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Chapter 7. Sweden

Cristina Chaminade, Jon Mikel Zabala, and Adelec€emi, University of Lund (ULUND)

7.1 Introduction

Sweden is considered to be one of the most advaocedtries in terms of innovation
worldwide. Sweden always ranks high in all inteioraédl reports on Science and Technology
indicators such as the ones regularly publishedhbyOECD or Eurostat. In 2009 Sweden
invested a 3.75 percent of the GDP in R&D well abdis (2.8 percent) and slightly higher
than Japan (2.4 percehfDECD, 2010). The number of full time R&D emplogegzer 1000
employees was 17 in 2000, only below that of Fidlé22.4) and Iceland (17.5) in the ranking
of OECD countries.

As we will argue in this chapter, the high perfonoa in terms of innovation is due, among
other things to the industrial structure of Sweddominated by large R&D intensive

multinational groups (such as Ericsson) as wellaastrong specialization in high-tech

industries and services. Both the National Inn@raystem as well as the Global Innovation
Networks in which Sweden patrticipation is highlyluenced by the industrial structure of
Sweden.

The outstanding performance in terms of S&T hashbesn in parallel to an equally high
performance in terms of growth, productivity anangeetitiveness (Marklundet al., 2004) for
the whole economy. This mismatch between innovapieriormance and growth has been
labeled theSwedish Paradoxand it is still today the focus of many discussiam the
innovation system of Sweden and its performance(isd et al., 2008; Ejermo et al 2008;
Kander and Ejermo, 2009). Among the possible remagon the relatively poor economic
performance is the dominance of large R&D intengseltinational groups, the lack of
support for SMEs or the strong focus on basic rebéa

As many small countries, the Sweden economy ha®agsinternational orientation and this
is also reflected in the national innovation systémternationally oriented industrial firms

and universities dominate the Swedish innovatiostesy. Furthermore, since 1988, the
country has experienced a growing trend of mergaedsacquisitions of technology intensive
firms by foreign companies (Vinnova, 2006) whoseespnce, particularly in certain

industries, is very noticeable.

The aim of this chapter is to explore the linkswesn the NIS in Sweden and the
participation of Swedish firms and Swedish univigsiin Global Innovation Networks. More
specifically, it attempts to answer the followingegtions: a) To what extent are Swedish
actors participating in GINs? b) To what extenthie Swedish NIS attracting GINs? ¢) What
is the role of the Swedish NIS in supporting thetipgation of Swedish Universities and

1 Data of 2008

2 while it is not the objective of this paper todiss the relationship between innovation and ecimperformance in
Sweden, the previous discussion in important tdligbt why, in this paper, we will try to move beayb R&D indicators
(and other S&T-based indicators) to try to prowvdaheaccurate picture of the NIS and its relations¥ith GINs.
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Swedish firms in GINs? d) What is the role of th@efish innovation system in attracting
actors in GINs into Sweden?

GINs are defined as “globally organized networksnéérconnected and integrated functions
and operations by firms and non-firm organizatiengaged in the development or diffusion
of innovations” (Chaminade, 2009:12). They embrdloeee forms of globalization of
innovations: global research collaboration, gladmlrcing of technology and innovations and
global generation of innovations (technology basé&d) (Archibugi and Mitchie, 1995;
Plechero and Chaminade, 2010). The global reseadaltaboration alludes to the
collaboration of different partners from differesduntries in the development of know-how
or innovation. This collaboration can take a variet forms, including R&D joint-ventures,
R&D alliances, contractual R&D, etc. and can inek variety of organizations, including
firms, research centres, universities, governmeta, The global sourcing of technology
refers to the acquisition or import of technologyathinery, patents, know-how, etc) from a
different country. The global generation of innowas refers mainly to the location of R&D
activities in a different country and it is assoeth with R&D related foreign direct
investment.

In this chapter, we also make a distinction betwglebal innovation networks (GINs) and

regional innovation networks (RINs) (Chaminade, D0 INs have a global geographical

spread and engage actors beyond the traditionatl Tmn our case, we are interested in the
involvement of organizations from CIBS). RIS ardemational networks confined to a

specific supra-national region — for example, witkihe European Union. In this paper, we
consider North-North networks —that is, networkghw the Triad as RINs and those

involving actors outside the Triad as GINSs.

7.2 Main actors in the Swedish innovation system antheir international
dimension

In international comparison, one could say that@mendustrial structure is characterized by
a comparatively large knowledge-intensive and expoented manufacturing sector, a
relatively small private service sector but a corapeely large public service sector. Both the
public and the private sector are dominated byelarganizations.

The Swedish Innovation System is quite polarizeéd two main groups of actors: on the one
hand, about 10 large multinational groups and, lm& ather hand, a similar number of
universities. These two groups are responsibleaféarger part of the R&D performed in

Sweden (Marklund et al, 2004).

Enterprises. In relation to the size of its economy Sweden &dwoad industrial structure
with world-leading international companies such &sicsson (ICT), AstraZeneca
(Pharmaceuticals), Volvo, Scania and Autoliv (Auttive), Industrial machinery (ABB),
Packing (Tetrapack), Househdgpliances (Electrolux). These large multinatiac@hpanies
have a great impact on the functioning of the N8, at the same time, are responsible for
the high degree of participation of the Swedishoiwation system in GINs, They use
extensively GINs in their innovation strategy, umting global collaboration, sourcing and
generation of innovations.
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Figure 7.1 shows the percentage distribution ofonat turnover of domestic and foreign-
affiliated companies in services and manufacturiog 2004. In 2004, there were 9,273
foreign affiliates in Sweden, which represents lyaael.2 percent of the national total. They
are concentrated in Telecommunications (15 peroéfihe units) followed by air transport
(10 percent of the units) and electricity, gas awater supply. Despite their marginal
importance in terms of number, they contribute ificgmtly to the country’s turnover, as
figure 7.2 plots.

Around 7,217 firms have introduced product or psscenovation in the period 2004-2006
(Eurostat, 2007), which represents 44.6 percethetampled population. The proportion of
innovative firms is higher in manufacturing thanservices, reflecting also the presence of
large multinational companies in manufacturing. ifwould be expected the proportion of
innovative firms to total population is directlylaged to the size of the firm. The proportion
of innovative firms in large firms is higher tham small firms. Yet the proportion of SMEs
that are innovative in Sweden is quite high, pafady in manufacturing as figure 7.3 shows.

Figure 7.1 Percentage distribution of national turnover of destic and foreign-affiliated companies in services
and manufacturing (2004).
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Figure 7.2. Enterprises in Sweden — percentage (2004-2006).
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Figure 7.3Enterprises with innovation activities in Swedegrgentage distribution by size of the firm (2004-
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Universities and research centers. Similarly to the business sector, the universitgteeis
dominated by approximately 10 universities whicle @esponsible for almost all R&D
performance in the country: The Karolinska Ins&@tu€halmers University of Technology,
Uppsala University, Lund University, Gothenborg \arsity, the Royal Institute of
Technology (KTH), Stockholm University, Linkdpingniversity and Luled University being
the most important ones. Table 7.1 presents tiedfithe universities in terms of the number
of students (FTE) in 2008. With few exceptions @eska Institute and the Royal Institute
of Technology), most of the funding of Swedish Uasities comefrom the public sources
(regional and national government and EU). Privaes and foundations fund only a small
proportion (approximately 11%), as shown next:
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Table 7.1. Number of students enrolled in theldfyest Swedish Universities (2008).

University Number of Students FTE
Lund University 24,600
Gothenburg University 24,100
Stockholm University 22,400
Uppsala University 19,900
Linkdping Univ. 16,900
Umea 15,600
Linnaeus Univ. 15,000
Royal Institute of Technology (KTH) 11,700
Chalmers 8,471

Source:Swedish Higher Education Authority (2009)

Graph 4. Sources of funding of Swedish universities.
Financial

. . revenues
Companies and

non-profit
11% [
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Other public

funding
e \

Government
80%

Source:Authors’ with data from SNAHE (2010).

Additionally, Sweden has a number of University |I€Egés (Swedish Hogskola) that provide
degrees at graduate (University diplomas and Bachédgrees) and post-graduate level
(Master and Doctorate). In comparison with Univées] University colleges are usually
specialized in just one academic discipline. Faaneple, Blekinge Institute of Technology
and Malardalen University are specialized in Engiimg, while Stockholm School of
Economics is in Business and Economics and Malmdévddsity (although is currently
diversifying) has a strong focus on Medicine.

With regards to Research Institutes, the Swedisb R&titute sector is one of the smallest in
the OECD, mostly due to the fact that almost albljpu R&D investments go to the
Universities in Sweden (Marklund et al, 2004). Desgheir small size, they are active in a
variety of industries. Some of the most importane® are the Swedish Defense Research
Agency (FOI) (approx. 1,250 employees), the indailstesearch institutes (jointly owned by
the government and industrial associations, emptpgpprox. 2,100 employees) and other
government research institutes agencies like the Swedish Institute for Infecti@isease
Control or the National Institute for Working Lifeemploying approx. 430 full time
researchers (VINNOVA, 2006).
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7.3 Competences in the Swedish NIS and their potealrole in GINs

Tertiary education in Sweden. Although the proportion of higher educated peopl&weden

is high, Sweden is not at the top of the OECD nag&ithat measure the proportion of higher
educated people to the total population. Table Suthmarizes the number of students
participating in tertiary education in 2006 in fotnd as a proportion of the population
between 20-26.

Since 2008, tertiary education in Sweden has baaded into three cycles: Bachelor, Master
and PhD, which are showing different trends oweetiWhile the number of degrees awarded
to the first and second cycle has decreased awey, the number of doctorates awarded has
slightly increased, particularly in the last year fwhich data is available (2008). Figure 7.5
shows the number of degrees awarded in tertiargagotun from 1990 to 2008.

The declining trend observed in the first and sdooycle is not a good indicator, particularly
taking into account the role that competences jplathe emergence and development of
Global innovation networks: we may expect, that ntoas and regions with higher
proportion of qualified human resources will beoatse ones better positioned to attract GINs
and to participate in GINs. However, one may expeistnegative trend to reverse in the next
future as 2008 showed, for the first time since@mh increase in the number of FTE in first
and second cycles which may translate into an asaen the number of graduates in the
coming years. Figure 7.6 illustrates the numbeFDE in first and second cycle of tertiary
education from 1993 to 2008.

International mobility of students. The higher education system in Sweden has verngtro
international linkages. About 13 percent of the &wale students enrolled in tertiary education
studied abroad in 2008 (SNAHE, 2010). In the saser,ymore than 31000 foreign students
came to Sweden, almost tripling the amount of fprestudents one decade ago. The result is
that since 2005/2006 the number of foreign studentsing to Sweden has exceeded the
number of outward students (Swedish students gaiingad). Figure 7.7 shows the number of
Outgoing and Incoming students for the period fi887/98 to 2007/2008.

Table 7.2Number of students enrolled in Tertiary educatiath ¢ycles) and number of Graduates (2006)

Students enrolled in tertiary education Gradu£2666

Total Percent of Total Percent of
numbers population numbers population

20-29 20-29

In any field 422,614 39.1 60,762 5.6
In Science, Maths and Computing 43,910 3.8 -- --

In Engineering, Manufacturing and Construction é8,8 6.4 --
Source Eurostat (2009)
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Figure 7.5Number of degrees awarded in tertiary educatiord(:2008).
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Figure 7.6 Number of FTE in first and second cycle of tertiaducation (1993-2008).
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Figure 7.7 Number of Outgoing/Incoming students (1997/98-22003)
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The geographical spread of the student exchangalbawaried over the last years. Although
still two out of three Swedish students that gooabrtravel to Europe, the proportion of
students that chose to go to Asia in the last igesix times higher than in 2001/02. Similarly,
about 35 percent of the students that had arratiggd own studies in Sweden came from
Asia. Table 7.3 summarizes the countries of origgma destination of students in tertiary
education. The proportion of students to and fram €IBS countries is also included when
available.

Researchers and R&D personnel in the Swedish innovation system. The decline in the
number of students enrolled in tertiary educatiorSiveden over the last years has had an
impact on the proportion of researchers and R&Bqeal in the Swedish innovation system,
as it could be expected. This, again, is not a ggal if one takes into account that one of the
most important determinants in the location of wait@mn activities in a certain country or
region is the availability of competences (quatifreuman capital).

The business sector has traditionally the most napd employer of R&D personnel in
general and of researchers in particular and ipontance in relative terms has increased over
time, as next graphs show:

Table 7.3Number and percentage distribution of studentsartidry education

Country of destination/Origin Swedish students aloro Foreign students in Sweden
Foreign students in Sweden

Number Percent Number Percent
Nordic countries 2,890 11.90 2,714 8.69
Europe excl. Nordic countries 12,273 50.55 11,266 6.08
Africa 260 1.07 1,314 4.21
South Africa 107 0.44 0
North and Central America 4,621 19.03 1,580 5.06
South America 406 1.67 385 1.23
Brazil 0 109 0.35
Asia 1,789 7.37 7,709 24.69
China 595 2.45 2,253 7.22
India 0 0.00 866 2.77
Oceania 2,038 8.39 455 1.46
TOTAL 24,277 100 31,224 100

Source:Table elaborated by authors with data from SNABR&LQ)
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Figure 7.8Total Researchers and R&D personnel per thousatad émnployment, 2004/2008.
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Figure 7.9 Percentage distribution of R&D personnel (FTE) betw Business enterprises,
Higher Education and Government in Sweden (200429038).
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Human capital in firms. One of the most important sources of innovationaiioy firm is its
employees and one of the most conventional indisatd the qualification of human
resources in firms is the proportion of employeathva university degree. People with a
higher education degree in Sweden are to be fousidlynon the high-tech manufacturing
groups (usually the large MNCs that dominate thed@sh NIS), some knowledge intensive
services (KISs) and Universities, once again réflgahe polarized structure of the system of
innovation. The proportion of scientists and engisdhat are currently employed in KISs has
increased very rapidly in the last years and ctlyemploy more scientist and engineers than
in the manufacturing industry (Marklund et al, 2p04

Table 7.4 provides information on the country afior of the R&D personnel employed in
major Swedish groups. It is worth pointing out he tincrease in the number of R&D
personnel from China between 1997 and 2007, fram2046 R&D employees. None of the
other groups have experienced such a dramaticasere

The level of education provides an indication @& #hock of knowledge but not about how the
firm uses that knowledge. In a recent study, Lorand Lundvall (Forthcoming) discuss the

proportion of creative workers in a selection of&ean firms and its impact in innovation.

As it can be observed in table 7.5, the Scandimag@untries, which are also the ones that
perform better in terms of innovation in Europes also the ones showing a higher proportion
of firms with creative workers in striking contrasith countries in the South and East of
Europe. This is particularly relevant, when one g&# the proportion of creative workers

seems to be positively correlated with the innaratperformance of firms (Lorenz and

Lundvall, Forthcoming).

R&D in firms. As indicated earlier, the R&D system in Swederaacentrated in a small
number of large multinationals and some of the sldeniversities in the country.
Furthermore, the industry is, by far, the main ficiag and performing actor when it comes to
gross domestic expenditure in R&D (GERD) as figiu) shows:

Table 7.4Number R&D person-years (full-time annual equiv#dgm major international Swedish groups

Country/region R&D person-year

1997 1999 2001 2003 2005 2007
Total in world 45,135 38,846 40,037 30,803 38,204 45,614
Sweden 27,517 22,022 20,923 19,085 21,720 23,239
Abroad 17,618 16,824 19,114 11,718 16,484 22,375
EU15 10,013 8,814 10,475 7,053 8,902 11,983
China 2 107 313 388 974 2,046
India 30 9 286 2 120 429
South America 332 216 401 256 323 398
USA 3,865 4,440 4,249 1,814 3,421 3,838

Source ITPS (2007)
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Table 7.5National differences in types of learners in fir(@&) 27)
(percent of occupied persons by country and typeasher)

Creative Worker

Routine problem

Taylorized workers

Total

solvers
NORTH
Sweden 82 10 8 100
Denmark 70 15 14 100
Finland 66 21 13 100
SOUTH
Greece 39 33 28 100
Italy 37 29 34 100
Spain 35 30 36 100
EAST
Lithuania 35 27 38 100
Romania 35 38 27 100
Slovakia 33 22 35 100
EU-27 51 24 25 100
Source Lorenz and Lundvall (forthcoming)
Graph 10. R&D expenditure; Performing and Financing (2007)
Performing Financing
Govern- Non- Other .
ment \ profit national At(;r;dd
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Foreign firms have traditionally played a majorerah the R&D expenditures of the country
(GERD) however their importance has been dimingglower time. The country of origin of
the largest R&D investors in Sweden is USA andUinéged Kingdom. The statistics do not
provide specific information on the R&D investmeoft MNCs from any of the BICS

countries part of INGINEUS however, the amount mfeistments that comes from MNCs
whose headquarter is in USA and Europe is barélypércent of the total R&D investments
of foreign firms in Sweden, giving an indicationtbe regionalization (and not globalization)

22%

Industry

Source:Authors’ based on OECD (2010)

of inward R&D.
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Figure 7.11. R&D expenditure of domestic vs. foreign affiliateercentage (2005 and 2007)
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Specialization/clusters. Global innovation and production activities areraatted to certain
regions or clusters which have accumulated competem a particular industrial area. It is
therefore important to understand which are thestels in which the country (and the
national innovation system) is specialized. In¢hee of Sweden, those areas of specialization
are cleantech, automotive, ICT, materials sciemcklife sciences (ISA, 2009):

Cleantech:One of the newest clusters in Sweden is the or@esHn or Green Technologies

(Cleantech) and, particularly of Biofuels, wind pmwand solar cell manufacturing.

Somehow, the cleantech cluster has built upondtberaulation of competences of Sweden in
engineering. The cluster is located in Stockholmal(iding Uppsala) to the north.

Automotive:Sweden has a long tradition in automotive innovatihich is built on a long
specialization in the production of passenger adrercial vehicles. Although the industry
is currently under re-structuration (Volvo cars leen acquired by the Chinese Geely and
Saab by the dutch Spyker), some of the most inn@/abmpanies worldwide in car safety
(for example Autoliv) and Intelligent transport tgms have their headquarters in Sweden,
like Autoliv. The cluster has attracted productiand innovation activities worldwide,
including MNCs subsidiaries from BICS countriesliBharat Forge from India. The cluster
is located around Gothenburg.

Information and Communication Technologies (ICOpe ofthe most important clusters in
Sweden is that of ICT, particularly mobile commuations, media (IPTV) and computer
games. Three are the main factors that explaispeeialization of Swedish NIS in ICTs: the
presence of world leaders in communication techyief) like Ericsson; the pool of qualified
human resources in relatedmmunication technologies; and the demand of trstomers.
One of the main drivers of innovation in the ICTHustries is the proximity to the customer
(Pavitt, 1984). Swedish customers are among thekgsi in the world to adopt new
applications and services (ISA; 2009: 8), which esaSweden a good test market for new
applications. This clusters has attracted a largeber of R&D centers from MNCs all over
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the world, including some from BICS countries, lIKES and Infosys from India or ZTE,
Huawei and Lenovo from China. The cluster is maiolyated in Kista, in the outskirts of
Stockholm although there are two emerging clusterSkane (for computer games) and
Link6ping (for web servers and IPTV).

Materials science:The specialization of the Swedish NIS in materiatsience can be
explained by the combination of research speciadizaat the University and the
accumulation of industrial know-how in paper andppand packaging technologies based on
cellulose fiber —like Tetrapack- (another offspriofythe forestry past of Sweden). Sweden
will be hosting the largest European researchitgdibr materials research — the European
Spallation Source (ESS). In contrast with the pasiclusters, the materials science cluster is
spread all over the country: e.g. materials researcpackaging in Lund and Stockholm and
material research related to textiles in Borassglhm Gothenburg).

Life sciencesAs in the previous case, the specialization in fitgences is based on the
combination of world class research institutionsr (€xample. The Karolinksa Institute in
Stockholm) and medical universities and a clustedaoge multinational companies in
biotechnology (including biomed) and pharmaceusidike Astra Zeneca, Elektra, Gambro or
Pharmacia. There are two main clusters in Life i8me, one in the South of Sweden — the
Medicon Valley- and another one in Stockholm, whicve specialized in biotech tools,
diagnostics, medical devices, biomaterials andreggive medicine.

Knowledge base in universities and research centers. Higher education institutions are
responsible of 20 percent of the R&D performedve8en as shown in figure 7.9. Although
it is not possible to find the breakdown of that R&vestment by subject areas, it is possible
to have a rough idea by looking at the distributadrR&D employees by subject areas in
Swedish Universities. As can be observed, most Rg&sonnel are concentrated in
medicine, engineering and live sciences.

4. Innovation networks and their international dimension

As indicated in the introduction to this report, veistinguish between 3 forms of
globalization of innovation and, as a consequergiebal innovation networks: global
research collaboration, global sourcing of techgpland global generation of innovations.
For analyzing these three forms, we use the infooman collaboration in innovation from
the innovation survey, the imports of high-techducis and the R&D FDI respectively.
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Figure 7.12Proportion of R&D man-years (FTE) at Swedish unéitggs in 2003 distributed by subjects.
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Global research collaboration. The innovation survey provides information on the
collaboration in innovation by partner and by tloeitry of origin of the partner separately.
As can be observed in figure 7.13, about 78 peroénfwedish innovative firms have
cooperated with suppliers in their innovation psscand 64 percent have done so with clients
and customers. This result is different from therage in Europe at least in one respect: the
most important partner for collaboration in innawatin Europe is the customer, while in
Sweden is the supplier. This difference can beamnpltl by the industrial specialization of
Sweden in industries in which suppliers of techgglgplay a fundamental role in the
innovation process: automotive, clean tech, ICT, @these are also the industries that
concentrate a larger proportion of the R&D in mactifiring and host some of the largest
companies as well.

Looking at the origin of the partners, table 7.6wk that most of the research & innovation
networks are either national or European; thatwis, are mainly talking about regional
innovation networks (RINs) and not about global or{&INs). However it is worth
mentioning that about 20 percent of the SMEs (thas 250 employees) and 30 percent of
the large firms have some form of collaboratiomimovation with China and India.

Table 7.6. Percentage of firms that cooperate in innovatiorsizg and location of the partner

Total Sweden Other Europe USA China and India Othe

Below 10 employees 40 94 63 30 18 22
10-49 employees 37 94 58 28 16 21
50-249 employees 43 96 69 29 20 23
More 250 employees 65 95 83 43 31 28

Source:Authors’ own elaboration with CIS data (Euros2i07)
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Figure 7.13. Percentage of innovative firms that have collabedsin innovation by partner (2004-2006).
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Figure 7.14Cooperation in innovation by origin of the partner
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Global sourcing of technology. As a proxy of the global sourcing of technology wié use

the technology balance of payments (TBP) data ghét by the OECD (2009). The TBP
informs about the trade of disembodied technologiyvben one country and the rest of the
world. It includes the receipts and payments fa titansfer of techniques (through patents,
licenses, know-how), the transfer of designs, tnaal&s and patterns, trade of services with a
technical content (like technical and engineerituglies or technical assistance) and industrial
R&D. It does not include information on the acqtiesi of embodied technology, such as
machinery.

Page 16 of 153



D3.2: Synthesis Report on “National innovation
systems and global innovation networks”

Figure 7.15. Technology balance of payments, 2009.
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As it can be observed in figure 7.15, Sweden hpss#tive technology balance of payments,
receiving more payments for technology licensing services abroad than what the country
pays for technology and services acquired fromadrdhe global sourcing of (disembodied)
technology in Swedénis relatively small as compared to USA, Germamglahd and the
United Kingdom but still quite superior to many ettEuropean countriés.

R&D international funding flows. Inward R&D investment is measured by the R&D
expenditure of foreign-owned affiliates in a cartaountry. As shown in Graph XX, in 2007
foreign affiliates were responsible for about 3pdrcent of the total R&D expenditure in
Sweden, which is very high. However, inward R&D dasreased in the past few years, both
in absolute terms (expenditure in million SEK) aellwas a percentage of the R&D
expenditures of the business sector, as graphdssh

The latest available data on the distribution ofR&xpenditures of foreign enterprises in
Sweden by country of origin which is dated in 2086pws the predominance of R&D
investmentdrom UK and USA foreign affiliates as compared ffiliates from other parts of
the world. Once again, the predominance of Europédrates is clear.

3 Measured by the payments

4 Regretfully, the data published by the OECD doesnubude information on the origin and destinatafrihe technology
payments to assess the geographical spread ofab&l gourcing of technology.
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Figure 7.16lnward R&D — R&D expenditure by foreign-owned é&itiés in Sweden, 1990-2007.
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Figure 7.17. - Distribution of R&D expendituresfofeign affiliates in Sweden by country of origk(05.
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The distribution of outward R&D by country of dewttion is very similar to inward R&D in
terms of the predominance of Europe. However, iimjgortant to note that about 3 percent of
the outward R&D is to China and another 3 percerihdia. Figure 7.18 shows the outward
R&D from Sweden in 2005.
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Figure 7.180utward R&D in Sweden (2005).

Outward R&D 2005

Other

0
15% —

South
America
5%
EU
48%

India

3% China »»
3%

North
America
26%

Source ITPS (2007)

In sum, Sweden has strong international linkagesniovation, particularly with regards to
global scientific collaboration and global generati of innovations. However, the
geographical spread of these networks is still nmeggonal (confined to Europe and USA)
than truly global. With the data available, it@tearly to say if this trend will reverse in the
near future, although we can see a growing roléloha as partner in research and innovation
as well as a destination of global R&D, which could interpreted as an increasing
globalization (as opposed to regionalization) oe8ish firms.

7.5 Institutional frameworks and GINs

In Sweden the private sector is the main sourde&D funding. Public funds for R&D are
usually directed towards Higher Education Instgns (HEIS) or through research councils,
publics foundations or sectoral agencies (Forska@@009). Public research institute play a
minor role except in the area of Defense (Vinn@@16).

As in many other countries the Ministry of Reseaetd Education and the Ministry of
Industry (in Sweden called Ministry of EnterprisEnergy and Communications) are
responsible for most of the public agencies aneéameh council that finance research in
Sweden. The Swedish innovation policy went throagimajor reorganization in the year
2000, with the creation of new agencies and rdmrganization of some of the sectorial
research funding agencies like NUTEK. One of tl@s/mgency was VINNOVA. Figure 7.19
illustrates the structure of the Swedish reseanodihg system.
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Figure 7.19. Structure of the Swedish research funding system.
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VINNOVA'’s main task is to “promote sustainable gtbvand development for the business
community, society and individuals by developingfeefive innovation systems ...”
(VINNOVA, 2001). The general objective is transthtmto three main functions (Jacobs,
2004): Advising the Government on innovation polisgues; Commissioning and conducting
in-house research on innovation related issuesgPesd implement (national, regional and
sectoral) policy programmes to support and stineulaovation.

VINNOVA has adopted very specifically the system inhovation approach in policy
making. Policy actions deployed by VINNOVA aim abmoting problem solving research
and developffectiveinnovation systems. VINNOVA definegfective innovation systerfes
consisting of actors from science, business antligglwhich interact to develop, exchange
and apply new technologies and new knowledge imrotal promote sustainable growth by
means of new products, services and processes’NUNWA, 2002:3). VINNOVA aims to
promote the effective interaction of these actarsfdcilitate the transformation of new
knowledge into products, services and processegelsas ensuring the effective links with
other innovation systems (national, regional aradcsal).

The regional programme VINNVAXT is the best examplehow network problems are
being addressed by VINNOVA. All initiatives fundatithe regional level have to involve all
relevant actors at that level, including policy-reek To increase the cooperation between the
organisations VINNOVA trains “innovation system @&pers”, that is, facilitators that can
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“mobilise the level of commitment and resourcesdeeleto create efficient groups and
processes which will produce concrete results” (NOVA, 2001:11).

The industrial research institutes focus on appteskarch and are jointly funded by the
government and the industry. The institutes weeated with the aim of providing some
research capabilities to industries that were fumetgtally dominated by SMEs (Arnold et al,
2007). The institutes, therefore, in principle tackwo of the problems of the Swedish NIS-
the low participation of SMEs in R&D investmentsiahe focus on basic research. However,
in contrast to some other countries, the industeskarch institutes (often called IRECO
institutes) play a minor role in the Swedish innowva system, with even decreasing budgets
over time (Vinnova, 2006). An example of some & thdustrial research institutes are the
Institute for Electronic, Optics and Communicatibechnologies (ACREOQO), the Institute for
Manufacturing Technology (SWEREA IVF) or the Swédimstitute for Food and Bio-
Technology (SIK).

A very particular feature of the Swedish innovatsystem is that university teachers have the
right to own their inventions (the so-called teathexemption). Currently a new IPR system
iIs being discussed, which gives the Universities tlght to commercialize the patents
generated by their researchers. The purpose ofrtb&sure is to solve what is considered to
be a systemic problem of over focusing on basiceaehr and the low level of
commercialization of research results.

Sweden has a series of programs supporting R&D enainn strategic areas that are
particularly targeted to foreign actors. For examph the automotive sector, the Swedish
government has the Strategic Vehicle Researchrama/ation Initiative that supports applied
research in energy and the environment, transpfidiemcy, vehicle and traffic safety,

vehicle development and sustainable production (I3@09). Funding is eligible to any

foreign company with subsidiary in Sweden and waih established agreement with a
Swedish company or to any university or researcitute from abroad that has unique
competences not available in Sweden.

7.6 Performance of the system or impact of the NI&nh GINs?

This chapter focused on the major features of thed&h national innovation system and the
influence it has had on the emergence of Globadvation Networks in the country. This last
section is intended to provide an overall perspectin these two issues, providing a set of
indicators related to the performance of an innowasystem on the one hand, and other
related to the characteristics of Global Innovatietworks. Regarding the performance, we
distinguish between two different types: economedg@rmance and Science, Technology and
Innovation (STI) performance. Table 7.7 shows thaevides an overview of the Swedish
innovation system.

The main purpose of an innovation system is toyrirenovation processes; to develop and
diffuse innovations, which includes introducing afitfusing them not only in the firms but

also on the market. During the last years, and rastéer of increasing interests from policy-
makers concerning public accountability a longastreof literature has emerged in relation to
the measurement, management, or evaluation of innavaystems performance. Several
related concepts have popped up regarding the psdpeof territories to innovate, such as
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'innovative capacity’, 'innovation potential‘, ’irovation capabilities’, ‘innovation intensity’
or 'innovativeness'. Despite all these differentions, all of them are oriented to capture the
performance in innovation. According to Spronk arefrmeulen (2003: 482) “performance
refers to the result(s) of an activity (or set ofidties)”, that is to the results achieved once
the activity has taken place, which translatecheoihnovation systems framework, drives us
to talk about these two types of performance.

Indeed, it is not possible to say whether certaimovation intensities are high or low in a
concrete system if there are no comparisons wibselfrom other systems. This has to do
with the fact that we cannot identify optimal orea innovation intensities (or optimal
innovation systems). Hence, and in order to addressneasurement of the performance, it is
necessary to make comparisons among systems. Sogbadsons can be made between the
same systems over time, or between different egysgystems. In this case, since the focus of
the paper is the Swedish NIS, we have tried toigeototh views. On the one hand, we aim
at offering a dynamic view of its performance, malyzing its major trends as illustrated by
several indicators, while on the other we also tnoffer a comparative perspective with
regard to the other two Scandinavian countries,nisk and Norway.

First, and regarding the economic performance efStvedish NIS, we have included three
indicators that provide an overall view about tli®ncerning the population between 25-64
years with tertiary education (as a percentageota fpopulation) we can observe that the
three countries have very similar values. Howedespite Sweden is the country with the
lowest values during the last 2004-2006 periodeéms that the growth in terms of Swedish
tertiary educated people (8pércent) is much higher than those observed innthghbor
countries. Interestingly, when compared to the 20886 period, one can observe that the
growth on both Denmark and Norway (30 percent athd percent respectively) are much
higher than those for Sweden. Accordingly, it isgble to conclude that both Denmark and
Norway have had a more sudden growth during thell@ds/ears than Sweden, who clearly
shows a much more stable pattern. As to the emmaymates observed, the three countries
seem to have very similar and high patterns duttreglast 10 years considered. Finally, and
in relation to the GDP per capital and its relatgrewth, Sweden is the country with the
lowest GDP per capita and the lowest growth rates.

Second, we aim to characterize the STI performdnceneans of five indicators: R&D
expenditure growth, R&D personnel growth, innovatexpenditures, patent applications to
the EPO(per million inhabitants) and triadic patent faméif Concerning the first of these
measures, we have calculated the growth of the R&ienditures executed by the different
sectors (business enterprise, government and heghiation). From an overall perspective it
seems that during the 2004 to 2006 period, Norwatpé country who has in relative terms
increased more its R&D expenditures. However, thigprobably related to the fact that
Norway does not invest as much as Sweden and D&rmonaR&D activities. Concerning the
Swedish case, interestingly enough, it can be gbdea clear differentiation in the pattern of
R&D expenses. From 1996 to 2006, the governmenbdise@s the main driver of the growth
in R&D activities, in the latter 2004-2006 peridtljs sector shows decreasing growth rates.
However, the business enterprise sector shows a stable pattern. This outline is followed

® The data concerning STI performance need to beplemented with a set of new indicators we are stillecting and
processing: publications per million inhabitantspfturnover due to new to the firm products and®urnover due to new
to the market products.
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in parallel by the growth observed in terms of R&Brsonnel and number of researchers
employed in these sectors. Finally and as to thenpm are concerned, Sweden shows the
highest values both in terms of triadic patent fasiand EPO patent applications, with a
clear relative advantage compared the its neigbbontries.

Finally, our last block of measures is intendedharacterize the Global Innovation Networks
by means of the following indicators: firms thabperated in innovation, R&D executed by
source of funds and job-to-job mobility of HumansBerces in Science and Technology
(HRST)? Concerning the cooperation in innovation actigiti®@wedish firms (both in the
manufacturing and services sectors) seem to coegperach more than those in Denmark and
Norway respectively. As to those in the services@e some mention is needed. Despite
during the 1996-2006 period the services sectd@weden did not cooperate to the extent
observed in the neighbor countries, between 20@.2the firms in this sector caught up in
this sense, not only taking over those values oksein the other countries but also
approaching the ones in the Swedish manufactuaotps

When analyzing thee cooperation patterns dependmgthe geographical level of the
cooperation, the three countries show a clear tenyd® cooperate with other organizations
within their own countries or within the EU, rathtban establishing cooperation agreements
with organizations in the USA or Japan. However,alg® consider that these dynamics will
require further investigation, since as it has b#lestrated along the paper, the impact of
GINs, particularly in Sweden, has changed a loinduthe last years. The second of our
measures aims to capture the amount of R&D expaneditexecuted in-house but which are
funded by foreign organizations. In this sense Shvedish NIS seems to be the one that has a
clearer tendency towards supporting open innovadiivities, not only within the business
enterprise sector but also among higher educatiganizations. Finally, and a propos the
job-to-job mobility of HRST, the only data availabfor Sweden refer to the 1996-2006
period. In this sense, we can observe somethieg@dyr pointed out before. The efforts done
within the services sector in order to increasdei®l of cooperation is also reflected in this
particular indicator. Next, and quite logicallyrfis within the knowledge-intensive sectors
are those that higher mobility rates show withie 8wedish economy.

In this section we have tried to complement thermiation and evidence included in the
previous sections as to the main characteristidh@fSwedish NIS, not only in terms of its
performance, but also in terms of the role playgdhle GINs as one of the main determinants
of innovation activities. As it is well known frorthe literature, the Swedish NIS has
traditionally had an structural characteristic biyiet the very high values of input indicators
for innovation do not correspond with the low vawsehieved for output indicators. Several
scholars have labeled this as the “Swedish Para{auist and Hommen, 2008; Kander
and Ejermo, 2009). In this chapter we have not estdlrd this issue directly. However, we
think that the structural change that is being olesk in the Swedish economy towards
smaller and more service oriented firms, and thevagce that during the last years are taking
the GINs may have a direct impact on this paraddus is a matter of further research.
Related to it, the entrepreneurial properties ef tiew firms should also be considered. In
fact, new firms in Sweden tend to be smaller, ntversified, employing a considerable part
of the creative workers in the country, and witblear view of their GINs. We consider that

® The data concerning Global Innovation Networksohe® be complemented with a set of new indicatoes are still
collecting and processing: co-authored patentsf(&dl patents) and Co-authored publications (%llopablications).
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these aspects briefly addressed here should bgzadainore in-depth in order to get a more
comprehensive understanding about the new dynasbsmsrved within the Swedish NIS.

7.7 The Swedish NIS and GINs — final reflections

The Swedish innovation system is highly internagi@ed in terms of global research
collaboration, global generation of innovation agtbbal sourcing. Firms as well as
universities are very active internationally innsrof their research and innovation activities.
However, the geographical analysis of the flowkradwledge shows a high preponderance of
USA and Europe as the origin and destination ofs¢h&nowledge flows. That is, the
innovation networks in which Swedish firms and wmsities are engaged are, as of today,
more regional than global.

However, this is gradually changing. The percentafgstudents from the CIBS countries in
Swedish Universities has increased dramatically tive last decade. The same can be said
for innovation collaboration and for offshoring B&D activities by Swedish multinational.

In that respect, one could argue that the Swedisbviation System is gradually engaging in
innovation activities and networks with CIBS couggr more specifically, China and India.
This is true for the large enterprises (that doteithe Swedish Innovation System) as well as
for SMEs: about 20

Table 7.7 Main features of Scandinavian NIS and its GINs.{@lorates between time periods in brackets)

2006-2004 2006-1996
Denmark Norway |  Sweden Denmarfk  Norwdy  Sweden
Economic performance
Percentage of population between 18.9 17.7 16.1 14.5* 15.5* 14.9*
25-64 with tertiary education (4.5%) (2.2%) (8.7%) (30%) (14%) (8.6%)
Employment rate 77.4 73,1 75,4 73,8 70.3
(2.2%) (0.4%) (1.4%) (4.9%) (4.0%)
GDP per capita in € 40,200 57,600 35,000 27,600 28,800 24,600
(10.14) (26,87) (8,02) (45,65) (100) (42,28)
STI performance
R&D expenditure growth (%)**
All sectors 3.7 8.6 0.3 32.8 1.2 3.7
Business enterprises 5.9 7.3 15 50.8 -4.3 2.3
Government sector -50.0 4.1 -5.6 -73.3 -7.4 41.7
Higher education sector 13.3 10.6 -2.5 58.1 20.9 2.7
R&D personnel growth (%)**
All sectors 7.3 6.2 -3.6 32.0 7.4 (19.3)
(7.2) (8.8) (-15.4) (67.7) 17.2
Business enterprises 9.2 45 -2.5 50.7 (36.2)
(8.2) (11.2) (-17.9) (144.4) -12.5
Government sector -45.4 45 -12.5 -70 (-33.3)
(-42.9) (14.3) (-33.3) (-69.2) -12.2
Higher education sector 175 12.8 -5.3 62.1 3.3)
(13.8) (9.68) (-3.1) (50.0)
Innovation expenditures (percent of, 5,689,209 11,970,62, 3,044 1,242 12,930
GDP)
Patent applications to the EPO per 210.1 111.3 271.3 118.2 61.8 204.2
million inhabitants (10.0) (30.3) (10.5) (77.8) (80.0) (32.9)
Triadic patents families 277.1 131.4 847.1 226.2 75.3 913.9
(8.1) (19.3) (13.4) (22.5) (74.6) (-7.3)
Global Innovation Networks
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Firms that have cooperated in 961/790 509/384 1586/1574 | 1243/963 | 553/540 | 1217/878
innovation *** [37/31] [33/26] [42/35] [57/66] [49/61] [59-48]
Location of partner:
Same country 757/555 407/279 1494/1400 | 1036/834 | 513/503 | 1115/834
EU 416/452 216/143 962/... 829/461 | 294/188 | 684/262
USHrrx 298/394 109/134 441/... 192/228 111/88 378/78
Japan 76/80 35/20 104/54
Elsewhere 290/179 47/48 148/59
R&D funded abroad**
Business enterprise sector 5.3 111 16.7 100 42.9 2111
Government sector -50 0 - 0 0 -
Higher education sector 0 0 0 300 0 66.7
Job-to-job mobility of HRST,
employed, 25-64 years old**
All sectors 34.3 60.2 46.6
Manufacturing sectors 41.7 131.7 -3.8
Services sectors 34.6 52.2 50.7
Knowledge Intensive sectors 22.9 35.8 48.6
Notes:

* The last available data at Eurostat is 1999.

** Percent of job-to-job mobile HRST. **The period eference is 2007 — 2005 and 2007-1997 respéygtive

*** Square bracket is the percentage of innovafikms that cooperate. The data refer to the manufeng and services
sectors correspondingly.

***x Eor CIS 2006, the data regarding the coopenatio innovation only considers the cooperation imitthe same country,
within Europe and “within US and other countries”.

percent of Swedish SMEs have engaged in some fdrooltaboration in innovation with
partners of China and India.

The data presented in this chapter also pointaasbme challenges for the future. If GINs
are attracted by the accumulation of competencesritain regions and countries worldwide,
Sweden may be in danger of losing its attractivenas the amount of students in tertiary
education decreases over time. This could parihjaéx the gradual decrease in inward R&D
in Sweden. As other regions in the world rapidlycianulate research and innovation
capabilities while maintaining relatively lower t®sthey become more attractive for the
location of R&D activities, which may move from Saen to other parts of the world. The
challenge for the Swedish Innovation System andsG$No continue investing in world-class
research and innovation capabilities beyond largdtimational companies (i.e. supporting
SMESs), to continue the support of certain industnehich attract a large proportion of
knowledge intensive activities into the countryr(éxample, the industries/clusters in which
Sweden is specialized) and to facilitate the mtbdf highly qualified workers into Sweden.
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Chapter 8: Estonia

Tarmo Kalvet and Marek Tiits, Institute of Baltiu&ies (IBS)

8.1. Introduction

Estonia, with a population of 1.4 million, is a Baleconomy in Northeast Europe. In August
1991, Estonia re-established political and economiependence from the Soviet Union.
Since then, Estonia has undergone strong libetaizaf trade and capital markets. In order
to allow technology transfer, the improvement ofnagerial skills and more effective market
competition, large-scale privatization was undeztgkand by 1995, most companies were
privatized. Estonia has often been considered byynas one of the successful, if not the
most successful, Eastern European catching-up eopnfe.g. European Bank for
Reconstruction and Development 2000, Laar 2008thAtsame time, others have expressed
their concerns (e.g. Tiits et al. 2003, Drechsteal e2006, Tiits et al. 2008).

The main challenge Estonia continues to face, i tw turn the earlier domestically led

growth into export led growth, and to increase tbhenpetitiveness of its enterprises at the
global markets. The Nordic countries are the largaport markets for Estonia; although
Estonia is itself, on an absolute scale, a relbtigenall supplier of imported goods to the
Nordic countries (Ekholm and Hakkala 2008, 11-IH)e Nordic countries are for Estonia
also the greatest source of the foreign direct stment and other source of external
financing. In other words, Estonia is an integraftf the cross border production networks,
which operate in the Baltic Sea Region. This is Hestonia is integrated into the Global

Production Networks (GPN).

The objective of the current chapter is to anatgsehat extent and Estonia is influenced by
the transformation of the GPNSs into Global InnomatNetworks (GIN). We aim to show that

although the emergence of the GIN offers considerpbssibilities, successful participation
assumes the existence of strong National Innovadigstem (NIS). While, similar to other

chapters, we are providing description of the Hstonnnovation system and interactions
with GIN, our analytical focus is on the benefifsand barriers to internationalisation of the
Estonian innovation system.
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8.2 Economic performance and the economic environmefor innovation

Estonia has made considerable economic progresstev@ast decade. Figure 8.1 illustrates
the rapid economic progress in the growth of re@PGThis remarkably rapid GDP growth

started to slow down in 2007, and was followed @&, in the course of the global financial

crisis, by one of the most severe contractionsxa@nomy in the World.

Figure 8.1 GDP growth and current account balance, Estoniad@®Q009
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Source: Bank of Estonia (2010} State of the Region-Report 2010

Source:SORR 2010.

The very rapid economic growth demonstrated by ritatover the last years was based on
the massive inflow of foreign capital. The recoowlinterest rates in Western Europe and in
the United States in combination with the EU ergangnt led to a significant inflow of
foreign direct investments to the Central and Eadieirope. In per capita terms, Estonia was
one of the particularly attractive locations fordmn direct investment. However, in Estonia
the majority of the foreign capital came in form tbe reinvested profits rather than new
export oriented greenfield investments.

In addition to the inflow of foreign direct invesémts there was a remarkable inflow of debt
financing (Figure 8.2). A significant share of ih#ow of the debt financing was provided by
the Scandinavian banks, which were fighting foirthearket shares in Estonia and the other
two Baltic States.

Such inflow of capital, which came at record lowenest rates, triggered major asset and
consumption booms in Estonia. The later contribuitedurn, to the emergence of a large and
widening current account deficit reaching 17.8 patcof GDP in Estonia (in 2007). The
domestic consumption fuelled growth that triggerexty rapid wage inflation. In 2008
consumer prices grew more than 10 percent andvbeage annual growth of gross wages
and salaries was 12.6 percent during the period-2008, reaching 20 percent in 2007
compared to 2006.
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Figure 8.2 Structure of foreign capital inflows into Eston2)00-2009
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Source:SORR 2010.

Also, for a number of years wage growth had outgasignificantly the productivity growth

in industry. According to OECD, the unit labour t@dLC) increased by almost 40 percent
from 2005 till 2008 in Estonia. The increase of timét labour cost was in all three Baltic
States remarkably more rapid than in Germany olaRthwhere the ULC has over the last
decade in fact decreased (Figure 8.3 below). Thiel iacrease of the wages was clearly led
by non-tradable sectors such as real estate, geatid business activities, wholesale and
retail, transport and communications, financiav&es, and construction. We take the above
for a clear indication of an overheating of theremy.

According to the World Economic Forum’s Global Caatipiveness Index (GCI), which
represents the perceived competitiveness of indalicecconomies among more than 130
surveyed economies, Estonia has throughout theddewdained a relatively stable position
on the borderline of the 25 most competitive ecolesmEstonia’s relative strongholds have
been the low burden of government regulation, lewel of corruption, ease of starting new
businesses and the success of government in pramaitiiCTs. Broad take-up of ICTs both
in the public and private sector is an area whestorita has really excelled. Yet, low
sophistication of business strategies and low l@fatlustering remain major weaknesses.
Also, the limited availability of qualified labo@nd low levels of business R&D investments
remain to be major hindrances to further develogr(e®@RR, 2010).

Estonian enterprises have been according to re€entmunity Innovation Surveys more

innovative than enterprises in the EU27 on aver@ge Figure 2.3). The nature of these
innovations can be, however, characterised by ‘@ousing, and interacting” rather than

“science, technology, and innovation” mode of inabtan (Jensen et al., 2007). Acquisition
of the machinery and technologies, education aaditg, relatively simple experimentation

with new business models have been the most crimgats to innovation. At the same time,

the role of formal R&D has remained in the messterprises rather limited.
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Figure 8.3Development of Unit Labour Costs in Baltic Sea Begiountries, 2000-2008
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In summary, the innovative activities of enterpsigad the actually experienced economic
growth became in mid-2000s in Estonia increasimggoupled from each other. It was the
combination of the excessive inflows of finance dne assets boom in non-tradable sector
that led first to the remarkably rapid economicvgifo and then to the crisis. In other words,
both the growth experience and the crisis thabvedld have relatively little to do with the
evolution of the innovative capabilities of entésps or of the national innovation system in
Estonia.

8.3 Governance of the Estonian innovation system

The preparation for the EU membership was cleaymost dominant theme of the Estonia’s
public policy in the 1 half of the 2000s. Prioritisation of the rapid ption of theacquis
communautairevas an important part of this process. Although ittmovation policy and
related objectives were not very high in the polagenda, the harmonisation of laws and
standards brought still about the need for new stments and upgrading the existing
competitive advantages. Such an effect was paatiguvisible in relation to the food safety
and environmental standards, which necessitated @nttinue to necessitate major
investments into adoption of new technologies. Gmdd even argue that the adoption of the
EU regulations and standards formed an implicit,y@ry strong innovation policy element,
although this was never part of the original intens. At the same time, the impact of the
official R&D and innovation policies in gearing emmic development remained negligible
(Tiits et al. 2005).

During the same period, in parallel to the intraduc of the EU Lisbon Agenda, R&D and
innovation, and economic development policies gh@éot in importance in Estonia. During
1990s Estonia had a relatively modest number oflipubupport programmes for
entrepreneurship, technological development, expatc. However, for the end of the
century a full range of businedsvelopment programmes had been put in place. tBetkEU
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Lisbon Strategy and the introduction of the EU &l Funds were instrumental to
bringing about a change in mentality and introdgakelatively stable policy programmes that
operate on the basis of the multi-annual budgetation and directed enterprises towards the
development of more knowledge-based products.

The main R&D and innovation policy document in Estois the Knowledge based Estonia
Strategy 2007-2013 (KBE, 2007). The main headlanget of this strategy is similarly to the

Lisbon Strategy of the EU an increase of the EaterR&D intensity by 2014 to 3 percent of

GDP. For the achievement of this and other moreispdargets, the strategy sets out three
main action lines:

. An increase of the R&D intensity as well as its lgyaincluding an increase of the
supply of top-level specialists, advancement ofeaesh management, and major
upgrading of the R&D infrastructure;

. Innovative enterprises creating new value in thebgl economy, including the
internationalisation of indigenous businesses, stidp inward technology transfer and
attraction of innovation intensive foreign diregvéstments into Estonia.

. Innovation friendly society — in this part of thdrasegy a number of broader
institutional and social issues are addressedudnol the development of legislative
and business environment as well as awarenessgaisi longer-term development
challenges of Estonia.

The basic governance structure of the Estonianviaimn system is similar to the one in
various other countries. The cabinet of ministergasponsible for the overall policy co-
ordination, and there is the R&D Council, whichtisadvise the cabinet in this role. The
actual policy work takes place in two key minisgri@he Ministry of Education and Research
(MER) is responsible for R&D policy, while the Msiry of Economic Affairs and
Communications (MEAC) is responsible for innovati@olicy. Both ministries have
established a number of executive the agenciesthferimplementation of their policy
programmes. Besides the above, other ministriesal@ expected taontribute in their
respective policy fields to the R&D and innovatijawiicies (Figure 8.4).

The two key ministries (MER & MEAC) have set up amber of different funding
programmes to pursue such R&D and innovation potibjectives. This includes direct
funding of R&D activities in universities, specsdd research establishments and enterprises;
but also myriad of other support measures thatatitme development of human resources,
mobility, networking and clustering activities. Tlaer are not strictly speaking all part of the
Knowledge based Estonia strategy, tekive from various other strategies and actiomgla
which have been devised for the advancement of atduc and life-long learning,
entrepreneurship, efc.

" For detailed overviews of Estonian policy siee European Inventory of Research and Innovataity
Measures_(http://proinno.intrasoft.be/index.cfm@ation=page.display&topiclD=262&parentID355Rat been
created by the European Commission with the airbriofying together national information and docutaéon
on research and innovation policies, measures argtgmmes.
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Figure 8.4 Governance structure of the Estonian innovationesys
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Source:Adopted from ERAWATCH 2009.

8.4. The main actors and their activities in the n@onal innovation system

Although the number of R&D personnel in the privaector has increased in 2001-2008
rather rapidly, public universities continue to fpem majority of the R&D activities in
Estonia (Figure 8.5). The University of Tartu, Trall University of Technology, Tallinn
University and Estonian University of Life Sciencase the most prominent providers of
higher education in Estonia. Table 8.1 shows thatuwast majority of the public research
takes place in the University of Tartu, Tallinn Maisity of Technology, while other
organisations play a substantially smaller roled Aable 8.2 shows that the natural sciences
research dominates the public sector R&D scenettmdumber of researchers continues to

increase in this field.

Figure 8.5. R&D personnel in full time equivalentibstitutional sector in Estonia in 2001-2008
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Source:Statistics Estonia 2010.
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Table 8.1The top 20 of the most productive research ingitist contributing to papers authored by Estonian

scientists (1997-2007)

Rank Institution Number of Papers  Percent of Total

1 University of Tartu 4523 59.2

2 Tallinn University of Technology 1353 17.7

3 Estonian University of Life Sciences 535 7.0

4 University of Helsinki * 376 4.9

5 National Institute of Chemical Physics & Bioplysi 302 4.0

6 Uppsala University * 265 3.5

7 Tartu Observatory 236 3.1

8 Estonian Academy of Sciences 181 2.4

9 Karolinska Institute * 163 2.1

10 Estonian Biocentre 148 1.9

11 Tartu University Clinic 142 1.9

12 Tallinn University 124 1.6

13 Russian Academy of Sciences * 123 1.6

14 National Institute for Health Development 122 61

15 Lund University * 90 1.2

16 University of Hamburg * 77 1.0

17 Helsinki University of Technology * 72 0.9

18 Swedish University of Agricultural Sciences * 72 0.9

19 University of Kuopio * 70 0.9

20 University of Turku * 70 0.9

9 095 119.1 percent
Notes:Conference abstracts were excluded (N = 7636)gifim institutions.
Source:Adopted from Allik 2008, 261.
Table 8.2Researchers in non-profit institutional sectorsfigyds of science, 2000-2008
Total Natural sciences Engineering Medical scisncégricultural sciences Social sciences Humanities

2000 2392 859 431 214 193 345 350
2001 2270 824 395 176 189 306 380
2002 2595 859 568 176 170 392 430
2003 2615 895 533 184 159 387 457
2004 2707 973 517 188 152 437 440
2005 2448 870 502 170 141 336 430
2006 2637 935 535 163 149 365 490
2007 2729 1007 543 182 139 342 516
2008 2746 1047 547 186 138 376 452

Source:Statistics Estonia 2010.

In private sector, the R&D personnel employed maficial intermediation and computer-
relatedactivities accounted in 2008 for 46 percent ofttital business-sector R&D personnel
(Statistics Estonia 2010). At this, the ICT sedtself accounts in Estonia only for 3-4 percent
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of GDP. This is no different from international datwhich demonstrates that the ICTs
continue to be globally one of the most R&D inteesindustries. This is due to the fact that
the nature of innovative activities varies fromustty to industry very substantially (Tiits et
al., 2005).

Table 8.3 shows that the larger the companies tenbe in Estonia, similarly to other
countries, relatively more innovative than theiradler peers. This may, however, have to do
with the way, how innovation statistics is collettéarger enterprises have usually broader
product portfolios and are thereby also more likelgome up at any period of time with new
or substantially modified products, services orcpsses.

Table 8.31Innovativeness of enterprises by size, 2006-2008

All Technologically innovative Non-technologically innovative
enterprises enterprises (%) enterprises (%)
10-19 1833 36 30
20-49 1311 50 33
50-99 472 62 44
100-249 296 76 50
250 and more 111 89 75

Source:Statistics Estonia 2010.

The activities of large enterprises and especiblignches of multinational corporations
operating in Estonia are very important for us emsider even closer, when the Estonia’s
participation in the Global Innovation Networkstts be considered. The total number of
employees of the 30 largest companies was 79,3Q006. This corresponds to 18 percent of
the total employment in the private sector. The wuf@turing sector is even more
concentrated. The 35,400 employees of thEaffest manufacturing companies correspond to
28 percent of the total employment in the manufaagusector, and 8 percent of the total
employment in the private sector. Of the manufacgisector companies, the largest sub-
sector is textiles with 6 companies employing 9,90ployees, followed by electronics,
metal production and ship-building. Companies frtmse three sectors account for 60
percent of the employment of the largest manufagguzompanies.

Table 8.4Foreign ownership and employment by ownershipsedtors, 2006

Ownership No of companies Employment Employment (%)
Local 15 41,322 52.1
Sweden 6 18,580 23.4

Finland 6 9,518 12.0
Denmark 1 7,421 9.4

Other 2 2,409 3.0

Total 30 79,250

Source:Kalvet 2010.

Page 35 of 153



n . . . :
\?;U)E D3.2: Synthesis Report on “National innovation
2 systems and global innovation networks”

Table 8.4 shows that of the 30 largest companieallafectors, half are foreign owned, of
which all but two have owners from the Nordic coigs. Similarly, when we consider the 30
largest manufacturing companies, then foreign oslmpr(mostly 100 percent) is recorded for
20 companies. Out of these 20, 13 are owned byNtireic multinationals, and their total
employment — 15,309 — slightly exceeds the emplayrogthe locally-owned companies.

The largest firms all sectors account for 21 peradrtotal business-sector R&D personnel
(2006), although just in 2005, the figure was aypercent. Such a steep increase has to do
largely with the increases in R&D personnel in fio@l intermediation and computer-related
activities. The concentration of R&D activitiestime largest enterprises can also be observed
over time: when in 2001, they accounted for 12 @atrcof total business-sector R&D
expenditures, this has increased to 32 percentfag006. The largest manufacturing
enterprises accounted for 41 percent of total namotufing R&D expenditures in 2001
increasing to 59 percent as of 2006.

The largest manufacturing companies account forp8fcent of total R&D personnel
employed in the manufacturing sector. At the sammee,t according to Statistics Estonia
(2008), about half of the largest manufacturing pames did not report any R&D
expenditures or any R&D personnel at all. Thise®# once again the gross difference of the
nature of competitive advantages and innovativaviies in different industries. We
conclude also that both the public and private@melR&D activities are in Estonia not only
concentrated, as a fairly small number of actoresponsible for majority of R&D activities.

8.5. National learning systems and technological pabilities

A study by Gabrielssort al (2007) has concluded that Estonia has about 5@vetass or
close to world-class research-intensive companiedeed, according to data from the
Archimedes Foundation, from 2002 through 2006 yftilitee companies have co-ordinated or
participated in successful R&D projects funded e tEuropean Union Framework
Programme (2007). This number has doubled for thaog 2005-2009 (Archimedes
Foundation, 2010). So, while the number has coralidig increased since the first estimate in
2006, the number of companies with competitive R&Rivities remains still below 100.
Also, based on the participation in the FrameworkgPamme, these companies belong
mostly to the following sectors: information andnuounication technology, electronics,
biotechnology, energy, environment, nanotechnokgend to the chemical industry in
general.

The number of internationally competitive companiggh limited research but strong
development capacity is estimated to be some hdadamd they belong mostly to the
following sectors: information and communicatiorechnology, financial intermediation,
electronics, chemical industry, manufacture of gpmt equipment, dairy industry,
manufacture of metal as well as non-metallic mihgraducts.

The number of competitive (growing firms) with lited development and no research
capacity can be assumed to number about 1,50Q; azgording to CIS4, the number of
exporting innovative companies with more than tenpleyees (2002-2004) was 1,342
(Statistics Estonia, 2006). Such innovative andoetpgy companies can be found in all
economic sectors.
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In sum, the number of enterprises that are in #rg ¢ore the Estonian innovation is tiny —
less than 2,000 enterprises. Their activities,uidicig networking with each other and other
companies, both locally and internationally, aslvesl with public and non-profit research
institutions determines how the Estonian innovatsystem progresses and contributes to
general economic development. For the rest of iheuative enterprises, the acquisition of
equipment and machines remains the most importante of innovation. From the total of
519 Million EUR, which a group of companies covebgdthe Community Innovation Survey
spent on innovation activities, 77 percent was spanacquisition of machinery, equipment
and software. Intramural R&D activities accounted88 Million EUR. Extramural R&D and
acquisition of other external knowledge combinedoaated for 6 percent of the total
innovation expenditure (Statistics Estonia, 20%ifufe 8.6).

Figure 8.6Innovation expenditures of technologically innovatenterprises, Million EUR, 2006-2008
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Source:Statistics Estonia 2010.

Given the very nature of innovative activities o$t@ian enterprises, higher education
remains one of the most crucial inputs, when ameese of the R&D activities is sought.
Estonia is well known for having a high share afdsints participating in tertiary education
(Eurostat 2008). The Estonian higher educationesysis, still, criticized by many for
producing a relatively small proportion of gradsateho could become future innovation
staff. Estonia is witnessing both quantitative agodlitative gap between demand and supply
caused by a low output of science. The number dhemaatics, computing, engineering, and
manufacturing graduates has remained for many yedosv optimal levels, and although the
output has grown recently, the increase is ndttstlenough to close the gap (e.g., Huisman
et al. 2007, Kattel and Kalvet 2006).

8.6. Knowledge flows and networks in the nationahinovation systems

Although the availability of human resources remai major constraint, majority of the

technological innovations introduced by the eniegs are still developed by the respective
enterprises themselves (Figure 8.7). This applieth ko product as well as process
innovations, although in the case of process inows the importance of other sources is
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relevant as well. This is so, because many prog@ssvations originate largely from
supplying industries and such technology transf@mportant for the Estonian companies.

However, if we look at the technologically innovatienterprises and their high importance
information sources for innovation activities dgrip006-2008, it follows that not only are the
intramural innovation activities most widely praetd, but they are considered the most
important next to suppliers and clients (Figure)8l8niversities or other higher education
institutes were considered to be important by et small number of technologically
innovative enterprises. In other words, higher atioa institutions have a very important
role to play in providing high quality labour, btieir direct involvement in innovative
activities of enterprises is far less significant.

A similar conclusion follows when we look at thechi@ologically innovative enterprises
involved in co-operation in 2006-2008. The clieatsd suppliers continue to be the main
partners of enterprises in as they introduce tdolgmal innovations. It is the ‘value chain’ or
production network, where specific enterprises ipgdte on daily basis, where also
innovation co-operation takes place (Figure 8.9).

Figure 8.7 Developers of technological innovations, 2006-2008
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Figure 8.8 Technologically innovative enterprises indicatingthimportance of information source
for innovation activities during 2006-2008

Research institutes in public sector

Professional and industry associations
Universities or other higher education

Scientific ]ournalé and trade/technical

Consultants, commercial labs or private

Conferences, trade fairs, exhibitions

Competitors or other enterprises in

Clients or customers

Suppliers of equipment, materials,

Sources within the enterprise or

0 100 200 300 400 500 600 700

Source: Statistics Estonia 2010

Figure 8.9 Co-operation in technological innovation, 2006-2008
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Partners from Estonia dominate for co-operatiortechnological innovations, but partners
from other European countries are on the same pmure 8.10). Namely, Estonian

innovative companies are exporting to the (neighibgy European countries and co-
operation with clients is important in co-operationtechnological innovation. Suppliers of

technologies or materials are also often from tleghbouring) European countries and co-
operation with them is important as well. In adzhti due to high presence of the FDI in the
Estonian economy, those foreign-owned companiexa@m@perating with other enterprises
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within enterprise group. Co-operation with the USAaking place mostly in the field of ICT,
both in the manufacturing of ICT as well as in swftware-related activities. Of the 26
companies co-operating with Indian and Chinese emmes in technological innovation,
dominated by co-operation in the wholesale tradé aranufacturing of machinery and
electrical equipment (Statistics Estonia 2010).

Figure 8.10. Technologically innovative enterprisasing during 2006-2008 partners in co-operation o
innovation activitie$

Other countries
China or India
USA

Europe

Estonia

0 200 400 600 800

Source:Statistics Estonia 2010

Co-operation with the academic partners from thedioregion is also recorded for the
Estonian academic sector. Table 8.4 lists 20 mastyzctive research institutions with regard
to the number of papers authored by Estonian ssisnh the period between 1997 and 2007
based on Thomson Reuters Web of Science. Of tbps2(tinstitutions, 11 are not located in
Estonia but in some other countries (five in Swedeunr in Finland, and one both in
Germany and Russia). The University of Helsinkithe fourth most productive research
institution contributing to Estonian science. TheX® institutions produced virtually all
Estonian papers because the total score is abdvperBent (a considerable number of papers
have authors from several listed institutions). Tdrgest number of papers has been written
in collaboration with colleagues from Sweden, FwdaGermany, USA, and England (almost
50 percent of all papers). The proportion of papertgten in collaboration with Russian
scientists has decreased and is now only 4 pefaéikt, 2008).

8.7 Conclusions

Estonia is frequently considered as one of theesstal, if not the most successful Eastern
European catching-up economy. Estonia experiencedhe most of the 2000s very rapid
economic growth. The high ratios of exports andardv=DI to GDP seem to indicate that it
has well integrated through its Nordic neighboumtoithe global production networks.
Estonia has retained according to the World Econorkiorum’s annual Global
Competitiveness Reports throughout the recent deeadelatively stable position on the
borderline of the 25 most competitive World econesni The ratio of technologically
innovative companies is, according to European Conity Innovation Surveys, in Estonia
also higher than in the EU27 on average.

8 Europe is considered as member and candidateri@siof European Union (excl. Estonia) and EFTArtdes.
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However, the above is only a part of the story. Veey rapid economic growth experienced
by Estonia and led by foreign finance has not mestainable. In fact, Estonia was in terms
of the contraction of the GDP in 2009 among thesivhit economies in the World. With this
a number of weaknesses of the national innovatystem, and especially in relation to the
participation in the GINs, have been revealed.

First, it is important to realise that the Estonemonomy is better described by the “doing,
using, and interacting” mode of innovation than teeience, technology, and innovation”
mode of innovation (see Jensen et al. 2007). Nanig)ythe Estonian industry is dominated
by low and medium-tech industries, which are, l®/\thry nature of these industries, not very
R&D intensive. This is why formal R&D statistics ot a very good indicator of the
innovative activities of Estonian enterprises. dast, (2) Estonian companies’ innovative
activities are largely related to the inward tedbgg transfer (acquisition of equipment and
machines). For the technologically innovative gmises and their high importance
information sources for innovation activities dgi@006-2008, not only are the intramural
innovation activities most widely practiced, bueyhare considered thraost important next
to suppliers and clients. Direct R&D and innovatmmoperation with universities or other
higher education institutes is considered to beoitgmt only by a relatively small number of
respondents.

Theory suggests that successful entrance into tblealg production networks does lead
necessarily to the automatic upgrading of the losades (subsidiaries, affiliates, but also
independent suppliers and sub-contractors) into ritbdes of global innovation system.
Estonian attempts and achievements to internatgendbs economic system have been since
the early 1990s mostly related to the attractionfarfeign capital and foreign direct
investments, resulting with entrance into the GFPNis is vividly illustrated by the foreign
ownership amongst the Estonian largest companigbeB0 largest companies of all sectors,
15 companies with foreign ownership can be ideadifin most cases, the foreign ownership
is 100 percent. Of the 30 largest manufacturingmames, the foreigawnership (mostly 100
percent) is recorded for 20 companies. In many @woes the largest corporations are also
the biggest spenders on R&D. In the case of Estth@dinkages of the largest companies
with the local innovation system remain limitedy.eabout half of the largest manufacturing
companies did not report any R&D expenditures ang R&D personnel, and for those
undertaking R&D more than 90 percent expenditureevintramural.

The emergence of GIN on top of the GPN is, therétmgmost about greater specialisation
and gradual upgrading of the value chain relatiggsshAs individual enterprises might
acquire new capabilities and enter new marketsy thasic production and maintenance
activities might be complemented with more knowkedgtensive activities, such as applied
research and product development, management di-sital production and supporting
facilities, global brand development and marketieig, The transformation of the GPN into
the GIN is, thus, primarily about the increase e guality of innovative activities of the
involved enterprises. The mode and quality of iratwe activities is, however, in catching up
economies rather different from that in advancellgtrialised nations, as well as the barriers.

Although the emergence of global innovation netwockn be observed generally, there are
barriers for weaker small economies to participatthem (Kattel et al. 2010). Although there
arecases of successful internationalisation of thallcompanies (such as Skype), most of
the companies lack capacities and capabilitiesrsiagpartially from their small size.
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Also, when international co-operation is considemegjional collaboration in the Baltic Sea
Region is in most cases preferred by Estonian campa Namely, Estonian innovative
companies are exporting to the neighbouring Eunopeauntries and co-operation with
clients is important in co-operation in technol@jicinovation. Suppliers of technologies or
materials are again also largely from the neighinguEuropean countries and co-operation
with them is important as well. laddition, due to high presence of the FDI in theo&igan
economy, those foreign-owned companies are co-bipgravith other enterprises within
enterprise group. So, we are seeing emergenceeafrdss-border supranational innovation
network in the Baltic Sea Region rather than emigamto the truly global innovation
networks.

Estonian true and large-scale entrance into thbafjlmnovation network (or rather to the
Nordic innovation network) from the current Norghooduction network remains still to be
seen and, as we would argue, is largely dependaomt public policies. While continued
investment into R&D system remains crucial for fert capacity building, it is of utmost
importance to maintain and increase the qualityhafher education and achieve its
contribution to the development of absorptive cé@pscof the local companies. It is already
clear that the research-intensive companies negdrdgop-level) researchers and marketing
specialists who must have excellent technical kedg# about research-intensive products,
services, and processes. Internationally competitempanies with limited research but
strong development capacity need internationalpjeeienced managers, people with product-
and technology-management competence. Those wiitetl development and no research
capacity need internationally experienced managergjineers, designers, innovation
managers, international sales, and other spesialist

It is also important to admit that while researah ianovation systems has focused on
activities related to the production and use ofifted scientific and technical knowledge, it is
flawed and much wider perspective has to be takéenwcatching-up and developing
countries are under focus.
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Chapter 9: China

Xielin Liu and Peng Cheng, Graduate University bé tChinese Academy of Sciences
(GUCAS)

9.1 Introduction

China is one of the fast growing economies in theldv After thirty years of open and
reform, China has already established a uniqueagnmnand enterprises system. This system
proves to be very effective for mobilizing resowder economic performance. Associated
with the rapid economic growth and the ongoingctmal reforms as well as the increased
importance of S&T capacity for the Chinese econoi§s has become an increasingly useful
tool when analyzing innovative capacity and prawiginputs for policy making in China. In
2006, the government released “National GuidelfioesMedium- and Long-term Plans for
Science and Technology Development (2006-2020) bin& (MOST, 2006), S&T is
considered the key driving force for sustainablenemic growth and for the transformation
of China into an innovation-oriented nation throdlgd construction of an enterprise-centered
NIS with strong indigenous innovation capacity. &epanied by the strong policy messages,
some specific targets were also set up such thatrésearch and development (R&D)
expenditure needs to increase rapidly so that i@ 8 GDP ratio will rise from the current
level of 1.3 percent in 2005 to 2.0 percent by 2840 to 2.5 percent by 2020.

There are many papers and reports on Chinese itiaovsystem (Liu and White, 2000;
Motohashi, 2007; OECD, 2008). For example, OECD lyasl published a review on Chinese
innovation policy. It suggests that China needsarmttom-up decision-making, give private
sector a more important role and more coordinaéioong agencies to promote innovation
(OECD, 2008). Due to the reason of history anduca|tChinese innovation is more up-down
decision making. The innovation shows the resolf’e€Cbina, such as the moon-landing
project. But, China's economy is still more costein and limit profit margin, trapped by IPR
and high royalty for licensing technology. EspdgiaChina is heavily reliant on the foreign
technology supply in key industry, such as chipfiwsare, machine tool, engine etc. In order
to be more effective to introduce innovation in @hand enter a road of development based
on more innovation, there is still a long way to §o, how to evaluate the national innovation
system in China, is more important step for thelavor

The second part of this chapter will give a framedwaf national innovation system (NIS) in
China. The third part of the paper will look at thegtional learning systems and technological
capabilities. The fourth part will describe the Wwiedge flows and networks in the National
innovation systems. The fifth part will discuss thetitutional arrangements of the national
innovation system. The last part will be conclusiom the performance of innovation system
of China.
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9.2 The main actors and their activities in the nabnal innovation system

Framework of national innovation system in Chifiae innovation system of innovation is

widely known invented by Freeman to explain the img of Japan. He defined it as “the

network of institution in the public and privatecgas whose activities and interactions

initiate, import, and diffuse new technologies” ¢Eman, 1987:1). But later on, researchers
realized that there is wide difference between MiSQleveloped and developing countries
(Lundvall et al, 2006). In this paper, we emphadim the big difference between NIS in

developed countries and developing countries hethe difference of institutions and their

function. The institutions include laws, rules andrms, which stimulate the actors to

innovate in some conditions (Edquist, 2000).

There are two main approaches to understand thetidnnof NIS in a country. One is
activity-based approach developed by Liu and W(R&00). They take idea creation, R&D,
implementation, education, and consumption as e Key activities. This approach is
enhanced by Edquist, and he lists such as R&D, etenpe building, formation of new
product markets, networking, financing and so othasfundamental activity that defines the
efficiency of a country’s innovation system (Edquig005). The second approach takes the
government, university, enterprises, and publiceaesh institutes (PRIs) as the key
systematic actors to analyze the innovation in @mentry. This is a very common approach
to mark national difference of innovation (Nelsd®93). Since the beginning of economic
reforms, the Chinese innovation system has undergaynificant changes, in terms of the
relative importance of key actors and the mechamisimat drive the development of the
innovation system.

Before 1980, the PRIs were the main players inS&d system. From the 1950s to the
1980s, China established different layers of PRtl warious missions. At national level, the
most important PRI was the Chinese Academy of 8ee{CAS), focusing mainly on basic
research. There were also hundreds of industregareh institutes under a wide range of
industrial ministries, mainly focusing on appliediesice and experimental development.
Regional PRIs would carry out research and devedmpmvork according to the needs
determined at regional level (Commission of S&T8@P At that time, enterprises were no
more than manufacturing plants. Most of them dit perform any R&D. Only some large
state-owned enterprises had their own R&D labs, tatir work mainly focused on
experimental issues (Liu & White, 2002). Most ot thniversities were not involved in
research either, except a few research universtieb as Tsinghua University and Peking
University. Many were specialized universities (sus the university of light industry, of
metallurgy, of printing, etc.) focusing on indusspecific technology.

Following the dramatic reform of the S&T system,sn@®RIs have been transformed into
enterprises. Universities have been given a muate mgportant role in science. In 2003, the
share of universities in the big three foundatidhat is, the National Science Foundation of
China, the National Basic Research Programme (“O9P83gramme) and the National
Laboratories for basic research, was respectivbbyuta67 percent, 47 percent and 56.79
percent. In 2005, the share of basic research peetb by PRIs, universities and industry was
44.7 percent, 43.7 percent and 11.6 percent ragplctThis confirms that universities are
nowadays a very important actor in terms of bassearch.

Page 46 of 153



n . . . :
\L;g,); D3.2: Synthesis Report on “National innovation
2 systems and global innovation networks”

As shown in Table 9.1, the share of R&D expenditwaesearch institutes in the total R&D

expenditure nationwide has gradually decreased #6npercent in 1990 to 17.6 percent in
2008, while the corresponding share for enterprises increased from 27 percent to 73.3
percent in the same period. This change is drivea lsombination of the restructuring of

research institutes, the expansion of the higheicatbn sector and the strengthening of
innovation capacity of enterprises. In particuthe privatization and the opening up of the
manufacturing sector for foreign firms have largaiytributed to this transformation.

Besides enterprise, university and PRIs, Chin&ragg in role of government compared to
other market economy countries. So, administratidimer than law is the key to understand
the economic process and innovation in China. isghper, we will analyze the role of
government, research institute and university,rentee in the innovation system. There will
be also one section on linkage between researtitutes university and industry.

Table 9.1.The relative importance of key actors in R&D extirme (percentage)

Performers 1990 2000 2001 2002 2003 2004 2005 20@®07 2008

Research institutes 50.0 28.8 27.7 27.3 25.9 22.0 17.6 18.9 185 617.
Enterprises 27.0 60.0 60.4 61.2 62.4 66.8 71.2 71.1 72.3 373
Universities 120 8.6 9.8 10.1 10.5 10.2 10.3 9.2 8.5 8.5
Others 110 27 2.1 1.4 1.2 1.0 0.9 0.8 0.7 0.7

Source:China Statistical Yearbook on Science and Technol2g09.

Role of the Chinese Governmenhe role of government in innovation system is aatew
topic (Freeman, 1987). The rising of Japan, Komed faur tigers of Asia all, more or less,
were closely related to the interference of govesmim(Okimoto, 1989). Nation or state
played a very important role in the early literatsuch as List in a country’s competitiveness
(List, 1928). But in late days, most scholars takstand that market can do better than
government. Some international organizations sscWarld Bank usually concluded that the
role of government is limited in Asian rising (WoBank, 1993).

China is a unique country in the world. The govesnmplays a very important role in
innovation system than other countries. There averal key fundamental factors requiring
for a powerful government in China. Firstly, thesa legend of thousands years of Chinese
history for a powerful government. One can see thalapan and later Korea’s catch up,
government also played a very important role. SelgorChina used to be a socialist country
with a powerful system to control the economy. Tdlowith market-oriented reform, the
regulation system changed but basic power strugtatechanged much. Thirdly, China is a
big country with more than 1.3 billion populatidhneeds a powerful government to regulate
and coordinate the regions. Lastly, China is a libgweg country. During the early stage of
catch-up, business system is relatively weak. Tévegiment had to mobilize the limited
resources on some key industries. So, system dicp@search institutes and SOE had been
established.

In order to better understand the role of goverrtnrethe innovation system, one needs to
understand the governance of science and techna@odyinnovation in China. The State
Council Steering Group for Science, Technology Bddcation is a top-level co-ordination
mechanism, which meets two to four times a yeatel with strategic issues. A number of
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ministerial level agencies — the National Developtmand Reform Commission (NDRC),
Ministry of Science and Technology, the Chinesed&ray of Sciences (CAS), the Chinese
Academy of Engineering (CAE), industrial line mimiss such as the Ministry of Information
Industry (MIl) and the Ministry of Agriculture (MOR and the National Natural Science
Foundation of China (NSFC) — play a direct roledesigning and implementing S&T and
innovation policies. A number of other ministeréaencies, notably the Ministry of Finance
(MOF), and the Ministry of Commerce (MOC) have digant influence on S&T and
innovation policies and implementation, while o#)egsuch as Ministry of Personnel (MOP)
and the State IP Office (SIPO), also exert an ingody albeit somewhat indirect, influence.
The current governance structure has resulted thamnstitutional changes and innovations
implemented.

According to the government structure, there igvasidn of laboUr among those ministries.
For example, MOST is responsible for R&D activiphd NDRC is responsible for the
implementation of R&D results. MOST can also makéianal S&T and innovation policy
and strategy. The plan-based innovation systembearseen in Figure 9.1. Science and
technology programming and plans are the strong faagovernment to intervene the S&T
and innovation activity. This kind of interventiaopied from former Soviet Union and be
kept effective till today. Science and technologggrams are also the important ways for
catch up and promote technological and innovatagability.

In 1956 the government launched its 1956-1967 Nati&cience and Technology Long-
Term Programming, which focused on developing 3enegesearch and production
capabilities in atomic energy, electronics, sematarors, automation, computer technology
and rocket technology. This objective of this peogrwas for China to catch up with

developed countries both in defense and advancettechnologies. At the same time,

several specific mission projects were initiated attimately successful, namely, developing
atomic and hydrogen bombs (by 1964 and 1967, réspBd and launching satellites (by

1970).

Figure 9.1Chinese innovation system in planned economy

Governmer
University PRIs and industrial lak SOE Consumer
A / A 4 A 4
Educatiol R&D Implementatio Final adaptatio

Source:Edited based on Liu, Xielin & Steven White (200Chmparing innovation systems:
a framework and application to China’s transitiooahtext, Research Policy 30 (2001) p.1094.
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The most important policy tool to realize the na#b strategy is specific national S&T
programs controlled by MOST. Table 9.2 gives afbaeerview of the main programs
controlled by Ministry of Science and Technology@8&T). Among those S&T programs,
national high-tech program (863 program) was laedcim 1986 with specific goal of catch
up and has been most important one. From 1995-24lfi5)t US$4.6 billion were spend on
civil technology development of 863 program. It mgifocuses high-technology. Most of
local high technology industries owned to its supgdospread the seeds of high-tech industry
in China and is deeply related with the developna¢itigh-tech zones in China.

Table 9.2 National S&T programs (100 Million US$)

2001 2002 2003 2004 2005 2006 2007 2008

973 Basic Research 71.2 82.8 96.6 108.3 121.8 173.6 2255 2754
Key Technologies R&D program 127.2161.6 162.5 195.0 201.3 384.6 7454 734.8
National Key Experimental Lab Program 15.715.7 15.7 15.7 16.6 27.7 21.9 23.3
Innovation fund for SME 94.6 65.2 80.2 99.9 12251081 1721 211.6

Source:MOST, China Science and Technology Development Rep009.China S&T Literature Press.

The power of S&T programs can be seen in variesswa&yrstly, those national S&T
programs and increasing R&D inputs are relevanttfergrowing number of SCI papers and
patent application in China, especially in the ensity and public research institutes. China
now has been increasing its share of world pultinaTable 9.3) (Zhou and Leydesdorff,
2006). Secondly, those programs are the overwhglmays to train the scientists and
engineers. Lastly, those programs also serve asrpertant way to continuously catch up
the technological progress in the world. But ih&gd to say that those programs are directly
related to the innovation capability in the bussiesmmunity.

Table 9.3 Percentage of world share of scientific publicaidpercent)

China France Germany Japan Korea UK us EU-15
1995 2.05 6.09 7.62 8.65 0.79 8.88 33.54 34.36
1998 2.90 6.48 8.82 9.42 1.41 9.08 31.63 36.85
2001 4.30 6.33 8.68 9.52 2.01 8.90 31.01 36.55
2004 6.52 5.84 8.14 8.84 2.70 8.33 30.48 35.18

Source:Adapted from P Zhou and L Leydesdorff, ‘The emeogeof China as a leading nation in science’,
Research Policy 35, no 1 (Feb 2006).

The “National Programming 2006-2020 for the Devetept of Science and Technology in
the medium and long term” is the current long-te3&T policy framework of China. The
goal of the new national programming is to make n@hian innovative country by
implementing indigenous innovation strategy. ThecHir goals are: to increase R&D
expenditure per GDP to a level of 2 percent in 2@t@ 2.5 percent by 2020; making S&T
and innovation the most important factor for GDBvgh to contribute about 60 percent of
GDP growth; to decrease the dependence on foremmology less than 30 percent (in the
ratio of expenditure on technology import to R&Dperditure, estimated at 56 percent in
2004); and finally, to be among the top-5 worldwideterms of the number of domestic
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invention patents granted, and the number of iatewnal citations of scientific papers(State
Council, 2006).

The most interesting element of the new programmsrge declared intention to strengthen
“indigenous” innovation. The reasons for this €t are followings: Firstly, the economic
growth of China has been strongly dependent onigoréechnology and foreign invested
firms. Since 2000, foreign-invested enterprisesoanted for more than 85 percent of all
high-tech exports (China Statistics Yearbook orhtigrh technology industry, 2004- 2006).
In recent years, there has been an increasingdtiost among domestic actors, caused by the
fact that “market for technology” policy has nosuéied in the immediate and automatic
knowledge and technology spillovers from foreignGbinese enterprises that policymakers
had hoped for. Secondly, a culture of imitation @ogying is common not only in product
development and design, but also in the field efrddic research. Hence innovations from
domestic knowledge bases and intellectual propediyts are acutely needed in China.
Thirdly, the high growth rate of the Chinese ecogataring the last twenty years will not be
sustainable without a change in the developmeategly. China needs, for example, more
energy-efficient and environment-friendly technoglpghew management skills and new
organizational practices to ensure sustainable tirowthe near future.

There are three main policies selected to fulfid tndigenous innovation strategy. Firstly, the
government plans to increase R&D by 2020 to 2.5qrdrof GDP (from the current level of
1.3 percent). Since GDP growth is projected toease at a similar pace, increasing R&D
expenditure as a share of GDP implies a huge iser@a absolute terms. Secondly, fiscal
policy to activate innovation capability in the cpamy level is assumed most important one.
The new tax policy will make R&D expenditure 150 qent tax deductible, thus effectively
constituting a net subsidy, as well as accelerdgguteciation for R&D equipment worth up to
300 000 RMB. Thirdly but also new policy is pubfitocurement of technology. This policy
is the result of learning from USA and Korea’'s besictices. Public procurement in China
today is significant, but the policy tool itself relatively new to China. The purpose of
current public procurement practice is to cut tluste rather than promote indigenous
innovation. Under the new policy, government agesitiave to prioritize innovative Chinese
companies by procuring their goods or services @virese are not as good or cheap as those
of other companies (both Chinese and foreign)hisinew policy, government set priority for
indigenous innovative products in public procureménrequired that more than 30 percent
of technology and equipments purchasing shouldogdomestic equipment if using public
money. It would give indigenous innovative producd®me price advantage when
procurement (State Council, 2006).

But before the real policy to be effective, peopte worried that this kind of policy will not
help domestic company much. Firstly, public orgahans usually like to buy high-end
products, so it often buys the foreign productdeathan domestic company products. For
example, in automobile industry, the main buyerAoii in China is public organization.
Secondly, it is not easy to distinguish the forefiggm domestic products. For example, the
products of Lenovo seem fitted in the categoryahdstic products, but the core components
of Lenovo computer are from Microsoft and Intel.

Role of Enterprisesin the period of plan economy, SOE was the exetudorm of
enterprises and was very weak in terms of innomatigsually they did not have the function
of R&D. The government would told firms when, wheaed how to introduce the new
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technology. The maireconomic tool for government to do that is fivetyead annual
economic and S&T plans. The main institution wagegoment research institutions. Even at
the government level, there is an elaborated dimisif labor. For example, the State Planning
Committee (now State Development and Reform Comam$swvas central in allocating
production targets for the enterprises and alsoth@gowers and obligation to introduce new
technologies to the economic system. The Minisfrgadence and Technology would make
five year and annual plans in the area of sciendgechnology.

But overall, the whole system was less than efiici€he enterprises were output-based, with
few if any incentives for efficiency and profit, dpaid no attention to IPR. The research
institutions and universities were funded by gowsent and typically produced project
reports with limited industrial use. Hence the perfance of innovation in that time was
poor, although reverse engineering made a greadtmp some sectors. Many new industries
started around the same year as Korea initiatechdn@rgrowth path, such as the automobile
industry, ICT industry, and steel industry, butdad behind Korea decades later. “Import, lag
behind, import again, lag behind once more” wagttie of that period.

For a long time, enterprises have typically opetate manufacturing units with few if any
R&D activities or formal R&D centers. Their prodist capability was maintained and
upgraded mainly through technology imports and rpnges spent more money on
technology imports than on their own R&D during theriod before 1998. Since the 1980s,
SOEs were given more autonomy to invest and inmovetsed on their own strategic
decisions. Also, enterprises with different owngrshsuch as private and foreign enterprises
have also to a larger extent, engaged in innovaadivities. This wave of privatization and
competition made enterprises have stronger incestio invest in product development and
innovation on top of exploiting cost advantagesiversification. Tables 9.4 and 9.5 show
that, large and medium-sized enterprises graduatlseased their R&D inputs and R&D
intensity. Nevertheless the R&D intensity is stjllite low, comparing to that of developed
countries.

Overall, the power of enterprise is still relativabeak in China. PRI and university are the
main actors to implement the national goals. Thakness of enterprise can be seen from
Table 9.6 which shows that enterprises only got inventioreptst as many as that of PRI and
university. Large foreign firms dominate patentagfivity in China, accounting for roughly
two-thirds of all invention patents granted in Ghin 2004 (Miller, 2006).

Table 9.4. RD expenditure and technology importation of LMB@IMillion US$)

Year Expenditure on R&D Expenditure on technolagpart
1995 16.75 42.65
1998 23.86 26.00
1999 30.25 25.12
2000 42.81 29.71
2001 53.55 34.61
2002 67.68 45.00
2003 87.08 48.98
2004 115.31 44.45
2005 152.63 36.23
2006 208.77 41.03
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2007 286.73 61.42
2008 392.46 64.46

Source: China Statistical Yearbook on ScienaktBechnology, 2004, 2006.

Table 9.5Ratio of R&D/sales in large and medium sized corigsa(percent)

Year 1995 2000 2001 2002 2003 2004 2005 2006 2007008 2

R&D/sales 0.46 0.71 0.76 0.83 0.75 0.71 0.76 0.77 810 0.84

Source: China Statistical Yearbook on Science athiiology, 2004, 2006.

Table 9.6 Patents granted in China, 1987-2008 (Number andgmiage)

Year Number University Research institute Entegy
1987 250 48 43 9
1990 863 38 38 24
1993 1,514 33 38 29
1996 654 34 38 29
1999 1,430 30 38 32
2002 3,065 23 30 48
2003 6,789 25 25 50
2004 12,018 29 20 51
2005 14,588 31 17 53
2006 18,184 34 14 52
2007 24.238 34 13 53
2008 36.703 28 11 61

Source:Yearbook of China S&T Statistics (1988-2005), Chirass of Statistics.

The Role of Public research institute and Univgrditor a quite long time, from the 1950s
through the 1960s to the 1980s, public researditutess (PRI) were the main agencies to
realize the national S&T strategy and goal. Fooragltime, they got more than half of total
R&D expenditure in China (Table 9.7). There areeflayers of public research institutes:
central level, ministry level, provincial level giand county level. In central level, such as
Chinese Academy of Science, PRI focused mostlyasictand applied research. In ministry
level, PRI were more specialized on industry ar€as.many industrial PRIs, from 1949 to

the 1980s, their main tasks were the assimilatiormported technology from the former

Soviet Union, Germany, Japan and other countrias.order to replace the imported

technology and to save foreign currency, increniént@vations based on imported technology
were implemented according to the principles ofeamped economy.

Table9.7. Key actors in R&D expenditure (100 Million US$)

2000 2001 2002 2003 2004 2005 2006 2007 2008

Research institutes 31.2 34.¢ 42 .4 48.2 52.2 504 72.€ 93.4 118.7
Enterprises 65.C 76.3 952 116.C 158.7 204.z 273.z 364.C 495.C
Universities 9.3 12.4 15.8 19.€ 24.3 29.€ 354 42.7 57.1
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Others 2.9 2.6 2.2 2.2 24 2.5 3.1 3.5 4.8

Source:China Statistical Yearbook on Science and Techngl2g09.

In the previous plan-based innovation system, theas little space for curiosity- driven
research. The share for basic research has beeandwemained at a level around 5 percent
of the total R&D expenditure during the period 12g®5 (China Statistical Yearbook on
Science and Technology, 2006). Since the econoefiicm was initiated in 1978, the S&T
system of China was soon exposed to market conguetithe objectives of the reform were
twofold: to introduce competition-based fundingteys and to establish a new governance
system of S&T institutions in order to more effitily commercialize R&D results.

One of the key initial changes was to reform thadfog system and make the governance of
the S&T institutions more flexible. It meant thaivgrnment reduced the direct funding for
PRIs, and makes the source of the funding of PRiseasingly diversified than ever. While
this change aimed to enhance incentives for inmavaind to accelerate commercialization, it
imposed also increased pressure on scientists ethdol short-term research projects for
pursuing more immediate economic returns.

In order to speed up the process from researchrtonercial products, the government also
encouraged PRIs and universities to set up their spin-offs and encouraged scientists to
leave their research position and engage in comabeactivities. Furthermore, a new
institution called technical market was introduc€his new specialized market was supposed
to facilitate technology transactions between seppland users of technology. Moreover,
special economic zones were established acrossa@bisupport the development of high-
tech enterprises. In the 1990s, after more thary@ans of reform, there was still a great gap
between the research activities of PRIs and thdshegindustrial sectors. In the meanwhile,
the government system underwent a significant ohaag most of the industry-specific
ministries were abolished. The new structural eémge was how to deal with the industrial
research institutes, which were previously affdthtto those ministries. Toward the end of
1998, the State Council decided to transform 24% RiRthe national level intiechnology-
based enterprises or technology service agenclhas. important structural change implied
that the dominance of PRIs in the Chinese innowatigstem was over and instead, the
industrial enterprises were on the way to become the coréeofrinovation system. Thus
whereas in 1991, there were close to 6000 governmesearch institutes with around
1000000 employees, in 2004 the numbers had shauméss than 4000 research institutes
with approx. 560 000 employees (NBS 2006).

Since 2000, the enterprises performed more thgre6éent of total R&D in China (See Table
9.8). However, PRIs and universities are still tkey players in frontier science and
technological research. They still attract a larg@ember of talented scientists than enterprises
do. After the transformation of applied PRI, som¢éhem have been operated quite well such
as, but some of them are not. It is not easy toensakentists to be good managers. Some of
the transformed PRI cannot find their market positiThey lost their technology capability
and became a common company. It is a fact that afgmiblic money goes to public research
institutes and universities. As table 9.10 showsnf2003-2005, public research institutes got
about of 65.96 percent of all government moneyyensity is about 20.62 percent, business
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only 11.85 percent. This kind of R&D expenditureusture shows that government in most
of time will rely on PRI and university to realiigeir S&T ambitions.

Table 9.8. The allocation of government R&D (20@%2) (100 Million US$ and percentage share)

Year 2003 Share 2004 Share 2005 Share 2005 Share
Total government R&D  55.6 100.0 63.3 100.0 78.8 .Q00 159.4 100.0
PRI 38.7 69.54 41.6 65.76 52.0 65.96 102.4 64.27
Enterprises 5.7 10.27 7.6 11.96 9.3 11.85 21.3 613.3
University 10.6 19.04 13.1 20.78 16.2 20.62 33.0 .720
Others 0.6 1.13 0.9 1.49 1.2 1.58 2.7 1.67

Source:China Statistical Yearbook on Science and Technpl2g04, 2006.

9.3 National learning systems and technological capilities

Education.Education system is a complex system providingdmunesources, knowledge and
skills for the NIS. China’s education system conddghly be classified into 4 levels, namely
preschool education, primary/elementary educatisecondary education and higher
education (Table 9.9), which are comparable withltiternational Standard Classification of
Education — ISCED (UNESCO, 2006). The first onegsphool education (equivalent of
ISCED 0 — Pre-primary education) commonly consistsa stage of 3 years’ nursery
education and a stage of 1-year preparatory eduncdiut its successful completion does not
mean that any level of education has been attair@ed] it is not compulsory.
Primary/elementary education (equivalent of ISCEB Brimary education) is the first full-
sense stage of compulsory education in China, bgthar and 6-year system have existed for
a long time, but now, almost all primary schoobigears’ education. A successful completion
of this level is sufficient to acknowledge that themary/elementary education has been
attained. The next stage - secondary educatioanewhat more complex than that of most
western countries, which has two stages: juniordheigchool education (equivalent of
ISCED 2 — Lower secondary education) and seniordlaidchool education (equivalent of
ISCED 3 — Upper secondary education). The 3 ygarsor middle-school education is the
second part of compulsory education, while the &gehigh middle-school education is not.
For the high middle- school education, both genleigth middle-school and vocational school
education (equivalent of ISCED 5B — Tertiary-type elucation) exist. A successful
completion of this level is sufficient to acknowtgdthat the secondary education has been
attained. After this grade citizens can continugrtlearning of higher education (equivalent
of ISCED 5A - Tertiary-type A education), which pites possibility of obtaining
postgraduate education (ISCED 6 — Advanced resganmojrams). Besides these levels of
education, there are also students enrolled irr ddinnal programs, such as employed people
enrolled in doctoral and master's degree progratus,

Table 9.9China’s Education System

Higher education 1. Postgraduates (master's program 3 year, doptoggam 3 year)

2. Undergraduates in Regular HEIs (bachelor's eodingears, short-cycle course 3
years)

3. Undergraduates in Adult HEIs (bachelor's coushkert-cycle course)
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4. Employed People Enrolled in Doctoral and MastBegree Programs

1. General middle school

Junior middle-school: 3 years, equivalent of ISCE&#mpulsory education
Senior middle-school: 3 years, equivalent of ISCED3

2. Vocational school (3 years)

3. Specialized secondary schools (senior 3 yeaiyaignt of ISCED 3 — Upper
secondary education)

4. Skilled worker school (senior 3 year, equivaleitSCED 3 — Upper secondary
education)

Secondary education

5-year elementary school;
Primary/elementary | 6-year elementary school

education equivalent of ISCED 1 — Primary education
compulsory education

1. Nursery school (3 years)
Preschool education | 2. Preparatory education (1year)
Equivalent of ISCED 0 — Pre-primary education

China’s enrolment in junior (equivalent of ISCED -2 basic general education, lower
secondary) and senior (equivalent of ISCED 3 — WUgpeondary education) education is not
high (this certainly have relation to do with thentbgraphic structure of China). In 2004, it
accounted for 788 students per 10,000 populatiéiguie 9.2). The difference between

junior and senior enrollment in China shows a aertteemographic decline. The similar

trends can be also seen in many other countridgs au&ussia, Mexico, Germany, etc. At the
same time some countries perform a reverse propofd.g. Canada or Finland). As shown in
table 9.10, Performance of the basic educationhim&can be illustrated by PISA survey. In
2006 China occupied 16th position of 56 by readirsg,- by mathematics and 4th - by natural
science (OECD, 2007). These are at very high positiwhich mean China’s basic education
system is one of the world’s best. Therefore PI®8ults are an exciting signal for the

Chinese government and people.

In China, a higher education institution (refersa® HEIs hereinafter) is defined as an
organization providing higher professional educaticn accordance with the state
accreditation. There exist three types of HEIsversities (multidisciplinary HEIs performing

education programs and research in multiple domafirkowledge), academies (focused on
particular areas, such as natural sciences, ssciahces, agriculture etc), and “institutes”
(providing education services in certain
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Figure 9.2Enrolment in China and Some OECD Countries: Baga&al and Secondary (complete), per

10,000 Population: 2004
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Source Indicators of Education in China, 2004

Table 9.10PISA 2006 Results Comparison: China and Other Ggmt

Finland
China
Germany
France
us

Italy
Russia
Mexico
Brazil

Natural Science Reading Mathematics
Average score Position  Average score Position Ayeszore Position
563 1 547 2 548 2
532 4 496 16 549 1
516 13 495 18 504 20
495 25 488 23 496 23
489 29 - - 474 35
475 36 469 33 462 36
479 35 440 39 476 34
410 49 410 43 406 48
390 52 393 49 370 54

Source:OECD, 2007

narrow areas, such as Chinese traditional mediagimesic etc) (Table 9.11). Some key
universities and institutes are directly under Miry of Education or other state ministries,
while the others usually under local governmentMay 1998, China’s former president,
Jiang-Zemin, put forward the famous “985 Prograinth@ 100th anniversary celebration of
Peking University, which means China will developuwmber of world-class universities in
order to achieve modernization. By now, there ade udiversities including Tsinghua

University and Peking University on the “985 Pragfdist.
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Table 9.11Number of Regular Higher Educational Institutiohssitution)
Total Universities & Short-cycle colleges Tertiary vocational
colleges technical colleges
Total 1867 720 1147 981
Comprehensive university 417 150 267 261
Natural sciences & technolo 666 193 473 444
Agriculture 75 33 42 40
Forestry 18 6 12 11
Medicine & pharmacy 128 77 51 11
Teacher training 178 122 56 5
Language & literature 36 14 22 21
Finance & economics 172 50 122 103
Political science & law 67 20 47 31
Physical culture 27 14 13 12
Art 68 29 39 39
Ethnic nationality 15 12 3 3
Of which: non-state/private colleges 276 29 247 241

Source:Indicators of Education in China, 2006. Online datp://www.moe.gov.cn/

Today, the country has 1867 HEIs (Table 9.11), bictv 1591 are state-owned and 276 are
private (Indicators of Education in China, 2007MorR the discipline distribution of all HEIs
(Figure 9.3), we can see that the HEIs in natwwanges & technology accounted for more
than 40 percent of all, while the HEIs in sociaksces (art, political science and law, finance
& economics, language & literature) accounted &mslthan 20 percent. This implies that
China put much emphasis on science & technologgatchn in the last several decade years.
From the pie chart of Figure 9.4, we can also &&e ttend of China. In 2007, the total
number of HEI students was 25.29 million (23.66lionl and 1.63 million in governmental
and private HEIs respectively). The scale of higaéucation in China is now among the
biggest in the world.

Figure 9.3 Discipline Distribution of HEIs in China
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Figure 9.4 Graduates from Regular Higher Education Institugdsy Major, 2006

m Science
m Engineering
gAericulture
gMedicine

36% m Administration

0% 5%

g Philosophy
m Economics
g Law

m Bducation
m Literature
gHistory

Source:China S&T Statistics Data Book on line www.most.gov

After obtaining a Certificate of Complete Second&gucation a student can take higher
education entrance exam to enter a University ofdratitute (College). There are three
different degrees that are conferred by Chineseeusities: The first degree is the Bachelor’s
degree. Bachelor's programs regularly last for dryeof full-time university-level study
except medical students (who need 5 years). Thgrgmts include professional and special
courses in Science, the Humanities and Social-enandisciplines, professional training,
completion of a research paper/project. The Baclsettegree is awarded in all fields. Some
students who don’t pass the higher education erdraram can choose to attend adult HEIs
(need only 3 years) and pass the final exam foth@en® years’ study to apply for bachelor’s
degree.

Holders of the Bachelor's degree are admitted terethe Master's degree programs after
passing the entrance exam, and only very small Burabbachelor students who have got
excellent performance during their undergraduaidiss can be admitted to master’'s degree
program without examination. The Master's degreeniarded after successful completion of
two or three years' full-time study (some of HEigaster program is still 3 year’s while some
have transformed into 2 year's education, dependngdifferent HEIs and different
disciplines). Students must carry out 1l-year’s aede including practice and prepare and
defend a thesis which constitutes an original ¢ouation. Often students have to release at
least one academic paper before they can get risagdégree.

Besides higher education, secondary vocational atuc (in China, this term consists of
Regular Specialized Secondary Schools, Adult Ssha@cational High Schools and Skilled
Workers Schools) is also enough to obtain profeséiar most of blue-collar jobs including
technical). However, now in China, enrolment ratetlois level is much lower than that of
higher education. In the 1980s and 1990s, the lsaetheconomic development in China was
very rapid; labour force was well in need. At thate, secondary vocational education was
glorious in China. Many students would rather gthese schools than senior general schools
because it is easy for them to find a @ter secondary vocational education, and it isiakg
way for them to obtain profession compared to higb@ucation; the enrolment rate of
secondary vocational education is high compareti s&nior general education and higher
education. However, in the new century, the contipatin labour market is more and more
fierce. College students are no longer the “unufadurite person” in the society, and some
of them in turn become blue-collar job hunter whaswformerly the role of vocational
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graduates. And it becomes harder for vocationalugates to find jobs; students are no longer
eager to enter secondary vocational schools. Sogtinollment rate of vocational schools
decreases relative to higher education (Figure@@dFigure 9.6).

Figure 9.5Enrollment Number of Secondary Vocational and Higb#ucation in China
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Source:Indicators of Education in China, various yearsli@ndata: http://www.moe.gov.cn/

Figure 9.6 Composition of Students in Senior Secondary Schools

Composition of Students in Senior Sec. Schools

100%

OSecondary Vocational
o L
80% Schools
60% F il . L H H K L |®Adult Secondary Schools
o= |
40% O Senior General Secondary
Schools

20% [

0%
1965 1980 1985 1990 2000 2001 2002 2003 2004 2005 2006
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In recent years, the higher vocational educatiahdmerged in China and has developed very
quickly in the last five years. The higher vocatibeducation is part of 3-year short-cycle
higher education. The aim of this level educatisrtd cultivate higher technical workers.
Higher vocationaleducation colleges are now partly replacing thee rof secondary
vocational schools. From recent year’s statistim,dae found that the employment rate of
higher vocational education colleges (especiallsame hot specialty) is growing year by
year and had nearly exceeded the employment ratgeoéral college’s 4-year bachelor
students. This implies that the education systes) developed with social and economic
development.

In a long period time before liberation, China'sietion system had a strong feudal color,
only the upper class has the right to be educ&iede PRC was founded in 1949, all Chinese
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people gradually got the equal chance to be eddictite reform of China's education system
has also made tremendous achievements, during whetstructure of China's education
system continues were improved. For example, inydar 1949, the number of enrolled
elementary school students, junior middle schaadlestits, senior middle school students and
college students are only 24,000,000, 952,000,0806and 117,000 respectively (National
Research Center of Education Development, 2005 @&irollment ratio of school-age
children is only about 20 percent, and 80 percérClinese population is illiterate at that
time. However, in the year 1977, the number of kedoelementary school students and
junior middle school students had attained hisédigchigh of 151,000,000 and 49,900,000,
which is respectively 6.2 times and 52.5 timeshase in 1949. The number of enrolled
senior middle school students also reached abo@OQ@®O0, which is 60 times of that in
1949 (National Research Center of Education Devetoy, 2005). Looking back to today,
the achievements is obvious (the below-mentiondd daurces in this paragraph are from
online "Annual Education Statistic Reports of Ghi2007"; www.moe.gov.cn): the 9-year
compulsory education has basically become univetisalnet enroliment ratio of school-age
children in primary schools has reached 99.49 p¢rd¢he gross enrollment ratio of junior
middle school students has reached 98 percengrdmotion rate of senior school graduates
has reached 75.1 percent; the facilities conditiohgrimary and secondary schools are
further improved, for example, their building afeas reached 1,353,200,000 square meters,
which are also full equipped with physical, musicait and natural science educational
instruments. By the end of 2007, there are more ha00 HEIls in China (including general
HEIs and adult HEIs) and about 27,000,000 studeawe attended Chinadsfferent kinds of
higher education, and the gross enrollment ratkiglier education has reached 23 percent.
The postgraduate students enrolled have reach8a,0(D.

Besides the government-owned educational systeene thre also many private schools in
China. In 2007, there are 95,200 private schoo8hima ranging from preschool education to
higher education as well as vocational school. déeelopment of China's education system
had been influenced to some extent by former Sdyreon. For example, for a long time,
China’s charging system had followed the "free aton" system of Soviet Union. However,
during the 1980s, China was in transition from pkh economy to market economy, the
notion of "free education” as thmsic feature of socialistic education was subjeanany
gueries. The reform of the charging system graguaiplemented. The scope of education
charge had gradually extended and amount of educatiarge had continually increased.
Higher education made her farewells to free edanaand elementary education also
transformed from gratuitous education to paid etiooa At present, the charging of post-
graduate education had also actualized in some Whé&ge different kinds of scholarships
and subsidies are to compensate for tuition fees.

With the development of higher education, the dquaif college teachers in China has also
increased. From the line chart of Figure 9.7, we e that the proportion of regular HEIs
teachers with doctor's degree and master's deg@mtinually increasing in the past decade.
In 2006, teachers with doctor's degree in genetksHhad accounted for 10 percent of all
general HEIs teachers, which indicate a rise inlifigetion of Chinese HEI teachers.

Especially in recent years, the competition betwd&ts has been more and more fierce, so
does the competition of talent HEI teachers. HEtler candidates are required with better
quality. PhD degree is a necessity but no longsuratble for a college teacher title. Besides
teaching, research ability has more and more bitoagi consideration. More and more HEI
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teachers perform R&D besides teaching affairs ealhpdhe teachers in HEIs with post-
graduate education (Table 9.12). In these postaucHEIs, graduate students and young
teachers are the main R&D labor force.

On the other hand, with the development of higldrrcation, the age structure of college
teachers is growing equitable (Figure 9.8). In 2@06the HEI teaching staff younger than 30
years accounted for 30 percent. Professors andckte@rofessors older than 60 years only
accounted for 14 percent and the age of most Rmfesand Associate professors have
centralized around 30-50 years especially around541This implies the young energy of

Chinese higher education compared with Russia wierg/oung teachers (younger than 30
years) accounted only for 16 percent and more trehof professors were older than 60

years.

Figure 9.7 Academic Qualifications of Full-time Teachers inn@el HEIs in China
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Table 9.12Chinese College Teachers Performing R&D in Recear¥

Indicators 2002 2003 2004 2005 2006
Staff Performing R&D (in 10 thousand) 38.3 411 6871 47.09 50.8711
R&D Expenditure (100 million US$) 15.77 19.61 24.28 29.58 35.45
Number of Released Papers 541390 612738 668520 82280 830948
Number of Patent Applications 6778 10770 14888 2009 24490
Number of Authorized Patents 2251 3954 6399 8843 0432

Source:China Statistic Year Book Online, 2007. http://w\stats.gov.cn/

Figure 9.8 Breakdown of Full-time Professors and Associateféasors by Age
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Figure 9.9 Average Annual Salary by Sector in China, 2006 {LRIMB)
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In China, the average annual salary in the higbacation sector is 63 percent higher than the
national economy average level in 2006. This ingpliet higher education sector is relatively
a high paid sector in China. From Figure 9.9, we s@e that only information; computer and
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software sectoand finance sector are beyond the sector of higbacation in their salary
level in 2006. However, the salary level of prima&gucation and secondary education is
lower than the national average level, which is b&son why State Council of China had
recently promulgated some measures to increassadlaey level of primary and secondary
education to promote social equity.

High salary level of higher education sector istlgghe result of high expenditure on higher
education. In 2005, the total education expenditisre255 billion RMB, however, the
expenditure on higher education per student in £lgronly 559 RMB (calculate according to
indicators of education in China), which is muchvéo than developed countries such as
United States, United Kingdom, France, Canada,aésalis much lower than Russia which is
about 3.6 thousand $ PPP in 2005. (If calculaten vably general HEIs students, the
expenditure on higher education per student in &€n15,364 RMB, which is still much
lower than developed countries and lower than Rys§thinese college teachers also earn
money form R&D projects. The total R&D fund raisky HEIs had attained 619.67 billion
RMB in 2006 and the growth rate of R&D fund maintd 20 percent in the last five years
(Table 9.13). However, there is an obvious ineqaityong college teachers in earnings from
performing R&D. “Big professors” have both sociasources and academic ability raising
R&D fund and undertake national R&D projects thusild earn a lot from R&D project
while young teachers/lectures often lead a “simpfe’

R&D. In recent years, China’'s R&D expenditure has expdndpidly (Table 9.14). In 2007,
the R&D expenditure amounted to 48.79 billion US&jch is 11.12 billion US$ more than
that of 2006. Moreover, this number has surpasksat df Britain and France for the first
time, and made China rank 4th in the world in 200%rms of R&D expenditure. However,
concerning with the R&D expenditure, the gap betw€&ina and the top three countries has
remained very large, as that number in 2007 of US#&pan and Germany respectively
accounted to 343.7, 148.5, 73.8 billion US$.

Table 9.13R&D Fund in Chinese General HEls, 2002-2006 (100igni US$)

Indicators 2002 2003 2004 2005 2006

R&D fund raised (100 million US$) 354.96 417.92 522.93 640.99 793.56
Of which: 0.00 0.00 0.00 0.00 0.00
Government fund 93.78 101.40 119.07 148.08 175.16
Enterprise fund 202.57 248.10 334.81 419.97 525.94
Loans from financial institutions 24.39 31.33 32.02 33.80 47.93

Source:China Statistic Year Book Online, 2007. http://w\stats.gov.cn/

Table 9.14R&D Expenditure in China, 2002-2007

2002 2003 2004 2005 2006 2007 2008

R&D expenditure (Billion USD) 15.56 18.60 23.76 20. 38.46 50.36 67.56
R&D/GDP (percent) 1.07 1.13 1.23 1.33 1.42 1.44 41.5

Source:MOST, Main S&T Indicators Database, 2008.
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Figure 9.10The Ratio of R&D/GDP in Selected Countries in 2Q@&rcent)
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It is usually considered that high level of R&D énsity is an important guarantee of
innovation capability. According to the intensitiyR&D input, which is usually measured by

the rate of R&D/GDP, this ratio began to improveidéy after 1999. It accounted to 1.49

percent in 2007, and took the first place amongeliging countries. But there still exists a
wide gap between the R&D intensity level of Chima ghat of developed countries, since the
ratio in most developed countries were more thpergent in 2007 (Figure 9.10).

R&D funding resources in China are enterprises,egavwent and other institutions. From
Figure 9.11, we can see that enterprises are tlre forading resources, whose R&D funding
accounted for 70.4 percent of the total R&D exptnmdiof China in 2007. The ratio of R&D
funding of enterprises in most developed countwese more than 60 percent in 2007, and
China’s R&D funding distribution is similar (Figu812).

In addition, enterprises are also the main R&D quenkr in terms of R&D activities. In 2007,
R&D activities performed in enterprises spent 72eBcent of the total R&D expenditure of
the country (Figures 11). In 2007, the basic rege&unding in China was 2.29 billion USS$,
which increased by 0.34 US billion dollars than @0®ut the basic research funding
proportion of the total R&D expenditure was only@ percent, which only accounted to less
than half of developed countries (Figure 9.13).iDgithe past years, this proportion has been
remained stably at about 5 percent.

The number of Chinese R&D personnel has increasgidly in recent years (Table 9.15). It
achieved 1.50 million in 2006. Moreover, the numbiescientists and engineers reached 3.13
million, which increased at a rate of 11.8 percent thaninh2®06. In addition, the amount of
scientists and engineers during 10 thousand wonb@agple has increased to 39.8 in 2007.
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Figure 9.11R&D Funding and Performing Distribution in China 2007
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Figure 9.12R&D Funding Distribution in Selected Countries 0
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Figure 9.13Basic Research Funding Proportion of Total R&D Exgiture in Selected Countries in 2007
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Table 9.15R&D Personnel in China, 2000-2007

2000 2001 2002 2003 2004 2005 2006 2007

Number of R&D personnel (thousand) 922 957 108895 1153 1365 1503 1736
Number of scientists and engineers (thousand) 20082 2172 2255 2252 2561 2798 3129

Number of scientists and engineers in 10 thousand
working people

277 278 288 296 293 329 358 398

Source:MOST, Main S&T Indicators Database, 2001-2008.

Enterprises, research institutions, and univessitiee the main R&D performer in China. In
2007, the distribution of R&D personnel in the #sectors was: the ratio of R&D personnel
in enterprises was more than 2/3 and such ratresearch institutions and universities was
totally less than 1/3.

The increase of the amount of R&D personnel maaviys to the enterprises. In 2007, the
number of R&D personnel in China increased by 28usand, among which 162 thousand
came from enterprises. In the same time, the isgrgaate of the number of R&D personnel
in the country was 15.6 percent, while that in grises was 23.3 percent (Table 9.16). In
terms of the R&D personnel input, enterprises hacblme to play the main part in China’s
R&D activities. In recent years, China’s importglaxports of high-tech products have been
increasing rapidly and the exports have graduatlyeeded the imports (Table 9.17). This
may indicates that Chinese S&T capability has begmoved.

Furthermore, the high-tech industrial output hageaased greatly, and the economic profits
have also been improved (Table 9.18). Thus we earttgt the R&D inputs, including funds
and personnel, have made the technology enhancktranght forth great profits. But the
high-techenterprises in China are much weaker than thatlareced countries, as China’s

technology still needs to be improved by learnirapt advanced countries and developing
innovation capabilities.

Table 9.16Distributions of R&D Personnel in China, 2001-2007

Total Research institutions Universities Enterpriand others
thousand (%) thousand (%) thousand (%) thousand (%)

2000 922 100 227 24.6 163 17.7 536 58.1
2001 957 100 205 21.4 171 17.9 581 60.7
2002 1035 100 206 19.9 181 17.5 648 62.6
2003 1095 100 204 18.6 189 17.3 702 64.1
2004 1153 100 203 17.6 212 18.4 738 64
2005 1365 100 215 15.8 227 16.6 922 67.6
2006 1502 100 232 15.4 242 16.1 1028 68.4
2007 1736 100 255 14.7 254 14.6 1227 70.7

Source: MOST, Main S&T Indicators Database, 200080
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Table 9.17National Imports and Exports of High-tech Products

2002 2003 2004 2005 2006 2007

Exports of high-tech products
(One billion US$)

Share in total exports (percent) 20.8 25.2 27.9 628. 29.0 28.6

Imports of high-tech products
(One billion US$)

Share in total imports (percent) 28.1 28.9 28.7 030. 31.2 30.0

67.86 110.32 165.36 218.25 281.45 347.82

82.84 119.30 161.34 197.71 247.3 286.98

Source:MOST, Main S&T Indicators Database, 2008.

Table 9.18Main Economic Indicators of High-tech Industry (CBilion US$)

2002 2003 2004 2005 2006 2007

Gross industrial output 182.42 248.35 335.50 419.53%37.81 684.90
Value added 45.54 60.82 76.61 99.22 128.78 157.73
Revenue from principle business 176.56 246.61 X36.4414.10 532.55 674.77
Profits 8.95 11.73 15.04 17.37 22.76 32.52
Exports 72.73 109.92 179.18 215.29 300.64  385.78

Source: MOST, Main S&T Indicators Database, 2008.

One of the serious challenges Chinese companiefaeairgy is that they are still pursuing a

cost advantage strategy; spend relatively littleR&D. From Table 9.3, it is clear that large

and medium sized companies have continuously isecetheir R&D, but still remains at a

low level. In 2005, R&D spending relative to saless only about 0.76 percent. Secondly, a
surprising fact is that many large and medium szaupanies have reduced their R&D labs
in those years; the reasons for these phenomenabmayt of merging, joint venture and

ownership transformation which made them to cuttbéir previous R&D labs (see Table

9.19).

Table 9.19R&D Expenditure and R&D Labs in Large and Mediurme8iCompanies (1995-2005)

Year Number of companies Share of companies witlDRbs (percent) R&D/sales (percent)
1995 23,026 56.9 0.46
2000 21,776 34.9 0.71
2001 22,904 32.3 0.76
2002 23,096 311 0.83
2003 22,276 30.7 0.75
2004 27,692 32.8 0.71
2005 28,567 32.75 0.76
2006 32,647 23.22 0.77
2007 36,252 24.33 0.81
2008 40,314 24.66 0.84

Source: MOST, Main S&T Indicators Database, 2006.
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Thirdly, the total number of business R&D persorimat increased from 294,000 in 1995 to
883,100 in 2005, with an annual growth rate of 1Bs4share in total R&D personnel is about
64.7 percent. But since 2001, the share of keynsiste in business R&D personnel has been
flattening at about 37.25 percent, with no obviowusgease. It means that even now, the R&D
activities of businesses are still not an attra&ctplace for leading scientists compared to
universities and GRIs (Government Research Ingiitg} (Figure 9.14).

Figure 9.14Business R&D Human Resources/ National R&D HumasoRees (1995-2005)
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Note.No data of 2003.
SourcesMOST, Main S&T indicator databank, 2006.

9.4 Knowledge flows and networks in the national inovation systems

The intensity and efficiency ofndustry-science linkages are important indicators of

innovation capability at the system level in a doynAs there was a functional division of
labor in knowledge creation and diffusion for adatime in China, strong barriers existed
between the knowledge creation by PRIs and univessand the utilization of knowledge by
enterprises. But since the introduction of econom@forms in China, under the strong
competition pressures and supported by varioustutishal changes, the industry-science
linkages have been improving greatly in the pasty2@rs. In this section, we illustrate
industry-science linkages in the Chinese innovasgstem in the following three aspects:
university spin-off, R&D outsourcing, and co-pulation.

PRIs and University Spin-ofPRIs and universities were allowed and encourageskt up
their own spin-offs so that they could commercrltheir technology and research results
directly. In this way, PRIs and universities coldd more integrated in the economic
activities. Spin-off companies could also providel$and universities with some financial
resources, which could compensate for budget cate the government. Up to 2004, there
were around 2400 spin-off enterprises establishadl generated around US$ 9.7 billion
revenue (Ministry of Education, 2005plthough the numbeof spin-off firms in China is
small compared to that of the Chinese industriatase it is very important for high-tech

9 Total revenue of 2355 spin-offs amounted RMB &illfion and converted into USD using the annualrage exchange rate at the value of
8,28.
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industries in China. Spin-off companies providedgnacientists from PRIs and universities
with opportunities to access new market opportesitiThe policy to encourage spin-offs also
gave birth to many successful domestic high-techpamies, such as Lenovo (from the CAS)
and Beida Founder (from Peking University), whiate aow leading companies in the

Chinese ICT industry. Most of the Chinese biotedbgy companies are also spin-offs. For
example, Shenyang Sunshine Pharmaceutical Co.RB#ging Shuanglu Pharmaceutical Co.

Ltd., and Anhui Anke Biotechnology Co. Ltd. weré falunded by former researchers from

research institutes (Liu and Lundin, 2006a). Howgegece 2000, as the government has
continuously strengthened its support for reseamctt higher education, many PRIs and
universities no longer consider development of gfincompanies as one of their primary

functions.

S&T Outsourcing by Industrial Enterpriseds an integral part of the establishment of
science-industry linkage, PRIs and universitiesabetp conduct contract research for the
industrial sector. This type of activities has bbeeneficial for the industrial sector, as most of
Chinese enterprises, especially small and mediasdsEnterprises (SMEs), have limited
innovation capabilities. Outsourcing of S&T reséara PRIs and/or universities has become
important development strategy of industrial eniegs. For instance, the share of
universities’ S&T funds from industrial enterprisegs about 38 percent of their total
research funds in 2004. However, the share of govent research institutes’ S&T funds
from industrial enterprises remains relatively lamnd was at a level around 6 percent of their
total S&T funds in 2004. It is because PRIs arétstavily relying on direct funding from the
government (China Statistical Yearbook on SciemmeTeechnology, 2005).

Joint Publications.Individual researchers from either the higher etlanasector or from
research institutes submit the majority of publiseientific papers in China. As another
indicator of industry-science linkage, the numbdr joint scientific publications by
researchers from universities and the industriatogels still relatively small. For IPR and
other reasons, the S&T staff from industrial entegs is typically reluctant to publish
papers. But recently, researchers fronmiversities and to an increasing extent enginaecs
researchers from industrial enterprises have becowr&uthors of science and technology
publications. For instance, the number of co-atigrapers, by researchers from universities
as the first author, together with engineers/reteas from the industrial sector has rapidly
increased from 867 articles (1.7 percent of totahher of scientific papers published) in
2000, to 7421 pieces (7.4 percent of the totalp®3 (Chinese Institute of Information,
2005). This intensified interaction and co-opematiay promote innovation capacity in both
sectors as well as enhance the mutual understamditigeir different, but closely related
innovation activities.

Venture CapitalThe venture capital system also has a very importde in promoting links
between universities, PRIs and industries. It wasduced in the end of 1990s. The first
wave of the VC was driven by the government; later private and international VC firms
have recently started to emerge in China. Rece@tiyna’s venture capital market has been
developing rapidly. In the year 2001, the overatioant of venture capital in China is only
518 million dollars; however, just by the end oé thecond season of 2008, this figure has
risen to 3845.04 million dollars, nearly eight tsnéat in the year 2001. Especially in the last
two years, the number and amount of venture capliath maintained a high growth rate,
reaching an average rate of more than 50 percent.
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With regard to VC by sector, we see that the ITustdy, traditional industry, bio-tech/health
industry and service industry, which together mage84 percent of the VC number and 85
percent of overall amount, are the sectors attrgatiost VC. As White said, China’s venture
capital system is still immature in terms of theaerces and capabilities of most of the
constituent organizational actors, as well as thaitutional environment in which they
operate. Currently, venture capital firms do notehthe expertise or operational mechanisms
to adequately select and manage new technologynetnor have they been able to add
much value beyond financing. Because their incensitructure creates a bias towards late-
stage investment projects, these venture capitakfare not acting as a channel of funds to
true start-ups, despite the government’s intentiorsthe promotion of venture capital
(White, et al., 2005).

Since the open-door policy was implemented in Chiimans with foreign direct investment
(FDI) have become increasingly important in productisnvall as in R&D in China. During
1998-2004, the number of large- and medium-sizetl fFMs has been steadily increasing.
While the shares of value-added and exports of s in the Chinese industrial sector
have reached a relatively high level (40 percent @ percent, respectively in 2004), the
shares of R&D expenditure and employment are retifitive low (29 percent and 34 percent
respectively in 2004). Apart from the large numbémew FDI establishments of capital-
intensity processing manufacturing units, R&D-rethfctivities in these new FDI firms are
still relatively limited. It implies that, FDI firsi production in the Chinese industrial sector
has been relatively capital-intensive, but notlyg@E.D-intensive manufacturing.

Beyond the manufacturing, internationalization loé thigh-tech industries is of significant
importance to China’s upward mobility in global awation. But such a move also has some
controversial characteristics. On the one hand, ittoeeased trade volume shows the
international competitiveness of the high-tech stdas of China. But on the other hand, the
dominance of FDI firms and the large share of pgeirgy of imported materials as well as the
reliance on foreign technology raise the followongestions: Are China’s high-tech industries
really high-tech? And are the high-tech industiesChina really Chinese? Nevertheless,
there are also substantial cross-industrial vamatiin the high-tech industries. As a well-
known fact, the ICT sectors are the modernationalized high-tech industries, in which
value-added, FDI firms dominate technology impamsl exports. As table 9.20 shows, the
share of FDI firms in the computer and office equgmt industry has the largest increase and
FDI firms in the medical equipment and instrumdantiustry have also noticeably increased
their contribution to R&D investment at the indydevel.

Table 9.20Importance of FDI firms across high-tech industri#898 & 2004
(Share in the high-tech industries, percent)

Number of Share of R&D Tech Employ
firms LMEs expenditure  import Export ment
1998
Pharmaceutical products 83 16 20 4 19 11
Electronics & telecommunication 349 52 41 77 86 42
Computer & office equipment 70 59 37 94 94 51
Medical equipment & instrument 28 20 11 41 40 14
2004
Pharmaceutical products 158 21 22 20 21 16
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Electronics & telecommunication 1145 72 42 93 93 73
Computer & office equipment 336 86 82 98 98 91
Medical equipment & instrument 105 38 27 33 88 36

Source Lundin et .al, 2006b.

In addition to the relative importance of FDI firrasthe industry level, another important and
controversial question is, are FDI firms more R&densive than domestic firms? While the
R&D intensities across different ownerships havereased during 1998-2004, so far
domestic firms, both stated-owned and private, Hagbeer R&D intensity than FDI firms.
The implications of these observations are: Dorodstins in China are strengthening their
innovation capacity through increased R&D investteeithis is achieved not only by the
increased R&D investments in the SOEs, but alsdrigen by an increased number of
entrepreneurial and S&T-based private firms.

Two types of FDI activities in China may explaire tlower R&D intensities in FDI firms. For

the first, some of FDI firms’ activities are stilapital or labour intensive manufacturing in the
high-tech industries. For the second, while sonneido firms are increasing their R&D effort

in China, the R&D activities are still based in t8&&CD home countries where the firms
originate. Even though the R&D intensities in thghatech industries have increased over
time, they are still at a much lower level comparedhe high-tech industries in the OECD
countries. As shown in Table 9.21, the R&D intaesitin most of the high-tech industries,
except in the aerospace industry, were not sulalignhigher than in the manufacturing

sector on average. In an international comparisothé U.S. and Japan, the difference is
remarkable. From a long-term perspective, the R&f@nsities need to, and will be further
boosted, driven by continued indigenous R&D effatal intensified competition between
domestic and FDI firms when the technology gapswvéenh them are being narrowed.
Furthermore, the narrowed technology gap can asiiithte strategic alliances among firms
with various ownerships and thereby boost R&D itwests in both domestic and FDI firms.

Table 9.21R&D intensity in the high-tech industries (percent)

R&D/value- R&D/value-

R&D/value-added R&D/ value-added added added

2001 2003 U.S. (2001) Japan (2001)
Manufacturing average 3.4 2.0 8.7 9.9
High-tech average 5.0 4.4 27.2 26.3
Aerospace 15.0 15.8 14.4 22.3
Pharmacy 2.6 2.7 14.8 22.9
Computers and Office machines 4.1 25 36.7 30.7
Electronic ,Telecommunications 5.8 5.4 37.2 18.6
Medical Equipments and Meters 25 3.0 36.8 30.2

Source: China Statistics Yearbook on high technolodustries, 2004, 2005.

In terms of innovation output, one of the largedtedences between domestic and foreign
applications is the structure of applications. Bomestic firms, the majority of their patent
applications are utility model or design, althougle number of invention applications has
been increasing as well. For foreign patent apgiing, the invention application is the main
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category. The number of invention applications byndstic firms exceeded for the first time
their foreign counterparts in 2003. Figure 9.15vehthat the foreign firms still outperformed
their Chinese counterparts significantly in terthshe number of granted invention patents in
the past years. There is no straightforward expiamavhy the number of domestic patents
granted lags behind foreign patents granted. Thareavess of protection of intellectual
property right has indeed increased among domdstits and innovation activities have
become an important strategic reaction for both ekima and foreign firms to enhance their
competitiveness. As figure 9.15 shows, the gap maggest that despite the increased
awareness, the technology gaps, in terms of degfeenovelty and technological
sophistication between domestic and foreign firmske the catch-up process dmestic
firm somehow difficult. Table 9.22 shows that amofayeign patent applicants, the
multinational enterprises from Japan and the Ur&tlee most active, while German, Korean
and French companies are also applying for a lamgmber of patents in China. The
distribution by field of technology reflects toade extent the competitive strengths of these
multinationals in the Chinese market.

Globalization of R&D and Chindn recent years the number of R&D centers of mattonal
enterprises in large cities such as Beijing anch§hai has increased rapidly. The purpose of
these establishments is mainly twofold: to takeaatizge of abundant and relatively cheap
R&D human resources in China and to locate R&Dsaungar their (exiting) manufacturing
units in China. According to von Zedtwitz (2008)ete were 199 foreign R&D facilities in
China in the beginning d2004. Figure 9.16 shows the number has increagedlyasince
then, and possibly has amounted to 250-300 cuyrentl

Figure 9.15Domestic and foreign invention patents granted
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Source:China Statistical Yearbook on Science and Technol2g05.

Table 9.22Top ten foreign enterprises in applications forantion patents in China (2003)

Ranking Country Enterprise Number of applications
1 Japan Matsushita Electric Industrial Co., Ltd. 128

2 South Korea Samsung Electronics Co., Ltd. 1560

3 Japan Canon Co., Ltd. 820

4 Japan Seiko Epson Corp. 781

5 South Korea LG Electronics Corp. 624

6 Japan Toshiba, Inc. 583

7 United States IBM Corporation 581
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8 Japan Sony Corp. 560
9 Japan Mitsubishi Electric Co., Ltd. 556
10 Japan Sanyo Electrical Motors Co., Ltd. 541

Source:Ministry of Science and Technology Indicators, 2005

Figure 9.16 Number of new establishments of foreign R&D labShina, (1987-2003)
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The globalization of R&D in China can also be oleer from the co-operation between
foreign enterprises and Chinese universities agdareh institutes. This new type of co-
operation is in an initial and immature stage and still very difficult for foreign enterprise

to find original ideas and sufficiently innovatipeojects through this kind of co-operation. At
the current stage, foreign enterprises do not kagy-made projects or research, rather they
utilize the existing R&D research capacity and Ifaes (which were often purchased by the
support of governmental funding and of very higansiard) to carry out research projects,
which are defined by the foreign enterprises théveseand modified during the working
process to adapt to local conditions.

Nevertheless, the mutual benefits generated threugh co-operative efforts should not be
underestimated. It will provide local universitiesmd research institutes with additional
funding and more advanced equipment. More impdstarit will also generate positive
demonstration- and spill-over effects to the ursitezs and allow them to get more informed
about the international research frontier. Finatlgan be an efficient way for foreign firms to
identify research units and personnel with higleaesh capacity.

Compared to the level of inward foreign direct istveent (which reached USD 72 billion in
2005, UN World Investment Report, 200610), Chiraigward direct investment (ODI) and
cross-border Mergers and Acquisitions (M&A) ardl stery limited. By the end of 2005,
China's aggregated ODI reached USD 57.2 billionpanting for only 0.59 percent of global
ODI and ranked 17th in the world among outward stoes in 2005 (MOC, 2006). However,
this low level of ODI may change, associated wibthithe increased openness of the Chinese
economy, new government policies and the relaxfrfgnancial controls as well as the efforts

0 This large increase is also due to the fact imag005 for the first time data on Chinese inwail fncluded inflows to financial
industries. In 2005, non-financial FDI alone wasDJ&D billion. The FDI into financial service surgeUSD 12 billion, which was driven
by large-scaled investment in Chinese largestdtateed banks.
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to diversify China’s huge foreign exchange resefvedn 1999, the Chinese government
launched the “Go Out” policy and China’s Ministry Gommerce predicts that ODI will
maintain an average annual growth rate of over &2gnt in the years to come and will
exceed USD 60 billion by 2010.

Even though at the current stage, Asia and Latiredegn account for 90 percent of China's
ODI | order to target the acquisition of energy anduratresources, the new “Go Out “
strategy is also a measure to promote and faeiliteg internationalization of Chinese firms in
S&T-intensive sectors. It aims at encouraging ssgfte Chinese firms to strengthen their
technological capacity and build brand recognitias well as to counter intensified
competition in the Chinese market by investing allro

Recently, some Chinese enterprises, in particulathé electronics and ICT sectors, have
initiated their international R&D activities, bytleer acquisition of foreign enterprise/units or
through setting up R&D organizations in OECD coigstr The high profile M&A deals
involving Chinese enterprises in the high-tech @schave caused huge attention worldwide.
In these M&A deals, the access to R&D centres dftera sellers is one of the key elements.
For example, in the TCL- and Thomson deal, it ideldt Thomson’'s R&D centres in
Germany, Singapore and the U.S. Similarly, in trendvo-IBM deal, Lenovo took over
IBM's R&D centres in Japan and the U.S. (see T&B3). In a recent report from Boston
Consulting Group (BCG, 2006), among the top 100 rging global companies from
developing economies, 44 are Chinese firms andf ¥hwh are in the ICT sector and a few
from the automobile sector. Even though the nunabesuch Chinese firms is very few and
the scale of their international R&D activitiessidl small, a new generation of Chinese firms
seem to emerge as important players in S&T-intengivstead of labour-intensive) segments
of the global market. The innovation capacitiesh&ise Chinese firms and their ability to tap
into the global network have therefore generatedelanterests, from both research- and
policy-making perspectives. In other words, willesle emerging Chinese multinationals
become global players in the near future?

Table 9.23Selected M&A deals by Chinese firms (2001-2005)

Chinese bidder Target foreign firm / Unit Indystr Bid value

Holly group Philips Semiconductors, CDM hand-set Telecom USD 180 million
reference design (US), 2001

TCL International Schneider Electronics AG (Gergjan Electronics USD 8.5 million
2002

TCL international Thomson SA, Television manufaicty Electronics N.A.
unit (France), 2003

BOE Technology Group Hyundai display technologgu(th Electronics USD 1,305 million

Korea), 2003

Shanghai Auto Industry  Ssangyong Motor (South Korea), 2004 Automotive DUS 4 million
Corporation (SAIC)

Lenovo group IBM, PC Division (US), 2004 IT USB20 million
Nanjing Automotive MG Rover Group (UK), 2005 Autotive USD 87 million

Source Wu (2005), The Boston Consulting Group (2005) seadous press reports

™ In 2005, China’s foreign currency reserves inaedasy USD 209 billion and reached USD 819 billitrexceeded those of Japan and has
become the world’s largest in 2006.
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9.5 Institutional arrangements of the national innwation system

In China, there is little scope for curiosity-dniveesearch. S&T has generally been viewed as
a practical economic activity (Hu, 2005). Most G¥sa cannot distinguish between sciences
and technology. Although the share of the R&D budged human resources for basic
research is increasing gradually, it is still quter compared to developed countries. Even
now, the proportion of basic research has beentkeptrelatively low level of 5-6 percent of
total R&D expenditure. In addition, most of the gavment funds for basic research are
targeted at limited areas such as biology and eahablogy with a strong practical purpose
(Hu, 2005).

Before the 1980s, the major actors in basic rebeasre the government research institutes.
Since the 1980s, universities became increasinglyremimportant. Two important
organizations support science research in Chire:National Science Foundation and the
Department of Basic Research within the MOST. Meagfions have their own regional
science foundation system, but their functions arere practical and geared to local
economic and social needs.

The National Science Foundation of Chinkhe National Science Foundation of China
(NSFC) plays a unique role in the Chinese scielys¢es. For a long time, there was no
special fund for basic science. After 1978, a fuwhilar to the US National Science
Foundation was set up. It was established in 18&8ly under the MOST and subsequently
becoming an independent body in 2000. This systerksvmainly based on peer review
rather than on government plan. The Foundationsgougiosity-based research a place in the
whole R&D set-up in China. The NSFC is mainly fudd®y government budget. From 2001
to 2005, about ten billion RMB was spent on basgearch. The channels of support were
greatly diversified, from teams to talented scitstifrom general to key projects. Table 9.24
shows that in 2006, the overall budget for the NSk&s 2.68 billion RMB. As the
Foundation mainly operates on a peer review basss widely regarded as the backbone of
the Chinese science system.

Table 9.24Budget of the NSFC (100 million US$)

1996 1997 2005 2006
Total 0.78 0.94 2.76 3.43
For general projects 2.12 2.60
Projects for young scientists 0.55 0.72
Region-based projects 0.09 0.12

Source:www.nsfc.gov.cn

The National Basic Research Programifoe “973” Programme). The “973” is a national
mission-oriented science programme for big sciearwk transnational cooperation, launched
in 1997 with the aim of strengthening the role of/grnment in science. The target areas are
the so-called strategic areas, such as energymaftmn, health and materials. From 1998 to
2005, more than billion RMB was allocated to this Programme. Mdnarn 143 key projects
are being supported. In 2005, the main fields sp@as by the 973 Programme were:
population and health care (17.4 percent), IT (1@etcent), materials (14.3 percent),
agriculture (17 percent), energy (10.5 percengoueces and the environment (17.4 percent)
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interdisciplinary study (14.7 percent) and oth&s8 fpercent) (MOST, 2007). The Knowledge
Innovation Programme was launched in 1998, maialaltow the CAS to survive in the
context of rising university research. With thisteaproject, the CAS has been reorganizing
itself to upgrade its core competence in the fdcie universities. The budget is about one
bilion RMB a year. The main goal is to make the £Ahe leading international basic
research centre. In reality, this project helps @ greatly in facilitating the work of and
attracting key scientists, making the CAS the lardmsic science centre in China and in the
world.

Talent people policyChina has a large pool of human resources spreadarthe world.
How to use this pool is a critical problem for Cése science policy. In order to attract
talented scientists back to China, special graotsréturnees have been prepared by the
government. The result is positive. More and maeehreturned (Figure 9.17). For example,
from 2001 to 2005 under the Knowledge InnovatioogPamme, the CAS attracted 422
scientists with special money for their researcll &bs via the One Hundred Talents
Programme.

Science policy in China has been implemented thr@ugupply-side as well as a demand-
side approach. But as a developing country, thematstrategy has downplayed the demand
side. Sometimes, scientists are not happy with Neither are they glad to see that the
government cannot give as much support as developgtries do, since the funding for
basic research in China remains about 5-6 perderdtmnal R&D funding.

Figure 9.17The comparison of oversees student and return&hiof
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Note: Unit for number of overseas students and returrig®600.
SourcesMOST, 2006a, China Science and Technology Devedoyt Report, 2006.
China S&T Literature Press. Beijing.

Technology policy on importing technolodyor a long time, from the establishment of the
People’s Republic of China in 1949 until the 19718s, main aim of technology policy was to
covershortages of technology and enhance China’s myjilgaength. In the 1950s, the Soviet
Union was the main source of foreign technologyg k&y projects with that country were the
most famous. They became the incubators for lagkrstrialization in various industries. But
after the break-up of the alliance with the Sowignion, China began to emphasize
independent technology development, although inggotiechnology still played a very
important role. The success of the nuclear bombaatificial insulin projects was the result
of the technology policy in this period. China nekieless imported technologies on a grand
scale from the Soviet Union, Germany, Japan anerabuntries. Those technologies laid the
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foundations for many Chinese industries, includaigemicals, automobiles, steel, textiles
(Wang, 2000). But the absorption capacity of Chenfisns is rather poor. So “Import, lag

behind, import again, lag behind once more” seenimetthe pattern of technology importing.
Many new industries started in China at around shene time as Korea, such as the
automobile industry, the ICT industry and the stedustry, but now, decades later, China
lags behind Korea.

Market for technologyForeign direct investment came to China in the %980 the first
stage, the government hesitated as to how to dehl RDI. China was in great need of
foreign technology and capital. But for a long timender traditional ideology, foreign
investment was not regarded as a good thing fon€3lei society. So “market for technology”
became a practical technology policy, althoughgbxeernment never formally used the term.
First, government used the big Chinese market &srforeign companies to transfer
technology to local companies and to protect lecahpanies from international competition.
In IT and the automobile industry, the specificippltool was to require multinationals to
license technology to Chinese companies as a pd@mmnfor their investment. For example,
“Industrial policy for the automobile industry (1499 stated, “the preconditions for a joint
venture are that the companies have to set uputestifor technology development and the
products introduced have to be at the level of #880s in developed countries”. Second,
multinationals were required to sell most of th@inducts internationally. The purpose of that
requirement was to protect domestic companies. g lmcal companies could sell their
products tocustomers in China, the result of these policies teamake joint ventures the
main route for foreign companies to invest in China

This policy has been very effective for internaibtechnology transfer. Here the large
market provides effective leverage for technologynsfer. A very interesting case concerns
power plant equipment. For the construction of lineee Gorges Dam, in June 1996 the
government explicitly required bids for the projéztinclude foreign companies. For the left
bank of the Three Gorges Dam, the winner of tret fiP out of 14 equipment contracts could
be foreign companies, but Chinese companies hdaetovolved in the bidding and the
building. A Chinese company had to be the maingaiay the last two equipment contracts.
At the same time, foreign companies had to co-tesigd co-manufacture the equipment
jointly with Chinese partners. If foreign compangid not agree to these terms, they would
lose their chance to bid. This kind of special agement helped Chinese companies a lot.
Through this way of learning, Harbin Electricity Wer Station Equipment has now become
the largest player in this business (Yu, 2007). Timarket for technology” policy was
stopped by China’s entry into the WTO. After thiag foreign wholly owned firm became the
main channel for multinationals to invest in China.

The issue of FDI spillovers through the establishinoé joint ventures is very controversial in
China. For example, in the automobile industry,fifst mover was Volkswagen in the 1980s.
Later on, Citroén, General Motors, Mazda, Nissamndé, Ford, Hyundai, Toyota and Suzuki
all became key players in the Chinese market. Mbshem engaged in joint ventures. In
2004, in the passenger car industry, local brandufaaturers produced about 2 million
passenger cars in China, but only one tenth of tHEmese are quasi-private companies:
Chery and Jeely. The rest are joint ventures watigd TNCs throughout the world. The
passenger car industry is therefore dominated bZsINSome observers have argued that
there is little spillover from them to domesticnfis. On the contrary, domestic companies
have in their view been losing their innovation &aipity after entering into joint ventures
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with foreign companies (Lu & Feng, 2005). Firsthg the foreign partner in the joint venture
cannot have an equity share of more than 50 petoecdntrol the new company, it would
normally not open up much to the domestic partneeims of technology transfer. Secondly,
TNCs would care more about the contract than thekehaso they would lack incentives to
innovate in China. Those multinationals have ugualsed Chinese partners as their
production base and no real technology has bepsfénaed to the Chinese partner. The result
is that local companies have made little prograsgroduct innovation (Lu & Feng, 2005).
Thirdly, the TNCs see importing core parts fromithgarent structure as a more cost-
effective route to profit than Chinese productibastly, at the same time, market protection
has sometimes given the local companies less iweetd innovate as they can enjoy high
profits with no innovation.

Encouraging multinationals to set up R&D centresGhina. With the new trend towards
globalisation of R&D driven by multinationals seegito localize their products and R&D,
and to takeadvantage of the cheap R&D human resources availabChina, the Chinese
government, with the intention of getting the latechnology from foreign R&D facilities,
adopted some special policies to attract multimati® to set up R&D centres in China. Up to
now, there are no precise data about the numde&0¥ centres established by multinationals
in China. According to von Zedtwitz (2006), thererev 199 foreign R&D facilities in China
at the beginning of 2004 (Figure 9.18). The numi&s increased rapidly since then and
possibly amounts to 250-300 at present. Most fel®&D centres are located in large cities,
such as Beijing and Shanghai.

Figure 9.18Number of new establishments of foreign R&D labShima, 1987-2003
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Source:von Zedtwitz (2006).

But technology spillovers cannot easily be seentéiomme is needed to observe the positive
results. A recent study by the Office for Technglofransactions operating under the
Commission for Science and Technology of Beijingveh that the spillover effect is very
low. According to the study, from 2001 to 2006, aib®4 percent of the technology sold by
52 multinationals having R&D centres in Beijinghsught by their headquarters and other
subsidiaries or joint ventures of multinationalsdted in China. This means that the R&D
system of multinationals in China is mainly a ckbsme, with little linkage with Chinese
actors in the national and local innovation sys(@nTB, 2007).

However, this result should be taken with cautibhere may be other important ways in
which spillover takes place that have not beenedisad. Liu & Lundin (2006) have observed
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a great deal of cooperation between FDI compamesCGhinese universities and PRIs, and
have suggested some benefits of such cooperat@oilg®.25). They think that it will not
only provide local universities and research ingtis with additional funding and more
advanced equipment, but, more importantly, it vallo generate positive demonstration
effects and spill-over to the universities andwlkihem to become better informed about the
international research frontier.

Table 9.25Select list of research cooperation projects betwg@mestic research institutes and multinationals
in the biomedical industry

Foreign company Chinese partner Details
GlaxoSmithKline Shanghai Institutes of Materia Medi Chemical compound database

(SIMM)

Roche Chinese National Human Genome Centre Diabatéschizophrenia

Novartis Shanghai Institutes of Materia Medica  Herbal compounds, Chinese traditional
(SIMM) medicine

AstraZeneca Shanghai JiaoTong University Gene tinkeschizophrenia

DSM Joint lab with Fudan University in Nutritional products activities
Shanghai.
JV with Chinese vitamin makers

Novo Nordisk Collaboration with Tsinghua University  Diabetes
Beijing

Source Liu & Lundin (2006a)

Technology importing and “market for technology’lips, the most important technology
policy is Chinese high-tech policy. The main policy tool for high-tech industry ieth
National High-Tech R&D Programme (863 Programmajiclv is the largest national
programme in China. It was launched in 1986 withahm of tracking and catching up with
the development of high technology in developedtwes. The 863 Programme is divided
into two parts: defence technology and civil tedbgg. From 2001 to 2005, about 15 billion
RMB was spent on civil technology (Table 9.26).rRrdable 9.27, it appears that this high-
tech programme has performed well in terms of thiput of patents and papers.

High-tech zonesre another policy instrument for promoting higlkt industry in China.
They are a mixed result of policy, institutionalaen and government action. Zhongguancun
was the first high-tech zone to be created ancethee now 53 national high-tech zones in
China. Their purpose is to establish efficientlyndtioning infrastructure to serve as a
platform for innovation activities and interactioasiong universities, research institutes and
firms. More specifically, high-tech zones have fhiéowing functions: to provide preferential
treatment for high-tech firms in the form of a laange of tax incentives; to create a new
governance model, described by the watchword “smallernment, but big service”; to
reduce transaction costs and to establish a clsdtacture in order to promote active
interactions and close cooperation among the firms.

In the past two decades, these high-tech zones dwpanded rapidly in terms of their size
and scope of activities and have therefore playedinaportant role in promoting the

development of the high-tech industry in China.2004, there are 53 National Science
&Technology Industrial Parks (STIPs).In 2004, tbé&alk value added of all high-tech zones
was 634 billion RMB, about 3.97 percent of GDP;Hiigch companies in STIP accounted
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about 86.6 percent of high-tech industry value dfske table 9.28). Most of them are spin-
offs from universities and PRIs, new private firamgl FDI firms (MOST, 2006).

Table 9.26National S&T plans (100 Million US$)

2004 2001-2005
973 Basic Research 11 4.9
863 National High-Tech R&D Programme (from 1986) 4.6 18.3
Key Technologies R&D Programme (from 1983) 1.9 8.4
SME Innovation Fund 1.0 4.6
Torch Programme (1988, for high technology) 0.1 0.1
Spark Programme (1988, for rural SMES) 0.1 0.1

Source:MOST, 2006b, Annual report on the state programofisgience and technology development, 2005.

Table 9.27Some indicators of achievement of the 863 Programme

1999 2000 2002 2003 2004 2005

Patents granted 108 286 245 1249 2173 3106
Patented inventions 67 180 141 745 1422 2252
Number of papers published in Chinese 6828 12329 3395 26832 29467 34462
Number of papers published in English 1629 3005 6205 6699 7590 9830
Number of new products or production processes 357 868 1105 3455 9328
Items of technology transferred 107 779 264 2009 3593

SourcesMOST, 2006¢, Chinese science and technology st&ti006. http://www.sts.org.cn/.

Table 9.28The share of high-tech industry in GDP and manufiacg industry

1998 2001 2002 2003 2004 2005

Share of high-tech industry value added in

GDP ( percent) 2.12 2.82 3.13 3.71 3.97 4.44

Share of high-tech industry value added in all
manufacturing value added ( percent)

Share of high-tech industry value added in
STIPs ( percent)

8.1 9.5 9.9 10.5 10.9 -

59.4 70.1 71.7 84.7 87.2 86.6

SourcesMOST, 2006¢, Chinese science and technology st&ti006. http://www.sts.org.cn/.

Special industrial policyTo foster strategic industries and Chinese locahganies, some
policies have been implemented, including subsitheR&D labs in big companies. Under
this policy, about 512 large companies were sdaletdesnjoy special support. Among them,
more than two hundred companies were chosen amdeauhovative companies to be given
direct support under the National Programme 200826r the Development of Science and
Technology in the medium and long term implemeime2D07.

In 2000, a special policy was adopted for the irgesgl circuit and software industry in
China, because integrated circuits and softwareaaseimed to be the key sectors of the
information industry and deserve a special pol@ytomote them. The main policy tool is
tax abatement for businesses. The result of tHisypis very interesting. While most foreign
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companies criticise the policy for giving too stgosupport to local companies as against
foreign companies, many local companies also @éithe policy on the ground that they
derive less benefit from it than foreign companies.

Innovation policy in China was born to break down the barrier bebwi@&D outputs and
their commercial application. The planned econorayegPRIs and universities the freedom
to do their research without caring much abouatglication. The traditional system is closer
to the linear model of innovation. The market-oréeh policy pressed the S&T system to
operate around economic needs. A variety of innorgiolicies have since then been brought
forward.

Spin-off policy. In order to speed up the process from researcbrtonercial products, in the
1980s the government encouraged PRIs and uniesrdibi set up their own spin-offs and
scientists tdeave their research position to engage in commleactivities. Although the size
of the spin-off business in China was small comg&oethat of Chinese industry (Table 9.29),
it was valuable for the high-tech industry in Chigin-off companies gave many scientists
in universities or PRIs good opportunities to asaearket knowledge.

Table 9.29 Spin-offs from universities

Number of spin-offs Revenue (One billion US$) Rr@fine billion US$)
199¢ 2137 3.23 0.27
200( 2097 4.46 0.42
2001 1993 5.42 0.38
200z 2216 6.51 0.30
200z 2447 8.07 0.34
200¢ 2355 9.75 0.50

SourcesStatistics on university-based industry in 200€hina,
Centre for S&T for Development, Ministry of Eduaatj 2005.

The result of the spin-offs policy is that it gaveth to many dynamic domestic high-tech
companies, such as Lenovo, spun off from the Chinksademy of Sciences, or Beida
Founder, from Peking University. Most biotech compa are also the result of spin-offs. But
the policy gradually faced many challenges. Fomgxa, spin-off companies are not well
regulated for producing further innovation. In aauh, the conflict between profit-seeking
and the public goal of universities put the uniitegs and PRIs in a more risky position. To
cope with this awkward situation, a new policy iaplemented that separates the business
from the university, leaving universities only d&mgeholders. At the same time, from the end
of the last century, as the government has contisiystepped up its support for research and
education, the universities stopped thinking ofisgtup and developing spin-off companies
as their primary function. The same applies toRRés.

Industry-science linkages policy. As there was a functional division of labour inokviedge
creation and diffusion for many years in Chinatrargy barrier existed between knowledge
creation in PRIs and universities and the use awiadge in enterprises. But since the
introduction of market mechanisms in China and strenger pressures from competition,
industry-academic linkages hawraproved greatly in the last 20 years. Firstly, vensities
and PRIs were allowed to set up their own spin-sffghat they could commercialize their
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technology directly. In this way, universities aR&Is would be more integrated in China’s
process of economic growth. Secondly, spin-off cangs served also as a way for PRIs and
universities to compensate for the operating budgtst that the government had been making
since the 1980s.

At the same time, universities and PRIs began tomdee contract research for industry. This
benefits industry, as most companies, especiallE§Mave limited R&D capabilities and
outsourcing of research to universities is thugaeygic component of their development. As
a resultof this, from 2000 to 2004 the share of universitieudgets coming from industry
increased; it was about 38 percent of their taakarch funds in 2004 (Table 9.30). In 2004,
about 26 percent of industry’s total R&D expenditwent to the universities (Table 9.31).

Joint publishing of scientific papers between ursitg and industry is an alternative indicator
of industry-academic linkage. For IPR and othersoea, industry is reluctant to publish
papers. But from Table 9.32, it is clear that ursitees are increasingly willing to have
industry engineers as their co-authors for joiril@hing.

Table 9.30Share of universities’ research funding from indyst

1999 2000 2001 2002 2003 2004

Total S&T funds (One billion US$) 1.25 2.02 2.42 0G. 3.72 4.74

From firms 0.67 0.87 1.09 1.37 1.80 14.9
Share ( percent) 52.2 33.3 36.2 36.2 36.7 38.0

From government 0.59 1.17 1.33 1.66 1.99 2.55
Share ( percent) 47.8 58.4 54.9 55.4 53.6 53.8

Source: MOE, 2006, Statistics on Science and Tdagynan Higher Education, 2000-2005,
Department of S&T, Ministry of Education.
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Table 9.31R&D outsourcing to universities and R&D institufesm large and medium-sized industrial

enterprises

2000 2001 2002 2003 2004
Total R&D expenditure (One billion US$) 429 5.35 6.77 8.71 11.53
Funds for universities (One billion US$) 0.67 0.87 1.09 1.35 3.01
Share of total businesses’ R&D ( percent) 15.5 16.216.1 155 26.1
Funds for R&D institutes (One billion US$) 3.8 25 36 4.7 5.0
Share of total businesses’ R&D ( percent) 10.7 5.6 6.4 6.5 5.2
Total outsourcing to domestic university and R&Btitute (

0.46 0.30 0.43 0.57 0.60
percent)

Source MOST, 2006c¢c, China Science and Technology SiedisYearbook, 2005.
Beijing: Chinese Statistical Press.

Table 9.32Papers co-authored by industry and universitie)®Q003, (number and percentage share)

First/second author 2000 2001 2002 2003
Papers Share Papers Share Papers Share Papers Share
Total 51,079 100 53,246 100 87,688 100 100,310 100
Industry/university 4,499 8.81 1,123 2.11 1,381 715 1,567 1.56
University/industry 867 1.7 5,301 9.96 6,448 735 421 7.39

Source:Chinese Institute of Information, China Scienced?amd Citation Analysis, 2005.

Indigenous innovation. The National Programme 2006-2020 for the Develogroé&cience
and Technology in the medium and long term is Chioarrent long-term innovation policy
framework. The most interesting element of the ngan is the declared intention to
strengthen “independent” or “indigenous” innovatiohhe essence of the policy is to
strengthen the innovation capability in domestimmpanies. The main routes to indigenous
innovation are: original innovation based on basgearch, integrative innovation and second
innovation.

There are three different factors behind this degiso push for indigenous innovation. First,
China’s economic growth has been strongly depenaieribreign technology and FDI. Since

2000, foreign-invested enterprises have accourdednbre than 85 percent of all high-tech
exports (NBS, 2006). But it is commonly believedttthe “market for technology” policy has

not resulted in the immediate and automatic knogdednd technology spillovers from FDI

that policymakers had hoped for. Second, a culb@iienitation and copying is common not

only in product development and design, but alsthenfield of scientific research. Hence,
innovations based on domestic knowledge and ictelée property rights are strongly needed
in China. Third, the Chinese economy’s high groveiie path of the last twenty years will not
be sustainable without a dramatic change over & twenty years. The government has
adopted a new nationwide strategy called “Scientidvelopment”. In future, China will use

more energy-efficient and environment-friendly teclogies, new management skills and
new organizational practices to ensure sustairgroleth.

There are three main policies selected to implentkeatindigenous innovation strategy.
Firstly, the government plans to increase R&D bp@@o 2.5 percent of GDP (from the
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current level of 1.3 percent in 2005). Since GD&wgh is projected to increase at a similar
pace, boosting R&D expenditure as a share of GRRimes a faster increase in absolute
terms. Already today, China has the third largegeeaditure on R&D in terms of purchasing
power parity, trailing only the US and Japan (Ser§eBreidne, 2006). Secondly, fiscal
policy to activate innovation capability at the quny level is assumed to be the most
important tool. The new tax policy will make comgaR&D expenditure 150 percent tax
deductible, thus effectively constituting a net sidlp, as well as allowing accelerated
depreciation for R&D equipment worth up to 300 (RIB. Thirdly, public procurement of
technology will be widely used. This policy is thesult of learning from the United States’
and Korea’s best practices.

The aim of current public procurement practicenisut costs rather than promote indigenous
innovation. Under the new policy, government agesitiave to prioritize innovative Chinese
companies by procuring their goods or services évdrese are not as good or as cheap as
those of other companies (both Chinese and foreighg main points of the new public
procurement policy are: Giving priority to indigars innovative products in public
procurement, China will establish a system of prement of innovative products on the
current finance base, including a certificationndfat is an innovative product, and will give
priority to innovative products in the procuremestt,

In the purchasing process, domestic products haweéatp over foreign products. Only those
products that are not available in China can behased from abroad. More than 30 percent
of technology and equipment purchasing should gdamestic equipment if using public
money. As for key national projects using governtmaoney, domestic equipment purchase
should be not less thaB0 percent of total value. For purchasing produdftsforeign
companies, those companies that are willing tosteartechnology to local companies and let
them assimilate it will be given priority listingyer other candidates;

Establishing a system of procurement of innovatineans that the government should
purchase the first vintage of innovation productated by domestic enterprises or research
institutions if the innovative products have prowerhave big potential markets. This gives
government the scope to purchase R&D projectsdormaercial purposes; Giving indigenous
innovative products have some price advantage whmmes to procurement. In price-based
bidding, even if the price of indigenous innovatipeoducts is higher than that of other
products, their price can be reduced in the reddibg. If the price of the indigenous products
is not higher than other products, they will beestdd — assuming that the quality is
appropriate and comparable to the foreign products.

In its innovation policy, the Chinese governmenirying to balance the supply side with the

demand side. Recent policy such as public procuneofédechnology is a strong demand-side
policy. But overall, demand-side policy is weak gared to supply-side policy. In China, the

government controls large amounts of resourcessaratefers to use supply-side rather than
demand-side policies.

9.6 Conclusions on performance of innovation systeof China

Similar to the Chinese economy, great changes la@se taken place in the Chinese
innovation system during the past twenty years. ifihevation system has become dynamic
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with great potentials. The structural adjustmentsarious forms have made enterprises the
core of the national innovation system. In the stdal sector, SOEs have undergone reforms
of governance. Many large non-state-owned ente&prizave emerged, such as Huawei,
Lenovo and Haier, who are not only the driving &for innovation capacity building in the
Chinese market, but are also on the way to entdahegglobal market. SMEs have also
become more important players in the Chinese ecgramwell as in the innovation domain,
driven by competition and entrepreneurial spiriheTincreased openness of the innovation
system, spurred by FDI in both high-tech manufacguand purely R&D-oriented activities
has also created significant incentives for stmadtochanges and generated mutual learning
opportunities among domestic and foreign enterprise

Innovation capability of enterprise is increasie use the number of patent granted in USA
as indicators of innovation performance. Table $B8ws how quickly China narrowed the
gap with Korea and Japan after 2005. This shows itireovation capability of Chinese
company is increasing after the implementatiorhefindigenous policy (as show table 9.33).
But in most of industry, Chinese enterprises aitkistthe low vale chain and play as world
plant. Lot of key technology are imported or liceddrom companies in developed countries.
In the same time, the production in China also seeious problem of high consumption of
resources and high pollution. So, it takes longetifior Chinese enterprises to be as
international industry leaders.

Research capabilities of university and government research ingtitutes are increasing.
Publications and citations are one way of measuaingation’s scientific output. Since the
1990s, the number of papers published by Chinessarehers both in English and in Chinese
has been rapidly increasing. In terms of the SQIn& is already the fifth country in the
world (Table 9.34). There are several reasons His apid growth: First, since 1978, the
government has been promoting science and techpologarious ways. The size of Chinese
R&D is increasing in terms of both grants and humesources. Universities are expanding.
China now employs the largest number of human ressun R&D in the world with more
than 35 million people in the S&T system. Secondnynuniversities and research institutions
have introduced new incentives to promote publghifhird, the open door policy is also
contributing to progress in science. The most irtggdarmeans is internationedllaboration.
From Table 9.35, it can be seen that Chinese r&se@ published four times more joint
papers in 2003 than in 1996. Among the countriexcemed, the US is the largest partner
country engaged in joint research with China. Aliljo the overall quality of publications is
not high, it has been increasing, as measured dghroitations, especially in some emerging
fields such as nanotechnology.

Challenges of NI'S of China. Although China has some progress in the innovatystem and
innovation capacity building, the Chinese innovatisystem is still weak in terms of
innovation capacity and innovation activities arestty focused on incremental innovations.
In addition, because of low indigenous innovatiapacity and technological gaps, the cross-
sector and cross-ownership spillovers are stilittoh Hence PRIs and universities are still
very important in R&D activities as well as in tegrof R&D human resources. Furthermore,
the specific Chinese characteristics such as tleel f@ continuing structural reforms, the
changing role played by the government, as wethasension between indigenous capacity
building and increased openness of the Chineseoetprare serious challenges for future
development of NIS.
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There are at least, three important aspects theat tee be taken into serious considerations.
For the first, from the planned- to the market-dnwsystem, the government will still have
strong influence on the emerging innovation systerough various policies, strategies and
investments. However, the role played by the gawemt in this process will be more like a
conduit than a planner. In other words, the roley@ell by the government is not only to
provide financial incentives, but also to creatdrarovation-friendly environment. Secondly,
while the importance of enterprisesnsreasing, there is still a strong need for sttieaging
the higher education sector and human resources. bdtance between the short-run
leapfrogging and the long-run strategic capacityding is crucial for the future development
of the NIS in China. Finally, knowledge and teclowyl diffusion through commercialization
and industrialization of S&T/R&D results remain aykchallenge as the barriers in such
processes are associated with both inadequate atinoovcapacity and insufficient market
opening mechanisms.

In such contexts, there are two major forces thitjently shape the future development of
the Chinese innovation system: One is the natistrategy of indigenous innovation, which
focuses on how to promote domestic innovation céipabuilding. The second is an open
innovation approach, which is based on knowledgsatmn and technology acquisition
through global linkages and partnership.
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Table 9.33Patents granted in USA of China, Japan Korea anievda (Piece)
Year China Japan Korea Taiwan
1995 91 23139 1265 2142
1996 78 24355 1603 2477
1997 103 24498 2027 2678
1998 133 32543 3427 3911
1999 172 32928 3741 4664
2000 274 33387 3560 5976
2001 472 35417 3849 6685
2002 626 36860 4100 6883
2003 724 37744 4246 6846
2004 951 37568 4769 7435
2005 963 32243 4696 6172
2006 1621 39954 6634 8241
2007 1827 36452 7465 7759
2008 2653 37250 8924 8126
Source Online database of United States patent andrmadeoffice.www.patft.uspto.gov
Table 9.34Percentage of world share of scientific publicaton
China France Germany Japan Korea UK EU-15
1995 2.05 6.09 7.62 8.65 0.79 8.88 33.54 34.36
1998 2.90 6.48 8.82 9.42 1.41 9.08 31.63 36.85
2001 4.30 6.33 8.68 9.52 2.01 8.90 31.01 36.55
2004 6.52 5.84 8.14 8.84 2.70 8.33 30.48 35.18

Source:Adapted from P. Zhou and L. Leydesdorff, The emeecgeof China as a leading nation in science,
Research Policy 35, No 1 (Feb 2006).

Table 9.35International joint papers by Chinese researchers

1996 1999 2002 2003
Number of total papers 15218 23174 33 867 59 543
Number of joint papers 4 489 7 413 10 840 17 751
With US 1364 2104 3 267 5791
EU 1320 2 068 2881 4 568
UK 430 646 895 1561
Germany 429 615 949 1381
France 213 294 441 827
Canada 294 402 566 1109
Australia 180 353 593 974
Japan 530 945 1461 2222
Singapore 75 204 359 726
Korea 108 177 342 646

Source:Evidence Ltd, Patterns of International Collabanati

China’s growing research collaboration (Leeds: Exick Ltd, Dec 2006).
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Chapter 10: India

Balaji Parthasarathy and V. Ranganathan, Interna#ibinstitute of Information Technology
(IT-B)

10.1 Introduction

India offers a contrasting picture to the world. tAe second most populous country, with the
fourth largest economy in PPP terms in 2008, tharowing rapidly, it is a potentially vast
market (see Table 10.1 for more data on the siz@eoindian economy). Similarly, with a
large number of engineers, the country offers oppiies as a site for production and
innovation*® Thus, for instance, in a survey of 500 executivesrldwide, about the
attractiveness of various countries for foreigredirinvestment (FDI) India was the leading
choice for access to highly skilled labour, newsoutcing opportunities, and research and
development (R&D) activities. As table 10.2 shomsyre than 29 percent of respondents to a
survey by the World Investment Report (WIR) 2008caidentified India as the third most
attractive R&D location, after China and the US (@NAD, 2005). In another global survey
of 300 senior executives in November 2006, India again the leading choice (26 percent)
when respondents were asked to name the countyywbald choose as the best overall
overseas location for R&D (EIU, 2007b).

Yet, such perceptions have not always translatedreality, reflecting another side to India.
Despite the size of the economy, in 2008 the GDiPcppita was 2,721 in constant 2005
PPP$. This, according to the World Developmentdatdirs (WDI), placed India 180out of
the 170 countries, 72 percent below the global noé&$9,602. In addition in 2004-05, three
fourth of the population lived on less than $2 g, dehile 37 percent of the adult population
was illiterate in 2006. Nor does India score higbtyinnovation indicators. The WIR 2005
ranked India 66 out of 117 on its Technological ity Index (computed on the basis of
R&D manpower, patents in the US, and articles iergdic journals). India’s position was
expected to only improve to 56 in the period 20@7-hdia’s relativeposition is not very
different in the Global Competitive Index computeyl the World Economic Forum. Even as India
moved up two spots, from 46 to 44, between 2008486 2009-10, among 114 countries, its rank
slipped from 26 to 30 in the component that evalsidiie potential to generate endogenous innovation
(Geiger and Rao, 2009:9).

Table 10.1National income (in billions of constant 2000 UStklger capita)

1980 1990 2000 2001 2002 2003 2004 2005 2006 20P@08

GDP 157.6 270.5 460.2 484.2 5024 5445 589.6 7644070 771.1 817.9
Value-added 1451 2449 4214 4459 463.0 502.4 539.8 591488.% 707.4 754.8
GDP per capita 229 318 453 469 479 512 546 589 63886 718

12 The annual output of graduates with a Bachelorigetein engineering grew from 247 at the time déjmendence in 1947
to 237,000 in 2006 (Banerjee and Muley 2008:9). fidnere for the US in 2006 was 104,200id.:31). According to

Altbach (2005), India’s higher education systerthisthird largest in the world, when measured hylper of students, only
behind China and the US.
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GDP per worket 2,638 3,531 5,061 5,226 5,295 5,607 5,879 6,276146 7,124 7,445

Note: (a) gross value added at factor cost; (b) in PwicigaPower Parities
Source:World Development Indicators

Table 10.2Most attractive target areas for FDI (response$00 senior executives, ( percent)
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Criteria
New consumer markets 49 9 2 5 7 2 9 15 4
Low-cost Labor 50 2 0 3 1 0 29 12 3
New partnership possibilities 20 22 5 5 14 4 12 14 3
New corporate markets 23 22 3 5 17 3 7 15 4
Access to skilled labor 6 22 7 3 14 6 30 10 2
New opportunities in outsourcing 16 9 1 3 7 2 46 12 4
Acquisition opportunities 15 20 2 5 13 5 8 22 9
R&D activities 11 20 5 4 22 7 24 6 3
Greater efficiency in supply chain 17 26 6 2 22 5 01 9 3
Source:EIU (1994:11)
Table 10.3FDI flows to and from India
1980 1990 2000 2001 2002 2003 2004 2005 2006 2002008

Inward flows' 79 237 3,585 5472 5,627 4,323 5,771 7,606 20,335,127 41,554
Global shar® 0.15 011 0.26 067 089 0.76 0.79 0.78 1.4 13 5 2
Outward flows? 4 6 509 1,397 1,679 1,879 2,179 2,978 14,344 817,217,685

Global share 001 000 004 019 031 033 023 0.34 1.03 0.810.95

Note:(a) In millions of current US$ prices and at cutrexchange rates;
(b) Global share is percentage of total world flows
Source:UNCTAD Handbook of Statistics 2009
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The macro-economic contrast is mirrored at a sattevel. For instance, the country enjoyed
a green revolution which, since the 1970s, has ledaib to grow enough food for itself.
Again, for a country that was once dismissed ageeraxporter of “communicable diseas®”,
by 2008, it had the world’s third largest pharmaizeli industry in volume terms (and 18y
value) (Department of Pharmaceuticals, 2009), aiad the largest exporter of software
services (Parthasarathy, forthcoming). But pockétsroductivity, especially in services, co-
exist with an informal sector, which employed 83%ceat of the workforce in 2000 (Dutz,
2007:187):* While 99 percent of employment in agriculture (gthiemployed 61 percent of
the workforce) was informal, it was 80 percent ianafacturing and 31 percent in services.
The varying incidence of informality in these ecomo sectors is reflected in labor
productivity figures (Table 10.4). Consequentlyatdactor productivity (TFP) in South Asia
in 2005 was barely 6 percent of what it was inWs(World Bank, 2008:54).

This chapter will explain these contrasts in tewhs changing policy environment. After
independence, India adopted an autarkic publiosectterprise (PSE) led import substitution
led industrialization (ISI) developmental model. Wghthe policy environment managed to
create capabilities and competencies in a few secs Section 2 will describe, internal and
external barriers to the flow of ideas and rescaumesured that the country was relatively
poor, illiterate and isolated. But private initisgj trade and foreign investment, and
innovation drove a change in policy direction sitive 1980s has emphasized that economic
growth. Thus, as India becomes more integrated thghworld economy (see Table 10.5 for
data on growing trade), Section 3 will provide ma&edence of how its potential and
opportunities are becoming attractive. The polieit rotwithstanding, the legacy of the past
is still in evidence. Ironically, in what is likelyo soon be the most populous country, it is
most evident as a shortage of hands. Section 4deskcribe why the lack of widespread
access to quality education has resulted in aneaskitls shortage. Section 5 will describe
recent efforts to broaden our understanding of im@ovation system by examining
institutional initiatives to embrace the hithergmored informal sector. ‘Inclusive innovation’
(Dutz, 2007) initiatives attempt to learn from tihéormal sector and to partner it to generate
innovation. The chapter will conclude by discussihg predicament of India’s historically
specific system of innovation and the options fiokihg it to global innovation networks.

Table 10.4Changes in Labor Productivity relative to Agriauk, by economic sector

Sector 1983 1988 1995 2000
Agriculture and allied activities 100 100 100 100
Mining and quarrying 615 641 628 971
Manufacturing 243 272 293 352
Electricity, gas, and water 912 1,101 1,186 1,797
Construction 367 253 294 258

3 Soon after then Indian Prime Minister Indira Ganidiposed a national emergency and suspended méitiggddreedoms
on 24 June 1975, former US ambassador to IndiadD&uitrick Moynihan said, “When India ceased t@alemocracy, our
actual interest there just plummeted. | mean, wbas it export but

communicable disease?” See: http://www.indianexycesn/oldStory/20981/

% The unorganized (or informal) sector consists bpdlate enterprises that operate on a propriedargartnership basis
with less than ten workers (NCEUS, 2009:3). Workiarshe sector workers suffer from seasonality wiployment, the
absence of a formal employer-employee relationahgblack social security protection.
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Trade, hotels, and restaurants 312 319 311 321
Transport, storage, and communications 376 424 411 453
Financial, insurance, and real estate businesses 6731, 1,825 2,211 2,276
Personal, business, and community services 221 261 231 358

Source:Dutz (2007:26)

Table 10.5Trade and the Indian econombil{ions of constant 2000 US$, indices and peragsta

1980 1990 2000 2001 2002 2003 2004 2005 2006 20P@08

Imports of goods and services10.8 19.4 65.1 67.3 743 86.8 100.7 146.6 182.6 .219233.6
Volume inde& . 100.0 101.4 105.8 130.4 143.4 223.8 274.75.82289.3
Percent of GDP) 9 9 142 137 155 16.1 199 22252 247 28.0
Exports of goods and servicesl1.4 19.0 609 64.3 784 829 106.3 122.0 145.0 .815375.8
Volume inde& . 100.0 108.5 1294 133.9 1555 180.4 207.99.820232.2
Percent of GDP 60 70 132 128 145 148 181991 222 212 227

Note: (a)2000 = 100
Source:World Development Indicators

10.2 The post-independence system of innovation

Despite a long scientific tradition and a histofytechnological achievements, at the time of
its independence India’s infrastructure for scieand technology (S&T) was limited to a few

universities, and laboratories of the Council faie@tific and Industrial Research (CSIR)

which was founded in 1942 (Tyabiji, 2000). After epéndence, under the first Prime
Minister Jawaharlal Nehru, policy making was infleed by the premise that, “....in an

underdeveloped country like India, science mustniede the handmaiden of economic
progress, with scientists devoting their work tgmenting productivity and ending poverty”

(Guha, 2007: 215). An early manifestation of thidluence was the Scientific Policy

Resolution of 1958 "to foster, promote and susthe cultivation of sciences and scientific
research in the country and to secure for the pealplthe benefits that can accrue from the
acquisition and application of scientific knowledge

Since then, the state, especially the central gowent, has led S&T spending, as Table 10.6
shows. This spending is supported by an institali@ructure in which are prominent the
Defense Research and Development Organization (uthde Ministry of Defense), the
Department of Atomic Energy, the Department of &pdlce Indian Council for Agricultural
Research (under the Ministry of Agriculture), aheé Ministry of Science and Technology
(Table 10.7). This ministry houses the Departmér&aence and Technology (DST), which
organizes, coordinates and promotes S&T activityhercountry, the Department of Scientific
and Industrial Research (DSIR), which overseegtkboratories of the CSIR and promotes
technology development and its utilization, and Erepartment of Biotechnology. Although
other ministries, such as the Ministry of Inforneatiand Communication Technologies, also
undertake S&T work, their budgets are relativelyaBm

5 see http:/iwww.dst.gov.in/stsysindia/spr1958.htmlie full text of the Resolution.
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Despite the investments and the creation of antutishal structure, the pay-offs have
arguably been limited. The notable exceptions whee green revolution, which, after the
droughts in 1966 and 1967, has allowed the cougrew enough food to feed itself, and the
creation of capabilities and competencies in thecepmnd atomic energy programs that few
countries can match. As the latter two programscaresidered to be of strategic importance,
they not only benefit from significant shares of R&pending (Table 10.7), but also from
being directly under the Prime Minister’s Officey Bontrast, the Ministry of Science and
Technology is under an independent Minister ofeStat

The limited payoff can be understood in against Ilaekdrop of the broader economic
environment in which S&T policy operatédi After independence, the state was assigned a
central role in coordinating the development precesd it spelt out its priorities in Five-year
plans, the first of which was launched in 195118%6, an Industrial Policy Resolution was
announced and it grouped industry into three caiegjothe first, including heavy and
strategic industries, was reserved exclusivelyherpublic sector. In the second, public sector
efforts would supplement pre-existing private seatality while gradually bringing the latter
under public sector control. The third, the ligimd consumer goods industry, was left to the
private sector. Thus, the public sector and PSEgeda occupy the “commanding heights of
the economy”.

The investments made in the public sector in tleersé and third Five years (1956-1966) led
to an annual 9 percent growth rate in manufactuvalgie added between 1959 and 1966
(Ahluwalia, 1985). But that fell to 5 percent otbe next fifteen years, with negative growth
in total factor productivity, a decline in the gribwrate of labour productivity and capital
stock, and an increase in capital-output rationshodigh India’s savings ratio compared
favourably with the rest of the worlthere were at least three reasons why it provdatulif

to transform the savings into economic growth.

18 Details of India’s economic strategy are from Afstllia (1985) unless otherwise mentioned.
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Table 10.6National expenditure on R&D, sectoral shares, ahdrs of GDP

1981 1991 1996 2001 2002 2003 2004 2005 2006 2007

R&D expendituré 36.7 83.6 96.6 156.8 160.1 163.5 1758 199.9 &2%048.2*
Percentage share:

Central 76.3 77.0 69.5 . 67.7 67.7 64.9 62.5 62.060.4
State 7.8 9.2 8.8 . 8.7 8.8 8.4 8.0 7.7 7.5
Private 15.9 13.8 21.7 . 19.3 19.3 22.3 25.0 25.27.7
Higher education . . . . 4.20 4.2 4.4 4.4 4.4 4.4
Percent of GDP . . 0.69 0.84 0.81 0.80 0.79 0.84.88 0.87

Note: Annual R&D survey conducted between two years. Ragareported as the second year.
(@) In billions of constant 1999-2000 Rupees; *Estied
Source:Calculated from Gol (2009:75)

Table 10.7Distribution of Central sector R&D expenditure (Rentage)

1981 1991 1996 2002 2003 2004 2005 2006

Council of Scientific and Industrial 11.9 8.2 7.9 7.7 8.2 8.2 8.4 8.0
Research

Defense Research and Development 13.7 22.3 26.8 27.5 24.6 26.4 24.6 29.6
Organization

Department of Atomic Energy 12.7 9.0 9.4 9.7 99 59 100 9.82
Department of Biotechnology . 1.4 1.4 1.2 15 151.8 1.7
Ministry of Communication and 0.93 1.1 0.7 1.12 0.63 065 0.74 0.89
Information Technology

Ministry of New and Renewable Energy 0.69 052 013®.17 016 0.13 0.09 0.08
Ministry of Earth Sciences . 091 0.88 1.0 1.2 1113 1.3
Department of Science and Technology 7.0 3.9 43 2 3.54 5.6 7.2 6.6
Department of Space 9.7 126 17.7 165 17.7 17.4 .8 16149
Indian Council of Agricultural Research 16.8 9.0 38 119 105 9.9 10.2 9.8
Indian Council of Medical Research 1.6 15 0.97 1515 1.3 1.6 1.9
Ministry of Environment and Forest 0.64 5.3 4.7 2723 1.6 1.6 1.3
Other Ministries . . o .. 16,5 165 157 14.0

Note: Annual R&D survey conducted between two years. Ragareported as the second year.
Source:Calculated from Gol (2009a:78-79)

First, a decline in infrastructure investment, @lpusector monopoly, affected the entire
economy. This was compounded by time and cost-omsrrin implementation, and
inadequate management and maintenance of assets.

Second, industrial and trade regulations were ictisg for both the public and private
sectors. The origins of most administrative regoie are traceable to the Industrial
Development and Regulation Act of 1951, which miceEnsing mandatory for all industrial
production, whether to establish new facilitiestorexpand capacity. While licensing was
meant to direct resources industries of nationgartance, and prevent the concentration of
economic power, it only succeedectheating a regulatory regime with a bewilderingagirof
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controls, implemented in an ad-hoc fashion withielitcoordination, all of which proved
inimical to innovation and entrepreneurship.

A third reason was the slow growth in agriculturedomes, restricting demand in an agrarian
economy. Although limited domestic demand needcoostrain growth, as many East Asian
economies have shown, India’s economic policy waffueénced by export pessimism.
Evidence of India’s inward looking ISI strategy wé e decline in the share of world trade
from 2 percent in 1950 to 0.4 percent in 1990 (Aldlia, 1996:21). High tariffs shielded
domestic products from imports, both to conserveigm exchange and for infant industry
protection. In practice, an obsession with selfarele meant that protection was given to
anything produced in the country, with little imational exposure. As ISl was carried
deeper, capacities were established for a smalledbenmarket even for products where
economies of scale are crucial.

Technologies developed at CSIR for domestic comwlti struggled for acceptance by
industry, which preferred to import easy-to-implempackages from abroad. This reflected,
in part, the lack of financial and engineering reses with CSIR to build technologies to
industrial scale (Krishnan, 2018).Writing on the Indian electronics industry, Srickma
(1996) points to a dilemma of import substitutidreither meant producing with local inputs
that were typically obsolete or relying on imporieguts for anything state of the art. But,
until 1991, since royalty payments were tightlyukeged and patent enforcement was weak,
foreign sources transferred as little technologthay could get away with, and even that was
often obsolete. Thus, ISI not only discouraged wation but also prevented India from
exploiting its comparative advantage in labor-istea sectors such as electronics assembly.

Another aspect of the Indian economy was the satiahtion paid to attracting FDI. The
Foreign Exchange and Regulation Act (FERA) 1973alths/ed foreigners from owning more
than 40 percent equity in any domestic firm. Theggoment displayed its willingness to
apply FERA when IBM had to close its operationd 977, following IBM’s unwillingness to
dilute its equity in its Indian subsidiary (Sridhar 1996). Although 100 percent equity was
allowed in export processing zones (EPZs), admatise hurdles and inadequate
infrastructure made them less attractive than tios¢éher Asian countries.

By the late 1970s, as it became evident that In@iga not enjoying the economic growth that
many Asian countries were, the government begatmkear with the policy framework to
create, what the Sixth plan (1980-85) describededficient ISI”. There were changes in the
licensing and import regime, even though tariffatocued to be among the highest in the
world. While the TechnologyPolicy Statement of 1983 reiterated the importanée
technological self-reliance, and the need to dgvéhligenous technology to solve India’s
problems, it also emphasized the need to developnttogies that were internationally
competitive and had export potentil.

Emblematic of the 1980s were key policy initiativies information technology (IT). To

ensure that India could become to software whawvdmiand Korea were to hardware (Lakha
1990), the government announced the Computer Poliblovember 1984, and the Computer
Software Export, Development and Training PolicyDafcember 1986 (Subramanian, 1992).

17 Krishnan also writes of “bad blood” between indysind the CSIR after technology imports were madgicgent on
CSIR verifying that it did not have an equivalentieclogy. While this did not stop imports, it leddelays.

18 See http://www.dst.gov.in/stsysindia/sps1983.hintlie full text of the Statement.
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The 1984 policy recognized software as an ‘industrgaking it eligible for various
allowances and incentives. It also lowered dutiessoftware imports, and made software
exports a priority. The 1986 policy aimed at insieg India’s share of world software
production. The means to do this was the ‘floodflopd out’ feature: firms in India were
provided liberal access to global technologies iooerage “thousands of small software
companies in the country and thereby increasingorxps well as local development”
(Dataquest, 1987:87). Industry was to be independeith the government stepping in to
provide only promotional and infrastructure supp@werall, this policy was an explicit
rejection of ISI and the ideology of self-reliaringhe software sector.

In 1990, the government established the Softwarehd@ogy Parks (STPs), which were
export zones dedicated to the software industraddition to financial incentives, the STPs
also offered crucial data communication faciliti¢sdian firms capitalized on the STPs to
pioneer a Global Offshore Delivery Model, by esigthhg software factories with the
technology, quality processes, productivity too&s)d methodologies of the customer
workplace (Parthasarathy, forthcoming). Firms fecuson adopting industry-wide
certification norms, such as the Software Engimggerinstitute’s five-level Capability
Maturity Model (SEI-CMM), to codify quality procedes in the development process. By
June 2002, 85 firms were certified at Level 5, highest level of the SEI-CMM, compared
with 42 in the rest of the world, with Polaris Sudire being the first firm in the world to
obtain CMMi Level 5 certificatior}?

The easing of the administrative regime, along vaigiher infrastructural investment, led to
faster industrial growth and a near 3 percent anmeaease in manufacturing TFP in the
1980s. But the gains were blunted by a deteriggafiscal situation and, in mid-1991, a
balance of paymentsisis forced the government to turn to the IMF #ofiscal stabilization
plan?® This plan was accompanied by a structural adjustmegram to:

“....increase the efficiency and international contpe&tness of industrial production, to
utilize for this purpose foreign investment andefgn technology to a much greater
degree than we have in the past to increase traugtigity of investment, to ensure
India’s financial sector is rapidly modernized, aodimprove the performance of the
public sector, so that the key sectors of our engnare enabled to attain an adequate
technological and competitive edge in a fast chamglobal economy®!

In July 1991, the Rupee was devalued by 24 peraedtmade convertible on the current
account. On the trade front, a single negative riggtlaced import licensing, eliminating
discretionary decisions and delay. The import-wadhariff came down from 87 percent to
33 percent in 1994-95. A new Statement of IndusRiicy was issued on 24 July 19%1.

Among its goals was the “encouragement of entrequneship, development of indigenous
technology through investment in research and deweént, bringing in new technology,
dismantling of the regulatory system”. To that ehdgensing was abolished for all but 18
sectors where strategic or environmental issue® werolved, and industries exclusively

19 www.nasscom.org/artdisplay.asp?cat_id=205. AlthoBE! upgraded the CMM model to CMMi (Capability My
Model Integration) in 2000, the broad philosophytaf five-stage model remains the same. For

details, see www.sei.cmu.edu/cmm/cmm.html.

20 For an extended discussion of the factors leattirige crisis, see Little and Joshi (1994).
2L http:/findiabudget.nic.in/bspeech/bs199192.pdf

22 gee http://siadipp.nic.in/publicat/nip0791.htm fiolt text of the Policy.
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reserved for the public sector were reduced toh@. golicy permitted FDI in most sectors of
the economy and India demonstrated its seriousndkss pursuit by joining the Multilateral
Investment Guarantee Agency in April 1982FERA was scrapped and replaced with the
Foreign Exchange Management Act (FEMA) 2000 tolifate foreign trade and currency
management.

To address S&T challenges in a new century, thesigmment announced a Science and
Technology Policy in 2003* Amongst other things, the policy calls for funcé autonomy
and freedom to universities and other academi@nsiic and engineering institutions in
order to foster research of the highest internati@tandards by attracting young people to
careers in science and technology. It calls fommting close interaction between private and
public institutions in science and technology ancestablish an Intellectual Property Rights
(IPR) regime that maximizes the incentives for I@Bneration and protection, besides
providing a strong, supportive and comprehensivdicpoenvironment for effective
commercialization of such inventions. Emphasizihg tmportance of information to the
development of science and technology, the polient& to ensure high-speed access to
information, both in terms of quality and quantityt affordable costs, besides creating
digitized, valid and usable content of Indian arigi

To ensure access to technologies, royalty paymeetts eased and foreign trademarks and
brands could be used freely in the domestic mafkatowing accession to the World Trade
Organization (WTQO), and signing of the Trade-Realatspects of Intellectual Property
Rights (TRIPS), India amended its Patents of A0 thrice — in 1999, 2002 and 2005 - to
make Indian patent laws TRIPS-complidhimendments included, for instance, extension
of patent life from 5 to 14 years to a TRIPS-maadat0 years; granting of product patents
for pharmaceutical and therapeutic innovations wheipreviously only process patents were
available; and the limited patentability of soft@aespecially embedded systems. India also
signed the Patent Cooperation Treaty (PCT) in 1999.

10.3 The changing institutional structure and its mplications for knowledge
flows

Tinkering with the policy framework in the 1980spdathe tighter embrace of liberal

economic policies in the 1990s, grew the Indiameaoay by a factor of 1.7 between 1980 and
1990, by 1.7 between 1990 and 2000, and by 1.8ds#tw2000 and 2008 (Table 10.2).
Annual TFP growth also increased from 0.2 percerthe 1960s and 1970s to more than 2
percent in 1993-2004 (Dutz, 2007:26). But, as Tdlflel also shows, per capita GDP (in
constant 2000 US$) only grew by a factor of 1.4 and 1.6 for the three periods

respectively; similarly, the GDP per person emptbyi@ constant 1990 PPP$) grew only by
factors of 1.3, 1.4 and 1.5. There was also wid&tran in TFP improvement: between 1993

3 See http://siadipp.nic.in/policy/fdi_circular/fdiircular_1_2010.pdf for the most recent stateroenEDI.

%4 See http://www.dst.gov.in/stsysindia/stp2003.homthe full text of the Policy.

25 Automatic approval was given for technology impaequiring royalty payments up to 5% of domesiies
and 8% of domestic sales. For lump sum paymergdirttit for automatic approval was set at Rs.10ionill

% The full text of the amendments are available at http://ipindia.nic.in/ipripatent/patact_99.PDF,
http://ipindia.nic.in/ipr/patent/patentg.pdf andgwipindia.nic.in/ipr/patent/patent_2005.pdf respvely.
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and 2004, TFP in services grew by nearly 4 peraenually, whereas it was just over one
percent in manufacturing (Dutibid.).

India’s economic ties to the rest of the world grewing by larger orders of magnitude in
comparison with the growth of its GDP. As Table51l8hows, imports went up by a factor of
1.8 between 1980 and 1990, by 3.4 between 199(2@8d, and by 3.6 between 2000 and
2008. The corresponding figures for exports were 3.2 and 2.9. The share of imports as a
percentage of GDP have grown from 9 percent in 1688 percent in 2008, while the share
of exports has grown from 6 percent to nearly 28¢r in the same period. A notable aspect
of the growth in imports and exports has been tioavtlh in the share of services, as tables
10.8 and 10.9 show. Among service imports, Othevi€es overtook Transport as the biggest
category in 2002. Within Other Services it is OtBersiness Services that accounted for a
third of all service imports in 2006. Among serviegports, Other Services have grown to
more than three-fourths of total service exportse biggest component here is Computer and
Information services, followed by Other Businessvides (which captures India’s growing
presence in the business processing activities).

Another sign of India’s growing ties to the worldomomy is the growth in FDI: inward flows
grew from 0.15 percent of the world total to jus2® percent in 2000, but shot up to nearly
2.5 percent in 2008; outward flows grew from a rfgglgle share of the world total in 1980
and in 2000, to nearly one percent by 2008, a®etabl3 shows. Tables 10.10 and 10.11
shows that over this period, the US, Germany aeduK were important sources of FDI,
whereas the US and the UK have a much larger stfahedia’s investments abroad than
continental Europe. Cumulatively, between Janud@902and March 2009, the top three
recipients of FDI were Services (21 percent), Camp8oftware and Hardware (10 percent),
and Telecommunications (7 percent) (NCAER, 2009:T@ples 10.12 and 10.13 show that,
for the period 2005-08, Services accounted for ntioae 24 percent of total FDI inflows and
the largest share went to Financial Services.

Table 10.8Break-up of service imports to India (Total andqertage)

1980 1990 2000 2001 2002 2003 2004 2005 2006 2007

Total service$ 3.0 6.1 19.2 201 21.0 249 356 480 635 77.2

Share of total trade 173 224 295 308 268 2536 26.1 275 265

Percentage of service trade

Transport 60.0 56.1 454 423 405 374 37.1 4289.7 403
Travel 3.8 6.5 140 150 142 144 135 125 11.61.4
Other services 36.2 374 406 428 453 48.2 49465 488 483
Communications . . 0.6 1.3 4.8 25 1.6 1.4 4 1.
Construction .. .. 0.7 2.3 2.9 4.9 2.3 1.4 1.4 ..
Insurance 53 57 4.2 4.0 4.2 4.7 4.9 4.7 4.2 .
Financial services . . 6.7 8.9 6.8 2.0 22 4 2. 21
Computer and info. . . 3.0 4.5 4.3 2.8 26 3 3. 35
Royalties & license fees 0.4 1.2 15 1.6 16 2 2. 17 1.6 15
Other business services 283 282 225 186 4 19284 328 29.7 338
Personal services . . . . . . 0.2 0.2 0.2 ..
Government services 2.2 2.4 15 1.5 1.3 0.8 0 1.0.9 0.8

Notes:(a) In current US$ and exchange rates
Source:UNCTAD Handbook of Statistics 2009
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Table 10.9Break-up of service exports from India (Total amdgentage share)

1980 1990 2000 2001 2002 2003 2004 2005 2006 2007
Total services (a) 3.0 46 167 173 195 239 38.%35.8 75.4 89.7
Share of total trade 26.0 204 274 284 265 26302 347 37.1 36.0
Percentage of service trade
Transport 150 20.7 119 118 127 126 114 10.20.1 9.8
Travel 522 337 207 185 159 187 16.1 134 911124
Other services 328 456 674 69.7 714 687 72.56.3 78.0 77.8
Communications 3.6 6.4 4.0 4.1 2.9 35 9 2
Construction . . 3.0 0.4 1.2 1.2 1.4 1.8 0.5
Insurance 1.2 2.7 1.5 1.6 1.7 1.7 2.2 1.7 1.5
Financial services 1.7 1.8 3.1 15 09 6 2 28
Computer and info. 28.3 427 456 49.7 .742 39.4 38.7
Royalties & license fees . 0.0 0.5 0.2 0.1 0.10.1 0.2 0.2
Other business services 278 425 249 136 9 13.9.3 213 26.2 30.8
Personal services . . . . . .. 458 1453&17.8
Government services 3.7 0.3 3.9 3.1 1.8 1.1 9 0. 0.6 0.4
Notes:(a) In current US$ and exchange rates
Source:UNCTAD Handbook of Statistics 2009.
Table 10.10Geographic sources of FDI flows to India (Perceratpare)
2000 2001 2002 2003 2004 2005 2006 2007 2008
Denmark 0.39 0.24 -0.11 0.37 0.24 0.55 -0.04 0.33 .130
Germany 0.05 3.5 3.5 7.2 9.3 8.3 4.0 8.6 4.3
Norway . . . -0.05 . . .
Sweden . 0.69 0.85 -1.1 0.62 0.64 1.2 0.84
UK 121 3.6 7.4 7.3 8.7 14.7 0.94 5.3 2.0
USA 2.6 3.9 16.3 8.2 19.7 9.5 9.0 155 6.3
Source:OECD Trade database
Table 10.11Share of India's investments abroad (for selecntiwes) (Percentage share)
2000 2001 2002 2003 2004 2005 2006 2007 2008
Denmark -0.02 0.01 -0.05 0.02 0.06 0.14 0.05 0.03 .060
Germany -2.7 0.71 2.8 -1.4 0.51 0.13 0.32 1.02 0.31
Norway 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 .
Sweden 1.1 -0.47 0.07 -0.34 -0.01 -0.03 -0.04 30.0
UK 104 3.4 0.09 0.61 -1.3 8.42 3.4 0.76 .
USA -0.95 6.7 12.7 29.2 3.1 8.0 10.0

Source:OECD Trade database
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Table 10.12Share of service sector FDI inflows in total FDfloaws to India (percent)

Category 2005 2006 2007 2008
Financial 7.9 17.2 7.0 12.1
Non-Financial Services 0.0 0.4 3.0 2.6
Banking Services 1.9 1.2 29 1.9
Insurance 1.6 0.7 1.4 2.1
Outsourcing 0.3 0.3 0.7 1.1
Research & Development 0.5 0.3 0.4 1.3
Other Services 4.2 15.3 2.6 3.3
Sector total 16.4 35.4 18.0 24.4
Source:NCAER (2009:19)
Table 10.13FDI in India in the service sector (US$ million apdrcenteage share)
Category 2006 2007 2008 Cumulative FDI Share
Sector total 3938.8 3445.1 8043.6 16142.1  .0100
Financial 1912.2 1345.9 3982.9 7585.2 47.0
Non-Financial Services 47.4 576.9 689.0 1313.7 8.1
Banking Services 131.8 552.0 847.2 1613.8 10.0
Insurance 74.6 276.8 636.9 1057.9 6.6
Outsourcing 32.0 126.7 372.8 542.9 34
R&D 36.9 73.0 433.3 565.2 3.5
Source:NCAER (2009:19)
Table 10.14US admissions under temporary visas (H1B and 1992-2008
Worldwide Indian India's
Admissions admissions ( percent) global rank
H-1B L1 H-1B L1 H1-B L1
1996 144,458 140,457 20.24 1.61 1 13
1998 240,947 203,255 25.96 1.90 1 12
2000 355,605 294,658 28.81 4.05 1 7
2001 384,191 320,480 27.19 4.85 1 7
2002 370,490 313,699 21.89 6.51 1 4
2003 360,498 298,054 21.07 7.30 1 3
2004 386,821 314,484 21.60 7.36 1 3
2005 407,418 312,144 25.13 9.12 1 3
2006 431,853 320,829 29.11 10.41 1 1
2007 461,730 363,536 34.14 14.16 1 1
2008 409,619 382,776 37.77 16.50 1 1

Source:Yearbook of Immigration Statistics, US Departmeihtiomeland Security, various years.

http://www.dhs.gov/files/statistics/publicationséybook.shtm
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Flows of trade and investment have also been acaoieg by increased flows of human
capital. Just one indicator of the phenomenon iat tindians became the largest
beneficiaries of H1B admissions (and, later, L1)twothe US (Table 10.14Y.Driving this
phenomenon has been the demand for Indian soffwafessionals and the services of Indian
software firms. However, these flows have not beee-way. Following the demand slump
for IT in the US in 2001, India’s share of H1-B adsions declined and an estimated 35,000
professionals returned to India (Singh 2003). Mbreadly, Saxenian (2006) refers to the
growing ‘brain circulation’ between Silicon Valleyand India that is triggering
entrepreneurship and innovation in both regions.

Despite the perception of India as an attractivaation for R&D, investments under that
category were only 3.5 percent of the total FDIsarvices. Likewise, amidst the growing
acknowledgement of the importance of the R&D angowation, and the changing legal
environment after India joined the WTO, R&D as arghof GDP grew from approximately
0.7 percent to 0.9 percent between 1995-96 and-Q@@able 10.6). However, India’s R&D
investment grew 2.6 times in real terms and aspetthis growth merit mention. First,
analyzing India’s record of scholarly publicatidnesm the Thomson-Reuters Web of Science
database of about 10,000 journals, Adams et ald2€dy that after being in “slumber” in the
1980s, India “started to awaken” in the 1990s astdking growth” after 2000. Table 10.5
confirms, the number of publications increasedbbg0 between 1995 and 2000, whereas it
increased by 31,775 between 2000 and 2005. Indiegngths have long been in agriculture
and the chemical sciences. Recently growth in dulias been in the medical sciences
reflecting the growing importance of the pharmaiocalg industry, while the growth in output
in engineering reflects the growth in R&D outsong:i The US is India’s most important
research publication partner, while Asian countr@@e edging out established European
partners (Table 10.16). But, according to Adamslet2009), India collaborates less than
other G8 countries or even, say, Brazil.

Second, US patent data presented by Krishnan (2RB3), shows that eleven times more
patents were granted to Indian inventors or assgme the period 1995-2008 than in 1976-
1994. The data also shows that MNCs accounted farenthan half the patents in both
periods, although 71 percent of MNC patents indadier period were in Chemistry-related
areas (mostly pharmaceuticals) whereas in ther lpgeod it was in IT. The share of Indian
firms increased from less than 8 percent to 16 qmérowith 82 percent of patents being
Chemistry-related in the latter period. Indeed,tlod top twenty leading patenting firms,
sixteen were in the pharmaceuticals industry. TI&RCled the growth in share of Indian
academic and research institutions from just owepércent to more than 22 percent. With
990 patents (more than the cumulative figure fer tthenty leading Indian firms), the CSIR
was the single largest Indian recipient of US pstdretween1995 and 2008. Despite the
overall increase in US patents, a study on innomatbased on patents granted by European
and Japanese and the US patent offices, ranks G&lieut of 82 countries for the period
2002-05 (EIU, 2007a). Table 10.17 shows patentsiodd with international partnership.

2" The H1B classification enables employment up toysiars in a specialty occupation, which requir@sttieoretical and
practical application of specialized knowledge tiegg completion of a specific course of higher eation. The L
classification applies to intra-firm transfereesowtvithin the three preceding years, were empla@dad continuously for
one year, and who will be employed by a branchemtaraffiliate, or subsidiary of that same employethe US in a
managerial, executive, or specialized knowledgeciéyp for up to seven years.
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Table 10.15Research papers published from India by subje@518005 (Total and percentage)

1995

2000

2001 2002 2003 2004

2005 Total
papers

Total papers
Percentage share

50,912 57,522

59,315 66,454

73,1953548 89,297 689,938

Agriculture 21.7 23.0 22.8 21.8 19.9 18.3 18.5 4a8,
Biological Sciences 20.3 16.9 16.2 15.7 14.9 13.6 4.01 112,760
Chemical Sciences 25.0 25.8 26.2 25.2 25.1 27.0 5 2879,024
Earth Sciences 3.1 2.8 2.8 1.7 1.6 1.4 1.4 14,439
Engineering 7.2 8.0 8.3 9.2 11.8 13.3 13.4 67,834
Mathematics 3.6 2.7 2.7 2.8 2.4 2.1 2.0 20,279
Medical Sciences 7.8 10.5 10.8 12.0 13.9 13.5 13.%6,188
Physical Sciences 11.2 10.5 10.4 11.7 10.3 10.7 7 1074,006
Source: Gol (2009a:59)
Table 10.16india’s leading research publication partners
1999-2003 2004-2008
USA 6,725 USA 10,728
Germany 2,667 Germany 4,284
UK 2,137 UK 3,646
Japan 1,908 Japan 3,017
France 1,393 France 2,402
Canada 927 South Korea 2,074
Italy 822 China 1,665
China 674 Canada 1,590
Australia 643 Australia 1,338
Netherlands 563 Italy 1,309
South Korea 558 Switzerland 1,067
Taiwan 540 Taiwan 1,102
Switzerland 493 Russia 940
Russia 482 Netherlands 874

Source:Adams et al (2009: Table 3)

Table 10.17Indian patents with international cooperation, 20@02006

Foreign ownership of domestic inventions

Pateritls fereign co-inventor(s)

EPO USPTO PCT EPO USPTO PCT
Total Patents 3717 4006 6421 3717 4006 6421
Total co-operation abroad 1575 2390 2133 1215 1430 1575
Denmark 0 0 0 2 1 6
Germany 152 65 142 152 67 137
Italy 8 6 16 4 13
Norway 1 1 1 2 2
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Sweden 26 5 31 14 3 22
United Kingdom 129 11 219 86 36 110
United States 878 2183 1280 774 1217 1056
European Union (27) 520 126 612 425 179 478
Brazil 0 0 0 0 2 4
China 3 1 8 10 10 20
Estonia 0 0 0 0 0 0
South Africa 0 0 0 5 3 6

Source:OECD Patent database

The third aspect of R&D spending has been the grgwhare of the private sector. Table
10.18 shows that, as a share of total sales inndlistries, R&D spending grew from
approximately 0.5 percent in 2002-03 to 0.7 peréer2005-06. The table also draws on a
sample of 1,108 firms from 41 industries to showewehin the private sector R&D
expenditure is highest. Going by R&D as a sharsabés in 2005-06, the defence industry
leads, followed by drugs and pharmaceuticals, aagktable oils. However, the drugs and
pharmaceuticals industry has 156 firms conducti@PR86 more tharthe second placed
biotechnology, and 96 more than third placed trartgion. When one compares R&D
spending per firm, it is drugs and pharmaceutidaligwed by transportation and information
technology. On an aggregate basis, it is drugs ahdrmaceuticals, followed by
transportation, with information technology a digtthird.

The prominence of drugs and pharmaceuticals, whetdeectly in terms of publications, or
more directly in terms of patents and R&D investiseran be understood in terms of how
the legacy of the past, and recent policy change@ge shaped the industry. While the “1970
Patents Act propelled Indian firms onto a reversgireeering path and laid the foundation for
a strong domestic industry” (Chaturvedi et al., 2669), the strengthening of patent laws in
line with the TRIPs agreement has facilitated titernationalization of Indian pharmaceutical
firms and their increased partnership with fordigiNCs (Chittoor et al., 2008). Similarly, the
gradual easing of the Drug Prices Control Ordeiiclvivas formulated in 1979 to restrict the
prices of essential drugs, with the Drugs (Pricent@®) Order of 1995, and the
Pharmaceutical Policy of 2002, has facilitated ghewth of the industry® The 2002 policy
abolished virtually all licensing requirements foe industry, allowed 100 percent FDI, and
called for the establishment of a PharmaceuticaeBeh and Development Support Fund.

More broadly, according to a 2007 survey of 13érin 18 manufacturing and service
sectorsconducted by the National Knowledge Commissionpé&fent strongly agreed that
innovation was good for business (NKC, 2007bDf the 58 large firms in the sample, 81
percent strongly agreed that innovation was indanghs critical to growth and
competitiveness in the liberal economic climate thbe measured by number of employees
or annual revenue; however, 42 percent of largasfisince 1993 The survey found an

% The full text of the Drug (Price Control) Order 0895 and the Pharmaceutical Policy of 2002 are aivial at
http://pharmaceuticals.gov.in/

29 The Commission was established on 2 October 2008 fbree year period as an advisory body to timeéPMinister to
build institutional frameworks focusing “on five kereas of the knowledge paradigm — access to lauye, knowledge
concepts, knowledge creation, knowledge-applicadioth development of better knowledge services”@NROO7a:1).

%0 Large firms in the survey had an annual revenueak than Rs.1000 million, medium firms between
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inverse relationship between ‘innovation intensignd firm size, whether measured by
number of employees or annual revenue; howevepet2ent of large firms were “highly
innovative” whereas the figure was 17 percent fiES ! As Figure 10.1 shows, the focus of
innovation for large firms was operations, followley sales and marketing. The only firms
for whom R&D was the focus were those in the phaeuntcals industry. Further, the survey
also found that 76 percent of large firms introadliceicremental innovation while
breakthrough innovations were limited to 37 percent

Table 10.18R&D expenditure in the private sector
(by industry groups spending more than 0.67 perasrda share of sales in 2005-2006)

2002-03 2003-04 2004-05 2005-06
Sectors Percent Percent Percent Percent R&D Average R&D
units per unit  expenditurd
Defence industries 5.0 4.8 6.2 4.6 7 224 157
Drugs and 2.2 2.6 3.7 3.8 156 181.2 28269
pharmaceuticals
Vegetable oil 25 3.1 3.3 3.8 3 117.0 351
Medical and surgical 3.7 3.5 29 2.9 11 10.9 120
appliances
Scientific instruments 29 2.8 2.6 24 9 54 49
Information technology 1.3 1.8 1.6 1.7 20 153.3 306
Prime movers 0.60 0.67 1.2 15 3 134.7 404
Telecommunications 1.4 2.2 15 14 30 32.9 987
Biotechnology 1.0 1.1 1.1 1.1 70 39.7 2777
Transportation 0.8 0.8 1.0 1.1 60 1745 10472
Photographic raw film 0.84 0.76 0.84 1.0 3 19.7 59
and paper
Agricultural machinery 1.6 15 1.3 0.84 8 60.8 486
Machine tools 1.4 1.2 0.74 0.81 11 6.5 71
Glue and gelatin 0.82 0.66 0.63 0.81 4 5.0 20
Industrial machinery 1.0 1.2 1.0 0.8 29 13.7 397
Soaps, cosmetics and 0.93 0.99 1.1 0.76 10 137.2 1372
toilet preparations
Commercial offices, 0.65 0.78 0.88 0.72 11 23.2 255
household equipment
Consultancy services 0.70 0.67 0.64 0.67 2 1.50 3
Total (for 41 sectors) 0.46 0.54 0.62 0.66 1108 656. 62684

Notes:(a) in millions of current Rupees
Source:Gol (2009a:89-90)

Rs.1000 million and Rs.100 million, and small firnaHess than Rs.100 million.

%1 Innovation intensity was defined as “the perceatafjrevenue derived from products/services whighless than three
years old.” Highly innovative firms were defined ‘dhose that have introduced a ‘new to world’ inaten during the
course of their business in the last five year® @\ 2007:9).
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Figure 10.11innovation in large firms by area of business
R&D
Human Resources
Sales and Marketing
Operations
Finance
EI> '11 IID llﬁ ?:0 2‘5 _%D ‘35
Nll mber OF I'L‘SPOI](‘ICI]IS
Source:NKC (2007b:16)
Table 10.19Distribution of publicly funded extramural R&D pegjts by institution types
Types of Institutes 1990-95 1995-2000 2001-2006
Number of Shareby  Number of Share by Number of  Share by
Institutions value Institutions value Institutions value
Universities/ Colleges 576 35.6 836 31.7 2046 32.9
Deemed Universities 16 8.4 24 6.3 127 7.3
Institutes of National 9 12.2 11 9.8 56 12.1
Importance
National Laboratories 233 33.8 274 42.5 680 27.4
Others 261 10.0 346 9.7 923 20.0
Total 1095 100 1491 100 3832 99.7
Source:Abrol, Upadhyay and Sikka (2006:11)
Table 10.20Qualifications of R&D labor force and share by s@dion 1 April 2005)
PhD Graduate Undergraduate Diploma Other
Total 20399 44367 35170 9767 6472
Central sector 48.4 48.0 36.3 31.9 26.5
State sector 28.2 7.0 1.6 1.6 7.5
Public sector industry 2.4 5.4 13.1 10.8 115
Private sector industry 21.0 39.7 49.0 55.7 54.5

Source:Calculated from Gol (2009a:97-78)

Firms rated their external barriers to innovatienbaing greater than internal barriers. More
than half of all firms mentioned the lack of coltation with universities and R&D labs.
Although the share of the private sector in extiaahresearch funded by the central sector is
growing (see category of Others in Table 10.19% tgrowth is from a small base. In the
sectors of defense, atomic energy and space, where than 50 percent of central R&D
resources are spent, research has thus far takea within the confines of the public sector.
Indeed, the largest concentration of researchetts RhDs and graduate degrees work in the
central sector (Table 10.20). In the absence & daprivate sector extramural spending, the
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promise of private-public research partnerships iawalfilment (Abrol, Upadhyay and
Sikka, 2006).

However, the biggest barrier to innovation for fains was “skill shortages due to lack of
emphasis on industrial Innovation, problem solvirdgsign, experimentation” (NKC,
2007:32) in the education curricula. Wadhwa et 24l08) also argued the point that the
quality of the technical labor force in India isMoThey add that Indian university and post-
graduate degrees are weaker than their US or Eamopeunterparts and on-the-job training
programs in India must fill the gap in formal tiaig. This leads us to examine the
institutional barriers in the education system th#s to produce the kind of graduates that an
innovative industry would like.

10.4 Access to quality education as the overwhelngrbarrier to innovation

The Indian higher education system in its currentf originated during colonial rule in the
country when a few centers of higher education vestablished with the limited purpose of
serving British interests (VijayRaghavan, 2008)thalgh investments in education doubled
between 1960-61 and 1980-81 to account for nearlge@ent of GDP (Table 10.21),
according to the WDI, less than 2 percent of thagan population (older than 15 years) had
completed tertiary education in 1985. In 1986, aidwal Education Policy (NEP) was
adopted to expand education at all levels, redoegqualities, emphasize the importance of
socio-cultural diversity, and integrate the courtitgrnationally.

But the NEP failed to increase spending to eitmeprove access or the quality of the
educational system. A rapid expansion of highercation in the 1990s (Table 10.22), was
driven by the private sector, especially in prof@sal education (Choudhary, 2008), as public
expenditure on higher education as a share of paflalic spending on education marginally
declined between 1990-91 and 2005-06 (Table 1012 2007-08, annual public spending per
student in higher education in India was US$400erehs Brazil, China and Russia invested,
respectively, an average of US$3,986, US$2,728,s#1,024 (Hussain 2007). According
to Altbach (2005), although India is “rushing headj toward economic success....India’s
colleges and universities, with just a few excapiohave become large, under-funded,
ungovernable institutions. At many of them, pofitibas intruded into campus life,
influencing academic appointments and decisionssadevels. Under-investment in libraries,
information technology, laboratories, and classreamnakes it very difficult to provide top-
quality instruction or engage in cutting-edge resied

Inadequate resources have created a two-tier systerein a small number of institutions
(typically central universities or institutions oftional importance — see Tables and 10.18
and 10.21) are islands of excellence: thus, 30tutisins award 65 percent of PhDs in
science, while 20 institutions award 80 percenPbbDs in engineering (Dutz, 2007:139). As
the NKC (2007a:43) points out, contrasts in qualitg access are a:

“....serious cause for concern at this juncture. Praportion of our population, in the

relevant age group, that enters the world of higidwcation is about 7 percent. The
opportunities for higher education in terms of thenber of places in universities are
simply not adequate in relation to our needs. Lagggments of our population just do not
have access to higher education. What is moreguhbty of higher education in most of

our universities leaves much to be desired.”
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The fragmentation of education in India is furtheanifest in the UGC regulations and
policies defining the relationship between univesi and their affiliated colleges (Singh
2003). Most colleges can neither issue degreefi@n awn, nor determine their own syllabi
or examinations. Instead, they are affiliated toversities, which authorize their functioning
and determine administrative and academic rulefligding universities typically demand
only a minimum attendance of students, determioenamon syllabus for courses at affiliated
colleges, and establish examination rules. Thekss mequire colleges to conduct internal
practical and theory exams for each course whieuhiversity conducts an external final
theory exam at the end of each semester. Beyoadhbivever, the universities are unable to
respond to the diverse demands of students, edigewdh the increasing number of
affiliated colleges. Singh (2003:3200) summaritesdffiliation process as a central problem
of higher education in India:

“Anyone concerned with academic standards of Indianversities cannot but feel
unhappy at the ravages wrought by the system dfatifin with which we started in
1857....[T]here is no limit to the number of collegedich can be affiliated to a
university. Nor have any specific rules to earn stegus of affiliation been laid down at
any stage....As of today, therefore, hardly any usite has a set of rules which ensure
that a college will faithfully comply with [any] cgirements before it can be
affiliated....What undermines their standing as aversity is the fact that they have to
carry the unwanted cargo of a large number ofiafitl colleges and quite a few of them
do not measure up even to what would be regarddteasarest minimum.”

The consequence of this system is that studerkshac

“...ability to analyze or solve problems, relate lgens to different contexts,
communicate clearly and have an integrated undefistg of different branches of
knowledge....At present, the design of curriculum awlabi is reflective of the
entrenched examination system under which the studesked to face a question paper
at the end of the year, or in some universitiegthatend of the semester. This archaic
examination system, ostensibly used as a meangrtfying the ability of students,
unfortunately does not really test the kind of Iskihey require to be successful in either
the pursuit of pure theoretical knowledge or incgial real world situations.” (Gol,
2009b:17)

Table 10.21Expenditure on education

1961-62 1970-71 1980-81 1990-91 2000-01 2002-0303D4 2004-05 2005-06

Percentage of GDP 1.5 21 3.0 3.8 4.3 3.8 3.5 34 5 3
Percentage of 11.7 10.2 10.7 134 14.4 12.6 12.0 12.1 12.7
public exp.

Percentage of
expenditure

Elementary . . . 46.3 47.6 48.8 49.8 51.5 53.1
education

Secondary . . . 32.2 0.3 32.2 32.0 30.9 29.4
education

University and . . . 13.5 14.7 12.9 12.4 11.7 11.7
higher ed.

Other 8.1 6.1 6.1 5.8 5.9 5.8

Source:Compiled from http://education.nic.in/stats/Timeéss0506.pdf and Gol (2009a:111).

Page 111 of 153



\;\'.,);fm D3.2: Synthesis Report on “National innovation
g systems and global innovation networks”
Table 10.22Growth of recognized educational institutions

1960- 1970- 1980- 1990- 2000- 2001- 2002- 2003- 2004- 2005-

61 71 81 91 01 02 03 04 05 06
Primary 380,062 498,999 613,058 712,391 845007 883,667 ,6866 974,525 1,042,251 1,061,061
Secondary and
upper
secondary 17,329 37,051 51573 79,796 126,047 133,492  137,20745,962 152,049 159,667
Colleges for
general
education 967 2,285 3,421 4862 7,929 8,737 9,168,427 10,377 11,698
Colleges for
professional
education (a) " . . 886 2,223 2,409 2,610 2,751,201 5,284

Universities (b) 45 82 110 184 254 272 304 304 343 350

Notes:(a) Includes colleges of Architecture, Educatiéngineering and Technology, and Medicine.
(b) Includes Central Universities (20), InstitutdsNational Importance (13), Institutions Deemed o
Universities (101), State Universities (216). Thenbers in the brackets give the break-up for 2085-0
Source:http://education.nic.in/stats/Timeseries0506.pdf

10.5 The quest for inclusive innovation

The discussion in the previous sections is limitedthe formal sector, and reflects the
marginal status of the informal sector in debatksué& innovation. The origins of these

innovations mean that the channels for their difflusand value-addition are minimal, in

contrast to the channels that exist for innovatiothe formal sector. Further, to the extent
that innovation from the informal sector diffusdébere is little formal documentation or

acknowledgement of the source. Yet, any discussian leaves out the informal sector
ignores the activities of a majority of the popidatthat has long relied on its own ingenuity
to solve local problems simply because it has ne efse to turn to. But the wide

dissemination, whether commercially or otherwidegrassroots innovations face challenges
including the high transactions costs for scoutamgl documentation, the need for value-
addition and finance, and ambiguous IPR (Dutz, 2007

Thus, there is a need for institutional support arqfominent source in India is Honeybee, a
network of innovators, entrepreneurs, scholars,icpomakers, and non-governmental
organizations (NGOs), which was founded in 1988483he state of Gujarat, to support
knowledge generation and innovation in the infornsactor’> The network uses the
Honeybee metaphor to refer to the collection (etima) of pollen (knowledge) from flowers
(innovators), without disenfranchising innovataaad to the connection of different flowers
through pollination to ensure communication andislgebetween users and innovators.

The network uses various ways to source innovapoominent among, which is trehodh
yatra (journey of exploration). Volunteers undertakestheatras, which began in 1998 and
are organized twice a year, over 7-10 days acrass o access rural areas. The purpose of
these yatras is to identify new knowledge and &seninate existing practices gathered by

32 http:/fwww.sristi.org/hbnew/
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the network that are of local significance. Otheurses of innovation includghodh sankalp

(a network of experimenting farmers) to create #aborating learning environment,
individual submissions, agricultural fairs, and gwanning of old literature. After conducting
prior art search to ascertain novelty, and obtgiranthorization from the innovator, in the
form of a Prior Informed Consent, the network hal&base with more than 10,000 entries.

The documentation of innovations, and the manageoféhe Honeybee database, is done by
SRISTI (Society for Research and Initiatives fostainable Technologies and Institutions),
which was established in 1993 to provide orgarredi, intellectual and logistics support to
the networlk®® Another member of the network, GIAN (Grassrootsovation Augmentation
Network) was established in 1998 to offer IPR protm to innovations in the databa&eBy
February 2009, GIAN had enabled the filing of 4@epés in India, of which 19 have been
awarded and, of the seven patents filed in the foi@, have been awarded. GIAN has also
incubated and commercialized more than 50 innorati®o facilitate this process, GIAN has
established the Grassroots Innovation Design Stwitio the National Institute of Design to
provide design inputs to innovations. It has ale&d with the programs of the DST and the
DSIR, such as the Technopreneur Promotion Progiapp(, to encourage entrepreneurship
among innovators.

In an acknowledgement of the value of informal gnalssroots innovation, the Government
of India established the National Innovation Founda{idIF) in 2000 to make the country a
leader in innovation, especially in sustainablétetogies® Besides building a multilingual,
online National Register of Innovations, which walso maintain the SRISTI database, the
NIF organizes a biennial competition for grassrant®vation and tradition knowledge. The
six competitions held thus far have attracted 132 @ntries. The NIF aims to build stronger
ties between innovators in the formal and the mfar sectors, and an instance of this is
signing of an agreement with CSIR to provide tecahiassistance and value addition to
entries in the national registry.

The interest in the learning from the informal secand using it as a partner in innovation,
has also extended to the formal sector, includinld. With markets in industrial
economies maturing, other markets, especially stienated four billion consumers with the
lowest incomes at the ‘bottom-of-the-pyramid’ (BpR)ye becoming attractive (Prahalad
2006). The BoP is a potentialyast and yet largely untapped market, as the ntyajowns
few consumer products. But there are challengesveimnéering the unfamiliar conditions in
this market as infrastructural inadequacies, souitiral diversity, and affordability, mean
that existing metrics for ‘lead’ users do not wolkis against this backdrop that India is
attractive. First, India’s inadequate infrastruetudemands identification of needs and
technological solutions, which are difficult to @@ive of, and turn into product ideas, for
researchers in the affluent world. Second, Indiast, poor but socially and culturally diverse
environment serves as a laboratory of similar eimgiés faced in many other countries. Thus,
for instance, IT firms such as Hewlett Packard (HWrosoft, Motorola and Siemens, have
established research centers to specifically addnesBoP market.

33 http://www.sristi.org/cms/en
3 http://west.gian.org/
35 http://www.nif.org.in/

Page 113 of 153



. ’m . . . )
© 4 ): D3.2: Synthesis Report on “National innovation
A Yy p

2 systems and global innovation networks”

An instance of their work is HP’s involvement witie ‘i-community’ in Kuppam district in
the state of Andhra Pradesh from 2002-06, wheré thal population of 300,000 lives in
poverty. HP became involved with the project toatee“public-private partnerships to
accelerate economic development through the apiplicaf technology while simultaneously
opening new markets and developing new products samdices” (Dunn and Yamashita,
2003:48). For HP, whose products are unaffordabladst Indians, Kuppam was a ‘learning
lab’ to “divine the needs of customers by probihgraderlying problems and transferring that
understanding to the innovation proces#id.:50). In Kuppam, HP developed an easy to
carry solar powered digital camera with a smalh{an. This was given to women in self-help
groups to help them generate income by taking guafihs at social events or wherever there
was a need. HP saw the Kuppam effort as a ‘lighgb@ccount’ to guide subsequent product
development for India and elsewhere.

Interest in accessing the BoP goes beyond simplyinge an untapped market. Indeed, a
segment of innovation and product development dhtced as responses to the needs of the
BoP market is exportable, and has helped some tiondentify new markets in the affluent
world. The examples include an affordable X-rayteys with outstanding diagnostic
precision developed by Gtor the poor; ATM machines that use a thumbprimognition
system by Citibank originally intended for illiteea slum-dwellers; low cost cell phones, with
longer battery life, that assume illiterate usdes;eloped by Motorola; and PCs developed by
HP in India that run on car batteries to combat @oeutages® Thus, initiatives to extend the
reach of IT to the poor, have not only led to inmtbon and created domestic market
opportunities, but also offered a platform to expanovative products.

10.6 Conclusion

If the increasing trade and investment flows in ffest decade are any indication, the
perception that India is attractive to the resthef world as a place to business is not without
substance. Perceptions have changed because dfothry’s decision to seek greater
integration with the world economy hynshackling its large and growing population and
economy from the autarkic ISI model adopted in18B60s. The unshackling has also led to a
greater appreciation of innovation as evident ia iicreased flows of human capital and
knowledge when measured by indicators such as ti#litg of professionals, international
patenting and collaborative research publicatidimere are three aspects of India’s approach
to innovation that are noteworthy. First, and & tisk of oversimplification, India’s strength
has been in process innovation. As surveys reVieals have focused on operational and
incremental innovation. Process innovation has dleen the basis for the international
success that India’s software service and pharntiae¢iindustries have enjoyed thus far.

Despite the growing appreciation of innovation,ce@tion does not always match reality as
the past continues to cast a long shadow to lingtextent of India’s integration with global
innovation networks. It might only be a matteriofé¢ before some of these limitations wither
away as policy initiatives, such as the NKC, attetopcreate the institutional framework for
a different India. But other issues, especiallyaadion, will require a longer time horizon

38 For expanded discussions of these examples, $elai, (2006) and Giridharadas (2007).
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since it will take at least ten years of schoolargl training before a generation is provided
with the skills required in an economy where ITven innovation plays a central role.

Finally, Indian raises questions about our conoeptif innovation. The informal sector has
thus far been mostly ignored in discussions aboubvation and the measurement of
innovation. It is only recently being acknowledgesla site where innovation does occur and
about the need for inclusive innovation. There newgng effort to not only document and
capture these innovations kot also use the socially deprived as partners eniihovation
process. In other words, it is possible that therea significant mismeasure because
innovation systems are narrowly understood. Thusrkiwg with the historically specific
innovation system in the country, and overcoming ldgacy of limited access to education
emerge as crucial to ensuring the tighter integnadif India with global innovation networks.
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Chapter 11: Brazil

Flavia Carvalho, Gustavo Britto, and Eduardo da RkotAlbuquerque, Fundagao de
Desenvolvimiento da Pesquisa (FUNDEP)

11.1 Introduction

This chapter provides an overview of the emergemzk growth of the Brazilian innovation
network. Collaborative innovation networks haveey kole in enhancing innovation and its
economic outcomes at the national level. The ecanontcomes of innovation rely heavily
on the level of the human resources involved irouative activities, especially at firm level.
In addition, the ability of actors in the innovatimetwork to interact with each other, both
domestically and globally, is determinant for thelation of a global production network
into a global innovation system.

To better understand how actors of the innovatigstesn interact, this chapter presents a
series of data on important aspects of the Brazsieience, technology and industrial base.
The focus is on how the innovation system is shapdgfazil, how institutions and policies
work in order to foster innovation and further deyethis network into a player in the global
innovation system.

The chapter is divided in six sections, besides thiroduction. The next section presents
some general information about Brazilian econonojiofved by a section on innovative

patterns of Brazilian firms provided by the recemtovation survey. Section 4 considers the
status of human resources and scientific developwfetihe country and section 5 describes
how knowledge flows take place and how cooperaivangements for innovation take place
at the national and global level. The main actow®lved in the innovation network and how
policies are drawn to foster innovation among firare presented in section 6. Section 7
provides some concluding remarks

11.2 The Brazilian economy

Brazil's economy was subject to dramatic structwianges since the early 1990s. For a
decade, a series of policies was implemented wghiritention to jumpstart a new cycle of
economic growth by inaugurating a new economic rhadspired by the Washington
Consensus. Trade and financial liberalization pegicapidly opened the local economy and
the state’s role in the economy was significandgiuced by the privatization of many stated
owned enterprises. Combined, these policies brobgtk large sums of capital flows to the
economy and contributed to the success of thelig@imn plan in the mid 1990s. With the
current account being kept balanced by capital Slawdthe inflation under control, the short
cycle of economic growth was fuelled by the raigpugchase power of the population and the
increase of private sector investments, both landlforeign.

The success of the new model proved to be shatliBy the end of the 1990s the fixed
exchange rate, combined with the ever increasifigitdgade deficit and the unwillingness of
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financial markets to finance the balance of payseleficits showed that a change of course
was needed. Hence, in the first decade of thectgury, following important changes in the
political landscape, industrial, technological asutial policies back to the fore. Table 11.1
presents some key indicators over two years. Tegettith a favorable international
economic landscape, the new policies led to a sterdi increase of the rate of economic
growth through the decade while inflationary pressuvere kept under control. As a result,
employment and social indicators have been imppwunthe past years. According to the
National Bureau of Geography and Statistics

Table 11.1General indicators - Brazil

2000 2007
A. Economic performance
Population 171,279 189,335
GDP (R$ billions) 1,101.3 1,833.6
GDP per capita (R$) 9,569.9
Real GDP growth (%) 4.3 5.7
PPP 1.252 1.39551
Productivity -manufacturing (1991=100) 145.91
Current account BOP (% of GDP) -3.75731 0.10945
Inward FDI stocks 122,250 287,697
Outward FDI stocks 51,946 162,218
Investments (% GDP) 16.80 18.65
B. Education
llliteracy rate in population > 15 years 20.1% 3.9
Students in tertiary education (2000=100) 100 182.0
Public expenditure on education (percent GDP) 4.01 5.06 (2006)
Public expenditure on education - tertiary .7559 (2005)
C. Science and technology
Imports - Capital goods (US millions) 9,690 24,935
Exports - Capital goods 8,221 22,845
Expenditures on R&D (% GDP) 0.94 1.02
Researchers (per 1.000 population) - FTE 0.8396 2783
Patents (triadic patent families) 32.648 65.0202
Exports ICT 2,513.122 3,380.403

Source:IPEADATA, UNCTAD World Investment Reports, OECD $dndicators.
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Table 11.2 Distribution of population by age gap (in thoudain

Total Male Female

>100 25 2 22
90-99 216 75 141
80-89 1,544 628 915
70-79 4,559 2,032 2,526
60-69 8,190 3,786 4,403
50-59 12,514 5,999 6,514
40-49 19,273 9,328 9,944
30-39 25,289 12,320 12,968
20-29 29,985 14,862 15,127
10-19 35,302 17,810 17,490

5-9 16,576 8,419 8,156

0-4 16,386 8,331 8,055
Total 169,872 83,602 86,270

Source:IBGE, Censo Demografico, 2000.

(IBGE), the rate of unemployment in metropolitaras fell from around 13 percent in 2002
to under 8 percent in 2009. As a result, absoloteeqty levels have been reduced as well as
economic inequality. The Gini coefficient fell frotn589 in 2002 to 0.548 in 2008, the lowest
value in the series. The economy’s strength wasentbc put to test by the recent global
financial crisis and the county managed to promggtover from recession.

While there have been marked improvements overgestides, growth rates are below those
of other fast growing developing economies, andatandicators are far behind those of
countries of similar per capita income. The degrfe@formality in the economy is very high,
and responded for over 50 percent of the GDP in42@Qriculture, construction and
domestic services are by and large the sectors thwthhighest rates of informality (OECD,
2006). Table 11.2 shows the degree of informatibyipled with a relatively young population
may pressure the unemployment rates as more yoeogle enter active age, showing the
size of the challenges that lie ahead

These indicators reflect, and are influenced byakveducational indicators as well as an
immature innovation system. The next sections déscribe the state of development of
Brazil's national innovation system and how knowjedlows among its agents.

11.3 Innovation activities and its main actors in Bazil

The importance of technological change and innowats determinants of a country’s
competitiveness and growth performance has movelet@entre of the economic literature
in the last decades (Fagerberg et al., 2007). Tngup of a better understanding of these key
factors, particularly their role as the long sougbhnection between economic growth and
economic development has to renewed efforts to ongprdata collection. As a result,
innovation surveys havkeecome a regular data source for innovation in regwveuntries,
including many developing ones, partially as a ltesdi an endeavour concocted by
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international institutions such as the OECD, therM/Bank and IDB, partially by the efforts
of local research and statistics institutions.

The Brazilian Innovation Survey (PINTEC) carriedt day IBGE, now on its third edition,
provides important information on the state of watve activities carried out by Brazilian
firms. It also contains data on the cooperativaragements for innovation, the main sources
of information for innovation, the types of coopera activities, etc. PINTEC follows the
Oslo Manual, which was developed by OECD and wiggdplied on European innovation
surveys. The sample of the 2005 edition of the eyuicomprises 89,162 domestic firms and
1,893 foreign firms, totalling 91,055 firms. Theogp of innovative firms is much smaller,
with 29,951 firms (32.9 percent of total) declatealiing performed product and/or process
innovation between 2003 and 2005.

Innovation activity is understood as more than R&ddivities; as a matter of fact, in Brazilian
firms a significant part of innovation expenditutakes place through the acquisition of mew
machinery and equipment, software and also traiattgities. From the total of innovative
firms, only 6,021 (20 percent) declared that tiR&%D activities have a strong or average role
for innovation (IBGE, 2007).

Another key aspect of innovative activities in Blrahat has been brought to light by
PINTEC is the difference in the patterns of innovationwestn domestic and foreign firms
operating locally. Out of the more than 89 thousdodhestic firms, 5,537 have declared
expenditures in internal R&D, a mere of 6.2 peraainthe total. For foreign firms, on the
other hand, the share of R&D was 33.3 percent. &#ns to say that, in relative terms, the
number of foreign firms that have internal R&D emggures is five times bigger than the
same group of domestic firms. Table 11.3 shows wiale domestic firms spent a total of
over R$7.2 billions, foreign firms spent R$4.9 ibitl. Considering the number of firms in
each group, the average expenditure of a forergmig obviously higher.

It is important to note that foreign firm’s innowa activities impact positively on domestic
firms in Brazil. One study has shown that the coiitipe with foreign firms in some sectors
tends to stimulate innovation by domestic firms ({legri and Salerno, 2005). Another study
found positive vertical spillovers through backwdinkages with foreign firms (Gongalves,
2003). Table 11.4 shows the sectoral breakdown&® Rxpenditures in the manufacturing
industry. The most innovative sectors for domefitins (in terms of total R&D expenditure)
are Oil and Gas, Other Transport Equipment (whemospace industry is placed) and
Chemicals & Pharmaceuticals. For foreign firms Antdive and Auto Parts, Chemicals &
Pharmaceuticals, and Electronic Equipment are th& mnovative sectors.
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Table 11.3Absolute R&D expenditures of firms, 2003-05 (in1R¥0)
Internal R&D External R&D Total percent
Domestic 6,698,048 547,843 7,245,891 59.18%
Foreign 3,689,442 1,308,781 4,998,223 40.82%

Source:PINTEC, 2005.

Table 11.4R&D expenditures in manufacturing sectors accogdim capital ownership

(in R$ 1,000)

Domestic Firms Foreign Firms

Internal R&D  External R&D  Internal R&D Externakk®
Total Manufacturing 3,877,494 388,148 3,157,859 N YaYa)
Food & beverages 187,929 13,067 105,621 6,551
Tobacco 1,612 20,792
Textiles 53,568 2,296 2,033 781
Clothing 27,936 1,269
Leather products 66,373 6,672
Wood products 19,785 644
Pulp and paper 61,390 3,102 23,975 3,531
Edition& printing 8,058 570 10,711
Oil & Gas 944,785 133,157 5,138 1,156
Chemicals and pharmaceuticals 453,613 34,944 420,76 136,415
Rubber and plastics 97,671 16,912 96,902 2,922
Non metallic materials 83,750 7,831 28,664 820
Metallurgy 107,385 4,120 70,022 15,405
Metal products 56,421 4,680 30,762 557
Machinery and equipment 220,852 10,113 150,200 12,9
Informatics equipment 54,753 21,997 98,628 13,066
Electric devices & machinery 145,657 5,568 249,181 11,763
Electronic equipment 134,045 28,736 277,307 157,228
Medical instruments 149,854 5,757 20,477
Automotive and auto parts 173,233 21,654 1,519,320 185,844
Other transport equipment 750,091 58,838 24,079
Furniture 80,345 4,609 6,558 4,518

Source: IBGE: PINTEC, 2005.

Differences between innovative activities from fgre and local firms are not only
quantitative, but also qualitative. The types ofiawation informed by foreign firms are
frequently associated with the ‘D’ side of R&D,.j.¢he development of products or their
adaptation to the local market requirements. Tilged has shown signs of change in recent
years, as Brazilian branches of large multinatiotalve started to lead innovative processes
in their global value chains (Gomes, 2003; Ara@ja05). An illustrative case comes from the
automotive industry. General Motors Brazil becaherain responsible for the development
of a small car platform for developing marketsaiproject named ‘Blue Macaw’, which took
place in early 2000s (Queiroz and Quadros, 2006)adt,the huge expenditures by foreign
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firms in internal R&D in the automotive sector ral/¢he great role that these firms have in
the Brazilian innovation system.

Another distinction between the innovative actastiof domestic and foreign firms is the fact
that domestic firms do more process innovation43tercent of domestic firms), whereas
foreign firms have shown balanced share of pro@ss product innovation (around 50

percent for each), as is shown on Table 11.5. T@etoss that carry out more product

innovation also differ by capital ownership. Donieaity, leather and shoes are the leader,
and metallurgy and automotive, in which most of finms are concentrated, lead for foreign
firms

A study with data from the previous innovation gyvound that 24.6 percent of foreign
firms could be considered innovative vis-a-vis 1pEscent of domestic firms (De Negri and
Salerno, 2005). However, the authors also pointtbat, when analysed in relative terms
(R&D expenditures/ revenues) the distance betwheir tnnovative efforts is not that big:

0.62 percent for domestic and 0.75 percent forigordirms (Aradjo, 2004, quoted in De

Negri and Salerno, 2005). In absolute terms, damésins spent R$ 2.03 billions (US$1.12
billion) in R&D activities in 2000, and multinatiais spent R$1.7 bi (US$930 million).

Regarding the local distribution of expendituresR&D, the public sector has historically

responded for the largest share — most of it isirtkxd to universities and research institutes
(OECD, 2006). In 2000, public expenditures on R&Br&v56.6 percent of the total; in 2008
the government spent 53.6 percent (MCT, 2010). &tgenditures of the private sector are
still less than desirable, since private innovai®nsually more commercially oriented — and
should respond for a larger share of expenditdrascountry wants to advance in terms of
economic and technological development.

The degree of newness of innovative products alffersl according to firm ownership.
Although relatively less innovative in terms of guat innovation, domestic firms account for
an important amount of new products, in differeeg@es of newness. Table 11.6 shows that
most innovative domestic firms carry out what isokm as ‘defensive innovation’, i.e.,
undertaking innovation to follow their competitofBhe boldest innovations — new to the
world — takes place ifewer firms, regardless of capital ownership. Thiggkcators show
that multinational firms still keep the more nolplart of the innovation at their headquarters
or in their main R&D facilities

Table 11.5: frequency of process & product innawmaiin innovative firms by capital ownership

Process Innovation Product Innovation
Domestic Foreign Domestic Foreign
23.541 (26.4%) 963 (50.8%) 16.827 (18.9%) 957 @&).6

Note: Percentages among same ownership status firms
Source: IBGE, PINTEC 2005.
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Table 11.6Degree of newness according to capital ownership
New to firm New national market New World
Domestic Foreign Domestic Foreign Domestic Foreign
14.486 539 1.978 337 363 81
Source: IBGE, PINTEC 2005.
Table 11.7Innovative behaviour by firm size (percent of §jm
Employees Innovation Rate Product New P_roducts Process Process new to sector
National -BR
10-49 28.9 17.0 2.1 23.1 0.9
50-99 40.6 22.8 3.7 33.2 1.2
100-249 55.5 31.1 6.5 44.8 3.8
250-499 65.2 35.9 9.4 56.0 6.1
>500 79.2 58.1 33.4 68.4 27.1
Source: IBGE, PINTEC 2005.
Table 11.8 Percentage of innovative firms with or withoubperation arrangements.
Product Process
Firm alone 89.5 9.2
Another firm in the group 1.2 0.7
Firm in cooperation with other firms/ institutes 05. 3.0
Other firms and institutes 4.0 87.1

Source: IBGE, PINTEC 2005.

The innovation rate is much higher for larger firras it would be expected, given that these
are the firms with more resources available to c@nim the rather risky and expensive
innovative activities. Table 11.7 shows the innmmatate increases with firm size. It is worth
mentioning that, on average, foreign firms tendbédarger than their domestic counterparts.
Table 11.8 shows the percentage of innovative fitimst introduced new products or
processes either alone or together with anotheingrarThis table reveals that firms rely
strongly to external sources, that is, mostly otfiens and institutes, when carrying out
process innovation. Product innovation, on the otfaad, is still mostly done in house, alone,
by firms in Brazil.

The available data and studies show whereas inioovattivities are gaining strength among
local firms, both foreign and domestic, there ati# gnportant differences in terms and
quantity and quality of expenditures on R&D.

11.4 Human resources and scientific development Brazil

While R&D and innovation are important determinamf industrial development and
economic growth, human resources are the main @afaental part of national innovation
system. As mentioned above, in this area Bradil stieds to bridge some gaps between
science generation and technological developmepartAfrom increasing the amount of
resources destined to R&D, both public grd/ate, the main challenge that the Brazilian

Page 124 of 153



n . . . :
\L;g,); D3.2: Synthesis Report on “National innovation
2 systems and global innovation networks”

national innovation system faces is the difficuttiyturning scientific effort into commercially
profitable innovations. Part of the explanation barfound in when the state of the country’s
educational system is considered.

Scientific publications have grown steadily in {hest years, along with the number of post-
graduate degrees per year (OECD, 2006). The numibscientists and engineers in the
country has been growing steadily, and currentbpad 47,000 new engineers graduate every
year in Brazil. By means of comparison, China gedés 75,000 people in engineering and
computer sciences per year, and India, 60,000 Edomomist, 2010). Table 11.9 shows the
that the graduates in the field of social scieraressix times more than engineering graduates
in the country.

The problem is intensified by the fact that mosstpgraduates (scientists) in Brazil work in
the public sector. In Korea and the US, around &@ent of researchers work in the private
sector; whereas in Brazil the total of researcirethis sector is of around 26 percent (OECD,
2006). A result of this low engagement of sciestiatthe private sector is the relatively small
number of triadicpatents. Moreover, most of the patents are heldhiey public sector
(universities and public enterprises such as Petg)b

Another important factor is the relatively scareember university-industry partnerships, one
of the most important types of cooperation duetdaale in bridging the gap between pure
science and applied technological knowledge. Thani important aspect to be considered in
Brazil, where in spite of great scientific advanaesumulated in the past 25 years, innovative
capabilities still lag behind the possibilities bght by the scientific evolution in Brazil
(Zanotto, 2002). Figure 11.1 shows the evolutionvben the number of papers produced and
patents applied during 1976-2008.

Figure 11.1The science & technology gap in Brazil: patentd paper production
1976-2008
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Source:ISI Web of Knowledge, USPTO.
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Table 11.9Graduates in tertiary education, per area
1995 2008
Exact sciences 22,703 61,528
Social sciences 146,066 328,239
Engineering 16,526 47,098
Total 245,887 800,318

Source:INEP, Ministry of Education, 1995, 2009.

Table 11.10 shows that Brazil has recently seemanbof private institutions of tertiary
education. Most of these institutions concentrateaceas such as management and social
sciences (OECD, 2006). The number of vacancies uibli institutions is still behind
demand, even with the consistent increase, whishblean observed over the past 15 years.
As a means to counterbalance the lack of vacamciggiblic institutions, the government
provides funding for tertiary education for the pesi students (PRO-UNI). A policy to
establish quotas for minorities in some public ensities is also being applied since 2001.
However, access to tertiary education in the cquststill limited to a small privileged share
of the population — with over 29 millions of peopletween 20-29 years, tertiary enroliment
reaches less than 10 percent of the populatidmsrage range.

Another key indicator is related to the educatideaél of the workforce dedicated to R&D.
Considering only innovative firms, only 1.3 percentthe total workforce is involved with
R&D. Of this number, only 13.4 percent have a mpaduate degree and 45 percent have a
graduate degree. As a whole, Brazil has 1.32 relsear(Full Time Equivalent) per each
1.000 people employed. Table 11.11 presents tled toimber of researchers working in
innovative firms, by level of qualification

Table 11.10Institutions and student registrations per year

2008 1995
Institutions Registrations Institutions Registras

Public 236 1,273,965 210 598,579

Federal 93 643,101 57 353,235

State 82 490,235 76 201,974

Municipal 61 140,629 77 43,370
Private 2,016 3,806,091 684 529,353
Total 2,252 5,080,056 894 1,127,982

Source:Ministry of Education, INEP, 2009.

Table 11.11Human resources working on R&D in innovative firtmg level of qualification - 2005

Total HR in R&D Post-grad Grad High-school Other

83,944 11,283 38,071 24,082 10,508

Source: IBGE, PINTEC 2005.
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11.5 Knowledge flows and innovation networks

The increasing speed of technological change desnamdore effective response mechanism
by actors in the innovation system. A close conpacbetween those who create and
transform knowledge into profitable goods helpsecin reacting to technical change - and
this association of different actors is the cenpriace for creating an effective and efficient
innovation network.

An important source of knowledge flows between &cte through cooperative arrangements
for innovation. These arrangements can be esta&lolibketween actors within as well as with
other foreign institutions. Significant associagBopan take place between firms, either
competitors or in related sectors, or between fiand research institutes or universities.
Studies have shown that innovation has become aneasingly collective activity
(Chesborough, 2003; Lundvall and Borras, 1997) ihablves a number of actors, the
elements of an innovation system. According to alidand Borrds (1997), networks
“involve information exchange, interactive learniagd direct cooperation” (p. 102). Due to
its importance for the dynamics and evolution dforal innovation systems, cooperation has
become widely studied and innovation surveys despéezial attention to understanding how
the phenomenon takes place.

PINTEC has a section devoted to understanding cabpe among Brazilian firms. The 2005
innovation survey registered a rise in cooperasiggvities of firms in comparison with the
2003 survey. The share of manufacturing firms thatlared to have participated in a
cooperative arrangement rose from 3.8 to 7.2 perfcem 2003 to 2005 (IBGE, 2007). The
growth was even stronger among small and mediuradsiems (with less than 500
employees). In firms with more than 500 employethgere was a small decline in the
percentage of cooperative firms.

Despite of the observed growth, the share of catiperfirms Brazil is much lower than that
of in surveys carried out in developed countries. Wdgtfrom OECD has shown that one in
every ten European firms cooperated in the peridd2204, or one in every four of the
innovative firms (OECD, 2007). In Germany, the shaf cooperative firms reached 50
percent (Fritsch and Lukas, 2001).

Among industrial sectors, chemicals and pharmacaisti and food and beverages are the
leaders in cooperation among Brazilian firms, faa by machinery and equipment, rubber
and plastic products, and metal products. Tablg#2lghows that among services firms, which
were surveyed for the first time in the 2005 editwf the survey, the share of cooperative
firms reached 24 percent, making this the leadiegtas in terms of cooperation for
innovation (IBGE, 2007). Within services, IT semscare the leading sector in cooperation.

Table 11.12Innovative and Cooperative firms by sector

Sector Innovative Cooperative percent C/I
Total industry 29,951 2,139 7.1
Total services 2,418 582 24.1

Source:IBGE, PINTEC 2005.
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Table 11.13Cooperation for Innovation - by type of partnersleR&D partnerships, per number of firms

Partner R&D Partnership Other Partnerships
Clients/consumers 773 790
Suppliers 747 1083
Competitors 146 246
Other firm group 294 261
Consultancies 339 433
Universities/Research institutes 663 404
Training Centres 207 474

Source: IBGE, PINTEC 2005.

The types of cooperation declared by local firme ahown in table 11.13. Vertical
partnerships (between clients, consumers and suppliare the most frequent type of
cooperation among Brazilian firms. The second nusstal type of cooperation is between
firms and universities and research institutestrieaships with competitors are the less
frequent type of cooperation.

Table 11.14 distinguishes the location of partnfmns innovation. In Brazil, domestic
partnerships are still predominant. Only a very léistgare of firms cooperates with foreign
partners. The most frequent international partnprsh not surprisingly, of foreign firms and
other firms from the group. Another important inf@tion contained in the table is the
number of firms, which cooperate with a subsidiabyoad. The number (39) is relatively
small if compared with other types of cooperatibut may indicate that Brazilian firms are
expanding the range of cooperation and using floe@ign presence as a means to enhance
innovation and technological capabilities. De Negrd Salerno (2005) have also shown that
domestic firms engaged in foreign operations hali@her tendency to engage in innovative
activities. Foreign partnerships are rare amongesim Brazilian firms given the few cases
of internationalized Brazilian firms, and the ewanaller number of Brazilian multinationals
that innovate on a global basis.

Table 11.14Types of cooperation by capital ownership andtmn of partner

Domestic Foreign

Partner Local Abroad Local Abroad
Customers 1131 57 143 31
Suppliers 1087 107 138 51
Competitors 317 23 23 10
Another firm of the group 79 39 23 220
Consultancies 428 22 53 11
Universities 599 14 113
Training Centers 461 58 4

SourcelBGE, PINTEC 2005.
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Table 11.15Sources of Information for Innovation, by capidanership

Domestic Foreign
Suppliers 19,740 789
Clients 18,881 872
Competitors 13,749 495
Training centres 4,832 231
Consultancies 3,800 262
Universities 3,686 231
Other firms/ group 563 852

Source:IBGE, PINTEC 2005.

Cooperative arrangements between foreign firmslacal partners have an important role as
knowledge disseminators in Brazil. As important@iers of R&D and innovation in Brazil,
foreign firms have a very important role as diss@tors of new technologies, managerial
practices and other kind of innovation among dorodisins.

Regarding the sources of information for innovatiBrazilian firms declared to resort more
to suppliers, followed by clients and competitofable 11.15 shows that universities are
ranked sixth, right below training centres, asarse of knowledge for innovation. In the case
of foreign firms, clients and other firms from theoup are the main sources. One way to
interpret this trend may be the fact that foreignmé$é are more often part of a larger
conglomerate than their domestic counterparts harcktore it is natural to have sister firms
as important sources of information.

The figures in patenting with foreign ownership patents with a foreign co-inventor
corroborate the previous trend of low foreign parships and, possibly, a more limited
insertion of local firms in global innovation netis. Table 11.16 shows that the number of
cooperative patenting is quite small, though numiieve slightly increased in the past 15
years. Developed countries, in special the USAtlmemost immediate markets and partners
to these patents, indicating that those are the iurtant markets for Brazilian products.

Table 11.17Number of Patents — by date of reference.

1995 2000 2008

Foreign ownership of domestic inventors 4 5 5
Domestic ownership of Foreign Inventors (total) 25 58 89
EU27 7 16 21
USA 16 42 63
Patents with foreign co-inventor 25 58 89
EU27 7 10 21
USA 15 42 63

Source:OECD Statistical Database.
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11.6 Institutional arrangements for innovation in Bazil

To have a more effective and successful innovatietwork, governments can elaborate
policies designed to bringing important actors tbge and to stimulate innovation and
interaction among them. This constitutes may begieatest challenge to be overcome in
order to improve the Brazilian national innovatgystem by having a larger number of local
firms integrated with global innovation networkam8arly to many developing countries,

Brazil has an immature national innovation systdraracterized by the existence of partial
connections between the scientific and the teclyicdd dimensions (Albuquerque, 2004;
Rapini et al., 2006). Government policies for inaben seem to be, until now, insufficient to
bring together actors into a more cohesive network.

Figure 11.2 shows all institutions involved in tBeazilian national innovation system. The
system is a complex gathering of federal and steggtutions working under the tutelage
ministries, such as Education, Industry and Tra®igriculture, Science and Technology,
Health, and Defence. The coordination of so marsgtititions is sometimes difficult.
Communications flows can be disrupted by fragmermatand joint action between
institutions is a constant challenge. However, éheais been renewed efforts by the federal
and state governments to foster the convergendaeitidtives of institutions working on
similar issues in order to achieve better aggrepagdsults.

Figure 11.2Institutions in the National Innovation System a8l
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Source:elaborated by the authors, based on OECD, 2006.
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Among the main policies recently implemented, itwsrth highlighting the Industrial,
Technological and Foreign Trade Policy Plan (PIT.C&)nounced in the end of 2003. Its
main objective is to increase the competitivenekghe Brazilian industry by fostering
innovation. PITCE targets particular sectors cogr@d strategic, such as IT, pharmaceuticals
and capital goods. PITCE is considered a successtuitn of policy efforts to recover the
capacity of the government to carry out coordinatetlistrial policies (Arroio, 2007). The
policy also aims to support small and medium emigep and the development of local
productive arrangements.

Apart from PITCE, another instrument to promote S&The Sectoral Funds. Created in the
late 1990s, the funds were designed to give firrsupport to key sectors. Continued and
expanded by the government, the funds also havénaortant role funding innovation
projects. The number of funds rose from 4 to 15fi2000 to 2005. Currently, there are 26
sectoral funds operating in diverse areas of deweémt, from biofuels, energy, airspace
industry, to nuclear, nanotechnology and biotech.

PINTEC presents data on the use of governmentipslity both domestic and foreign firms.
Government funding for R&D and technological inntiwa projects is by far the most used
mechanism by firms located in Brazil. Table 11.i8slsome of the main policy instruments
for supporting innovative activities in Brazil. Theenefits of the Innovation Law, the
Informatics Law, as well as R&D project funding whgintly undertaken by firms and
universities/research institutes, still have at@discope, due to not only the small innovative
propensity of Brazilian firms but also to the lamkinformation on how such incentives work
and can be accessed. Although also low, foreignsfimake relatively more use of innovation
support programs.

11.7 Concluding remarks

The main purpose of this chapter was to highligiet tnain characteristics of innovation in
Brazil, its main actors and how innovation agengsoaiate. With data from the latest
Innovation Survey carried out in the country, wewvdran outline of how innovation takes
place in domestic as well as foreign firms fromesaVl/sectors.

Table 11.18Use of Innovation Support Programs, by capital osshg

Program Domestic Foreign
Innovation Law 164 58
Informatics Law 290 54
R&D Projects; U-I partnerships 420 53
Funding of R&D/ Innovation projects 3828 102
Researcher in-company scholarship 63 11
Venture Capital 395 6
Total of Firms by ownership 89162 1893

Source: IBGE, PINTEC, 2005.

In Brazil, multinationals innovative activity playsvery important role for the evolution of
the country’s innovation system. These firms as® ainportant due to the fact that, by being
part of the industrial structure for such a longdj they contribute with the dissemination of
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knowledge, technology and managerial practices. ifloee the agents in the innovation
system interact with each other, the easier anttesws the exchange of knowledge and the
more the country benefits from the disseminatiokraiwledge.

Cooperation among agents for innovation becomesemorportant as the speed of
technological changes intensifies, the costs fapwation increases and with it uncertainty
and risk. For this reason more and more industiresll countries, resort to cooperative
arrangements in order to make innovation activitese effective and efficient. Cooperation
among actors is still rather limited in Brazil, anternational partnerships are even more rare.
This constitutes a deterrent in placing the countithin a global innovation network. It also
hampers the success of the international insertbrdomestic firms. The scarcity of
cooperative activities is in par with the still tarextent with which firms in Brazil perform
innovative activities in general. Though havingiaghd significant advances in its scientific
field, the development of scientific discoverietoimarketable innovative products is not an
easy, straightforward process. In this regard, iipeaducational policies to graduate more
scientists and engineers, along with a plan to nmade of these professionals to work in the
industry, would be a starting point to reverse thag. Promoting a stronger, more constant
relationship between the scientists that in Brazhcentrate in the public& educational
sectors with the firms that ultimately will genexahnovation is another aspect that deserves
the attention, for a more effective, successfuburation system to set up.

Recently, innovation has become a concern of imdigtolicies that want to strengthen the
country’s competitiveness in sectors considerectrgigd but still underdeveloped in the
national realm, such as IT, pharmaceuticals andatamods. It is still essential that Brazilian
policies stimulate an interactive environment amdmg different actors in the innovation
system. In special, firms need to tap universitssa central source of knowledge and
innovation. Stronger linkages between the actoa$ ¢fenerate pure knowledge with those
who turn then into a profitable asset are essefaralhe country to bridge the gap that still
persists between the country’s scientific achievemand its innovative capacity.
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Chapter 12: South Africa

André Buys and Hendrik Marais, Human Sciences Relsézouncil (HSRC)

12.1 Introduction

South Africa underwent radical constitutional tdfansiation in 1994 when a new government
took office following the first all-inclusive demaatic election which was won by the African
National Congress of Mr Nelson Mandela. In prinejpithat change of government
represented a transformation from a pro-white sysi€official and unofficial discrimination

— which included the science, technology and intioua(STI) system of the country — to a
black majority government officially committed to reon-racial society. The overarching
policy of democratic governments since 1994 has beeradicate inequalities of the past, to
reconnect the country to the international comnyuaitd in the process to provide conditions
for sustained growth. Some of the transformatioought about in the science, technology
and innovation system included the introductiothef national system of innovation concept,
comprehensive institutional reviews, changes tcegmance and national STI priorities and a
range of associated policies and strategies. Sevecant ‘before-after’ reviews of the
development of the South African STI system havewshthat changes at the policy level
have been extensive, but that the implementatiadhasfe policies and strategies have in many
cases lagged too far behind (NACI, 2002; MoutorQ&ECD, 2007; Marais and Pienaatr,
2009). The STI system of the country could indeeddbscribed as one in transition — the
political context of this chapter.

This chapter starts by offering thumbnail sketcbéghe nature and performance of the
economy of South Africa, before providing detailefbrmation on the main actors of the

national system of innovation and their activitigsstitutional arrangements and policies are
next described, followed by an overview of the doyia learning systems and technological
capabilities and the chapter concludes with ansassent of the performance of the national
system of innovation.

12.2 Nature of the economy

South Africa has the most advanced economy in Afriche country has abundant natural
resources and well-developed financial, legal, comigations, energy and transport sectors.
As Figure 12.1 illustrates, South African produityivdeclined sharply during the 1980's as a
result of regional military conflict, internal potal unrest, trade and financial sanctions and
disinvestment. This decline was halted with thatjpal transformation in 1994. Economic
recovery was initially slow, but the economy hagrbén an upswing since 1999 with an
average annual economic growth rate of about 5epérdhe economic growth rate dropped
to about 3 percent in 2008 when economic activipsvadversely affected by the world
recession, energy shortages and slowing domestsuoaption.

South Africa is a middle-income country with a gralbmestic product (GDP) per capita of
$10,178 in 2009 EKS$. However, South Africa is adypical middle-income country. It has
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an extreme dual economy consisting of a highly-tgesd financial and industrial economy
that exists alongside a large underdeveloped irdbretonomy. The ‘second economy’

(broadly defined here as the informal sector, uleski agriculture, unemployed and

discouraged work-seekers) in South Africa is lafg2 percent of the labour force). Various
studies have shown that the ‘second economy’ dartgs only between ten to fifteen percent
of GDP. Table 12.1 shows a breakdown of the pojulan these sectors.

The developed formal sector (or ‘first economy’) dsmparable in most respects to the
average country in the European Union and hastagotential for growth and development.
However, the large underdeveloped second economydeunting developmental challenge.
The main threats to the country’s long-term ecormognowth and political stability are large
wealth disparities (GINI coefficient of 0.666), umployment and discouraged work-seekers
(32.4 percent of labour force), poverty (47.1 petad population live below national poverty
line), a high incidence of HIV/AIDS (11 percent mdpulation HIV+) and violent crime (0.5
murders p.a. per 1,000 people).

Table 12.1Employment in South Africa, in thousand$ iarter, 2010)

Employment
First economy 9,062
Formal sector (non-agricultural) 8,974
Skilled agriculture 88
Second economy 9,889
Informal sector (non-agricultural) 2,009
Agriculture (unskilled) 562
Private households 1,169
Unemployed 4,310
Discouraged work-seekers 1,839
Total Labour force 18,951
Not economically active 12,399
Population 15-64 yrs 31,350
Total population 49,300

Source:Statistics SA, 2010a.

Figure 12.1GDP per Capita in South Africa, in 2009 EKS$
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Source:The Conference Board Total Economy Database, Ja2@410.
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The developed formal sector (or first economy)dmparable in most respects to the average
country in the European Union and has a high patefbr growth and development.
However, the large underdeveloped second econonsgsp@ daunting developmental
challenge. The main threats to the country’s la@rgateconomic growth and political stability
are large wealth disparities (GINI coefficient 0f666), unemployment and discouraged
work-seekers (32.4 percent of labour force), pgvét?7.1 percent of population live below
national poverty line), a high incidence of HIV/AEX(11 percent of population HIV+) and
violent crime (0.5 murders per 1,000 people evearyn average).

Although South Africa has a resource-based econatmlgas moved away from primary
resource-based industries such as agriculturangjsifiorestry, mining and quarrying, which
now contribute only 10 percent to GDP. South Africas followed the Scandinavian
resource-intensive industrialisation model rathkant the Latin-American and African
models. Labour intensive industries such as foadl lagverages, textiles and clothing and
footwear have declined, whereas capital intensectoss have grown. The minerals-energy
complex (petro-chemical, metallic minerals procegsplant and machinery) and electricity,
construction, transport equipment, agro-processingying, paper and pulp now contributes
24 percent to GDP. South Africa’s exports alsomdde that of a capital-abundant rather than
labour abundant country. The decline in exportrdated manufacturing is seen as one of the
main reasons for the high rate of unemploymenténeiconomy.

South Africa’s formal economy has also shifted friamour-intensive agriculture, mining and
manufacturing to knowledge-intensive service indest Figure 12.2 illustrates the structure
of GDP in 2010, highlighting that services conttdali 69 percent to GDP. South Africa has
therefore entered the post-industrialisation phaseline with high-income developed
countries. These structural changes in the ecorzanybe partly explained as the unintended
consequences of a highly regulated labour marketranle union power that has inhibited the
growth of labour-intensive industries by inflatitige cost of labour.

Figure 12.2Contribution to GDP by industrial sectors

Agriculture; 2%
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" Manuofactuirng:
W 17%

Electricity, gas and
water; 2%

S

Services: H9% Construction: 4%

Source:Statistics South Africa, 2010b)

Government policy is to “eliminate the second eeoywb The Accelerated and Shared
Growth Initiative for South Africa (ASGISA) launctdein 2006 aims at halving
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unemployment and poverty by 2014. It is widely ated that GDP growth of between 6 and
7 percent per annum is required to reverse the plogyment trend (SA Presidency 2006).

The size distribution of firms is important as & well known that firm size relates to
capabilities such as R&D and innovation. The SoAthca economy is dominated by a
relatively small number of large corporations. Tieye considerable pricing power due to a
lack of competition (i.e. import parity pricing)h& positive value role they play lies in the
creation and accumulation of innovative capacit tlso leaks to other sectors. Small and
medium-size enterprises (SME) are, however, imporfar employment creation. SMEs
produced only 36 percent of GDP (2002) but provid&dpercent of employment, whereas
large firms (utilities excluded) provided less tHapercent of employment. South Africa has
a low level of entrepreneurship. Less than 6 peroéradults own and manage a start-up
business. This is the lowest amongst developingntt@s. Only 1.3 percent of such
businesses survived for more than 3.5 years, cadpara mean of more than 10 percent in
developing countries (NACI 2006:18).

12.3 The economic performance of South Africa

Table 12.1 presents some of South Africa's key @@on indicators for the period 2005 to
2009. Multifactor productivity grew at an averagesaal rate of 3.0 percent from 1996-2005
(Productivity SA 2007). GDP growth in South Africadriven by total factor productivity
(primarily technology growth and efficiency), andash overtaken labour and capital’s
contribution to GDP growth (OECD 2007). This isriatited to openness (spill-over and
upgrading), private sector participation and inresit. Notwithstanding the recent growth of
total factor productivity, it is still only arouralverage for a middle-income country.

Table 12.2Key economic indicators

2005 2006 2007 2008 2009
GDP, PPP (current international $ million) 398,757433,212 467,390 492 55 492,684
GDP per capita, PPP (current international $) 8,504 9,141 9,768 10,109 10,244
GDP growth (annual percent) 4.97 5.32 5.10 3.06 3.2
Inflation, CPI ( percent change) 2.1 3.2 6.1 9.8 2 7.
Unemployment ( percent) 26.7 25.5 23.0 23.1 24.3

Source:South African Reserve Bank, International Monetauyd,
World Bank Development Indicators, Statistics SA.

South Africa is ranked 54th in the world out of 1&8untries on the Global Competitiveness
Index (World Economic Forum 2010). The country bigsdrom its large domestic market
size (ranked 24th) and does well on measures ofgtraity of institutions and factor
allocation, such as financial market developmenth)(9the accountability of private
institutions (2nd), intellectual property protecti(24th) and goods market efficiency (40th).
South Africa is also highly ranked in more comphlmeas such as business sophistication
(38th) and innovation (44th), benefiting from gosdientific research institutions (ranked
29" and strong collaboration between universities #ml business sector in innovation
(ranked 24).
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On the other hand, South Africa has some enduriegknesses. The country ranks"9a
labour market efficiency, with inflexible hiring dnfiring practices (135), a lack of
flexibility in wage determination by companies (B&nd poor labour-employer relations
(132'%. Furthermore, the country’s low university enrelm rate of 15 percent (8pcould
jeopardise its future innovation performance. SoAffica’s infrastructure (ranked &3,
particularly the transport, energy and telecommafioos infrastructure, has suffered from 20
years of under-investment and lack of competitiime business costs of crime and violence
(137", and the sense that the police are unable toigegwotection from crime (184 do
not contribute to an environment that fosters cditipeness. Another major concern remains
the health of the workforce (business impact oetablosis: 13%; HIV/AIDS: 138" (World
Economic Forum 2010).

12.4 The main actors and their activities in the ni@gonal innovation system

The key actorsthat finance and perform R&D in South Africa ahe tbusiness sector, the
public research institutes and the universitieswa$i as international R&D collaborative

activities. Business enterprises are the domineatdr a&as shown in Table 12.3. Figure 12.3
shows that the business sector funded 58 percait B&D activities, making it comparable

in this regard to that of Europe (50 percent) andtiNAmerica (60 percent).

Table 12.3Gross expenditure on R&D (GERD)

R&D expenditure (R billion) by 2006 2007 2008
Government (including Science Councils) 2.95 3.77 .044
Higher education 2.73 3.30 3.62
Business enterprises 8.24 9.24 10.74
Not-for-profit organisations 0.23 0.21 0.22
GERD 14.15 16.52 18.62
GERD/GDP ratio 0.92% 0.95% 0.93%

Source: NACI 2009

Business funded 45 percent of R&D and performedp&&ent. Most business R&D was
performed by large firms (72 percent) of which Z0gent was performed by multinationals.
State corporations like Denel, Eskom (e.g. throitgliPebble Bed Modular Nuclear Reactor
project), Transnet, and the recently privatisedoBasade a large contribution (25 percent
performed) to BERD28 percent of BERD was performed in the servicetosavhich is high
for a middle-income country. Business funding ofiugnsity R&D is relatively high (14
percent of R&D performed by Universities). Foreigesearch funding contributed 10.7
percent to GERD and 18 percent of BERD (NACI 2009).
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Figure 12.3Major flows of funding for R&D in South Africa, @008 (R millions)

g Foreign Other® CGovernment™** EBusiness
Z 1987 181 8510 7946

(132 ] [320] [355 {1120 - | [EaN 50 ] (268 7134

(el [z
) [o2 ]

E PO EdHLif:;Zn Government™** EBusiness
) 223 4040 10739
oy 2622

*Other includes contributions from Higher Education,
Hot-for-profit organdsations and individual donations.
*Government includes Science Couneils,

Source:NACI 2010

South Africa’s expenditure of 0.93 percent of GDPR&D in 2008 is typical of a developing
country. Most developing countries invest less thgmercent of GDP in R&D, whereas the
United States and the European Union spent 2.7epeand 1.8 percent of GDP on R&D
respectively (NACI2009). The contribution of South Africa to globakB expenditure is
extremely small, only 0.4 percent of the world’satolt is clearly in a different league than
Brazil, India and China that contributed 1.6 petc@m® percent and 9.2 percent respectively
(NACI 2009). Because of its very low domestic exgijmre on R&D, South Africa’s
industries are dependent on foreign knowledge aadlinblogy for upgrading and innovation.
South Africa’s minor contribution to the global kmedge pool is also corroborated by other
indicators: 0.55 percent of scientific (ISI) pulalions in 2006 (unchanged since 1995 when it
was 0.51 percent), 0.058 percent of patents in WBIRT2008 (NACI 2009).

South Africa has 18,573 researchers or 385 peromilhhabitants. According to UNESCO
Institute for Statistics estimates (September 2a08je were 1063 researchers per million
inhabitants in the world in 2007. Researcher peltiani inhabitants in Oceania (4262),
Europe (2515) and Americas (2013) were far highan the world average, whereas research
densities were low in Asia (742) and Africa (168)though the figures for China (1017),
Brazil (625), South Africa (385) and India (136¢ drelow average, the normalised figures for
these high-population dual-economy countries havieet treated with caution. Expressed as
researchers per GDP the picture changes drastiedghySouth Africa having 65 researchers
per billion $ (current PPP), comparable to Gre&Xresearchers per billion $) and Norway
(68 researchers per billion $). The primary value South Africa’s domestic R&D,
particularly in the business sector, should theeefoe seen as the ‘second face’ of R&D
(Cohen and Levinthal 1989), namely the enhanceroériirm's ability to assimilate and
exploit existing information rather than the getieraof new information.

Therole and performance of large enterprises, esp. MNEs vis-a-vis SMEs. A key feature of

globalisation is the increasingly important role Miultinational Enterprises (MNES) as
vehicles for Foreign Direct Investment (FDI). Ecaomo theory recognises that MNEs can
benefit economic growth in developing countriesotlyh generating positive externalities
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(so-called spill-over effects). These spill-ovefeefs occur predominantly through the R&D
and innovation of MNEs, their outsourcing to lofians and their training of local labour.
However, the extent to which South Africa benéefitsn spill-over effects of MNEs remains
to be empirically investigated. One empirical stunfy55 German firms in South Africa
(Gilroy, Gries, Naudé, Schmidt and Bauer, 2001 ntbthat direct technology transfers as a
way of knowledge sharing were almost non-existenthie behaviour of these firms. The
researchers found that the reason for this norsfieanvere that these firms were only serving
the domestic market with final products and semiice

Many large South African enterprises have exparitent operations into the rest of Africa
and beyond. Mining houses led the way, followedrianufacturers and financial institutions.
Some examples are Steinhoff International (oneheftop five furniture groups in Europe,
and the largest in Africa), lllovo Sugar (with ex$eve agricultural and manufacturing
operations in six African countries and in the ditStates), Alexander Forbes (a leading
independent international provider of financial arstk services, ranked in the world's top 10
risk and benefit consultants), Nampak (Africa’sgkst packaging manufacturer), Sasol (a
global player in chemicals and fuels, active inro28 countries and on six continents),
Dimension Data (designs, supplies and implementsnaenication networks and information
technology in 36 countries across six contineris)Cell (owner of cellular phone network
operator MTN, one of the largest and quickest gngwin the world), Sappi (The world's
leading producer of coated wood free papers, wihufacturing facilities on three continents
and marketing outlets in over 100 countries), aWdBIgiller (one of the world's largest
brewers with a brewing presence in over 40 countoss four continents). The expansion
of many South African firms into Africa and otheewloping countries could indicate
another dynamic. Relative to the EU and other lggdiconomies, SA is a consumer of
knowledge, but in Africa and elsewhere it couldbdie a ‘producer’. The nature and extent of
this potential spill-over has not been researcimetitherefore requires further investigation.

12.5 Institutional arrangements of the South African innovation system

Role players and structures. The interrelationship between structures and fonetiare
summarised in Figure 12.4. The functions servedheydifferent components of the South
African NSI are the following:

. The legislative and political oversight functioreside in the National Parliament. The
Parliamentary Portfolio Committee for S&T makesomemendations to Parliament on
draft legislation and its findings with regard &ports submitted by the Department of
Science and Technology (DST) and its associateticpentities.

. Policy-making and formulation functions with regatd science, technology and
innovation reside with the following ministries atieeir departments: the Ministry and
Department of Science and Technology (DST), chargéd overseeing the resourcing
and management of public NSI institutions and wdhrect line management
responsibility for S&T. Secondly, the Ministry amkepartment of Higher Education
and Training. Thirdly, there are departments sucirade and Industry, and Minerals
and Energy, which both fund and perform R&D andnpote innovation actively. The
structure provides for horizontal inter-ministeraordination in the form of a cluster
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model while vertical coordination is promoted btitutional acts, the Public Finance
Management Act (PFMA) and the Medium Term Expenditiramework (MTF; the
financial plan of National Treasury for four-yeards).

Bodies mandated to render policy advice to the gowent are the Council on Higher
Education (CHE) that advises the Minister of Highslucation and Training and the
National Advisory Council on Innovation (NACI) i$ disposal of the Minister of S&T.

The public funding function is fulfilled by a numbef statutory agencies and funding
bodies, principally the National Research Foundatibe Medical Research Council
and the Technology Innovation Agency (TIA).

The research performing and innovation functioreslacated in all 23 universities, 12
major public research institutions, several museant government departments with
research capacities, the business sector and tie 9¢Gtor.

It can be concluded firstly that the innovationteys is embedded in formal government
structures, as part of a parliamentary democramgredly that the system provides for all the
functions normally associated with a STI systend #irdly that it is reasonably well populated (see
indicator sections of this report).

Figure 12.4Structure of the NSI
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Visions and plans. At least two reviews of the South African natiosgistem of innovation
have concluded that this country has since 199¥e—end of apartheid and after the first
democratic elections — developed an impressivey afaSTI policies and strategies in its
drive to transform the system and to participatéhim international exchange of knowledge
and innovation (NACI, 2002; OECD, 2007). The riderthis positive conclusion has often
been that the country was lagging in the effectnaplementation and monitoring of those
policies and strategies; in the OECD’s words, “Tittte connection between strategies and
their implementation.” Be that as it may, befored aince 1994 theountry has leaned
towards a structuralist rather than neo-liberalrapph to industrial and innovation policy —
initially as a response to international trade &ndncial sanctions andisinvestment and
more recently as approach to accelerating the psogreducing unemployment, poverty and
associated dysfunctions of the developmental statgeneral and the ‘second economy’ in
particular. It would be reasonable to expect thatre South African innovation policies
would entail more than only addressing frameworkndiions, but would focus on
substantive innovation issues and provide for vaetionist strategies. Against this
background this section offers a brief overviewtloé visions and plans, i.e. innovation
policies, of the country.

The process of reforming the system was startetd Wié publication in 1996 of a new
consolidated policy, th&/hite Paper on Science and Technol@@$T, 1996), its main thrust
having been to broaden the policy scope from an 38ddel to a national system of
innovation. TheNational R&D Strategy(DST, 2002a) subsequently provided further details
on the implementation of the principles of ti¢hite Paperand identified new national
technology missions, such as biotechnology, inféienatechnology, and technology for
advanced manufacturing. Thi¢hite Paper on Educatioof 1997 (DoE, 1997) emphasised the
importance of Mode 2 knowledge production and teednfor university R&D to contribute
to development. All three policy documents acknalgled the importance of inter-
institutional, interdisciplinary and internatiora@llaboration and networking.

The past ten years or so have seen the approwllefst 12 major S&T sectoral/thematic
policies and strategies on e.g. biotechnology, tentmology and intellectual property rights
and the establishment of 20 new institutions angbmarogrammes by various government
departments. A regional innovation systems strategurrently being developed. Four of the
most important recent initiatives in rearranging tholicy and institutional landscape have
been, firstly, the launching of thEen-year innovation plan for South Afri¢RST, 2007)
which is intended to “ensure that public investmiargcientific research not only strengthens
the effectiveness of South Africa’s NSI, but alselgs tangible socio-economic benefits for
the country”. The Plan identified five so-calledagd challenges, viz. strengthening bio-
economy; space S&T; energy security; global chagpe climate change; human and social
dynamics. Secondly, mention should be made ofdaheding of thelechnology Innovation
Agency which has the responsibility for the funding projects concerned with the
development of technological innovation. Thirdlgetgovernment is currently in the process
of establishing an inter-ministerial committee ameace, technology and innovation which
should greatly facilitate horizontal and verticaloedination and, fourthly, the Minister of
S&T in June 2010 appointed a national committeevestigate all aspects of the NSI.

In summary, South Africa has a wide spectrum of gdlicies and strategies in place or at
least on the drawing board, most of which addressesaspects of the brief of WP3. Many of
these policy initiatives tend to focus on the upped of the innovation value chain — i.e.
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knowledge production — notwithstanding the originammitment to innovation as primary
focus. Where the initiatives wefecussed on innovation, they tended to be diretderds
the competitiveness and industrialised end of tmectsum rather than the developmental
pole.

12.6 National learning systems and technological pabilities

The human resource base of South Africa. South Africa had 18 573 researchers (full-time
equivalent) or 1.5 researchers per 1000 employe2D0V. This is similar to the figure for
Brazil (1 researchers per 1000 employed in 2004) @hina (1.9 researchers per 1000
employed in 2007) but is far below the OECD meaii.dfresearchers per 1000 employed (in
2005). South Africa has a shortage of highly sHilleuman resources. There were only
151,961 engineers and 16,682 doctoral graduatiée ioountry in 2004 (NACI 2009).

South Africa has experienced a major scientific kkance brain drain through emigration
since 1994. It is estimated that the country has & much as 2000 highly skilled people
annually (2500 p.a. outflow, 500 p.a. inflow mosfigm Africa). Many of these emigrants
have world-class education and skills (e.g. 79 gr@rof ex-SA medical doctors in Canada
have post-graduate qualifications). The majoritySafuth African emigrants have gone to
English-speaking countries such as Australia, Nealahd, Canada, US and UK. The reasons
for this brain drain are primarily financial, butisa better working conditions and
opportunities for advancement, safety and security.

The future R&D capacity of South Africa is limitdwy low higher education enrolments,
particularly in Science, Engineering and Technold@ET). South African industry is
experiencing an acute shortage of skilled humawouress. The largest gap is in skills
required for research and development, designneeging and technology management. The
workforce is characterised by a low level of testiaducation. Only 4.5 percent of the 25-64
age group had tertiary qualifications in 2001 (OEZIW7:56). This is very low compared to
EU and OECD averages. The number of PhDs in inglisstalso very low.

South Africa has 23 universities, of which the legdfive universities provide world-class
education and research. The Gross Enrolment Ratiigher Education (the ratio of students
enrolling for higher education to the number of gleoin a comparative age cohort) is 15
percent. This is very low in comparison to North émma and Western Europe (70 percent)
but similar to India (12 percent) (OECD 2007). Tinean for the OECD is more than 50
percent. Science, Engineering and Technology emmisnaccount for only 28 percent of all
higher education enrolments (OE@DQ07). According to a strategic national plan fayhler
education in South Africa, the target is to inceeise enrolment at HE institutions from 15
percent to 20 percent of school leavers by 2015 EDH010). Apart from the low
participation rate, the drop-out rate is high. Tago of graduates to student body is only 15
percent p.a. The student to faculty ratio is afgwdasing.

The number of researchers in the higher educatemtos has stagnated and the current
research workforce is aging, with an inadequatelpip of young researchers. The number of
research publications by researchers in this sebfw stagnated and the percentage
contribution to world output is declining. PhD elments have increased, but graduations
have decreased. It is fair to state that SouthcAfis experiencing an education crisis with an

Page 144 of 153



. ’m . . . )
© 4 ): D3.2: Synthesis Report on “National innovation
@ y p

2 systems and global innovation networks”

education system that is currently unable to suppdyskilled human resources required for
innovation and growth, particularly for a countryitwa high population growth rate.
Although South Africa has a world class developeonemy, it is faced by huge challenges
in underdevelopment. The education crisis is on@Mrivers of this underdevelopment, and
world class firms then counter the crisis by buylioiggign technology.

Sources of knowledge and technology acquisition. South Africans have made important
contributions to knowledge and technology in marmelds. However, of the nine South
African Nobel prize laureates only three were i tNatural Sciences (Physiology or
Medicine), whereas the others were in Literaturéa(eates) and Peace (4 laureatéhp
visibility and impact of South African science estricted to a small number of fields: mostly
in health sciences (oncology, obstetrics and gylagyg, infectious diseases and virology),
life sciences (microbiology, genetics and heredigterinary science and food sciences. On
the positive side, South African publications amethe top 1 percent of international cited
publications in several of these fields.

South Africa has 12 major public research instusi including some strong and
international visible institutions in a number dfiestific fields. In the health sciences,
research conducted by the University of Cape TowkT), Wits University and the
University of KwaZulu-Natal (UKZN) is of high intaational standing. Similarly in the field
of Materials Science, Stellenbosch University cormapavery favourably with similar
institutions in the field. Traditional strengths Astronomy and Astrophysics are housed at
UCT and the South African Astronomical ObservatoBgosciences at the Geosciences
Council and Wits University. Rhodes University ahd SA Institute of Aquatic Biodiversity
remain internationally competitive in marine anelstiwater biology.

Total annual production of scientific articles irost fields has stagnated with annual average
increase in production of slightly less than 1 patc However, engineering sciences and
applied technologies have increased. The reseanckfavce is aging with more than half of
the researchrticles in 8 out of the 20 scientific fields, bytlors over the age of 50 (NACI
2009).

International scientific collaboration, as measurmedterms of co-authorship of scientific

articles, has increased in most fields of scieNume than threefold increase in the proportion
of foreign co-authorship has been recorded foramefein agriculture, biological sciences,
chemical sciences, earth sciences and health ssienc

Patenting is an indicator of technical progresgp(maement and innovation). Very few South
African patents are granted by foreign patent efficin 2007 only 82 SA patents were
granted by the US Patent Office and 58 by the EranpgPatent Office. South African patents
as a world share of the United States Patent aadefmark Office (USPTO) was 0.058
percent in 2008 and has declined steadily fromDde&cent in 1995 (NACI 2009).

The national knowledgebase is not in a healthyesttt is not vigorously growing or
expanding, its international visibility and impa@ven compared to similar sizes science
systems) is confined to traditional niche areas Witle evidence of new, emerging fields of
science. The result of this low level of domestowledge production is that South African
firms have to rely on foreign technology for upgredand innovation. In both the industrial
and services sectors, the acquisition of new machjrequipment and software was the bulk
of innovation expenditure and was equivalent to [Zetcent of the turnover of innovative
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enterprises. Intramural and outsourced R&D accalrite 1 percent of the turnover of
innovative enterprises (DST 2005).

South Africa’s profile in terms of highly importasburces of information for innovation is
much the same as the average profile for countriése expanded European Union (EU-27),
with internal sources, clients and customers ragetighly important sources of information.
Professional and industry associations, univessiied public research institutes are rated
quite low (DST 2005).

Table 12.4Key R&D figures and indicators

Indicator 2004 2005 2006 2007 2008

Gross domestic expenditure on R&D (GERD) 10 083

(Rand million) 12 010 14 149 16 520 18 624

GERD as a percentage of GDP 0.81 0.87 0.92 0.95 3 0.9
Total R&D personnel (FTE) 25 185 29 696 28 798 869 31352
Total researchers (FTE) 14 129 17 915 17 303 18 57219 320
Total researchers per 1000 total employment 29 16 15 15 15
(FTE)

Total R&D personnel per 1000 total 39 26 24 o5 24
employment (FTE)

Civil GERD as a percentage of GDP 0.72 0.80 0.86 890. 0.87
Total researchers (headcount) 30 703 37 001 39 26439 591 40 084

Source:NACI 2009

12.7 Knowledge flows and networks in the nationahnovation system

International knowledge networks and collaboratiave become increasingly important for
South Africa’s economic growth and development. Plast decade has seen increases in
public science, technology and innovation collaborg trade, foreign direct investment, and
collaborative partnerships. A summary of highlightsn the public sector are first presented,
followed by a brief discussion of international labbration in innovation in the private
sector.

Public sector initiatives. The Department of Science and Technology is timgpy role-
player in ensuring that South African science besdrpart of the international arena of
science, technology and innovation, although oth@rernment departments with an STI
function, e.g. Agriculture, Health, as well as Teaahd Industry have also been very active
and successful in promoting international R&D dodleation. Public research institutions and
most universities have in recent years very sutags®stablished productive international
collaborative ventures, ranging from joint researplojects through exchange staff
programmes to joint technology development iniie$i The business sector has probably set
the trend with its STI related activities abroage(sbove).

Relevant international public initiatives in recgears include:

. Membership or observer in multilateral organisatiofe.g. the African Union,
Commonwealth, OECD, and UNESCO); and participation European Union
initiatives (researchers participated in more th&80 projects under the Fourth, Fifth
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and Sixth Framework Programmes (participation anFifth Framework Programme is
estimated at close to €40 million); participationtihe Seventh Framework Programme
is expected to be significant.

. The inauguration of the Southern African Large $etge in 2005, which is the result
of collaboration among a number of countries; tdasntry is, with Australia, shortlisted
for the Square Kilometre Array telescope.

. South Africa is playing major policy, administragiand research participatory roles on
the African continent; for example nearly PPP U&$llion was budgeted in 2006 for
the so-called NEPAD component of international &Tations.

. The country currently manages 32 bilateral S&T egrents, yielding a total of
approximately 400 projects of varying sizes.

. About 10 percent of South Africa’s R&D is fundedrn non-South African sources.

. At institutional level international collaboratias a strategic priority; the largest public
research institution, the Council for Scientificdamdustrial Research (CSIR), is a
prime example, cooperating with some 23 Africanntoas, and earning approximately
15 percent of its contract income from internati@@rces.

. Twenty six percent of all first enrolments for dorel degrees in 2005 were foreign
students and 25 percent of all Ph Ds were awa@adr-South Africans.

In summary, the country is becoming visible on itternational radar screen and in some
cases a sought-after partner in the exchange oflkdge and innovation.

Business sector. International trade and foreign direct investméidlj results in knowledge
flows, both direct and indirect (embedded in goo&)uth Africa’s imports and exports as
percentage of GDP are increasing, but the couneyjsort performance is falling behind
other newly industrialised countries. Exports apenthated by resource based items such as
agricultural products and mineral-based items saglgold, coal, iron and steel. However,
imports of food, leather and metal products noweexicexports.

Inward FDI is considered important for the accurtiataof innovation capacity by the local

industry, mainly through spill-overs. South Afrieaperienced a period of disinvestment in
the period 1985-1993 due to sanctions and feasstdbility. FDI inflow has increased since
1994, but has fluctuated wildly in the past decdem. example, it fell sharply from $6.5

billion in 2005 to a net outflow of $184 million 2006 due to large sales of foreign equity
shares to local firms. It rebounded to $5.7 billior2007 and grew to $9.6 billion in 2008.

South Africa’s annual FDI inflow of between 1 perteand 5 percent of gross capital
formation is amongst the lowest in the world (EAsta 10.1 percent, developing countries
9.1 percent, developed countries 6.1 percent) (UA,T2005). Those that were established
seem to have added mainly to the production capabiit not much to the innovation

capacity of the local industry.

European Union firms are the largest investors aqut® Africa. In many instances the
investors acquired local firms to obtain local progon, R&D and innovation capabilities
rather than transfer such capabilities to the landustry. Examples are the purchase of
specialty alloys manufacturer Avalloy by engine ofacturer Rolls-Royce and the German
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optics firm Carl Zeiss’s purchase of 70 percenDehel Optronics. On the positive side, such
acquisitions also result in upgrading, technolagysfer and spill-overs to the local industry.

South Africa’s outward FDI has increased substintsgnce liberalisation of its economy.
Nine South African corporates, including Sasol, Goldldse Naspers, Steinhoff, Sappi,
MTN, Barloworld, Datatec and Bidvest, made it inttiNCTAD's Top 100 list of non-
financial corporations from developing countries rasked by their 2007 foreign assets.
Sasol, with foreign assets worth $8.7 billion, caimeat number 22. Three South African-
linked groups, BHP Billiton, Anglo American and SKBler, were also represented on the
global Top 100 list.

South Africa’s dependence on imported know-how imeseased sharply during the past
decade as measured by the technology balance ofigmy. The technology balance of
payments registers the commercial transactionsecela international technology and know-
how transfers. It consists afioney paid or received for the use of patentsnées, know-
how, trademarks, patterns, designs,

Table 12.5Foreign direct investment flows

2004 2005 2006 2007 2008

Foreign direct investment, net (BoP, current USHani) -604 5612 -6112 2754 11936
Foreign direct investment ( percent of GDP) -0.28 .312 -2.37 0.97 4.31
Foreign direct investment, net inflows (current UBiflion) 701 6522 -183 5745 9644

SourcesWorld Bank Database & OECD Stats

Figure 12.5South African Technology Balance of Payments
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Source:OECD MSTI database, 2009.

technical services and for industrial research dedelopment carried out abroad (NACI
2009:32). Figure 12.5 shows that annual technoteggipts remained stagnant at between the
US $200 to $300 million level from 1995 to 2000 Itiken increased more than five-fold
from $245 million in 2000 to $1,279 million in 2006
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South Africa exports a small volume of high teclogyl products (5.8 percent of
manufactured product exports in 2008) but importdame volume (21.9 percent of
manufactured product imports in 2008). All high heclogy manufacturing industries in
South Africa have trade deficits, and these areving (NACI 2009:34). Table 12.6 shows
that South Africa has a high percentage of Grossedtic expenditure on R&D (GERD) and
Business enterprise expenditure on R&D (BERD) fosah from abroad. The percentage
rapidly increased from 2001 to 2004, then decliftiech 2005 to 2006. From 2004 to 2006 it
was noticeably higher than the EU average and highan several other comparable
economies.

South Africa has an open economy since 1994 wiéhrdsult that the local industry has
become highly integrated in the world economy. BoAfrican firms have a preference for
foreign rather than local innovation partners, cating its need to acquired technology
abroad. There has also been outsourcing and rielncat R&D overseas by South African
companies after liberalisation. An example is Sasoksearch centre at St. Andrews
University in Scotland.

Table 12.6 Expenditure on R&D financed by abroad

2001 2002 2003 2004 2005 2006
Percentage GERD financed abroad
South Africa 6.1 " 10.9 15.3 13.6 10.6
EU-25 7.8 8.7 8.5 8.3 8.9 8.6
Russian Federation 8.6 8.0 9.0 7.6 7.6 9.4
Slovenia 7.2 3.7 9.9 111 7.3 5.8
Romania 8.2 7.1 55 5.5 5.3 4.1
Singapore 6.6 7.2 6.2 5.8 4.4 4.4
Israel 3.0 3.2 3.4 3.2 3.1 3.0
China . . 2.0 1.3 0.9 1.6
Argentina 1.2 1.2 1.4 1.1 0.8 0.8
Percentage BERD financed abroad
South Africa 3.2 . 9.6 17.9 14.5 10.6
EU-25 9.5 10.9 10.6 9.9 10.8 10.0
Russian Federation 9.2 8.4 10.0 8.9 9.1 12.2
Slovenia 7.4 1.8 11.4 13.2 7.2 4.0
Singapore 9.9 114 9.9 8.5 5.8 6.2
Romania 4.0 5.0 4.4 6.0 55 3.8
China . . 2.6 15 1.0 2.0
Argentina 3.3 3.2 2.3 1.6 1.0 1.0

Source OECD MSTI database, 2009.

The collaborative partnerships for innovation atigg of South African enterprises were
mainly with local partners. Many innovating entésps, however, also had foreign
innovation partners. About 13 percent of entergrised partnerships with foreign enterprises
within their enterprise group, of which 6.1 percewvdre in Europe and 4.2 percent in the
USA. 15.7 percent of firms collaborated with foreiguppliers of equipment, materials,
components or software, 8.6 percent with partneisurope and 3.3 percent in the USA. 9.2
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percent collaborated with foreign clients or custosn4.2 percent with partners in Africa and
2 percent in Europe. 8.5 percent collaborated fathign competitors or other enterprises in
their sector, 2.5 percent with partners in Eurdhg, percent with the USA and 2.9 percent
with Asia (DST 2005).

South Africa is also becoming more embedded inglbbal innovation system, e.g. foreign
R&D in SA is increasing as part of the global psxeof vertical disintegration with

international outsourcing to lower-cost supplidisis opportunity is, however, only available
to countries with low-cost and skilled labour. So#éffrica’s shortage of skilled labour could
therefore become a major obstacle to its futurdigyaation in international innovation

collaboration networks.

National and local innovation collaboration networks. South African enterprises have a high
intensity of cooperative linkages, with about 4Qcpat of innovating enterprises having
collaborative partnerships. By comparison, an ay@26 percent of innovative enterprises in
the EU have collaborative partnerships (DST 2008)out 23 percent of enterprises
collaborated with otheenterprises or institutions to develop product wratmns, while a
further 6.4 percent relied on other enterprisemstitutions to develop their innovations. It
was found that clients (or customers), supplied @ampetitors (or other enterprises in the
same sector) were the most important collaboratimevation partners. Innovative services
sector enterprises had slightly marellaborative partnerships with these three types o
partners than in innovative industrial enterprigésllaboration rates with customers (37.5
percent) and suppliers (35.0 percent) were muchehnigh South Africa than in the EU (14
percent with customers and 17 percent with suppIl@ST 2005).

South African enterprises’ rating of the importamésources of information for innovation is
similar to those of countries in the expanded EeampUnion (EU-27). Internal sources,
clients and customers are rated as highly imporgantces of information, but conferences,
trade fairs and exhibitions are not highly ratedSmuth African enterprises. Professional and
industry associations, universities and public aede institutes are also not highly rated,
although South African enterprises rate them diyghigher than the EU-27 average.

In small enterprises, just over 85 percent of iraiwe enterprises reported that product
innovations were developed mainly by their own grise (DST 2005). A total of 30.7

percent of medium-sized enterprises reported ocoilimg with other enterprises or

institutions in developing product innovations, {ehonly 5.1 percent of small innovative
enterprises had any such collaboration. About ¥tegpe of large enterprises relied on other
enterprises or institutions to develop their inrtewes, but this was rare (0.5 percent) in small
enterprises.

The South African case provides clear evidencédefiiterlinking between the National and
Global Systems of Innovation. The innovation neksgofunction mainly to supplement the
inadequate local supply of new knowledge. Thistasgy will only be limited by the
absorptive capacity of its industries.

12.8 The performance of the innovation system

In conclusion, it would be fair to say that Soutfrida has a mature and developed National
System of Innovation within the African context. UBo Africa has a long history and
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successful track record of innovations going bazkthte late 19 or early 28' century.
However, South Africa has slipped back relativ&tmuth Korea, India and Brazil.

More than half of South African enterprises wergaged in innovation activities between
2002 and 2004 (DST 2005). This is surprising as figher than the European Union (EU)
average of 40 percent. Even more surprising is 8matth Africa had a higher percentage
(80.4 percent) of innovators that introduced newngroved products to the market (vs. new
to the firm) than any European country. South Afradso performs relatively well in terms of
the percentage share of turnover generated by alee o new or significantly improved
products (new to the market and not just new tcetiiterprise) compared with other countries.
South Africa’s 10.1 percent is higher than the petages for Italy (9.7 percent), Greece (9.6
percent), France (9.0 percent) and the EU-27 (8:6emt).

On almost all innovative performance indicators tBoAfrica scores are comparable to those
of the expanded European Union (EU-27). Expenditureinnovation activities by South
African firms were 2.4 percent of turnover in bdtle manufacturing and services sectors
(DST 2005), which is very similar to the EU averager the manufacturing sector it is higher
than that of Spain (1.4 percent), The Netherladd® percent) and Portugal (0.9 percent) but
lower than that of Denmark (3.4 percent), Germany percent) and Poland (3.4 percent)
(Gotzfried 2005). What is remarkable, howeverhes high expenditure on innovation by the
South African services sector. It is higher thaattbf any European country except the
Russian Federation.

Although the expenditure on innovation activitigg®outh African firms are relatively high,

there is still a large dependence on foreign kndgdeand technology for upgrading and
innovation as measured by the technology balangewients, attributable to the country's
low domestic expenditure on R&D. South African eptses have much in common with
enterprises in the European Union. For examplerdhalts for South Africa and the EU-27
profile on questions such as the factors hampenmgpvation and the most important
outcomes of innovation for enterprises are veryilamnThe influence of foreign partners is
also comparable to the experience of other comBiguth African enterprises are very active
in both R&D and innovation, and this bodes welltlogir future competitiveness (DST 2005).

In conclusion, it can be stated that South Afrisausing Global Innovation Networks
extensively, but makes limited contributions toSbuth Africa has limited potential to be a
contributor, with the possible exception as a pteviof Africa-specific solutions.
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