Tech  1 0 

4 US Rensselaer Polytechnic Institute  1 1 

5 US The Trustees of Princeton University  1 3 

6 KR Elect & Telecommunications  Res Inst  1 1 

Table A2. 87 . Universities/research organisations granted patents, by decreasing number of EPO patents (1993 -2013)  

Ranking by the number of USPTO patents granted between 1993 and 2013, nine of the 

top 12 universities and research organisations are in the US and only two (Universidad 

De Sevilla and CNRS) in the EU28&EFTA . 

Rank  Country  Organisation  USPTO  EPO  

1 ES Universidad De Sevilla  8 1 

2 US University of Arkansas  4 1 

3 FR CNRS 3 0 

4 KR Korea Institute of Science & Technology (K IST )  3 0 

5 US Stevens Institute of Technology  3 0 

6 US Uchicago Argonne Llc  3 0 

7 US University of California  3 0 

8 US Auburn University  2 0 
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Rank  Country  Organisation  USPTO  EPO  

9 US Brown University  2 0 

10  IN  Council of Scientific & Industrial Research  2 0 

11  US Kansas State University Research Foundation  2 0 

12  US New Jersey Institute of Technology  2 0 

Table A2. 88 . Universities/research organisations granted patents, by decreasing number of USPTO patents (1993 -2013)  

Activity of companies  

PATENT APPLICATIONS  

The top ten companies with the highest number of patent families (with percentages for 

PCT, US and EP O applicat ions), belong to five different countries. Germany and France 

are the only EU28 countries that feature in the table, marked in bold. It should be noted 

that some may be holding companies rather than research companies or manufacturers.  

 Country  Company  
No. of 
patent 

families  

Share of applications  

PCT USPTO EPO 

1 KR Samsung SDI  10  0%  80%  40%  

2 JP Toyota  9 78%  67%  89%  

3 FR Rhodia  8 75%  50%  88%  

4 DE Bayer Ag  6 83%  17%  17%  

5 DE Lanxess Deutschland GmbH  5 0%  80%  80%  

6 DE BASF 5 40%  40%  40%  

7 JP Toda Kogyo Corp  5 0%  100%  80%  

8 US Kx Tech Llc  5 20%  40%  100%  

9 US Lawrence Livermore National 

Security Llc  

5 40%  80%  0%  

10  US Empire Tech Dev Llc  4 100%  75%  25%  

11  US Perry Equipment Corp  4 100%  75%  50%  

12  JP Sharp KK  4 25%  75%  0%  

13  JP Honda Motor Co Ltd  4 25%  50%  25%  

14  JP Nissan Motor Co Ltd  4 50%  75%  50%  

15  JP Phild Co Ltd  4 100%  50%  75%  

16  JP Showa Denko KK  4 50%  50%  25%  

Table A2. 89 . Number of patent families for top sixteen companies, with at least 4 patent families (1993 -2013)  
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GRANTED PATENTS  

The top ten companies that have been granted patents by the EPO and/or USPTO are 

shown in the tables below 145 . The first table shows the top ten when the figures are 

sorted to obtain the highest number of EPO patents and the second shows the top ten 

when they are sorted for USPTO patents. In both  table s, one company from France  

(Rhodia) and another from Germany (Lanxess) appear as the main companies , as well as 

BASF (DE) for EPO patents and Umicore (BE) for USPTO patents.   

Country  Company  EPO  USPTO  

DE Lanxess Deutschland GmbH  4 4 

FR Rhodia  4 4 

KR Samsung SDI  3 7 

JP Toyota  3 4 

US Kx Tech Llc  3 2 

JP Phild Co Ltd  3 2 

US 3M 2 3 

JP Toda Kogyo Corp  2 3 

JP GSI Creos Corp  2 2 

DE BASF 2 1 

US Seldon Tech Llc  2 1 

Table A2. 90 . Companies granted USPTO and EPO patents ordered by decreasing number of EPO patents (1993 -2013)  

Country  Company  USPTO  EPO  

KR Samsung SDI  7 3 

DE Lanxess Deutschland GmbH  4 4 

FR Rhodia  4 4 

JP Toyota  4 3 

US Lawrence Livermore National Security Llc  4 0 

US 3M 3 2 

JP Toda Kogyo Corp  3 2 

US Hyperion Catalysis Int.  Inc  3 1 

US Inframat Corp  3 0 

JP Nissan Motor Co Ltd  3 0 

                                           

145  This data does not take account of there being multiple offices of one company. Where the name differs in 
the database, the companies are taken as being different.  
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US Perry Equipment Corp  3 0 

JP Toshiba  3 0 

DE Umicore  3 0 

Table A2. 91 . Companies granted USPTO and EPO patents ordered by decreasing number of USPTO patents (1993 -2013)  

Interestingly, according to the number of patents granted by the USPTO , there is only 

one US company in the top five. There are f ive  countries populating the table, Korea, 

Germany, the US, Japan and France.  
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TRANSPORT AND NANOTECHNOLOGY (TRNT)  

Overview  

This section looks at the patenting activity in nanotechnology and transport by patent 

filings and patents granted over the time period 1993 -2013 at the leading global patent 

offices and by country of applicant and country of inventor, and by organisation including 

companies.  

The patents and patent families (groups of patents related to the same invention) were 

identified by searchi ng using the combination of keywords (identified within the 

NanoData project for the sector) 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 consi deration (transport, in this case) 146 . The patent family to which the 

patents belonged was 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 (E uropean Patent Office) and WIPO (World Intellectual Property 

Organisation) thereby identifying USPTO, EPO and PCT applications. PCT 147  applications 

registered at WIPO are protected under the Patent Co -operation Treaty  (PCT), an 

international  treaty that enab les the filing of patents to protect inventions in the 

countries 148  that are members of the treaty.   

Number and evolution over time of nanotechnology transport patent families  

Using the above methodology, 50,780 (simple) nanotechnology patent families 149 ,150  of 

granted patent and patent applications were found in the period 1993 -2013 151 . 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) 152 .  

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

nanotechnology patents is 329, 0.6% of all nanotechnology patent families. As 

applications may have been filed with multiple authorities, the percentages for PCT, EP 

and USA do not sum to 100%. The highest percentage of transport  nanotechnology  

applications is in the USA (95%) while the figures corresponding to PCT (64%) and EPO 

(65%) are considerably lower.  

Transport and nanotechnology 
applications  

Absolute number  Share of patent fa milies  

Total patent families  329  100%  

                                           

146  Thus, all patent documents incl uding 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 are therefore 
other patents that are relevant for the transport sector, but do no t 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).  

147  http://www.wipo.int/pct/en/  
148  By fi ling 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   

149  The definition of simple family is used, 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 application.  

150  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/ .  

151  This year refers to the oldest year of the pri ority patents.  
152  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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Transport and nanotechnology 

applications  

Absolute number  Share of patent fa milies  

USPTO applications  312  95%  

EPO applications  215  65%  

PCT applications  211  64%  

Table A2. 92 . Absolute numbers and percentages of patents on nanotechnology and transport (1993 -2013)  

 

Figure A2. 36 . Number of transport and nanotechnology patent families, total and by filing authority (1993 -2013)  

The figure below shows the evolution over time of patent applications to WIPO (PCT), the 

EPO or USPTO as measured b y the percentage of patent families.  

 

Figure A2. 37 . Evolution over time of WIPO (PCT), EPO and USPTO transport nanotechnology patenting (1993 -2013)  

In this figure, it can be observed that the filings at EPO and WIPO follow a similar pattern 

and the values are comparable. The share of patent filings at the USPTO is significant 

bigger with values in the 90 -100% range for the period 1998 -2011.  It should be noted 

that the numbers of patents are low which may increase the appearanc e of fluctuations 

in  the statistics.  Any decline that is visible from 2013 is caused by the fact that not all 

data has been added to the patent databases.  


