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Executive Summary 

This report is Deliverable 9: Final Report of the Science, Technology and Innovation (STI) Performance 

of China study (N° RTD-2011-C6-China).  

¢ƘŜ ǎǘǳŘȅΩǎ ƻōƧŜŎǘƛǾŜ ƛǎ ǘƻ ŀǎǎŜǎǎ ǘƘŜ ŜǾƻƭǳǘƛƻƴ ƻŦ /ƘƛƴŀΩǎ {¢L tŜǊŦƻǊƳŀƴŎŜ ŀƴŘ ŀƴŀƭȅǎŜ ƛǘǎ ŜŎƻƴƻƳƛŎ 

impact on Chinese productivity and competitiveness and on the global markets, taking into account 

the differences between various Science and Technology fields, economic sectors and types of actors 

involved. 

 

The major role assumed by China in STI fields brings new challenges and opportunities for Europe: 

¶ Challenges, because China has entered higher value added segments of global 

production and linked with economies of scale can compete with European 

production; 

¶ Opportunities, because the new technology generated by the increasing and 

sustained R&D investments can provide a wealth of opportunities to expand the 

boundaries of global knowledge, feeding and accelerating the process of innovation. 
 

 

 

In that context, the study had the following goals: 

¶ Identifying, assessing and updating the data and indicators relevant to STI in China;  

¶ aŀǇǇƛƴƎ /ƘƛƴŀΩǎ ǊŜǎŜŀǊŎƘ ŀƴŘ ƛƴƴƻǾŀǘƛƻƴ ŎŀǇŀōƛƭƛǘƛŜǎ ƛƴ ǎŜƭŜŎǘŜŘ ǘechnologies as well 

as their translation in the development of its industry; 

¶ Providing a description and an assessment of China's efforts and policies to develop 

its STI capabilities, including its international strategy; 

¶ Characterizing the framework conditions for innovation, providing in particular an 

overview of China's innovation system;  

¶ Pinpointing opportunities and challenges brought about by the STI development of 

China. 
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The study was implemented by the consortium of Sociedade Portuguesa de Inovação (SPI), The United 

Nations University - Maastricht Economic and Social Research and Training Centre on Innovation and 

Technology (UNU-MERIT), and the Austrian Institute of Technology (AIT). It ran from December 2012 

to August 2014. In order to achieve the goals, the key methods utilized in the study include 

bibliometric research, desk research, interviews, survey questionnaires, workshops, and analysis of 

existing data and literature. 

The study aims to help inform and develop STI strategies for the European Union (EU) considering the 

emerging role of China as a competitor and partner of the EU.  

This report provides the results of the activities conducted in the project Work packages (WP)s. These 

results have been summarised separately for WP1: Identifying, assessing and updating data and 

indicators relevant to Science, Technology and Innovation in China and ²tнΥ aŀǇǇƛƴƎ ƻŦ /ƘƛƴŀΩǎ 

research and innovation capabilities in selected technologies. Following this, the results of WP3: 

Assessing China's policies in terms of development of its domestic STI capabilities and its international 

strategy and WP4: An overview of framework conditions and the development and growth of 

innovative firms have been summarised together since their methodologies overlapped. Finally, a 

summary of the analysis developed under WP5: Draw conclusions for the EU as regard the challenges 

and opportunities provided by the development of China the short and medium term (5 years) is 

provided.  

WP1: Identifying, assessing and updating data and indicators relevant to Science, Technology 
and Innovation in China 

 

The objective of WP1 was to identify those indicators which are most relevant to measuring the overall 

progress of STI development in China and which are coherent with the Innovation Union Scoreboard 

and the Innovation Union Competitiveness Report. 

For the indicators which measure the extent to which innovation is ΨŜƴŀōƭŜdΩΣ Ƴƻǎǘ ǾŀƭǳŜǎ ŦƻǊ /Ƙƛƴŀ 

were found to be below the EU1 value, and also below the national value for example selected EU 

countries (Germany ς innovation leader; the UK ς innovation follower; Italy and Spain ς moderate 

innovators; and Poland, Romania and Turkey ς modest innovators). For instance, the share of 

                                                           
1 EU refers to the EU15 up to 2003, the EU25 from 2004, and the EU27 from 2007. EU28 data was not available at the time of writing. 
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population aged 30-34 having completed tertiary education was 15.2% for China in 2011. For the EU 

the latest value (2012) was much higher at 35.8%, but compared with Turkey (18%) and Italy (21%) 

the difference was smaller. In absolute terms, with 74 million people the number of Human Resources 

in Science & Technology (HRST) in China in 2011 was quite close to the 98 million in the EU2. However, 

the number of new S&T graduates with Science & Engineering (S&E) orientation in 2011 was 875,000 

in the EU which was far below the 1.4 million in China. For China this number has increased by more 

than 100,000 to 1.5 million in 2012. Therefore, the ŜǎǇŜŎƛŀƭƭȅ ǎǘǊƻƴƎ {ϧ9 ƻǊƛŜƴǘŀǘƛƻƴ ƻŦ /ƘƛƴŀΩǎ ƘǳƳŀƴ 

resources remains. For a long time human capital, as an innovation input, has been seen as the main 

driver of S&T development. However, it can be concluded that compared to such indicators which are 

ƭŀōŜƭƭŜŘ ΨŜƴŀōƭŜǊǎΩ ƛƴ ǘƘŜ Lnnovation Union Scoreboard, the increasing Chinese performance in terms 

of indicators for firm innovation activities, was even more impressive.  

Business R&D expenditure as a share of GDP for China was 1.4% in 2012, above the EU share of 1.3%, 

and much above that of for instance Spain (0.68%) and Italy (0.69%), but below that of Germany 

(1.95%). The trend in public sector R&D expenditure (as a share of GDP) in China has not changed that 

much over the last 5 years. Besides the high R&D intensity of the business sector, the non-R&D 

innovation expenditures of Chinese firms were even more clearly higher - 1.19% in 2010 compared to 

0.56% in the EU, and above the level of any of the selected countries, such as Germany and the 

catching-up country Poland. Although there is a difference in the definition used for SMEs, the share 

of SMEs innovating in-house was 17.5% for China in 2010, higher than the 11.3% for Poland and 10.8% 

for Romania, but lower than the EU average of 31.8%.  

The innovation output indicator concerning SMEs introducing product or process innovations 

indicates that Chinese SMEs seemed to perform better than for instance those of the UK or Spain. 

Chinese SMEs (the so-called small above scale enterprises) appear to be an important new driver for 

the increased R&D expenditures. In 2011 their R&D expenditures were equal to 11,913 million Euro. 

According to the latest update for 2012 this has increased to 14,905 million. Concerning the 

contribution of medium- and high-tech product exports to the trade balance there has been a steady 

                                                           
2 Number of individuals having either successfully completed an education at the third level in an S & T field of study or is employed in an 

occupation where such an education is normally required. HRST are measured mainly using the concepts and definitions laid down in the 

Canberra Manual, OECD, Paris, 1995. 
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increase from 2006 to 2011. However, the economic output in terms of licence and patent revenues 

from abroad has remained very limited. 

¦ǎƛƴƎ 9ƭǎŜǾƛŜǊΩǎ {ŎƻǇǳǎ ŘŀǘŀōŀǎŜΣ ŀƴ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ ŜǾƻƭǳǘƛƻƴ ƻŦ /ƘƛƴŀΩǎ ǊŜǎŜŀǊŎƘ ŎŀǇŀŎƛǘȅ ƛƴ key 

scientific disciplines for the years 2000, 2005, 2010 and 2011 was conducted. The analysis of the 

scientific fields consisted of two layers. Firstly, the general developing trends of 12 fields are 

presented, with the analysis focusing on the number and growth rate of publications in the selected 

years. The criterion in selecting key scientific fields was a combination of three areas: strong, fast 

growing and matching of grand challenges. Secondly, a deeper analysis is provided on collaborative 

research between China and the EU3  in six selected fields - Chemistry; Computer science; 

Environmental science; Medicine; Pharmacology, toxicology and pharmaceutics; Physics and 

astronomy. 

The analysis of general trends in the 12 fields indicates that the strength of research output in China 

appears to have a specialisation pattern which was found to be different from that of global research 

output. In China, the strongest fields were identified as Engineering, Physics and Astronomy, Material 

science, and Chemistry.     

The pattern of the fastest growing fields in China was also found to be dissimilar to the global trend. 

The emerging fields of Immunology and microbiology have been booming in China. Existing strong 

fields such as engineering have shown high growth rates.  

This data shows that China has a competitive advantage in natural sciences, such as Engineering, 

Computer science, and Materials science. On the contrary, research in social sciences, for instance 

Psychology and Arts and Humanities, has not progressed to the same extent.  

The level of collaboration with the EU in terms of the total number of collaborative research papers 

was found to be similar to that with the U.S. in the studied fields. However, the share of China-EU 

collaborations that are published in high impact journals was lower than that with the U.S. 

Nevertheless, the ratio of China-EU collaborations to China-U.S. collaborations in high impact journals 

increased in almost all the studied fields from 2005 to 2011, indicating that high-quality collaborations 

with the EU are increasing at a faster rate. 

                                                           
3 EU refers to the EU15 up to 2003, the EU25 from 2004, and the EU27 from 2007. EU28 data was not available at the time of writing. 
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WP2Υ aŀǇǇƛƴƎ ƻŦ /ƘƛƴŀΩǎ ǊŜǎŜŀǊŎƘ ŀƴŘ ƛƴƴƻǾŀǘƛƻƴ ŎŀǇŀōƛƭƛǘƛŜǎ ƛƴ ǎŜƭŜŎǘŜŘ ǘŜŎƘƴƻƭƻƎƛŜǎ 
 

WP2 proviŘŜǎ ŀ ŎƻƳǇǊŜƘŜƴǎƛǾŜ ƻǾŜǊǾƛŜǿ ƻŦ /ƘƛƴŀΩǎ ǊŜǎŜŀǊŎƘ ŀƴŘ ƛƴƴƻǾŀǘƛƻƴ ŎŀǇŀōƛƭƛǘƛŜǎ ŀŎǊƻǎǎ 

industrial sectors and in selected cross-cutting technologies. The empirical analysis provides novel 

ƛƴǎƛƎƘǘǎ ƛƴǘƻ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ /ƘƛƴŀΩǎ ǊŜǎŜŀǊŎƘ ŀƴŘ ƛƴƴƻǾŀǘƛƻƴ ŎŀǇŀōƛlities, both concerning their 

general development as well as their strengths and weaknesses across selected economic sectors and 

technologies.  

The empirical analysis focused on two indicators: the development of industry R&D expenditures, 

widely recognized as one of the main drivers of generating new products and/ or new processes that 

induce added value and foster productivity growth; and patent applications. Despite several 

limitations, patents are the most direct indicator for the creation of new technological knowledge that 

is likely to be commercialized.  

The sectors under consideration were defined at the NACE-two-digit level, including nine 

manufacturing sectors. In addition to the sectoral approach, three major cross-cutting technologies, 

Biotechnology, Environmental Technologies and Nanotechnology, have been analysed. These 

technologies do not follow the traditional industry classification, but are nevertheless of special 

importance, in particular in light of the EU policy towards grand challenges. 

The results of the empirical analysis clearly underpin the improving performance and capabilities of 

research and innovation in China over the past 20 years. Though the analysis revealed significant 

sectoral and technological differences in China´s STI development, the overall growth with respect to 

patent applications and private R&D investment was striking. Most notably, the overall growth of the 

indicators under consideration has not been hampered by the global economic crisis.  

¢ƘŜ ǊƛǎŜ ƻŦ /ƘƛƴŀΩǎ ǎŎƛŜƴtific and technological capabilities can also be observed in the global 

distribution of industrial R&D expenditures which have changed considerably during the time period 

2000-2009. China has increased its total R&D expenditures significantly, both in absolute terms as well 

as in terms of its global share in total R&D expendituresΦ /ƘƛƴŀΩǎ Ǝƭƻōŀƭ ǎƘŀǊŜ ƳƻǊŜ ǘƘŀƴ ŘƻǳōƭŜŘ 

between 2002 and 2009, from 5.0% to 12.1%. During the financial crisis of 2008/09, a period 

characterized by decreasing R&D expenditures in some countries, ChinaΩǎ total R&D expenditures 

continued to grow. These results convincingly illustrate the increasing importance of R&D 

expenditures as a driving force for generating innovation in China. They point, on the one hand, to a 
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deep shift in the structure of the Chinese economy with a rising share of knowledge intensive 

industries, in particular in telecommunications and electronics. On the other hand, they reflect 

considerable efforts by the Chinese government to accelerate the transformation of the Chinese 

economy to a more productivity-driven, knowledge based economy. 

Taking a sectoral perspective, the overall impression does hold, although some differences across the 

sectors and technologies under consideration were observed. Results of the sectoral analysis indicate 

that between 2000 and 2010 the growth of Chinese industrial R&D investment was mainly driven by 

the ΨElectrical EquipmentΩ and ΨOther Transport 9ǉǳƛǇƳŜƴǘΩ sectors, followed by ΨMachinery and 

EquipmentΩ and ΨChemical ProductsΩ. R&D expenditures of Chinese firms in ΨElectrical EquipmentΩ and 

ΨOther Transport 9ǉǳƛǇƳŜƴǘΩ reached 70% of the corresponding expenditures of EU27 firms in 2010. 

However, while the growth in R&D investment in ǘƘŜ ǎŜŎǘƻǊ ΨOther Transport 9ǉǳƛǇƳŜƴǘΩ ƛƴ ǘƘŜ 9¦4 

was, like the US, driven by high growth rates in ΨAeronauticsΩΣ the driving force behind the growth of 

Chinese R&D expenditures in ΨOther Transport EquipmentΩ ǿŀǎ huge R&D iƴǾŜǎǘƳŜƴǘ ƛƴ Ψ{ƘƛǇǎ ŀƴŘ 

.ƻŀǘǎΩΦ  

The gap between China and the EU in R&D expenditures was found to be considerably larger in other 

sectors. For ΨMachinery and EquipmentΩ and ΨChemical ProductsΩ, R&D expenditures of Chinese firms 

were around 40% of that of European firms, and for ΨMotor VehiclesΩ and ΨFabricated Metal ProductsΩ 

this was around 25%. ¢ƘŜ ƎŀǇ ǿŀǎ ƭŀǊƎŜǎǘ ƛƴ ΨtharmaceuticalsΩ where R&D expenditures of Chinese 

firms accounted for around 12% of the R&D expenditures of European firms.  

With regard to ǘǊŜƴŘǎ ƛƴ /ƘƛƴŀΩǎ ǇŀǘŜƴǘ ƻǳǘǇǳǘΣ ƻǾŜǊŀƭƭ ǊŜǎǳƭǘǎ ƳŀǘŎƘ ǉǳƛǘŜ ǿŜƭƭ ǘƘƻǎŜ ƻōǎŜǊǾŜŘ for 

industrial R&D investment. Chinese patenting activity before the year 2000 was very low. However, 

after the turn of the millennium the number of patents has been increasing steadily, reaching around 

17,000 patents in 2011 (which was almost 40% of the patenting activity for the US). Taking into 

consideration the share in global patenting, the share of the EU and the US has been gradually 

decreasing ς nearly in parallel ς from around 43% in the year 1990 to about 25% in the year 2011. In 

contrast, China´s share in global patenting started to increase markedly after the year 2000. This 

increase has been rather significant, starting from nearly zero and almost reaching a 10% share in 

global patenting in 2011, with an average annual growth of 1%.  

                                                           
4 EU refers to the EU15 up to 2003, the EU25 from 2004, and the EU27 from 2007. EU28 data was not available at the time of writing. 
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The sectoral results for patents did not differ much from sectoral results in private R&D investment. 

China´s patent growth between 1990 and 2011 seems to stem mainly from increased patenting in the 

field of ΨComputers, Electronics and Optical ProductsΩ as well as ΨElectrical EquipmentΩΣ leading to a 

world share in global PCT patenting of about 12% in 2011. The high patenting activity in these sectors 

can be mainly explained by the high number of patents related to ΨInformation and Communication 

TechnologiesΩ. China hosts two of the largest global players in telecommunications, the multinational 

enterprises ZTE and Huawei, which accounted for more than 30% of patents in these sectors and which 

also belong to the top patenting actors worldwide. Average patenting intensity, with about a 5% to 

7% share in PCT global patenting, was found for the remaining sectors including ΨChemical ProductsΩ, 

ΨPharmaceuticalsΩ, ΨFabricated Metal ProductsΩ, ΨMachinery and EquipmentΩ, ΨMotor VehiclesΩ and 

ΨOther TransportΩ. A lower global share was identified for the three cross-cutting technologies, 

showing a share in global patenting of about 5% and lower. In ΨBiotechnologyΩ and ΨEnvironmental 

TechnologiesΩ, the share was about 5%, ǿƘƛƭŜ ΨNanotechnologyΩ showed the lowest value with about 

a 3% world share.   

To conclude, China has considerably increased its research and innovation capability as reflected by 

the significant increase of its share in global patenting and global R&D investment over the past 

ŘŜŎŀŘŜΦ /ƘƛƴŀΩǎ ƎǊƻǿǘƘΣ ƘƻǿŜǾŜǊΣ ǿŀǎ ǳneven and characterized by considerable differences across 

selected manufacturing sectors and cross-cutting technologies. Differences between China and the EU 

in terms of industrial R&D were largest in ΨPharmaceuticalsΩ and smŀƭƭŜǎǘ ƛƴ Ψ9ƭŜŎǘǊƛŎŀƭ 9ǉǳƛǇƳŜƴǘΩΦ 

WP3: Assessing China's policies in terms of development of its domestic STI capabilities and its 
international strategy & WP4: An overview of framework conditions and the development and 
growth of innovative firms 

 

The objective of WP3 was to analyse and identify the main trends in policy-making and in the funding 

system for STI development in China, and to study China's international strategy concerning STI, 

particularly with regard to the EU. The objective of WP4 was to provide an overview of the Chinese 

innovation system and of the consequences for innovative operators in China.  
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The data collection in WP3 and WP4 was provided through various methods including: 

¶ Survey: Online questionnaires, in English and Chinese, were provided to Europe-based and 

China-based stakeholders. There were four specific questionnaires - for Chinese Research/ 

Industry Stakeholders and European Research/ Industry Stakeholders. A total of 212 

responses were received. 

¶ Fact Finding Mission to China: Implemented from 20th October to 12th November 2013 in 

Guangzhou, Shenzhen, Shanghai and Beijing. The mission included 30 meetings with 

stakeholders, including European and National Chambers of Commerce, Embassies and 

Consulates of EU Member States, Private Organizations, and Research and Development 

Centres. 

¶ Additional interviews: Implemented with 71 key STI policy stakeholders and industrial 

stakeholders in China, identified and interviewed with the support of Tsinghua University and 

Renmin University.  

The partnership between the EU and China has deepened over the years incorporating a greater 

number of topics. The current basis for cooperation is summed up in the EU-China 2020 Strategic 

Agenda for Cooperation signed in November 2013. Key areas for STI cooperation include: food, 

agriculture and biotechnology, sustainable urbanisation, aviation, water, and ICT, among others. 

EU-/Ƙƛƴŀ /ƻƻǇŜǊŀǘƛƻƴ ƛǎ ōŜƛƴƎ ƛƳǇƭŜƳŜƴǘŜŘ Ǿƛŀ ƛƴŎǊŜŀǎƛƴƎ ŀŎŎŜǎǎ ǘƻ ŜŀŎƘ ƻǘƘŜǊΩǎ ŦǳƴŘƛƴƎ ǇǊƻƎǊŀƳƳŜǎ 

as well as by providing funding for personnel involved in joint projects in these strategic areas from 

each side via specific programmes such as the China-EU Science and Technology Cooperation Special 

Program funding Chinese researchers in joint projects or the EU-China Research and Innovation 

Partnership (ECRIP) funding mobility of EU Researchers to China. 

China´s approach to international STI collaboration takes on many forms - from joint academic 

research to technology transfer and licensing, Foreign Direct Investment (FDI), mergers and 

acquisitions ς which enable it to be connected to various sources of expertise. Joint Ventures were 

found to be one of the main forms for Chinese companies (SOEs in particular) to promote international 

research/innovation cooperation and to access foreign technology, funding, management and 

marketing expertise. Joint research centres, programmes and research networks were also found to 

be popular forms of academic collaboration.  



STI Performance of China 

D9: Final Report 

  
xii 

The main guiding policy for Science, Technology and Innovation is the Medium and Long Term S&T 

Development Plan 2006-2020, whose goals are further detailed in five year plans, such as the current 

Twelfth Five -Year-Plan for Science and Technology Development. These policies show an increasing 

focus on STI as a means to address societal challenges as well as a focus on building up indigenous 

innovation by improving university-industry links, attracting overseas talent, enhancing intellectual 

property rights protection, and strengthening international cooperation.  

There are also policies specifically addressing issues with certain regions, such as the Revitalization 

Plan for Higher Education Institutes in Mid- and Western China (2012-2020), which aims to tackle 

disparities between the more developed coastal and the less developed Central /Western regions. On 

the other hand, more developed regions are being used to test new policies. For example, the 

Framework for Development and Reform Planning for the Pearl River Delta Region (2008-2020) aims 

to upgrade existing low-end manufacturing and stimulating modern service industries testing a more 

open innovation system based on innovation platforms.  

The main issues that are currently being addressed by STI policy in China include weak researchς

industry linkages; increasing enforcement of intellectual property rights laws; insufficiencies in the 

evaluation of government R&D expenditures at certain levels; progress in expanding basic research; 

and improving coordination of government agencies responsible for STI. 

The major funding agencies are the Ministry of Science and Technology (MoST), the National Natural 

Science Foundation of China (NSFC), and the China Scholarship Council (CSC) affiliated to the Ministry 

of Education (MoE). The Chinese Academy of Sciences (CAS) also has programmes to support the 

researchers at its institutions in R&D activities including international collaboration. In addition, there 

are also several regional agencies providing funds to support science and technology. Examples of 

major agencies include Beijing Municipal Commission of Science and Technology (BMCST), the Science 

and Technology Commission of Shanghai Municipality (STCSM) and Guangdong Provincial Department 

of Science & Technology (GPDST). Each of these agencies has programmes dedicated to international 

cooperation. In spite of increasing support for international R&D cooperation, several challenges 

remain for participation of EU researchers in certain programmes, according to evidence gathered in 

this study, including: difficulty in accessing information on funding opportunities; procedural issues 

for application; lower funding for projects under Chinese funding programmes compared to that for 

EU projects; and lack of transparency in selection procedures.  
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Regarding support to innovation in companies, it is important to highlight the Innovation Fund for 

Small Technology-based Firms ς InnoFund, and the availability of tax incentives for high-tech and new-

tech enterprises located in specific areas such as Science parks. Beyond this, banks are increasingly 

lending to SMEs, but financing of innovation activities and new ventures by banks is only in its early 

stages. The government has begun to see venture capital (VC) as essential to encouraging indigenous 

innovation and is a major contributor as well as recently implementing several reforms that facilitate 

exit strategies. However, evidence gathered in this study indicates that risks are believed to be high 

for investors and there is still a lack of capital to support entrepreneurs, particularly for early-stage 

investment. Angel investment is growing but still scarce in China.  

Industrial policy documents supporting STI, include the Development Plan of National Strategic 

Emerging Industries (2011-2015) to foster knowledge intensive industries such as Information 

Communication Technologies (ICT) and biotechnology and five year plans for specific industrial sectors 

such as those for environmental protection, waste recycling technology, solar power development or 

for the bio-industries. There is also a National Plan for Building Indigenous Innovation Capabilities 

(2011-2015)Σ ǿƘƛŎƘ Ŏƻƴǘŀƛƴǎ ŀ ƴǳƳōŜǊ ƻŦ ƳŜŀǎǳǊŜǎ ǘƻ ǊŜŘǳŎŜ ǘƘŜ ŎƻǳƴǘǊȅΩǎ dependence on foreign 

technology, aiming at promoting Chinese-owned technology and intellectual property. This has been 

viewed by foreign firms as a means to limit their ōǳǎƛƴŜǎǎ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ƛƴ /ƘƛƴŀΩǎ ŜŎƻƴƻƳȅΦ  

In order to implement the indigenous innovation policy, Chinese governmental organizations at the 

central and local level have issued an indigenous innovation catalogue and procurement policies to 

give preference to certified indigenous innovation products. They have also introduced incentives 

such as financing and tax relief schemes to encourage the development and use of indigenous 

innovation products by Chinese companies.  

According to information gathered in this study, Chinese government policies related to public 

procurement present several challenges to foreign companies, including difficulties with accessing 

information particularly due to the decentralization of this process as well as a lack of transparency.  

Outsourcing to universities/ CAS institutes was identified as one of the most common means for 

Chinese companies dealing with STI. Also, companies often import technology. Involvement of EU 

organizations in the provision of solutions for Chinese industry may provide opportunities for mutual 
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benefit, however, a number of those interviewed in this study considered it essential to have the 

support of intermediary agencies in this process. 

Human resources policies supporting STI include the Medium and Long-term Talent Development Plan 

(2010-2020) and the Medium- and Long-term Educational Reform and Development (2010-2020). 

Both policies aim to encourage greater innovation and entrepreneurship whether among students or 

by attracting overseas talent. Educational reforms include promoting more intense cooperation 

between companies and the vocational education sector, and measures to address skills shortages in 

certain areas including demand forecasting. 

A number of funding programmes are addressing STI human resources development including those 

administered by MoST, NSFC, and CSC. CAS also possesses a number of programmes funding the 

development of human resources at its institutes. The Yangtze River Scholar Award Scheme of the 

Ministry of Education has been newly updated to support the implementation of the above mentioned 

human resources policies to develop STI human resources.  

The quality of higher education has been reported to have improved immensely. However, there has 

been an uneven geographic distribution of talent across the countryΦ ΨReturneesΩΣ ǘƘŀǘ ƛǎ /ƘƛƴŜǎŜ 

researchers returning to China from abroad, are seen as an important source of knowledge and a 

number of programmes have been introduced to attract them.  

Policies to improve research and technology infrastructure include the National Medium and Long-

term Plan for Building Key S&T Infrastructure (2012 - 2030), the 12th Five-year Plan for National High-

tech Parks & the 12th Five-year Plan for National High-tech Business incubators (2011-2015). New 

major infrastructures are planned in seven strategic areas: energy, life science, earth system and 

environment, materials, particle physics and nuclear physics, space and astronomy, and engineering 

technology, which will be open to outside users. China has also planned to accelerate the development 

of high-tech parks, clusters and incubators increasing their innovation support capacity and prioritising 

strategic emerging industries as well as the service sector. Recently the western part of China has also 

become a popular place for SME clusters, with the government highlighting development in the 

region.  

¢ƘŜ άƻǇŜƴ ŘƻƻǊέ ǇƻƭƛŎȅ ƛƴ /Ƙƛƴŀ Ƙŀǎ ŜƴŀōƭŜŘ ŜŀǎƛŜǊ ŀŎŎŜǎǎ ǘƻ ŦƻǊŜƛƎƴ ŎŀǇƛǘŀƭ ŀƴŘ ǘŜŎƘƴƻƭƻƎƛŜǎ ŀƴŘ 

spurred its knowledge-intensive activities. China is now an important research, development and 
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innovation (R&DI) partner with many countries and organizations around the world. This has led to 

the large majority of European Member State governments as well as many institutes in Europe to 

establish concrete science and technology cooperation activities with China such as joint R&D 

programmes, joint R&D centres or joint PhD programmes. 

Regarding the development of firms, whilst there are some tax incentives for R&D intensive companies 

located in high-tech zones, foreign companies, and in particular SMEs, face certain challenges 

including: access to finance; restrictions on representative offices; access to information about 

regulations; and difficulties in maintaining human resources. Additionally, compulsory technology 

transfer may be required for those entering Joint Ventures.  

China has made substantial progress in recent years with respect to Intellectual Property Rights (IPR) 

protection, establishing anti-piracy and anti-counterfeiting laws and regulations as well as conducting 

a ά{ǇŜŎƛŀƭ /ŀƳǇŀƛƎƴέ to improve enforcement. The third revision of patent law came into force in 

2011 and efforts have been made to improve skills in the intellectual property professions. Yearly 

plans developed by the State Intellectual Property Office (SIPO) set out the priorities for each year in 

this area. SIPO is keen to cooperate with other countries for the development of IPR in China. Dialogue 

between the EU and China on IP issues has taken place since 2003. A new joint project has just begun 

including: EU-China Customs cooperation on IPR; and exchanges on legal and administrative IP issues 

- best practices, assistance in drafting IP law revisions and implementing regulations as well as the 

compilation and publication of databases on IPR issues. The interviewees questioned in this study 

confirmed the government efforts in this area and considered that these measures have brought 

positive achievements recognized by the international community. Whilst challenges for foreign 

companies still exist (particularly including access to information), it was generally felt that the 

situation was improving and at the same time foreign companies were developing strategies for 

dealing with this situation. 

Standardization is another area that has seen rapid development in China in recent years. Chinese 

standard development is based on a top down approach. The strategy appears to be to use 

standardization as a way to promote indigenous innovation, while also participating in international 

standards setting, aiming to promote Chinese standards in this context. This study has found evidence 

that this creation of national standards to compete with international ones, can be viewed as a barrier 

to market access, forcing foreign firms to adopt Chinese technologies so that they can do business in 
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China. It is also thought to inhibit transfer of technology to China. However, since China faces 

difficulties in competing against developed countries whose standards require acquisition of 

expensive IPR, the development of its own standards represents a strategy to overcome these 

difficulties and compete alongside developed countries by reducing exposure to royalties. 

International cooperation in this area is active. Increasing EU-China collaboration is evidenced by the 

establishment of the Europe-China Standardization Information Platform (CESIP).  

WP5: Draw conclusions for the EU as regard the challenges and opportunities provided by the 
development of China the short and medium term (5 years) 

 

The objective of WP5 was to draw conclusions on challenges and opportunities brought about by the 

development of China and provide the information to guide the decision making process in the context 

of an EU (and its Member States) /China STI strategy. These mainly concerned:  

ω Thematic areas of common interest; 

ω Challenges and opportunities for EU higher education and research establishments; 

ω Challenges and opportunities for industrial stakeholders; 

ω wŜŎƻƳƳŜƴŘŀǘƛƻƴǎ ŦƻǊ ƛƳǇǊƻǾƛƴƎ ǘƘŜ 9¦Ωǎ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻƴ /ƘƛƴŀΩǎ {¢L. 

Thematic areas of common interest  

Following the EU-China 2020 Strategic Agenda for Cooperation topics for STI, this study analysed: 

Food, agriculture, biotechnologies (FAB); sustainable urbanisation; aviation and aeronautics; and ICT. 

For FAB, important factors stimulating and identifying opportunities for collaboration include: the EU-

China flagship initiative for research and innovation in FAB, the Chinese Agricultural Science and 

Technology Innovation Programme (ASTIP) and an increasing focus on the Green Economy. Challenges 

concern: mechanisms for co-funding; information access on joint opportunities; market entry barriers 

for bio-based products; and IPR concerns (ƎƛǾŜƴ ǘƘŜ 9¦Ωǎ ƭŜŀŘƛƴƎ Ǉƻǎƛǘƛƻƴ ƛƴ ǘƘƛǎ ŀǊŜŀ).  

It is recommended to explore the use of the SME Instrument (e.g. phase 3) to help encourage 

European SMEs to enter the Chinese market; to continue support for structures that can raise 

awareness of funding opportunities; to foster dialogue between the EU-China Flagship initiative for 

research and innovation in FAB and (e.g.) China-EU Water Platform to encourage mutual learning and 

exchange; and for EU policy makers to continue to advocate the removal of bio-based product market 
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entry barriers e.g. green public procurement, and legislation that promotes market growth, addressing 

standards or labelling claims. 

In the area of sustainable urbanisation, the EU China Partnership on Urbanisation as well as 

collaborative activities in sustainable energies are fostering collaboration opportunities. Challenges 

were identified regarding the need for reciprocal knowledge on urbanization processes; the 

requirement for compatible standards in urban transport; and the necessity to develop interactions 

with a range of local and regional authorities. It is thus recommended to foster dialogue between the 

different collaborative activities related to this area (e.g. Smart Cities, EU-China collaboration in the 

area of sustainable energy); build networks of relevant actors and mechanisms of dialogue between 

sectors; and continue work towards the removal of market entry barriers e.g. in public procurement 

and legislation promoting energy efficiency. 

For aviation and aeronautics, the EU-China Civil Aviation Project (EUCCAP) has promoted 

opportunities for collaboration and /ƘƛƴŀΩǎ ŀviation industry growth is creating demand for 

innovation, which in turn is likely to create opportunities for STI activities with and in China. However, 

the EU CCC Position Paper 2013/2014 identified market barriers including restrictions in the area of 

licensing that negatively affect the involvement of foreign companies in this sector and recommends 

strengthening of dialogue in this area including the establishment of regular strategic-level aviation 

dialogue between the European Union and China. This study also recommends continued work to 

reduce the market barriers in this area. 

In the area of ICT, the OpenChina-ICT and now the CHOICE and EU FIRE projects have been 

strengthening the collaboration. EU-China Expert Groups also exist for future internet and Internet of 

Things (IoT) smart cities and broadband policy. 9ƭŜŎǘǊƛŎŀƭ ŀƴŘ ƻǇǘƛŎŀƭ ŜǉǳƛǇƳŜƴǘ ƛǎ ƻƴŜ ƻŦ /ƘƛƴŀΩǎ 

strongest sectors, thus while competition is fierce, collaboration is important to overcome challenges 

such as a lack of a common technology architecture and standards as well as interoperability issues 

and concerns about internet governance, security and differing privacy policies. Smart City 

collaboration is recommended to establish knowledge exchange platforms and help strengthen the 

link between cities and enterprises.  
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Higher education and research establishments 

¢ƘŜ ǎǘǳŘȅΩǎ Ŏonclusions in regard of higher education and research establishments are presented by 

comparing the opportunities and challenges associated with different cooperation strategies such as:  

ω Human capital movements; 

ω Establishing joint research centres. 

Human capital movements 

Increasing funding opportunities are promoting the exchange of personnel between the EU and China. 

However, some challenges remain. For example, this study has identified evidence that Chinese 

research institutions can encounter difficulties in promoting themselves internationally. It was also 

noted that there is still some lack of knowledge about China and of the quality of its research system 

among European researchers. The high bureaucracy of the Chinese research system is also believed 

to pose a challenge. In order to improve the environment for collaborative activities and maximise 

their benefits, it is recommended to emphasize reciprocity of human capital movements to maximize 

access to contacts with China. This can perhaps be achieved by introducing a requirement/ incentive 

for Chinese researchers returning to China after a period in the EU to continue collaboration with their 

EU counterpart researchers. Alternatively, a Chinese alumni network targeting specific research areas 

could be developed to encourage Chinese researchers returning from Europe in continuing 

collaborative activities or even for EU researchers returning from China. 

Establishing joint research centres 

Establishing joint research centres can create favourable conditions for collaborative activities, 

providing a continuous mechanism for sharing research facilities and knowledge facilitating access to 

local incentives. Challenges associated with this mechanism of cooperation include difficulties in 

aligning different academic systems, among others. Also, it requires the allocation of a greater level 

of investment than less permanent collaborative activities. Thus strengthening of EU support for the 

implementation of joint research structures in China is recommended to help increase EU access to 

relevant data, research funding, facilities and talent in China, emphasizing EU SME Centre services. 

Industrial stakeholders  

The study examined challenges and opportunities for industrial stakeholders including SMEs and 

makes recommendations for: 

ω Industry-research collaboration; 
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ω Physical infrastructure for industry cooperation.  

Industry-research collaboration 

There are an increasing number of foreign-invested R&D centres in China and clusters have become a 

hub for (Chinese and EU) researchers to seek cooperation with industry providing opportunities for 

industry-research collaboration. The large gap between industry and research presents a challenge for 

cooperation and the Investment Catalogue may act as a domestic protection mechanism. However, 

ǘƘŜ ŘŜƳŀƴŘ ŦƻǊ ǘŜŎƘƴƻƭƻƎȅ ŀƴŘ 9¦ ƻǊƎŀƴƛȊŀǘƛƻƴǎΩ ŀōƛƭƛǘȅ ǘƻ ǇǊƻǾƛŘŜ ƛƴƴƻǾŀǘƛǾŜ ǎƻƭǳǘƛƻƴǎ ǘƘŀǘ ŀŘŘǊŜǎǎ 

industry leads to the recommendation to strengthen the use of the EU SME Centre in Beijing to 

improve connections between EU firms with Chinese research and industry stakeholders and to 

continue to push for the opening of some specific sectors of the Investment Catalogue. 

Physical infrastructure for industry cooperation 

Incubators and science parks play an increasing role in the promotion of innovation clusters, 

technology transfer and commercialization of research results in China. Further, the previously 

mentioned Innofund, for example, helps to subsidize equipment upgrades for specific purposes, such 

as energy saving, emission reduction, and the adoption of new generation technologies. However, 

access to R&D infrastructure in China remains difficult for EU companies and joint R&D centres with 

companies are still immature in Chinese universities. It is therefore recommended to increase role of 

the EU SME Centre in Beijing in clustering initiatives being developed in China. 

wŜŎƻƳƳŜƴŘŀǘƛƻƴǎ ŦƻǊ ƛƳǇǊƻǾƛƴƎ ǘƘŜ 9¦Ωǎ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻƴ /ƘƛƴŀΩǎ {¢L 

Since up-dating the data related to the indicators can be done more efficiently than collecting it for 

the first time, it is recommended that the European Commission comes to a structured agreement for 

a period of a few years to do an up-date of a given basic list of indicators, for which international 

comparison is possible and to show the trends in time. Concerning publications, the data is always 

available, that is: it can be retrieved from the Scopus database at any time by anybody, but here again 

it is less time-consuming when the up-dating is organized in a structured way and at pre-set moments 

in time (e.g. same month in the year). Proposals for such structured agreements should be discussed 

with others who are engaged in data-gathering activities such as the OECD and Eurostat, in order to 

avoid duplication and in order to agree on the specifics in terms of method and definitions of the 

indicators and for instance the aggregation level of the fields of publication concerning the 

bibliometric data.  
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1. Introduction 

This report is Deliverable 9: Final Report of the Science, Technology and Innovation (STI) Performance 

of China study. 

The objective of the STI China study was to assess the evolution of the ŎƻǳƴǘǊȅΩǎ STI Performance and 

analyse its economic impact on Chinese productivity and competitiveness and on the global markets, 

taking into account the differences between various Science and Technology fields, economic sectors 

and types of actors involved. The study aims to help inform and develop STI strategies for the 

European Union (EU) considering the emerging role of China as a competitor and partner of the EU.  

More specifically, the study had the following goals: 

¶ Identifying, assessing and updating the data and indicators relevant to STI in China; 

¶ Mapping /ƘƛƴŀΩǎ ǊŜǎŜŀǊŎƘ ŀƴŘ ƛƴƴƻǾŀǘƛƻƴ ŎŀǇŀōƛƭƛǘƛŜǎ ƛƴ ǎŜƭŜŎǘŜŘ ǘŜŎƘƴƻƭƻƎƛŜǎ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜƛǊ 

translation in the development of its industry; 

¶ Providing a description and an assessment of China's efforts and policies to develop its STI 

capabilities, including its international strategy; 

¶ Characterising the framework conditions for innovation, providing in particular an overview 

of China's innovation system; 

¶ Pinpointing opportunities and challenges brought about by the STI development of China. 

In order to achieve the goals, the key methods utilized in the study include bibliometric research, desk 

research, interviews, survey questionnaires, workshops, and analysis of existing data and literature. 

The study was implemented by the consortium of Sociedade Portuguesa de Inovação (SPI), The United 

Nations University - Maastricht Economic and Social Research and Training Centre on Innovation and 

Technology (UNU-MERIT), and the Austrian Institute of Technology (AIT). 

Sociedade Portuguesa de Inovação (SPI) (http://www.spieurope.eu/)  

SPI is an International Management Consultancy Company founded in 1997 as an active centre of 

national and international networks connected to the science, technology and business innovation 

sector. SPI is the coordinator of the study, as well as leader of WP3: Assessing China's policies in terms 

of development of its domestic STI capabilities and its international strategy and WP4: An overview of 

framework conditions and the development and growth of innovative firms. 
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The United Nations University - Maastricht Economic and Social Research and Training Centre on 

Innovation and Technology (UNU-MERIT) (http://www.merit.unu.edu/) 

UNU-MERIT is a research and training centre of Maastricht University and United Nations University, 

focusing on the role of STI in the broadest sense in bringing about development and the improvement 

of social welfare at the national and international level.  MERIT is leader of WP1: Identifying, assessing 

and updating data and indicators relevant to STI in China. 

Austrian Institute of Technology (AIT) (http://www.ait.ac.at/) 

AIT is one of the largest technical research centres in Austria. The AIT Foresight and Policy 

Development has expertise in the emergence of new technologies, as well as economic, societal and 

environmental impacts. AIT leads ²tнΥ aŀǇǇƛƴƎ ƻŦ /ƘƛƴŀΩǎ ǊŜǎŜŀǊŎƘ ŀƴŘ ƛƴƴƻǾŀǘƛƻƴ ŎŀǇŀōƛƭƛǘƛŜǎ ƛƴ 

selected technologies  

1.1. Objectives of the report 

The report presents the results and analysis developed by the consortium on the STI Performance of 

Mainland China (excluding Hong Kong and Macau) and is organised in the following sections:  

ω Section 2 - Measuring China's STI development: This section identifies, assesses and updates 

data and indicators relevant to STI in China and presents new findings including those related 

to RTD, economic performance and research output. 

ω Section 3 - aŀǇǇƛƴƎ ƻŦ /ƘƛƴŀΩǎ ǊŜǎŜŀǊŎƘ ŀƴŘ ƛƴƴƻǾŀǘƛƻƴ ŎŀǇŀōƛƭƛǘƛŜǎ ƛƴ ǎŜƭŜŎǘŜŘ ǘŜŎƘƴƻƭƻƎƛŜǎ: 

This section pǊŜǎŜƴǘǎ ǘƘŜ ƳŀǇǇƛƴƎ ƻŦ /ƘƛƴŀΩǎ ǊŜǎŜŀǊŎƘ ŀƴŘ ƛƴƴƻǾŀǘƛƻƴ ŎŀǇŀōƛƭƛǘƛŜǎ ƛƴ ǎŜƭŜŎǘŜŘ 

technologies including /ƘƛƴŀΩǎ ƛƴŘǳǎǘǊƛŀƭ ǎǘǊǳŎǘǳǊŜ ƛƴ ŎƻƳǇŀǊƛǎƻƴ όŀǎ ŀƴ ƛƴǘǊƻŘǳŎǘƛƻƴύ; /ƘƛƴŀΩǎ 

overall RDI performance and the sectorial specialisation of business R&D in China. 

ω Section 4 - China's STI policies and international strategy: This section provides an overview 

of current features of STI policies and the likely prospects for the future. Other features of 

/ƘƛƴŀΩǎ ƛƴƴƻǾŀǘƛƻƴ ǎȅǎǘŜƳ ƛƴŎƭǳŘƛƴƎ ǘƘŜ ǎƛǘǳŀǘƛƻƴ ǿƛǘƘ ǊŜƎŀǊŘ to industrial and indigenous 

innovation including its impact on foreign firms, human capital, and STI infrastructure are 

discussed. International cooperation strategy is reviewed and patterns of international 

cooperation are assessed. 

ω Section 5 - Framework conditions for STI in China: This section provides an overview of the 

Framework conditions for STI in China system and of the consequences for innovative 

operators in China. In particular, the following themes are included: development of firms; 
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public procurement; the role of the "investment catalogue"; the patenting and licensing 

system; and the development of Chinese standards.  

ω Section 6 - Conclusions and recommendations: This section draws conclusions for the EU in 

regard to the challenges and opportunities provided by the development of China for the short 

and medium term (5 years) including: thematic areas of common interest for the EU and 

China; cooperation strategies for EU higher education and research establishments; and 

cooperation strategies for industry stakeholders including SMEs. 

1.2 Methodology 

The methodology for the study was provided in five WPs. This report identifies and discusses the work 

and analysis provided. A description of the five WPs is provided below. 

WP1: Identifying, assessing and updating data and indicators relevant to Science, Technology and 

Innovation in China 

The objective of this WP was to identify those indicators which are most relevant to measuring the 

overall progress of STI development in China and which are coherent with the Innovation Union 

Scoreboard and the Innovation Union Competitiveness Report. The results of WP1 supported WP2 in 

studying /ƘƛƴŀΩǎ {¢L Performance in more detail for specific scientific disciplines, technologies and 

industrial sectors. The approaches taken to achieve the goals were as follows:  

ω Identification of relevant indicators; 

ω Study of relevant indicators for disciplines, technologies and industrial sectors; 

ω Verification, assessment and interpretation of the indicators. 

²tнΥ aŀǇǇƛƴƎ ƻŦ /ƘƛƴŀΩǎ research and innovation capabilities in selected technologies 

Using the broad overview of the indicators to measure the technological and scientific capabilities of 

Chinese universities and firms provided in ²tм ŀǎ ƛƴǇǳǘǎΣ ²tнΩǎ ƻōƧŜŎǘƛǾŜ ǿŀs to then provide a 

ǘƘƻǊƻǳƎƘ ŀƴŀƭȅǎƛǎ ƻŦ /ƘƛƴŀΩǎ Performance in science and technology. WP2 focused on an analysis of 

/ƘƛƴŀΩǎ ǊŜǎŜŀǊŎƘ ŀƴŘ ƛƴƴƻǾŀǘƛƻƴ ŎŀǇŀōilities.  

CƛǊǎǘΣ ŀ ōǊƻŀŘ ƻǾŜǊǾƛŜǿ ƻŦ /ƘƛƴŀΩǎ ǊŜǎŜŀǊŎƘ ŀƴŘ ƛƴƴƻǾŀǘƛƻƴ ŎŀǇŀōƛƭƛǘƛŜǎ ŀŎǊƻǎǎ ŀƭƭ ǎŎƛŜƴǘƛŦƛŎ ŦƛŜƭŘǎΣ 

technologies and industrial sectors was conducted. Second, selected industries and cross-cutting 

technologies were studied. The sectoral coverage of this second stage focused on industrial sectors 

using the two-digit level of the Nomenclature generale des Activites economiques dans les 
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Communautes Europeennes (NACE)5 where China is a current or future competitor for firms from the 

EU-27. The importance of sectors and cross-cutting technologies in lƛƎƘǘ ƻŦ ǘƘŜ άƎǊŀƴŘ ŎƘŀƭƭŜƴƎŜǎέ 

were complimentary selection criteria. The six challenges identified by the High Level Group for Joint 

Programming (CREST-GPC)6 in preparation for the EU Joint Programming Initiative include 

Cities/Transport, Climate Change (including Energy), Cultural heritage, Food, Water, and Health. 

The WP2 approach included the following: 

ω Selection of the fields; 

ω Matching of selected sectors and cross-cutting technologies with scientific disciplines, 

technologies, and industrial sectors; 

ω Making various data sources comparable; 

ω Identification of relevant stakeholders and infrastructures through patent and publication 

data sources; 

ω Assessment of trends in the medium term. 

WP3: Assessing China's policies in terms of development of its domestic STI capabilities and its 

international strategy 

The objective of WP3 was to analyse and identify the main trends in policy-making and funding system 

for STI development in China, and to analyse China's international strategy concerning STI. This was 

achieved through a variety of data collection and analysis techniques, including:  

ω Development of a list of stakeholders in China and Europe of more than 2,000 contacts, which 

included representatives from the government, industry and research; 

ω Provision of a set of survey questionnaires for foreign research and industry stakeholders (in 

English) and for Chinese research and industry stakeholders (in Chinese); 

ω Provision of structured interviews that aim at complementing the survey questionnaire; 

ω Implementation of a Fact-finding mission to China (Beijing, Shanghai, Guangzhou and 

Shenzhen) in order to support the interview process. The mission was split into two groups of 

                                                           
5 Nomenclature generale des Activites economiques dans les Communautes europeennes (NACE) refers to the industrial classification as 

defined in Revision 1 which is used by Eurostat. NACE Rev. 1 replaced NACE 1970. In so doing it established a direct link between the 

European classification and the internationally recognised ISIC Rev. 3 developed under the auspices of the United Nations. These two 

classifications are directly compatible at the 2-digit level and more detailed levels of ISIC Rev. 3 can be calculated by aggregating the more 

detailed levels from NACE Rev. 1. (Source: OECD - glossary)  

6 CREST GPC 1308/09,  

http://register.consilium.europa.eu/doc/srv?l=EN&t=PDF&gc=true&sc=false&f=ST%201308%202009%20INIT&r=http%3A%2F%2Fregister.

consilium.europa.eu%2Fpd%2Fen%2F09%2Fst01%2Fst01308.en09.pdf 
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two experts (including at least one Chinese expert) to interview the key stakeholders and 

collect information from other sources. 

WP4: An overview of framework conditions and the development and growth of innovative firms 

The objective of WP4 was to provide an overview of the Chinese innovation system and of the 

consequences for innovative operators in China. The WP method included: 

ω Desk research on the different topics of the Chinese STI system for development of innovation 

in firms; 

ω Additional interviews to those conducted in WP3. The result of the desk research helped to 

serve as a basis for these interviews with key stakeholder that were mostly provided during 

the Fact-finding mission and were with industrial representatives. 

WP5 Draw conclusions for the EU as regard the challenges and opportunities provided by the 

development of China the short and medium term (5 years) 

The objective of WP5 was to draw conclusions on challenges and opportunities brought about by the 

development of China and provide the information to guide the decision making process in the context 

of an EU (and its Member States) / China STI strategy. Additional interviews and desk research were 

carried out and the results of WP1-4 analysed to develop the conclusions and recommendations.   
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2. Measuring China's STI development  

Data for China has been collected for STI indicators which are used for the Innovation Union, namely 

for a selection of indicators used by the Innovation Union Scoreboard (IUS 2011 and 2014) and the 

Innovation Union Competitiveness report (IUC 2011 and 2003). In this report, the data collected for 

China is presented and compared alongside the European and other national data as reported in the 

Innovation Union Scoreboard 2014, and the Innovation Union Competitiveness Reports (2011 and 

2013). For a selection of IUC indicators the most recent available data for the EU7 was extracted from 

Eurostat in 2014, in order to allow for a better EU-China comparison on those indicators. An overview 

of the data is given in two tables: Table 2.1 for the indicators of the IUS (sub-section 2.1) and Table 2.2 

for the indicators of the IUC (sub-section 2.2). In sub-section 2.3 the research output of China is 

assessed based on a bibliometric analysis.   

2.1. RTD indicators 

This sub-section first presents data collected for China which is comparative to the indicators used in 

the Innovation Union Scoreboard (IUS) Report 2014 to compare Member States, and then focuses on 

the indicators from both the IUS and IUC concerning RTD performance for a comparison between EU 

and a selection of non-EU countries.  

Table 1 provides the indicator values for China as well as the EU value and the value of a selection of 

large EU or associated countries. The reference year for the Chinese data is mostly 2011 or 2010 for 

ǘƘŜ ƛƴŘƛŎŀǘƻǊǎ ƻƴ ΨŦƛǊƳ ŀŎǘƛǾƛǘƛŜǎΩ ǿƘƛŎƘ ŀǊŜ ƴƻǘ ǎǳǊǾŜȅŜŘ ŜǾŜǊȅ ȅŜŀǊΦ ¢ƘŜ ǊŜŦŜǊŜƴŎŜ ȅŜŀǊ ŦƻǊ ǘƘŜ 9¦ 

data is also mostly 2011. For the ΨŦƛǊƳ ŀŎǘƛǾƛǘƛŜǎΩ data which are based on the Community Innovation 

Survey, older data than 2011 has been used by the IUS for some individual European countries, e.g. 

for the indicator 1.1.м ΨbŜǿ ŘƻŎǘƻǊŀǘŜ ƎǊŀŘǳŀǘŜǎΩ ƛƴ Table 1, for most countries 2011 data was 

available, but for some countries only an older reference year is available. 

  

                                                           
7 EU refers to the EU15 up to 2003, the EU25 from 2004, and the EU27 from 2007. EU28 data was not available at the time of writing. 
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Table 1 IUS 2014, national indicators, Chinese data compared to EU and selection of countries 

IUS 2014, national indicators 
(EU reference year)  China EU DE ES IT PL RO UK TR 

China 
refer
ence 
year 

Enablers           

1.1.1 New doctorate graduates (2011) 2.49 1.7 2.8 1.2 1.5 0.5 1.7 2.4 0.4 2011 

1.1.2 Population completed tertiary 
education (2012) 15.2 35.8 31.9 40.1 21.7 39.1 21.8 47.1 18.0 2010 

1.1.3 Youth with upper secondary level 
education (2012) 46 80.2 76.2 62.8 77.6 89.8 79.6 81.8 58.3 2010 

1.2.3 Non-EU/domestic doctorate 
students (2011) 10.9 24.2 11.2 18.0 8.4 1.9 2.1 30.6 3.2 2011 

1.3.2 Venture capital (2012) 0.12 0.277 0.223 0.192 0.138 0.234 0.137 0.419  2011 

Firm activities           

2.1.1 Business R&D expenditure (2012) 1.4 1.31 1.95 0.68 0.69 0.33 0.12 1.14 0.37  

2.1.2 Non-R&D innovation expenditure 
(2010) 1.19 0.56 0.88 0.39 0.59 1.02 0.46  0.16 

2004-
2007 

2.2.1 SMEs innovating in-house (2010) 17.5 31.8 45.2 22.1 34.8 11.3 10.8  28.2 
 2004-
2006 

2.2.2 Innovative SMEs collaborating with 
others (2010) 7.4 11.7 14.0 5.8 4.4 4.2 2.9 22.3 5.3 

 2004-
2006 

Outputs           

3.1.1 SMEs introducing product or 
process innovations (2010) 28.3 38.4 57.0 28.1 39.8 14.4 13.2 21.3 29.5 

2004-
2006 

3.2.1 Employment in knowledge-intensive 
activities (2012) 14.5 13.9 15.8 11.9 13.2 9.7 6.5 17.8 5.0 2010 

3.2.2 Contribution of MHT product 
exports to trade balance (2012) 3.2 1.3 9.2 3.3 4.8 0.6 0.4 4.2 -3.1 2012 

3.2.3 Knowledge-intensive services 
exports (2011) 35.8 45.3 55.6 21.6 27.5 28.3 45.2 61.2 21.9 2012 

3.2.4 Sales of new to market and new to 
firm innovations (2010) 12.7 14.4 15.5 19.0 14.9 8.0 14.3 7.3 15.8 2006 

3.2.5 Licence and patent revenues from 
abroad (2012) 0.013 0.77 0.64 0.31 0.45 0.21 0.38 0.68 0.00 2012 

Sources IUS 2014 for EU data and this study for Chinese data (see annex for details); 

 

For the indicators in Table 1 which ΨŜƴŀōƭŜΩ ƛƴƴƻǾŀǘƛƻƴΣ Ƴƻǎǘ ǾŀƭǳŜǎ ŦƻǊ /Ƙƛƴŀ were found to be below 

the EU value, and also below the national value for the selected countries, except for the share of new 

doctorate graduates.  The share of population aged 30-34 having completed tertiary education was 

15.2% for China in 2011. For the EU the latest value (2012) was much higher - 35.8%, but compared 

with Turkey (18%) and Italy (21%) the difference was smaller (Table 1). Venture capital investment as 

a % of GDP was at a lower level in China in 2012 (0.12 %) than in the EU as a whole (0.28%), but 

comparable to the level of individual EU Member States such as Italy and Romania (both at 0.14%). 
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Figure 1. Human resources and venture capital, China and selection of IUS2014 European countries 

Sources: IUS 2014; for China see annex (reference year 2011) 

 

The IUS also contains an international comparison between the EU and non-EU countries, but for a 

more limited set of indicators. The share of people with tertiary education for the age group 25-64 

(Figure 1) for China in 2011 (and 2010) was 10% and for the EU in 2011 was 28.5%.  In most countries 

there was an increase in this high-educated share of the population, but for China, Russia and India 

there was no increase between 2010 and 2011. 

 

 

 

 

Figure 2. Percentage population aged 25-64 having completed tertiary education, 2011 

Source: IUS 2014, international comparison 
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The IUS does not report absolute numbers, e.g. the total number of people. The IUC often reports 

both the relative and absolute figures. At 74 million, the number of Human Resources in Science & 

Technology in China in 2011 was quite close to the 98 million in the EU (Figure 3). However, the 

number of new S&T graduates (ISCED 5A) with Science & Engineering (S&E) orientation in 2011 was 

875,000 in the EU, way below the 1.4 million in China. For China this number had increased by more 

than 100,000 to 1.5 million in 2012. ¢Ƙƛǎ ǎǘǊƻƴƎ {ϧ9 ƻǊƛŜƴǘŀǘƛƻƴ ƻŦ /ƘƛƴŀΩǎ ƘǳƳŀƴ ǊŜǎƻǳǊŎŜǎ was also 

evident in other aspects of STI in China, and its economy and society at large. 

Figure 3. Human resources, EU versus China, US, Japan 

Sources: Eurostat for EU (2011); for China see annex (2011); and IUC Report 2011 for US and Japan (reference year 2008) 

Following the previous indicators, innovation performance of firms was also analysed. Compared to 

ǘƘŜ ƛƴŘƛŎŀǘƻǊǎ ǿƘƛŎƘ ŀǊŜ ƭŀōŜƭƭŜŘ ΨŜƴŀōƭŜǊǎΩ ƛƴ ǘƘŜ IUS, the Chinese indicator performance for firm 

innovation activities, was perhaps more impressive than for the enabling factor indicators. In terms of 

business R&D expenditure as a share of GDP the value for China was 1.4 in 2012, above that for the 

EU, which was 1.3% (Figure 4). The business R&D intensity was below that of Germany, but way above 

that of, for Spain and Italy. Next to this high R&D intensity of the business sector, also the non-R&D 
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innovation expenditures of Chinese firms were clearly higher (1.19% in 2010 compared to 0.56 for the 

EU), and above the level of any of the selected countries, such as Germany (0.88) and the catching-up 

country Poland (1.02).  

The share of SMEs innovating in-house was 17.5 in 2010 (Figure 4), which was below the value for the 

EU as a whole, but higher than that for Poland (11.3) and Romania (10.8). It must be noted that the 

definition of an SME in China is different to the EU definition8, but, nonetheless, the innovation output 

indicator concerning SMEs introducing product or process innovations (28.3 in 2010) (Figure 4), shows 

that in this respect Chinese SMEs seemed to perform better than for instance those of the UK, Spain, 

Poland and Romania.   

 

Figure 4. IUS 2014 Indicators for firm activities 

Sources: IUS 2014 for EU data; for China see annex 

                                                           
8 In the EU an SME is defined in EU law: EU recommendation 2003/361 .The main factors determining whether a company is an SME are: 1. 

number of employees and 2.either turnover or balance sheet total. An SME has <250 employees. It also has either a turnover of Ů50 million 

ϵ ƻǊ ŀ ōŀƭŀƴŎŜ ǎƘŜŜǘ ǘƻǘŀƭ ƻŦ Ůпо Ƴƛƭƭƛƻƴ ϵΦ aŜŘƛǳƳ ŦƛǊƳǎ ƛƴ /Ƙƛƴŀ ŀǊŜ ŘŜŦƛƴŜŘ ŀǎ ǘƘŜ ŦƛǊƳǎ ŜƳǇƭƻȅƛƴƎ Ŝǉǳŀƭ ǘƻ ƻǊ ƳƻǊŜ ǘƘŀƴ олл ōǳǘ ƭŜǎǎ 

than 2000 employees. Small firms in China are defined as the firms employing equal to or more than 20 but less than 300 employees 
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The amount of R&D expenditure in Euro of foreign affiliates in China was below that of foreign 

affiliates in the EU, US, and Japan (Figure 5). For both 2010 and 2011 the value of these R&D 

expenditures by foreign firms was 512 million Euro. In 2012 this had decreased to 505 million Euros. 

Chinese SMEs (the so called small above scale enterprises) appear to be an important driver for the 

increased R&D expenditure. In 2011 their R&D expenditures were equal to 11,913 million Euros. 

According to the latest up-date for 2012 this had increased to 14,905 million (Statistical Yearbook of 

China).  

 

Figure 5. Business R&D expenditure by foreign affiliates and SMEs, in millions of euro 

Sources: Eurostat for EU SMEs (reference year 2011); OECD for EU data for foreign affiliates (reference year 2009; for China 

see annex (reference year 2011); and IUC Report 2011 for US and Japan (reference year 2007) 

 

The high business R&D expenditures in China as a % of GDP are the result of a steady increase over 

the last decade. The increasing trend is similar to the trend for South Korea, although for China the 

business R&D intensity is at a lower level (Figure 6). 
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Figure 6. R&D expenditure in the business sector as % of GDP 

Source: IUS 2014 

 
 
The trend in R&D expenditure as a share of GDP in the public sector in China was found to differ from 

the trend for the business sector. The change in terms of the share in GDP did not increase much 

between 2004 and 2011, and between 2010 and 2011 it slightly declined. But this is in line with a 

global trend of a slow down after an increase between 2008 and 2009 (Figure 7).  

 

Figure 7. R&D expenditure in the public sector as % of GDP 

Source: IUS 2014 
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2.2. Economic impact indicators 

The IUS 2014 comparison between the EU and third countries shows that the economic output in 

terms of licence and patent revenues from abroad as a share of GDP has remained low for China, 

compared to the US and the EU (Figure 8), but it should be noted that for the EU the revenues from 

other EU Member States are also included. 

 

Figure 8. License and patent revenues from abroad as % of GDP 

Source: IUS 2014 

 

Knowledge-intensive services exports as a % of total services exports have increased for China 

between 2004 and 2008, but did not increase between 2008 and 2011 (Figure 9). 

 

 

Figure 9. Knowledge-intensive services exports as % total service exports 

Source: IUS 2014 
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Concerning the contribution of medium- and high-tech product exports to the trade balance there has 

been a steady increase from 2006 to 2011 (Figure 10). 

 

 

 

 

 

 

Figure 10. Contribution of medium and high-tech product exports to the trade balance 

 
Source: IUS 2014 
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Table 2. Innovation Union Competitiveness Report 2011 indicators, with updates in bold for China and EU 

Based on IUC Report 2011  
EU United States Japan China   

South 
Korea 

 

Summary table of indicators        

With up-dates in bold            

Gross domestic expenditure on R&D (GERD) millions of euro 236,553 (1) 270,733 (2) 113,986 (2) 45,151 (2) 21,480 (2) 

R&D intensity 2.01 (1) 2.77 (2) 3.44 (2) 1.54 (2) 3.37 (2) 

Business expenditure on R&D (BERD) millions of euro 146,905 (1) 196,563 (2) 89,436 (2) 33,077 (2) 16,188 (2) 

Business expenditure on R&D (BERD) as % of GDP (15)  1.25 (1) 2.01 (2) 2.70 (2) 1.12 (2) 2.54 (2) 

Business expenditure by SMEs (0-249 employees), millions of euro (4)   36,090 (0) 30,762 (3) 5496 (3) 11,913 (0) 4280 (3) 

Business expenditure by SMEs (0-249 employees) as % of GDP 0.29 (0) 0.30 (3) 0.17 (3) 0.2 (0) 0.56 (3) 

Inward R&D expenditure by foreign affiliates, millions of euro (5)  44,855 (1) 29,892 (3) 4406 (3) 512 (0) :  

Inward R&D expenditure as % of R&D expenditure by business enterprise (5)   32.4 (1) 14.3 (2) 5.1 (3) 0.83 (0) :  

Public expenditure on R&D (GOVERD + HERD) millions of euro 87,275 (1) 63,495 (2) 12,073 (2) 22,758 (2) 4984 (2) 

Public expenditure on R&D (GOVERD + HERD) as % of GDP 0.74 (1) 0.65 (2) 0.69 (2) 0.41 (2) 0.78 (2) 

Investment in knowledge (R&D and Education), millions of euro 885,072 (1a) 930,935 (3) 240,224 (3) 361,737 (0) 74,444 (3) 

Investment in knowledge (R&D and Education) as % of GDP 7.2 (1a) 9.1 (3) 7.5 (3) 6.95 (0) 9.7 (3) 

New doctoral graduates (ISCED 6), total 114,174 (0) 63,712 (2) 16,296 (2) 50,289 (0) 9369 (2) 

New doctoral graduates (ISCED 6) per thousand population aged 25-34 1.70 (0) 1.56 (2) 0.98 (2) 2.49 (0) 1.19 (2) 

Number of researchers (FTE) 150,4575 (2) 141,2639 (3) 656,676 (2) 1,592,420 (2) 236,137 (2) 

Number of researchers (FTE), per thousand labour force 6.3 (2) 9.2 (3) 10.3 (2) 2.0 (2) 9.7 (2) 

Number of researchers (FTE) working in the private sector 707,534 (2) 1,130,500 (3) 501,077 (2) 1,092,213 (2) 18,5811 (2) 

Number of researchers (FTE) working in the public sector 797,040 (2) 282,139 (3) 155,599 (2) 500,207 (2) 50,326 (2) 

Human Resources in Science and Technology aged 25-64  98,121 (0) :  :  74,086 (1a) :  

Human Resources in Science and Technology aged 25-64 as % of labour force 42.4 (0) :  :  9.7 (1a) :  

New S&T graduates (ISCED 5A) with S&E orientation) (11) 875,225 (0) 247,147 (2) 114,310 (2) 1,433,849 (0) :  

License and patent revenues from abroad, millions of euro (6) 25,137 (1) 62,279 (2) 17,474 (2) 568 (0) :  
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License and patent revenues from abroad as % GDP (6) 0.21 (1) 0.64 (2) 0.53 (2) 0.013 (0) :  

Community trademarks 60,967 (2) 12,877 (2) 2081 (2) 811 (2) :  

/ƻƳƳǳƴƛǘȅ ǘǊŀŘŜƳŀǊƪǎ ǇŜǊ ōƛƭƭƛƻƴ D5t όtt{ϵύ 4.88 (2) 1.16 (2) 0.62 (2) 0.13 (2) :  

Total number of scientific publications (fractional counting method) 469,479 (2) 357,837 (2) 92,089 (2) 256,495 (2) 39,792 (2) 

Scientific publications in the 10% most cited scientific publications worldwide 55,557 (3) 58,319 (3) 8122 (3) 14,499 (3) 3231 (3) 

Scientific publications in the 10% most cited scientific publications worldwide as % of total 
scientific publications of the country 

11.6 (3) 15.3 (3) 8.3 (3) 7.0 (3) 8.5 (3) 

PCT patent applications, total number 49,545 (3) 49,282 (3) 28,970 (3) 6416 (3) 7227 (3) 

t/¢ ǇŀǘŜƴǘ ŀǇǇƭƛŎŀǘƛƻƴǎ ǇŜǊ ōƛƭƭƛƻƴ D5t όtt{ϵύ 4.0 (3) 4.3 (3) 8.3 (3) 1.1 (3) 7.0 (3) 

Female PhD / doctoral graduates, total number 53,609 (0) 32,497 (2) 4499 (2) 98,007 (0)(12) 2763 (2) 

Share (%) of female PhD / doctoral graduates in total PhD / doctoral graduates 46.6 (0) 51.0 (2) 27.6 (2) 36.1 (0) 29.5 (2) 

International scientific co-publications, total number 132,412 (2) 117,794 (2) 24,064 (2) 37,524 (2) :  

International co-publications as % of total publications 24.2 (2) 27.4 (2) 22.6 (2) 13.5 (2) :  

PCT patent applications with co-inventor(s) located abroad 4719 (2) 5002 (2) 627 (2) 760 (2) 261 (2) 

PCT applications with co-inventors located abroad, as % of total PCT patent applications 9.7 (2) 11.1 (2) 2.3 (2) 10.5 (2) 3.6 (2) 

Public-private co-publications per million population 36.2 (3) 70.2 (3) 56.3 (3) 1.2 (3) :  

Venture capital (early stage, expansion and replacement), millions of euro (7)   10,185 (1) 12,954  :  6773 (0) :  

Venture capital (early stage, expansion and replacement) as % of GDP (7)      0.09 (1) 0.13  :  :  :  

/ƻǎǘ ƻŦ ǇŀǘŜƴǘ ŀǇǇƭƛŎŀǘƛƻƴ ŀƴŘ ƳŀƛƴǘŜƴŀƴŎŜ ŦƻǊ {a9ǎΣ tt{ϵ 167,798 (1) 4413  6953  14,709 (0) 5509  

/ƻǎǘ ƻŦ ǇŀǘŜƴǘ ŀǇǇƭƛŎŀǘƛƻƴ ŀƴŘ ƳŀƛƴǘŜƴŀƴŎŜ ŦƻǊ {a9ǎΣ ǇŜǊ ōƛƭƭƛƻƴ D5t όtt{ϵύ 14.21 (1) 0.39  2.24  1.88 (0) 5.08  

Health technology patents (PCT) 6798 (3) 10,154 (3) 2277 (3) 540 (3) 449 (3) 

IŜŀƭǘƘ ǘŜŎƘƴƻƭƻƎȅ ǇŀǘŜƴǘǎ όt/¢ύ ǇŜǊ ōƛƭƭƛƻƴ D5t όtt{ϵύ 0.55 (3) 0.89 (3) 0.65 (3) 0.09 (3) 0.44 (3) 

Climate change mitigation patents (PCT) 1195 (3) 551 (3) 744 (3) 115 (3) 89 (3) 

Climate change mitigation patents (PCT) pŜǊ ōƛƭƭƛƻƴ D5t όtt{ϵύ 0.10 (3) 0.05 (3) 0.21 (3) 0.02 (3) 0.09 (3) 

Employment in knowledge intensive economic activities (8) as % of total employment 35.1  :  :  :  :  
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Medium and high-tech manufacturing exports, millions of euro (9)       781,149 (2) 522,413 (2) 396,343 (2) 544,786 (2) 204,299 (2) 

Medium and high-tech manufacturing exports as % of total product exports (9)   59.6 (2) 59.1 (2) 74.6 (2) 56.0 (2) 71.2 (2) 

Knowledge intensive service exports, millions of euro (9)   608,223 (2) 153,865 (2) 34,418 (2) 38841 (2) 35,703 (2) 

Knowledge intensive service exports as %¨of total service exports (9)     49.4 (2) 41.4 (2) 33.9 (2) 38.8 (2) 69.1 (2) 

Contribution of medium-high and high-tech exports to the manufacturing trade balance as % of 
total manufacturing (10)             

5.1 (2) 5.4 (2) 12.2 (2) :  3.5 (2) 

           
Source: DG Research and Innovation; In bold an up-date from Eurostat for 2011 EU data; this study for 2010 and 2011 data for China (also in bold)                                                                              
Notes: (0) 2011. (1a) 2010. (1) 2009. (2) 2008. (3) 2007. (4) EU does not include IE. (5) EU does not include not included 2009: BG, DK, EE, LT, LU, LV, MT, PT, RO, SK (6) EU refers to extra-EU. (7) 
EU does not include BG, EE, CY, LV, LT, LU, MT, SI, SK. (8) Employment in the public sector is included. (9) EU includes intra-EU exports. (10) EU does not include BG, CY, LV, LT, MT, RO. (11) ISCED 
5A including first and second degree of 5A. (12) China data refers to enrolment 
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2.3. Research output indicators: bibliometrics 

Research Output of China  

{ŎƛŜƴǘƛŦƛŎ ƻǳǘǇǳǘ ƛǎ ŀ ƪŜȅ ŀǎǇŜŎǘ ƛƴ ŜǾŀƭǳŀǘƛƴƎ /ƘƛƴŀΩǎ ǊŜǎŜŀǊŎƘ ŎŀǇŀŎƛǘȅΦ Lƴ ǘƘƛǎ ǎŜŎǘƛƻƴ ǘƘŜ results of 

an analysis of publicatioƴ Řŀǘŀ ŦǊƻƳ 9ƭǎŜǾƛŜǊΩǎ {ŎƻǇǳǎ ŀǊŜ presented. The selected publication 

document type waǎ άŀǊǘƛŎƭŜǎέΣ ǿƘƛŎƘ ŘƻŜǎ ƴƻǘ ƛƴŎƭǳŘŜ ŎƻƴŦŜǊŜƴŎŜ ǇŀǇŜǊǎΣ ŜŘƛǘƻǊƛŀƭǎΣ ƴƻǘŜǎΣ ǊŜǾƛŜǿǎΣ 

etc. The time span covered the 14 most recent years: 2000 ς 2013. Besides the aggregate 

performance, 27 disciplines were analysed using the pre-defined subject categories from Scopus. 

The number of scientific publications with Chinese addresses maintained a 17% annual growth rate 

between 2000 and 2013, increasing from around 41,000 to over 300,000 (Figure 11). Despite the fact 

that the number of scientific publications for the EU and US both kept growing at a speed of 4% per 

year, their shares in the worldwide total have decreased over the years, both dropping 2 or 3 per cent 

ς the EU27 from 33% to 31% and the US from 26% to 23%. The share of Japanese publications declined 

even more, from 9% in 2000 to 5% in 2013. The proportional shrink in the share of these countries is 

mainly caused by the rapid increase of BRIC countries, among which China grew the most, from 4% of 

the world total in 2000 to 18% in 2013. Other BRIC countries like India and Brazil have increased their 

shares slightly, by about 2% over the 14 years studied. Russia, however, was the only exception among 

the BRICǎΦ LǘΩǎ ǎƘŀǊŜ dropped by 1%, from 3% in the year to 2% by 2013. 

 

Figure 11. Publication shares in the worldwide total 2000-2013 (BRIC countries, EU9, United States and Japan) 

Source: Scopus - SciVerse Elsevier. Note: Document type is ñarticleò. 

                                                           
9 EU refers to the EU15 up to 2003, the EU25 from 2004, and the EU27 from 2007. EU28 data was not available at the time of writing. 
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Research output by field 

In ƳŀǇǇƛƴƎ /ƘƛƴŀΩǎ ǊŜǎŜŀǊŎƘ ŎŀǇŀŎƛǘƛŜǎΣ ƛǘ ƛǎ ƴŜŎŜǎǎŀǊȅ ǘƻ ŦƻŎǳǎ ƻƴ ǘƘŜ ƪŜȅ ǎŎƛŜƴǘƛŦƛŎ ŘƛǎŎƛǇƭƛƴŜǎΦ ¢ƻ 

ensure comparability with other studies, the predefined subject categories from Scopus were used. 

The criterion in selecting key scientific fields was a combination of three areas: strong, fast growing 

and matching of grand challenges. The strongest research areas in China represent its scientific 

ǎǘǊŜƴƎǘƘǎ ŀƴŘ ŎƻƳǇŜǘƛǘƛǾŜƴŜǎǎ ƛƴ ǘƘŜ ǇŀǎǘΣ ǿƘƛƭŜ ǘƘŜ ŦŀǎǘŜǎǘ ƎǊƻǿƛƴƎ ƻƴŜǎ Ƴŀȅ ƛƴŘƛŎŀǘŜ /ƘƛƴŀΩǎ ŦǳǘǳǊŜ 

development trends. 

The coverage of the scientific fields consisted of two layers. Firstly, in the following section the general 

developing trends of 12 fields were examined, providing the publication number and the growth rate 

for each of these fields in the selected years (2000, 2005, 2010 and 2011). These Chinese indicators 

are compared with the worldwide benchmarks. The twelve fields, as agreed with the EC, were as 

follows:    

ω Computer science;  

ω Biochemistry;  

ω Engineering;  

ω Physics and Astronomy;  

ω Chemistry;  

ω Materials Science;  

ω Immunology and Microbiology;  

ω Environmental Science;  

ω Agricultural and Biological Science;  

ω Medicine;  

ω Pharmacology, Toxicology and Pharmaceutics;  

ω Energy.  

Secondly, the text that follows presents a deeper analysis on the research efforts between China and 

the EU10 in six selected fields. The selected areas were Chemistry, Computer science, Environmental 

science, Medicine, Pharmacology, Toxicology and Pharmaceutics, Physics and Astronomy. 

 

                                                           
10 EU refers to the EU15 up to 2003, the EU25 from 2004, and the EU27 from 2007. EU28 data was not available at the time of writing. 
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Strongest research fields  

The research output in China was found to have a different pattern from that of the global output 

seen in Figure 12. Over the 14 year period (2000-2013), the aggregate worldwide scientific output was 

dominated by Medicine, which accounted for 28% of the total publications. The second field was 

Biochemistry, genetics and molecular biology, which was followed by Engineering and Physics and 

astronomy. In China, however, the dominant position ς which accounted for about 29% of the national 

total publications ς was occupied by Engineering. The next three largest fields with the most 

publications were Physics and Astronomy, Material science, and Chemistry.  In general, the major 

ŎƻƴǘǊƛōǳǘƛƻƴ ǘƻ /ƘƛƴŀΩǎ ǘƻǘal scientific research output came from hard science. On the contrary, 

research in soft science has not developed well in China.    

 

Figure 12. Share of academic disciplines, China vs. Worldwide 

Source: Scopus - SciVerse Elsevier. 

Note: This is calculated on the basis of total publications between 2000 and 2013 
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Fastest growing fields 

/ƘƛƴŀΩǎ ŦŀǎǘŜǎǘ ƎǊƻǿƛƴƎ ŦƛŜƭŘǎ - which can indicate its future development direction - were also found 

to be different from the global trend (Table 3). The emerging field immunology and microbiology has 

ōŜŜƴ ōƻƻƳƛƴƎ ǿƛǘƘ ŀ ƎǊƻǿǘƘ ƻŦ ну҈ ǇŜǊ ȅŜŀǊΣ ŀƭǘƘƻǳƎƘ ƛǘǎ ǎƘŀǊŜ ƻŦ /ƘƛƴŀΩǎ ǘƻǘŀƭ ǇǳōƭƛŎŀǘƛƻƴǎ ƛƴ нлмм 

was rather low. In contrast, strong fields with larger proportions in the total publications grew at a 

relatively slower speed. For instance, Chemistry, Materials science, Physics and Astronomy, and 

Engineering increased by less than 20% per year. An exception is Pharmacology, Toxicology and 

Pharmaceutics which had a low share in the national total academic output and also grew slower than 

20% per year.  

However, regardless of the field taken into consideration, the growth rate of Chinese publications was 

always a lot higher than that of the aggregated global total. Table 3 shows that annual growth rates 

of Chinese publications in all of the selected twelve fields were 10% higher than those of the 

worldwide total. 

Table 3. Comparison of growth rate by field (China vs. worldwide) 

WORLDWIDE CHINA 
GROWTH RATE 

DIFFERENCE 

12 fields 
Growth rate 

2000-11 
ratio to the 
total (2011) 

12 fields 
Growth rate 

2000-11 
ratio to the 
total (2011) 

(China vs 
worldwide) 

Computer Science 10.1% 0.06 
Immunology and 
Microbiology 

28.0% 0.03 24.8% 

Engineering 7.5% 0.15 Computer Science 27.5% 0.10 17.4% 

Materials Science 7.2% 0.11 Environmental Science 25.7% 0.06 18.5% 

Environmental Science 7.1% 0.05 
Agricultural and 

Biological Sciences 
25.3% 0.08 18.5% 

Agricultural and Biological 
Sciences 

6.8% 0.10 Medicine 24.7% 0.15 18.3% 

Chemistry 6.7% 0.11 
Biochemistry, Genetics 
and Molecular Biology 

23.9% 0.13 18.5% 

Medicine 6.4% 0.30 Energy 21.4% 0.05 15.3% 

Energy 6.1% 0.03 Engineering 20.8% 0.30 13.3% 

Pharmacology, Toxicology 
and Pharmaceutics 

5.5% 0.04 
Pharmacology, 

Toxicology and 
Pharmaceutics 

19.1% 0.04 13.6% 

Biochemistry, Genetics 
and Molecular Biology 

5.4% 0.14 Physics and Astronomy 18.3% 0.20 13.4% 

Physics and Astronomy 4.9% 0.13 Materials Science 17.9% 0.20 10.7% 

Immunology and 
Microbiology 

3.3% 0.04 Chemistry 17.7% 0.17 10.9% 

Source: Scopus - SciVerse Elsevier. Note: Growth rate is calculated by the exponential growth. 
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To shed light on the strengths and weaknesses of the research fields in China, Figure 13 ǎƘƻǿǎ /ƘƛƴŀΩǎ 

development trends with global benchmarks. It provides the share of Chinese publications in the total 

global publications. 

 

Figure 13. Subject fields of Chinese publications as percentage of worldwide total 

Note: Fields are ranked by their percentage values in 2013. 

 

The percentage share of Chinese publications in the total worldwide output by field reveals the 

strengths and weaknesses of research capabilities in China. The country shows a clear competitive 

advantage in natural sciences, such as Engineering, Materials science, and Computer science. On the 

contrary, research in social sciences, for instance Psychology and Arts and Humanities, has not 

progressed to the same level.  

As shown in Figure 13Σ /ƘƛƴŀΩǎ ǘƻǇ ŦƛǾŜ strongest research fields were Engineering, Energy, Materials 

science, Computer science and Chemical engineering, while the five weakest fields were Psychology, 

Arts and Humanities, Nursing, Health professions and Social science. For 2013 the publications in 

Engineering, Energy, Materials science, Computer science and Chemical engineering, accounted for 

respectively 34%, 32%, 30%, 30% and 29% ƻŦ ǘƘŜ Ǝƭƻōŀƭ ǘƻǘŀƭΦ IƻǿŜǾŜǊΣ ǘƘŜ Ǝƭƻōŀƭ ǎƘŀǊŜǎ ƻŦ /ƘƛƴŀΩǎ 
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Psychology, Arts and Humanities, Nursing, Health professions and Social science fields were only 

between 2 % and 4 %.  

Collaboration with the EU11 

/ƘƛƴŀΩǎ ǊƛǎƛƴƎ ǊƻƭŜ ŀƴŘ Ǝƭƻōŀƭ ƛƴŦƭǳŜƴŎŜ ƛƴ ŀŎŀŘŜƳƛŎ ǊŜǎŜŀǊŎƘ ƛǎ ƴƻǘ ƻƴƭȅ ǊŜŦƭŜŎǘŜŘ ōȅ ƛǘǎ ǊŜǎŜŀǊŎƘ ƻǳǘǇǳǘ 

in terms of numbers of publications, but also by its global collaboration and integration performance, 

which has an even more direct influence on other nations. In this section, an analysis of the 

performance of research efforts between China and the EU in 6 selected subject fields is provided. To 

shed light on the collaboration prospect in quantity and quality terms, the analysis covered not only 

the total collaborated output but also examined joint papers in high impact journals. 

The selected subject fields were:     

ω Chemistry; 

ω Computer science;  

ω Environmental science;  

ω Medicine;  

ω Pharmacology, Toxicology and Pharmaceutics; 

ω Physics and Astronomy. 

First, the number of co-authored papers between China and the EU were identified. In order to have 

a full comparative view, research efforts between China and all foreign countries and the US were also 

taken into consideration. Secondly, the percentage shares of these co-authored papers in the total 

Chinese publications were calculated.  

ω % share of the publications with foreign co-authors; 

ω % share of the publications with EU co-authors; 

ω % share of the publications with American co-authors. 

Thirdly, the publication quality of these co-authored papers between China and foreign countries 

(including the EU and the US) was assessed. By subject field, the joint research efforts published in the 

                                                           
11 EU refers to the EU15 up to 2003, the EU25 from 2004, and the EU27 from 2007. EU28 data was not available at the time of writing. 
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top 2% of the high-impact journals were examined. The selection of top journals was based on the SJR 

(SCImago Journal Rank) in each category. Table 4 presents the numbers of journals by field12. 

Table 4. Numbers of total journals by field 

Fields Number of Total journals Top 2% 

 Chemistry 680 14 

 Computer Science 1031 21 

 Environmental Science 879 18 

 Medicine  5363 30 

 Pharmacology, Toxicology and Pharmaceutics 526 11 

 Physics and Astronomy 843 17 

 

Source: Scopus and SCImago Journal Rank 

  

As shown in Figure 14 (a-f), joint research efforts in Chemistry grew steadily during the whole period 

studied, and the percentage of joint publications with foreign countries in this field climbed from 13% 

in 2005 to 16% in 2011. 

However, in Computer science, Environmental science, Medicine, and Physics and Astronomy, the 

collaboration percentage decreased greatly in 2005. This reduction was mainly caused by the 

publication boom of Chinese researchers in that period. Namely, the numerator (collaborated papers 

with foreign researchers) grew slower than the denominator (total publications). Afterwards, the 

collaboration ratio increased again in Computer science, Environmental science, Medicine, but 

stagnated in Physics and Astronomy (staying at 16% between 2005 and 2011). 

In Chemistry, and Physics and Astronomy, China collaborated almost equally with the EU and the US. 

In Medicine and Pharmacology, Toxicology and Pharmaceutics, China collaborated more with the US 

than the EU. 

                                                           
12 The field of Medicine is an exception. Due to its large number of total journals in this subject field, only top 30 journals were considered 

in the analysis.  
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                  13 

                                                           
13 EU refers to the EU15 up to 2003, the EU25 from 2004, and the EU27 from 2007. EU28 data was not available at the time of writing. 
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c ) Environmental science
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d) Medicine
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e) Pharmacology

0%

5%

10%

15%

20%

25%

30%

0

1,000

2,000

3,000

4,000

5,000

6,000

7,000

8,000

9,000

2000 2005 2010 2011

p
e

rc
e

n
ta

g
e

 o
f 
to

ta
l

n
u

m
b

e
r 

o
f 
p

u
b

lic
a

tio
n

s

f) Physics and Astronomy

Figure 14. Collaborated publications between China 
and foreign countries 

Source: Scopus - SciVerse Elsevier. 
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Publication quality 

Comparison of high impact publications by collaboration group shows that co-authored papers 

between Chinese and US scientists have had a higher impact than the average of collaborative work 

between China and all foreign countries (Figure 15 a-f). In four out of the six selected fields, the 

percentage of high impact publications between China and US reached its highest level in 2005: 

Chemistry (10.7%), Computer science (8.2%), Environment science (14.7%) and Medicine (6.5%). 

Physics and Astronomy was the only field in which the EU14 outperformed the US in terms of the 

publication shares in high impact journals. 

The field in which collaborative efforts had the highest impact was Environmental science, with 7.7-

9.7% of the total collaborative papers appearing in relevant journals between 2000 and 2011. High-

impact collaboration in Pharmacology and Physics and Astronomy emerged only after 2005. Though 

rising over years, the shares of collaborated publications were still rather low until 2011. 

  

                                                           
14 EU refers to the EU15 up to 2003, the EU25 from 2004, and the EU27 from 2007. EU28 data was not available at the time of writing. 
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Figure 15. Share (%) of publications in high impact journals15 

Source: Scopus - SciVerse Elsevier. 

                                                           
15 EU refers to the EU25 from 2004, and the EU27 from 2007. EU28 data was not available at the time of writing. 
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To have a better view on the collaborative research with China, the EU16 was compared with the US in 

Figures 16 and 17. The number of joint publications between the EU and China was divided by the 

number of joint publications between the US and China. Thus, a value greater than 1 indicates that 

China had more collaborative research with the EU than the US, while a value less than 1 means that 

China collaborated more with the US than the EU. 

Considering the fact that the volume of collaborative research between China and foreign countries 

was rather low in 2000, two benchmark years - 2005 and 2011 - were selected for this comparison. 

As seen in Figure 16, in 2005, in terms of the total collaborative research with China, the EU was at a 

slightly higher level than the US in Chemistry (EU/US=1.04), and at a similar level in the rest of the 

fields. In Computer science and Environmental science, this value was around 0.8. The values in all 

fields dropped in 2011 (Figure 17), indicating that the US performed more collaborative research with 

China while in 2011 the EU decreased its share in the selected fields. 

wŜƎŀǊŘƛƴƎ άƘƛƎƘ ǉǳŀƭƛǘȅ ŎƻƭƭŀōƻǊŀǘƛƻƴέΣ defined for the purposes of this analysis as publications in high 

impact journals, the EU/US ratio increased in almost all fields from 2005 to 2011: Chemistry from 0.45 

to 0.60, Computer science from 0.50 to 0.57, Environmental science from 0.34 to 0.41, Medicine from 

0.21 to 0.31 and Physics and Astronomy from 0.50 to 0.87. The only field in which the value decreased 

is Pharmacology, Toxicology and Pharmaceutics. However, this needs to be treated with caution, given 

that the total publication numbers in this field were rather low and thus small changes in the numbers 

of co-publications can be exaggerated. 

 

                                                           
16 EU refers to the EU25 from 2004, and the EU27 from 2007. EU28 data was not available at the time of writing. 
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Figure 16. Joint publications with Chinese institutes in 2005 (EU17/US) 

Source: Scopus - SciVerse Elsevier.  

 

Figure 17. Joint publications with Chinese institutes in 2011 (EU18/US) 

Source: Scopus - SciVerse Elsevier.   

                                                           
17 EU refers to the EU25. 
18 EU refers to the EU27.  
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3. Mapping of Chinaõs research and innovation capabilities in 

selected technologies  

WP2 of this project developed ŀ ŎƻƳǇǊŜƘŜƴǎƛǾŜ ƻǾŜǊǾƛŜǿ ƻŦ /ƘƛƴŀΩǎ ǊŜǎŜŀǊŎƘ ŀƴŘ ƛƴƴƻǾŀǘƛƻƴ 

capabilities across selected technologies and industrial sectors. This chapter provides an in-depth 

ŀƴŀƭȅǎƛǎ ƻŦ /ƘƛƴŀΩǎ ǎǘǊŜƴƎǘƘǎ ŀƴŘ ǿŜŀƪƴŜǎǎŜǎ ƛƴ ǘŜǊƳǎ ƻŦ ǇŀǘŜƴǘ ǎǇŜŎƛŀƭƛǎŀǘƛƻƴ ŦƻƭƭƻǿƛƴƎ ǘƘŜ 

LƴǘŜǊƴŀǘƛƻƴŀƭ tŀǘŜƴǘ /ƭŀǎǎƛŦƛŎŀǘƛƻƴ όLt/ύΣ ŀƴŘ /ƘƛƴŀΩǎ ŘŜǾŜƭƻǇƳŜƴǘ ƛƴ ǾŀǊƛƻǳǎ ƛƴŘǳǎǘǊƛŜǎ ƛƴ ǘŜǊƳǎ ƻŦ 

R&D expenditure. The analysis compares R&D activities of Chinese firms in eight sectors and in specific 

cross-cutting technologies to those of the EU-27.  

The Sectoral Approach 

Eight industrial sectors were selected for the empirical analysis. The sectors were defined at the NACE 

two-digit level: 

ω C20 - Chemical Products 

ω C21 ς Pharmaceuticals 

ω C25 ς Fabricated metal products 

ω C26 ς Computers, electronic, optical products 

ω C27 ς Electrical equipment 

ω C28 - Machinery and equipment  

ω C29 - Motor vehicles  

ω C30 - Other transport equipment (with a special focus on C30.1, ships and boats and C30.3, the 

aerospace industry) 

 

It was initially intended also to include one service sector, namely the sector J62 - Computer 

programming, consultancy and related activities. However, due to severe data limitations, this sector 

had to be eliminated.  
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Definition of cross-cutting technologies 

In addition to the sectorial approach introduced above, three major cross-cutting technologies were 

analysed. These technologies do not follow the traditional industry classification, but are of special 

importance, also in light of the EU policy towards grand challenges:   

ω Biotechnology; 

ω Environmental Technologies (with a special focus on wind and solar photovoltaic energy);  

ω Nanotechnology.  

While environmental technologies and biotechnology are clearly related to more than one of the 

grand challenges (e.g. Cities/Transport, Climate Change, Water, Health), nanotechnology can be 

considered as an important cross-cutting technology with potential positive impact in light of most of 

the challenges.  

As seen in Figure 18, the sectors included and the cross-cutting technologies clearly overlap (e.g. 

Pharmaceuticals and Biotechnology). However, it is evident that the cross-cutting technologies are 

not limited to the sectors in the detailed analysis provided. 

 

Industrial Sectors (NACE 2.0) 
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Figure 18. Selected manufacturing industries and cross-cutting technologies (green) 
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Data 

The analysis mainly employs two analytical indicators, patent counts and R&D expenditures, derived 

from different data sources. The main data sources used were: 

ω OECD, REGPAT database, January 2014; 

ω China Statistical Yearbook; 

ω Eurostat, various databases; 

ω OECD, STAN database; 

ω World Input-Output Database (WIOD). 

Data from the OECD REGPAT database was retrieved to calculate all patent-related indicators used. 

This concerns mainly the global portfolio of PCT patenting over the years 1990-2011, disaggregated 

by countries or groups of countries and selected technologies matched to the industrial sectors and 

cross-cutting technologies introduced above19. Because of the low costs involved in PCT patenting and 

policies to stimulate PCT patenting in China, which may lead to a large number of patents with 

comparable low economic value (Dang and Motohashi 2013), the use of proxies of patent value, e.g. 

highly cited patents and/or triadic patents was also considered. However, triadic patent data is only 

fully available up to the year 2006 and would not be able to capture current developments in patent 

activity. When using citation data the large citation lags of up to 15 years has to be considered, the 

time period under consideration would only be rudimentarily observable. In a similar way also other 

patent value measures are just observable a rather long time period of up to 10-15 years after patents 

have been granted, additionally different measurement approaches are currently used that are not 

yet fully developed. 

Information from the China Statistical Yearbook has been used to gather data on Chinese R&D 

expenditures over the years 2000-2010 across the selected manufacturing sectors, while data from 

Eurostat provided the same information for the EU20, and data from the OECD Stan database for the 

US and Japan. This was necessary for comparison purposes in the STI development of China as 

                                                           
19 Matching procedures described in inception report:  

In the case of the industrial sectors considered some data, in particular on R&D expenditures, is already available in the structure needed. 

However, patent data as a major input in this work package is classified along technologies and not industrial sectors. Therefore, the patent 

data will be transformed into industrial sectors using the concordance tables provided by Schmoch et al. In case of two of the cross cutting 

technologies, the OECD has identified relevant IPC and European Classification System (ECLA) codes to match patents with environmental 

Technologies  (ENV-Tech Indicators) and biotechnology . Patents relevant for the third cross-cutting technology considered, nano-

technologies, can be identified via the ECLA code. 

20 EU refers to the EU15 up to 2003, the EU25 from 2004, and the EU27 from 2007. EU28 data was not available at the time of writing. 
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compared to the EU, but also to the US and Japan. For data on the industrial structure (sectoral value 

added and production) and exports, the World Input-Output Database (WIOD) was used21. 

3.1. Chinaõs industrial structure in comparison 

Differences in the industrial structure of China and the EU22 

Before the data on R&D expenditures and patent applications weǊŜ ŜȄŀƳƛƴŜŘ ƛƴ ŘŜǘŀƛƭΣ /ƘƛƴŀΩǎ 

industrial structure was studied and compared with that of the EU. The industrial structure can be 

measured by using data from 2009 on total production (Figure 19) and value added (Figure 20). A 

considerable specialization of China in ΨElectrical and optical equipmentΩ was revealed. ΨElectrical and 

optical equipmentΩ includes two sectors ς Ψ/omputers, electronic, optical productsΩ ό/нсύ ŀƴŘ 

Ψ9lectrical equipmentΩ (C27). Additionally, a ƘƛƎƘ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ǘƘŜ ǎŜŎǘƻǊ Ψaetal and metal productsΩ 

(including NACE 2.0 section C25 ΨFabricated metal productsΩ), some low-tech-manufacturing sectors 

όƳƻǎǘ ƴƻǘŀōƭȅ Ψ¢extiles, apparel, and leatherΩ), Ψ!gricultureΩ ŀƴŘ ΨMiningΩ ǿŀǎ found. 

 

Figure 19. Difference in sector shares on total production between CN and the EU23, 2009 

Source: WIOD, own calculations 

Note: NACE Rev. 1.1 

                                                           
21The data used are taken from the World Input-Output Database (WIOD), (see www.wiod.org). It was compiled on the basis of national 

accounts, national supply and use tables and detailed trade data on goods and services, combining information for 59 products and 35 

industries. More detailed information is provided by Timmer et al. (2012) and Dietzenbacher et al. (2013). 

22 EU refers to EU27. 

23 EU refers to EU 27. 
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With very few exceptions, the shares of all manufacturing sectors in total production (and to a lesser 

extent also in value added) were higher in China than the EU. In contrast, all the services sectors played 

a much smaller role in ChinaΩǎ economic structure. Therefore not only the importance of certain 

manufacturing sectors was found to differ between China and the EU, but also the weight of the 

manufacturing sector as a whole in China appeared be to much larger than in the EU.  

 

Figure 20. Difference in sector shares on total value added between CN and the EU24, 2009 

Source: WIOD, own calculations 

Note: NACE Rev. 1.1 

The absolute numbers reveal that in some sectors both the relative importance of the sector was 

higher in China compared to the EU and that the absolute value of the production was above the level 

of the EU. These sectors included a number of low-tech manufacturing sectors, among which was 

Ψ¢ŜȄǘƛƭŜǎΣ apparel ŀƴŘ ƭŜŀǘƘŜǊΩ for which /ƘƛƴŀΩǎ ǇǊƻŘǳŎǘƛƻƴ ƛn 2009 was three times higher than that 

of the EU. However, ChinaΩǎ Ψ9leŎǘǊƛŎŀƭ ŀƴŘ ƻǇǘƛŎŀƭ ŜǉǳƛǇƳŜƴǘΩ ǇǊƻŘǳŎǘƛƻƴ was also higher than that of 

the EU by a factor of two. In contrast, in all other high- and medium-high-tech manufacturing sectors 

                                                           
24 EU refers to EU27. 

-15%

-10%

-5%

0%

5%

10%

15%

A
g
ri

cu
ltu

re
, 

m
in

in
g

M
e
ta

ls
 a

n
d

 m
e
ta

l p
ro

d
u

ct
s

E
le

ct
ri
ca

l 
a
n

d
 o

p
tic

a
l e

q
u
ip

m
e
n

t

T
e
xi

le
s,

 a
p
p

a
re

l, 
le

a
th

e
r

F
o
o
d

 a
n
d

 t
o
b

a
cc

o

C
h

e
m

ic
a
l 
p
ro

d
u
c
ts

N
o
n

-m
e
ta

lli
c 

m
in

e
ra

l 
p
ro

d
u
c
ts

M
a

ch
in

e
ry

T
ra

n
sp

o
rt

 e
q

u
ip

m
e
n

t

C
o
ke

, 
o
il

R
u

b
b

e
r 

p
ro

d
u
c
ts

W
o
o

d
 a

n
d

 w
o
o
d

 p
ro

d
u

ct
s

P
o

st
 a

n
d
 t

e
le

co
m

C
o
n

st
ru

c
tio

n

E
le

ct
ri
ci

ty
, 

g
a

s 
a
n

d
 w

a
te

r 
su

p
p

ly

T
ra

n
sp

o
rt

O
th

e
r 

m
a

n
u

fa
ct

u
ri
n

g

P
a

p
e

r,
 p

ri
n

tin
g

F
in

a
n

ci
a

l 
in

te
rm

e
d

ia
ti
o
n

H
o
te

ls
 a

n
d

 r
e
st

a
u
ra

n
ts

T
ra

d
e

R
e
a

l 
e
st

a
te

R
e
n

tin
g
, 

b
u

si
n

e
ss

 s
e
rv

ic
e
s

O
th

e
r 

se
rv

ic
e
s

D
iff

e
re

n
ce

 i
n

 s
h
a

re
 o

f 
to

ta
l 
b

e
tw

e
e
n

 C
N

 a
n

d
 t
h

e
 E

U



STI Performance of China 

D9: Final Report 

  37 37 

the total EU production was above the value for China. Total production of the Ψ¢ransport equipmentΩ 

sector was two times higher in the EU compared to that in China in 2009. 

Export specialization of China compared to the EU25 

Using a similar approach the differences between the export specialization of China and the EU were 

examined in the year 2009 (Figure 21). In only two sectors ς Ψ9lectrical and optical equipmentΩ ŀƴŘ 

Ψ¢extiles, apparel, leatherΩ ς did the identified high specialization in production also translate into a 

high export specialization. The other manufacturing sectors with high shares of total production 

seemed to be more oriented towards the Chinese domestic market. One example of a sector with 

such a pattern (a high share in production, but a low share in total exports) waǎ Ψaetal and metal 

productsΩ. The two sectors with the highest identified share in total Chinese exports (Ψ9lectrical and 

optical equipmentΩ ŀƴŘ Ψ¢extiles, apparel, leatherΩ) together accounted for more than half of all 

Chinese exports in 2009. In contrast, EU exports were more equally distributed across economic 

sectors. In the case of the EU, the sector with the highest share in total exports ς Ψ¢ransport 

equipmentΩ ς only accounted for less than 12% of total exports.  

 

Figure 21. Difference in sector shares on total exports between CN and the EU26, 2009 

Source: WIOD, own calculations 

Note: NACE Rev. 1.1 

                                                           
25 EU refers to EU27. 

26 EU refers to EU27. 
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Analysing total exports for China and the EU27, Figure 22 shows that EU exports were still about four 

times the value of Chinese exports in absolute terms in the most recent year where data is available 

(2009). 

Only in the sector Ψ9lectrical and optical equipmentΩ was the value of Chinese exports close (75%) to 

the EU value. However, the absolute figures also reveal the much faster growth of Chinese exports 

compared to those of the E¦Φ Lƴ мффрΣ /ƘƛƴŜǎŜ Ψ9lectrical and optical equipmentΩ exports were only 

10% of the EU value. While Chinese exports in other sectors grew significantly over the last 14 years, 

the value of EU exports waǎ ōŜǘǿŜŜƴ ƳƻǊŜ ǘƘŀƴ ǘƘǊŜŜ όΨCabricated metal productsΩύ ŀƴŘ нт όΨaotor 

vehiclesΩ) times higher than the corresponding Chinese exports in 2009. However, it should be noted 

that EU exports also include intra-EU Exports. If only extra-EU exports were included the gap between 

China and the EU in term of total exports would be significantly smaller.   

 

Figure 22. Total exports and exports in selected sectors of China and the EU28, 1999, 2000, 2005, 2007 and 2009 

Source: WIOD, own calculations 

Note: NACE Rev. 1.1 

                                                           
27 EU refers to the EU15 up to 2003, the EU25 from 2004, and the EU27 from 2007.  
28 EU refers to the EU15 up to 2003, the EU25 from 2004, and the EU27 from 2007.  
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3.2. Chinaõs overall research, development and innovation performance  

¢ǊŜƴŘǎ ƛƴ /ƘƛƴŀΩǎ industry R&D  

This section is focused on the development of China´s industrial R&D expenditures, disaggregated by 

different sectors of economic activity in comparison to the EU29, the US and Japan. R&D expenditures 

have been widely used in studies measuring the STI performance of firms, regions or countries as an 

indicator for the ability to generate innovations. More specifically, industry R&D expenditures have 

been commonly considered to be one of the main drivers of generating new products and/ or new 

processes that induce added value and foster productivity and growth (see, for example, Mairesse and 

Sassenou, 1991). The R&D expenditures are generally measured in Euro at current prices.  

In the empirical analysis, only sectors in the China Statistical Yearbook were considered to measure 

the development of industrial R&D expenditures along with the selected sectors of interest (see 

Section 3.3). These sectors were matched with the NACE rev. 2 classification for sectors of economic 

activity in order to compare Chinese R&D expenditures with the those of the EU, the US and Japan. 

Correspondingly, data on Chinese R&D expenditures were sourced from the China Statistical 

Yearbook, while for the EU, the US and Japan, data was gathered from Eurostat, the OECD and national 

statistical offices.  

Development of total R&D expenditures         

Prior to analysis of the development of R&D expenditures from a sectorial perspective, it is 

appropriate to discuss the general development of R&D expenditures in China as compared to other 

countries. This can shed some light on the overall importance of R&D in the Chinese economy, and 

the role of China in the world in terms of R&D. Figure 23 illustrates country shares of total R&D 

expenditures worldwide (including firms, universities and public actors) for the years 2002, 2007 and 

2009, while Figure 24 shows the development of total R&D expenditures as a percentage of gross 

domestic product for the time period 2000-2012.  

                                                           
29 EU refers to the EU15 up to 2003, the EU25 from 2004, and the EU27 from 2007.  
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Figure 23. Global shares of total R&D expenditures (GERD), 2002, 2007 and 2009 

Source: UNESCO, own calculations30 

Two important trends can be seen. Firstly, that there was a significant overall increase in global R&D 

expenditures between 2002 and 2009, from roughly 800 billion USD in purchasing power parities (PPP) 

to 1,250 billion USD PPP. Secondly, that the distribution of global shares has also changed considerably 

during this period:  

ω North America, including the US and Canada, had the highest share of global R&D 

ŜȄǇŜƴŘƛǘǳǊŜǎΦ IƻǿŜǾŜǊΣ bƻǊǘƘ !ƳŜǊƛŎŀΩǎ ǎƘŀǊŜ Ƙŀǎ ƎǊŀŘǳŀƭƭȅ ŘŜŎǊŜŀǎŜŘ ōŜǘǿŜŜn 2002 and 

2009 in relative terms from 37.7% to 32.7%.  

ω WŀǇŀƴΩǎ Ǝƭƻōŀƭ ǎƘŀǊŜ Ƙŀǎ ŘŜŎǊŜŀǎŜŘ ŦǊƻƳ моΦт҈ ǘƻ млΦт҈ ōŜǘǿŜŜƴ нллн ŀƴŘ нллфΦ .ŜǘǿŜŜƴ 

нллт ŀƴŘ нллфΣ WŀǇŀƴΩǎ wϧ5 ŜȄǇŜƴŘƛǘǳǊŜǎ ǎƭƛƎƘǘƭȅ ŘŜŎǊŜŀǎŜŘ ŀƭǎƻ ƛƴ ŀōǎƻƭǳǘŜ ǾŀƭǳŜǎΣ ǊŜƭŀǘŜŘ 

to the global economic crisis in this time period.  

                                                           
30 European Union refers to the EU15 up to 2003, the EU25 from 2004, and the EU27 from 2007. EU28 data were not available at the time 

of writing. 
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ω For the EU31, R&D expenditures in absolute values have increased, roughly with the same 

magnitude as the US. However, the share of the EU in global R&D has stagnated between 2007 

and 2009.  

ω In contrast to the other countries under consideration, China has increased its total R&D 

expenditures significantly, both in terms of absolute values as well as in terms of its global 

share in total R&D expenditures. The global share has more than doubled between 2002 and 

2009, from 5% to 12Φм҈Φ Lƴ нллфΣ /ƘƛƴŀΩǎ Ǝƭƻōŀƭ ǎƘŀǊŜ ƻƴ ǘƻǘŀƭ R&D expenditures (12.1%) 

exceeded the global share of Japan (10.7%). During the financial crisis of 2008/09, a period 

characterized by decreasing R&D expenditure in some countries, ChinaΩǎ total R&D 

expenditures have continued to increase. Given the trend to be observed from Figure 24, it 

can be assumed that China will maintain the third position behind North America and the 

EU27 in the mid-term, and further close the gap to the EU27 in the mid- to long-term. 

Figure 23 also clearly indicates that the rise of China in terms of absolute R&D expenditures was not 

accompanied by a decline of the EU, North America and Japan. For the whole period, R&D 

expenditures in all three economic regions increased; the share of the EU only decreased relative to 

total global R&D expenditure. 

These results convincingly illustrate the rapid growth of R&D expenditures in China and the efforts of 

the country in catching-up. It points, on the one hand, to a deeper shift in the structure of the Chinese 

economy with a growing share of knowledge intensive industries, in particular telecommunications 

and electronics. On the other hand, it also reflects considerable efforts by the Chinese government to 

accelerate the transformation of the Chinese economy to a more technology-driven, knowledge based 

economy (see, for example, Scherngell et al. 2014).  

/ƘƛƴŀΩǎ ŎŀǘŎƘƛƴƎ ǳǇ ōŜŎƻƳŜǎ ŜǾŜƴ ƳƻǊŜ ƛƳǇǊŜǎǎƛǾŜ ƛŦ ǘƘŜ ƻōǎŜǊǾŀǘƛƻƴ ǇŜǊƛƻŘ is enlarged and total 

R&D expenditures as a percentage of GDP are compared to illustrate the R&D intensity of countries 

relative to their economic size. Figure 24 outlines this indicator for China, Japan, the US and the EU32 

for the period 2000-2012. In the last decade China nearly doubled its R&D intensity and overtook the 

EU in 2012. 

 

                                                           
31 EU refers to the EU15 up to 2003, the EU25 from 2004, and the EU27 from 2007. EU28 data were not available at the time of writing. 

32 EU refers to the EU15 up to 2003, the EU25 from 2004, and the EU27 from 2007. EU28 data were not available at the time of writing. 
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Figure 24. Total R&D expenditures (2000-2012) as a percentage of GDP 

Source: OECD, own calculations33 

The development points to a constant and considerable growth in private R&D expenditures of firms 

located in China between 2000 and 2012. This trend is likely to continue in the near future as there is 

no implicit or explicit evidence of factors that may reduce this growth pattern in the mid-term. While 

in 2000, private actors located in China spent around 12 billion Euros on R&D, this value has increased 

to 78 billion Euros in 2010, i.e. the magnitude of private R&D expenditures increased by a factor of 6.5 

in this period. This tremendous growth cannot only be explained by a changing innovation behaviour 

of some selected firms; it has rather to be related to a more pervasive structural shift of the Chinese 

economy from low- and medium-tech industries to medium-high- and high-tech industries, such as 

telecommunications and electronics (see, e.g., Crescenzi et al. 2012). In related literature, a number 

of explanations for this development have been identified, most importantly the absorption of 

technological knowledge via foreign direct investment (FDIs), and massive government support for 

knowledge diffusion from basic to applied research and development (see, e.g., Scherngell et al. 2014). 

Further it is worth noting that - as also observed for total R&D expenditures - growth of private R&D 

                                                           
33 EU refers to the EU15 up to 2003, the EU25 from 2004, and the EU27 from 2007. EU28 data were not available at the time of writing. 
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expenditures has not been subject to a hiatus during the years of the global economic crisis. In 

contrast, growth of private R&D expenditures in this period was even slightly higher than before.  

An interesting question that arises in this context concerns the role of foreign-owned firms in the 

overall development of R&D expenditures in China. China initially served as an assembler of more 

sophisticated inputs imported from abroad - ƻŦǘŜƴ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ǘƘŜ /ƘƛƴŜǎŜ ΨǿƻǊƪōŜƴŎƘ ŜŎƻƴƻƳȅΩ ς 

driven by cheap factor inputs, in particular cheap labour. Meanwhile, however, there are also signs 

indicating that foreign-owned firms are increasing their R&D activities in China, utilizing millions of 

skilled Chinese engineers and scientists, with their new competencies to develop products specifically 

designed for the Chinese market. However, the figures on foreign R&D activities provided by Chinese 

sources are ambiguous and difficult to interpret (Zahradnik and Urban 2014). It is clear that R&D 

activity of European and US firms in China is rising fast; however, it is still considerably lower than the 

levels of R&D activity of US firms in the EU, or EU firms in the US (Zahradnik 2014, p. 50). 

Concerning the other countries depicted in Figure 24, it is possible to observe a decline in private R&D 

expenditures for the US in the time period 2000 and 2010. However, firms located in the US still spend 

by far the highest amount of on R&D in absolute numbers with a value of around 200 billion Euros in 

2010. While Japan stagnated during the observed time period at a level of 100 billion Euros, the EU 

countries showed a rather constant growth between 2000 and 2008. But stagnation occurred for the 

EU after 2008 at around 150 billion Euros per year.  

¢ǊŜƴŘǎ ƛƴ /ƘƛƴŀΩǎ patent output 

Lƴ ǘƘƛǎ ǎŜŎǘƛƻƴ ŀǘǘŜƴǘƛƻƴ ƛǎ ƎƛǾŜƴ ǘƻ ǘƘŜ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ /ƘƛƴŀΩǎ ǇŀǘŜƴǘ ƻǳǘǇǳǘΦ ²ƘŜƴ 

mapping the research and innovation capabilities of countries, patents are without doubt one of the 

most often used indicators taken into consideration. Patents are ς in spite of various limitations 

discussed in scientific literature (see, e.g., Scherngell, 2007) - the most direct indicator of the creation 

of new technological knowledge that is likely to be commercialized.  

In this analysis the main focus was on raw patent counts, drawing on a time series for the years 1990-

2011. The International Patent Classification (IPC) waǎ ǳǎŜŘ ǘƻ ŎŀǇǘǳǊŜ /ƘƛƴŀΩǎ ǊŜǎŜŀǊŎƘ ŀƴŘ 

innovation capabilities for the eight sectors and three cross-cutting technologies. The REGPAT 

database is a data collection tool to get information on global patenting, aiming to describe the 

ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ /ƘƛƴŀΩǎ ǇŀǘŜƴǘ ƻǳǘǇǳǘ ƛƴ ŎƻƳǇŀǊƛǎƻƴ ǘƻ ƻǘƘŜǊ ŎƻǳƴǘǊƛŜǎ ŀƴŘ ƎǊƻǳǇǎ ƻŦ ŎƻǳƴǘǊƛŜǎΦ 

Within REGPAT the patents that are filed under the Patent Cooperation Treaty (PCT) of the World 
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Intellectual Property Organization (WIPO) have been identified, as these are most appropriate for 

cross-country analysis to avoid home patent office bias. Patent counts were drawn from inventors 

listed in patent documents, i.e. the number of inventors located in a specific country is counted. In 

this context, the approach of fractional counting is implemented.  

Development of the total patent output        

Figure 25 presents the total number of PCT patent applications of China in comparison to the United 

States, Japan, the EU34, and the group of all remaining countries, labelled Rest of the World (RoW). 

/ƘƛƴŀΩǎ ǎƘŀǊŜ Ƴŀȅ ǎǘƛƭƭ ōŜ ǎƳŀƭƭ ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ ¦{ ŀƴŘ ǘƘŜ 9¦Σ ƘƻǿŜǾŜǊΣ ƛǘ ƛǎ ƎǊƻǿƛƴg fast. A shift in 

global patenting share across countries was seen, in particular the increasing importance of China and 

RoW, the latter mainly dominated by other Asian countries such as South Korea, India, Vietnam and 

Thailand.  

From Figure 25, the following main results can be summarized: 

ω Since 1978 global patenting activity has increased tremendously, in particular between the 

early 1990s and 2005. In 1990, the number of annual PCT patents equalled about 20,000; a 

number that increased to about 140,000 over a time period of 15 years;  

ω The EU and the US showed the highest annual number of patents, followed by Japan; 

ω China showed a very low patenting activity before the year 2000. However, after the 

millennium the number of patents increased steadily, reaching a number of about 15,000 

patents in 2010 (which was around two thirds ƻŦ WŀǇŀƴΩǎ ŀƴŘ рл҈ ƻŦ ǘƘŜ ¦{Ω ǇŀǘŜƴǘƛƴƎ ŀŎǘƛǾƛǘȅύΤ 

ω Continuing this trend, China may further increase its share in global patenting relative to the 

US, Japan and the EU; 

ω While a steep increase in patenting in the 1990s can be seen at a similar rate in both the US 

and EU, Japan's patenting activity increased faster after 2000 (especially after 2003), resulting 

in 2010 for a nearly same performance in patenting activity as the US; 

ω Countries of the RoW group begin to intensify patenting earlier than China, since 2008 

accounting for nearly the same figures as Japan.  

 

                                                           
34 EU refers to the EU15 up to 2003, the EU25 from 2004, and the EU27 from 2007. EU28 data were not available at the time of writing. 
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Figure 25. Number of total PCT patent applications (1990-2011) 

Source: OECD, REGPAT database, January 2014, own calculations35 

Turning to relative shares instead of absolute values (Figure 26), the shift in global patenting becomes 

even more evident. The share of the EU36 and the US in global patenting gradually decreased - nearly 

in parallel - from around 43% in the year 1990 to less than 30% in the year 2010. Note that this 

decreasing trend may also be related to a general lower propensity to patent in the EU and the US. 

However, it is without doubt, to a substantial degree, also related to the increasing share of the other 

ǘƘǊŜŜ ŎƻǳƴǘǊƛŜǎ ŀƴŘ ƎǊƻǳǇǎ ƻŦ ŎƻǳƴǘǊƛŜǎΦ ²ƘƛƭŜ /ƘƛƴŀΩǎ ǎƘŀǊŜ ƛƴ Ǝƭƻōŀƭ ǇŀǘŜƴǘƛƴƎ ǎǘŀǊǘed to increase 

noticeably after 2000, the share of RoW has steadily increased since the 1990s. Japan showed a rather 

low increase during the 1990s, a steep increase between 1999 and 2004, then stagnation until 2008, 

and a considerable increase again for 2009 and 2010. 

                                                           
35 EU refers to the EU15 up to 2003, the EU25 from 2004, and the EU27 from 2007. EU28 data were not available at the time of writing. 

36 EU refers to the EU15 up to 2003, the EU25 from 2004, and the EU27 from 2007. EU28 data were not available at the time of writing. 

0

20,000

40,000

60,000

80,000

100,000

120,000

140,000

160,000

180,000

200,000

1
9

7
8

1
9

7
9

1
9

8
0

1
9

8
1

1
9

8
2

1
9

8
3

1
9

8
4

1
9

8
5

1
9

8
6

1
9

8
7

1
9

8
8

1
9

8
9

1
9

9
0

1
9

9
1

1
9

9
2

1
9

9
3

1
9

9
4

1
9

9
5

1
9

9
6

1
9

9
7

1
9

9
8

1
9

9
9

2
0

0
0

2
0

0
1

2
0

0
2

2
0

0
3

2
0

0
4

2
0

0
5

2
0

0
6

2
0

0
7

2
0

0
8

2
0

0
9

2
0

1
0

2
0

1
1

N
u

m
b

e
r 

o
f 
P

C
T

 p
a

te
n

t 
a

p
p

lic
a

tio
n

s

China

ROW

JP

US

EU-27




































































































































































