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Executive Summary

This report is Deliverabl FinalReport of the Science, Technology and Innovation (STI) Performance

of China study (N° RT2ZD11-G5-China).

¢t KS

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

the differences between various Science andhf®logy fields, economic sectors and types of actors

involved.
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The major role assumed by China in STI fields bneghallenges and opportunitiefr Europe:

1

Challenges, because China has entered higher value added segments of glo
production and kked with economies of scale can compete with European
production

Opportunities, because the new technology generated by the increasing an
sustained R&D investments can provide a wealth of opportunities to expand the

boundaries of global knowledge, feediand accelerating the process of innovation.

In that context, the study had the followirgpals
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Identifying, assessing and updating the data and indicators relevant to STI in China
al LILAYy3 / KAyl Qa NBASI NOK | ydhnalogigsaowelli A
as their translation in the development of its industry;

Providing a description and an assessment of China's efforts and policies to devel
its STI capabilities, including its international strategy;

Characterizing the framework conidins for innovation, providing in particular an
overview of China's innovation system;

Pinpointing opportunities and challenges brought about by the STI development ¢
China.
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The studywasimplementedby the consortium of Sociedade Portuguesa de &gdo (SPI), The United
Nations University Maastricht Economic and Social Research and Training Centre on Innovation and
Technology (UNWMERIT), and the Austrian Institute of Technology (AlTgan fromDecember 2012

to August 2014.In order to achievethe 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 studyaimsto help inform and develop STI strategies for the pesn Union (EU) considering the

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

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

results have been summarised separately YgP1: Identifyig, assessing and updating data and
indicators relevant to Science, Technology and Innovation in Ghohda t HY al LJLJJAY 3 2F /
research and innovation capabilities in selected technologiebowing this, theresults of WP3:

Assessing China's policiagerms 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 firmshave been summarised together since their methodologies overlappedlly, a

summary of the analysis developed undP5: Draw conclusions for the EU as regard the challenges

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

provided

WP1: Identifying, assessing and updating datad indicators relevant to Science, Technolo

and Innovation in China

The objective of WPWas to identify those indicators which are most relevant to measuring the overall
progress of STI development in China and which are coherent with the Innotation Scoreboard

and the Innovation Union Competitiveness Report.

For the indicators whicmeasure the extent to which innovationiS y BB Sy2 4G @I f dzSa 7T
were found to bebelow the EUvalue, and also below the national value totample seleed EU
countries(Germanyc innovation leader; the UI innovation follower; Italy and Spaimmoderate

innovators; and Poland, Romania and Turkeynodest innovators) For instancethe share of

1EU refers to the EU15 up to 2003, the EU25 from 2004, and the EU27 fronER(® data wasot available at the time of writing.
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population aged 34 having completed tertiary educatiamas 15.2% for China in 2011. For the EU

the latestvalue (2012) was much higher 3%.8%, but compared with Turkey (18%) and Italy (21%)

the differencewas smaller. In absolute terms, with 74 million people thenber ofHuman Resources

in Science & Technady (HRSTin Chinan 2011 wa quite close to the 98 million in the EWlowever,

the number of new S&T graduates with Science & Engineering (S&E) orientation iwa0875000

in the EUwhich was fabelow the 1.4 million in China. For China this numtes increasedby more

than 100000to 1.5 million in 2012. Therefore, & LISOA I f f &8 &0 NRy3d {39 2NASYy
resour@s remains. For a long timeimancapital, as an innovation inpyhas beerseen as the main

driver of S&T developmentiowever, itcanbe concludel that compared to such indicators which are
fl6Stf SR WSyldvalidnGnhdEIorehoyrd theknbreasing Chinese performance in terms

of indicators forfirm innovation activitieswaseven more impressive.

Business R&Dxpenditure as a share of GE? Chinawas 1.4% in 2012above the EU share of 1.3%,
and much above that of for instance &m (0.68%) and Italy (0.69%), but below that of Germany
(1.95%). The trend ipublic sector R&D expenditure (as a share of GDRima@asnot changel that

much over the last 5 year&8esidesthe high R&D intensity of the business sector, the R&D
innovation expenditures of Chinese firmgre even moreclearly higher 1.19%in 2010 compared to
0.56% inthe EU, and above the levef any of the selected countries, such as Germany and the
catchingup country Poland. Although there is a difference in the definition used for SMEs, the share
of SMEs innovatingihousewas 17.846for Chinan 2010 higher than the 11.%for Poland and @.8%

for Romaniabut lower than the EU average of 31.8%

The innovation output indicator concerning SMEs introducing product or process innovations
indicates that Chinese SMEs samhto perform better than for instance those of the UK or Spain.
Chinese BIEs (the secalled 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 B4@®flion. Concerning the

contribution of medium and hightech product exports to the trade balance theresti®en a steady

2 Number of individuals having either successfully completed an education at the third level & &fiedd of study or is employed in an
occupation where such an education is normally required. HRST are measureyl using the concepts and definitions laid down in the
Canberra Manual, OECD, Paris, 1995.
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increase from 2006 to 201However, he economic output in terms of licence and patent revenues

from abroad has remained very liradl.

aAy3 9faSgASNDNa {021z RFEGFoFaSs Fy Fykeyeara 2
scientific disciplines fothe years2000, 2005, 2010 and 20Meas conducted The analysis of the

scientific fields consied of two layers. Firstly, th 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
growingand matching of grand challenge3econdly, a deeper analysis is provided on collaborative
research between China and the Elih six selected fields Chemistry Computer sciencge
Environmental scienceMedicine Pharmacology, toxicology and pharmaceuyti¢zhysics and

astronomy.

The analysisf general trendsn the 12 fields indicates that the strength of research output in China
appears to have apecialisatiorpattern which was found to be different from that gfobal research
output. In China, the strgest fieldsvere identified asEngineering, Physics and Astronomy, Material

science, and Chemistry.

The pattern of the fastest growing fields in Chwas also found to bdissimilar to the global trend.
The emerging fielsl of Immunology and microbiogy hare been booming in Chindxisting strong

fields such as engineering have shown high growth rates.

This data shows that China hascompetitive advantage inatural sciences, such as Engineering,
Computer scienceand Materials science. On the coafty, 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 besimilar to thatwith the U.S. in the studied fields. However, the share of CRida
collaborations that are published in high impact journalss lower thanthat with the U.S.
Nevertheless, the ratio of ChisiaJ collaborations to Chida.S. collaborations in high impaotynals
increased in almost all the studied fields from 2005 to 2011, indicating thatchiglity collaborations

with the EU arencreasing 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 tirge of writ
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WP2 proirSa I O2YLINBKSyaArAdS 20SNBASs 2F [/ KAyl Qa NB
industrial sectors and in selected cramgting technologies. The empirical analysis provides novel
Ayardakia Ayd2 GKS RS@St 2LIYSy il liges, bathkcdngetigitheiNB & S | NJ
general development as well as their strengths and weaknesses across selected economic sectors and

technologies.

The empirical analysifocusedon two indicators: the development dfndustry R&Dexpenditures
widely recognizd as one of the main drivers of generating new products amdiew processes that
induce added value and foster productivity growtAnd patent applications. Despite several
limitations, patents are the most direct indicator for the creation of new tedbgical knowledge that

is likely to be commercialized.

The sectors under consideratiowere defined at the NACHvo-digit level, including nine
manufacturing sectordn additionto the sectoral approach, three major cresstting technologies,
Biotechnobgy, Environmental Technologies and Nanotechnology, have been analysed. These
technologies do not follow the traddnal industry classificatiorut are nevertheless of special

importance, inparticular inlight of the EU plicy towards grand challenges.

The results of the empirical analysis clearly underpin therovingperformance and capabilities of
research and innovation in China over the past 28rgeThough the analysis revealsignificant
sectoral and technological differences in China’s SHIolement, the overall growth with respect to
patent applicaions and private R&D investmewgs striking. Most notablythe overall growth of the

indicators under consideration has not been hampered by the glati@nic crisis.

¢KS NXA&S 2 FHfic and Aeyhhalbgical Tdpabfits can also be observed in the global
distribution of industrial R&D expenditures which hasteanged consideraplduring the time period

20002009. China has ineased its total R&D expenditursgnificantly, both in abdote terms as well

as in terms of its globalhare in total R&D expenditures / KA Yyl Qa 3Jf 206l f &KI NB )
between 2002 and 2009, from 5.0% to 12.1%. During the financial crisis of 2008/09, a period
characterized by decreasing R&D expendisliresome countries, Chifatbtal R&D expenditures

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

expenditures as driving force for generating innovation in Chiffdaeypoint, on the one hand, to a
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deep shift in tle structure of the Chinese economy withriging share of knowledge intensive
industries, in particulain telecommunicatios and electronics On the other hand,they reflect
considerable efforts by the Chinese government to accelerate the transformafidgheoChinese

economy to a more productivitdriven, knowledge based economy.

Taking a sectoral perspective, the overall impression does althdugh some differences acrogse

sectors and technologies under consideratwere observed. Results of thestoral analysis indicate

that between 2000 and 2010 ¢égrowth of Clnese industrial R&D investmewas mainly driven by

the Electrical Equipme@and ®ther Transportd |j dzA LJ¥eStyrs] Dllowed byMachinery and
Equipmentand €hemical Produc@R&Dexpenditures of Chinese firms ilectrical Equipmegand

Wther Transpor® |j dzA L& ali70% of the corresponding expenditsref EL27 firms in 2010.

However, whie the growth in R&D investmeimt i K S a@h@riransgort® |j dzA LIYSy (Q Ay (K
was, like the US, driven by high growth ratesYkeronautic€the driving force behind the growth of

Chinese R&D expenditures ther Transport Equipmeft ¢hiiggé R&DY @S a G YSY i Ay W{ K/
.2 GaqQo

The gap between China and the EU in R&D expendituais found to beconsiderably larger in other
sectors. Fol¥achinery and Equipmefnd €hemical Produc@R&D expenditurgof Chinese firms
werearound 40% of that of European firnandfor Wotor VehicleSand Wabricated Metal Produc
this wasaround 25%¢ KS 3 LJ ¢ | &arnfatedtiBaf®sihére R&PD expenditueof Chinese

firms accoungd for around 12% of the R&Expenditures of European firms.

With regard tod NBYy Ra Ay [/ KAYlFQa LI 4GSy d 2dziLlddzis GOSN  f
industrial R&Drivestment Chiresepatenting activity before the year 2008as very low However,

after the turn of themillennium the number of patentsas beerincreasng steadily, reaching around

17,000 patents in 201{which was almost 40% of thgatenting activityfor the US. Taking into
consideration the share in globabfenting, the share of the Ednd the UShas beengradually
decreasing; nearly in parallet, from around 43% in the year 1990 to about 25% in the year 2011. In
contrast, China’share in global patenting statl to increase markedly after the year 2000. This
increasehas beenrather significant, stding from nearly zero and almost reachiagl0% share in

global patenting in 2011, withreaverage annual growth of 1%.

4 EU refers to the EU15 up t@@3, the EU25 from 2004, and the EU27 from 2@0728 data was not available at the time of writing.
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Thesectord resultsfor patentsdid not differ muchfrom sectoral reults in private R&D investment
China’s patent growth between 1990 and 2011 seensd@mmainlyfrom increased patenting in the
field of Womputers, Electronics and Optical Prod(ats well asBlectrical Equipmer|Zading toa
world share in global PCT patenting of about 12% in 20Xhigh patenting activity in these sectors
can be mainly explained by the high number of patents relatedhformation and Communication
TechnologieQ China bsts two of the largest global players in telecommunicatjahe multinational
enterprises ZTE and Huawshichaccounedfor more than 30% of patents in these sectors ariich
also belongo the top patenting actors worldwide. Average patenting intéyswith abouta 5% to
7% share in PCT global patentings found for the remaining sectomcluding€hemical Produc€
Pharmaceutical@ \Pabricated Metal ProducsWachinery and Equipmef@Wlotor Vehicle€and
Wther Transpo® A lower global shire was identified for the three crossutting technologies,
showing a share in global patenting of about 5% and lowe¥Biotechnologgand Environmental
TechnologieQthe sharewas about 5%¢g K A NaSotedhnologgshowed the lowest valie with about

a 3% world share.

To conclude, China has considerably increased its research and innovation capability as reflected by
the significant increase of itshare in global paming and global R&D investmenwer the past
RSOIRS® / KAYl Qa hb\Rrvandcharaéetized & Saddiderable diffednces across
selected manufacturing sectors and crasgting technologies. Differences between China and the EU

in terms of industrial R&Were largest inPharmaceuticaGand st £ £ S& 0 Ay Wi GEDG NR OF

WP3: Assessing China's policies in terms of development of its domestic STI capabilities 4

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

The objective of WP®asto analyseand identify the main trends in poliapaking andn the funding
system for STI development in China, andstody China's international strategy concerning ,STI
particularly with regard to the EUrhe objective of WP#as to provide an overview of the Clgise

innovation system and of the consequences for innovative operators in China.
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The data collection in WP3 and WP4 was provided thraagiousmethodsincluding

9 Survey: Online questionnaires, in English and Chinese, were provided to Basgk and
Chinabased stakeholders. There were four specific questionnaifes Chinese Research/
Industry Stakeholders and European Researtidustry Stakeholders. A total of 212
responses were received.

i Fact Finding Mission to Chinaplementedfrom 20th Octder 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 rBfesead Development
Centres.

i1 Additional interviews: Implemented with 7Xkey STI policy stakeholders and industrial
stakeholders in China, identified and interviewed with the support of Tsinghua University and

Renmin University.

The partnership between th&U and China has deepened over the years incorporating a greater
number of topics. The current basis for cooperation is summed up in th€Hita 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.

EUW KAYLlF [ 22LISNIGA2Y Ad 0SAYy3 AYLIESYSYGSR @Al AyoOl
as well as by providing funding for personnel involved intjprojects in these strategic areas from

each side via specific programmes such as the cHith&cience and Technology Cooperation Special

Program funding Chinese researchers in joint projects or theChEbla Research and Innovation
Partnership (ECRIPfling mobility of EU Researchers to China.

China’s approach to international STI collaboration takes on many feifneen joint academic
research to technology transfer and licensing, Foreign Direct Investment (FDI), mergers and
acquisitionsg which enableit 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, mamageand
marketing expertise. Joint research centres, programmes and research networks were also found to

be popular forms of academic collaboration.
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The main guiding policipr Science, Témology and Innovation is thieledium and Long Term S&T
Developmen Plan 20062020 whose goals are further detailed in five year plans, such as the current
Twelth Five-YearPlan for Science and Technology Developm@&hese policies show amcreasing
focus on STI as a means to address societal challesge®ll as docus on lilding up indigenous
innovation by improving universiindustry links, attracting overseas talenénhancingintellectual

property rights protection, and strengthening international cooperation

Thee are also policies specifically addresssgues with certain regions, such as fRevitalization

Plan for Higher Education Institutes in Mahd Western China (2012020), which aims to tackle
disparitiesbetween 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 exdahwle,
Framework for Development and Reform Planning for the Heigdr Delta Region (20®20)aims

to upgrade existing lovend manufacturing and stimulating modern sewvindustries testing a more

open innovation system based on innovation platforms.

The main issues that are currently being addressed by STI policy in China inehldeegearct
industry linkagesincreasingenforcement of intellectual property rightsuss; insufficiencies in the
evaluationof government R&D expenditures at certain levelfiguess in expanding basic research;

and improvingcoordinationof government agencies responsilfiter STI.

The major funding agencies are the Ministry of ScienceTanthnology (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 itWwstitutions in R&D activities including international collaboratioraddition, there

are also several regional agencies providumgds to supportscience and technologfxamples of

major agenciefclude Beijing Municipal Commission of Science antdriaagy (BMCSTihe Science

and Technology Commission of Shanghai Municipality (STCSM) and Guangdong Provincial Department
of Science & Technology (GPDST)h Bathese agencies hgsogrammes dedicated to international
cooperation.In spite of increasigp 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 iaccessing infanation on funding opportunitiesprocedual 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 highlightnhevation Fund for

Small Technologlgased Firmg InnoFund, and the availability of tax incentifeshightech and new

tech enterprisedocated in specific areas such as Science parks. Beyond this, banks are increasingly
lending to SMEs, bdinancing of imovation activities and new ventures by bang&only in its early

stages The government has begun to see venture capital (VC) as essenti@idioraging indigenous
innovationand is a major contributoais well as recently implementing several reformattfacilitate

exit strategiesHowever, evidence gathered in this study indicates tiigks are believed to be high

for investors andhere is still a lack of capital to support entrepreneurs, particularly for esdge

investment.Angel investment igrowing butstill scarce in China

Industrial policy documents supporting STI, include the Development Plan of National Strategic
Emerging Industries (2032015) to foster knowledge intensive industries such as Information
Communication Technologies (I@nJ biotechnologgyndfive year plans for specific industrial sectors

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

for the bioindustries. There is also Mational Plan for Building Indigenous InnovatiGapabilities
(201220158 ¢ KA OK O2y Gl Aya | ydzyo SNJ 2ependebce andoxdyd G2 N
technology, aiming at promoting Chineserned techmlogy and intellectual property. This has been

viewed by foreign firms as a meanslitittheir6 dza A y Sda 2 LI NIl dzyAdASa Ay [ K

In order to implement the indigenous innovation policy, Chinese governmental organizatitims

central and local level have issuad indigenous innovation catalag and procurement policies to

give prefererce to certifiedindigenous innovation productsThey have alsmtroduced incentives

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

innovationproducts by Chinese companies.

According to information gathered ithis study, Chinese government policies related to public
procurement present several challenges to foreign camips, including difficulties with accessing

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

Outsourcing © universities/ CAS institutes was identified @s of the most common means for
Chinese companies dealing with SAlso, companies often import technology. Involvement of EU

organizations in the provision of solutions for Chineseugtiy may provide opportunities for mutual
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benefit, however,a number of those interviewed in this studpnsidered it essential to have the

support of intermediary agencies in this process.

Human resources policies supporting STI includévtbdium and Lagterm Talen Development Plan
(20102020) and theMedium and Longterm Educational Refm and Development (2012020).

Both policies aim to encourage greater innovation and entrepreneurship whether among students or
by attracting overseas talent. Eduaatal 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 huesources development including those
administered by MoST, NSFC, and CSC. CAS also possesses a humber of programmes funding the
development of human resources at its institutd$e Yangtze River Scholar Award Scheshéhe

Ministry of Education has beerewly updated to support the implementation of the above mentioned

human resources policies ttevelop STI human resources.

The quality of higher educatidmas been reported to have improved immenselpweéver, there has
been an uneven geographic distriban of talent across the counttfyRetdrnee® > G KI & A& [/ K,
researchers returning to China from abroae seen as an important source of knowledged a

number of programmes have been introduced to attract them.

Policies to improveasearchand tecmology infrastructure include thélational Medium and Long
term Plan for Building Key S&T Infrastructure (202@30), the 12th Fivgear Plan for National High
tech Parks & the 12th Fiweear Plan for National Higlech Bisiness incubators (2012015). New
major infrastructures are planned in sevstrategic areas: energy, life science, earth system and
environment, materials, particle physics and nuclear physics, space andasirpand engineering
technology, which will be open to outside users. Chiasialso planned to acceleratee development

of hightech parks clusters and incubatorscreasingheir innovationsupportcapacityand prioritising
strategic emerging industries as well as the service seBawently the western part of China hasals
become a popular place for SME clustesith the governmenthighlightingdevelopment in the

region

¢CKS 2Ly R22NE LRtAOR Ay /KAyl Kra SylrofSR SIa

spurred its kowledgeintensive activitiesChinais mow an important research, development and
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innovation (R&DI) partnewith many countries and organizations around the worldisThasled to
the large majority of European Member Stagevernments a well as manynstitutes in Europgo
establish concrete sience and technology cooperatioactivities 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 hightech 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, compulsomndkgy

transfer may be required for those entering Joint Ventures.

China has madsubstantialprogress in recent yeassith respect to Intellectual Property Rights (IPR)
protection, establishin@nti-piracy and antcounterfeiting laws and regulatioras well as conducting
ada{ LISOA I f toimpyolLdlerfdcgrient. 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 IntelleatlProperty 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 Ghiotaudd
between the EU and China on IBugs has taken place since 2083iew joint projecthas just begn
including:EUChina Customs cooperation on IRfRdexchanges on legal and administrative IP issues

- best practices, assistance in drafting IP law revisant implementing regulations as well e
compilation and publicadn of database on IPR issue$he 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 communiilst challenges for foreign
companies still exist (particularly includingccess to informatiop 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 hsesen rapid development in China in recent ye&hinese
standard developmentsi based on a top down approach. The strategy appears to be to use
standardization as a way fgromote indigenous innovation, while also participating in international
standardssetting, aiming to proma Chinesetandards in this contex@his study has found evidence
that this creation of national standards to compete with international ommas\, be vieweésabarrier

to market access, forcing foreign firms to adopt Chineshitelogies so that they can do business in
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China.lt is also thought to inhibitransfer of techimlogy to ChinaHowever, since Chintaces
difficulties in competing against developedountries whose standards require acquisition of
expensive IPR, thdevdopment of its own standardsepresents a strategyo overcome these
difficulties and compete alongside developed countries by reducing expoto royalties.
International cooperation in this area is activecieasingeUChinacollaboration is evidenceby the

establishment of the Europ€hina Standardization Information Platform (CESIP).

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

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

The objective o¥WP5was 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 Membeta®es) /China STI strateg¥hese mainly conceed:

w Thematic areas of common interest;

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

w Challenges and opportunities for industrial stdolders;

w WSO2YYSYRIGA2Yya F2NJ AYLINRGAY3I. 6KS 9! Qa dzy RSNJ

Thematic areas of common interest
Following the EKChina 20205trategic Agenda for Cooperatidopics for STI, this study analysed

Food, agriculturebiotechnologies (FAB); sustainable urbanisatiaigtton and aeronautics; and ICT.

For FAB, important factosgimulatingand identifying opportunities focollaborationinclude:the EU

China flagship initiative for research and innovation in RA8,Chinese Agricultural Science and
Technology Innovation Programme (ASaR) an increasing focus on the Gne Ecoomy. Challenges

concern mechanisms foco-funding; information access on joint opportunities; market entry barriers

for bio-based productsandIPRconcernsBA @Sy G KS 9! Q& t S)NRAYy3I LIRAAGA2)

It is recommended to exploréhe use of the SMEnstrument (e.g. phase 3) to help encourage
European SMEs to enter the Chinese marketcontinue support for structures that can raise
awareness of funding opportunitiesy foster dialogue between the EXQhina Flagship initiative for
research and innovan in FAB and (e.g.) Chie&d Water Platform to encourage mutual learning and

exchangeand for EU policy makers to continteeadvocate thaemoval of bio-based product market
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entry barriers e.g. green public procurement, and legislation that promotekehgrowth, addressing

standards or labelling claims.

In the area ofsustainable tbanisation the EU China Partnership on Urbanisatias well as
collaborative activities in sustainable energi@® fostering collaborationopportunities Challenges
were identified regarding the need for reciprocal knowledge on urbanization processes; the
requirementfor compatible standards in urban transpoand the necessity toevelop nteractions

with a range of local and regional authoritidtsis thusrecommendedo foster dialogue between the
different collaborative activities related to this area (e.g. Smart CitiesCliibla collaboration in the
area of sustainable energyuild networks of relevant actors and mechanisms of dialogue between
sectors;and continuework towards the removal of market entry barriers eigpublic procurement

and legislation promoting energy efficiency.

For aviation and eronautics the EUChina Civil Aviation Project (EUCCARy promoted
opportunities for collaboration and/ K A Yy Viglién industry growth is creating demand for
innovation which in turn is likely to create opportunities for STI activities with and in CHmaever,

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 sactmlecommend
strengthening of dialogue in this area including the establishment of regular strdesgicaviation
dialogue between the European Union and Chiflais stidy also recommends continued work to

reduce the market barriers in this area.

In the area of ICT, th©penChinalCT and now the CHOICE and EU FIRE projects have been
strengthening the collaboratiofrEUChina Expert Grougso exist fofuture internet ard Internet of

Things (loT)smart cities and broadband policg.t SOGNRAR OF f 'y R 2LIJiAOIT Sl dzA
strongest sectorsthus while competition is fierce, collaboration is important to overcommalenges

such as a lack of a common technologghétecture and standards as well as interoperability issues

and concerns aboutinternet governance, security and differing privacy policiSsnart @y
collaborationis recommendedo establish knowledge exchange platforms and help strengthen the

link between cities and enterprises.
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Higher education and research establishments
¢ KS & bnzRsiosa redard ofhigher education and research establishments are presented by
comparing the opportunities and challenges associated with different cooperatiategtessuch as:

w Human capital mvements

w Establishing joint researclewtres.

Human capital novements

Increasing funding opportunitiere promoting the exchange of personnel between the EU and China.
However, some challenges remain. For example, thidyshas identified evidence thathinese
research institutionsan encountedifficultiesin promoting themselves internationallyt was also
noted that there is still sometk of knowledge about China and of the quality of its research system
amongEuopean researcherslhe hgh bureaucracy of the Chinese research systeaiso believed

to pose a challengén order to improve the environment for collaborative activities and maximise
their benefits, it is recommended to emphasizeiprocity of human @pital movements to maximize
access taontacts with China. This can perhaps be achievedtbyducing a requirement/ incentive

for Chinese researchers returning to China after a period in the EU to continue collaboration with their
EU counterprt researters. Alternativelya Chinese alumni network targeting specific research areas
could be developedio encourage Chinese researchereturning from Europe in continuing

collaborative activitie®r even for EU researchers returning from China

Establishinggint research entres

Establishing joint research centres can create favourable conditions for collaborative activities,
providing a continuous mechanism for sharmegearch facilitieand knowledge facilitating access to
local incentivesChallengesasseiated 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 strengtheniBty aipport for the
implementation of joint researchtisictures in Chinas recommendedo help increase EU access to

relevant data, researcfunding, facilities and talerin ChinaemphasizingcU SME Centre services

Industrial stakeholders
The studyexaminal challenges and opportunés for industrial stakeholders including SMEs and
makes recommendations for:

w Industryresearch ollaboration
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w Physical infrastructure fondustry cooperation.

Industry-research ollaboration

There are an increasing numbafrforeigninvested R&D centres in @ki and tusters have become a

hub for (Chinese and EU) researcherséek cooperation with industry providing opportunities for
industry-research collaboration. The large gap between industry and research presents aghatlie
cooperation and thernvestmentCataloguemay act asa domestic protection mechanisniowever,

G§KS RSYIFYR T2NJ iSOKy2ft23& [yR 9! 2NHIYyATIIGA2YyaQ
industry leads to the recommendation to strengtheretluse of the EU SME Centre in Beijing to
improve connections between EU firms with Chineseeaesh and industry stakeholders and to

continue to sh forthe openingof some specific sectors of the Investment Catalogue.

Physical infrastructure forridustry cooperation

Incubators and science parks play an increasing role in the promotion of innovation clusters,
technology transfer andommercialization of research results in China. Furthlee previously
mentioned Innofund, for exampléelpsto 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 s difficult for EU companies ararjt R&D centres with
companies are stillmmature in Chinese universities. It is therefore recommendeddosiase role of

the EU SME Centre in Beijing in clusteringdtiites being developed in China.

wSO2YYSYRIGA2YyA FT2NJ AYLINRGAY3I (GKS 9! Qa dzy RSNRG Iy
Since updating the data related to thendicators can be done more efficidythan collectingt 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 date of a given basic lisf indicators, for which international
comparison is possible and to show the trerd 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 timeconsuming when the ugating is organized in a structured way and at-pe¢ moments

in time (e.g. same month in the yeaRroposals for such structured agreements should be discussed
with others who are engaged in dagmthering activities such as ti@ECD 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 Deliverabl FinalReport of theScience, Technology and Innovation (S&ifjloPmance
of China study.

Theobjective of theSTI Chia studywasto assess the evolution of th@ 2 dzy’ 8 WRBrfdrinanceand
analyse its economic impact on Chinese productivity and competitiveness and on the global markets,
taking into account the differences between various Science and Technologydmdsmic sectors

and types of actors involvedihe study aimsto help inform and develop STI strategies for the

European UnionEU consideringhe emerging role of China as a competitmd partner of theEU

More specifically, thatudyhadthe following goals:

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

T Mapping/ KAyl Qa NBaSINOK FyR Ayy2@8FGA2y OF LI 0Af AL
translation in the development of its industry

1 Providing a desgition and an assessment of China's efforts and policies to develop its STI
capabilities, including its international strategy

1 Characterising théramework conditions for innovation, providing in particular an overview
of China's innovation system

1 Pinpoirting 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 anafyesiésting data and literature.

The study waimplementedbythe consortium of Sociedade Portuguesa de Inovagéo (SPI), The United
Nations University Maastricht Economic and Social Research and Training Cenlina@ration and

Technology (UNAWWERIT), anthe Austrianinstitute of Technology (AIT).

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

SPI is annternational Management Consultancy Company founded in 1997 as an active centre of
national and international networks connected tbet science, technology and business innovation
sector. SPI is the coordinator of teidy,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 andocial Research andraining Gentre on
Innovation and Technology (UNMERIT) (http://www.merit.unu.edu/)

UNUMERIT is eeseach 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. MERER#er d WP1: Identifying, assessing

and updating data and indicators relevant3dlin China.

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

AIT is one of the largest technical research centre Austria. The AIT Foresight and Policy
Developmem has expertise in the emergence of new technologies, as well as economic, societal and
environmental impacts. Alleads2 t HY al LA Y3 2F [/ KAyl Qad NBA&ASIH NDOK

selected technologies

1.1. Objectiveof thereport

The reportpresents theresults and analysidevelopedby the consortium on the SPeerformanceof
Mainland ChinagxcludingHong Kong and Macau) aiglorganised in the following sections:
w Section 2= Measuring China's STI developmeitihis sectiondentifies, assesses and uptds
data and indicators relevant to STI in China and presents new finidirigding those related
to RTD, economic performance and research output
w Section3al LAY I 2F / KAYlI Q& NBASIFNODK YR Ayy20FGA
ThissectopNB aSyda GKS YIFLIWAY3I 2F / KAYylFQa NBAaSk NOK
technologiesncluding/ KAy Qa Ay RdzaA GNALF f &G NHzOG deNGBA yAlYQ a0 2 Y
overall RDI performancand the sectorial specialisation ofisiness R&D in Gfa
w Section 4- China's STI policies and international stratedyhis section providesn overview
of current fatures of STI policieand the likely prospects for the futur®ther features of
| KAYl Qa Ayy20F0GA2y &d28aiSY taifdidtridzRiAdyingigeriolsS & A G d
innovation including its impact on foreign firmsyman capitaland STI infrastructurare
discussed International cooperation strategy is reviewed and patterns of international
cooperation are assessed.
w Section 5 Framewok conditions for STI in Chind his section providean overview of the
Framework conditions for STI in Chiegstem and of the consequences for innovative

operators in Chinaln particular, the following themes are includedev@élopment of firms

spf @ )
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public pocurement; he roke of the "investment catalogue";he patenting and licensing
system; andtie development of Chinese standards

w Section 6- Conclusions and recommendation¥his sectiordraws conclusions for the EU in
regardto the challenges and opparhities provided by the development of Chifeathe short
and medium term (5 yearshcluding thematic areas of commo interest for the EU and
China; cooperation strategies for EU higher education and research establishmemds;

cooperation strategie$or industry stakeholders including SMEs

1.2Methodology

The methodology for the study wasovided in five WP his report identifies and discusses the wor

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

WP1: Identifying, assessingnd updating data and indicators relevant to Science, Technology and
Innovation in China
The objective of this WP wao dentify those indicators which are most relevant to measuring the
overall progress of STI development in China and which are coheitnthe Innovation Union
Scoreboard and the Innovation Union Competitiverideport. The results of WRLippored WP2 in
studying/ K A y | Redorm{aricéin more detail for specific scientific disciplines, technologies and
industrial sectors. The approach&aken to achieve thgoals wee as follows:

w Identification of relevant indicators

w Study of relevant indicators for disciplines, technologies and industrial sectors

w Verification, assessment and interpretation of the indicators

2t HY al LJILJIA yraseazch and ikndbwitlorQcapabilities in selected technologies

Using the broad overview of the indicators to measure the technological and scientific capabilities of
Chinese universities and firms provided2int m & Ay LJdzii &4 T s2dtheQprovi a2 SO0 A O
0 K2 NRdzZaK | vy | RPeFaimadcanzsdence dd tgchralagy. WP2 focused ananalysis of

| KAYl Qa NBXaSI NDOKilitegsy R Ayy2@FGA2y O LJ o

CANRGZ | ONBFIR 20SNIBASG 2F [/ KAYlI Q& NBaSIFNOK |yl
technologies and industrial sectongas conducted Second, selected industriend crosscutting
technologies wee studied. The sectoral covage of this second stage focused industrial sectors

using the two-digit level of the Nomenclature generale des Agtes economiques dans les

sp" @ “
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Communautes Europeenn@ACE)where China is a current or future competitor for firms from the

EU27. The importance of sectors and cresstting technologies inl 3 K 2F GKS &G 3INTF yR
were complimentary selection catia. The six challenges identified by the High Level Group for Joint
Programming CRESGPCY in preparation for the EU Joint Programming Initiative include
Cities/Transport, Climate Change (including Energy), Cultural heritage, Food, Water, and Health.

The WP2 approacincludedthe following
w Selection of the fields
w Matching of selected sectors and cramgting technologies with scientific disciplines,
technologies, and industrial sectors
w Making various data sources compargble
w ldentification of relevah stakeholders and infrastructures through patent and publication
data sources

w 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 BWP3 wa to analyse and identify the main trends in poigking and funding system
for STI development in China, and to analyse China's international strategy concernifigisSWis
achievedhrough a variety of data collection and analysis techaguncluding:
w Development of dist of stakeholders in China and Europe of more than 2,000 contacts, which
included representatives from the government, industry and research
w Provision of a set durvey questionnaires for foreign research and industakeholders (in
English) and for Chinese research and industry stakeholders (in Chinese)
w Provision of suctured interviews that aim at complementing the survey questionnaire
w Implementation of aFactfinding mission to China (Beijing, Shanghai, Guangzuoud

Shenzhen) in order to support the interview process. miwsionwas split into two groups of

5 Nomenclature generale des Activites economiques dans les Communautes europeennes (NACE) refers to the industriabolassificati
defined in Revision 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 Natotvgo Th
classificabns are directly compatible at thedgit level and more detailed levels of ISIC Rev. 3 can be calculated by aggregating the more
detailed levels from NACE Rev. 1. (Source: OEl©Bsary)

6 CREST GPC 1308/09,
http://register.consilium.europa.eu/doctv?|=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 frameverk conditions and the development and growth of innovative firms
The objective of WP4 wgato provide an overview of the Chinese innovation system and of the
consequences for innovative operatarsChina. The WP method included:
w Desk researcbnthe different topics otthe Chinese STI system for development of innovation
in firms;
w Additional interviews to those conducted in WPEhe result othe desk researctnelped to
serveas a basis fatheseinterviews with key stakeholdghat were mostly provided duing

the Fat-findingmission andvere 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 draw cortlusions 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 stratAdditional interviews and desk researwere

carried out and the results of WRilanalysed 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 whiehised for the Innovation Union, namely

for a selectdn of indicators used by the Innovation Union Scoreboard (IUS 2011 and 2014) and the
Innovation Union Competitiveness report (IUC 2011 and 2003his report,the data collectedfor
Chinais presented and compared alongsithe European and other nati@ data as reported in the
Innovation Union Scoreboard 2014, atige Innovation Union Competitiveness Repo(2011 and
2013) For a selection of IUC indicators the most recent available data for thevd&d extracted from
Eurostat in 2014in order to albw for a better ELChina comparison on those indicators. An overview

of the data is given in two tables: Table 2.1 for the indicators of thesliEséction 2.1) and Table 2.2

for the indicators of the IUC (stdection 2.2. In subsection2.3 the resears output of China is

assessed based on a bibliometric analysis.

2.1.RTD indicators

Thissub-section firstpresents data collected for China which is comparative to the indicators used in
the Innovation Union Scoreboard (IUS) Report&fiilcompare Member Stas, and then focuses on
the indicators from both the IUS and IUC concerning RTD performance for a comparison between EU

and a selection of nekU countries.

Tablel provides theindicatorvalues for China as well as the EU valnd the value of a selection of

large EU or associated countries. The reference year for the Chinese data is mosity 201Q for

0KS AYRAOIG2NE 2y WTFANY [OGAQBAGASEAQ 6KAOK | NB Yy
data isalsomostly2011 For the W ¥ A NI  Ild&daiwhighiaie baSed On the Community Innovation
Surveyplder datathan 2011has been used by the IU& someindividual Europeacountries, e.g.

for the indicator 1..m Wb Sg R2 O 2 NITabk 1, BiNdhoR dduritri®si 2011 kafa 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 fromER(¥ data was not available at ttiee of writing.
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Tablel IUS 2014, national indicators, Chinese data compared to EU and selection of countries

China
refer
IUS 2014, natioal indicators ence
(EU reference year) China EU DE ES IT PL RO UK TR year
Enablers
1.1.1New doctorate graduates (2011) 2.49 1.7 2.8 1.2 1.5 0.5 1.7 2.4 04 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 NorEU/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 (2@ 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 NorR&D innovation expenditure 2004-
(2010) 1.19 0.56 0.88 0.39 0.59 1.02 0.46 0.16 2007
2004
2.2.1 SMEs innovating-louse (2010) 175 31.8 45.2 22.1 34.8 11.3 10.8 28.2 2006
2.2.2 Innovative SMEs collaborating with 2004
others (2010) 7.4 11.7 14.0 5.8 4.4 4.2 2.9 22.3 53 2006
Outputs
3.1.1 SMEs introducing produat o 2004
process innovations (2010) 28.3 38.4 57.0 28.1 39.8 14.4 13.2 21.3 29.5 2006
3.2.1 Employment in knowledgatensive
activities (2012) 145 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 Knowledgéntensive services
exports (2011) 35.8 45.3 55.6 21.6 27.5 28.3 45.2 61.2 219 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 iTablelwhichWSy | 6t SQ Ayy 2 @I (A Bgrafourndtabdoel@v f dzSa 1
the EU value, and also below the national value for the selected courgrxespt for the share of new

doctorate graduates The share of population aged-3@ havirg completed tertiary edcation wa

15.2% for China in 2011. For the EU the latest vi@0&2)was much higher- 35.8% but compared

with Turkey (18%and Italy (21%) the difference wamaller(Tablel). Venture capitalnvestment as

a % of GDP vgaat alower level in Chinan 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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1.1.2 % Population aged 384 completed 1.3.2 Venture capital investment as % of
tertiary education (2012) GDP (2012)
50 4zl 0.5
40.1 39.1 0.419

China EU DE ES IT PL RO UK TR China EU DE ES IT PL RO UK

Figurel. Human resources and venture capital, i@ and selection of [lUS2014 European countries

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

The IUS also contains an international comparison between the EU arBUa@ountries, but for a
more limited set of indicatorsThe share of peple with tertiary education for the age group 28

(Figurel) for China in 2011 (and 2010) &v&0% andor the EU in 2011 wa28.5%.In most countries
there was an increase in this higgducated share of the population, but f@hina,Russia and India

there wasno increase between 2010 and 2011.

60
BR
JP
40 e e—— KR
e
30 EU
20 s CN
IN
10 7& —RU
0 T T T T T T )
2004 2005 2006 2007 2008 2009 2010 2011

Figure2. Percentage population aged 264 having completed tertiary education, 2011

Source: IUS 2014, international comparison
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The IUS does not report adate numbers, e.g. théotal number of people. The IUGften reports
both the relative and absolute figes. At 74 million, the number ¢duman Resources fBcience &
Technology in China in 2011 svguite close to thé8 million in the EURigure3). However, the
number of new S&T graduatéksSCED 5Ayith Sience& Engineering (S&E)rientationin 2011was
875,000 in the EUway below the 1.4 million in Chin&or China this number haicreasedby more
than 100000 to 1.5 milliorin 2012¢ KA & aGNRBy 3 {39 2NASyllveadsy 2F [/ K

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

New doctoral graduates (ISCED 6), total New S&T graduates (ISCED 5A) with S&E orientation
114174
120,000 1,600,000 1433845
100,000 - 1,400,000
80,000 13000 1200000
1,000,000
60.000 - 50289
' 800,000 -
40,000 - 600,000 -
15900 '
20,000 - 9369 400,000 - 247147
0. , . __WEm 200,000 ] 114310
EU United Japan China South 0 - T — -
States Korea EU United States Japan China
Human Resources in Science and Technology aged 25 Share (%) of female PhD / doctoral graduates in total
64, in thousands, 2011 PhD / doctoral graduates
120,000 60.0
98121
100,000 50.0
80,000 - 74086 400 —
60,000 - 30.0 +—
40,000 20.0 17— [
U 10.0 +— —
20,000 1 0.0 . . . . .
0 - EU United Japan China South
China States Korea

Figure3. Human resources, EU versus China, US, Japan

Sources: Eustat for EU (2011); for Chisge annex2011); and IUC Report 2011 for US and Japan (reference year 2008)

Following the previous indicatorsynovation performance of firm&as also analysedCompared to

GKS AYRAOIFIG2NE ¢KAOK IUHNIe ChingsiBdicatdd gerfoh@ngd farffimS NBR Q Ay
innovation activities, @wsperhaps more impressiviban for theenabling factoindicators In terms of

business R&D expenditure as a share of GigR/alue for Chinavas 1.4in 2012 above that for the

EU whichwas 1.3% Figured). The business R&D intensity siaelow that of Germany, but way above

that of, for Spain and Italy. Next to this high R&D intensity of the business sectorhalsmtR&D

@‘ . UNITED NATIONS AI
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innovationexpenditures of Chirse firms wee clearly higher (1.19% 2010compared to 0.56 for the
EU, and above the level of any of the selected countries, such as Germany (@88gamatchingup
country Poland (1.02).

The share of SMESs innovatinghiouse was 17.5 in 20XBigured), 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 definffibat, nonetheless, the imovation output
indicator concerning SMEs introducing product or process innovationsi(2303.0 (Figure4), shows

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

Poland andRomania.

2.1.1 Business R&D expenditure as a share of GDP 2.1.2 NonR&D innovation expenditure as a shar of
(2012) GDP (2010)

1.95

China EU DE ES IT PL RO UK TR China EU DE ES IT PL RO R

2.2.1 % SMEs innovating-lrouse (2010) 3.1.1 % SMEs introducing product or process
452 innovations (2010)

50

China EU DE ES IT PL RO UK TR

Figure4. IUS 2014 Indicators for firm activities

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

81In the EU an SME is defined in EU law: EU recommendation 2003/361 .The main factors determining whether a companyiis:adn SME a
number of employees and 2.either turnover or balance sheet total. An SME has <250 employees. Itgitherrasurnover ofJ 50 million

e 2NJ I okt yibo AWSISHA Ay2 (ld ® RFRAdZY FANYEA AY /KAyl INB RSFAYSR |
than 2000 employees. Small firms in China are defined as the firms employing equal to or more thare26 tainl 300 employees

Q¢
[exN
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The amount of R&D expendituia Euroof foreign affiliates in China wsabelow that of foreign
affiliates inthe EU, US, and JapaRigure5). For both 2010 and 201lthe value of these R&D
expendituresby foreign firms was 512 million Euro. In 2012 this had decreased to 505 raillios
Chinese SMEs (the so called small above scéégpeises) appeard be animportant driver fa the
increased R&D expenditurén 2011 their R&D expenditures were equal to 11,913 milkonos
According to thdatest update for 2012 this haihcreased to 14,905 million (Statistical Yearbook of
China).

50,000

44,855

45,000 -

40,000 -

35,000 -

2089 30,762

30,000 1 m Inward R&D expenditure by foreign

affiliates, millions of euro

25,000

m Business expenditure by SMEs (0-24!

20,000 - employees), millions of euro

15,000 -

11913

10,000 -

5,000 -

EU United States Japan China South Korea

Figureb. 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 Kdteaugh for China the

business R&D inteity is at a lower levelHigure 6.
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Figure6. R&D expenditure in the business sector as % of GDP

Source: IUS 2014

The trend inRR&D expendituras a share of GDP in the public seitaChinawas found to diffefrom

the trend for the husiness sectorfThe 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 dowrfi@r an increase étween 2208 and 2009Kigure?).
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Figure7. R&D expenditure in the public sector as % of GDP
Source: IUS 2014
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2.2.Economic impact indicators

The 1UK014 comparison betweethe EU and thirccountriesshows that the economic output in
terms of licence and patent revenues from abd as a share of GDfas remained low for China,
compared to the US anithe EU Figure8), but it shoutl be noted that for the Elthe reverues from
other EU Member States aadsoincluded

0.900
0.800

/ —— — BR
e ——

0.700 / P
0.600 -

0-500 1 / M — S
0.400 == — /\/\ — U
0.300 / CN
0.200 T —

o —— s |\
0.100
— RU
(0. 000 -
2005 2006 2007 2008 2009 2010 2011 2012

Figure8. License and patentavenues from abroad as % of GDP

Source: IUS 2014

Knowledgeintensive services expatas a% of total services exports hawecreased for Chen
between 2004 and 2008, butid not increase beteen 2008 and 201 F{gure9).
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Figure9. Knowledgeintensive services exports as % total service exports

Source: IUS 2014
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Concerning the contribution of madtin- and hightech product exports to the trade balance there has

been a steady increase froB®06 to 2011 Figurel0).

30.00
\ R
20.00 — BR
— ] P
10.00 — e
— KR
0.00 . B — —— —
2005 2006 2007 2008 2009 2010 2011 2012 ———EU
—— e s CN
-10.00
20.00 e / e R U
-30.00
Figure10. Contribution of medium and higktech product exports to the trade bance
Source: IUS 2014
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Table2. Innovation Union Competitiveness Report 20Iridicators, with updates in bold for China and EU

Based on IUC Report 2011 EU United States Japan China ig;f;
Summary table of indicators

With up-dates in bold

Gross domestic expenditure on R&D (GERD) millions of euro 236553 (1) 270733 (2) 113986 (2) 45151 (2) 21,480 (2)
R&D intensity 201 (1) 277 (2) 3.44 (2) 1.54 (2) 3.37 (2)
Business expenditure on R&D (BERD) millioesiaf 146905 (1) 196563 (2) 89,436 (2) 33077 (2) 16,188 (2)
Business expenditure on R&D (BERD) as % dfGDP 1.25 (1) 201 (2) 2.70 (2) 112 (2) 254 (2)
Business expenditure by SMEs2@9 employees), millions of eurd 36,090 (0) 30,762 (3) 5496 (3) 11,913 (0) 4280 (3)
Business expenditure by SMEsZ@9 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 euf 44855 (1) 29,892 (3) 4406 (3) 512 (0)

Inward R&D expenditue as % of R&D expenditure by business enterpf¥e 324 (1) 143 (2) 51 (3) 0.83 (0) :
Public expenditure on R&D (GOVERD + HERD) millions of euro 87,275 (1) 63495 (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 885072 (la) 930935 (3) 240224 (3) 361,737 (0) 74,444 (3)
Investment in knowledge (R&D and Education) as % of GDP 7.2 (l1a) 9.1 (3 75 (3) 6.95 (0) 9.7 (3)
New doctoral graduates (ISCED 6), total 114174 (0) 63,712 (2) 16,296 (2) 50,289 (0) 9369 (2)
New doctoral graduates (ISCED 6) per thousand population age825 1.70 (0) 156 (2) 0.98 (2) 249 (0) 1.19 (2)
Number of researchers (FTE) 1504575 (2) 1412639 (3) 656676 (2) 1,592,420 (2) 236137 (2)
Number of researchers (FTE), per thousand labour force 6.3 (2) 9.2 (3) 10.3 (2) 20 (2) 9.7 (2)
Number of researchers (FTE) working in the private sector 707534 (2) 1,130500 (3) 501077 (2) 1,092213 (2) 185811 (2)
Number of researchers (FTE) working in the public sector 797,040 (2) 282,139 (3) 155599 (2) 500207 (2) 50,326 (2)
Human Resources in Science and Technology age425 98121 (0) : : 74,086 (la)

Human Resources in Science and Technology age@42&s %of labour force 42.4 (0) : : 9.7 (la)

New S&T graduates (ISCED 5A) with S&E orientatién) 875225 (0) 247147 (2) 114310 (2) 1,433849 (0)

License and patent revenues from abroad, millions of elfo 25137 (1) 62,279 (2) 17474 (2) 568 (0)
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Lieense and patent revenues from abroad as % G®P 0.21 (1) 0.64 (2) 0.53 (2) 0.013 (0)

Community trademarks 60,967 (2) 12877 (2) 2081 (2) 811 (2)

I 2YYdzyAid@ GNIRSYIFINJa LISNIoAfttA2y D5t oOtt 488 (2) 1.16 (2) 0.62 (2 0.13 (2

Total number of scientific publications (fractional counting method) 469479 (2) 357,837 (2) 92,089 (2) 256495 (2) 39,792 (2)
Scientific publications in the 10% most citedestific publications worldwide 55557 (3) 58319 (3) 8122 (3) 14,499 (3) 3231 (3)
Scientific publications in the 10% most cited scientific publications worldwide as % of total 11.6 (3) 153 (3) 8.3 (3) 7.0 (3) 85 (3)
scientific publications of the country

PCT patent applications, total number 49545 (3) 49,282 (3) 28970 (3) 6416 (3) 7227 (3)
t/ ¢ LI GSyd FLIX AOFGA2ya LISNIOoAffAZ2Yy D5t 40 (3) 43 (3) 83 (3) 1.1 (3) 7.0 (3)
Female PhD / doctoral graduates, total number 53,609 (0) 32497 (2) 4499 (2) 98,007 (0)(12) 2763 (2)
Share (%) of female PhD / doctoral graduates in total PhD / doctgralduates 46.6 (0) 51.0 (2) 276 (2) 36.1 (0) 295 (2)
International scientific cgpublications, total number 132412 (2) 117,794 (2) 24,064 (2) 37524 (2) :
International cepublications as % of total publications 242 (2) 274 (2) 226 (2) 13.5 (2)

PQ patent applications with emventor(s) located abroad 4719 (2) 5002 (2) 627 (2) 760 (2) 261 (2)
PCT applications with daventors located abroad, as % of total PCT patent applications 97 11 @ 23 (2 105 (@ 36 (2
Publicprivate copublications per million population 36.2 (3) 70.2 (3) 56.3 (3) 1.2 (3)

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

Venture capital (early stage, expansion and replacement) as % of GDP 0.09 (1) 0.13 : : :
/2atG 2F LIFGSyd FLWLX AOFGA2Y FYR YFAYGSyly 167798 (1) 4413 6953 14,709 (0) 5509
/280 2F LI GSyYyd LWL AOFGAR2Y YR YIFAYGSylLy 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)
I SFfGK (SOKy2ft23e LI GSyda ot/ ¢0 LISNIOACfC 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 (PC¥)dJ 6 Af f A2y D5t o6ttt {ev 0.10 (3) 0.05 (3) 0.21 (3) 0.02 (3) 0.09 (3)
Employment in knowledge intensive economic activifteas % of total employment 35.1
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Medium and higkitech manufacturing exports, millions of eufdb 781,149 (2) 522413 (2) 396343 (2) 544786 (2) 204299 (2)
Medium and higkitech manufacturing exports as % of total product expé?ts 59.6 (2) 59.1 (2) 746 (2) 56.0 (2) 712 (2)
Knowledge intensive service exports, millions of é¥ro 608223 (2) 153865 (2) 34,418 (2 38841 (2) 35703 (2)
Knowledge intensive service exports as % of total service ex@orts 49.4 (2) 41.4 (2) 339 (2 38.8 (2) 69.1 (2)
Contribution of mediurshigh and higktech exports to the manufacturing trade balance as % 51 (2) 54 (2) 12.2 (2) : 35 (2

total manufacturingt®

Source: DG Research and Innovation; In bold adate 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 2088, BT, IRK,LV, MT, PT, RO, SK (6) EU refers-Bléx{ra

EU does not include BEE, CY, LV, LT, LU, MT, SI, SK. (8) Employment in the public sector is included. (9) EU in&ubezpotta. (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

{OASYUGAFAO 2dziLddzi Aa F 1S@& FaLSOLG Ay @HisbfdzZ G Ay 3
an analysis ofpublicatiofy RIF G FNRBY 9 PRt NID& sel¢ce@ublidaiion I NB
documenttypewda G NIAOf Sa¢e¢s gKAOK R2Sa y2i0 AyOf dzRS 02y
etc. The time span coveredhe 14 mostrecent years 2000 ¢ 2013. Besides the aggregate

performance, 27 displines were analysed usittige pre-defined subject categories from Scopus

The number of scientific publicationgth Chinese addressesaintaineda 17% annuagrowth rate
between 2000 and 2013, increasing from around 41,000 to over 30QF@rell). Despitethe fact

that the number of scientifigpublicaionsfor the EUand US both kat growing at a speed of 4%er

year, their shares in the worldwide tothhivedecreased ovethe years, both dropping 2 or 3 peent

¢ the EU27 from 33% 31%and the US from Z&to 23% The share of Japanese publications declined
even more, from %in 2000 to B6in 2013. The proportioal shrinkin the shareof these countriess
mainly caused by the rapid increaseBRIC countries, among which Ghgrew the most, from 4%f

the world total in 2000 to 1%in 2013. Other BRIC countries like India and Brazil have increased their
shares slightly, by abouf2over theld yearstudied. Russia, howeveavas the only exception among

the BRIG @ L { ddapped by RoNBm in theyearto 2%by 2013.

35%

25% %ﬁ—
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1 e Japan
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e |ndia
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———————— . e
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Figurell. Publication shares in the worldwide tot2000-2013 (BRIC countries, EWnited States and Japan)

Source: Scopus-Sci Verse El sevier. Note: "ocument type is far

9 EU refers to the EU15 up to 2003, the EU25 from 2004, and the EU27 from 2007. EU28 data walslnlet@vhe time of writing.
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Research output by field

INYFLIWAY3I /KAyl Qa NBaSINOK OFLIOAGASAET Al Aa ySO
ensure comparability with other studies, the predefineubject categories from Scopus meeused.

The criterion in skecting key scientific fields wasconbination of three areas: strong, fast growing

and matching of grand challenges. The strongest research areas in China represent its scientific
AGNBYy3IGKE FYR O2YLISUAGAQGSYSaa Ay (GKS LI ads ogKAL S

developmentrends.

The coveragefdhe scientific fields consisteaf two layers. Firstly, in the following section the general
developing trends of 12 fields weexamined, providing the publication number and the growth rate
for each of these fields ithe selectal years (2000, 2005, 2010 and 2011). These Chinese indicators
are compared with the worldwide benchmarks. The twele#dS, as agreed with the EC, weaas

follows:

Computer scienge

Biochemistry

Engineering

Physics and gironomy;
Chemistry

Materials $ience

Immunology and Nerobiology
Envronmental $ience
Agricultural and Biologicat®nce
Medicine

PharmacologyToxicology andarmaceutics

€ € € € € € € € € € € ¢

Energy

Secondly, theext that followspresents a deeper analysis on the research effoetsveen China and
the EU%in sixselectal fields. The selected areas wetdemistry, Computer science, Environmental

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

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

The research output in Bina was foundo have a different pattern from that of # global output

seen inFigurel2. Over the 14 yeaperiod(20002013), the aggregatworldwide scientific output was
dominated by Medicine, which accountddr 28% of the total publications The second field v&a
Biochemistry, genetgand molecular biology, which wdollowed by Engineering and Physics and
astronomy. In China, however, themdmant positiong which accountedor about 2%%o0f the national

total publications¢ was occupied by Engineering. The next three largesiddiewith the most
publications wee Physics and Astronomy, Material science, and Chemistry. In general, the major
O2y (i NR 06 dzii A 2 ¥l sdiegtific/reédargh- oQtput daredm hard science. Othe contrary,

research in soft science has not developed well in China.
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Figurel2. Share of academic disciplines, China vs. Worldwide
Source: ScopusSciVerse Elsevier.
Note: This is calculated on the basis of total publamaibetween 2000 and 2013
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Fastest growing fields

I KAYl Qa 7T ai Swhigh canNidicate iRuretfdav8ldpiRent direction were alsofound

to bedifferent from the global trenqTable3). The emerging field immunolggnd microbiology has

0SSy 0622YAYy3a 6AGK + ANRGSOGK 2F Hy s LISNI @8SIENE | GF
was rather low. In contrast, strong fields with larger proportions in the total publications grew at a
relatively slower speed. Fanstance, Chemistry, Materials science, Physics and Astronomy, and
Engineering increased by less than 20% per year. An exception is Pharmacologyodhosicd
Pharmaceutics which halow share in the rtéonal total academic output and algwew slowelthan

20% per year.

Howeverregardles®f the fieldtaken into consideration, the growth rate Ghinese publications w8a
always a lot higher than that of the aggregated global tofable3 showsthat annual growth rates
of Chnese publications in albf the selected twelve fields we 10% higher than those of the

worldwide total.

Table3. Comparison of growth rate by field (China vs. worldwide)

WORLDWIDE

12 fields wth rae | ratio to the 12 fields Growth rate| ratio to the [(QIEYS
200011 | total (2011) 200011 | total (2011) worldwide)
Computer Science 10.1% Immunqlogy 20 28.0% 24.8%
Microbiology
Engineering 7.5% 0.15 Computer Science 27.5% 0.10 17.4%
Materials $ience 7.2% 0.11 Environmental Science  25.7% 0.06 18.5%
Environmental Science  7.1% 0.05 .Agrlgultura! and 25.3% 0.08 18.5%
Biological Sciences
Agricultural and Biologic o . 0 0
Sciences 6.8% 0.10 Medicine 24.7% 0.15 18.3%
Chemistry 6.7% 0.11 Biochemistry, Gertees . o0, 0.13 18.5%
and Molecular Biology
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,
Pgirdmxg'rcr’ggé;&’i‘c'?'o 5.5% 0.04 Toxicology and 19.1% 0.04 13.6%
Pharmaceutics

aﬁg’ﬁ;‘;’;‘:ﬁgr g%’;g;';s 5.4% 0.14 Physics and Astronom  18.3% 0.20 13.4%
Physics and Astronom'  4.9% 0.13 Materials Science 17.9% 0.20 10.7%
',[A"i::”r‘;z?;cl’c?gya”d 3.3% 0.04 Chemistry 17.7% 0.17 10.9%

Source: ScopusSciVerse ElsevieNote: Growth rate is calculated by the exponential growth.
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To shed light on the strengths and weaknesses of the research fields inElgimal3a K2 ga [ KAY |l Q:
development trends with global benchmarksprovides the sharef Chinese publications in the total

globalpublications.

Engineering
Psychologpo,
Arts and Humanitie

ner ) )
%atenals Science

.dzaiySaaz al

902y2YA0azx

Pharmacology

Bigchemistry... Biology

Agr.%%%sé?gléé:ligaﬂ@ iences ImmuROIGGY

e 000 000002005 e» 2010 2013

Figurel3. Subject fields of Chinese publications as percentage of worldwide total

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

The percentageshare of Chnese publications in the total worldwide output by field reveals the
strengths and weaknesses of research capaslin China. The country showsclear competitive
advantage in natural sciences, such as Engineering, Materials sc@ut@omputer sciece. On the
contrary, research in social sciences, for instance Psychology and Arts and Humanities, has not

progressed to the same level.

As shown irFigurel3> / KA y | StédngestrdskafEhifigl® we Engineering, Energylaterials
science, Computer science and Chemical engineasihide the five weakest fields we Psychology,
Arts and Humanities, Nursing, Health professions and Social scienic2013 the publicationsin
Engineering Energy, Materials science, Compuseience and Chemical engineering, accounted for

respectively 3%, 324 30% 30hand 2%%2 F (G KS It 2061t G20GFf® | 26 SOSNE

R =l || .

AYHEIIG
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Psychology, Arts and Humanities, Nursing, Health professions and Social digilelsosere only

between 2 %and 4 %

Collaboration with the E&}

/| KAYlI Qa NARAAY3I NRBfS |yR 3At20lf AyFtdzSyOS Ay I OFR
in terms of numbers of publicationbut also by its global collaboration and intaeion performance,

which hasan even more direct influence oather 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 prospectduiantity and quality terms, the analysis covereubt only

the total collaborated output but alsexaminedoint papers in high impact journals.

The selected subject fields vee

Chemistry

Computer scienge
Environmental scienge
Medicine

Pharmacology, Toxatogy and Rarmaceutics

€ € € € € €

Physics and gironomy:

First, the number of cauthored papers between China and the &éte identified. In order to have
a full comparative view, research efforts between China ahidadign countries and the US veealso
takeninto consideration. Secondly, the percentage shares of thesautiwored papers inhe total

Chinese publications we calculated.

w % share of the publications with foreign-aathors;
w % share of the publications with EU-a&othors;

w % share of the publicatns with American cauthors.

Thirdly, the publication quality of these @uthored papers between China and foreign countries

(including the Eldnd the US) waassessed. 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 fronER(@H data wasot available at the time of writing.
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top 2% of the higimpact journals wee examinedThe selection of top journals wdased on the SJR

(SCIimago JourhRank) in each categoryable4 presents the numbers of journals by fi&ld

Table4. Numbers of total journaldy field

Fields Number of Total journals Top 2%
Chemistry 680 14
Computer Science 1031 21
Environmental Science 879 18
Medicine 5363 30
Pharmacology, Toxicudy and Pharmaceutics 526 11
Physics and Astronomy 843 17

Source: Scopus and SClmagpurnal Rank

As shown in Figure 14f), 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 numdiatibaborated papers

with foreign researchers) grew slower than the denominator (total publications). Afterwards, the
collaboration raio increased again in Computecisnce, Environmental science, Medicine, but

stagnated in Physics and Astronomy (stayn6% between 2005 and 2011).

In Chemistry, andi®sics and Astronomy, Chipallaborated 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 subjeatriiglihp 30 journalsvere considered
in the analysis
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B EU refers to the EU15 up to 2003, the EU25 from 280d theEU27 from 2007. EU28 data was not available at the time of writing.
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Publication guality

Comparison of high impact publications by collaboration group shows thatutmred papers
between Chinese and US scientists have had a higher impact than the average of collaborative work
between Cha and dl foreign countries Kigure15 a-f). In four out of the six selected fields, the
percentage of high impact publicatiol®tween China and US reached liighest level in 2005:
Chemistry (10.7%), Computer science (8.2%yjir&hment science (14.7%) and Medicif@5%).
Physics and Astronomy wahe only field in which the Etbutperformed the US in terms of the

publication shares in high impact journals.

The fieldin which collaborative effortshad the highest impact veaEwironmental science, with 7-7
9.7% of the total collaborative papers appearing in relevant jalsrbetween 2000 and 2011igh
impact collaboration in Pharmacology and Physics and Astronomy emerged only after 2005. Though

rising over years, the sharesadllaborated publications were still rather low until 2011.

14EU refers to the EU15 up to 2003, the EU25 from 2004, and the EU27 from 200 fa28s not available at the time of writing
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Figurel5. Share %9 of publications in high impact journal8
Source: ScopusSciVerse Elsevier.
15EU refers to the EU25 from 2004, and the EB@mh 2007.EU28 data was not available at the time of writing.
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To have detter view on the collaborativeesearch with Chinahe EU®was compaed with the US in
Figures 16 and 17. The number ofqint publications between the EU and Chimasdivided by the
number ofjoint publications between the US and Chifiaus, avalue greater than 1 indicates that
China had more collabaotige 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 fadghat the volume of collaborativeesearch between China and foreign countries

was rather low in 2000, two behmark years 2005 and 2011 were selected forthis comparison.

As seen iFigurel6, 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=1a8d)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 201{Figurel?), indicating that the US performed more collaboratresearch with

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

wS3AFNRAY3I GKAITK elinedfdr thedpurfpRet 6f this ahalysigmablafiérsin high

impact journalsthe EU/US ratio increased in almost all fieldsrf 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
0.21to 0.31 and Physics and Astronomy from 0.50 to 0.87. The only field in which the value decreased
is Pharmacologyl,oxicology and Pharmaceutics. However, this needs to be treated with caution, given
that the total publcation numbers in this fieldiere rather low andhussmall changes in the numbers

of co-publicationscan be exaggerated.

16 EU refers to the EU25 from 2004, and 27 from 2007. EU28 data was not available at the time of writing.
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1.50

Physics and Computer
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Toxicology an -
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Figurel16. Joint publications with Chinesmstitutes in 2005 (EU/US)

Source: ScopusSciVerse Elsevier.

2011
Chemistry
1.50

Physics and Computer

Astronomy science
Pharmacology Environmental
Toxicology an science
Pharmaceutics
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Figurel7. Joint publicationswith Chinese institutes in 201{EU8/US)

Source: ScopusSciVerse Elsevier.

17EU refers to the EU25.
18EU refers to the EU27.
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3.Mappingpf Chinads research and i
selected technologies

WP2 of this project developett O2 YLINSKSyaA @S 20SNWBASg 2F | KAyl
capabilities across selected technologies and ingaissectors. This chapter provides n-depth
Fylrteaira 2F /KAyl Qa adNBy3adkKa FyR ¢SlI{iySaasSa
LYGSNYIFGA2yFE tFGSYyd /tFaaAFAOLGA2Y oLt/ 03X | YyR
R&Dexpenditure The analysis compares R&D activibé€hinese firms in eiglstectorsand inspecific

crosscutting technologieso those of the EL27.

The Sectoral Approach

Eght industrial sectorsvere selected for the mpirical analysis. The sectavgredefined at the NACE

two-digit level:

w C20- Chemial Products

w C21¢ Pharmaceuticals

w C25¢ Fabricated metal products

w C26¢ Computers, electronic, optical products
w C27¢ Electrical equipment

w C28- Machinery and equipment

w C29- Motor vehicles

w C30- Other transport equipment (with a special focus on C3ghips and boats and C30.3, the

aerospace industry)

It was initially intended also to include one service sector, namely the sector @T&#inputer
programming, consultancy and related activities. However, due to severe data limitations, this sector

had tobe eliminated

@
P Tl | | 32
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Definition of crosscutting technologies

In additionto the sectorialapproach introduced above, three major crazgting technologiesvere
analysed. These technologies do not follow the traditional industry classifichtidrare of secial
importance, also in light of the EU policy towagiand challenges:

w Biotechnology

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

w Nanotechnology

While environmental technologies and biotechnology amady related to more than one of the
grand challenges (e.g. Cities/Transport, Climate Change, Water, Health), nanotechnology can be
considered as an important cresstting technology with potential positive impact in light of most of

the challenges.

As seen irFigure18, the sectors included and the cresstting technologies clearly overlap (e.g.
Pharmaceuticals and Biotechnologiowever, it is evident that the crogsitting technologies are

not limited to the sectors in the detailed analysis provided.

Industrial Sectors (NACE 2.0)
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The analysis mainly employs two analytical indicators, patent counts and R&D expenditures, derived
from different data sources'he main data sources used were

OECD, REGPAT database, Janua#; 201

China Statistical Yearbook

Eurostat various databases

OECD, STAN database

World InputOutput Database (WIOD)

€ € € € ¢

Data from the OECD REGPAT databaszetrieved to calculate all patarrelated indicators used

This concerns mainly the global portfolio of PCT patenting over the years20390disaggregated

by countries or groups of countries and selected technologies matchétetimdustrial sectors and
crosscutting technologies introduced aboteBecause of the lowosts involved in PCT patenting and
policies to imulate PCT patenting in Chinahich may lead to a large number of patents with
comparable low economic valy®ang and Motohashi 2013Jye useof 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 usingitation 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 meaures are just observabterather long time period of u 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 hbeen used to gather data on Chinese R&D
expenditures ovethe years 2002010 across the selected manufacturing sectorsilevdata from
Eurostat providedhe same information for the ) and data from the OECD Stan datab for the

US and Japan. This svaecessary for comparison purposes in the STI developofe@hina as

19 Matching procedures describéd inception report:

In the case of the industrial sectors considered some data, in particular on R&D expenditures, is already availableiatutieersteded.
However, patent data as a major input in this work package is classified along technataiest industrial sectors. Therefore, the patent
data will be transformed into industrial sectors using the concordance tables provided by Schmoch et al. In case ofehwms$ ttutting
technologies, the OECD has identified relevant IPC and Europessifi€ation System (ECloddes to match patents with environmental
Technologies (ENWech Indicators) and biotechnology . Patents relevant for the third @nagimg technology considered, nano
technologies, can be identified via the ECLA code.

20EU efers to the EU15 up to 2003, the EU25 from 2004, and the EU27 from 2007d&a28snot available at the time of writing.
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compared to the Elbut also to the US and Japan. For data on the industrial structure (sectoral value

added and production) and exporthie World hput-Output Database (WIOD) wased™.

3.1.C h i n auétr&al struntwre in comparison

Differencesin the industrial structure of China and the E®

Before the data on R&D expeingtes and patent applicatons we6 SEI YAYSR Ay RSl
industrial structurewas studiedand compared with that of the EU The industrial structure can be

measured by usg datafrom 20090n total production Figure19) and value addedHgure20). A

considerable specialization of ChinaBectrical and optical equipmef¥vas revealedElectrical and

optical equipmen®includes two sectors ¢ Wdmputers, electronic, optical produds 6/ Hc O | YR
Wiectrical equipmenf{C27). Additionally, K A 3 K A Y LJ2 NIi | y @&l ard fetal ir@luc® S O G 2 NJ

(including NACE 2.0 section CB&bricated metal producfl some lowtech-manufacturing sectors
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Figurel9. Difference in sector shares on total production between CN and thé32009
Source: WIOD, own calculations

Note: NACE Rev. 1.1

21The data used are taken from the World Ingdtitput 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 59gmdb@icts
industries. More detailed information is provided by Timmer et al. (2012) and Dietzenbachef2&114).

22EU refers t&EU27.

23EU refers to EU 27.
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With very few exceptions, the shares of all manufacturing sedtotstal production (and to a lesser
externt alsoin value added) weraigher in China than the EU. In contrasttlaiservices sectors plad
a much smaller role in Chife@conomicstructure. Therefore not only the importance of certain
manufacturing sectors was found to diffeetween China and the EWut also theweight of the

manufacturing sector as a whole Chinaappeared bdo much larger than in the EU
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Paper, printing

Difference in share of total between CN and the EU
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Food and tobacc
Chemical product
Transpart equipment
Wood and wood product
Post and telecol
Other manufacturing
Financial intermediati
Hotels and restaura

-10%

Electrical and optical equipme
Non-metallic mineral product
Electticity, gas and water supp!

-15%

Figure20. Difference in sector shares on total value added between CN and th&,EA009
Source: WIOD, own calculations

Note: NACE Rev. 1.1

The absolute numbers reveal that in some seddioth the relative importancef the sectorwas

higher in China compared to the Elddthat the absolute value of the production veaabovehe level

of the EU. These sectors inclutla number of lowtech manufacturing sectorsamong which was

W¢ S Edppates ¥ R Sofwhikhd M2 vy I Q&  bhIRIBIRazDiiéeitithgs higher than that

of the EUHoweverChindQ®IeO G N&X OF £ | y R 2 LJi A OWwdsalsBhighek thamtiyofi Q LINE R

the EUby afactor of two. In contrast, in all other highnd mediumhightech manufactumg sectors

24EU refers to EU27.
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the total BJ production wa above the valutor China. Total production dhe Wrénsport equipmen®

sectorwas two times higher in thEUcompared tathat in China in 2009.

Export specialization of China compared to the®U

Usinga similar approachhe differences btweenthe export specializationf China and the EWere
examinedin the year 2009Figure21). In only two sectorg Wiectrical and optical equipmef® | Y R
Welktiles, apparel, leath€k, did the identified high specializath in production also translaténto a

high export specialization. The other manufaitg sectors with high shares tdtal production
seened to be more oriented towards the Chinese domestic market. One exanfpéesector with
such a patterng high sharen production but a low sharein total exporty waa étshand metal
productQ The two sectors with theighestidentified sharein total Chinese exportéH8ctrical and
optical equipmen® | ¥xRles Yapparel, leath€ together accourgd for more than half of all
Chinese exports in(9. In contrast, Eléxports wee more equally distributed across economic
sectors. In the case of the Elthe sector with the highest sharm total exports¢ Wrénsport

equipmenty; only accoungd for less than 12% of totaxports.
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Figure21. Difference in sector shares on total exports between CN and thésE2009
Source: WIOD, own calculations

Note: NACE Rev. 1.1

25EU refers to EU27.
26 EU refers to EU27.

Nl | | pe—

st Bt i Roveda R
Sociedade Portuguesa de Inovaga: UNU-MERIT TOMORROW TODAY




STI Performance of China

D9: Final Report

Analysing otal exports forChina and the EUJ Figure22 shows that EU exportsvere still about four

times the value of Chinese exports in absolute terms in the most recent year where data is available
(2009).

Only inthe sector‘WI8ctrical and optical equipmefvasthe value of Chinese exporttose (75%) to

the EUvalue. However, the absolute figures also reveal the much faster growth of Chinesésexpor
compared to those of th& & Ly ™ o dleckical adioytiBah ehjuipindaexportswere anly

10% of the EU value. Whihinese exports in other sectogrew significantly over the last 14 years,

the value of EU exportsad 0 S 4SSy Y 2 Nibricaledl ingfal pioHuNE S oyPtori T 6 Wa
vehiclegp times higher than the corresponding Chinese exports in 2009. However, it should be noted

that EU expon also include intrieU Exports. If only extaU exportsvere included the gap between

China and the EU in term of total exports would be significantly smaller.
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[a) equipment
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Figure22. Total exports and exports in selected sectors of Chamal the EW8, 1999, 2000, 2005, 2007 and 2009
Source: WIOD, own calculations

Note: NACE Rev. 1.1

27EU refers to the EU15 up to 2003, the EU25 from 2004, anBW2¥ from 2007.
28 EU refers to the EU15 up to 2003, the EU25 from 2004, anBW#¥ from 2007.
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3.2.Chi n a 0 sesearghedevelbpment and innovapierformance

¢ NEBY R& JndustlyRRDY I Q&

This section is focused on the development of China’s indufR&D expenditures, disaggregated by

different sectors of economic #eity in comparison to the B the US and Japan. R&perditures

have beerwidely used in studies measuring the STI performance of firms, regions or countries as a
indicator for the ability to generateinnovations. More specificallyndustry R&D expenditurefiave
beencommonly considered to bene of the main drivers of generating new products andhew
processes that inducaddedvalue and foster produivity andgrowth (see, foexample Mairesse and

Sassenoul991). The R&D expenditures are generally measured in Euro at current prices.

In the empirical analysis, only sectorsie China Statistical Yearbook reeconsidered to measure
the development of industrial R&D expendids along with the selected sectors of intergsee
Section 3.3 These sectors we matched with the NACE rev. 2 classification for sectors of economic
activity in order to compare Chinese R&D expenditures withttiose of theEU the US and Japan.
Correspondingly, d& on Chinese R&D expenditures reesourced from the China Statisti
Yearbook, while for the Elthe US and Japatiata was gathered from Eurostat, the OECD and national

statistical offices.

Development oftotal R&D expenditures

Prior to analysis ofthe development of R&D expenditures from a sedbrmperspective, it is
appropriate todiscusghe general development of R&D expenditures in China as casdparother
countries. This cashed some light on the overall importance of R& the Chinese economgnd

the role of China in the world in terms of R&Eigure23 illustrates country sharesof total R&D
expendituresvorldwide (including firmsuniversitiesand public actors) for the years 2002, 2007 and
2009, whileFigure24 shows the development of total R&D expenditures as a percentage of gross

domestic produt for the time period 2002012

29 BU refers to the EU15 up to 2003, the EU25 from 2004, and the EU27 from 2007.
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Figure23. Global share®f total R&D expenditures (GERD), 2002, 2007 and 2009

Source UNESCO, own calculaticfis

Two important trends can be seeFrstly, 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 PPFecondy, that the distribution of global shas has also changed considerably
during this period:
w North America,including the US and Canada, had the highest sharglabal R&D
SELISYRAGAINBED® |1 26SOSNE b2NIK ! YSNR20M@r aKI|l NB
2009 in relative terms from 37.7% to 32.7%.
w WFEHLIFyQa 3Ft206lf aKFENBE KFa RSONSBI
HAnT FYR WHandgX WHLIEFYQE wss -

to the global economicrisis 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 availtile at the
of writing.
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w For the EB}, R&D expenditures in absolute values have increased, roughly with the same
magnitude as the USlowever, the share of the EUgiobal R&D has stagnated between 2007
and 2009.

w In contrast to the other countries wler 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 doobteden 2002 and
2009, from 86 to 1202 ® LY HAAdE / KA YRED &xpehditdras (12.1%) K I NB
exceededhe global share of Japan (10.7%). During the financial crisis of 2008/09, a period
characterized by decreasing R&D expenditure in some countries, @Hotal R&D
expenditureshave continuedto increase Given the trend to be laserved fromFigure24, it
canbe assumed that China will maintaiine third position behind North America and the

EU27 in the miderm, and further close the gap to the EU27 lne tmid to longterm.

Figure23 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 allhree 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 catchingip. It points, orthe one hand, to a deeper shift in the structure of the Chinese
economy with a growing share of knowledge intensive industries, in particular telecommungation
and electronics. On the other hanitlalso reflecs considerable efforts by the Chinese gavexent to
accelerate the transformation of the Chinese economy to a more technalaggn, knowledge based

economy (see, for example, Scherngell et al. 2014).

/| KAyl Qa OFGOKAY3 dzLJ 0S02YSa S@Syis¥maN&andMaING & a i g
R&D expenditures as a percentage of Gibdcomparedo illustrate the R&D intensity of countries

relative to their economic siz&igure24 outlinesthis indicator forChina, Japan, the US and the’EU

for the period 200€2012. In the last decade China nearly doubled its R&D intensity and overtook the

EU in 2012.

31EU refers to the EU15 up to 28ahe EU25 from 2004, and the EU27 from 2007. EU28 data were not available at the time of writing.
32EU refers to the EU15 up to 2003, the EU25 from 2004, and the EU27 from 2007. EU28 data weiéabte at the time of writing
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Figure24. Total R&D expenditures (2068012) as a percentage of GDP

Source: OECD, own calculatiéfs

The development points to a constant aodnsiderable growth in private R&D expenditures of firms
located in China betweeP000 and 2012This trend is likely to continue the near future as there is

no implicit or explicit evidence dactors that may reduce this growth pattern in the rietm. 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 growtlannot only be explained eychanging innovation behaviour

of some selected firms; it haather to be related to a more pervasive structural shift of the Chinese
economy from lowand mediumtech industries to mediurigh- and hightech industries, suchs
telecommunications and electronics (see, e.g., Crescenzi et al. 2012). In related literature, a number
of explanations for this development havbeen identifed, most importantlythe absorption of
technological knowledge via foreign direct investmeRD(s), 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 expenditurgsowth of private R&D

33EU refers to the EULp to 2003, the EU25 from 2004, and the EU27 from 2007. EU28 data were not available at the time of writing.

@
Sl | i - 42

Sode g s s ds novach SFHENNGI 62
Sociedade Portuguesa de Inovaga: UNU-MERIT TOMORROW TODAY .



STI Performance of China
D9: Final Report

expendiures 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 concernsrtfle of foreignowned firms inthe

overall development of R&D expenditures in China. China initially served as an assembler of more
sophisticated inputs imported fromabroa@ ¥ 1 Sy NBFSNNBR G2 Fa GKS [/ KAy
driven by cheap factor inpst in particular cheap labour. Meanwhile, howevigre are also signs
indicatingthat foreigrnrowned firms are increasing their R&Rtivities in China, utilizingnillions of

skilled Chinese engineers and scientists, with their new competencies to dereliyrcts 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 201i4)clearthat R&D

activity of European and US firnmsChina 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 depictedrigure24, it is posible 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 farthe highest amount of oR&D in absolute numbers with a value of around 200 billion Euros in
2010. WhileJapan stagnated during the observed time period at allef’d00 billion Euros, the EU
countries showd a rather constant growth between 2000 and 2088t stagnationoccurredfor the

EUafter 2008 ataround 150 billion Euros per year.

¢ NEBY Ra Jpafent/oltguty I Q4&
Ly GKA& aSOtAazy FdGSydAzy Aa 3IAQGSYy G2 GKS Fylfeé,

mapping the research and innovation capabilities of countries, patents are without doubt one of the
most often used indicators taken into csideration. Patents arec in spite ofvarious limitations
discussed in scientific literature (see, e.g., Scherngell, 2@B&)most direct indicatoof the creation

of new technological knowledge that is likely to be commercialized.

In this analysis thenain focus wasn raw patent counts, drawing on a tarseries for the years 1990

2011 The Internatioal Patent Classification (IPC)ava dza SR (2 OF LJidzZNB / KAy |
innovation capabilities for the eight sectors and three crosting technologis. The REGPAT

database is a data collection tool to get information on global patenting, aiming to describe the
RSOSt2LIYSyd 2F /KAYlIQa LI GSyd 2dzildzi Ay O2YLI NA
Within REGPAT the patents that are filed undex Batent Cooperation Treaty (PCT) of the World
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Intellectual Property Organization (WIPO) have been identified, as these are most appropriate for
crosscountry analysis to avoid home it office bias. Patent counts we drawn from inventors
listed in patet 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

Figure25 presents the totahumber of PCT patent applications of China in comparisonedJthited

States, Japan, the BUand the group of all remaining countries, labelled Rest of the World (RoW).

/| KAyl Qa akKlINB Yle aidAatt oS avylfft O2gastANGEtRm (2 G KS
global patenting share across countrigas seenin particular the increasing importance of China and

RoW, the latter mainly dominated by other Asian countries such as South Korea, India, Vietnam and

Thailand.

FromFigure25, the following main results can be summarized:

w Since 1978 global patenting activity has increased tremendously, in particular between the
early 1990s and 2005. In 1990, the number of annual PCT paguntded about 20,000; a
number that ncreasel to about 140,000 over a time pied of 15 years;

w The Eland the US shoedthe highest annual numbyeof patents, followed by Japan;

w China showd a very low patenting activity before the year 2000. However, after the
millennium the number of pateistincreasd steadily, reaching a number of about 15,000
patents in 2010 (whictvas around two third2 ¥ WI LI yR® & KR pfeQ LI Sy i A

w Continuing this trend, China may further increase its share in global patentiniyecia the
US, Japaand the EYJ

w While asteep increase in patenting in the 199@mde seen at a similar rate loth the US
and EUJapan's patenting activity increakister after 2000 (especially after 2003), reig
in 2010 for a nearly sammerformance in patentingctivity asthe US;

w Countries of the RoW group begin to intensify patenting earlier than China, since 2008

accounting for nearly the same figurasJapan.

34EU refers to the EU15 up to 2003, the EU25 from 2004, and the EU27 fronERX® data were not available at the time of writing.
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Figure25. Number of total PCT patent applications (192011)

Source:OECD, REGPAT database, January 2014, own calcufations

Turning to relative shares instead of absolute valkégure26), the shift in global patenting becomes

even mae evident. The share of the Bland the USn global patentig gradually decreasecdhearly

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 logrepensity to patent in the Ednd the US.

However, it is withoutloubt, to a substantial degreealso relatedo the increasing share of the other

GKNBS O2dzy NAS& yR 3INRdzZLJA 2F O2 dzy (i ethoSnardase? KAf S
noticeably after 2000, the share of RoW has steadily increased since the 1888s.showda 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.

35EU refersa the EU15 up to 2003, the EU25 from 2004, and the EU27 from BEQ@R 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 fronERH data were not available at the time of writing.

A s A ITavw:om L

UNU-MERIT TOMORROW TCDAY

Sociedade Portuguesa de Inovaga























































































































































































































































