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Executive summary

The objective of Work Package 6 is to better understand the role of human capital in the emergence
and evolution of Global Innovation Networks (GINs). We define GINs as global networks in which
some knowledge-intensive activities are based in developing countries. This Work Package
therefore examines the relationship between strategies of both Northern and Southern firms, mostly
multinational enterprises (MNESs), and human capital in host countries, and the implications of this
relationship both for the management of technological change and for the emergence and evolution
of GINs. Since this requires a focus on the competencies and capabilities that firms seek when
formulating their strategies for the global allocation of knowledge-intensive activities, we work
within the ‘capabilities approach’, which draws on Lall (2001), but extend this to include an
analysis of R&D activity.

While the evidence for the existence of GINs is growing, their evolution is less clear. We do not
know much about the micro-determinants shaping the formation of GINs. The high ranking in the
INGINEUS survey of specialised competencies as an incentive for offshoring knowledge-intensive
activity, and the confirmation that a significant share of firms undertakes such offshoring,
underscores the importance of understanding the role of human capital in GIN formation. Against a
background of data describing host country absorptive capacities (with a focus on education and
skills data and foreign direct investment data), and reviews of current dynamics in the three chosen
sectors, we interrogate a set of case studies from European firms that have investments in the
participating emerging countries (Brazil, China, India, and South Africa). We also look at Southern
firms that invested in Europe to access more advanced knowledge

The methodological framework of this work package consisted of empirical inputs from the
INGINEUS survey, desk research, and in-depth firm-level case studies. Desk research included
background reports on foreign direct investment and education and training systems from each of
the developing country partners (see D6.2). The primary source of data is the case studies. Of these,
five were ‘matched’ cases of large globalised firms, in which interviews were conducted in both the
home country of the firm in Europe and at subsidiaries in host countries. Interviews were semi-
structured and focused on upgrading and location strategies, human capital, and the management of
technological change. These instances of technological change were analysed within Lall’'s
conceptual framework. The rich case studies provide concrete illustrations of the array of factors
that shape the emergence and evolution of GINs, both from North to South and from South to
North.

The sectoral context of each firm influences the drivers and characteristics of innovation. Different
sectors operate at different levels of technological intensity, have different levels of dependence on
tacit and codified knowledge, and have differing demand for incremental development, adaptive
development, new product development, and basic research. The key difference to emerge from
analysis of the case studies is the role of tacit knowledge, which is more significant in the
automotive sector, and less significant in the ICT sector.

The profiles of Foreign Direct Investment in the developing countries contrast dynamics in China
and India, on one hand, and Brazil and South Africa, on the other. China and India offer huge
internal markets with the prospect of continued rapid growth. This is highly attractive for European
firms facing stagnant domestic markets. Brazil and South Africa have smaller populations, smaller
markets, and lower growth rates. However, they both act as economic gateways to their respective
regions, which incentivises firms to invest and also to undertake adaptive innovation for the regions.
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There is a further difference of scale between Brazil and South Africa, where Brazil's population
and market are substantially larger, and growth has recently been more rapid.

Education and training systems in Europe provide a plentiful supply of the high-level skills needed
for innovation activity. All the firms interviewed in Europe reported that they could find the skills
they needed in their home market, with the exception of certain domain competencies, for which
they scan globally. The key factors influencing the fragmentation of GINs in all cases thus were
reported to be pull factors from developing countries, rather than push factors from the home
country.

In addition to being attractive investment destinations, emerging economies are also increasingly
the sites of large pools of talent. The massification of higher education in India, Brazil China and
South Africa since the 1990s has increased the global pool of talent, and greatly increased the
proportion of competencies that reside in developing countries. Again, this process leads to
somewhat differing responses for China and India, on one hand, and Brazil and South Africa, on the
other. China and India are very large countries, where even a small proportion of the population
passing through the education and training system amounts to a significant cohort of skills. The
smaller size of the Brazilian and South African populations means that their markets are smaller and
their pools of human capital are smaller in terms of both scale and scope. Massification has strained
education and training systems in all four Southern countries, which achieve lower levels of quality
in relation to their European counterparts. The high levels of inequality in the developing countries
also affect their educational outputs. In an environment of great inequality, it is possible for pockets
of excellence to exist within a generally weak system. It thus appears that in the search for skills,
firms are seeking pockets of excellence that emerge from the challenging environment of rapidly
expanding education systems in developing countries.

Within this context, our cases reflect two generalized patterns or macro-determinants of GIN
formation. Emerging countries with large populations and growing markets (such as India and
China) are more likely to have the market pull and human capital base to attract large corporate
R&D centres. Medium-sized emerging countries (such as Brazil and South Africa) have smaller
markets and more restricted human capital. They attract fewer and smaller R&D centres, and
innovation demand is more focused on adaptation and product development for local markets. In all
cases, dynamic upgrading is facilitated, with deepened integration into internalised and externalized
knowledge networks, as well as other forms of knowledge transfer such as staff circulation and
capital equipment flows.

At the same time, the cases reveal complexity at the level of micro-determinants. Firms balance a
number of dynamic and interacting factors when developing their strategies articulating human
capital availability and GIN fragmentation. In the synthesis report analysis, we examine selected
cases from the much wider research output of Work Package 6, with a focus on cases that illustrate
key micro-determinants of the relationship between human capital and GIN formation. Each case
study represents a unique combination of these determinants; at the same time, patterns emerge.
Tablel summarises how these determinants have been relevant to the selected cases of North-South
GIN formation, whileTable 2 illustrates South-North cases.
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and adaptation

Firm Countries Key micro-determinants (pull factors)

ICT3 Sweden/Estonia Availability of specialized hamm capital, Geographical
proximity, Low cultural barriers

Autol Germany/South Regional gateway, Long logistical pipeline, Demdiod

Africa local product development and adaptation, (manageme
constraints on innovation activity at the subsighar

Auto9 Germany/South Regional gateway, Demand for local product adagmta

Africa Regional commonalities with Brazil

Auto4 Italy/Brazil Regional gateway, Demand fordbgroduct development
and adaptation

Auto3 Italy/Brazil Regional gateway, Demand fordbproduct development
and adaptation, Policy incentives

Autol Germany/India Large domestic market and gnowdotential, Large
available human capital pool at lower cost, (teotwledge
barriers, cultural barriers)

Auto2 Germany/India Large domestic market and dnowdotential, Large
available human capital pool at lower cost, (teotwledge
barriers, cultural barriers)

Auto9 Germany/India Large domestic market and gnowdotential, Large
available human capital pool at lower cost, (teotwledge
barriers, cultural barriers)

Agrol Denmark/South Regional gateway, Local demand for adaptation, étetdi

Africa commonalities (with Brazil), Tacit knowledge acqtiis,
Specialised knowledge acquisition, Local netwprk
acquisition

ICT1 Sweden/China/lndia Large domestic market andwth potential, Large
available human capital pool at lower cost, innmra
management structures

ICT2 Sweden/China/lndia Large domestic market andwth potential, Large
available human capital pool at lower cost

ICT2 Sweden/South Africa| Regional gateway, Demanrdidcal product development

Table 2: Determinants of South-North GIN formation

Firm Countries Key micro-determinants (push factors)
Autol0 South Africa/UK/USA| Local skills shortaggsoximity to customers
Autoll South Proximity to customers

Africa/Australia/New
Zealand
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We began Work Package 6 by postulating that the waduld be one of (Northern) MNCs that
embody certain capabilities, while at the sameetlooking for new ones, and of education and
training systems (in the South) that are an esdemiement of the very absorptive capacities that
INGINEUS conceptualizes as a local or nationaldng block of GINs. The case study analysis
confirms this generalised conceptualization, bgbis further, to identify the complex set of micro
determinants of the relationship between competeand capabilities, and GIN formation.

The key micro-determinants that emerge from théyaisaare:

— Market: size, growth potential, local demand for adaptatiocal demand for new product
development

— Human capital availability scale, scope, technology-specific competencidscapabilities,
strength of the National System of Innovation, sdeed knowledge assets, tacit
knowledge assets, network assets

— Sector role of tacit knowledge versus codified knowledgector-specific skills demands,
value chain structures, sectoral innovation drivers

— Geographygeographical proximity, regional gateways, lagstregional commonalities

— Culture and tacit knowledgecultural/linguistic commonality, ease of tacit dmedge
transfer

— Infrastructure logistics, ICT
— Policy. IPR regimes, policy incentives

- Management innovation management structures, strength oérmatlized knowledge
networks, strength of value chain knowledge network
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1. Introduction

The objective of Work Package 6 is to better urtdasthe role of human capital in the emergence
and evolution of Global Innovation Networks (GINgJe define GINs as global networks in which
some knowledge-intensive activities are based imeldping countries. This Work Package
therefore examines the relationship between sieterf both Northern and Southern firms, mostly
multinational enterprises (MNESs), and human caitdiost countries, and the implications of this
relationship both for the management of technolmgibange and for the emergence and evolution
of GINs. Since this requires a focus on the comm¢s and capabilities that firms seek when
formulating their strategies for the global allocatof knowledge-intensive activities, we work
within the ‘capabilities approach’, which draws tall (2001), but extend this to include an
analysis of R&D activity.

GINs are a result of the emerging geography of Redge-intensive activities in the global
economy. On the one hand, the increasing complegityknowledge required for global
competitiveness, shorter innovation and productesyand the associated cost pressures have led
MNEs to offshore and outsource R&D (Archibugi amgnmarino, 2002; Wooldridge, 2010). On
the other hand, the spread of technological caitiabilin a number of advanced developing
economies, including lower middle-income countrsch as China and India, have opened
opportunities for design, applied development, eaneh basic research (UNCTAD, 2005). What is
new is not the offshoring or outsourcing of R&D ger(OECD, 2007), but the gradual involvement
of firms and other actors such as universities rasdarch labs from a few developing countries in
what until a decade or so ago played itself ouluskteely among the advanced Triad economies
plus a few latecomers from East Asia, notably Kaed Taiwan.

The evidence concerning GINs is not comprehendigedate it was primarily based on indications
of CEOs or R&D managers of important Northern MN#® patrticipated in surveys (Dilk, Gleich,
and Wald, 2008; UNCTAD, 2005) or on descriptionsnafividual examples of such GINs, often in
the business press (Wooldridge 2010). Cognate ndsdacuses on the global outsourcing of
specific knowledge intensive activities, for examphgineering (Manning et al, 2011), but does not
focus explicitly on GINs. The most comprehensive agcent source of data is from the European
Commission’s INGINEUS project, which in 2010 incagda survey of 1,215 companies in Six
European countries and in Brazil, China, India @uwlth Africa in three sectors (agro-food,
automotive, and ICT). The survey found that 25 qmart of these firms offshored either production
or R&D, and that, next to market access, the nmagbrtant location-specific advantages were the
availability of specialized competencies at lowestcthan in the home region, as well as access to
knowledge infrastructure and services in the hegion. Between five and six per cent reported that
subsidiaries in developing countries were respéasifor strategic management, product
development, and technology and process development

While the evidence for the existence of GINs iswgng, their evolution is less clear. We do not
know much about the micro-determinants shapingdhmation of GINs. Dutrénit (2004) pointed
out that the literature on technological upgradimgleveloping countries had only ever asked how
firms graduated from simpler to more sophisticateghabilities, without looking at subsquent
trajectories that would bring them closer to thebgl technological frontier (see also Lorentzen,
2009). To some extent, this simply reflected an ieog reality, namely that the majority of
developing country firms did not “innovate” in teense of pushing the frontier.
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However, there are important Southern firms thatndo fit the idea of “innovation” only as
“adaptation” (Hobday, Rush, and Bessant, 2004; Kif§7). Samsung’s overtaking of Sony is but
one example (Chang 2008). The small size of thempmenon does not justify the neglect of the
conceptual and theoretical treatment afforded te #volving technological trajectories of
developing country firms toward new-to-the-worldiaties. New-to-the-world innovation in the
South is unlikely to remain a small phenomenonit $® incumbent upon researchers to recognize
the limitations of the existing literature and thimore systematically about how developing
country firms master the process of moving from a&rety operational understanding of
technologies (as part of a GPN) to an understandirtge principles behind the technologies that
are required for innovation activities (as paradsIN).

The high ranking in the INGINEUS survey of spesali competencies as a incentive for
offshoring knowledge-intensive activity, and thenfiomation that a significant share of firms
undertake such offshoring, underscores the impeoetari understanding the role of human capital
in GIN formation. Against a background of data digscg host country absorptive capacities (with
a focus on education and skills data and foreigactlinvestment data), and reviews of current
dynamics in the three chosen sectors, we intereogi@et of case studies from European firms that
have investments in the participating emerging toes (Brazil, China, India, and South Africa).
We also look at some Southern firms that investedturope to access knowledge from more
advanced suppliers. These case studies aim tdratasthe macro and micro determinants that
conditioned the embedding of Southern firms inton{stimes incipient) GINs, with a focus on
human capital factors.

2. Theoretical framework

GINs are global networks of innovation activitywhich some knowledge-intensive activities are
based in developing countries. Research has idmhafset of “centripetal forces” which induce the
firms to centralize the R&D activities in the headders, and opposing “centrifugal forces” that
work towards the dispersion of R&D activities agalfferent locations beyond the home country
(Rugman, 1981; Vernon, 1974). Centripetal forcesluisle the need to protect firm-specific

technology from unwanted leakage, the significapicecale economies in R&D, and the high cost
of co-ordination and control as a centripetal for€@entrifugal forces include the need for

adaptation to local market conditions (particuldarlycountries with a large domestic market and
access to scientific and technological skills anftastructures that are available in the host
countries at more advantageous terms than in theehoarket. Work Package 6 focuses on this
final centrifugal force, and seeks to position ihang the other forces which shape the
fragmentation of GINs.

The limited existing research on GINs (UNCTAD 19&8nst 2011) suggests that they are forming
at an increasing rate, which means that certaitoifa@re changing the balance of centripetal and
centrifugal forces in favour of centrifugal forcéslbuquerque et al 2011), thereby compelling
firms to locate their R&D activities outside théiome countries. Once of the main reasons is the
availability at a lower cost of human capital in enging economies such as China and India
(Stembridge, 2007). One way to conceptualise the od human capital in this regard is to
differentiate ‘push’ and ‘pull’ factors, where puittors are related to human capital availabifity
the home country, where some deficiency ‘pushegwtedge intensive activity outwards, and
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where ‘pull’ factors are related to human capitaibility in the host country, where some asset
attracts knowledge intensive activity inwards (Besearch Paper 1).

The INGINEUS conceptual framing of Global Innovatidetworks allows for a matrix of potential
GIN formation (see Research Paper 1). Variabilitythie level of globalisation, proximity to the
innovation frontier, and network strength, provigematrix of possible GIN structures. A ‘strong
form’ GIN is part of a highly globalised networkathincludes developing countries, conducts new
to the world innovation, and participates in aneesive a network that includes actors beyond its
value chain. Conversely, a ‘weak form’ GIN partaips in a weakly internationalised network, for
example, one restricted to Europe, conducts incnésther adaptive innovation, and participates in
a weak network restricted to an internalised stmacbr within a single value chain. The range of
combinations in between these two extremes rendander of distinct GIN formations.

Work Package 6 seeks to determine how capabilai@®ss the world influence these GIN
formations. Thus the unit of analysis for this W&#&ckage is people, and the skills, competencies
and capabilities that they embody. We make distnstbetween these terms based on the work of
Von Tunzelmann (2009). Here we refer to competenaie specific sets of skills and knowledge
which are usually generated outside the firm, f@naeple through education instutions, but can also
be generated inside a firm, for example througeridl training programmes. When a Northern
firm is investigating the possibility of investing a developing country, the availability of the
required competencies is a key factor. On the ob@ard, capabilities refers to the functional
capacity of (people inside) a firm to complete $fedasks required for its role as a supplier,
producer, or consumer. Capabilities are usuallyt lug from inside a firm, for example through
experience, the gaining of tacit knowledge, andapizptional innovation. If a Northern firm is
seeking to purchase a Southern firm, it is the lo#ipas embodied in that firm that offer value.
MNEs thus embody certain capabilities while at faene time looking for new ones in a few
advanced developing countries. At the same timey, thust be able to transfer their technologies to
subsidiaries or joint ventures (JVs) in these dgpiely countries. Absorptive capacity is thus a key
consideration - Cohen and Levinthal (1989, 1990@ndeabsorptive capacity as the extent to which
external knowledge can be internalised. In the ISoetucation and training systems are an
essential element of high absorptive capacitieskwhi turn are a prerequisite for GINs. We use the
term human capital as an umbrella term that ref@erand includes the notions of competencies,
capabilities, absorptive capacities, the strenfjgdacation and training institutions, and cre#ivi

The relationship between foreign direct investm@&ml) and local human capital is two-way. On
the one hand, educational achievements attractréhdieect investment (Noorbaksh et al 2001, Te
Velde 2005, see also Dunning 1993). On the othed hisINEs exert influence over education and
training systems post-entry, both directly (Boreesret al 1988, Lall and Narula 2004, Lorentzen
2007, Spar 1996, Tan and Batra 1995) and becawseiticrease competition (Chuang 2000,
Grossman and Helpman 1991, Moran 1998), while acathg skill-biased technological change
(Te Velde and Xenogiani 2007).

Lall analysed dynamic upgrading (2001, esp. Chag@ei7) by linking the capability approach with
an analysis of human capital. In this report, wéeed the range of this analysis to include
capabilities for innovation and R&D. In our cases lghlight processes of dynamic upgrading, for
example in-house training, knowledge networks, teamquipment flows, and staff exchange.
Lall's framework identifies several determinants faim-level capability-building, and hence
learning. First, since technologies make differ@@mnands on learning requirements, the learning
process is technology specific. What works in actebnics plant where an essentially codified
new technology may be embodied in a new piece pitalaequipment, is not necessarily relevant
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for an automotive supplier facility where an emeggiechnology may be a lot more tacit (Jung and
Lee 2010). This also means that when tacit knowdedy important, the role of geographic
proximity rises. The breadth of skills and knowledgequired to master new technologies also
differs, as does the time to take them on.

Second, different technologies depend to diffediegrees on external sources of information. In
the extreme case one might think of an almost mifained cluster as opposed to a global
technology network to which different firms and easch institutes or migrating knowledge

workers contribute. Third, relevant human capiaide the firm includes everybody from the shop
floor to senior management. The design of a newlygbmay primarily be in the hands of a few

R&D engineers. Yet whether their research leads twommercially successful innovation also
depends on the efficiency and quality with whichrkess turn prototypes into products. Thus our
analysis of skills availability in host countriesciudes specific foci on the level of the worker,

supervisor, technical, engineering, managementsaiettist, as appropriate to each sector.

Fourth, technological trajectories cannot be swfoédy relying exclusively on the mastery of
operational know-how. It is also necessary to ustded know-why, which implies deeper
capabilities that include an understanding of thiaegples of the technology. This is especially
important in the context of GINs as opposed to GPfds the latter the exclusive pursuit of
operational know-how may be a feasible strategykbaw-why is critical to GIN formation. Fifth,
technological learning takes place in an envirorinedraracterized by externalities and linkages
which in turn depend on institutional charactecstiEducation and training institutions are among
those that matter prominently

In looking at the specific linkages between MNEg dacal human capital, it is pertinent to
distinguish between internalized as opposed torealieed transfers of technology. When a MNC
chooses to keep (proprietary) technology to itgék, transfer of know-why (but not typically of
know-how) may suffer, unless local R&D capabilitiese already high (which in developing
countries they often are not). Either way, locahB must develop the skills and the knowledge to
master the tacit elements of whatever it is thaeisg transferred.

Much as early and later stages of catch-up reglifferent kinds of skills and competencies, there
are presumably differences in terms of the leveb@phistication at which latecomer countries,
regions, firms or other actors get involved in GINkese differences may play out within the same
country — for example, whereas a university maynbelved in basic research that feeds into the
design part of a GIN, a firm may contribute prodeetactivities that are mere assembly. So
although the terminology of national technologicapabilities is a useful way of thinking about the
technological trajectories of countries, it of cegiidoes not mean that entire countries get slotted
into GINs at specific levels of (high or low) teclogical sophistication, but rather at a range of
activities (see also Hobday et al 2005). Undoultédwever, the emergence of GINs implies that
education and training systems can on average mgefoprovide a merely literate and numerate
workforce, as they may have done at the very béggnof technological capability building.

The above framework has been used for the casestutiuded in the papers and case studies in
the addendums. In the next section we show howftaAmework has allowed us to analyse case
studies and identify micro-determinants of GINs.
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3. Methodology

The methodological framework of this work packagmsisted of empirical inputs from the
INGINEUS survey, desk research, and in-depth fiewel case studies, and analysis of these inputs
through six research papers and three integrate@ study reports. Two questions in the
INGINEUS survey were directly relevant to Work Pagk 6, namely questions 12.4, which
measured the role of local competences and capabiln the internationalisation of innovation,
and 13.4., which measured the role of skills asutaré determinant of innovation activities.
Together with questions that provided relevant ewtual indicators, these items provided the main
survey-based findings for the work package. Thezeevalso several components of desk research.
Firstly, background reports on foreign direct inwesnt, as well as education and training systems,
were produced by each of the developing countrinpes. The developing country papers included
critical information about absorptive capacity ammmpetence availability at the national level. At
the sectoral level, literature reviews were conedahto the sectoral drivers of innovation within
the automotive, ICT and agro-food sectors. At tine flevel, background information on all the
case study firms was gathered in order to prepareirfterviews and to contextualize and
supplement interview findings. This was based lgrgen trade magazines and other specialist
literature

The primary source of data is the case studiesTabke 3). Of these, five were ‘matched’ cases of
large globalised firms, in which interviews werendacted in both the home country of the firm in
Europe and at subsidiaries in host countries. Tammed cases included firms from the automotive
sector, the agro-food sector, the ICT hardwareoseahd the ICT software sector.

Table 3: Case study sample

Firm Sector Interview locations Relevant Outputs

Matched case studies:

ICT1 ICT software Sweden, India, China ICT1 Cased$t

ICT2 ICT hardware Sweden, South Africa ResearcltePap
Research Paper 6

Agrol Agro-processing Denmark, South Africa Resedtaper 1, Agrol
Case Study

Autol Automotive Germany, South Africa Researchd?@)
Research Paper 3, Autol
Case Study

Auto2 Automotive Germany, South Africa Researchdray

Research Paper 3

Unmatched case studies:

Auto3 Automotive Brazil Research Paper 4
Auto4 Automotive Brazil Research Paper 4
Auto5 Automotive Brazil Research Paper 4
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Auto6 Automotive Brazil Research Paper 4
Auto7 Automotive Brazil Research Paper 4
Agro2 Agro-processing Denmark Research Paper 1
Agro3 Agro-processing Denmark Research Paper 1
Agro4 Agro-processing Denmark Research Paper 1
ICT3 ICT Estonia Research Paper 6
ICT4 ICT Estonia Research Paper 6
Auto8 Automotive Germany Research Paper 2
Auto9 Automotive South Africa Research Paper 3
Autol0 Automotive South Africa Research Paper 3
Autoll Automotive South Africa Research Paper 3

The first step of the firm selection process wasidentify European MNCs (from Germany,
Denmark, and Sweden) with subsidiaries in the BéG@ntries, in each of the three sectors. Once
candidate firms were identified, research teamsaich of these countries contacted their respective
firms and arranged interviews with managers in ghaf R&D, technology, or innovation as well
as of human capital. This rendered matched cas#iestuwhere the teams interviewed both
headquarters and subsidiary, as well as unmatcmssistudies were firms were only interviewed in
one location. These included interviews with firfrem developing countries that had invested in
subsidiaries in Europe. These ‘South-North’ casescamplementary, in that they illustrate the
formation of GINs from a Southern origin and pectpe.

The interviews were semi-structured and focusedupgrading and location strategies, human
capital, and the management of technological chalmgene with Lall's observation that skills at
all levels matter in processes of dynamic upgradihg human capital dimension of the interview
included questions about all skill levels of therkforce, from shop floor workers to scientists.
Within each case we focused on a specific instafhtechnological change that required upgrading
across some or all skill levels of the firms’ wavkde, and identified the requisite learning as well
as the actual form this upgrading took. Intervidask place in 2010 and lasted up to two hours.
Researchers produced a synthesis of the convarsatich they submitted to the interviewees for
the vetting of accuracy. The firms were assuredidentiality.

These instances of technological change were thalysed within Lall's conceptual framework,
against the backdrop of sectoral dynamics and Wadadility of local competencies. These rich
cases provide concrete illustrations of the arfahactors that shape the emergence and evolution of
GINs, both from North to South and from South tortRpwith the focus on the role of human
capital.
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4. The national and sectoral context

4.1 Sectoral context

The sectoral context of each firm influences theetts and characteristics of innovation, both ia th
home country and the host country, which in turfeat the manner in which firms seek
capabilities and competencies in host countriesupport of their innovation activities. In this
regard different sectors (and sub-sectors) opatatidferent levels of technological intensity, eav
different levels of dependence on tacit and codikaowledge, and have differing distributions of
global demand for innovation. Different sectorsoalsave differing levels of demand for
incremental development, adaptive development, pevduct development, and basic research.
Key innovation drivers in the automotive sector explored in greater detail in Research Papers 2,
3, and 4, key drivers in the agro-processing imguate explored in Research Paper 1, and key
drivers in the ICT sector are explored in Rese&apers 5 and 6.

In the agro-food sector customers continuously demand new prodaat$,ingredient companies

must anticipate future needs and identify technioldgopportunities relevant to the customers
ahead of time. Our agro-food case study firms dirdve@adquartered in Denmark. Their R&D

collaboration in the sector is mostly within thepply chain, with firms reporting that their

collaboration is mostly with customers, supplieasd consultancies, which are all predominantly
located in Denmark and Western Europe (MinistrySzfience and Technology, 2010). This
concentration is also related to the localizatidntlee sector: firstly, Denmark is home to

agglomeration in the sector. Secondly, the naturethe agro-food industry favours local

incremental innovation that can quickly responddecal customer needs and variations in local
inputs.

Sector-specific skills are generally available ienhark. The Danish food cluster is among the
most innovative food clusters in the EU and is agport oriented (European Cluster Authority,
2010). Denmark ranks 3rd in the OECD for food ptibenper capita, and has the highest number
of scientific publications related to food per d¢ap{Ministry of Science and Technology, 2010).
The sector is also prominent in South Africa, whiglhome to several large agro-food companies,
of which some have become global players that éxpwwledge services. South Africa has the
most developed food processing and manufacturirgdosen Southern Africa (DTI 2006).
Consequently, the sector has attracted a numhateshational and local companies that use South
Africa as a base to reach the domestic market,edlsas other countries in Africa. The existing
knowledge and physical infrastructure in the seatoBouth Africa, together with the country’s
strategic position, incentivized investment frormDerk.

The automotive sector has a distinct set of dritkeg influence innovation and the search for
human capital. The key issues in this sector ateevahain hierarchy, value chain knowledge
architecture, consolidation, cost pressures, arahgihg market size and growth patterns. The
origins of these issues are market changes: gladdatle production more than doubled between
1975 and 2007, coinciding with rapid globalizateond the restructuring of global automotive value
chains (GVC). The relative weight of developing oies, especially India and China, in vehicle
output has increased, whereas production and &ales shrunk in Western Europe and North
America (Sturgeon et al, 2009). The onset of theldvbnancial crisis in 2008 accelerated this
trend. (Wad, 2010). Value chains in the automotnaustry are producer driven (Gereffi, 2005),
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which means that lead firms, namely the OEMs ariemalarge global suppliers account for the
bulk of innovation activity. In the re-structuriref global value chains in the 1990s and 2000s,
MNEs took majority control of many joint-venturesasmbly operations. Suppliers from the OEMs’
home regions set up operations in proximity of igmelocations of the assemblers, a process
referred to as follow-source. In addition, domestippliers were largely relegated to the second or
third tier, or were taken over. The financial @isicreased cost pressures on the industry, twped
the heat on OEMs, and accelerated supplier corsmid (see Research Paper 2 and Research
Paper 3).

Innovation in the sector is therefore concentratétiin large firms at the top of the value chain.
Basic research is concentrated at the main R&Ditiasi of assemblers and major supplers, while
applied research can be cascaded down the value. &ssemblers create unique standards and
specifications, necessitated by the high levehtdrirelationships in the performance charactessti
of components that differ for every model. Thisates a consistent demand for R&D among the
large firms in the sector, but it also acts as mtrqeetal force that concentrates R&D within the
highest tiers and largest firms. Since barriersrtwy are raised by investment requirements and by
the top-down direction of design specifications #tope for innovation among smaller firms is
further reduced. The close collaboration betweeppkers and assemblers also leads to
agglomerations of firms near the headquarters sérablers and large tier 1 suppliers, further
concentrating innovation in these clusters

At the same time, contrasting dynamics are influmnpthe conduct of innovation in the industry.
Very large and growing markets such as Brazil, @hand India make it profitable for assemblers
to adapt existing or even to produce specific moder these markets (Brandt and Van
Biesebroeck, 2008). OEMs thus establish regionaldbearters as well as regional design and
innovation centres. In turn, this creates presBurkead suppliers to follow suit and to sourceuts
from local second tier suppliers which might end sypplying assemblers directly. Similarly,
OEMs use advanced developing countries, whose nsada not justify specific models but are
large enough to warrant local assembly (for exanguath Africa), as regional production hubs.
Opportunities for technological upgrading can tgkace when a Northern supplier transfers
technology to a Southern assembly plant or whepwh®rn assembler acquires competencies by
purchasing a Northern firm.

However, unlike the ICT sector, much of the knowledequired for engineering and innovation in
the automotive sector is tacit. This means thatettaee challenges when transferring knowledge
across the globe, particularly across cultures. Geeman automotive firms with R&D centres and
subsidiaries in India reported significant barrigrshe transfer of certain forms of tacit knowledg
and had to initiate programmes of cultural bridgim@rder to mitigate the resultant communication
gaps.

The ICT sector is distinguished by the greater obleodified technology, both in the hardware sub-
sectors (ICT2, ICT3) and the software sub-sectd&TY, ICT4). This lowers cultural and
geographical barriers and facilitates the glob&ibraof innovation. Indeed, the case study firnt tha
is arguably the most Global and Networked is in i&& sector (see the ICT1 Case Study). In
contrast to the automotive sector, tacit knowleplggs a relatively unimportant role in the software
sector. The rewards for radical innovation in teetsr are great. The rapid spread of the internet,
and the development of more advanced underlyingmamcations technologies, has brought about
major technological disruptions and opportunitiasthie telecommunications software industry.
Firms seek to take the advantage of these opptadsithrough innovation — the rapid growth and
success of both ICT1 and ICT4 was predicated oicabdoftware innovations. There is also a
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continuous demand at the local level for customif&H solutions. As the ICT1 case study noted,
emerging markets are changing rapidly, and a afistrategy for ICT firms is to keep track of these
changing demands and develop appropriate solutianfactor which was one of the incentives for
R&D investments in India and China.

In the telecommunications hardware sub-sector188€ saw the advent of the Global System for
Mobile Communications (GSM) standard and the brta&d-up of the mobile telephony services by
consumers. Nordic telecommunications equipment Maatwers became the global market
leaders, and the value chain remained largely éacet the Nordic countries. The initial saturation
of the market, the Nasdaq crash, and the emergdnte next generation (3G) mobile telephony
standards led to a significant restructuring of tha@ustry in the early 2000s. Asian producers
rapidly built up their product development and nfacturing capabilities. Ready-made integrated
platforms became readily available from semiconaluatanufacturers, thus lowering barriers to
entry. Market power has become the key strategtofan the sector, so access to end customers in
large emerging markets is increasingly importardiadecame both the greatest growing market
and the largest manufacturing base. The mobilgheley production value chain has become truly
globalised in the course of the last decade.

4.2 Foreign Direct Investment

Foreign direct investment in the emerging econonsesxplored in detail in D6.2 and Research
Paper 4. These resources follow FDI trends in Chindia, Brazil and South Africa from the
market liberalisation during the 1990s to the ficiahcrisis of 2008 and beyond.

The 1990s was characterised by widespread traéealibation. Brazil, India and South Africa
joined the WTO at its inception in 1995, and Chemaolled in 2001. Trade liberalisation followed
at varying paces. Together with growing competitegs and capabilities among these emerging
economies, these factors contributed to an increas@ward FDI over the 1990-2008 period in
Brazil, India, China and South Africa, especiahithe two years before the financial crisis (Figure
1). In a context where low labour costs and ineestiby developing countries are taken for
granted, the capacity of the developing countrepadrticipate in GPNs and GINs is governed by
their ability to provide specialized capabilitigsat MNCs need in order to complement their own
core competences. Countries that cannot provida sapabilities are kept out of the circuit of
international production network despite their fdddrade regime (Ernst and Lundvall 2000).
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Figure 1: Inward FDI flow, Brazil, India, China and South Afa, 1995-2008
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China has the largest population in the world amdpadly growing economy with a 10% average
annual GDP growth over the 1994-2009 period (W@&dahk, 2010). It offers foreign investors an
attractive combination of large and growing doneestiarket, and relatively low labour costs
(Yunshi and Jing, 2005; Zhou and Lall, 2005). Char@pening up to international markets was a
gradual process. During the 1980s, Special Econdfoites and open coastal cities provided
region-specific investment gateways. The 1990sa&wther easing of regulations and a marathon
negotiation to join the WTO, which finally took gk in 2001. This marked a remarkably rapid,
massive, and sustained growth in FDI into Chind toatinues today (see Figure 1) that has had
profound effects on the structure of the globalnemoy. Membership of the WTO provided a
greater incentive for FDI. Market liberalisatiors@lstimulated outward FDI; interestingly, in 2008
South Africa was the largest destination of thisn@ud FDI (US$4.8 billion, or 9% of the total),
highlighting the growing importance of investmetdws between developing countries (source:
Chinese outward FDI statistical communiqué, 2008).

India is the world’s second most populous counémyd has also experienced strong economic
growth with a 7% average annual GDP growth over1884-2009 period (World Bank, 2010).
Therefore, like China, it attracts foreign investiwith its large growing market and low labour
costs. India opened its economy to internationatlérin 1991, with the signing of the New
Industrial Policy. Remaining restrictive conditiom®&re phased out over time. This facilitated a
prolonged and sustained growth in FDI. The sectalatribution of FDI is dominated by
construction and ICT sectors. Observed increase@Dhin the ICT sector has occurred in the
context of a systematic effort by the state, sihee1970s, to promote ICT skills development and a
sectoral innovation system. Joseph (2009) and Kuamar Joseph (2006) postulate that this
relatively vibrant sectorahnovation system is one of the key factors thailars the FDI into
these sectors by MNCs that seek to complement olagircapabilities.
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Brazil is the world’s sixth most populous countd9% million in 2010), and had a 3% average
annual GDP growth between 1994 and 2009 (World Ba0KO0). As the dominant geopolitical
force in MERCOSUR, it also acts as a gateway toLtiten American market. Brazil thus attracts
investors with a large, growing, and strategicaltyportant market. After decades of import
substitution industrialisation, market liberaligatiin Brazil occurred gradually in the late 1980’s
and early 1990s. The opening up of trade promptectased investment by market-seeking foreign
firms, prompting FDI growth that lasted until 20QGarge-scale privatisation also influenced FDI
during this period: between 1986 and 1992 aroun@08 billion in state owned enterprises was
transferred to the private sector (Silva, 2004).ciMaconomic turbulence placed downward
pressure on FDI from 2001-2003, but this recovemedhe back of stronger economic growth, and
FDI has been on an upward trajectory since theachiag particularly high levels in the run-up to
the global economic crisis. However, the primaryrses of FDI did not change substantially
during this period. In 1995, the major sources [0f were the Netherlands, the USA, and Spain. In
2009 this remained unchanged, with the Netherldbh859%), USA (16.02%) and Spain (8.08%)
still dominant (Brazilian Central Bank: www.bcb.gbx).

South Africa has a smaller population than Brdailja or China and a lower GDP growth rate than
India or China. South Africa had a population ofSfillion in 2010 and a 3.3% average annual
GDP growth from 1994-2009 (World Bank, 2010). Hoeevas an access point to Sub-Saharan
Africa, which has a large population but a small GC5outh Africa has an additional strategic
advantage for investors. South Africa’s first denmatic elections in 1994 lead to the country’s
opening up to world markets. In 1995 South Africeag¢d the WTO, and by 1998 foreign exchange
control regulations were removed. Levels of FDbifouth Africa increased after 1995, but have
been volatile since then, with levels fluctuatingngficantly due to specific large-scale investnsent
For example, Barclay’'s Bank acquired 32% of ABSAuth Africa’s largest bank, in 2005; in the
same year Vodafone acquired 46.5% of Vodacom, ahSafican telecommunications company;
in 2007 the state-run Industrial and Commercial Bah China acquired a 20% stake in South
Africa’s Standard Bank fpr US$5.6 billion. The sces of FDI into South Africa are largely from
countries with close historical ties. In 2008 87%d®I originated from Europe, mostly from the
UK. However, China and India play a growing roldtii@ is South Africa’s largest trading partner,
and trade with India tripled between 2003 and 2@@3teased investment levels from both counties
are expected. From a low base, South Africa nofethdnad an average annual growth of 16.5% in
FDI inflow between 1995 and 2008. This has lardegn through market-seeking FDI, primarily in
the form of acquisitions (Estrin and Meyer, 2004]l8sand Black, 2004).

The profiles of FDI in the developing countriesigade different dynamics in China and India, on
one hand, and Brazil and South Africa, on the otldnina and India offer huge internal markets
with the prospect of continued rapid growth. Thashighly attractive for European firms facing
stagnant domestic markets. Brazil and South Afnieae smaller populations, smaller markets, and
lower growth rates. However, they both act as ecoogateways to their respective regions, which
incentivises firms to invest and also to undertakleptive innovation for the respective regions.
There is a further difference of scale between Bramd South Africa, where the former’s
population and market are substantially larger, gnogvth has recently been more rapid.
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4.3 Education and training systems

Education and training systems in the emerging @coes are explored in detail in D6.2 and
Research Paper4. Competencies in Europe are edpioRResearch Papers 1,2,5, and 6. Education
and training systems in Europe provide a plentgupply of the high-level skills needed for
innovation activity. All the firms interviewed inuUgope reported that they could find the skills they
needed in their home market, with the exceptiorestain rare domain competencies, for which
they scan globally. The key factors influencing ftegymentation of GINs were in all cases reported
to be pull factors from developing countries, ratiean push factors from the home country.

In addition to being attractive investment destorst, emerging economies are also increasingly
the sites of large pools of talent. The massifasaf higher education in India, Brazil China and
South Africa since the 1990s has increased theablpbol of talent, and greatly increased the
proportion of competencies that reside in develpmiauntries. The massification of education is
reflected in the tertiary enrolment figures, whalhincreased between 2000 and 2007, particularly
in Brazil, which may reflect the country’s policy &ee public higher education (World Bank,
2010). At the same time, the near tripling of Chenenrolment rate during the same period, given
its large population, represents a massive newrtatickilled people. This cohort has already had
a significant impact on the global distributioninhovation. The BICS countries still have a long
way to go before catching up with Europe: in Geryntdre proportion of the labour force have a
tertiary education is 24%, in Sweden 29.8%, in Dark80.6%, and in Estonia 33.7% - this figure
is only 7% in China, 8.6% in Brazil, and 13% in 8oéfrica (World Bank, 2010). However, this
rapid expansion has put strain on education quaifity the level of university teacher training and
experience.

The issue of educational quality should be sepdrfitan the issue of educational quantity. Firm-
level case studies repeatedly reported problemb wie quality of graduates in developing
countries. However, the high levels of inequalitythese countries affects their educational outputs
In an environment of great inequality, it is possilior pockets of excellence to exist within a
generally weak system. For example, in a globakiren of 139 countries (WEF, Global
Competitiveness Report 2010-2011) the quality aftB@\frica’s management schools was ranked
21, above the ranking of Germany (31). In all fdawveloping countries, the ranking for the quality
of their scientific research institutions, and theking for the local availability of R&D services,
were far higher than their rankings for the overplility of their education system. With the
exception of India, university-industry linkagesre/@erceived to be strong in comparison to the
overall quality of the education system. At theapé the educational systems, the presence of
world class (top 200) universities highlights tlemtnued disparities between the sample countries.
Germany is home to ten of the top 200 universitAdser rapid improvement, China is home to
nine. Brazil and South Africa each have one flggshstitution in the top 200, while India has
none. This illustrates the continued gap betweereldped and developing countries in terms of
excellence, but also illustrates the great stateedrcatch-up achieved by China. It thus appeats th
in the search for skills, firms are seeking poclatexcellence that emerge from the challenging
environment of rapidly expanding education systendeveloping countries.

Thus the evidence points towards the pursuit ofipob capabilities and competencies that are
growing from the increasingly prolific educationdatraining systems of developing countries. In
the global search for talent, European firms arekiltg outward and seeking to match the
availability of human capital with the investmenbneiderations of market size and growth
potential. Again, these lead to somewhat differ@gponses for China and India, on one hand, and
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Brazil and South Africa, on the other. The formee &ery large countries, where even a small
proportion of the population passing through the&cation and training system amounts to a
significant cohort of skills. On the other hande $tmaller size of the Brazilian and South African
populations means that their markets are smalldrtheir pools of human capital are smaller in
terms of both scale and scope.

5. Human capital, technological change, and GIN fanation

5.1. Micro and macro determinants of GIN formation

A focal point of firm-level interviews was the id#rcation of a particular instance of technolodica

change or GIN formation. Each focal point represemntset of strategic decisions taken by firms
seeking to articulate their innovation requirementth the global distribution of human capital.

These decisions often represent the dynamics grasére firm’s broader context, such as sectoral
drivers of innovation, market incentives, and tkailability of competencies at the national level.
These examples reveal differing strategic patteassfirms allocate their resources towards
technological upgrading and innovation activitiesusmd the world.

Our cases reflect generalized patterns or macreru@iants of GIN formation. Emerging countries
with large populations and growing markets (suctndsa and China) are more likely to have the
market pull and human capital base to attract laogporate R&D centres. Medium-sized emerging
countries (such as Brazil and South Africa) havalenmarkets and more restricted human capital.
They attract fewer and smaller R&D centres, bubwation demand is more focused on adaptation
and product development for local markets (Sturgetaal, 2009; Humphrey and Memedovic, 2003;
lvarsson and Alvstam, 2005). In all cases, dynanmpgrading is facilitated, with deepened
integration into internalised and externalized klemlge networks, as well as other forms of
knowledge transfer such as staff circulation argitabequipment flows.

At the same time, the cases reveal complexity @tdtiel of micro-determinants. Firms balance a
number of dynamic and interacting factors when bgreg their strategies articulating human
capital availability and GIN fragmentation. Eachnfi faces a unique strategic position and
negotiates its own complex array of factors inahgdimultiple strategies playing out within
different parts of the same corporate group. Inanalysis below we examine selected cases from
the much wider research output of Work Package ith) & focus on those cases that illustrated
well-defined strategic stances and general treBdsce there is little previous research that has
focused specifically on the micro-determinants ¢fl @®@rmation with a focus on the role of human
capital, it was not easy to systematize our casesflect their complexity. We have thus used an
inductive approach to identify the key micro-deteramts that shaped firms’ strategic decisions in
relation to human capital and GIN formation. Theselude factors related to market
characteristics, sectoraharacteristics, geography, infrastructure, poh@iue chain dynamics, and
innovation management. They are summarized in Tahled

Tableb.
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Our selected cases range from the most basic @mtiGINs), to intermediate (GINs focused on
product adaptation) to the most complex (large GAltk a global distribution of new-to-the-world
innovation).

5.2. A basic case of the search for lower-cost dKkil

ICT3 provides a classic case of the search for tamst skills for technological upgrading in a
transition economy, Estonia. When Estonian indepeoé was restored in 1991, the country
reoriented its economy to Western markets. Howeker electronics industry that Estonia had
inherited was not competitive in Western marketse hdustry partially collapsed, with the result
that an experienced workforce for the electronmustry was readily available in Estonia in the
early 1990s (Tiits 2006). ICT3, a Swedish firm segvcustomers in the ICT hardware sector,
started pilot production in Estonia, and formalbtablished its first subsidiary abroad. Although
initially Asian countries had been considered apo#ential location, a better alternative was
eventually found closer to home in Tallinn. Onetloé ICT3 veterans has described the creative
destruction that took place in the early 1990swas a productive time, the industry had collapse
and the town was full of unemployed enginéerbe newly employed engineers were initially sent
for training to Finland or Sweden. Later, trainkvgs increasingly organised locally in Estonia. By
the late 1990s, ICT3 was producing mobile handsdEstonia for two market leaders of the time.

ICT3 went on to form a regionalized production natky within which was embedded a weakly
formed incipient GIN. This was facilitated by ICE3basic strategy of pursuing technological
upgrading in a location with the required humanitedmt a lower cost. The geographical and
cultural proximity of the Baltic state was an adxhl benefit.

5.3. Technological change and GIN formation in Brakand South Africa

Brazil and South Africa have smaller populationd amaller markets than India or China, although
in both regards Brazil is larger than South Afridanovation strategies of MNCs and their
subsidiaries in these countries are more likelytake the form of adaptive engineering, and
occasionally new product development. They are lésdy to absorb global outsourcing of
innovation activities, or conduct innovation fooghl markets. Our Brazilian and South Africa case
studies from the automotive sector illustrate theroadeterminants of incipient GINs, GINs for
local adaptation, and GINs for product developnienthe local markets (see Research Papers 2, 3,
and 4, and Autol Case Study).

Autol’s South African subsidiary provides an exaenpf participation in an incipient GIN. The
Autol Group has a global innovation network, wilge R&D facilities in Germany and India. The
South African subsidiary has no formal R&D unitdgrarticipates only in very limited product and
process innovation. For example, the subsidiargsitpn in the supply chain has necessitated
process innovation: because of the large finishemtlg stock held in the logistical pipeline to their
international customers, the subsidiary suffershigiher costs from production rejects than the
German production plants. It thus modified its prcitbn processes to lower reject rates to below
that of the German plant. The firm had the cap@dslito undertake this independently. Autol
South Africa has also developed parts for locakmdders (Original Equipment Manufacture, or
OEM) customers that have designed vehicles spaliififor the South African market, and have
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therefore had permission from their headquartersottaborate directly with local customers and
suppliers in the design process. However, theseteelwologies did not feed back into the group.
Autol South Africa’s involvement in a GIN is thugakly globalised (it collaborated mostly with
local actors), weakly innovative (mostly minor puootl and process changes), and weakly
networked (its collaboration was restricted todesthe value chain).

In the interpretation of the South African managetnthe existing division of innovation labour is
due to group internal hierarchies rather than Ecbn of lack of capabilities on their part: thei
management at headquarters in Germany does nqgptaaeg innovation originating from South
Africa. Thus, while the requisite human capital ifeereased innovation is generally available at the
subsidiary, innovation management at the groupllévea micro-determinant that acts as a
constraint. This incipient GIN may therefore evolWarther if management constraints on
innovation at the subsidiary are lifted, and if keirdemand for new products creates enough
incentive.

More evolved GINs in Brazil and South Africa aregily concerned with adapting European
products to the local market, and occasionallygiesg for the local market. This is particularly
evident in the automotive sector, where operati@maaditions in the South are very different to
Europe, which creates a tangible demand for adaptatt also incentivises technology and
knowledge transfer between Brazil and South Africa.

The Auto9 group is headquartered in Germany, batahaubsidiary in South Africa. The group
traditionally conducts basic R&D as well as pred amoduct development at its headquarters, and
centrally coordinates global innovation activitynelfirm invested in a new R&D centre in the US
in the early 2000s and more recently in China amtlal all of these being responses to market
opportunities and the need to be geographically @hdrwise closer to their customers in these
markets. The South African subsidiary only undeztakpplied development. Our interview at the
subsidiary found that Auto9 South Africa had desdyjra specific drivetrain component for a
Japanese OEM. For this contract it interacted tireaot via the parent, with the customer. Its
knowledge of local road surface and load conditiahewed it to develop an adaptation of an
existing component to the much tougher requiremtusd by commercial vehicles in developing
countries. Its technology was subsequently passedocthe Brazilian subsidiary, which faced
similar market conditions, and therefore could make of the technology. Here an additional
micro-determinant of GIN formation is market comratity between regions: the new product
developed for South African conditions was in #tase also suitable for the Brazilian market.

Despite skills shortages at the aggregate natlemal, Auto9’s South African subsidiary reportedly
can access most of the competencies required fiedpdevelopment, and over time the firm built
up development capabilities. South Africa’s edwratystem appears to produce sufficient high-
level skills to meet the firm’s engineering and amation needs, although the interview reported
that the small size of this pool acted as a cométoam the growth of knowledge-intensive activities
particularly with regards to engineering. Wherdlslgaps occur, local engineers make use of the
group intranet to access the requisite skills froalleagues in Germany or other countries.
Communication is horizontal and does not go throbgladquarters. In this case, the use of
internalized knowledge networks as part of the gi®innovation strategy is an additional micro-
determinant of GIN formation. The innovation adiyvof the South African subsidiary can be
described as being strongly global (includes pastrie multiple countries in the North and the
South), weakly innovative (it involves product atidjon rather than new-to-the-world innovation),
and weakly networked (it relies on internalizedwwks). It thus participates in a low-intensity
organizationally flat GIN that is nested within @egly hierarchical global value chain.
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The case of Auto4 in Brazil reveals a similar pattelfhe primary purpose of innovation at the
subsidiary is ‘tropicalisation’, or the adaptatiafi European designs to developing country
conditions. Like Auto9, Auto4 responded to the dedhé&or a drive-train component that could
withstand the rougher and more demanding condifiotise developing country, as well as being a
low-cost solution. As in the Auto9 case, the prddwas developed with a team that extended
across the value chain, including suppliers andctiomer. However, the Auto4 product had a
higher level of novelty, introducing a technologythe automotive sector that had previously only
been used in the farming equipment sector. This peassible because the firm had access to a
larger human capital pool, and was also incentivizg a larger domestic and regional market. The
innovation activity of Auto3 is also largely reldt¢o ‘tropicalisation’, but also includes some
product development (but not basic research). TrezilBan subsidiary of Auto3 is the largest
outside the home country in terms of productiorunm and sales, and is also the formal centre for
the adaptation of Auto3’s products to developingkets.

The emerging market adaptation that takes plad@razil is similar in structure to that in South
Africa, but significantly larger in scale and scppead includes both product adaptation and some
new product development. Policies with regardstbhamol-based fuels and tax reductions on small
engines both prompted research into these techieslogading some of the Brazilian case study
firms to contribute to the design of small enginasd to become world leaders in the field of
ethanol and flex-fuel engines. Thus, unlike the tBoAfrican cases, the Brazilian cases included
examples of new-to-the-world innovation. In additim local market demand for adaptation, and
the availability of the requisite human capital,lipp incentives have also acted as micro-
determinants of GIN formation.

5.4. Comparative examples of the role of human cagpi availability

The role of human capital availability in GIN fortream and evolution is illustrated in the case
studies of German automotive suppliers operatingdth India and South Africa (see Research
Papers 2 and 3, and Autol Case Study). Despitentpasufficient access to skills in the home
country, Autol, Auto9, and Auto2 have all recergbtablished substantial R&D centres in Pune,
India. As in the Scandinavian countries, the prymaotivations for outsourcing from Germany
were pull factors, rather than push factors (seseReh Paper 2, Autol Case Study). The R&D
centres have served a dual purpose of adaptatrtahddocal market, and the outsourcing of some
routine R&D functions for cost reduction purposgg.contrast, none of the firms have set up R&D
facilities at their subsidiaries in South Africathe size of the market wouldn’t justify it, and the
requisite human capital is in any case not avalabbmpetencies in South Africa are stretched thin
by the existing level of knowledge-intensity adyvin the sector, with interviewees reporting that
the current level of human capital is not an openal constraint, but is indeed a constraint on
growth in R&D activity (see Research Papers 2 andWhere there were knowledge gaps that
constrained innovation, the South African subsidsadrew upon the group’s global knowledge
network, for example by using the firm’s intranet donsult with specialists in other countries.
Similarly, in Brazil, a shortage of high-level dkihcts as a constraint on innovation. Auto4 regabrt
that there are not enough engineers locally to mheefirm’s innovation needs. As a result the firm
has strengthened its research ties with its Europeadquarters (see Research Paper 4).

The issue of tacit knowledge is also salient h&eeit knowledge is particularly important in the
automotive industry (Jung and Lee, 2010). Germaonaative firms with R&D centres in India
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reported considerable barriers in the transmissibntacit knowledge and in inter-cultural
communication (see Research Paper 2, Research Bapatol Case Study). In comparison, the
South African and Brazilian subsidiaries did ngiae any cultural barriers or major problems in
the transfer of tacit knowledge. Given the relatboale and scope of innovation investment and
activities in the two countries, we can concludat tthe incentives for carrying out innovation in
India were sufficiently large to prompt firms tkéaaction to overcome these barriers.

5.5. Purchasing knowledge assets and network assetxase from the agro-food sector

The focal point of the Agrol case study was theclpase, in 2010, of a specialist South African
firm, and the incorporation of this into the Agr@&koup as a subsidiary. The South African firm
was a local player with a small laboratory supmgrtoread-producing customers operating locally.
In particular, the company was working on adapitafar local markets, including solutions to get
low quality wheat rising with yeast, in order tgoply international customers that are moving into
South Africa. The key motives for this particularrghase were the acquisition of skills, strategic
knowledge assets, insight into local market coodgj and a plug-in to an existing local innovation
system. The key strategic knowledge asset wasapabdity of achieving rapid turnaround times
when developing mixtures for customers in the bglgactor. This required, in addition to codified
knowledge, unique tacit knowledge of local condiipparticularly the characteristic of local inputs
such as flour and yeast. The South African firm el developed links with local universities,

research institutes, and other firms active inviddee chain.

After the purchase, the subsidiary’s previouslyseng local knowledge network continued to be
drawn upon, but was now supplemented by collabmraéind knowledge exchange with Agrol
headquarters and with the regional HQ in Brazilt @ newly formed subsidiary, the primary
engagement in the firm’s internalized knowledgemoek was interaction with Brazil for product
development. There have been numerous cases witeliedtual property from South Africa is
used in Brazil. If Brazil does not have the reqdilowledge, a broader global base can be
accessed. Access to other regions is horizontal,n@@d not be channeled through Brazil. This
example again illustrates how the market commaaeallbetween South Africa and Brazil facilitate
knowledge and technology networks between the tumties.

Agrol’s national context in Denmark places an ersjghan ‘pull’ factors (the availability of human
capital elsewhere) with regards to competencies aaphbilities, rather than ‘push’ factors (the
shortage of human capital at home). The Danish &t and training system is very strong,
substantially above the EU average (Innovation br$goreboard, European Commission, 2010),
with high levels of tertiary education, PhD gradoias, and lifelong learning. Thus educational
levels are high and human capital is generallylalbs. Due to the small size of the country, firms
occasionally seek supplementary skills and spstsaliwhich creates a (relatively small) push
factor. Firms face barriers when it comes to impgrtbrains into Denmark: it is difficult to
integrate foreigners into the Danish system, sadisometimes need to open in other locations that
are attractive places for specialized labour. Tiwes¢his purpose firms’ internationalization has
predominantly taken place within Europe or the U& destinations in Asia increasingly attract
innovation related to FDI investments from Danismpanies.

From the Danish perspective, key pull factors fa internationalization of innovation are, firstly,
market-specific knowledge for the region and, sdbgrcomplementary and specialized knowledge
for global operations. Importantly, incentives foternationalizing research are not related to the
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need for cost reductions. According to interviewepslified people abroad, even China, earn as
much as those in Scandinavia and besides, andyicam® highly qualified people and partners are
readily available at home. In the case of Agrog, $outh African national context offers a range of
pull factors. The South African agro-food indusisyan important trading partner because of its
counter-seasonality to Europe and its well-devedopdrastructure. One of the more recent and
important developments is the establishment oflé doain in the South African transport sector. It
also acts as a gateway economy to Sub-Saharn Atdoaever, in the particular case of the
purchase of the South African subsidiary, it wascgdized local knowledge, including knowledge
networks, that was the key consideration. Firm{lemterviews down-played the importance of
these factors in comparison to the pull factors.

A key reason for the Danish investment was rel&tdtie tacit knowledge component of agro-food
research: the capability to develop bread mixtimes very short lead time using tacit knowledge
rather than the codified methods which require mondre time. This is a major advantage in a
time-sensitive sector. Since the tacit knowledgaldaot be simply purchased and shipped to
Denmark, Agrol was further incentivized to purch#is® South African subsidiary in order to

access this knowledge for the group.

The South African purchase was part of the Agrotupis broader strategy of knowledge
acquisition through purchases: the company hasrginegrown through takeovers, and uses
venture capital to buy equity in promising starsujit therefore represents a strategy of GIN
development through the purchase of an existinguvation network in the South by a firm from
the North, effectively bolstering the group’s ekigtGIN. The transaction allows the South African
subsidiary to exploit IP from all over the world @&hintroducing new products into sub-Saharan
Africa, while also augmenting the group’s innovatioetwork through linkages into the region’s
region’s sectoral innovation network. This examg®ws that MNE strategies for GIN formation
need not have lower cost as a main consideratimhcan instead focus on knowledge access, the
search for competencies and capabilities, andaacls for existing networks.

5.6. GIN development in the ICT sector in China andndia

In contrast to the automotive sector, tacit knowkdoes not play a major role in the ICT software
sector. The case of ICT1 illustrates how the glddiatribution of human capital influences the
global distribution of innovation in the relativésence of tacit knowledge related impediments.
ICT1 is a large multinational, with 550 offices aBfi manufacturing sites across 165 countries.
This GPN houses an extensive GIN, including a dloeawork of R&D centres, including major
centres in both India and China (but not in BrazilSouth Africa). Innovation activity relies on a
strong internalized network, and also incorporatesxternalized network in an open innovation
model. ICT1 is therefore a large strong-form GINighly globalised, highly innovative, and highly
networked.

Interviews highlighted three main motivations fo&R offshoring to India and China: firstly,
access to large and growing markets. Secondlycaipacity to react quickly to changes in those
markets. Thirdly, access to the large pool of hurmapital in those countries. ICT1 interviews in
China and India did not highlight any significaniltaral or tacit knowledge barriers to these
processes (unlike the cases from the automotiver3ewVithin the ICT1 group, the process of GIN
formation is noticeably different in Asia and Eueopn Asia the firm established new R&D centres,
sometimes in partnership with local actors. By castt when ICT1 opens an R&D centre in Europe
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it is primarily through the acquisition of locakris with R&D centres that are then maintained
within the Group. This, while in Asia the primaryrpose and motivation is the expansion of
innovation capabilities in important growing markein Europe the presence of specialised
knowledge held locally is the primary motivation foclusion into the firm’s GIN.

The case of ICT2 has a similar national contexAgpol, also being based in a Scandinavian
country with a strong education and training systend a good supply of high-level skills.
However, in Sweden there has recently been a nexuct the number of graduates and a reduction
in the number of researchers available for thestrgu SNAHE, 2010; OECD, 2010). According to
the case study interviews, this change is not eably affecting the firm strategy — possibly
because the scale of loss isn’t sufficient to makempact at this level. As in the Agrol case, the
key issues at the national level influencing ICT&ategic decisions with regard to GIN formation
are not related to skills availability in Swedent bo pull factors emanating from large, lucrative,
and growing Asian markets. The main consideratiere ls proximity to the local market, and the
capacity to adapt products to local demands antlatds. The secondary pull factor is access to
specialized domain competencies which may not awmeeyavailable in Sweden, and which might
also be obtained at lower cost in developing coestr

The distribution of innovation within the ICT2 gnouthus also reflects market size and the
availability of human capital. Currently India tsetfirm’s second largest market, while China is one
of the fastest growing ones. Access to competewassan important factor in this decision, that is,
the availability of a large pool of qualified humeapital in an array of domains needed to provide
technologically complex solutions to clients. Comguhto India and China, South Africa does not
have the market pull or the science base to justiey development of a formal R&D centre.
However, it is recognised as a gateway into thecAfr market. In the context of consensus in the
industry that 90% of the growth in the mobile sulpgion base will be in emerging markets,
Ericsson SA regards innovation in very poor marksts potential growth area for the future. ICT2
thus established a small innovation unit in SouthicA, with only six full-time employees, who
release three to four major innovations a year, aséries of smaller upgrades. When comparing
this small innovation centre to the firm’s largsearch centres in India and China, this case again
illustrates how market size and human capital abdity play a central role in determining the
scale of innovation outcomes.

Differences between locations can also influeneesttope of innovation tasks. Subsidiaries play a
double role - they adapt existing products to teal markets, but they also develop new products
and services that can be further developed foraylofarkets. It seems that between China, India
and South Africa, only China has a broad enouglofsebmpetencies, as India is considered to be
specialized in a narrow set of competencies (maedparding software development). Thus China’s
R&D centre has a wide scope of application, Inda'sarrow scope, and South Africa’s R&D
centre is minimal in both size and scope, servinlg a handful of local customers.

5.7. GINS originating in the South

Our analysis of firm strategies relating innovatidrivers with local human capital conditions
would not be complete without examples of SoutHems that have expanded their GINs into
Europe. Autol0 used to be a South African compdray produced electronic components for
OEMs, with a focus on customized engine managemsgstems. After market liberalization and
value chain changes, the firm was in danger of gsubstituted by global suppliers. In order to
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retain access to its customers, the firm neededvalopment facility that was recognized by the
OEMs. The firm could not find the requisite domaompetencies locally; in addition, since global
value chain re-alignment favoured suppliers basedr rthe headquarters of OEMs, it was
imperative that the firm establish a foothold inanéts customers. Thus the firm acquired an
engineering services consultancy based in Eurapejqusly owned by an OEM. The acquisition
gave it access to one R&D centre each in the Earomad North American markets. This
acquisition followed a similar pattern to the puasé by Chinese and Indian firms of developed
country assets such as Jaguar, MG, and parts eoVdhis purchase established the basis of an
emerging GIN, in which knowledge began to flow betw the Southern headquarters and the
newly purchased Northern subsidiaries. This dodsimply immediate technological upgrading;
the division of labour remains similar, in that ttleveloped-country operations undertake R&D,
while the South African operation focuses on mactufidng, using the designs originating in the
subsidiaries. The locus of control is now in SoAfinica, and the developed country operations
have become a tool for access to customers andigirddvelopment to meet their needs.

Another Southern firm demonstrated that local skilbnstraints can be overcome by solutions at
the engineering level. Autoll manufactures eleatrasecurity systems for OEMs and the
aftermarket. Although it exports to global markéke firm develops many of its products in South
Africa. All R&D is conducted internally. It owns aubsidiary in Australia, where R&D is
performed to adapt the firm's products to the Aalsin market, while the South African
headquarters provide technical support and traidindoes not do basic research, but undertakes
applied development on the basis of high-tech comapts that it sources globally. For example, the
firm imported breathalysers from the UK and intégdathe technology into an automotive
application (an immobilizer). When the market foedthalysers grew and the UK company was not
in a position to meet increasing quality standadd higher volumes, the firm re-engineered the
product. At the assembly level, this required véttfe adaptation because it is essentially a
standard process. Components may vary in size @muh,sbut operators familiar with electronics
assembly can easily be trained to make a breatiraigstead. This is a capital-intensive process
that minimises human error. Hence, changes in ctampies are more relevant at the level of
engineers, and it is typically they who drive tHemge in the first place. This is essentially an
engineering solution to a human capital problene: fihm struggles to find sufficient shop-floor
skills, so it limits the locus of technological cluge to the engineering level, where it can findiski

— particularly because it has a close relationstith a local university, from which it routinely
recruits graduates.

6. Determinants of technological upgrading and GINormation

The case studies illustrate general trends in éhationship between capability building in devetapi
countries and the emergence and growth of globmduation networks. For European MNCs, the
primary centrifugal forces are pull forces, rattiean push forces. The strong education and training
systems in Europe make most of the competencigsréngiire for innovation, including high-level
domain competencies, generally available to fir@eme exceptions do occur — for example,
smaller countries like Denmark or Sweden might hinoal shortages of specific competencies,
encouraging them to look elsewhere in Europe, antemecently in Asia. However, these skills
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shortages were described as minor and as beirayos$ignificance in shaping firms’ strategies for
the global fragmentation of innovation.

European firms are primarily concerned with putitéas. They seek competencies and capabilities
that facilitate access to emerging markets, indgdproduct development and adaptation
capabilities. They also seek lower-cost skillsdatsourcing components of R&D within the group
to serve global innovation demand. Southern firomsversely, are primarily motivated by push
factors, investing in Europe to acquire knowledggess that are not available locally.

Skills at all levels play a role. Skills shortagesthe shop floor can influence innovation processe
for example by concentrating technological charngde engineering level. In most cases, it is the
profile of higher level skills, particularly engieeng skills, that influences the scale and scdpe o
innovation activity and the formation of GINs. Asseto engineers allows Southern subsidiaries to
grasp opportunities for product adaptation, progessvation, and product development for local
markets. The availability of more advanced and nspecialized knowledge can facilitate insertion
into more developed GINSs.

When seeking to extend their innovation networkeng seek ‘pockets’ of capabilities and
competencies that respond to their demand for iathav. Great depth and scope in human capital
availability in China and India (together with largnarket size) has facilitated the establishmént o
R&D centres that serve both the local market amdnbeds of the global group. By contrast, the
relatively limited size of the pool in Brazil andb@&h Africa has acted as a constraint, with local
innovation activities largely confined to adaptatitm local markets. This distinction holds at the
lower scale: Brazil has a larger market and laig@man capital pool than South Africa, and
consequently hosts more R&D and more evolved GiNsle South Africa hosts very little R&D,
and often participates in low-intensity or incipi€BINs. This generalized finding is supported by
our case study evidence from China, India, Brazd §outh Africa, including firms from all three
sectors.

These generalized macro-determinants are conteedaby a wide variety of micro-determinants
that affect the relationship between human capital GIN formation. Each case study represents a
unique combination of these determinants; at tineesame, patterns emerge. Table 4 summarises
how these determinants have been relevant to tleeteeé case studies of North-South GIN
formation, while

Tables illustrates South-North cases.

Table 4: Determinants of North-South GIN formation

Firm Countries Key micro-determinants (pull factors)
ICT3 Sweden/Estonia Availability of specialized hamm capital, Geographical
proximity, Low cultural barriers
Autol Germany/South Regional gateway, Long logistical pipeline, Demdiod
Africa local product development and adaptation, (manageme
constraints on innovation activity at the subsigliar
Auto9 Germany/South Regional gateway, Demand for local product adagmati
Africa Regional commonalities with Brazil
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Auto4 Italy/Brazil Regional gateway, Demand fordbgroduct development
and adaptation

Auto3 Italy/Brazil Regional gateway, Demand fordbproduct development
and adaptation, Policy incentives

Autol Germany/India Large domestic market and gnowgotential, Large
available human capital pool at lower cost, (tkndwledge
barriers, cultural barriers)

Auto2 Germany/India Large domestic market and gnowdotential, Large
available human capital pool at lower cost, (teotwledge
barriers, cultural barriers)

Auto9 Germany/India Large domestic market and dnowdotential, Large
available human capital pool at lower cost, (teotwledge
barriers, cultural barriers)

Agrol Denmark/South Regional gateway, Local demand for adaptation, étedi

Africa commonalities (with Brazil), Tacit knowledge acqtiis,
Specialised knowledge acquisition, Local netwprk
acquisition

ICT1 Sweden/China/lndia Large domestic market andwth potential, Large
available human capital pool at lower cost, innmra
management structures

ICT2 Sweden/China/India Large domestic market andwth potential, Large
available human capital pool at lower cost

ICT2 Sweden/South Africa| Regional gateway, Demanrdidcal product development
and adaptation

Table 5: Determinants of South-North GIN formation

Firm Countries Key micro-determinants (push factorg
Autol0 South Africa/UK/USA | Local skills shortaggsoximity to customers
Autoll South Proximity to customers
Africa/Australia/New
Zealand

The key micro-determinants that emerge from thadyeis are:

» Market: size, growth potential, local demand for adaptgtitbcal demand for new product
development

* Human capital availabilityscale, scope, technology-specific competencidscapabilities, strength
of the National System of Innovation, specializedwledge assets, tacit knowledge assets, network
assets

e Sector role of tacit knowledge versus codified knowledgector-specific skills demands, value
chain structures, sectoral innovation drivers

» Geographygeographical proximity, regional gateways, lagstregional commonalities
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» Culture and tacit knowledgeultural/linguistic commonality, ease of tacitdwledge transfer
» Infrastructure logistics, ICT

» Policy: IPR regimes, policy incentives

 Management innovation management structures, strength ddrialized knowledge networks,
strength of value chain knowledge networks

We began Work Package 6 by postulating that the waduld be one of (Northern) MNCs that embody
certain capabilities, while at the same time logkior new ones, and of education and training systén
the South) that are an essential element of thealggorptive capacities that INGINEUS conceptualias a
local or national building block of GINs. The cassudy analysis confirms this generalised

conceptualization, but it goes further, to identifig complex set of micro-determinants of the reteship
between competences and capabilities and GIN favmat
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1. Executive summary

This paper is based on the model of internatioaibn of innovation developed by Archibugi and
Michie (1995) — focusing on the globalization o€hieology. The model includes three types of
organizing innovation that relate to stages, oelgvof internationalization. These three leveks ar
matched by different ‘push factors’ for why off-shhig and outsourcing of research and
development (R&D) appear in companies’ strategresating to the distinction between the
strategies of knowledge exploitation and knowledgygloration as developed by Kuemmerle
(1999). Likewise, the ‘pull factors’ vary accorditmlocation-specific factors and whether these are
market related or relate to R&D, or production. Byalysing the globalization of R&D in the
Danish agro food industry and the strategies beitjnkis paper will discuss whether different push
factors have connections to different pull factatsthe other end of the off-shore equation. The
diverse strategies undertaken by the lead firmdileedy to impact the host economy differently.
For example the internationalization of innovatiimough exploitation may neither need nor
develop local capabilities, while exploration ségies are more likely to both seek and engage with
local competences in the host country. This diffeegion will potentially provide a more nuanced
understanding of how the internationalization of R&hifts from international exploitation to
global generation and techno-scientific collabanmati

Innovation in the agro food industry is increasyngiternationalized and some Danish key actors
(companies as well as universities) have develaped world leaders in certain products and
research fields. However, their activities arel stilevenly distributed in geographical terms. The
internationalization of innovation in the Danishragood industry has so far primarily been

oriented towards Europe and the US. More receittly,also oriented towards ‘emerging markets’.
This onward process of the internationalizationirefovation in food and ingredients into new

markets has been following a similar path. Firsthe companies enter new markets with their
products developed in Denmark. Secondly, some coiepatart to adjust their products to the new
markets (e.g. pancake ingredients to tortillas dapattis). Thirdly, some of the most

internationalized companies have also establislemhnb-scientific networks in the foreign

locations. These companies explain the need fduntescientific networks as a strategy for
‘tapping into knowledge’ by collaborating with Idcaesearch facilities and suppliers at the new
market locations. Hence, the pull factors for theeiinationalization of innovation are 1) market
specific knowledge for the region, and 2) increglsircomplementary and specialized knowledge
for global operations.
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2. Introduction

The Danish economy has developed on the foundatioa high level of activities within the
agricultural sector which has led to the developnoéma strong agro food industry. This industry is
today one of the most innovative in the world. Hgeo food industry includes the large number of
actors involved in the development and productibfood products As most of these products are
relatively freshly produced with limited shelf liseand due to the fact that food tastes vary a lot
over geographical regions, the products are preaamtiy sold within Denmark and Europe. At the
European level, the agro-processing sector is érileeolargest and most important manufacturing
sectors. It accounts for 14.5% of total Europeamufecturing turnover (€917bn for the EU-27)
and 14% of total employment in the manufacturingae

One of the main characteristics of the Europead,vaithin this the Danish, agro food industry is
that it contains a very large number of small aretlium enterprises (SMEs) and few large-scale
multinational companies (MNCs). The larger compsirage more engaged with innovation as well
as internationalization and thus the case studeseaected from among the largest Danish agro
food companies, the MNCs. In Denmark, the agro fieddstry accounts for approximately 20% of
national exports of which 64% is sold within Europé the national level there are 3512 people
employed in R&D in agro food in Denmark, of whicppaoximately 60% is in the private sector.
246 of the Danish agro-processing companies have.R&e Danish government traditionally has
a strong focus on this sector and aims to devdiepntational food-industry into an Agro Food
Valley by the year 2022 (Ministry of Food and Agiitire, 2009). The rationale behind the creation
of this Agro Food Valley is based on the overadion that Denmark should remain a lead location
for agro food innovation in Europe and to incredbe competitiveness of the industry.
Furthermore, the vision is to sustain an envirortialeand sustainability focus including the
strengthening of organic production. Finally, thexe focus on high value-added activities such as
facilitating development within the gourmet valdem and tourism. One of the recent initiatives is
the establishment of the Agro Food Park outsideu8rim 2009. This park is designed to host
between 40 and 50 companies and facilitates catidilom and knowledge sharing along and across
the value chains within the Danish agro food industhe location is close to the second largest
university and some of the large Danish food corgsanTwo of these are among the leading
Danish food producers, Danisco and Arla, which tiegehave more than 500 people in R&D in the
region.

3. Creating innovation beyond the home country

Archibugi and Michie (1995) have developed a taxopdor the globalization of innovation. This
taxonomy includes three main categories which are necessarily mutually exclusive but are
understood to have emerged in successive stagehilgi and lammarino, 1999). The first
category is international exploitation. Internatbexploitation implies the marketing of nationally
produced innovations beyond the company’s home ebarle. through exports, licensing and off-

! Products produced by this industry are: meat, disth mollusks, fruit and vegetables, vegetableaamihal oils, dairy
products, grain mill products, bakery and farinateproducts, prepared animal feeds, etc.
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shoring of production. The second category is dlajpeneration of innovation. This entails

corporations re-organizing their activities beydhdir home economy and (re-)locating R&D and
other innovative activities both within the homeuntry and in host countries. This could for
example be intra-firm off-shoring of R&D (i.e. foga direct investments in R&D) in order to

adjust products to local conditions, tastes, oregoment regulation. The third category is global
techno-scientific collaboration. In this, companesd universities collaborate in joint scientific
projects and innovation networks across countmebs @ntinents. This would be for cutting-edge
innovation, such as second generation bio-fuelsgamomics.

In reality, MNCs may engage in all three types mieinationalization of innovation and their
engagement potentially differs according to differefactors: intra-firm (size, products,
innovations), features in the host economy (e.gation attractiveness — see Haakonsson et al.,
forthcoming), and the home country of the MNC. Rdg®y location attractiveness, the three types
of globalization of innovation relate to the MNQadegies of off-shoring and outsourcing R&D
through knowledge exploitation and knowledge exion/augmenting, as developed by
Kuemmerle (1999). Although the literature has bkeeking into the push factors faced by MNCs
which lead them to internationalize their actigtie.g. the need for larger markets to recover the
costs of R&D (exploitation) or the need to accesscmlized knowledge not available at home
(exploration) or something in between such as abogscheaper human resources in low cost
locations (exploitation and/or exploration), thesmot been directly connected to the pull fadtors
the host economies (e.g. availability of skilledgmanel, research institutions, national regulative
framework, infrastructure etc.).

This paper looks at four of the largest and mosivkadge-intensive Danish agro food companies,
all four of which have developed into MNCs with lgdd market reach and have internationalized
production and markets. Two of the companies haeeialized into production of ingredients and
enzymes and are among the world leaders in tredd. firhe ingredient and enzyme industry has a
strong foothold in Denmark but supplies ingredietatsfood-producers globally. The other two
companies are also knowledge-intensive and engeg&&D. However, their products are final
products for direct consumption. Hence, the ainoisnveil whether different types of companies
in different segments of the agro food value clsliow different patterns in the construction of
global innovation networks and the possibilitieshokt economies in this regard. In other words:
how can we understand the push factors situatéldeitnome economy and pull-factors in the host
economies of the large companies re-structuring theovation activities into global innovation
networks?

4. The conditions of the companies at home

The Danish economy has a tradition of collaboratmith networks among public and private
actors, which is one of the core comparative acged, also within research and innovation.
According to the annual Global Competitiveness Reforld Economic Forum 2010), Denmark
ranks as number nine among the 139 countries impetitiveness’ Put differently, the home

conditions for Danish companies are good and tlea@uy is an attractive location for Danish as

2http://www3.weforum.org/docs/WEF_GlobalCompetitiessReport_2010-11.pdf
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well as foreign companies. Moreover, the Danishneowy is relatively small and open which
potentially calls for a larger degree of internatibzation of companies than would be the case in
larger economies. Consequently, in order to cdwercbsts of introducing new products, companies
need to go beyond their national market. Danish paories are highly ‘Europeanized’ in their
market reach (Haakonsson and Thompson, 2010). Hawmain markets do not provide relevant
information about the internationalization of comies.

Foreign direct investment (FDI) is an informed measof the internationalization of activities and
provides information about the amount of money spdmoad. As illustrated in Figure 1, inward
and outward FDI in Denmark really took off in tregd 1980s to early 1990s and both have grown

considerably over the last decades.

Figure 1: Denmark: Inward and outward FDI stock 1980—-2008DWlillion).
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Looking at the direction of Danish companies’ outlv&DI it orients towards destinations within
the European Union. Hence it may be argued thaDimeish economy has generally undergone
Europeanization rather than internationalizatioagkbnsson and Thompson, 2010; Thompson and
Kaspersen, 2009). However, as seen in Figure lwgh Europe dominates in the location of FDI
from Denmark, investments into Asia and the Amerigave increased over the last decade.
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Figure 2: The four most important (world region) destinatiaf outward FDI from Denmark 1999-2008
(DKK billion).
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Although it is only showing direct investments imdaout of the Danish economy, i.e. the setting up
of plants, laboratories and sales offices abroatiF@nce not showing other relationships such as
outsourcing, contracting and innovation collabanagi, this figure mirrors the general orientation of
the internationalization of research within the Banndustry. Looking into the Danish agro food
industry more specifically, the FDI levels followet overall upward trends, however the level of
outward investments compared to inward investmisritggher in this sector (see Figure 3).

Figure 3: FDI in the Danish Agro-Food industry (stock, DKHKIBN).
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Denmark has a strong tradition in the agro foocugty and is currently the third largest food
cluster by employment in the EU according to theopaan Cluster Authority (ECA, 2010).
Furthermore, the Danish agro food industry is peetk the most innovative among the food
clusters in the European Union and is also expighted (see Table 1).

Table 1: The three largest agro food clusters in the Ewngpénion.

Cluster Employment iInnovation Export
Lombardia (Milan), Italy 107,806 Medium Strong
Catalufia (Barcelona), Spain 103,066 Medium Strong
Denmark 76,203 High Very strong

Source: European Cluster Authority, 2010

Over the last two years, the food and beveragesstngl has obtained the highest level of inward
and outward FDI among the Danish industries (sgarEi4).

Figure 4: Inward and outward FDI flows by sector, DKK billioRrimary products and services are not

included.
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®Due to its small size, Denmark appears as a natiegen.
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Meanwhile, the importance of this industry in there economy has decreased both in terms of the
number of companies and the reduction in employrbgralmost 10% (see Table 2). Over the last
decade more than 4000 jobs have been lost andapately 150 companies have closed or
merged with others.

Table 2: Companies and employment in agro food 2000-2008.

2000] 2001] 2002| 2003| 2004| 2005| 2006| 2007 2008

Agro-food companies 15961558| 1556| 1478| 1500] 1506 1498| 1458| 1442

Employees in agro food 424441490 41017|40476| 38663 37475 37560 37840 38201

Source: Statistics Denmark, 2010

In order to understand collaboration in the agrodfandustry, we will look into our INGINEUS
data. In Denmark the INGINEUS Survey covered the dgod industry: The surveyed companies
reported that most of their collaboration is witlhustomers, consultancies, and suppliers.
Furthermore, these customers, consultancies, goglists are predominantly located in Denmark
and Western Europe (see Figure 5).

* The survey included all agro food companies witke for more employees excluding locally embeddedpeonies
such as local butchers and bakeries. Of the 20@ani®s receiving the questionnaire, 48 compansgzoraled. This is
an overall response rate of 24 percent.
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Figure 5: Geographical location of Danish agro food compsiniellaboration in the development of the
most important innovation in the last three yepescentage of companies.
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Although FDI is increasing, there is little evidenof internationalization of innovation beyond
Europe in this industry. When it comes to innovati@anish companies tend to have a narrow
geographical focus and this focus predominantlgtesl to upstream and downstream actors in their
value chain and supplemented by national consuitanmpanies. The industry at large is highly
embedded in the Danish national innovation. Howeadew companies report innovation beyond
Europe. These will be the focus of the case studtes in this paper.

5. Agro-food industry and its embeddedness in thedhish NIS

Those Danish companies that are among the worlteisaare also the particularly knowledge-
intensive and/or very specialized ones. Due tacttsgacteristics of the Danish innovation system —
a small open economy based on interpersonal neswdHaakonsson and Borras, 2010;
Katzenstein, 1985; Maskel, 2004), these comparoegrations are embedded in more or less
formalized networks, at the national level (e.gaawnills, agro food, clean tech, and transport)sor a
clusters with regional specialization, such as Medralley in the Copenhagen region and the
above-mentioned Agro Food Park at Arhus. Howevieigesthe home market is small, being a
successful player in industries driven by innouatianplies potentially a high level of

internationalization, at least in the market segnuériheir value chains. In the agro food industry,
those of the Danish companies who have developtd lead firms within innovation have

developed into strong international players. Thisalso the case within the clean tech (e.g.
Copenhagen Cleantech) and transport (e.g. Blue Bagnmdustries. Besides their international
scope, Danish lead firms are characterized by steang networks within the Danish innovation
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system, upwards as well as downwards in their vahans, and a supportive innovation system
(Haakonsson and Borras 2010).

Education and training is seen as one of the nnggbitant factors for competitiveness and hence a
high political priority. According to OECD Stat (20), the percentage of the Danish population
graduating from tertiary education was 47.3% in72Q@ from 37.3% in 2000). In addition to this,
the number of PhD graduations from Danish univiesibas increased from 720 in 1996 to 1239 in
2009. Among these are a number of industrial PhDes& programmes are co-funded by the
universities and private (or public) companiescémparison to the EU average, Denmark has a
high-ranking educational system and a strong i@dior life-long learning with a high degree of
enrolment. This is illustrated in Table 3.

Table 3: Higher education and life-long learning enrolmenDenmark and EU27.

Enabler EU27 Denmark
Tertiary education (per 100 population aged 25-64) 24.3 34.5
Life-long learning (enrolled per 100 population d@5—64) 9.6 30.2

Source: Innovation Union Scoreboard, European Commissi0i

To sum up, the Danish economy and business comelsbth competitive and attractive. The
educational level is very high and human capitalegally available. Besides the high educational
level, employees also develop their competenciesugnout their working life via life-long
learning programmes. However, dwethe small home market, companies need to enigegend
the Danish economy in order to generate the capéatied for developing into innovative lead-
firms. These companies’ internationalization predwamtly takes place within Europe and the US.
However, destinations in Asia increasingly attiaciovation related FDI investments from Danish
companies. In the next section we will look intce tBourcing undertaken by large Danish
companies, i.e. the internationalization of progucand innovation.

6. International sourcing by Danish companies

A study carried out by Statistics Denmark in 2008 patterns and reasons for outsourcing by
Danish companies showed that 19 per cent of medinchlarge scale Danish companies have
sourced internationally, i.e. they engage with outsing and/or off-shoring. The most commonly
sourced function reported was ‘core business fanstj reported by 52% of the sourcing
companies, while 15% of the sourcing Danish congsaniere engaged in sourcing R&D (Statistics

® This is based on a special dataset developed hjst®ts Denmark, Finland, Sweden and Norway in 2@08
outsourcing from the Nordic countries. The surveaswnandatory and covers 97% of Danish companids miire
than 50 employees.
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Denmark, 2008). Less than 3% of Danish companidls more than 50 employees sourced R&D
functions internationally.

Among the companies engaged in sourcing, the vagbrity of their international sourcing was
oriented towards destinations in the European Uiigae Table 4). However, the percentage of
companies sourcing from India and China is increasApproximately 30% of the medium and
large Danish companies sourced from Asia (see T&bl€ompared to similar companies in the
other Nordic countries, Danish companies are kadbti more internationalized beyond the
European Union. In fact, almost half of the sougdiom Danish companies came from outside the
European Union; for manufacturing 49% and servieg®o50f the sourcing instances had
destinations outside the European Union. Danishpeomes outsourced most of this to China.

Table 4: Geographical breakdown of core functions sourcedrmationally 2001-2006. Share of total
number of functions sources (enterprises with 5&are employees).

Destination Denmark Finland Norway
Manuf. Service Manuf. | Service Manuf. Service

Old member states 17 25 20 24 21 36
New member states 34 21 34 39 40 29
China 24 16 21 8 23 -

India 4 9 7 9 - 17
Other countries 21 29 19 21 15 18
Within EU 51 46 53 63 61 64
Outside EU 49 54 47 37 36 36

Source: Statistics Denmark, 2008

According to the above survey, the motivation faternational sourcing as stated by the Danish
companies predominantly relates to cost reducttdmost 60% of the sourcing companies stated
reduction of labour costs as a motivating factar datsourcing. Reduction of other costs was
important for 39% of the companies whereas acaespecialized knowledge was an important
factor for 13% of the sourcing companies (see T&hle
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Table 5: Motivation factors for international sourcing. $daf enterprises having sourced internationally

2001-2006 and reporting ‘very important’ for thetimation factor concerned.

Denmark Finland Norway | Sweden
Reduction of labour costs 59 42 43 58
Reduction of costs other than labour costs 39 21 29 29
Access to new markets 11 23 18 10
Following the behaviour/the example of 4 30 8 -
competitors/clients
Improved quality of introduction of new 9 7 9 -
products
Strategic decisions taken by the group head 24 42 1 5 59
Focus on core business 21 18 18 18
Access to specialized knowledge/technologies 13 11 12 12
Tax or other financial incentives 2 2 4 -

Source: Statistics Denmark, 2008

A main concern is the consequences of outsouranthe home economy, particularly the loss of
jobs at home. According to the companies in theifarsurvey, the gross job losses due to
international sourcing account for 25,000-35,000sjon total — or approximately 5,000 jobs
annually in the period 2001-2006. This is an anhosé of less than 1 per cent of the Danish
workforce employed in the companies with 50 or memgployees. Furthermore, according to the
companies those jobs moving abroad are mainly kilked jobs (two-thirds of all job losses were
reported to be for unskilled labour). This is esake the case within the manufacturing sector
(more than 75%). At the same time, the internaticoaircing process also generated new jobs.
However, the survey also showed a total creation,@d0—10,000 jobs in Denmark for the period
2001-2006 or approximately 1,400 jobs created dhnua the observed period. The result is
therefore a relatively low level net loss of jolasaund 3,600 jobs annually). The jobs created in
Denmark due to the international sourcing actigited the enterprises were, to a large extent,
reported as highly skilled jobs. A sector analygishe outsourcing of knowledge intensive jobs in
the Danish IT sector showed that the IT companieating jobs outside Denmark (also within the
knowledge-intensive activities) are also the onesegating most jobs at home (Haakonsson and
Rasmussen, 2010).

So far, we have covered the ‘global’ in relationthe Danish industries and for the agro food
industry where possible. Next we will look into th@rameters for innovation and network.
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7. Innovation and networks
Coming back to the Global Competitiveness Repout, this time looking into some of the

innovation indicators, Denmark ranks as number &ims of ‘capacity for innovation’ (see Table
6, World Economic Forum 2010).

Table 6: The rank of Denmark according to the World EcoroRorum, 2010.

Rank Indicator
9 Capacity for innovation
12 Quality of scientific research institutions
7 Company spending on R&D
8 University-industry collaboration in R&D
9 Government procurement of advanced technolbgroaucts
19 Availability of scientists and engineers
15 Utility patents per million population

Source: WWW.Weforum.org

The relatively high rankings may be explained bg #ducational system which we have seen
produces many PhDs and engages the majority ofvthike force in life-long learning. Moreover,
innovation is not necessarily taking place in R&Rits but increasingly in ‘learning organizations’.
In addition to the innovation indicators, Denmat&oaranks high in the World Economic Forum
(WEF)'s ‘Network readiness’ indicator. In 2010 Degwk was number three (down from number
one the two previous years).

8. Research and Development in Denmark

Looking at the amount of Euros spent on R&D peiiteap each INGINEUS country and in EU-27
on average, Denmark has a high level of R&D expaneli R&D spending per capita is more than
double the EU-27 average and, among the INGINEUStties, Denmark comes second after
Sweden (see Figure 6). Over the last ten yearartigint spent per capita in Denmark has doubled,
which supports the findings of the previous sectimamely that those jobs staying or being created
in Denmark are more knowledge-intensive than tleseng.
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Figure 6: Total intramural R&D expenditure (Euro per capifa) the INGINEUS countries and EU27
average.
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At the national level R&D expenditure in percentadé&sDP is also increasing (see Figure 7). This
is relatively high and, as discussed below, itagipularly high in the food sector.

Figure 7: R&D at the national level as percentage of GDP.
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Source: Statistics Denmark, 2010
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The most problematic factors of doing businesseniark do not relate to available competencies,
innovativeness or network readiness. The push maatootivating Danish companies to shift
activities such as innovation abroad, or keepingiém companies from investing in Denmark,
must be explained by other factors. According ® WEF, business survey companies report tax
rates as the largest barrier for operating in Dehnfallowed by access to financing, tax
regulations, inefficient government bureaucracy aestrictive labour regulations (WEF, 2010-
2011). Hence, the push factors are not so muctetkta the ‘warm bodies’, e.g. the availability of
qualified labour, but to the institutional systefronically, the same system that provides the
workforce and makes Denmark attractive also funstias a barrier to investment in R&D and
other innovative activities in Denmark (the higlt tates, limited venture capital, bureaucracy and
labour regulation).

9. Innovation and internationalization: push / pull factors in the agro
food industry

The Danish Food and Beverage industry contribut®3% of the Danish GDP and produces 20%
of Danish exports in value terms. 64% of exporthinithe industry is sold within Europe. 85% of
the companies are small and medium scale entespfises than 20 employees). This section is
based on four in-depth case studies with someeolfiattyest Danish innovative and internationalized
agro food companies.

Regarding the level of R&D, there is a need toinligtish between the ‘R’ and the ‘D’, where
researchin this industry relates to innovation and theadtiction of new products and services,
while developments innovation in further developing existing protkior applying these to new
markets. Within the introduction of new productsl aroreresearch Danish companies are not
concerned aboytushfactors but they are interested in thdl factors elsewhere. In the interviews
one of the companies expressed this by followirgtestent: “not all good knowledge and
innovation comes from Denmark”. The case compar@epress that they are looking for
supplementary skills, specialists, etc. Two of tmenpanies have re-organized their R&D into
‘global operations’ in which projects are takenecaf by the most specialized in the particulardfiel
often spanning across R&D locations/sites.

With regard todevelopmenthe companies are more dependent on the market.agho food
market is characterized by high diversity, e.g.tastes, textures, raw produce, quality, etc.
Therefore companies internationalizing their markeed to engage in such development as
adjusting their products to local markets, local raaterials, and local conditions. This relates to
market access strategy or exploitation (which is $econd type in the Archibugi and Michie
model). All four case companies are engaged indiénelopment of their products within their
markets. One good example is the investment ofobtige companies into researching methods for
using yeast for low quality wheat flour in Southrig&, aiming at the African market in the longer
term.

In terms of the competitiveness and location ditraness of Denmark, the companies have
concerns about barriers they face in regard todirtpg’ brains from elsewhere. They explain this
in terms of the difficulties of integrating foreigrs into the Danish system. Therefore as will be
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elaborated more below, these companies need togehlacation to more attractive places for
specialized labour.

10. Research in the agro food industry

Recently, there has been a mapping of ‘researchrenayation in the Danish agro food industry’
(Ministry of Science and Technology, 2010). The mig@sults were that this industry is the home
of:

. Global leaders

. Networking companies and universities
. Activities of networking internationally
. A high number of strong patents

. A high level of academic publications

The food industry is of a medium size compared&dther Danish industries. Among the publicly
funded research activities, the agro food sectts ¢% — a little more than, for example, the IT and
energy sectors. Three universities are the mosteact R&D within agro food. These are the
University of Copenhagen, the University of Aartaugl the Technical University of Denmark. All
three institutions collaborate with companies. Cared with the average research spending, the
share of applied research is higher in the agra f@exctor (61%) than within other research areas
(42%).

246 of the companies in the food sector are engegR&.D. 2230 people are employed in R&D in
companies in this industry of which 33% are redsens (see Table 7). The total amount spent by
companies on R&D is approximately DKK 2.1 billioibi¢l.). 90% of this was provided by the
companies while 10% came from other sources in Rekif6%) and abroad (4%). The 4% foreign
sources are EU (2%) and companies within the sameg (2%).

Table 7: Food companies with R&D.

Year | Companies | People in R&D expenses (DKK
R&D billion)

2008 | 246 2230 2067

2007 | 246 2172 1610

Source: Ministry of Science and Technology, 2010

R&D expenses are increasing. At the national letha,food industry also has a strong foothold in
R&D. Research within food accounts for 6% of totdearch spending in the private sector and this
is distributed in large as well as small compafkegure 8).
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Figure 8: Distribution of full time employees in food-relate&&D sorted by company size.
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Denmark ranks third in the OECD in food patentibg population size). 116 patent applications
came out of the Danish agro food industry and reseiastitutions in 2008 while 63 patents were
granted by the European Patent Organisation the yaar (from the previous year’s applications).
Along with the university researchers, a few congsrare extremely dominant in this group; 11
companies took more than five food-related patbataeen 2004 and 2008 (see Table 8).

Table 8: Patents by companies in the Danish food industry.

Company (food related division) | Patents 2004-2008
Novozymes 62
Danisco 39
Novo Nordisk 32
Slagteriernes Forskningsinstitut 19
Aasted-Mikroverk 15
Gumlink A/S incl. Dandy A/S 15
Chr. Hansen 12
CP Kelco 9
Rhodia Chimie 6
Neurosearch

Egebjerg Maskinfabrik

Source: Ministry of Science and Technology, 2010
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In addition to this there are strong and formalizesns of collaboration between companies and
universities: 68% of the companies have particghate R&D collaboration, predominantly with
suppliers (81% of the companies collaborating)pedty with customers (75% of the collaborating
companies) and thirdly with public institutions €6). Academic research within the food industry
is also internationalized: 75% of the scientificopcations within food research are co-authored
with people from outside Denmark. The five most ampant foreign partners are UK (11%),
Sweden (10%), US (9%), Germany (8%) and the Nethdd (7%). China comes in as number 19
with 1.8% of co-authored publications. Denmarkhis tountry with the most scientific publications
related to food, per capita.

11. What Danish agro food companies look for when
internationalizing innovation

Knowledge-intensive activities are increasinglyitgkplace across national boundaries and involve
more actors than before. This is also the casdh@rlarge Danish agro food companies. Four
companies were chosen for INGINEUS, which are aflomg the most research-intensive
companies in the Danish agro food industry. Allrfeampanies have internationalized their R&D
and other innovation activities and hence innovati® increasingly dispersed across national
boundaries. These companies’ emerging global inmmvanetworks are generally constructed
through company subsidiaries linking into localeash environments at the location, also in
emerging economies (e.g. in Bangalore or BeijiMpst of the outsourced R&D activities carried
out by the companies are kept in-house for varreasons — but the companies express a need and
desire to link into local knowledge for two main asens, namely exploitation and
augmentation/exploration.

Exploitation is used as a strategy to adapt thairent products to local tastes, raw materials and
markets (e.g. as is the case with the developmiepeast for local wheat varieties in places like
Sub-Saharan Africa, or for identifying the use akzymes for pasta into new products, such as
noodles). For this type of internationalizationdbcustomers seem to be important, as are locally
present global customers who are important partiverthe innovation network (for those not
producing for the end consumer). Augmentation istrategy to tap into knowledge which the
companies do not access elsewhere or which isrlmttdheaper in an existing setting (as when one
of the companies bought an Indian producer of serfgrown proteins). For this type of
internationalization — home base augmenting stieéeg- local institutions, competitors,
universities, etc. are important actors. These itwaalels of the internationalization of innovation
are not mutually exclusive. Often both these sgiageexplain a company’s presence in a location
and are often both part of its location strategg. the FDI by Industry diagram shown above
indicates, the food and beverage industry is, arage, more internationalized beyond Europe than
are other industries. To get a more in-depth undedsng of which processes are at play when
Danish food-related companies internationalize wation, this paper will now turn to in-depth
case-studies with four of the Danish food-industryovation leaders. The first two companies are
specialized within the bio-tech related part of thdustry and are both primarily involved in
production of ingredients and additives. The otlagr produce more traditional products developed
in Denmark but adjusted to local tastes.
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12. Case companies

Among the companies two models were identified. fits¢ is globalization of innovation and the
second is internationalization of innovation. Thestfimplies a re-organization of innovation
processes at the global scale involving technasie networks of specialized knowledge actors
for research and development. For this the cap@alwill later be used in relation to global
innovation networks (GINs). The second implies aorgier internationalization — or
Europeanization — of innovation, mainly as proddetelopment and in collaboration with actors
upstream and downstream in the companies’ valumghhere the lower case ‘g’ will be used to
indicate innovation networks that are not as glohslthose with a capital ‘G’. In terms of
innovation — the ‘I’ in global innovation networkthe capital ‘I' is used for companies who
organize innovation across their global R&D anddomciion sites and introduce new to the world
innovations. The lower case ‘i' is used for comgan or networks — that predominantly
internationalize their innovation in order to ad#ptir products to new markets. The last letter for
network, the capital ‘N’, is used when companiegage in collaborations beyond their own value
chain, e.g. with universities and other researatititions, while the lower case ‘n’ indicates that
the network mainly includes suppliers and customers

12.1 The first model: companies who go through a gaine globalization of innovation.

Future oriented companies engage in the producttorobrrow and entering the markets of
tomorrow.

Agrol: Knowledge is the main product of this company. THelyver solutions to customers based
on recipes developed by the company — including freducts as ingredients.

R&D is of high priority, 4.3 % of turnover is allatton R&D which is carried out predominantly in
their five large R&D platforms plus some supplenagptsmall research units. 870 people are
working in R&D, of which 67% have a university degr This company has a strong need for
specialized knowledge at all levels. This is als® tase when collaborating with customers as the
core product is knowledge. While researching ingnetd, the company has a high level of
specialization and recruits a lot of people frone fllod sector. They come from specialized
segments of the food industry. In order to remaitha top, the company’s culture is designed for
innovation — the company encourages willingnessite risks, curiosity, freedom, trust, networks,
room for all, open mindedness, experimenting atlelels and supporting entrepreneurs. To
facilitate the development of ideas from within tb@mpany, the company has identified ‘Cre-
actors’ whoare internal professional consultants who suppedple who come up with ‘a good idea’ in
bringing it further in the company.

Innovation as research is coordinated by an intewramittee ensuring that the same structure and
innovation management exists across the diffegations. This committee is also responsible for
the allocation of funding for R&D. For this type B&D the company needs real experts — in bio-
technology. Ten per cent of R&D spending is plaocedside the company and this is often in
collaboration with universities. The other typeiofiovation (as development) in the company is
close collaboration with the customers. Food taatedifferent around the world and even for the
same products, the company needs local varietiesiekder, having a critical mass in a centre is
prioritized more than a local presence. “Operati@amesspecialized and we have developed a system
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of exchanging knowledge so that a problem in tleadbrindustry in South America may be solved
from our specialized team in Canada.”

The two main reasons for off-shoring R&D are thgit is cheaper and 2) to serve the market there.
China is a high priority for R&D as it is an impant upcoming player in bio-technology: “they
produce a number of highly qualified PhDs everyry&ais area is really exciting for our business.
Some of our people in the US have spent 3-6 maaithibe China site to help developing the
culture, etc.” Representatives from the compang @sinted out the following: “In addition to
having access to highly educated staff and fi@swiniversities, we also find a mature biotechnology
network in China, which we can use to continualh@&nce our advantages in the fields of enzyme
discovery and protein engineering” (cit. ExecutiMiee President of R&D). Moreover, there is
some evidence that the global production networkAgfol as an existing configuration, did
develop into the global innovation network this g@my is a part of today. Except for a takeover of
a US company, the R&D centres have been placetyearsting production facilities. Since R&D
often takes place in collaboration with customénsre is a point of locating R&D and innovation
near the new markets: Agrol developed from expgproducts into adjusting products to the local
market. However, the leadership team decided tletosts of having too many R&D sites were
too high. Consequently, today the R&D has beemuestred into five platforms.

Push factors related to Denmark: “At the natioeakl, i.e. in Denmark, we need more support for
networking. We also need more flexibility for gagiforeign employees to Denmark”, for example

tax holidays. According to Agrol, tax is a majosus for foreign high-ranking researchers. The
company collaborates with Danish universities whichy regard as being sufficient. Due to the
long tradition of agro food industry and reseamtDenmark, there are many good niches for food-
production and research at home. Many of the kndgdeworkers come from the Danish food

industry. The company links to academic institusioat home and abroad through different
programmes, for example through annual awards lamavebsite ‘innocentive’. Agrol also plays a

very active role in the agro food cluster at honee,the Agro-Food Park.

Agro2: this company is also a global leader in its figtds research-intensive, spending of more
than 14% of the revenue on R&D. All R&D sites ataced in locations with significant sales and
where the company can identify an interesting aetl performing research environment. R&D
projects are managed internationally, only 20% greject team is located nearby the project
leader. Researchers are based in different sibtethad they can engage with the people in these
places: “Practically, it is easier to talk with pé®in Beijing if we have researchers placed there”
Today research centres are placed in US, Japani,Bbanmark, China, Japan, Switzerland, India,
UK and Australia.

The R&D site in China was established in the mi@d®after the company had been in the Chinese
market for 23 years. The original strategy behin@as to develop into being a key player in the
booming Chinese economy more than to access lowatosur. Today, the company holds a strong
position in the Chinese market for enzymes. Theyehdeveloped partnerships with state owned
enterprises in China — which are only possible tuéheir local presence and the history of the
company in China. From being a site of developmempplying the company’s products to the
Chinese market, the R&D site has developed intagoai part of the global R&D operations. 80%
of the research carried out in China is of the camyfs global R&D operations. According to the
innovation manager, having operations in Chinahs@e challenge, but the market is big enough to
be worth it. The company has invested in upgratiegstaff (also in language capabilities in order
to be able to take part in the global operationsictv has then become more attractive in the labour
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market. Hence, according to the company there ismonuch a low-cost incentive for off-shoring
R&D to China as a market incentive: “... costs arallyenot the issue. In China, salaries have
increased a lot recently also because there is oatagfe of English speaking researchers”
(interview).

In India, the company took over one of its main petitors in 2007, including their R&D facilities
and with this the 150 employees within a very splerad field which is supplementary to their
existing global facilities. Hence, the acquisitiadded to the company’s global product portfolio.
The particular products are now only made in Bamgabut sold worldwide. In India the company
can find the qualified people needed to meet irigonal standards. In Bangalore the company is
also able to find qualified people for their globR&D activities. The IIT and IS are very
prestigious in their product area and perform wallEss research: “it is easier to tap into these
resources if you have local presence”. As an HRtegy in India, Agro2 do head-hunting and
networking and find these two highly interrelated, new employees bring about new networks.
Getting qualified people is easier in India.

As motivations to move abroad, one manager expdainat Agro2 has the understanding that “not
all good innovation can take place in Denmark”. @efitiveness is a question about being present
globally — and “you look more serious if you haeedl R&D”. Still, the company has no plans of
cutting down on its activities at home: “We are mobving R&D out from Denmark” —
approximately half of R&D is located in Denmark amsbre people are hired there every year.
However, the proportion of researchers being lataieDenmark is diminishing. “One interesting
guestion here is whether we can find the qualipedple we need in the Copenhagen area at all,
which is problematic”, likewise, “it is easier tdtract US personnel to North Carolina than to
Denmark”. “It is difficult to attract foreigners tDenmark. High taxes are frightening for most
foreigners and they rarely stay for more than tlyesas” (the tax holiday limit).

For the development of products for new marketscallpresence is crucial: “sitting in Denmark
thinking about what would work for preserving juiteem fruits in India may not be the most
brilliant thing to do” and, discussing the collabbons in Africa: “their bread is different and has
different look which is important to acknowledgeeaxhdeveloping our products”.

12.2 The second model: internationalization in soawhat traditional companies

With Agro 3 and Agro 4, the overall current tendescare that 1) they collaborate more with
academics, suppliers and customers than they digre2) they keep in-house R&D in Denmark,
3) some of the R&D is supplemented with smallerrapens — either specialized or market-
oriented ones — at foreign locations, 4) R&D foause improving existing products and processes.

Agro4: The overall strategy of this company is stated as the intentmrbecome the largest
producer of their products globally. Hence, the pany strategy relates to growth of their
production and market share. Therefore their R&Bug®s on products and sustainability: one of
their core issues is how to keep the products freilwever, all R&D activities are centred in
Copenhagen, centralized for all business linebénhieadquarters. “Our corporate R&D focus is no
longer linked to the supply chain, but to the mérgprocess and the end customer”.

Agro4 has strong historical research ties with ofithe largest universities in Denmark. Seven full
time internal professors within very specializesle@ch areas are employed in the company and, in

Page 56 of 240



GING,
3\& )OU‘ D6.1: Research papers on “Fragmentation of GINs andapability building in the automotive, ICT
i and agro-processing industries” -

“Globalisation of innovation in the Danish agro-foal industry”

addition to this, there are 40 PhDs and post-datstaff on their pay roll. They tend to move of, a
was stated by the Innovation Manager: “most of treemtinue their careers elsewhere — and by
doing so they create a foundation for further redeacollaboration”. There is some
internationalized research into developing the figpin different natural environments in
collaboration with local institutions, mostly inltxting samples of raw material, while the R&D is
carried out in Denmark. In addition to this there a few specialized R&D units elsewhere, for
example one in Russia which is developing natugradients.

Products are not changing radically, but a numbaiterations and incremental changes take place
both in the production process — focusing on makinegproducts last longer, extending the shelf-

time — and in marketing (targeting other custommeupgs, e.g. women). Basically, the corporate

R&D focus is no longer linked to the supply chairt bo the marketing process and end-customer.
In addition to this, there is a ‘front-end unit'rfeach market that is in charge of identifying the

needs for innovation of each brand in the particolarkets. The front-end-units, whose role among
others is to identify future needs for innovati@ame also located in the HQ. This company has
future plans to establish a research facility imgld&kong because some of their competitors have.
The company also considers more open innovatiorefaod

Agro3: This company’s focus is in fresh products. Their R& focused on ingredients and
nutrition and is predominantly market orientedhdss experienced a degree of Europeanization and
today has six R&D centres in Europe of which twe ar Denmark and one each in Sweden,
Finland, Netherlands and UK.

Collaboration is important in their R&D set-up asimg research projects involve public funding
and university partners. In addition to the R&Dilisies in Europe, the company has two joint
ventures (in Argentina and China). Most knowledg@noduced in Denmark. This is explained by
“Denmark has a strong tradition for agro food”. fideh research in the agro food sector is very
specialized, as knowledge competences at Danistensities are very good, deep and specialized
in some specific areas”. In addition to their cpreducts, Agro3 is engaged in basic research on
genome for which they collaborate with the wholenwek of genome research in Denmark.

10-15% of R&D expenditure is used on external coapn. This is carried out in long to medium
term projects with universities, e.g. by industihDs or short-term collaborations on specific
projects. At the international level, collaboratiomppens in relation to very specific R&D activdtie
(Intellectual Property Rights always stay in thenpany): “We buy this research or knowledge in
universities where we know there are special imsénts, or special knowledge competences.” The
company has a network of partners for this: 3—wensities in the US, 1 in Germany, 1 in Sweden
and 5 in Denmark. Furthermore, the company is pgn EU consortium involving partners in
France and Spain.

For Agro3, internationalization of R&D is a strayegf moving closer to a market — also in terms of
access to the authorities for approving the praguethich is a big issue for this company.
Comparative advantages of lower costs are not ag@m issue but rather access to technology and
knowledge and extraordinary research capacity.tkeir ingredient operations, there is a lot of
international down-stream collaboration with clenbn potential product development. The
company collaborates with two foreign global leadesthin their technology, who get the first
offer on new innovations, and likewise, Agro3 gets first offer of developing new products. In
addition to this, there is a series of collabom@wrangements with specialized suppliers for prbdu
and process development.
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The company has certainly more collaboration tottean ten years ago. The future plan is to
establish collaboration frameworks rather than @addehoc collaboration structure of today. The
company also expressed some worries about recedérieies in the Danish agro food industry:
“The Danish agro food research sector is underspres We can save it now, or it will go in the
wrong direction. The problem is that some compedsitbat we need will disappear.”

13. Global Innovation Network formations in the Dansh agro food
sector

The four cases show different models within theotggies of GINs related to the Danish agro food
sector:

Table 9: Internationalization of innovation in the four eastudies, Danish Agro-food industry.

Global (G or g) Innovation (I or i) Network (N or n)

Agrol 5 large global R&D Future oriented, new to the Development: customers

platforms world innovation. Research: 10% of R&D
GIN 4.3% of turnover into R&D| funding outside the

‘Cre-actors’ company (universities)

Agro2 R&D projects managed 14.3% of turnover on R&D| Collaborations in China, +

globally Bio-tech universities in Bangalore

. . (T & 1IS)

10 R&D locations spanning Bio-fuel research
GIN 5 continents DK universities
Agro4 Some sample collections | Development into keeping| Collaboration with

internationally products fresh, University of Copenhagen

sustainability in

R&D at headquarters in 7 professors + 40 PhDs and

; production, marketing
gIN Denmark driven research focus on post docs
end-customer
Agro3 6 R&D centres in Europe | R&D is market oriented Collaboration and receiver
2 joint ventures in South | Some research into of public research funding
America genomes University partners
] 12% of products sold 10-15% of R&D budget is
gIN outside Europe spent externally

The first model as illustrated by Agrol and Agredrnideed a model in which we can identify core
innovation activities across a range of countries$ eontinents — the companies depend on constant
innovation, and they operate in networks acrosgmait boundaries. Hence, both are engaged in
developing communication tools for sharing inforimatamong the subsidiaries. For some products
they engage in techno-scientific collaboration withiversities specialized internationally within
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certain research areas either for gaining knowlealg@s a recruitment strategy. The model is
global, providing new-to-the-world innovation andcludes partners beyond their global value
chain; they engage BINSs.

The second model as performed by Agro4 and Agrediere the companies maintain their product
research and development at home. Their produetsareasingly sold beyond the Danish market
as the market is small. Some products are soldatijobowever with only little local adjustment of
the products at the local production facilities éhtood is produced locally due to shelf life and
transport costs). So what we see for these compantbat R&D is in Denmark, and to some extent
in Europe, whilst innovation is limited to adjugiproducts to their target markets and they engage
beyond the value chains at home. They have dewe gipis.

Another interesting point about these four casekasfor the two GIN companies, the GINs seem
to have developed within their previously estaldilglobal production networks, i.e. in places
where they already have significant production aabks. Except for in certain cases where the
company in question has merged with a competingpemmy as was the case for Agrol in the US
and Agro2 in India. Reasons for establishing R&@sale Denmark are pinpointed in the following
two citations: “not all good knowledge can be proehllin Denmark” and “it is difficult to attract
key foreign researchers to our R&D sites in Denrhailkhe two giN companies are either
considering off-shoring research into Hong Kong @®) or already have two minor joint ventures
in South America (Agro3).

Relating these findings to the push and pull fatypologies introduced earlier in this paper, the
companies can be placed according to the diffgresh and pull factors:

Table 10: Drivers and strategies in the internationalizatibimnovation in the Danish agro food industry.

Pull factors: | 1. International exploitation of 2. Global generation of 3. Global techno-scientific
nationally generated innovations | innovation collaboration
Push factors) 4. Exploitation 5. Augmenting/exploration
(due to limited home market) (due to innovation at home too slow)
Driver: Market Market/knowledge Knowledge
Agrol Market seeking ‘Cre-actors’ 10% of R&D outside
Location by customers Internal committee company
(development) Tapping into mature
biotech network in China
Agro2 R&D placed in locations with “Not all good innovation Where company identifies
significant sales takes place in Denmark” relevant research activity
India IIT & 1IS
Collaborations with
enterprises in China
Agro4 Market expansion strategy National National
Research into tastes and durabilit
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(shelf life)
Agro3 Market expansion strategy, moving Europe Minor joint ventures in
closer to the market. China & Argentina

Table 10 shows the linkages between the push add faetors. All four companies are
internationalizing the use of their innovative puots through a market seeking strategy of
exploitation. For those companies whose produetsraermediates/ingredients for other lead firms,
this has led to a globalization of innovation (asvBlopment) and following a strategy of
exploration, i.e. through global generation of wmation which again has facilitated the
establishment of global techno-scientific collaltiora However, this was not the case for Agro4,
who did not follow the trajectory set out in thecAibugi and Michie Internationalization of
Innovation model. Meanwhile, the locations diffecarding to the types of innovation activities
that are internationalized. China and India arehhbmtrceived as important locations by these
companies, mainly because these countries have #@ogjiowing market and large research
communities, at least at a regional level.

However, both Agrol and Agro2 also have activiiesSouth Africa. The Danish agro food
companies with internationalized innovation aciggtlook for ‘warm bodies’ as in: customers and
localized knowledge in tastes, ingredients and pced specialized knowledge; particular
researchers who are difficult to attract to Denmarid participation in research environments.

14. Conclusions

The agro food industry is a core industry in theniBa economy. Due to a small home economy
and high investments into innovation activitie® thrge companies internationalized their markets.
The companies have experienced a need to move thdlenhome market — these are the ‘push
factors’ which are strongest among the large pkayethe industry. As the products relate to local
tastes and food varieties, the same companiesdtasted doing R&D in their new locations. This
increasingly takes place in locations outside Eeroplowever, this internationalization of
innovation is led by certain particular push fastoFor companies that predominantly supply
ingredients and enzymes for the global food-leaddj there is a need to follow their customers in
their exploitation of new markets. Likewise, thesenpanies need to keep their position as turnkey-
suppliers and to tap into all new knowledge witlieir fields. Hence, knowledge-augmenting
strategies are relevant for these companies. Rgcemte of the companies has engaged in
innovation in South Africa. As parts of Africa seeémhost the up-coming emerging markets this
company needs to collaborate on matching theiegignts to the raw-materials available.

We will now turn into looking at the consequencegtie host economies. Although this has not
been the main focus of this paper, there are celégsons to be learned about the impacts in host
economies. For the ones looking to attract comgami#h home-augmenting strategies for
internationalization of innovation, the knowledgapacity is highly relevant. However, this
capacity needs to be specialized in local raw naseiocal food culture, or highly technical withi

a certain field, as was the case with Agro2 indndihe benefit of providing this is that the local
innovation system gains access to upgrading andvledge transfer as it develops into a
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specialized ‘knowledge hub’. Furthermore, therethe possibility to tap into the established
networks which the lead firm has at home, henceagigg the innovation networks at home by
linking to larger or more specialized ones abroad.

For companies producing directly for consumerstethe a need to expand into new markets. The
location attractiveness for these companies is Imezemprised of future market trends and
economic growth. These companies have generally iitternationalization of innovation. Hence,
spill-over effects into the host economies are Vienyted.
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1. Introduction

Capability building in multinational companies iscieasingly seen as a twofold process which
brings company specific knowledge from the headgusrto locations abroad and simultaneously
attempts to draw on local knowledge from locatiabsoad at home. Capability building then is a
complex learning process aimed at improving the mamg’'s competitiveness at the global

market(s). In this report, learning is allocategé&rsons, enhancing the individual’'s capacitie$ bot

in the company’s production and R&D activities. Teeort, therefore, focuses on new efforts from
the company to improve its “human capital”’. Theerts have a clear-cut target, i.e. to maintain or
foster the company’s competitiveness by profitirapf improvements in quality production at each
location and from a new global division of labouthin the company.

These processes are extremely diversified, depgnfiom technologies and sectors and the
companies’ strategic behaviour in general and theitives to internationalize in particular. It is
generally assumed that there is a sector and comgaecific mix of push and pull factors to
internationalize. It is claimed in this report thia¢se specifities have a major impact on the fayfns
global capability building within the multinatiorsalBuilding capabilities means establishing global
knowledge pipelines, according to the literatur@owledge “pipelines” are defined as organised
and formalised ways of purposive communicationnowledge processes, either as open channels
or closed conduits (Owen-Smith/Powell 2004). TH®%ing report is about how companies in the
German automotive supplier sector learn to estaldissed conduits within their international
organisation in order to transmit and exchange Kkedge, both for producing sophisticated
products and developing innovation abroad. We wanpie that German automotive suppliers are
among the leading multinationals in the sector Whitost often follow a strategy of international
growth based on the strength of their productian{d and their most favourable environment in
Germany. These home-based (global) players addne been called by Kinkel and Zanker (2007)
seem to follow particular ways in capability burldi One of the reasons for this might be the
particular type of knowledge dominating the secter., experiential knowledge in engineering, or
so-called “synthetic knowledge” (Asheim/Gertler 30

The report is organized in the following way. SestR presents the German automotive industry in
its domestic context and discusses possible driegrsiternationalisation of innovative activities.
Section 3 focuses on various ways of learning rotuiild a global pipeline of knowledge, both for
improving the skills of the labour force abroad &mquiring responsibilities in production of new
products and enabling the R&D personnel abroadbfroming integrated into the innovation
activities of the company. This is based on thrasecstudies of German automotive companies
which, despite looking back on a rather long coapmristory, only recently have established a
global internal network of innovation. As one oétimterviewees put it, “while other industries may
have had a knowledge management strategy for oneaidecades, the automotive industry is
currently slowly developing one, but it is doing.sBo, we are probably at a starting point of globa
knowledge management and global innovation networkise sector.

Finally, section 4 draws some conclusions on theeon state of companies having learnt to
network in global innovative activities. FollowinjlGINEUS’ terminology on the meaning of G
(for global), I (for innovation) and N (for netwQgrkve claim that the German automotive industry
actually is in a state of gIN.
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2. The German automotive industry

Germany is Europe’s leading country in automobiiedpction and one of the largest exporters in
the world. In 2008, i.e. prior to the recent criggermany was the world’s fourth largest produder o
passenger cars (with 5.53 Million units), followidgpan (9.93 Million units), the US (8.45 Million
units) and China (5.68 Million units), and it curtly is the fourth largest producer of commercial
vehicles (as of 9 March 2011, see VDA 2011). Genisaaxport rate in the automobile industry
decreased from nearly 75% in 2008 to 69% in 200&niyn because its premium models became
too expensive on most markets during the crisiswél@r, in 2010 production and exports of
premium models regained momentum. 70% of Germaeyfsrt markets are European countries
(2008 70.3%; 2009 68.2%), 10% the US (2008 12.8309210.5%); according to VDA (2010), the
share of China has recently been increasing fr@¥5n 2008 to 8.8% in 2009.

For the German labour market and for industrialigaddition, automobile production is one of the
key sectors in the German economy. The total empéoy effects of all of the different sectors
related to the production and usage of cars wamsa&std at 2.8 million persons or 14% of
Germany'’s total labour force in 2005 (Stat. Bunde&sBeutschland 2009). The sector provided for
20 % of the annual turnover of all manufacturindustries in Germany, in 2009 (VDA 2010, 16)
(see wp 9, sectoral paper).

In Porter’s terms, the industry constitutes a @ustith considerable comparative advantages. At
the top of the cluster are three large producefpr@mium” cars (BMW, Daimler and Volkswagen
with its Audi and Porsche brands), three volumedpoers (Ford, the GM brand Opel, and
Volkswagen), and two producers in the commerci&licte segment (Daimler and MAN). These
OEMs are the very demanding customers of the auteensupplier industries.

2.1 Internationalisation in the German automotive ndustry

The automotive industry is characterized by a ligbree of internationalisation and, thus, seems to
be a rather globalized industry. However, its cong@follow more often regionalisation strategies
in the sense that world regions are consideredffesetht market areas with different requirements
from their clients. In Gereffi's terms, the autometindustry forms global producer chains where
powerful automobile companies (the OEMSs, originglipment manufacturers) “govern” in a
hierarchical manner more or less dependent autemetippliers. During the “second revolution in
auto production”, elsewhere termed as “Toyotism™lean production”, a complex pyramid of
companies has emerged in the auto production sysd&iivis still are considered as the powerful
drivers as they guarantee access to the marketssysiem and components suppliers are
increasingly becoming important and independent cimins of production and product
development. This applies to all “regional” aut@quction systems. But Germany is a particular
case in point as “premium car’” OEMs as well asdairghovative system suppliers dominate the
domestic auto production system and the way itrelgdo global “regional” markets.

In the recent two decades, the German automotihesiny has become the main driver in foreign
direct investment from Germany. Within a few yeats,share in German FDI in manufacturing
rose tremendously from 18% of total investment393.to nearly 30% in 1998. Since then, it has
had a constant share of 30 to 35% in manufactufidgor 8 to 10% of total FDI (Legler et al.

2009, 86f.). Between 2005 and 2008, foreign diraet indirect investment of the German
automotive industry varied around 100 billion € twihe bulk of this in Europe and the US —
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confirming the notion of world regions in the inthys— and increasing investment only in Brazil,
China and India (see wp 9 country report). Accaydim the literature, automotive suppliers have
had two motives to relocate production abroad.tFihey follow their clients (German OEMS) to

the various world regions (US, Brazil, China), oftmitiated by the powerful OEMs. Second,

caused by the tremendous competitive squeeze iisdbtor, they relocate “nearby” in low-cost
countries (such as Eastern Europe and North Afiic@yder to profit both from lower wages and

relatively low transportation costs. Recent figunesR&D expenditures of German automotive
companies reveal a reduction in foreign R&D andnanease in domestic R&D from 2005 to 2007
(Belitz 2010, 7).

The automotive industry is extremely important fmmovation activities in the German economy,
both in a quantitative and qualitative perspectivegler et al. 2009, 90). It is by far the largest
sector in terms of R&D expenditures (20.0bn € of@%ut it is not a high-tech sector as the R&D
intensity fluctuated between 4 % and slightly mibv@n 5% in the period from 1992 to 2006 (Legler
et al. 2009, 93). Most R&D expenditures are spetramurally. While the automotive industry at
home spends the bulk of R&D expenditures of all afiacturing industries in Germany (35 to
38%), its share of R&D abroad was only 15.6 % i026 which still amounts to 52% of the total
of foreign R&D expenditures of German industry.

While some features of the organisational structonag be similar in other countries with a strong
automotive industry, Sturgeon et. al. (2008, 30Bbint to a major difference in the governance of
inter-organisational processes. Japanese OEMsater reluctant to interact with suppliers in co-
development. US-American OEMs have a rather adsafseelationship to their suppliers and

prefer short term collaboration in engineering \atés. German OEMSs, particularly those

producing in the “premium” segment, most often kéepg-term relationships with their main

system and components suppliers in model developmieased on trust and long-term

collaboration.

2.2 Framing learning and innovation in the German ato production system

Automotive suppliers do not form a sector in thatistical sense. While statistics generally focus
around similar technologies in a sector, large esyssuppliers are experts in combining rather
different technologies. As a consequence, the antigen supplier industry is, in technological
terms, extremely diversified and requires veryatight types of knowledge in learning and R&D
processes. According to recent literature, theraatwe industry is generally seen as a “sector” of
prevailing synthetic knowledge, where “innovati@kes place mainly through the application or
novel combination of existing knowledge” (Asheimf@a 2005, 295). Basic research seems less
necessary but the experience of engineers is trikmawledge management, then, mainly has to
consider forms of learning by doing and interactasgwell as interpersonal knowledge exchanges.
According to Dankbaar (2007) much knowledge in ithéustry is experiential. Although the
industry has developed some kind of modularitytenproducts — which gave rise to the level of
system and components suppliers in the industrinterfaces are seldom standardized across the
industry and interactions between the various mexlahd the performance of the car as a whole
remain complex” (281).

During the 1990s, in the so-called second industesolution of the industry, OEMs widely
outsourced production and reduced their own vatlged activities up to 25%. Simultaneously,
they offshored production, mainly in the search fmarket access in the different world regions.
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Since then, a pyramidal organisation of the inguktts evolved, which is hierarchically governed
by the large OEMs. Recent research on the orgammsat R&D and innovation in the industry has
revealed an even stronger hierarchical situatiannovation (Schamp et al. 2004). In this pyramid
of model development in the automobile industrycmwork has been outsourced to suppliers and
engineering service providers in Germany. Supplieitswed in outsourcing innovative activities
to engineering service providers. However, thesgice providers are largely embedded in the
domestic innovation system. Because of their higiges, they have run into a cost trap during the
recent crisis. As a result, both OEM and systenpkens have reduced outsourcing to engineering
service providers in model development but statveelocate offshore. This is where the following
section attempts to discuss learning processés devel of the company.

Fig. 1: The model development pyramid in automobile indu&champ et al. 2004, 616)
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Figure 2. The network of firms in automobile design

R&D activities of the German automotive industrye aembedded in networks at different
geographical levels. Firstly, networks dealing wiltle fundamental issues of new technologies are
national and combine the automobile producers &ssmt, large OEMs and system suppliers,
research labs, universities etc. Secondly, netwdikee evolved in regional cluster initiatives,
where automotive suppliers concentrate spatialffgnoinitiated by regional authorities, local
suppliers, universities etc. (Blocker et al. 2008hey more often tackle problems of process
development than product development. Thirdly, dlet R&D centres of the OEMs which have
emerged in the recent decades attract a number&df Bffices of automotive suppliers and
engineering service companies for mutual coordmmatiand control by the OEM) of model
development to their location (in Germany) and ttaus strong local R&D clusters. Technical and
applied universities, many of them having a depantmor even faculty for automotive
technologies, play a major role both in researcth @evelopment and in educating engineers in
sector specific technological fields. As a resaltcomplex web of embeddedness in innovation
processes at different geographical levels has dotoebeing, which mainly forms a strong home
base of the automotive industry in innovation (fwre detail see wp 9 sectoral country report).
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Automotive companies see another major advantagtheathome locations in the particular
vocational education and training system in Germi&ay combines learning of general (codified)
knowledge in public schooling with sector spec#éiperiential knowledge at the company’s shop
floor. Although the German dual VET system has besported” to other countries, among them
China, it nowhere delivers similar results in terofivoroadly trained young employees at the shop
floor level (see, e.g., Barabasch et al. 2009)tHeumore, the German dual VET system can lead to
a broadly educated (vocational) master’'s degreébeasupervisory level (for more detail see wp 3
country report on national innovation system).

Political agents and the media expect an incred$aoy of talent” in the future, however, both in
number of young people and their willingness toknaioroad. Major reasons seem to be the ageing
and declining population, added by the current antmigration of qualified Germans in certain
fields of competences, on the one hand, and changeslividual’'s behaviour, on the other. This
would cause a problem for the multinational compamnwhich would push them to look for talent
abroad. However, some studies do not see a shartdge qualified labour force neither currently
nor in the near future (Brenke 2010). According caiculations of the Federal Institute for
Vocational Education and Training BIBB, there isintbalance to be expected in the mid-range
between offer and demand even in the MINT discgditHelmrich/Zika 2010).

As a result, recent company typologies in the Gerraatomotive sector based on long-term
strategic decision-making may not come as a s@pAscording to a ZEW study (Kinkel and
Zanker 2007), the huge majority of German compaares‘home-based players” and only a few
suppliers follow a strategy as “cost-oriented prmiuabroad” — looking for relocation to low wage
countries — or a strategy as “market and clientegriproducer abroad” who follows his client into
other world regions. The home-based player stdktto keep his strong competence “at home”, in
Germany, while increasingly producing abroad. HikelY is it that such a company following this
strategic philosophy will establish global innowatinetworks? Or to put it in another way: if we
agree that the home-based player comes under &mtgeeaompetitive squeeze to internationalize,
which activities in the innovation process will lsebject to relocation and transfer to global
networks and how will the company govern thesevgies?

The strategic problem in the eyes of the compaisidsow far local knowledge extant at other
places in the world can be seized and low costesnowledge-based processes at other places be
used by the company without losing its strong adrdn knowledge processes. In the following, we
attempt to answer this question based on threestadies in the German automotive industry.

There are two reasons to focus on automotive sengpinstead of OEMs. First, OEMs have
relocated much of their production and, conseqyemfoduct development to the automotive
suppliers in recent decades, following their sggtef “lean production”. Suppliers contribute

substantially to innovation in the automobile proglon system, nowadays. Second, automotive
suppliers were more likely prepared to relocatedpotion into low-cost countries, compared to
OEMs. The question is whether they will be moreliykprepared to relocate innovation activities
and to establish a new international division dfolar in innovation? A recent study on new
investments by the German automotive industry inté and Eastern Europe does not confirm
this (Jurgens/Krzymdzinski 2010). But does thi®apply to other world regions?
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3. Case studies on learning how to offshore knowlgd-based processes

Case study analyses depend from the companiesgviktss to collaborate with the researcher. In
this study, up to ten months were required to geess to managers in three automotive suppliers
of considerable size for in-depth interviews ofethito four hours per company. Managers from
different departments were involved. Interviewsdnbeen transcribed and supplemented by various
documents, both public (website) and private (camgpa The companies adhere to one
technological field, i.e. the rather broad fieldcoimbustion engine technology. This technology has
a long history and path dependence leading to aglawed technological experience and
sophisticated problem solving in the developmenhofeasingly complex products. A major driver
for technological change are increasing requirem@mtenvironmental protection. Companies in
this product range are therefore obliged to cowtisly look for innovations and combine
knowledge inputs from various other technologies. @8Aconsequence, the following case studies
represent one of the most R&D intensive subsecdtotee automotive industry. These companies
cannot be compared to some other parts of the aditansupplier industry, particularly not to
assembly industries such as seat or wiring hanpreskiction.

3.1 The companies

All three companies are located in the Stuttgagdan Southern Germany where a unique cluster of
OEMs and automotive suppliers has emerged, amang thany international suppliers and world
market leaders in their specific market niches.tAdl companies are “mature” companies, having a
life of at least one hundred years. All have begarnational for at least several decades. Thus, we
could expect that the management has good experiengoing global. Tab. 3.1 presents the
companies according to their age, size and fieldfs)activities. The companies are highly
specialised in technological terms, resulting i@ tble of a “forerunner” in innovation, on the one
hand. On the other hand, they produce differendlyocblines, both for domestic and foreign OEMs
and the passenger car and commercial vehicle nsarkghile systems and components for
passenger cars are almost standardised, requiniggy@mdel applications, and are price-sensitive,
systems for commercial vehicles are highly compéeknical solutions, with a great need for R&D
expenditures. Technical solutions for commercidligles cannot easily be transferred to passenger
cars but many companies see an internal learnlagjaieship between both markets.

The three cases correspond in organisational tewmghat often has been described as “German
SMEs/Mittelstand”. Auto2 and Autol have been famelyterprises for generations. Auto8 was

founded by a private entrepreneur. It is curreothpned by a foundation. As a result, none of the
companies directly depends on the stock exchangk aan a short-term shareholder value

philosophy. The companies were formerly more irdéomalised within Europe, but have now

become active around the world, principally in BRICS countries.

Tab. 3.1: Companies selected for case study, as of 2009

company | year of annual employees| products total sales | R&D
foundation turnover in abroad in | expenditures in
billion € % % of sales
Auto2 1905 2.47 17,000 Thermo managenmed® (exclud.| 8.3
in air conditioning and Europe)
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engine cooling
Autol 1865 1,34 5,200 Exhaust systems pdd 5.9
heating systems
Auto8 1886 no information 23,000 Gasoline systems 76 9.4
(part) available

Auto?2 started as a small workshop for car radiatod905 and has now become a leading producer
of air conditioning systems for cars and enginelings, both for passenger cars and commercial
vehicles. While the company has been strongly tetkriowards the premium model sector in
passenger cars and sophisticated truck markebgsitrecently started to enter low-cost markets,
such as modules for the Indian Tata Nano modedtilltis a family-owned company in thé3
generation, owned by 3 families.

The company is still largely based on European starkwhere half of it is Germany-based. It
nevertheless has 22 production locations all dvemtorld, and 11 development centres. However,
there are only two fully equipped R&D centres, aethe site of the headquarters and in the US.
Although the company obviously has a centralisegegmance, its organisational structure is rather
opaque for outsiders as the company acts as hotddingmbers of “independent” companies and
has entered into a large joint venture with twoeotbuppliers, some ten years ago, thus forming a
full system supplier of so-called frontends to eas®r cars, including shock absorbers, engine
coolings, lightening. Frontends are typically assku in close proximity to the OEM assembly
plant.

Auto2 used a typical “follow-the-client” strategy its early internationalisation and went, first, t
the Americas (US, Mexico, Brazil). Only recentlgetcompany identified emerging countries such
as China, India, Brazil and Turkey as the growthkeis of the future. It nevertheless followed a
cautious strategy by starting with joint venturad anly later investing in fully-owned subsidiaries
In 1997, opened a JV in India, supplemented by girteering Service Company in 2000. Later,
Auto2 engaged in China and Turkey.

Autol was founded in 1865 but only entered the raotale production system in 1932 when it
started to produce heating systems and sound avsorAfter WW?2 it grew with the growing

demand for a German volume producer at that tirhe. dompany started to internationalize during
the 1980s, but only recently established a R&D reeiabroad in 2000 in the US. It currently
produces in 8 European countries, in the Ameritks Canada, Brazil), in South Africa, East Asia
(Korea, China) and India, and has some furthem$ied foreign production. Again, most of the
production sites abroad do pre-assembly work ixiprity to OEM assembly plants. The company
has small R&D centres in India and Brazil, mostty fadaptation, and currently extends its
capacities for development by establishing closeaui to an Indian engineering service provider.

Auto8 is in fact part of a very large German systrpplier whose organisation is rather complex.
Auto8 refers to one of 10 activity fields in autame, i.e. gasoline systems. The company was
founded in 1886 and soon grew up into an internaticompany, selling 88% abroad in 1913. The
company has a very long experience in going gldbaithermore, it has for a long time been well-

known for its innovative activities, having an aage R&D rate of 8% in recent years. In a broad
sense, more than 32.6 thousand employees are @/oVR&D processes worldwide on innovation

in the very different segments of the company. @,80them work in the corporate research centre
(basic research and pre-development) in Germang. cimpany has a global innovation policy

approaching basic R&D labs abroad. For examplepéned its own software centre in India in

1998 and established close R&D collaboration wigm&rd University in 2008.
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3.2 Recent re-organisation of the innovation proces

Product innovation by the companies has the follgwtharacteristics. The product life cycle is
generally rather long and extends to six to sewsarsy During the cycle, several innovations for
adjustment and improvement of the product appeeessary. Radical new innovation as a new
exhaust system responding to a technical jump wir@mmental protection regulation need up to 5
years, from the early idea to its realisation. Bheew products combine different innovation from
different technological fields. It appears thahally, the experiential knowledge of the engineers
matters most in product development.

The three case study companies have a long experi@norganising production abroad, even
globally, and in the governance of a foreign R&Dhtce. However, the only fully integrated and
often the first R&D centre abroad was located m 5. Other R&D labs/offices abroad, allocated
to emerging economies and Japan, most often ambsesving posts for the search for information
on “local” new technologies and product adjustmantording to “local” customer’s wishes.
Towards the end of the Y0Ocentury, both in academia and the companies, nencepts of
knowledge on how to manage knowledge processes tambeing, including new organisational
forms of integrating this into the historically gro management structures of the company. Among
the companies in the automobile production systeaw;, departments have been created such as on
innovation management and new generic fields ofegmance have been established such as
“competence management” and “knowledge managem@athe of the OEMs and the global first-
tier suppliers appear to be the first in implem@gtiew management structures in Germany.

“Innovation management” has been introduced at SOEk!s at the beginning of the 2000s (see in
detail Blocker et al. 2009, 21ff.), mainly aimingsdrengthening the relationships between research,
development and marketing functions of the compadrys organisational innovation has been
rather quickly implemented also in first-tier supps. Blocker et al. (2009, 317) present as an
example Continental Automotive Systems, who intaedlinnovation management in 2003. Auto2
to Auto8 have more recently established differentns of knowledge and innovation management.

Some years ago, Auto2 has established a new “aepartfor development and knowledge
management” and introduced various instrumentsuohdn resource improvement. On the shop
floor level, for instance, Auto2 currently developgndardised training curricula for all plants
world-wide. On the management level, Auto2 estlblisa joint education programme (master
degree) with a nearby university in Germany. Furtieee, the company looks for new ways to
improve cross-border knowledge exchange betweeinesrs.

Autol has recently started to improve its innovatimanagement. First, the company has identified
four different areas of its technical competenced established teams in these areas in order to
improve both the production process and produceldgwent. Second, a five step phasing of the

innovation process was established, inter aliardeioto improve strategic decision making on the

choice of product development from the host of itegsi and ideas the company collects from the
environment. Third, Autol qualified several persassboundary spanners in order to improve the
coordination and control of outsourcing/offshorigstandardised tasks in product development to
an Indian service provider.

Auto8 started to alter its human resource managepr@cesses by introducing the new field of

(personal) “competence management” in differenirass areas early in the 2000s. This was and
still is being extended worldwide since the begngnof 2006. Also innovation management has
been introduced since early 2000 but still is sndévelopment.
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None of these organisational changes has beenifufiiemented up to now in the companies. The
companies claim to be still in a learning phaseenetthey more or less carefully and tentatively
look for new ways of organising global knowledgenagement. This seems to correspond to a
comment by Manning et al. (2008, 47), based orr thféshoring research network survey: “many

companies are struggling with operational effickeland loss of managerial control, in particular

when it comes to offshoring higher skilled actiei.

We draw some conclusions from this with referencethe stylized figure on pre- and after-
technological change in the companies (see figp.2]1) which guide the following analysis of
learning procedures for individuals within the nmational companies.

* First, there is indeed a new wave of introduaneyv organisational forms and tools in knowledge,
innovation and competence management in the comgaitice some years.

* Second, this wave extends to all levels of “huncapital” in the companies, from the workers’
and technical’s level at the shopfloor to managdnreproduction and in R&D. Companies follow
multifarious targets at the same time at diffetenels of the organisation.

* Third, there is no clear-cut pre- and after-chamdpasing but processes of re-organisation and
learning are continuous and do not yet reach a sfanaturity.

* Fourth, the organisation’s learning seems to tgvenost often in a top-down manner from the
German headquarters and locations in Europe tdidmsaabroad, at least in the implementation of
new learning prodecures.

For reasons of simplicity, we differentiate two éév of learning within the organisation in the
following. They need different external networkingmong others. Seen from the end of the
innovation process, the company needs sufficigpalgitities of the workforce in foreign plants, not
only at the management level but also on the sloap, ffor introducing qualified production of new
products. Building up such capabilities is mairig task of the personnel department requiring new
organisational forms in model development for capyprocesses in different departments and
subsidiaries. This will be discussed in chapter 3.3

While all companies attempt to keep the first ssagfean innovation process, i.e. the search for and
picking up of “impulses”, the assessment of theskthe conversion of ideas into feasible products
at home, they increasingly introduce a new spatiaision of labour in a globalising network
internal to the company concerning the processedlizing” the innovation in terms of concrete
product development. Chap. 3.4 will discuss thétsergts in more detail.

3.3 Improving the learning capacities of global sufidiaries

Producing quality goods, introducing new product® iproduction and implementing improved
processes require a highly qualified labour foleeags willing to learn. It is in these capacitibsit

the companies see their core competence at homsaid<sarlier, the companies form part of the
sophisticated dual VET system in Germany whichrsfifeighly qualified technicians at the shop
floor and supervisor’s level (masters). The casapamies have continuously followed their policy
of young blood acquisition and appointed apprest@een during the recent crisis. As a response to
the perception of Autol concerning both the ageihgociety and the growing lack of interest of
young people in technical professions, the compesyfor a long time been “going to school” and,
among other things, offers short-term internshgpsdahoolboys and schoolgirls in order to stimulate
them to apply for an apprenticeship in the compahyese policies are local or regional in
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Germany, and many of the family-baseMittelstand companies follow them. At present,
however, none of the case companies see a bottlemecalified labour force in production. They
believe that, even after the crisis, the ongoingsotidation of manufacturing in general and the
automotive industry in particular in Germany offéng opportunity to appoint an experienced and
qualified labour force from other companies or gext

One way to maintain and strengthen the long-teralityuof the labour force is to introduce new
tools in the labour organisation and to develop &mmesources. As Dankbaar and Vissers (2009)
say, this is about the upskilling of the labourcErnot knowledge development. Some companies
have explicitly started to introduce “competencenagement” in the personnel business in recent
years. Take Auto8 as an example of a company wdiets at making available “the necessary
[technical] competence [of the employees] justinmetand just at place” (Auto8, document). Here,
competence management is a task and tool for mesagjas is about defining target competences
for each workplace, measuring the deviances froenattual competences and developing new
instruments for the building of competences. Foglabal company, this means developing
standards of workplace competences across all glamterever they may be. Competence
management is seen as the task of a team orgavestdally (across production planning and
production) and horizontally (across all busineski$ of the company).

We may understand the implementation of this newmagament tool as a diffusion process from
the core of the company to its (global) periphérg. govern this diffusion, the companies have
implemented a system of primary plants at home &h®ympetence management has been
implemented first. These primary plants act as pesttice locations and models for subsidiaries
abroad. They are responsible for the implementaifaompetence management in other countries.
It comes as no surprise that primary plants arecigdély located in Germany and nearby the
headquarters. As the case companies have ofteslisiséal subsidiaries in emerging economies due
to capacity extension and a follow-the-client gtggt they have mostly built quasi-similar plants to
the production plants in Germany. However, evenre/meew products are first introduced at a
subsidiary abroad, support is given from a Eurog@anary plant (in that technology) as European
— and sometimes US-American — plants get new tticds (even if they are not formally a
“primary” plant).

Thus, a geographical core-periphery relationshiph@s in the globalising company, where
German or European primary plants form the knowdettyye for developing skills at plants in other
continents. Primary plants support learning abiatadifferent occasions, e.g.

- when a new plant in an emerging economy is astaa. Host country technical staff will be

trained at home, in Germany, while technical stiafim Germany will train personnel abroad for a
certain while. This is not new but it will be prefsonalized through forms of competence
management. Production in primary plants is gehehafjhly automated, which means that fewer
but more highly qualified operators and a sophaséid support infrastructure are required.
Although new plants in emerging countries are gahemore labour intensive, and require a larger
number of operators, they place fewer requirementgheir qualifications and on the support
infrastructure, primary plants still govern the esses of personnel development.

- when a new production line is introduced int@eefgn subsidiary, either for relocation due totcos
reduction strategies or market extension. The sameunt and kind of travelling from and to the
host country apply as when a plant is established.

- when processes are standardised globally. Glstaadards in work processes are increasingly
seen by the companies as a major means to efficiachieve production of quality products

Page 73 of 240



GING,
3;5 ; OU‘ D6.1: Research papers on “Fragmentation of GINs andapability building in the automotive, ICT
&
%’ and agro-processing industries” -

“Case study on German automotive multinationals”

abroad. As has been said before, the companiesa @ftow the client (the OEM) into their
markets, where they have to deliver similar quabtyhat at home. Auto2 has currently established
training centres in different world regions anddeveloping curricula for basic courses to be used
by instructors at the plants abroad in the traimhthe shop floor labour force. Training centres a
virtual; they are an organisational tool for teachinstructors in different regions of the worlceds

by teachers from the headquarters’ personnel dapats. Intercultural barriers to skill transfer
across the global company should also be overcoithetine help of these organisational forms of
teaching, but the main target is the acquisitiontemhnical capabilities. Auto8 prefers to train
managers in so-called competence management itadinorganised virtual learning centres and
by using “local” trainers in the regions of the Vwehiboth internal and external to the company.

Auto2 organises learning processes at the supeyviewel in two ways. On the one hand,
employees of the personnel department at the he#aegs act as teachers in short-time courses
abroad. The company puts much effort into crossuitural barriers, and so the trainers themselves
have completed courses in intercultural trainingelperts from the host countries. On the other
hand, this is supplemented by meetings and by itiaiemployees of foreign subsidiaries in
Germany, at the site of the headquarters.

Additionally, companies such as Autol have esthbtsglobal support teams, who travel around
the world to give support in the introduction ofasnequipment or new product lines. To summarize
this section, companies appear to becoming inarghgsaware that upskilling of the labour force
together with standardising processes abroad erhdhneir capabilities in production and
competitiveness in different world regions. The amgational measures may not be new but
companies attempt to learn more standardised ardgsionalised ways all over the globe.

3.4 Learning in internal and external innovation neéworks

Learning in global innovation networks can be cdestd on two levels, first on the level of the
organisational structure of networks internal arttmnal to the company, and, second, on the level
of knowledge flows in collaborative activities withthese structures. In the following, we firstIwil
discuss current changes in the organisationaltstreiof R&D within the companies. We will then
describe the ways how companies attempt to imptbeelikelihood for collaborative work in
fragmented processes in development across geagghphd cultural barriers.

As said before, the three companies belong to Kid&eker's (2007) type of home-based player,
who is so typical for the German automotive supghelustry. They spend considerable means in
R&D in order to maintain their position as firseéttisuppliers and market leaders (tab. 3.1). The
companies have established a hierarchical intenmaitidivision of labour in R&D processes which
defines the opportunities and the legitimisationeafernal networking of each R&D lab. This
hierarchy corresponds to the phases in the innmvatiocess the companies have set beforehand.

3.4.1 The companies’ spatial R&D system and its ereddedness

In early internationalisation of R&D all companieave first established another R&D centre in the
US, as a clear strategy to conquer this huge maikeise labs are capable of carrying out the
complete product development for the regional ntafkieey generally have a location of their own,

although in proximity to one of the major subsidiarfor production. It appears, however, that in
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times of crisis the companies shift developmerkganore easily to low- cost countries from the
US than from Germany. This was the case in Auto2hfler/Warth 2010a) when relocating
engineering tasks from the US development centiad@ the company got the chance to learn
about how to govern collaborative work across dtatendaries. We assume at least two reasons for
the relocation of engineering tasks from the US,Germany. First, labour market regulation in the
US allows much easier for lay-offs than in Germ&gcond, the US R&D centre is not involved in
the first phase of the company’s innovation proseisih is about collecting impulses and making
strategic decision on more or less radically nesdpcts.

R&D labs in other continents are different. Theteofare allocated to production sites, have fewer
employees and different tasks. The reason is th&t tasks belong to the later phases of the
innovation process, i.e. product adjustment tociitomer’s requirements and the “local” market.

Additionally, companies have opened R&D officessome world regions for observation of the

market and acquisition of contacts to “local’ custws (OEMs). These are small listening posts
which are, however, very important for the furtigeowth strategy of the companies. For example,
Autol has established a 2-person R&D office in ToKgr getting into contact with Japanese

customers. Such an allocation policy is similamteat many suppliers do in Germany: to establish
an office in close proximity to the central R&D laban OEM.

The companies’ R&D centres are variously entitiees$tablish external relationships according to
their position in the phases of the innovation pesc The principal R&D centres get impulses on
new technologies from everywhere in the (globabhpany but also look for them externally. In
cooperation with a university chair, the compang cambine collaborative innovation processes
with further education of highly qualified academstaff. Companies are currently co-developing a
“dual” academic education for young engineers amghagers together with institutions of higher
education. This can be organised in different wdyss not new for companies to appoint
individuals who get the chance to study at a usiaeduring working hours. Advanced studies are
of particular interest for the company, where empés get the opportunity to develop their PhD
dissertations on a company’s problem under thersigien of a professor. Auto2, for example,
currently employs a PhD student, who is lookingittie problem of how to overcome cultural
barriers in collaborative work processes of Gerraad Indian engineers working in development.
Because the capability of the professor matterggigphical distance (or proximity) to the
university is not an issue.

Autol prefers to foster higher education. A newetyb higher education institution has emerged in
Germany in recent times, the so-called “dual urgigt. Their curricula combine the theoretical
education at the university with practical learniagd practice at the company. Autol signed a
contract with a dual university nearby for regufasending a couple of employees to full two or
three-year studies, both in technical and commief@&ls. Through practice-oriented diploma
dissertations the students can contribute to expgrkhowledge in the company. However, this
refers more to knowledge in production than in picid. Auto8 has a much greater power in
resources, and so it has recently sponsored poy&sgs at a nearby university, in those technical
fields which are considered as “technologies offthiare” by the company. These professorships
are simultaneously engaged in education and cobdive research with the company's R&D
centre.

There may be further ways of interaction betweesompany and universities for R&D. Such a
close industry-university nexus exists only amongr@an companies in Germany. To a lesser
degree, the global Auto8 reports similar relatiopshn the US. There is no such policy of the
companies in emerging economies. Local managershanag contacts to nearby universities — and
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they are sometimes encouraged to look for themt-theupurpose of these predominantly is access
to qualified young people. Occasionally, these actist may lead to improvement innovations,
mostly in production processes.

As a result, the increasing meaning of knowledgenagament and the search for “talent”
particularly strengthen the home place of the carigzgin Germany. At the same time, however,
increasing competitive squeeze (from the OEMSs) sithe companies to look for cost reductions,
even in personnel-intensive and knowledge-inten§t&d activities. The fragmentation of the
product design process appears necessary if thpazgnwishes to organise collaborative work in a
spatial division of labour. OEMs have demonstratetsourcing in model development and its new
organisation in simultaneous processes (simultaneogineering) to the suppliers (Schamp et al.
2004). The companies see a major problem in cdimgathese fragmented collaborative processes
and look for various solutions to divide R&D proses and reduce costs. One of the first steps
seems to lie in standardisation of parts of thareey’s work load. For example, new products are
usually designed in 3D at the R&D centre, whileduation sites need 2D drawings. German
engineers call this a laborious task. Autol hascegkd (“offshored”) the translation of 3D design
into 2D drawings to India in outsourcing to a jougnture while Auto2 has created its own R&D
engineering service centre in India. Again, thgéarAuto8 has established a global development
and engineering service centre in India for alk®ifferent business areas.

3.4.2 Learning how to overcome international commuication barriers in globally dispersed
engineering work

The organisational fragmentation of work at différéocations requires the definition of new
interfaces and new forms of interaction to becoffieient in the collaborative process. Offshoring
and outsourcing are not problematic when standairtise characteristics of the deliverables, goods
or services, are clearly defined. Product desigautbmotive suppliers, however, is largely based
on experiential knowledge of the engineers. Thikenat difficult to relocate development tasks
over large distances and different societal cutu@ur companies have answered to the problem,
first, in an incremental and traditional way. Trsgnd expatriates to the subsidiaries abroad and get
employees from the subsidiaries for long-term trgjn(sometimes of several years) to the
headquarters. By this they hope to overcome tessi@tween company culture and the “local”
culture of the host countries in order to produteiently.

Concerning production, the companies made cledrttieaway how they try to overcome cultural
barriers differs by country. For example, Auto8eatpts to appoint Russian immigrants with a
German background Russland-Deutsche as expatriates for its subsidiaries in Russiatles
company perceives a lack in education in Russialifization levels in China are considered high,
and so the company appoints young Chinese havadugted in Germany in German plants before
sending them to China in order to foster their oosge identity. This is due to the fact that, ualik
in Germany, company loyalty is low in most emergamgnomies.

The companies realize, however, that they needrgmoved management of these intercultural
barriers if they wish to offshore their collabovatiknowledge intensive activities. Auto2 provides a
good example of how to cope with the problem. Ratbeently, Auto2 established an engineering
services company at Pune/India as a joint venAutn2 has had a long experience with production
for the local market in India since the 1960s. $hwll R&D department at this location has mostly
worked for local clients. Auto2 learnt rather lébeuse their capacities for some R&D processes in
Germany. When the company realized the increadimg fpressure on R&D processes from
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growing demand by OEMs, in the 1990s, it outsoursethe R&D activities to a German
engineering service provider. A number of largeieegring services and consultancy firms have
emerged in the “lean production revolution” of #erly 1990s in Germany, which still offer their
services to OEMs and suppliers. But increasing posssure both for internal and external R&D
personnel and the fear for losing too much inteaxgleriential knowledge has led the company to
investing in a joint venture for engineering seeddn a country where engineers are qualified but
wages low. Auto2 has used its own experience imaladd allocated the new engineering services
company near to the older production and R&D Sitee new engineering service company now
has 170 engineers, among them 166 Indian and 3 &eamd one American. The recent crisis has
pushed the decision to relocate further R&D aatgion product development to India while basic
research and pre-development, i.e. the strategicavant fields of R&D activities, still remairt a
the German headquarters. The main problem thertheieyes of the company’s management — is
how Indian engineers can catch up with the expeeeof more than 100 years of product
development, which is allocated at the German R&te? In another context, that is the
relocation of R&D activities from the US R&D centref a German company to India,
Lehner/Warth (2010b, 592) had stated that Indiagineers “lack internal company know-how and
product-specific experience,” while they are ratfeniliar with technical systems like CAD and
Catia software. Thus, the main problem was howalmaingineers within the company could learn
from their German counterparts.

Auto2 used its policy for close collaboration withiversities in Germany both in higher education
and research by collaborating with a chair on mamamnt sciences from the university of Passau,
appointing a PhD student and implementing a newMeauage transfer tool which measures the
performance of knowledge processes in six dimessand was developed by that chair (together
with a German OEM). This was used to improve prsegwithin the Indian subsidiary, but also as
a starting point for overcoming barriers in intg¢romal and intercultural communication with the
German R&D centre. This was not an easy task, #s German older aged (average: 40s) and
highly experienced engineers and Indian young dgedlium: 20s) inexperienced engineers spoke
different languages. With the assistance of the Btldent, and partly financed by public funds
being awarded during the recent crisis, Auto2 labkehouse for a boundary spanner who would
be able to translate specific technical requiresidndm the German R&D centre and teach
engineers in cross-cultural communication. Amorgjrthearly 15,000 employees, they found only
one Indian engineer who established an intercultteimning course specific to the requirements of
the company. In order to minimize resistance ambegGerman engineers for fear of being laid-
off, Auto2 called this course “training in collalagion”.

This had been added to a host of other measurezhvittyi to improve the capacity of the Indian
engineering services. In order to train Indian eagrs in “basics” of technical knowledge on
product design and transmit tacit knowledge of@@man engineers, Auto2 established IT-based
guidelines, checklists and procedure manuals orrestgces made in technical problem solving and
obliged Indian engineers to use this database.2wts driven to standardize procedures in design
processes in India which are not (yet) standardisedermany, as German engineers still largely
refuse to standardise, claiming that this woulcetfftheir creative work and self-conception of
engineers. In order to teach Indian engineers thptexity of technical solutions Auto2
established short term assignments of Indians tan&ey and visiting programmes to suppliers and
production plants. And, last but not least, AutaBplemented a boundary spanner model
transferring three Indian engineers to the Germaeadfuarters and having three
Germans/Americans at the Indian location in ordezxamprehend the tasks, inform their colleagues
(in India) and check the quality of the deliverafdee also Lehner/Warth 2010b). Recently, Harvey

Page 77 of 240



GING,
3;5 ; OU‘ D6.1: Research papers on “Fragmentation of GINs andapability building in the automotive, ICT
&
%’ and agro-processing industries” -

“Case study on German automotive multinationals”

et al. (2000) have discussed the increasing neecepdacing expatriates by “inpatriates” in global
multinationals with “true multicultural competentednpatriates are “third country nationals

transferred or hired locally into the parent orgatibn on a semi-permanent or permanent basis
(386). Obviously, Auto2 has not yet reached thégstof internationalisation. “Inpatriates” have
specific tasks of acting as boundary spanners et samultaneously counter-balanced by
expatriates.

Another problem is to find a balance between saatjng engineering work at home and
relocating abroad, to India. Auto2 currently is ofwed in an EU-financed project on lean
development. One of the topics is internationalvkiedge management by expats. However, there
is decreasing preparedness of Germans to go alaoamh expat. Auto2 has some difficulties in
appointing German engineers who are willing to dwoad (not in sufficient numbers and
sometimes not with the required technical capadsljt At the same time, however, the company
does not want to invite Indian engineers in graahbers to the German R&D centre, in part in
order not to raise fears among the German engiédsing replaced shortly.

As a consequence, automotive suppliers face catifficulties in organising efficient collaborative
R&D work across large distances but invest in tieetbpment of tools for international knowledge
transfer and knowledge generation. Again, we dtaé these problems mainly arise in fields of
synthetic knowledge exchange. Where companies ble @ define clear-cut interfaces in
knowledge products, outsourcing and offshoring semnhave become easier and more likely. That
seems to be true in the case of Auto8, which hishofed all its development in software to the
Indian engineering service centre.

4. In what sense GINSs?

This paper has attempted to elaborate on the ems¥gand management of global knowledge
networks based on the example of three companms the automotive industry. Although
different in size (tab. 3.1), all companies act‘lasme-based players”, are active in broadly the
same field of combustion engine technology andeskianilar clients, the premium car OEMs.

Fig.2: Summary of measures taken in upgrading global capabilities of 3 German companies

old
management New management

Standardisation of parts of the engineer’s workload, making it mobile

innovation

____________T _____________________ Offshoring of | T based services in design to India T

New R&D outposts in emerging large markets
A

Development of “competence management” in international teams

___New tools in knowledge management
T (see below)

management

T _____________________ " Implementingkthe function of cross-cultural boundary spanners
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I
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i
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Standardisation of intra-mural and extra-mural training T

Standardisation of intra-mural and extra-mural training

worker

Fig. 2 presents a summary of measures taken byG#renan multinationals to enhance the
capabilities of their global labourforce and torgmsingly enable management to offshore more
sophisticated tasks. These measures affect alslefe¢he labour force and include reorganisation
of business activities.

To conclude, we will first discuss again the matima of the companies for implementing new
measures in upskilling and acquiring higher quatdifiruman capital abroad. Then the ways how the
companies try to learn in the context of a globalstbn of labour are recapitulated. Finally we
discuss how far global innovation networks have rgee

4.1 Push-pull factors in the motivation to upskillng abroad and offshoring R&D

Current literature claims that there are two mapurses for going global in knowledge management
(Manning et al. 2008, Lewin et al. 2009, among jefirst, a shortage in “talent” in the home
country due to an “increasing speed to market’pséccost cutting in innovation activities due to
increasing global competition. The first argumenbn push factors for internationalisation and the
building of global innovation networks, seeing thmin human resources of the companies in
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danger in the long-run. The second is on pull fectio the emergence of global innovation
networks concerning both availability of “talenthch comparatively low costs of talent at new
locations in the world economy and particularly tiose regions which currently become fast
growing markets for automobiles. Obviously, thiplégs most to China and India, nowadays.

In discussing the first argument, the case compatte not see any serious problems in finding
young staff at home. If they need highly qualifexperienced engineers they are confident in the
mobility of specialists among companies and sedtoGermany. They believe that there is a pool
of experienced labour force in Germany in their ;sector and related sectors available, not least
because of the decline in manufacturing employmehis is particularly true for the German
automotive industry, where consolidation and, parkhy-offs of experienced labour force are
currently taking place. In looking for highly quisd young people, the companies increasingly
cooperate with universities (of applied science)some kind of “dual” education. This dual
education combines the accumulation of analyticalvwedge at university with the accumulation
of experiential knowledge at the company, at theesime. This perception of the three companies
on the quasi non-existence of a shortage in qadlilabour force — or, at least, of shortage as a
minor problem — is partly shared in the currentdacaic and political debate in Germany.

So, the first argument does not seem to be valiteast in the case of the German automotive
industry. This does not mean, however, that thepaomes are not looking for new “talent” abroad,
in emerging economies. The reason is competitiveeeze, so the second argument applies.
Automotive markets are not global in its properssrbut regional. Because of stagnating markets
at home, in Europe, the US or Japan, the OEMs ktaréed to conquer new regional markets in
Latin America, China and India by investing in ownoduction sites. If automotive supplier
companies wish to grow they simply have to folldve tOEM client abroad. Imminent market
saturation at home and cost competition in the mearkets in low income countries cause
automotive suppliers to look for new ways of caduction even in the development of products.
As a result, the building of a global knowledge egement is market driven.

4.2 How companies learn to build pipelines in glod&nowledge management

In general, companies behave tentatively in ther@ppation of technical skills at lower costs
globally, as they do not wish to threaten theiomsty competence at home. For the home-based
capabilities of the labour force currently are sabsally fortified by the close cooperation with
institutions of vocational training and higher edtion. Companies have the opportunity at home to
exert influence on changes in the training and atioic system in terms of new contents and new
curricula, via associations, chambers of commexcd,individual cooperation.

By contrast, the companies do not attempt to imibg@ethe educational system in their host
countries, at least directly. Rather, they reachational education systems by taking measures
internally. The way they do this depends on théi@darities of the education and training system
in the host country. A case in point is Russia, whecational training in technical fields is non-
existent. As a consequence, Auto2 sometimes appadatdemically educated engineers even at the
shop floor level. In other countries, where the r@am development assistance has introduced the
German system of dual vocational training — whicsva major target in development aid during
the 1970s and 1980s — the companies took advamtfag@s. This diversity results in a huge
heterogeneity of technical capabilities at the glibges abroad. The companies see their first, task
therefore, in achieving an internal company stadidation of skills at the different plants abroad i
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order to become able to follow the requirementsco$tumers by quality of products and
productivity of the plants. Although this policy @® not directly relate to global innovation, it is
obvious that global innovativeness of the compami#dlsnot be possible without a well trained
global labour force in markets which are regiomal aot truly global.

A second task in learning refers to an improvedlataiion of “talent” in engineering for the
development of new products in low wage countriggain, standardisation in parts of the work
flow is necessary to enable offshoring. Standatidisareduces barriers in understanding among
engineers from different contexts, whether in técdindisciplines, language or country-specific
cultures. However, barriers in the exchange of egpgal knowledge are not reduced by
standardisation. The companies, therefore, makeotisarious ways to simultaneously reduce
communication barriers among engineers, such gatiimtes” for intercultural exchanges, face-to-
face training abroad or new concepts for web-basmmiments. All of these procedures apply
internally to the company when the company estabéfisan offshore R&D centre in an emerging
economy. It has to said, however, that most outsmlidevelopment processes are software-based
activities and software is highly standardisedidnd the preferred location for these activities.

A third task is the most difficult as it relies atowngrading in the design of products and
production, which is seen as a major future chgkem emerging markets. This seems to be in
clear contrast to the two first tasks of learnimgpich are the (internal) upgrading of the human
capabilities. It means, however, a totally diffdr@hilosophy of innovation as new products are
expected to achieve fewer functions, less “comfantti sometimes less quality but higher cost
reductions. The companies see this kind of downggads a further activity, in addition to their

high-quality activities, extending their accesddw-cost markets, creating new capabilities of the
company in emerging economies, or, to be more ggean India. Obviously, the case companies
see India as the new base for learning how to dpvklw-cost products. They claim that high

wages for engineers and the traditional philosophyroduct architecture trained in education
makes low-cost product development impossible abéh@nd requires learning how to develop
low-cost products to be allocated in a low-costntou All the companies make efforts to learn

how to develop low-cost products. It seems, howethat Auto8 has made major progress in its
Indian R&D centre in this direction. A good indioatfor the performance of this strategy is the
contribution of German automotive suppliers to glmeduction of the Indian Nano model. Wells

(2010, 447) lists several large and well-known Garnautomotive suppliers for the Tata Nano
model, such as Bosch, Behr, Continental, MahleFaeddenberg.

4.3 Which kind of global innovation network?

Global innovation networks have been defined agléhally organized network of interconnected
and integrated functions and operations by firmd aon-firm organisations engaged in the
development or diffusion of innovations” (Chamin&@9). Our case study has shown very sector
and country-specific forms of going global with awation activities. Among the cases, we do not
see fundamental differences in strategy but diffees in the degree of internationalisation, mostly
dependent on the size of the company and the yarigiroduct lines. The main message is that the
companies stick to a hierarchical model of R&D migation, maintaining or even increasing the
strategic role of the focal R&D centre at home.adaxically, innovation activities make different
use of internal or external and local or globawmeking in the different stages of the innovation
processes that have been defined by the compafes, the most remote stage of obtaining
impulses and generating new ideas is both fixadeédieadquarters as well as being the most global
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in networking to internal and external sourceskimowledge. A new division of labour is emerging
in providing “services” for engineering at home, stip based on IT processes. This is mainly
located in India. The companies differ in theiramgational form as they either have established a
world centre for engineering services for all besm activities of the company or empower a local
R&D site, which is generally only responsible fgpéications. This offshoring needs a serious
standardisation of certain steps in work flows.aHin the cases have established so-called R&D
centres in the different world regions (or regiomarkets) mostly for access to the region’s OEMs
and adjustment innovation. As a matter of factpglannovation networks in the strong sense as
defined above hardly emerge in the German automatustry.

We believe that these results reflect the behavafumost of the large automotive suppliers in
Germany. The media are increasingly reporting omnlynestablished R&D centres, preferably in
China, of large and well-known automotive suppli®sat which type of centre and for which kind
of innovation? We would assume that the resultKiokel and Zanker's study (2007) apply,
namely that most of the (innovative) German autaveosuppliers are home- based players and
wish to stay with this strategy as long as possible

4.4 Prospects in the automotive GINs

Another point is how long German automotive supplieill be able to follow this home- based
strategy. There are at least two caveats, one b@aselde current technology of products and the
other based on the current technology of proce€smscerning product technology, it has to be said
that the cases are active in (traditional) combustngine technology for premium cars and
commercial vehicles. Both the combustion engine #r@dpremium segment of car markets are
increasingly contested, however. During the recests, public debate about new drive propulsion
systems has come to the fore. Many OEMs offer ompse to offer soon vehicles with hybrid
engines or electrical engines. Then, traditionaht®logies in gasoline systems (Auto8), exhaust
systems and related heating systems (Autol) ancageament of thermal processes (“thermo-
management”, Auto2) seem to become obsolete. Vihidelical shift in drive propulsion systems is
not to be expected in the near future, the cases $tarted to prepare for this shift by buying $mal
specialist companies and developing new productsedan these technologies. Without any
exception, this is done at home, in Germany.

The second caveat concerns production technolagidsw-cost production. Wells (2010) has

recently sketched the dilemma for European OEM<ahg driven to combine a strategy to

develop new technologies for environmental reasamd$ a strategy to reduce production costs
substantially, at the same time. For the momer#, ghemium car segment still is of major

importance to most of the automotive suppliers grr@any and so are new “high” technology

products. As has been said before, cases begingveowto learn how to offshore standardised
engineering processes and learn about low-cosuptednd production abroad. Against the claims
for a third revolution in the automotive industoases claim to have — and get — time for learning.
Maybe at the end of a long-term process of a giifinarkets to Asia and low- cost products,

European production sites (and employment) mayesbiit not the companies.
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1. Executive summary

Until recently, innovation in the automotive secteas highly concentrated in a few developed
countries. However, the centripetal forces drivinig concentration may be increasingly countered
by centrifugal forces that favour increased knogtethtensive activity in developing countries,
and hence the formation of Global Innovation Nekso{GINs). The availability of the requisite
competencies and capabilities in host countriemésof the key drivers of this process.

Using Lall's capabilities approach, and againsaekidrop of recent trends in the global automotive
manufacturing sector, we interrogate five case \stiimins to learn more about the relationship
between multinational strategies, local human efpaind the formation of GINs. The firms include
three German multinationals with subsidiaries iut8cAfrica, and two South African firms with
subsidiaries in Europe. The German multinationadentake an array of measures to access or
internally develop the competencies and capalslitiequired for technological upgrading and
increased knowledge-intensive activity, some ofalhentail incipient GINs. The South African
firms adopt different strategies in response taicstiral constraints and local skills shortages,
including the initiation of GINs. One of these $tgies is the purchase of knowledge assets in
developed countries. However, these purchases tdguasantee knowledge flow — this takes time,
capabilities upgrading and the careful organizaionanagement of tacit knowledge.

The various strategies exhibited by the case stinhs respond to the sectoral dynamics of the
automotive sector and to the human capital landsaasouth Africa. This renders a generalized
model of GIN formation, both from North to Soutimdafrom South to North.
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2. Introduction

This paper focuses on the relationship betweernesfies of Northern and Southern firms, mostly
multinational enterprises (MNEs), and human capitebouthern host countries in the automotive
supply industry, and the implications of this redaship both for the management of technological
change and for the constitution of global innovatreetworks (GINs). We define GINs as global
networks in which some knowledge-intensive acegtare based in developing countries. They
differ qualitatively from the better known globaftoguction networks (GPNs) where Northern
MNEs traditionally control the key technologicakats, while outsourcing the supply of parts and
components or assembly to contract manufactunergaiticular, we use firm-level case studies to
explore the micro-determinants effecting the evotutof GINs (which can evolve from and be
nested within GPNS).

GINs are a result of the emerging geography of Kedge-intensive activities in the global
economy. On the one hand, the increasing compleaftyknowledge required for global
competitiveness, shorter innovation and productesyand the associated cost pressures have led
MNEs to offshore and outsource R&D (Archibugi amanmarino, 2002; Wooldridge, 2010). On
the other hand, the spread of technological caitiabilin a number of advanced developing
economies, including lower middle-income countrsch as China and India, have opened
opportunities for design, applied development, eaneh basic research (UNCTAD, 2005). What is
new is not the offshoring or outsourcing of R&D ger(OECD, 2007), but the gradual involvement
of firms and other actors such as universities rasdarch labs from a few developing countries in
what until a decade or so ago played itself ouluskteely among the advanced Triad economies
plus a few latecomers from East Asia, notably Kaed Taiwan.

The evidence concerning GINs is not comprehen3igadate it is primarily based on indications of
CEOs or R&D managers of important Northern MNEs vglaoticipated in surveys (Dilk, Gleich,
and Wald, 2008; UNCTAD, 2005) or on descriptionsnafividual examples of such GINs, often in
the business press (Wooldridge 2010). The most peimepsive and recent source of data is from
the European Commission’s INGINEUS project, which 2010 included a survey of 1215
companies in six European countries and in Br&tina, India and South Africa in three industries
(agro-food, automotive, and ICT). It was found tR&t per cent of these firms offshored either
production or R&D, and that, next to market acc#ss,availability of specialized competencies at
lower cost than in the home region, as well asst® knowledge infrastructure and services in the
host region, were the most important location-dpeeadvantages. Between five and six per cent
additionally reported that subsidiaries in devehgpicountries were responsible for strategic
management, product development, and technologyeowkss development (see the Appendix A
for more information about the survey).

While the existence of GINs is not in doubt, thewolution is less clear. We do not know much
about the micro-determinants shaping the formabtbrGINs that are anchored within GPNSs.
Dutrénit (2004) pointed out that the literature tenohnological upgrading in developing countries
had only ever asked how firms graduated from sim@anore sophisticated capabilities, without
looking at subsequent trajectories that would bthrgm closer to the global technological frontier
(see also Lorentzen, 2009). To some extent, tmplgireflected an empirical reality, namely that
the majority of developing country firms did nobfiovate” in the sense of pushing the frontier.

Page 87 of 240



GINg, D6.1: Research papers on “I_:ragmentation of GINs andapability building in the automotive, ICT

- ')LU" and agro-processing industries” -

43 “Multinational strategies, local human capital, andglobal innovation networks in the automotive
< industry: case studies from Germany and South Afria”

Yet apart from the fact that there were importaoutS8ern firms that did not fit the idea of
“innovation” only as “adaptation” (Hobday, Rush,daBessant, 2004; Kim, 1997) — Samsung’s
overtaking of Sony is but one example (Chang 2608) small size of this phenomenon does not
justify the neglect of the conceptual and theoatticeatment afforded to the evolving technological
trajectories of developing country firms toward ntathe-world activities. Apart from the fact that

it was always unlikely to remain small, it is inchemt upon researchers to recognize the limitations
of the existing literature and think more systecwlly about how developing country firms master
the hardly trivial process of moving from a merelyerational understanding of technologies (as
part of a GPN) to an understanding of the pringigdehind these technologies that is required for
innovation activities (as part of a GIN).

The present paper is an attempt to contributeldeter understanding of the micro determinants of
GINs. Since the INGINEUS survey indicated that #@nilability of specialized lower cost
competencies and knowledge infrastructure and geswvere critical location-specific advantages,
we have focused this paper on the role of humartatap developing countries. Lall (2001)
analysed the relationship between education arits skistems, and technological trajectories in
East Asia. He showed how education and skill sjratemust anticipate technical change in order
for host economies not only to become and remaiactive locations for multinational investment,
but also to exploit the associated knowledge teanahd spillover in support of economy-wide
upgrading. Yet he did not look at R&D capabilities.

This paper extends Lall’'s analytical frameworkrolude R&D and innovation activities. Against a
background of data describing host country absegptapacities (with a focus on education and
skills data and foreign direct investment datay] arreview of current dynamics in the automotive
sector, we interrogate a set of case studies frdéurapean car producing economy (Germany),
whose assemblers and suppliers have investmenimpartant advanced developing countries
(South Africa). We also look at some South Africiams that invested in Europe to access
knowledge from more advanced suppliers. These sas#ies aim to illustrate how sectoral

dynamics and local human capital conditioned thebemiding of South African automotive

manufacturers into (sometimes incipient) GINs.

The automotive sector is suitable for this analysecause it includes a range of different
technologies, which illustrate different technolmdi learning trajectories. The sector also offers
clear delineations between skills levels in the aargation (worker, supervisor, engineer,
management, scientist), which facilitates an amalyaccording to Lall's understanding of
technological upgrading being reliant on upgradatgall skills levels. The firm locations in
Germany and South Africa illustrate North-Souttatieinships; although there are unique aspects to
these countries, they nonetheless have valueustrdtive cases of a developed and a developing
country. In this context, our analysis of the carealies focuses on specific instances of technical
change, how they were supported by human capi@aging, what difference this made (or not)
for the control of technological progress withirclkeavalue chain, and how all this influenced the
evolution of GINs from GPNs.
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3. Conceptual framework: MNEs, human capital, and ¢chnological
learning in developing countries

The unit of analysis for this paper is people, #raskills, competencies and capabilities that they
embody. We make distinctions between these termsdoan the work of Van Tunzelmann (2009).
Here we refer t@ompetencies as specific sets of skills and knowledge whichwaeally generated
outside the firm, for example through educatioriutisns, but can also be generated inside a firm,
for example through internal training programmeshéW a Northern firm is investigating the
possibility of investing in a developing countrijetavailability of the required competencies is a
key factor. On the other hanchpabilities refers to the functional capacity of (people ie3id firm

to complete specific tasks required for its roleaasipplier, producer, or consumer. Capabilities ar
usually built up from inside a firm, for exampledbgh experience, the gaining of tacit knowledge,
and organizational innovation. If a Northern firengeeking to purchase a Southern firm, it is the
capabilities embodied in that firm that offer valW@e use the terrhuman capital as an umbrella
term that refers to and includes the notions of petencies, capabilities, absorptive capacities, the
strength of education and training institutionsy areatitivity.

MNEs thus embody certain capabilities while at faene time looking for new ones in a few
advanced developing countries. At the same timey, thust be able to transfer their technologies to
subsidiaries or JVs in these developing countAdsorptive capacity is thus a key consideration -
Cohen and Levinthal (1989, 1990) define absorptapacity as the extent to which external
knowledge can be internalised. In the South, edutaind training systems are an essential element
of high absorptive capacities which in turn arerergquisite for GINs. The relationship between
foreign direct investment (FDI) and local humanitadps two-way. On the one hand, educational
achievements attract inward direct investment (Haksh et al 2001, Te Velde 2005, see also
Dunning 1993). On the other hand, MNEs exert infieeover education and training systems post-
entry, both directly (Borensztein et al 1988, laalld Narula 2004, Lorentzen 2008, Spar 1996, Tan
and Batra 1995) and because they increase coropefiihuang 2000, Grossman and Helpman
1991, Moran 1998), while accelerating skill-biagedhnological change (Berman et al 1988, Te
Velde and Xenogiani 2007).

Lall analysed dynamic upgrading (2001, esp. Cha@ei7) by linking the capability approach with
an analysis of human capital. Important elementsirof-level capabilities and, hence, learning
include the following. First, since technologieskaalifferent demands on learning requirements,
the learning process is technology specific. Whaitke in an electronics plant where an essentially
codified new technology may be embodied in a nexe@iof capital equipment, is not necessarily
relevant for an automotive supplier facility whene emerging technology may be a lot more tacit
(Jung and Lee 2010). This also means that when kamowledge is important, the role of
geographic proximity rises. The breadth of skilledaknowledge required to master new
technologies also differs, as does the time to th&m on.

Second, different technologies depend to diffediegrees on external sources of information. In
the extreme case one might think of an almost c@ifained cluster as opposed to a global
technology network to which different firms and easch institutes or migrating knowledge

workers contribute. Third, relevant human capmaide the firm includes everybody from the shop
floor to senior management. The design of a newlymbmay primarily be in the hands of a few

R&D engineers. Yet whether their research leads twommercially successful innovation also
depends on the efficiency and quality with whichrkess turn prototypes into products. Thus our
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analysis of skills availability in host countriesciudes specific foci on the level of the worker,
supervisor, technical, engineering, managementseieahtist.

Fourth, technological trajectories cannot be swsfoédy relying exclusively on the mastery of
operational know-how. It is also necessary to ustded know-why, which implies deeper
capabilities that include an understanding of thiagples of the technology. This is especially
important in the context of GINs as opposed to GPfds the latter the exclusive pursuit of
operational know-how may be a feasible strategykhaw-why is critical to GIN formation. Fifth,
technological learning takes place in an envirorinadraracterized by externalities and linkages
which in turn depend on institutional charactecstiEducation and training institutions are among
those that matter prominently

In looking at the specific linkages between MNEs dacal human capital, it is pertinent to
distinguish between internalized as opposed torealieed transfers of technology. When a MNC
chooses to keep (proprietary) technology to itgék, transfer of know-why (but not typically of
know-how) may suffer, unless local R&D capabilitiage already high (which in developing
countries they of course often are not). Either wagal firms must develop the skills and the
knowledge to master the tacit elements of whatigveithat is being transferred.

Much as early and later stages of catch-up reqlifferent kinds of skills and competencies, there
are presumably differences in terms of the leveb@phistication at which latecomer countries,
regions, firms or other actors get involved in GINIkese differences may play out within the very
same country — for example, whereas a university lbeainvolved in basic research that feeds into
the design part of a GIN, a firm may contributeductive activities that are mere assembly. So
although the terminology afational technological capabilities is a useful way of #ing about the
technological trajectories of countries, it of cegiidoes not mean that entire countries get slotted
into GINs at specific levels of (high or low) techiogical sophistication, but rather at a range of
activities (see also Hobday et al 2005). Undoultédlwever, the emergence of GINs implies that
education and training systems can on average mgefoprovide a merely literate and numerate
workforce, as they may have done at the very béggnof technological capability building.

4. Methodology

In order to identify the effects of firm strategiasd local absorptive capacities on the nature and
quality of technical change and GIN formation, wstfselected German first-tier supplier MNEs
with investments in South Africa. Research teamseach of these countries contacted their
respective firms and arranged interviews with managn charge of R&D, technology, or
innovation as well as of human capital. This readematched case studies where the teams
interviewed both headquarters and subsidiary. Tlhases were supplemented by interviews with
South African firms that had invested in subsidiarin Europe. These ‘South-North’ cases were
complementary, in that they illustrated the formatiof GINs from a Southern origin and
perspective.

We compiled profiles for each firm, based largatytade magazines and other specialist literature.
The interviews were semi-structured and focusedupgrading and location strategies, human
capital, and the management of technological chaimgkne with Lall's observation that skills at
all levels matter in processes of dynamic upgrading human capital dimension of the interview
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included questions about all skill levels of therkforce, from shop floor workers to scientists.
Within each case we then focused on a specifi@am# of technological change that required
upgrading across some or all skill levels of then§’ workforce, and identified the requisite
learning as well as the actual form this upgradouk

These instances of technological change were thalysed within Lall's conceptual framework,
and against the backdrop of sectoral dynamics lamavailability of local competencies. These rich
cases provide concrete illustrations of the arfahactors that shape the emergence and evolution of
GINs, both from North to South and from South tatRpwith a focus on the role of human capital
availability. We set out to establish to what ext&INs are emerging from GPNs, what their
technological trajectories are, how these are amited by contextual factors. Our case studies
examine how the various pressures within the autemgector articulate with local human capital
availability to inform firm strategies with regartts technological trajectories and GIN formation.
The strategies of both German MNE and South Africaginated firms are explored, with a focus
on how they manage technological upgrading, botbuih accessing technology transfer from
outside the firm and through internal knowledgedoiciion such as R&D.

Interviews took place in the second half of 20168 Ested up to two hours. Researchers produced a
synthesis of the conversation which they submittethe interviewees for the vetting of accuracy.
The firms were assured confidentiality. The caseliss include five firms, of which three are
German MNCs with subsidiaries in South Africa, dn are smaller South African firms with
subsidiaries in Europe and other developed counfsiee Table 1).

Table 1: Case studies description

Firm Turnover 2009  Locations Product range Interviavs
conducted

Auto9 €5-10 bn Global: 180 locations irclutches and bearings  South Africa
50 countries

Autol €1-5bn Global: locations inexhaust systems, Germany,
more than 20 countries heating systems South Africa

Auto2 €1-5bn Global: 22 productionheating and cooling Germany,
locations, 11 systems South Africa

development  centres,
and two fully equipped
R&D centres.

Auto10 €0-1 bn HQ and manufacturingelectronic South Africa
in South Africa, sales components
and R&D centres in the
UK and US

Auto11 €0-1 bn HQ in South Africa,Electronic  security South Africa
subsidiaries in the UK systems
and Australia

Note: Turnover is given in ranges to protect anonymity.
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5. Sectoral dynamics: trends in the global automote manufacturing
industry and their effects on innovation

5.1. Global growth and the market shift from West b East (and North to South)

Global vehicle production more than doubled betw&8@5 and 2007, coinciding with rapid
globalization and the restructuring of global autbine value chains (GVC). The relative weight of
developing countries, especially India and China, vehicle output has increased, whereas
production and sales have shrunk in Western EuamgkeNorth America (Sturgeon et al, 2009).
Between 2007 and 2009, the share of developing topuwriginal equipment manufacturers
(OEMS) in global production increased from 1.9 pent to 7.5 per cent, largely due to growth in
China. During this period the Asia-Pacific regioasathe only one to increase its proportion of both
global sales (by 2%) and global production (by 7#a)tomotive World Automotive Passenger Car
OEM Quarterly Data Book, 2009).

The onset of the world financial crisis in 2008 élecated this trend. Prior to the crisis, analysfes
the structure of the automotive market tended tbedme the importance of regional markets, since
OEMs historically produced and sold most of thairscn their home regions in Europe, Japan, and
North America (Sturgeon at al, 2009). Both politi#ne iconic stature and the influence of the
industry) and economic (such as just-in-time regagnts and logistical problems associated with
heavy components) factors militated in favour dafioealisation. The market shift eastwards was
characterized as gradual and unlikely to changbatldynamics dramatically. However, with the
financial crisis it became clear that the shift fetelerated and that it was likely to cause far-
reaching changes in global value chains, and caesgqchanges in the geography of production
and innovation (Wad, 2010).

5.2. Global value chain re-structuring

Value chains in the automotive industry are producwen (Gereffi, 2005), which means that lead
firms, namely the OEMs and a few large global sigpg)] all of which are still located in developed
countries, account for the bulk of innovation aityiv the production of most engines and
transmissions, and almost all vehicle assemblytions. These firms have strong co-ordination
capabilities and huge buying power, and the topatgomotive groups dominate the global market
(Wad, 2010). The largest first-tier suppliers hdsrome system integrators; they take on an
increasingly larger role in R&D, innovation, prodion, and the allocation of investment. This has
increased their bargaining power within the supgihain (Becker, 2006; Birchall et al, 2001;
Chanaron and Rennard, 2007).

In the re-structuring of global value chains in #890s and 2000s, MNEs took majority control of
many joint-venture assembly operations. Suppliemfthe OEMs’ home regions set up operations
in proximity of foreign locations of the assembleas process referred to as follow-source. In
addition, domestic suppliers were largely relegdtethe second or third tier, or were taken over
(Barnes and Kaplinsky, 2000; Barnes and Morris,820umphrey et al, 1998; Humphrey and

Memedovic; 2003; Rutherford and Holmes, 2008).
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The financial crisis increased cost pressures enirtustry, turned up the heat on OEMs, and
accelerated supplier consolidation. The numberirst fier suppliers fell globally from 8,000 in
2002 to around 2,000 by 2010, driven by the wenérifcial position of the industry, acrimonious
relationships between OEMs and suppliers, and lapacity utilisation (Barnes and Morris, 2008;
Osterman and Neal, 2009; Maxton and Womald, 20048. growth of large global suppliers — for
example Bosch, whose turnover rivals that of smaldsemblers — will possibly lead to the eventual
emergence of six to ten globally dominant firstr teystems integrators. FDI into developing
countries added to global overcapacity, furtherllifugg cost pressures (Sturgeon and Van
Biesebroeck, 2010).

5.3. Innovation and upgrading

Market changes and value chain dynamics strongfiyance innovation drivers in the sector, which
in turn is likely to impact on the role of humanpttal in the formation of GINs. Firstly, the
concentration of power within a few lead firms hawlications for the structure of innovation.
Innovation takes place at large firms — OEMs liked=and Daimler are consistently among the top
spenders on R&D worldwide (Dehoff and JaruzelskKiD®) and moves in a top-down fashion.
Assemblers create unique standards and specificativzecessitated by the high level of inter-
relationships in the performance characteristiosoofiponents that differ for every model. Together
with the absence of open industry-wide standardis, aindermines value chain modularity and
makes supplier investments relationship-specifias Treates a consistent demand for R&D among
the large firms in the sector, particularly amosgeanblers and first tier suppliers, but it alsc ast

a centripetal force that concentrates R&D withie kighest tiers and largest firms. Since barriers t
entry are raised by investment requirements antthéyop-down direction of design specifications,
the scope for innovation among smaller firms igHer reduced. The close collaboration between
suppliers and assemblers also leads to agglomesatiofirms near the headquarters of assemblers
and large tier 1 suppliers, further concentratmgpiation in these clusters. The industry effeét is
limit to economies of scale in production and ajfE in design.

However, vehicle and component R&D has achievedtgreglobal integration than production, as

firms have sought to leverage their design funstianross multiple products and end markets, a
process referred to as follow-design, while evehtuedapting each model to its specific market

conditions (Humphrey and Memedovic, 2003; Sturgeial, 2009). This also creates high barriers
to entry and limits prospects for upgrading by derdlrms and firms in developing countries.

At the same time, contrasting dynamics are influnt¢he conduct of innovation in the industry.
Very large and growing markets such as Brazil, @hand India make it profitable for assemblers
to adapt existing or even to produce specific mo@Brandt and Van Biesebroeck, 2008). OEMs
thus establish regional headquarters as well asnalgdesign and innovation centres. In turn, this
creates pressure for lead suppliers to follow smdl to source inputs from local second tier
suppliers which might end up supplying assemblarectly. Similarly, OEMs use advanced
developing countries, whose markets do not justifgcific models but are large enough to warrant
local assembly, as regional production hubs. Inntées such as South Africa, Thailand and
Turkey, this opens opportunities for local sup@jencluding for export. By contrast, developing
countries that are close to and can supply on abaBis to a regional trade block (for example
Morocco, Mexico, or Turkey), tend to specialise labour-intensive components. If capability
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upgrading occurs, opportunities may arise for thedpction of capital intensive parts and even
assembly (Carillo, 2004; Lorentzen, Mgllgaard, &wjec, 2003).

In sum, technological trajectories depend on therptay between both Northern and Southern
MNE strategies and local absorptive capacities, iated by geography (cf. Sturgeon and Van
Biesebroeck 2010). Some trajectories depend moreexdirrnal sources of knowledge and
technology, while other have a greater role forenmal sources such as R&D. The most
straightforward channel for technology transfemigrnally from MNEs to their subsidiaries (e.g.
lvarsson and Alstram 2005). Such transfer can,nieed not, take place in JVs (e.g. Nam, 2010;
Sadoi, 2008). Technological upgrading can also talleee when a Northern supplier transfers
technology to a Southern assembly plant or wheowh®rn assembler acquires the competencies
of a Northern firm, a strategy followed by Chiné&Ms Sichuan Tengzhong Heavy Industrial
Machinery Company, Geely, and Beijing Automotiven@any (BAIC), with their purchases of
Hummer from General Motors, Volvo from Ford, andhis to Saab styling and technology,
respectively, or Indian OEM Tata’s acquisition afdar and Land Rover.

Of course none of these strategies are guarankeetiterm success in terms of transfer, especially
of the tacit knowledge that would allow the Southim to bridge existing technology gaps. Firm
strategies are also mediated by the availabilitwlafis at different levels. The establishment of
production facilities as part of a GPN may requsiells mostly at the lower levels (worker,
supervisors, technicians), while the establishnwngrowth of innovation activities or an R&D
Centre will require skills at the higher levelsarfgineering and management. The availability of
these skills in host countries may act as a detemiof technological trajectories and the evohutio
of GINs within GPNs.

5.4. Global innovation networks?

By comparison to other industries, notably eledtenit is evident that GINs do not (yet)
characterise the automotive sector. The most irmfpbEMs and suppliers continue to be located
in a few regions in a few developed countries. Toaytrol a very hierarchical value chain, based
on follow-design and follow-source, and centraliseost) R&D. Due to the nature of automotive
technology, investments are often asset-specificcdwosely tie suppliers to system integrators and
assemblers. Finally, the industry is already higtdpcentrated and this is likely to increase furthe
The general consensus in the literature is thatctmbined effect of these characteristics is to
curtail opportunities for new-to-world innovatioorfSouthern firms.

However, it is also evident that the industry, esgéy in the context of the global financial cesi

is changing. Markets in Asia are slowly outgrowitite automotive heartlands in the Triad
economies. The design of specific new models aaseddaptations of existing models rely in part
on local design and innovation centres that crdateand for R&D. At the same time, two decades
of production of cars for global markets by devalgpcountry producers have raised their
technological capabilities. Some of these firmssariciently confident to acquire Northern assets
to advance their upgrading yet further towards fitoatier. In addition, cost pressures on the
industry make it irrational to neglect stronger @psive capacities in developing countries,
including in R&D. Taken together, this does not mélaat the emergence of GINs is a foregone
conclusion. But it does mean that the literaturevisng to neglect or dismiss powerful economic
arguments in favour of R&D offshoring and outsongciand advance an interpretation of
automotive industry dynamics based more on the thast on a consideration of possible future
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developments, as well as incipient instances ofwkedge intensive activities in the South that
point to a gradually evolving, different landscape.

Table 2: Characteristics of the automotive industry

Feature Does not favour GINs Favours GINs
Value chain A few OEMs and system integrators in the
hierarchy North control all activity. Unique standards and
specifications require asset-specific

investments. OEMs insist on follow-design.

Value chain Division of labour in R&D between OEMs andFollow-source in large emerging markets
knowledge lead suppliers leads to agglomerations in thmvolves local second-tier suppliers that can
architecture North and to follow-source. move up the hierarchy.

Consolidation Raises barriers to entry for smalld an

developing-country firms.

Cost pressures Opens opportunities for high-level capabilities
in traditionally high-cost activities from lower-
cost sources in developing countries.

Market size and Production and sales in Brazil, China, and

growth India are catching up on automotive
heartlands. Adaptation of existing and design
of new dedicated models create demand for
R&D.

In sum, trends in the automotive industry do nétpalint in the same direction (see Table 2).
Features that have been characterizing the indsgsioe the early 1990s — hierarchy, knowledge
architecture, and consolidation — do not on balaiaweur the evolution of GINs. On the other
hand, cost pressures which have been around faddsdut which the global financial crisis has
exacerbated, bringing a few OEMs to the brink afidvaptcy, and the eastward shift of markets
both for production and sales open up opportunibedirms in countries like Brazil, China, and
India. They can combine their advanced capabiliiél market-seeking investments by OEMs to
work on adaptation as well as dedicated new velnnddels. OEMs and lead suppliers, in turn, can
adjust to cost pressures by exploiting high-levapabilities in R&D that firms and research
institutes in these countries offer at more contpetprices.
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6. Automotive foreign direct investment, competencavailability, and
absorptive capacity in South Africa

Germany has a long history of investment in SouthicA's automotive manufacturing sector.
Volkswagen has been assembling vehicles in SoutiicaAfsince the 1950s, and BMW and
Mercedes since the 1970s. These assemblers havelygeorted by a number of German suppliers
who have subsidiaries in South Africa. All threeseaxablers have had a similar technological
trajectory: they began as ‘completely knocked doassemblers of imported components or semi-
assembled car kits, moved to higher value addeshdsy with a larger domestic supply base, and
since market liberalization in 1995 have absorleghriologies from their parent companies and
upgraded to become Word Class assemblers thatteggal parts of GPNs. Their supply based has
evolved along with the assemblers.

A key factor in the allocation of more knowledgeeimsive activities to South African assemblers
and suppliers has been their capacity to absorbteéegmologies from Germany. The characteristics
of local absorptive capacity in the South Africartcmnotive sector can be gauged by examining
previous FDI patterns (as historical indicatorsabforptive capacity) and educational output data
(as indicators of the availabilities of the reqdimmpetencies).

Due to South Africa’s history of unequal developmehe country suffers from severe skills
constraints, within which are nested pockets ofhérgevel competencies and capabilities.
Although the country spends massively on educadioth achieves comparatively high enrolment
rates, in many indicators the education systemsatkhe bottom of international league tables,
especially in math and science education and th#adity of scientists and engineers. Brain drain
is also a problem. At the same time, the countiy retatively good public research organizations,
business schools, and university-industry linka@@ee Appendix B for key indicators comparing
South Africa with other developing countries andhwiermany).

But these are average assessments. More imposgtdmbw skills constraints affect automotive
firms, how firms address them, and with what effétistorically, the skills required for the growth
of South African firms and their integration intorgpetitive GPNs have been available, through
competences developed both externally and withingi Until the early 1990s, the South African
automotive industry, which included most large OEMs&s largely cut off from international
competition, investment, and value chain relatigrshit primarily supplied the domestic market
and was not internationally competitive. Followipglitical changes in the country in 1994, the
OEMs returned to South Africa and reacquired thessets. They were attracted by market
liberalization and the Motor Industry Developmenar? (MIDP), an industrial policy aimed at
attracting inward direct investment and featurimgimport-export complementation scheme, by
which component and vehicle exporters could eazdits to offset import duties (Barnes, 2000).

Just as in other developing and transition econgnaemponent producers followed suit. Between
1997 and 2003 sourcing from domestic multinatiosgdsidiaries increased from 26 per cent to
37.5 per cent of the supply base, while the udeaal firms with local technologies declined from
25.8 per cent to only 10 per cent (Lorentzen andn&sg 2004). Between 1997 and 2008,
investments by assemblers amounted to ZAR31.2hwhath eight per cent was devoted to R&D
and engineering (Gastrow and Gordon, 2010). THisdp@a comparison to investments undertaken
in Brazil, Mexico, China, Thailand, and Central &oe (Black, 2009). However, BMW, Daimler,
and VW positioned their South African operationsadsey element in their globalization strategies
of the 3-series, the C-Class, and the Golf GTIpeesvely, seeking not only greater production
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efficiencies but export capabilities, and invesetordingly. Between 1995 and 2008 South
Africa’s production increased from 278,000 to 5&® Qunits, largely driven by exports, which

increased from 16,000 unit in 1995 to 284,000 @& ®r from four per cent to 51 per cent of total
production (Gastrow and Gordon, 2010).

The result of investment in plant and human capitagrading was that the local industry
significantly improved its performance to reach Marlass levels. In terms of cost control, quality,
flexibility, reliability, human resources, and praxd testing, South African plants closed the gap to
their international competitors, a gap which in #sly 1990s had been rather large. In terms of
quality, local plants ranked better than the ird¢ional average (Barnes and Morris, 2008), and the
performance of local subsidiaries such as the BMatgn Roslyn occasionally exceed their parent
operation in Germany (Goldstein, 2003, quoting dBePowers Gold Quality Awards, 2002). In
sum, the technological and organizational perfomeawnf the industry as a whole and the
capabilities of its human capital improved over ldst decade and a half.

Thus, in contrast to data describing national skdlvailability, while the industry increased
investment, production, and exports from the secball of the 1990s (bolstered by market
liberalization, policy support, domestic markettio, and increased investment), the availability
of mid- and high-level skills was largely sufficte(Black, 2009). OEMs played a major role in
upgrading unskilled and semi-skilled workers aslWelg. Lorentzen, 2007). This suggests that
automotive firms had established means of creatigarnessing the skills they needed to grow and
to technologically upgrade.

Thus human capital in South Africa has historicdlgen sufficient for the integration of local
automotive subsidiaries into GPNs. There have bésn pockets of innovation activity and R&D.
Previous research has described these activitiasti@v, 2007; Gastrow and Gordon, 2010). It was
found that assemblers and component suppliers dmadsufficient skills to undertake niche R&D
activities, mostly related to adaptation for thedlomarket, and occasionally the design of new
models for the local market. However, the margaalilability of local skills is small, and this was
found to be a constraint on increased R&D actigityhese firms.

7. Case study analyses

Each of our case studies represent a specific @agvement along a technological trajectory.
Within this, there is a focus on specific instanoégechnological upgrading. Each of these reflects
a strategic decision to undertake a process oruptochange in a specific location, and each of
these strategic decisions is influenced by thelavidity of the requisite human capital (amongst
other factors). Ceteris paribus, the closer thengbais to R&D as opposed to other forms of
upgrading, and the more it takes place in SoutlcAfas opposed to Germany, the more evidence
there is of a (potentially) evolving GIN.

R&D strategies of the case firms range from nodmpglete offshoring. The German MNEs are
more or less reluctant R&D offshorers. Autol ando®uundertake very little innovation activity in
South Africa. Their South African subsidiaries dendescribed as being at the very incipient stages
of integration into a GIN that is emerging from kit a GPN. Both of these cases explore the role
of human capital at this early stage of GIN deveiept, and both also contrast innovation at the
South African firms to innovation centres that héeen established in India by the same MNEs.
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Auto9 undertakes small pockets of development igtiior the South African market, and is
somewhat more evolved. This case study focuseshenrdle of local market adaptation in
stimulating innovation in the host country.

The smaller South African firms illustrate GIN foation originating in the South. Autoll
undertakes its R&D in South Africa, and channels Kmowledge to its subsidiaries in Europe and
Australia. Conversely, Autol0 undertakes its enR&D abroad, following the purchase of a
knowledge-intensive firm based in Europe and the b8 undertakes production at the South
African headquarters. These cases illustrate homamucapital, and the search for it, shape the
formation of GINs not just extending South from theveloped world, but extending North from
the developing world.

7.1. German MNEs with subsidiaries in South Africa

The three German MNE case study firms are all &tgstand’ firms that originated in Germany in
the late nineteenth century or early twentieth wgntand have grown to become global suppliers to
the automotive sector on the back of continuous R&Dto9, in addition to headquarters and
operations in Germany, has an additional 180 lonatin 50 countries. The group manufactures a
broad range of products and is a major supplieglobal OEMs. The South African subsidiary
focuses on the production of clutches and relamdponents. This subsidiary has consistently
supplied several of the OEMs with assembly opematim South Africa, and also supplies the
aftermarket. Autol is also headquartered in Germang has subsidiaries in over twenty countries.
The firm produces exhaust systems and related ptedar OEMs across global markets. The
South African subsidiary was established to sujpmial OEMs and also to export back to Europe
to earn import complementation credits accordin§dath Africa’s automotive development policy
scheme. Auto2 provides heating and cooling systamglobal OEMs. The firm has a global
footprint of nine development sites, 22 productsites and ten joint ventures worldwide. There are
three production facilities South Africa, supplyimgpstly domestic customers.

All interviews at the German-owned firms reportédttskills availability in the home country is
sufficient to support the core R&D functions of tliem, usually located in proximity to
headquarters. In Germany an excellent educatiotersyand vocational training system produce
large quantities of high-level skills, and moreothex recent contraction of the sector has resufted
floating skills being available in the labour mark€hus human capital availability is not a driver
for outsourcing innovation activity from Germany ather countries; rather, it is human capital
availability in host countries that influence theteisions. One important factor is the availapilit
the requisite skills and absorptive capacities &veer cost; another is proximity to large final
markets, where adaptation to local tastes and tondimight be a preferred strategy for growing
market share. The contrasting cases of India andhS&frica illustrate how differences in these
pull factors lead to different outcomes in termghaf allocation of knowledge intensive activity and
the trajectories of technological upgrading.

R&D has been part of Auto9’s strategy since itgios in the late nineteenth century, and has
played a major role in establishing its global neaniosition. The group traditionally conducts basic
R&D as well as pre- and product development ahésdquarters, and centrally coordinates global
innovation activity. This is typical of the seciarGermany. It invested in a new R&D centre in the
US in the early 2000s and more recently in Chinath bof these being responses to market
opportunities and the need to be geographically @hdrwise closer to their customers in these

Page 98 of 240



GINg, D6.1: Research papers on “I_:ragmentation of GINs andapability building in the automotive, ICT

- ')LU" and agro-processing industries” -

43 “Multinational strategies, local human capital, andglobal innovation networks in the automotive
< industry: case studies from Germany and South Afria”

markets. The South African subsidiary only undertakpplied development. For example, Auto9
SA designed a specific component for a Japanese.®BMthis contract it interacted directly, not
via the parent, with the customer. Its knowledg®oél road surface and load conditions allowed it
to develop an adaptation of an existing componenihé much tougher requirements faced by
commercial vehicles in developing countries. Itshtelogy was subsequently passed on to the
Brazilian subsidiary. This example illustrates hpressures to adapt products to domestic markets
create opportunities for innovation in developiogiatries.

These opportunities, however, can only be graspdteirequired capabilities exist. Despite skills
shortages at the aggregate national level, Aut8®sth African subsidiary reportedly can access
most of the competencies required for applied dgrakent, and over time the firm had built up
development capabilities. While average literacg anmeracy levels in the country are low (see
appendix B), an unequal education system appeam®tiuce sufficient high-level skills to meet the
firm’s engineering and innovation needs, although interview reported that the small size of this
pool acted as a constraint on the growth of knogéeititensive activities, particularly with regards
to engineering. Where skills gaps occur, local eegis make use of the group intranet to access the
requisite skills from colleagues in Germany or otheuntries. For example, they consult with
mathematicians and physicists based in Germanyneghards to basic research issues, or they can
consult with specialists based in Brazil if theseaiparticular matter of applicability to develagpin
country conditions. Communication is horizontal ataks not go through headquarters. Thus, in
this case, an organizationally ‘flat’ GIN is nesteihin a deeply hierarchical global value chain.

Similarly to Auto9, Autol’s and Auto2’s principal8® facilities are located in Germany. This
reflects high local R&D capabilities and the needgroximity to OEM customers — as indicated in
the literature and as reported in the interviewsthBcompanies have established development
centres in other countries where market size amagackeristics warrant and demand adaptation of
existing products. Autol has four such centres Antb2 has 11 in different parts of the world.
Both companies opened R&D facilities in Pune, Indiaring the last decade — a move in line with
the sectoral dynamics of increased cost pressungsrarket shifts. These centres now undertake
work that used to be done either only by their ppoempanies themselves, or was outsourced to
specialized engineering service firms in Germanth@dugh some of the offshored work consists of
standardized tasks, in both cases this is a depdriom their previous practice to retain complex
R&D tasks exclusively in Germany, and entails amaading technological trajectory among their
Indian subsidiaries.

The Indian subsidiaries illustrate how MNE’s resgppda large developing markets with available
human capital. In the South African case, a diffeset of conditions have rendered a contrasting
set of responses. While Auto9’s South African sdilasy undertakes some product development for
the local market, the Autol and Auto2 subsidiadesduct almost no product innovation, and are
limited to a narrow scope of process innovationbéth cases the headquarters give the South
African subsidiary little leeway in influencing press innovations, although local managers claim
that they have the necessary capabilities. For pl@nthe South African Autol plant reported a
reject rate of 60 to 80 parts per million, compatedabout 200 in the equivalent German plant.
Because of the large finished goods stock heldhan lbgistical pipeline to their international
customers, the South African subsidiary suffershiglher costs from production rejects. It thus
modified its production processes to lower rejetes to below that of the German plant. In the
interpretation of the South African management,akisting division of innovation labour is due to
group internal hierarchies rather than a reflectiblack of capabilities on their part.
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Autol also has some product innovation capabilitideere OEM customers request components
for vehicles that are marketed exclusively in So#thca, the subsidiary is involved in product
innovation for those vehicles, in partnership wite OEM and suppliers. However, they are not
involved in development activities for any otheogucts produced by the group. It thus appears
that a major constraint on innovation activitylee subsidiary level is related to the firm strategy
‘reluctant outsourcing’, rather than being domidabg issues of human capital availability.

In the cases of South African subsidiaries, thatstjic reasons for retaining R&D in Germany
(centralized control, proximity to customers, lowsr-ordination costs) outweigh the benefits of
allocating R&D to the subsidiary (lower labour sadaptation capabilities for local markets) —
with some exceptions. This leaves limited procassvation and niche areas of product innovation
for local market design and adaptation in the harfdbe South African subsidiaries. By contrast,
the Indian market offers sufficient incentives tdNNIs for them to allocate R&D activities to their

subsidiaries in the country: a plentiful supplyséfils and a large and growing market.

7.2. South African firms

Auto10 used to be a South African company that peed electronic components for OEMs, with a
focus on customized engine management systemg. thitemarket liberalization and value chain
changes that took place after 1994, the firm wadainger of being substituted by a follow-source
supplier — its domestic customers were re-aligrtimgr value chains with the agreements their
groups were reaching with their global suppliensolder to retain access to the OEM market in the
long term, Autol0 needed a development facilityt tinaas recognized for its capabilities,
specifically to design the components requirediey @EMs. The firm could not find the requisite
domain competencies locally; in addition, sincebglovalue chain re-alignment favoured suppliers
based near the headquarters of OEMs, it was impeithiat the firm establish a foothold in near its
customers. Thus, in the mid-2000s, the firm acquae engineering services consultancy based in
Europe, previously owned by an OEM. The acquisitiane it access to one R&D centre each in
the European and North American markets. Muchthieepurchase by Chinese firms of developed
country assets such as Jaguar, MG, and parts ofoVthe company bought assets that were
technologically more advanced than its own.

This established the basis of an emerging GIN, lmckv knowledge began to flow between the
Southern headquarters and the newly purchased @fortsubsidiaries. However, this does not
imply immediate technological upgrading; the diersiof labour remains similar, in that the
developed-country operations undertake R&D, while South African operation focuses on
manufacturing, using the designs originating in skhibsidiaries. However, the locus of control is
now in South Africa, and the developed country apens have become a tool for access to
customers and product development to meet thedsadéne company now supplies very advanced
engine management systems for upmarket vehicldsitttdevelops in-house. This R&D-based
product innovation would not be possible withoue thcquisition. In combination with the
advantages of flexibility that characterize the tBoAfrican manufacturing operation (which is
small and labour intensive, and therefore moreilfle), the enlarged firm is carving out a niche as
a non-Triad first tier supplier to global OEM custers.

Autoll manufactures electronic security systems @&Ms and the aftermarket. Although it
exports to global markets, the firm develops mahyto products in South Africa. All R&D is
conducted internally. It owns a subsidiary in AaB&, where R&D is performed to adapt the firm’s
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products to the Australian market, while the SoAthcan headquarters provide technical support
and training. It does not do basic research, bderiakes applied development on the basis of high-
tech components that it sources globally. For exantbe firm imported breathalysers from the UK
and integrated the technology into an automotiy@iegtion (an immobilizer). When the market for
breathalysers grew and the UK company was notpasiion to meet increasing quality standards
and higher volumes, Autoll re-engineered the prodiicthe assembly level, this required very
little adaptation because it is essentially a stathghrocess. Components may vary in size and so on,
but operators familiar with electronics assembly &asily be trained to make a breathalyser
instead. This is a capital-intensive process thatimises human error. Hence, changes in
competencies are more relevant at the level ofnegs, and it is typically they who drive the
change in the first place. That is, they suggestva application, then design the requisite protess
produce it. This is essentially an engineeringtsmiuto a human capital problem: the firm struggles
to find sufficient shop-floor skills, so it limithe locus of technological change to the engingerin
level, where it can find skills — particularly besa it has a close relationship with a local
university, from which it routinely recruits gradea.

7.3. Technological upgrading, technology transfeand R&D

From a certain level of technological capabilitypshfirms do not either only upgrade or innovate,
but do both (Hobday et al 2005). In some areas shi#ye-engineer or adapt, while in others they
already engage in new product or process designit Bupossible to distinguish between firms — or
their subsidiaries — with new-to-the-world actiegj and those that operate at a considerable
distance from the frontier.

The South African operations of Auto9 and AutolHenmake knowledge-intensive activities, and
Autoll has significantly increased its researchnsity over the past decade. Yet both companies
engage essentially in applied development, recomdpicomplex sources of knowledge to design
components and systems. Neither engages in badi; R& are they likely to do so in the future.
Hence their technological trajectory merely con8rrithe larger story of upgraded supplier
competencies in the automotive industries of deuietp countries over the past two decades.
Neither firm faces insurmountable skills constrajr@nd both have developed a variety of strategies
to deal with these constraints.

For example, faced with low skills levels on thegtiloor, when Autoll develops a new product,

the primary skills requirement is at the enginegrievel. At the assembly level, new products

require very little adaptation because the eleatroomponents they produce essentially employ a
standard, capital intensive assembly process thatmises human error as much as possible.
Hence, skill is less important at the shop floamele and more important at the engineering level,
where the firm manages to find adequate skills.

Another example is the development by Auto9 of wotl for a major Japanese assembler. The
primary purpose of this development was to modify éxisting design to cope with the rougher
and more varied driving conditions in South Afrieaaddition, the South African designed product
was also produced by the group’s subsidiary Brdnilthis instance Auto9 had access to the
necessary skills to develop the product and sufidBs$éring it to market in South Africa. This
access was secured through a variety of meansaaowith the local university, attendance at
internal group technical conferences, participatiointernalized knowledge networks, and active
recruitment of senior management and engineeraf§ st
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By contrast, Auto10 and the two other German MNEgage in activities that are qualitatively
different from merely reaching world quality standia Human capital influences these strategies in
opposite ways. In the case of Auto10, R&D offshgria Europe is the result of the local absence of
the requisite capabilities. In the case of Auto@ Antol, R&D offshoring to India is manifestly not
the local absence of such capabilities in Germdmy, their presence abroad at a much more
competitive price. In both cases, human capitab thats as a pull factor. In the South African
subsidiaries of the German firms, pockets of lishipgocess innovation and niche opportunities for
product adaption for the local market need to ggperted by sufficient skills. These skills can be
accessed through similar means to Auto9. Howethesse is not much room to maneuvre: current
skills availability is sufficient for current needsut not sufficient to support substantially large
scale or more advanced R&D — so skills supply isamoperational constraint, but is a constraint
on the firms’ technological trajectories and paptition in GINSs.

7.4. The management of tacit knowledge

R&D offshoring presupposes the existence of advamegabilities in the destination country, but
in an industry in which tacit knowledge plays a onaple in technological progress, the existence
of highly qualified engineers and scientists is mofficient — what also needs to happen is the
management of this knowledge across large distatioes zones, languages, and cultural divides.

Cultural divides were not reported to be a majonceon in the German MNEs South African
operations. The transmission of knowledge, inclgdiadified (such as product designs), embodied
(such as capital equipment) and tacit (such as plack culture) was not reported to be a problem.
This may be due to the long standing German preseanthe sector, and the relatively narrow
cultural gap between South African and German mamagt. This situation may be contrasted
with the transmission of knowledge between SouthicAfand India. Interviews in Germany and
South Africa among all three German MNEs reporteat the Indian subsidiaries, including the
new R&D centres, face significant challenges ins¢éhareas. In response, the German firms use
cross-cultural communication and the migration nbwledge workers. When Autol opened an
R&D facility in India, the Indian manager was tréersed to headquarters in Germany for over a
year. There his experience and training includedatbsorption of tacit knowledge by collaborating
in different departments and getting to know therusets” of the researchers at headquarters.
Once back in India, he had to reconcile this exgmee with local processes. He therefore acts as a
knowledge bridge between India and Germany. Thgmmsation of learning is used across the
group. At headquarters, there are engineers frarargkecountries where the firm is present, some
undergoing training before they return to their leooountries, others permanently appointed in
Germany to be the contact point for the relatedislidry abroad.

Auto2 faced similar challenges of knowledge tranbfgtween Germany and India, and in response
commissioned a knowledge management expert fromirwihe company to investigate possible
responses. This formed part of an “action-orient®#fiD project. Their aim was to improve
opportunities to relocate design tasks from then@er R&D centre to the Indian centre through
means of knowledge management, including informatéxhnology, the organisation of activities,
the content of communication and interpersonal camigation. Their findings suggested five main
sets of measures. First, one of the main problemasarwas identified as intercultural
communication. A training course on interculturabmonunication for German and Indian
engineers, hosted by an Auto2 employee with cdltiga to both countries, was developed and
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undertaken in both Germany and India. Second wadtampt to codify the tacit knowledge held in
Germany for the benefit of Indian staff. This irsédd IT-based guidelines, checklists and procedure
manuals informed by experiences in technical praldelving. Third, to improve the familiarity of
Indian engineers with Auto2’s products and valueairch the firm established short term
assignments of Indians to Germany and visiting mmaognes to suppliers and production plants.
Fourth, further organisational rules were implerednin India to overcome internal hierarchical
communication barriers. Lastly, the firm implemehtegatekeeper model, transferring three Indian
engineers to the German headquarters and haviag tBermans/Americans at the Indian location
to capture the tasks, inform their colleaguesrfohd) and check the quality of the deliverable.

8. Conclusions

In the automotive supply industry the relationsbigtween the strategies of both Northern and
Southern firms, and human capital in Southern bosntries, has an interesting set of implications
for the management of technological change andh@revolution of GINs. The five case studies
above explore some of the micro-determinants ofdheelationships. On the whole, they are
illustrations of incipient GINs, nested within GPNEhis is interesting because until recently
innovation in the sector was highly concentratetheaTriad economies, and because the centripetal
forces concentrating knowledge intensive activiiiegshe developed world may be increasingly
countered by centrifugal forces driving these aiéis to advanced developing countries; the 2010
INGINEUS survey makes it clear that the main foricethis regard are access to large and growing
markets, the availability of specialized competeacit a lower cost than in the home region, and
access to knowledge infrastructure and servicésamost region.

To help understand the detailed drivers behindettgdsbal trends, our case studies focused on
specific instances of technological change, howdhgere influenced by human capital conditions
in the host country, and how this relationshipuaficed technological progress and the formation
of GINs. In line with Lall's capabilities approackye interrogated some key features of these
relationships: technology-specific elements ofldaning process, the roles of internal and interna
sources of knowledge, the roles of human capitalllaskills levels, the contrast of know-how to
know-why, and the roles of externalities and lirkeguch as education and training institutions.

Key sectoral drivers also frame our analysis. Sohanges over the last two decades have militated
against GIN formation, for example a value chaierdwichy and knowledge architecture that
concentrate power and R&D at the apex of the seetwd high barriers to entry for small and
developing country firms. However, some more receehds favour the formation of GINSs,
including the upgrading of local second-tier sugqdiwithin GPNSs, increased cost pressures leading
to an advantage for developing countries, and as@é market size and growth in developing
countries such as China, India and Brazil, andoreggisuch as Sub-Saharan Africa. These more
recent trends open up opportunities for advanceguhhibties in developing countries to be
harnessed by market-seeking OEMs and lead suppliers

In South Africa, technological performance and télfiees have improved since re-insertion into
global value chains in 1995. During this procebs, availability of mid- to high-level skills was
largely sufficient for technological upgrading toovid Class standards, and OEMs played a major
role in developing their local skills base. Howeube small marginal availability of these skilisld
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act as a constraint upon further growth in knowéetgensive activities such as R&D. This can be
contrasted with the case study firms’ Indian subsies, where the availability of these skills
facilitated the establishment of dedicated R&D oesmthat receive tasks outsourced from Germany.
In South Africa, R&D has been constrained to nigloekets of product adaptation, occasional
product design for the local market, and processvation to suit local input and supply chain
conditions.

In line with the structural pressures describedhm literature on the automotive sector, all three
German MNE case studies conduct their core R&D @ndrdinate their global R&D networks in
their home countries, in proximity to their headdees. Since the supply of high level skills is
plentiful in Germany, the key human capital consatien in outsourcing knowledge-intensive
activities was reported to be, in line with the INEUS survey findings, proximity to major
markets and the availability of the requisite aptwe capacities and skills at a lower cost. The
contrasting cases of Indian and South African sliases of these firms illustrate how differences
in these factors lead to different technologicatomes.

The case studies illustrate firms at different etagf GIN formation. Auto2 and Autol report
involvement in incipient GINs — they respond to ogpnities for minor process innovation, or
occasional product innovation for the local marKétese instances are constrained by management
structures that do not allow for much innovatiorthe subsidiary level in South Africa. Auto9 is
somewhat more evolved, and this case illustrateg lkgen in the relatively smaller Sub-Saharan
Africa market, pressures to adapt products to lamaiditions create opportunities for local
innovation — and for this innovation to feed inbe ffirm’s global knowledge network (in this case,
into the Brazilian production centre). Auto9 marage find sufficient skills to undertake this
product development.

All three German MNE subsidiaries undertake anyanfameasures to access or internally build up
required competencies and capabilities, includitadf €xchange within the group, internal group
knowledge networks (for example, access to spstsain other countries through the intranet), and
relationships with local universities. Internalisédowledge networks tend to be horizontal,
contrasting with the deeply vertical nature of laéue chain.

The South African firms provide illustrations of KEfformation that originates in the South. The
first of these strategies is the purchase of kndgdeassets in developed countries. Auto10 needed a
foothold near its main customers and access toiadjzed competences not available in South
Africa, which led it to purchase a knowledge-inigadirm with locations in the EU and US. This
established a proto-GIN. However, it is importaotrote that most of this firm’s knowledge
intensive activity remains in these developed coesit the South African operation still does not
have the capacity to absorb the tacit or the cedlikinowledge that would be required to undertake
these activities. The purchase of knowledge ask®s not guarantee knowledge flow — this takes
time, capability upgrading, and the managemenaat knowledge.

Autoll reveals a different response to a diffeientl of skills shortage. Because of the different
kind of technology in question, the primary skilsortage was at the lower levels, and the firm
could access the required higher level skills iedesl to develop and modify its products. In
response it concentrated the process of technalbgnange within the engineering level, reducing
the scale and complexity of change on the shop.flabthe same time, R&D within Autoll is
mostly carried out in South Africa, and the reldvianowledge distributed to its subsidiaries in
developed countries.
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The various strategies exhibited by the case sfudy respond to the sectoral dynamics that
characterize the automotive sector. This rendegereralized model of GIN development, both
from North to South, and from South to North, &sstirated in figure 1.

Figure 1: GINs in the automotive sector
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The management of tacit knowledge was also idedtifis a key factor enabling the formation of
GINs. While the transfer of tacit knowledge fromr@any to South Africa was not reported to be a
major obstacle, the contrasting case of Indiatilaies the kinds of challenges that can arisetlaad
organizational changes firms must make to overcihrese.
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Appendix A

Response rates and total sample distribution bipsemountry and firm size.

Sector/county  dataset responses response rat¥ over total sector R&D active % of R&D active firms over

(%) obs. firms national sample

I'The Chinese sample was extracted from two regional databases: (i) the Beging database and (i) the Schenzhen database. The
questionnaire was distributed in the five most developed provinces in China: 146 questionnaires came from Beijing, which
account for 60% of the total questionnaires; 51 came from Guangdong province, which account for 21%; 35 from
Shanghai, 14%, 10 from the Zhejiang province, representing the 4%, and only 1 from Shandong province.

2 The Indian sample was extracted from the NASSCOM Directory of I'T firms 2009-2010, distributed across the main cities and
regions as it follows: 281 in Bangalore, which account for 21.8% of NASSCOM Ditectoty; 256 in Delhi/Noida/Gurgaon
representing the 19.9%; 185 in Mumbai(14.4%); 72 in Pune (5,6%); 147 in Chennai (11.4%); 184 in Trivandrum (14.3%);
107 in Hyderabad (8.3%) and 55 in Kochi (4.3%).

3 The Brazilian sample was extracted from the Annunal Registry of Social Information (RALS), a registry of social and balance
sheet information collected by the Brazilian L.abour and Employment Ministry. The total number of firms classified in the
automotive sector in Brazil is 2625. Out of these, 233 companies are located in the state of Minas Gerais and, of these, 107
(46%) have employed, in 2008, 30 workers or more. From the dataset all automotive firms from the state of Minas Gerais
were selected, provided the firm declared over 30 employees.
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Indicator SA Brazil India China  Germany Source

Public sector education expenditure as % of GDP199 6.03 3.88 4.47 1.91 n/a a
Public sector education expenditure as % of GDF7 200 5.34 5.21 3.18*  3.22* n/a a
Public sector education expenditure per capita{(RQEBED 316.86 374.27 27.21* 231.35* nla a
Gross tertiary enrolment as a % of the total 1&@d cohort 2000 12.9# 16 10 7.8 n/a b
Gross tertiary enrolment as a % of the total 1&@gd cohort 2007 16.2# 30.01 13 22.05 n/a b
Brain drain ranking***A19 62 39 34 37 31 c
Quality of educational system**** 130 103 39 53 18 c
Quality of math and science education**** 137 126 8 3 33 39 c
Availability of scientists and engineers**** 116 68 15 35 27 c
Quality of management schools**** 21 73 23 63 31 c
Quality of scientific research institutions**** 29 42 30 17 6 c
Internet access in schools**** 100 72 70 22 39 c
Extent of staff training**** 26 53 59 57 8 c
University-industry linkages**** 24 34 58 25 9 c
Local availability of R&D services**** 49 36 51 50 2 c
Top 200 ranked universities 1 0 1 9 10 d
% of tertiary graduates in science fields 2008 4 776. nla n/a 13 e
% of labour force with a tertiary education 13 8.6# n/a THit 24 e
Thompson Reuters' Science Citation Index publicatkinshange 48.3 110.6 917 174.7 24 1 f
2002-2008
Patent output 2007 per million of population 1.86 .69 0.64 118.02 9713 g

Notes: * = 2006, ** Source: People's Daily 20097¥ % lower ranking indicates greater brain drainVEF rankings out of 139
countries, #=2006, ## = http://english.peopledaiiyn.cn/ ###=EU total

Sources: a = World Bank 2010; UNESCO 2010a, b = WBddk 2010; # Department of Education, 2007, ¢ =RA&Eobal
Competitiveness Report 2010-2011, d = QS World UsitieRankings 2010, e = UNESCO 2010a, f = UNESCO 20&0b
UNESCO Science Report 2010
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1. Executive summary

The objective of this report is to provide inputs deliverable A6.1 of Work Package number 6,
coordinated by HSRC, South Africa. Within the breadims of the deliverable, the research carried
out by the research team at Cedeplar/Fundep aimew/¢stigate the correspondence of activities in
the GIN and demand of skills by the way of casedisti of one large European automotive
manufacturer and four automotive systems suppliers.

The most important result from the case studiedionthe studies general hypothesis, i.e., that
demand for higher-level competences, in particofaengineering positions, is closely tied to the
configuration of the local GIN. In the case Brazihe GIN under investigation is found in the
automotive sector, which has been subject to importualitative changes in terms of innovative
activities in the last decade. From mere proces$eslaptation of products developed elsewhere to
local markets, local branches have gaining incngpdegrees of autonomy to develop new products to
the local market, which can eventually be selebtethe headquarters to serve other countries.

This broad trend has a few peculiar characteristiésst, the degree of autonomy is, somewhat
paradoxically, related to a higher degree of irdégn of Auto3’s local branch to the corporation’s
global activities. In this sense, for reasons waoh intrinsic to this sector, it seems that emergeof
GINs is associated with improvements in the comfijan of Auto3’s GPN. Secondly, the position of
the local branch in Auto3’s global division of inragive labour is highly path dependent. Local
capabilities have been built progressively during past two decades, having been accelerated in the
past 10 years. Thirdly, the degree of autonomyheflocal branch to carry out development projects
with increasing degrees of independence is ineatitictied to growth and investments cycles of the
local market. Changes (consistent increase) of mmand has greatly contributed to foster changes
the supply side, such as the adoption of process/ation, as will be seen in more detail later.

Following the Term of Reference, the report is diéd in three sections, apart from this introduction
Section two brings key background information neede situate the case studies carried out
specifically to assess the relationship between @thivities and demand of skills. This section is
further divided in two parts. The first brings imfieation of MNCs R&D strategies in recent years.sThi
information is also based on case studies carugthahe INGINEUS project and considers largeky th
same companies interviewed for this report. Theos@csub-section brings information on GIN
formation and dynamics in the Brazilian Southeagian. The analysis presented was based on data
from the local CIS, the INGINEUS survey and oncaabe studies carried out for the project. Section
three is composed by background information onneetends in terms of FDI and on local Education
training systems. Section three brings the cashestyfollowed by conclusions and final remarks
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2. MNCs, recent R&D trends and GIN formation in the automotive
sector

2.1 Recent trends in R&D

Analysing the characteristics of the automotivaustdy based on the interviews, allows us to arbaé t
the MNCs' strategies have, in general terms, le@ tgrowing process of internationalisation and
decentralisation of the innovation activities dgrthe current decade, contributing to the formatbn

a local GIN. However, the process of internatiagtlon of R&D activities of the automotive sectsr i
very heterogeneous. It depends on the specifi@achaistics of the different strategies adopte@dgh
company, both local and MCSs.

The MNCs' strategy for the international expangbmheir R&D activities, originally aiming only at
product adaptations, has been greatly modified. itegviews carried out for the case studies, with
manufacturer of the sector and its suppliers, aldar some considerations about the changes
occurring to the internationalisation strategytfose activities.

The adoption of the global platforms strategy wasdticive to the headquarters becoming responsible
for formulating or conceiving a new vehicle, whitae branches would be responsible for its
derivatives. This is due to the fact that the ¢omabf a new vehicle platform involves much more
refined innovative activities, which produce an m@rehing impact on the company's global strategy of
product platforms. These activities, in the initlases of development of global product, are still
largely restricted to manufacturer's headquartéws,they capture a higher strategic and decision-
making value and demand a greater degree of cdasioln of technological competences.

Nevertheless, the R&D works at the branches has inegroved in order to allow for a higher degree
of specialisation and sophistication. This prodasgeases the responsibilities of the branch, reqath
a stronger influence in the definition of the comiga' global vehicle platforms.

The hierarchical supply structure, in spite of gnewth and concentration of the suppliers, made the
latter responsible for adaptations to local mad@tditions, as well as innovations in the systems
produced. It is necessary to bear in mind thakethee specific roles for Auto3 and the suppliericivh
different as they may be, interact with one anotfe supplier is responsible for conducting a fcére
study on the components and/or systems, propogwgsolutions. Auto3, in its turn, is responsible fo
understanding the integration of the system as@eylts behaviour in the vehicle's environmentad a
utilisation conditions and its interaction with tbéher systems, as well as providing feedback ¢o th
process based on the perception of the clientsaggpthe complete automotive system.

A good example of the changing nature of local R&Dthe case of the Computer-Assisted
Transmission (CAT). In this case, it is the suppWdo was in charge of overcoming technical and
production hurdles of thisystem's elements, but it is Auto3 1HQ and Sugiénat defined thénstallation
conditions, the requirements for integration whike wehicle's electronic system and the advanced use
configurations. Manufacturer 1 was involved withvadces in design activities as well as in vehicle
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tests, but not in research. As mentioned abovebals& research activities were carried out atH@e
research center in Europe.

It can be said, however, that there has been aaase in the capacity of Auto3's branch influencing
the conception of new platforms. Manufacturer 1 hatocal development facility that performs
numerous activities which were exclusively carreed at HQ ten years ago. This facility can suggest
modifications to a platform, and, even though therecurrently no demand for it, it is able to
independently develop a new platform.

Suppliers also play a key role in the innovatiorceftain systems such as flex-fuel, differentiaichl
system (DBS) and CAT. Be that as it may, it is im@ot to bear in mind that the branches follow
different strategies for the internationalisatidnnmovation activities. The contribution of theailian
branch is evident in the flex-fuel case, even tlotige product was developed together with the
headquarters. The company's long experience anamatation of local technological capacities, due
to the development of the ethanol motor, were dexis this process. Regarding CAT, the innovation
was originally proposed abroad, but local competsrexerted important influence in the development
of the product, which was carried out by the brascbf both Auto3 and the supplier. Finally, the
supplier's branch was the centre of the developroénhe DBS system, but the integration to the
vehicles was coordinated by Auto3's branch.

An important point is that the increase in somehaf suppliers' branches innovation activities was
based on the knowledge accumulated along the yeatson the capacities of Brazilian companies
(systems suppliers) acquired by MNCs. The existefceore consolidated capabilities in the branches
of certain MNCs has allowed for a more intense daéisation of development activities.

The global platform is, therefore, the prevalertstyy. It is induced by the growing importancehe
local and of others similar markets, as well asth®y capture and control of the growth of the local
branches' technological capacities according t@iBpgyaths. This has happened in a contradictory
manner that sometimes creates conflicts with tlaeltyearters.

A central point is that the strategic decisiondl & with the headquarters. The most important
question is the location of the decision-making pgwand no changes whatsoever can be noticed.
Nonetheless, the changes in the flow of knowledgese significant investments in more noble
activities to be constantly redirected to the bhasc On that account, the MNCs' strategy of
internationalising the R&D activities signal to tfi@rmation of a global innovation network. This
network is marked, though, by a strong hierarchataracter, regarding both the responsibilities of
each part and its decision-making structure.

2.2 GIN formation and dynamics in Brazil

The combination of ICS data with case studies &edINGINEUS survey allowed us to identify the
inner workings of a GIN in the automotive sectoBirazil. The GIN studied is centered on one of the
local market leaders. The company coordinates iatn® projects across both across its own
productive chain and with outside partners suchinagersities and research institutes.
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The case study provided evidence of increasingdevieindependence of the MNC in relation to its

headquarters in the last decade. From pure praatiegtation mandates the company’s capabilities
have been progressively upgraded towards new prodexelopment. This process includes the
constitution of independent R&D department in orfetlte group’s companies as well as the

appointment of a director of innovation to eacketinal department,

However, R&D is still restricted to product devetopnt under strict oversight of the HQ. Basic
research is still virtually absent from the netwdok a variety of reasons, chief amongst them hee t
dynamics of innovation in the sector (kept closelythe HQ) as well as depth of the local market
which only allows for incremental innovations stemghfrom the more usual processes of product
adaptation. Hence, it can be said that the formatfca GIN does not present a significant challetoge
the hierarchical structure of the sector.

Within this broader landscape, new initiatives tHatert from the sector’s norm could be observed.
The case studies have revealed a couple of suatessfects which have originated locally and, when
the financial viability was verified by the HQ, sinig out to involve different parts of the corpavatas
well as outside partners to bring the project tititon.

During theses projects, the types of innovationd eonnections between several distinct partners,
which involved the movement of local engineershe tompany’s HQ, can be said to fit the “true”
configuration of a GIN as described by the literattHowever, such projects are still not the nonm i
the industry and are commonly associated with #rsgmal effort of some professionals which have
moved faster than the institution itself in ternish@ pursuit of innovations.

Based on all available data, we argue that thath ¢auld be clearly identified in the auto sector.
However, contrary to what has been described ifitdrature, the local GIN’s structure is, at omed,
incomplete (immature) and intermittent.

The GIN is incomplete for three main reasons. Farsl foremost, the vast majority of innovation
projects are of product development usually to adap products to the local market. Secondly, the
connections between companies that are part girtheective chain such as universities and otheliRls
still in its infancy. There are only but a handail on-going formal collaboration projects involving
URIs. However, the case studies have shown thatdh®anies are actively searching new forms of
collaborations and partnerships. Finally, the comgsm interviewed are still in the process of
institutionalizing innovation management routines.

The intermittent character of the GIN comes from tlose relationship found between the degrees of
freedom to innovate and economic performance ofldbal branches. Economic success is still not
seen as emanating from the local innovative effédwever, this scenario tends to change in thetshor
run given the rates of growth of the local markbserved in the past few years which has led to
increasing competitive pressure within the sector.
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3. FDI and Education Systems

3.1 Foreign Direct Investments in Brazil

After a long period of low capital inflows, the Brian economy was subject of a series of market-
oriented reforms. Chief amongst of the objectivethe policies adopted, was the attraction of fgmei
of foreign direct investments (FDI). That strategys closely related to the proposals of the
Washington Consensus, which advocated the impatahd(i) price stability to improve investment;
(ii) trade and financial liberalization in order émhance competitiveness and productivity; (iinefgn
direct investment and privatization to investmemd anfrastructure. In that view, foreign capital wid

be not only responsible to finance transitory bedanf payment disequilibria, but also to induce a
process of industrial modernization, increasingpghamductive capacity and transferring technology to
the local economy.

Figure 1 shows the results of the FDI attractinficpes. The economic liberalization, started in Q99
and reinforced after 1994, was responsible forasimcrease in FDI. The increase can be partially
explained by the search for new markets in fackn@fstagnation of the developed economies, and the
excess liquidity due to low interest rates levelatdition, the rise in FDI inflows were also doettie
policy of privatization of state owned enterpris€his type of FDI inflows is represented by Mergers
and Acquisitions (M&A), which increased noticeablgtween 1995 and 2002.

According to Cano (2003), between 1986 and 199&ytkight state companies were privatized
(eighteen among metallurgy, fertilizing and petremistry), another twenty-six between 1995 and
1997 (mostly industrial ones), and another thirkyanly in 1997. In the year 2000, eleven companies
were privatized, bringing to an end the privatizmgle. During the whole period, around US$ 100
billion in state owned enterprises were transfetedhe private sector (US$ 82 billion in effective

payments and US$ 18 billion in debt transfers).idBes the overall privatization, there was also, as
mentioned, an internationalization of the producttbrough a series of M&A, which resulted in a

closer correlation of the domestic and internatiamaestment cycles.
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Figure 1: Total FDI inflows, Brazil (1992 — 2007)
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Source: based on data from the Brazilian Central Bank (wwvely.gov.br)

Together with an overall increase in values, acsatthange in distribution FDI inflows could alse
observed, as shown in Figure 2 below. For instamc&995, two-thirds the FDI in Brazil was focused
on the manufacturing industry. In 2009, that shaitks under a third, in parallel with increases in
services (fro over 30% to 38%) and primary secivoen around 2% to almost 30%).

Figure 2: Sectoral share of FDI
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Source:based on data from the Brazilian Central Bank (wWwalv.gov.br)
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By looking at the evolution of the sectoral shair€&DI (Figure 3), it can be seen that during therno

of FDI (1995 to 2002), the main destination of isiveents was the services sector. In particular,
financial services and telecommunications receivied bulk of the resources as a result of
privatizations of state owned banks and telecompation service providers. During this period there
was a significant relative decline in industrial IFRvhich would only recover from the year 2000

onwards. The primary sector FDI remained at lowelgewntil 2006. The recent growth can be

attributed to mining, due to the constant increasés demand, motivated by the Chinese growth.
However, despite of the recent shifts, the sernseesor remains the main focus of the FDI in Brazil

Figure 3: Evolution of the sectoral share of FDI, Brazil §592009)
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Source:based on data from the Brazilian Central Bank (wwalv.gov.br)

Within these broad trends, it is also importanévaluate the sectoral composition of FDI compositio
in a more disaggregated basis. As can be seenbile Tafrom 1995 to 2009, the average participation
of the primary sector on the total FDI was only8¢g7%, in comparison with 32,5% on industry, and
58,9% on services. Here becomes clear how predomimas and still are the focus of FDI in the
services sector. In this sector, the highest aeesagres of FDI are observed in the areas of kdiygfr
gas and hot water (8,3%), Mail and Telecommunioatid 2,5%), Financial Intermediation (9,7%), and
General services provided to firms (10,8%). Oncerandhe data show the importance of the
privatizations. Other important areas were the esale and retail trade sectors (respectively wigh 3
and 3,7% average FDI share).

Regarding the primary sector FDI, the main focus We Metallic minerals extraction (5,29%). The
industry FDI, on the other hand, was mostly focusedhe Food an@everage production (6,03%),

Chemistry production (4,76%), Basic Metallurgy (@@ and Automotive vehicles production and
assembling (4,81%).

The recent trends follow the increasing Chineseat@mwhich produced a rise in the Metallic metals
extraction, Metallurgy, and Food and Beverage pctdo. All the other relevant sectors mentioned
received higher amounts of FDI due to privatizadiol is worthy to mention the fall on the General
services provided to firms, which escapes thosdlitves of analysis (Figure 4).
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Figure 4: Sectors’ share on total FDI in the services secto
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As for the automotive sector, two distinct phasas loe seen in Figure 5. The first phase includesth
processes. The first is represents a cycle of tmeas in modernization and capacity expansion of
existent automakers, mainly from 1996 to 1999. €he of this cycle coincided with the second
process, which includes greenfield investmentsest entrants. The third process involves M&A and
capacity expansion of autoparts and components aoieR The second phase has a clear start in 2006
and corresponds to the need to increase productipacity in face of the sharp increase in sales
occurred in the 2000s, and from 2005 in particul&we boom in sales was a result from the increase i
the local market due to consistent income growtivelsas the expansion of credit mechanisms.

Figure 5: Evolution of the sectoral share of FDI, Brazil (5928009)
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Table 1: Sectoral FDI distribution, Brazil (selected years)

D6.1: Research papers on “Fragmentation of GINs andapability building in the automotive, ICT

1995* 2000 2005 2006 2007 2008 2009

SECTORS Stock % Flow Yo Flow Yo Flow Yo Flow % Flow Yo Flow %

AGRICULTURE, ANIMAL HUSBANDRY AND MINERAL EXTRACTION 924.99 2.22 649.4421 217 2194.371 10.20 1363.121 6.13 4982.067 14.78 1299557 29.61 4474.27 29.61
Agriculture, animal husbandry and related services 207.23 0.50 0 0.00 210.176 0.98 176.1144 0.79 316.9124 0.94 498.1131 114 255.0155 1.14
Forest production 30.49 0.07 0 0.00 36.45934 017 34.91064 0.16 473.1188 1.40 17.8117 027 164.7641 0.27
Fishing 7.88 0.02 0 0.00 6.36284 0.03 2616358 0.01 59744 0.02 3.281218 0.01 1.59218 0.01
Coal extraction 0.00 0.00 0 0.00 0.295 0.00 0.768188 0.00 o 0.00 L] 0.00 0 0.00
Oil extraction and related services 72.01 017 480.9051 1.61 896.9005 417 734.0528 3.30 650.3749 1.93 1338.971 3.05 2533.233 3.08
Metallic minerals extraction 566.71 1.36 133.357 0.45 995.6867 4.63 392.8617 177 3223.018 9.56 10644.69 24.26 1303.235 24.26
Non-metallic minerals { 40.68 0.10 35.18 0.12 48.49106 0.23 21.79643 0.10 40.58438 0.12 161.6563 037 7.241606 0.37
INDUSTRY 27907.09 66.93 5070.18 16.97 6402.811 29.75 8743.779 39.33 12166.08 36.10 14012.97 31.93 11924.74 31.93
Food and Baverage production 2827.52 6.78 975.0295 3.26 2074.827 9.64 739.3257 3.33 1816.744 5.39 2238.233 5.10 542.3208 5.10
Tabacco production 715.41 172 0 0.00 20.04534 0.09 114.2713 0.51 7.062739 0.02 7161025 0.02 8.811625 0.02
Textile production 529.78 127 357 0.12 126.6326 0.59 649.0195 2.92 52.63781 0.16 51.04983 012 66.10606 0.12
Clothing and accessories production 78.08 0.19 14.9 0.05 12.90919 0.06 21.74208 0.10 30.12014 0.09 18.36978 0.04 15.73453 0.04
Leather and related goods production 428.40 1.03 0 0.00 9.471364 0.04 13.64943 0.06 50.66209 0.15 3.797879 0.01 18.05018 0.01
Wood goods production 28.99 0.07 31.67197 011 123.7949 0.58 67.46621 0.30 34.60915 0.10 103.8372 024 211.2362 0.24
Cellulose, paper and related goods production 1633.66 3.92 10.30505 0.03 158.6202 0.74 1797.381 8.08 262.5238 0.78 204.8483 047 771.845 0.47
Printing and edition 137.97 0.33 15.6207 0.05 25.83181 0.12 278.7187 1.25 10.27851 0.03 12.56301 0.03 8.24239 0.03
Coke, oil refine and fuel production 0.00 0.00 0 0.00 8.065138 0.04 259.9825 117 1618.712 4.80 1637.929 373 1144.474 373
Chemistry production 5331.12 12.79 1100.715 3.68 763.6577 3.55 1133.877 5.10 587.615 1.74 789.326 1.80 753.3403 1.80
Rubber and Plastic goods production 1538.66 3.69 58 0.19 481.4295 2.24 223.2381 1.00 465.4339 1.38 670.5105 153 437.4556 1.83
Non-metalic metal goods production 853.84 2.05 67.02484 0.22 16.57935 0.08 151.8048 0.68 307.4487 0.91 650.5261 148 2244371 148
Basic Metallurgy 3004.90 7.21 245.5836 0.82 310.2987 144 1712.515 7.70 4699.746 13.94( 4984.255 11.36 3768.641 11.36
Metal goods production 572.76 1.37 26.11705 0.09 94.20504 0.44 96.99117 0.44 56.76887 0.17 143.7432 033 128.3292 0.33
Machinery production 234529 5.62 578.891 1.94 254.9656 1.18 429.7264 1.93 431.3097 1.28 506.0481 115 390.4225 115
Office and computer machinery 457.86 1.10 23 0.08 59.31131 0.28 18.22162 0.08 159.0503 0.47 145.1694 033 326.6684 0.33
Eletric materals and machines production 1100.58 2.64 65.8317 0.22 163.9396 0.76 206.1915 0.93 371.4738 1.10 335.4626 0.76 357.1042 0.76
Eletronic material and telecomunication equipment production 785.42 1.88 655.32 219 395.9787 1.84 325.1083 1.46 o 0.00 L] 0.00 0 0.00
Hospital equipament production 168.43 0.40 19.5 0.07 69.67481 0.32 100.5569 0.45 o 0.00 [} 0.00 0 0.00
Automotive vehicles production and assembling 4837.70 11.60 960.6709 322 924.8647 4.30 287.6031 1.29 871.7079 259 964.1301 220 2163.458 220
Other transportation equipaments production 223.00 0.53 186.2992 0.62 208.992 0.97 108.3916 0.49 13.21029 0.04 55.38286 0.13 73.38865 0.13
Furniture and other industries production 294.41 0.71 0 0.00 80.55364 0.37 7615195 0.03 124.8333 0.37 120.9575 028 1256564 0.28
Recicling 13.32 0.03 0 0.00 18.1633 0.08 0.382106 0.00 o 0.00 0 0.00 0 0.00
SERVICES 12863.54 30.85 24156.75 80.86 12924.38 60.05 12124.4 54.54 1655644 49.12 16877.75 38.46 14044.96 38.46
Electricity, gas and hot water 0.29 0.00 2972.191 9.95 1670.891 7.30 2331.808 10.49 618.2213 1.83 909.1761 207 970.0686 2.07
Water distribution, captation and treatment 1.80 0.00 73.52799 0.25 5473894 0.03 19.09253 0.09 7.517439 0.02 148.2482 0.34 28.73463 0.34
Construction 202.68 0.49 12.00699 0.04 203.4481 0.95 320.93 1.44 1716.611 5.09 1746.181 398 1164.535 3.98
Trade and repair of automotive vehicles 84.39 0.20 88.2935 0.30 62.42277 0.29 2432417 0.1 70.13835 0.21 96.02005 022 64.16705 0.22
Wholesale trade 2132.20 511 886.3477 2.97 680.7549 3.16 914.4018 4.11 666.3572 1.98 1640.383 374 1474.926 3.74
Retail trade and personal objects repair 669.11 1.60 660.0881 221 2099.62 9.76 546.7695 2.46 2099.454 6.23 923.2636 210 1292.67 210
Home renting and food 364.31 0.87 0 0.00 127.8807 0.59 349.5013 1.57 170.2007 0.50 167.2682 0.38 275.9716 0.38
Land transportation 6.43 0.02 44.12038 0.15 27.91003 0.13 10.17165 0.05 36.11383 0.11 346.8297 0.79 132.5321 0.79
Water transportation 90.49 0.22 0 0.00 23.44328 011 19.561129 0.09 166.5547 0.49 117.56325 027 158.2698 0.27
AirtTransportation 24.72 0.06 0 0.00 0 0.00 133.2512 0.60 32.9084 0.10 188.0287 043 220.059 0.43
Complementary transport activities 7142 017 38.3 0.13 161.4137 0.75 153.7181 0.69 911.103% 2.70 418.7818 095 324.3849 0.95
Mail and Telecommunications 398.74 0.96 10914.05 36.53 1899.657 8.83 1215.534 5.47 402.2742 1.19 463.3728 1.06 584.9333 1.06
Financial Intermediation - excluding insurance and private pension funds 1638.38 3.93 6352.214 21.26 888.6138 413 2647.349 11.91 5828.189 17.29 3802.568 8.66 2503.176 8.66
Insurance and Private pension funds 149.61 0.36 13.86531 0.05 860.9886 4.00 26217 113 369.3891 1.10 473.8671 1.08 1314.844 1.08
Complementary activities of financial intermediation 390.43 0.94 32.16 0.1 404.8717 1.88 345.1723 1.65 126.4637 0.38 1911 4.35 1130.267 4.35
Housing activities 1109.24 2.66 20.87605 0.07 296.9512 1.38 1405.013 6.32 721.8494 214 1721.397 392 596.1226 3.92
Non-tripulated vehicles and machines rent 363.31 0.87 0 0.00 47.77664 0.22 67.99717 0.31 60.87874 0.18 79.07333 0.18 83.95593 0.18
Computer suport activities 115.11 0.28 1121.483 3.75 144.2915 0.67 192.3208 0.87 193.2091 0.57 3929123 0.90 858.9416 0.90
Research and development 554 0.01 0 0.00 11.65006 0.05 4.804086 0.02 21.99785 0.07 19.09673 0.04 19.86145 0.04
General services provided to firms 4952.70 11.88 814.7213 273 2978.102 13.84 1067.005 4.80 2243.478 6.66 1072.998 244 7371814 244
Education 1.08 0.00 0 0.00 50.65904 0.24 36.99666 017 49.75131 0.15 178.5912 041 56.88771 0.41
Health and social services 17.84 0.04 0 0.00 3.004708 0.01 3.534498 0.02 7.091282 0.02 5.128937 0.01 3.58611 0.01
Urban cleaning and sewage activities 219 0.01 34 0.11 0.202739 0.00 17.4447 0.08 o 0.00 L] 0.00 0 0.00
Associative activities 54.42 0.13 24,0412 0.08 0 0.00 0.262846 0.00 0.100349 0.00 0.057571 0.00 0.013382 0.00
Recreative, cultural and sports activities 15.21 0.04 54.46969 0.18 3727731 1.73 34.67858 0.16 32.93495 0.10 53.85601 012 46.74286 0.12
Personal services 1.92 0.00 0 0.00 1.583975 0.01 10.63966 0.05 3.650283 0.01 2.040938 0.00 2.128761 0.00
TOTAL 41695.62 100.00 29876.37 100.00 21521.57 100.00 22231.3 100.00 33704.58 100.00 43886.3 100.00 30443.97 100.00

Source:based on data from the Brazilian Central Bank (Wyaly.gov.br)
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Examining the source of the FDI, a considerablengbaof pattern can also be seen. From a
predominance of US (26,03%) and Germany (13,98) B&dtor shares shift to a higher percentage
of FDI from the Netherlands (18,79%), with US cogim second (16,02%), followed by Spain
(11,22%), and then Germany (8,08%).

Figure 6: FDI share by source, Brazil (1995, 2009)
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Figure7: Evolution of FDI share by source
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Source:based on data from the Brazilian Central Bank (Wyalv.gov.br)

By looking at the evolution of the share(Figure @ie can observe that most of FDI from Spain
was concentrated between 1997 and 2002, assocwetbd the process of privatization of
telecommunications and financial institutions §tinteresting to highlight that Portugal’s FDI in
Brazil followed the same trend). The shareifestments from the US presents a persistent
downward trend, while Germany’s share shows atstigh. The most impressive feature is still the
rise of Netherlands’ share.
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As argued by Silva (2004), while national compamvese involved in privatization in the industrial
sector, foreign capital was mostly focused in thevises sector. US and Germany’s FDI in Brazil
was mostly directed to the manufacturing industvizjle the Netherlands’ FDI focused services
(mainly in telecommunications and financial intechaion).

In that sense, it can be argued that the contabuif the FDI to the Brazilian growth was modest,
both due to its low share on total GDP, and tdbi#s towards the services sector. Laplane and Sarti
(2003) stress this argument by showing that theestaent rate in Brazil did not presented
considerable variations during the 1990s, stayihgays around 20%. In terms of exports
performance, Brazil's share in international trad@980 was 1%, growing to 1,4% in 1984-5, and
then going down to an average of 0,9% during tH@0E9(Silva, 2004). In general, the impact of
FDI growth in 1990’s did not resulted in a positieag-term impact on the trade balance. Laplane
and Sarti (2003) also show that in 2000 the shafereign companies in the biggest five hundred
companies operating in Brazil was of 56% in terrhprofit, 49% of exports, and 67% of imports.
The data suggests a higher propensity to importhbyforeign firms. In this sense, the increased
FDI presented a higher pressure on the balancayohents deficit.

3.2. Education and training system in Brazil

The Brazilian education system is characterizedalyix of public and private institutions. In
primary and secondary education, the vast majofistudents are enrolled in public schools. These
provide, with rare exceptions, lower quality edimat in comparison with private schools. This
characteristic tends to reinforce the effects obme inequalities in the country, given that oig t
richer families can afford private schools.

In terms of higher education, the opposite cantimer/ed. Public universities and public research
institutes are most often the best, and providallsa broader range of courses. However, public
institutions do not account for the majority of Iy education enrolment. More than half of
students in higher education students are enrollpdvate universities and faculties, which prasen
considerable variations in terms of quality of eatien (Schwartzman, 2005). This pattern is true
for undergraduate and postgraduate education dlike.latter, in its turn, offers a relatively low
number of places.

The structure of higher education also reinfordes effects of income inequalities. Given that
enrolment in public universities depends on mehi¢, vast majority of students that are granted a
place in public institutions attended secondarycatlan in private schools. Hence, the asymmetric
quality of education is tied to an historical asyetry in opportunities. Education policies have
focused on the improvement of infrastructure inegah and on the improvement of participation
ration in primary andasic education. More recently, more effort hamhbdieected to the increase
of higher education places in public institutiongside the main urban centers, in a process often
described as ‘interiorization’ of higher education.

Given the gap existing gap in terms of participatiates between secondary and higher education,
professional education has historically been inmgrdrto prepare large number of students to the
labour market. However, this modality does not sothe inequality issue, once university
education usually presents higher prestige andtneshbetter job allocations (Schwartzman, 2005).

It is also important to notice that there is als@gional disparity of quality education in Bra4ii.
richer states, located in the Southeast and Scegions, are home of the best schools and
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universities. In this regard, however, public unsiges fulfil an important gap. All states have
public, federal universities that guarantee higb@ucation even in the more remote areas of the
country.

From 1995 to 2002, several policies were introdumgthe National Institute of Pedagogic Studies
(INEP) in order to improve the education systemrimgthis period, tests were created to evaluate
the quality of basic education (SAEB — evaluatigrstem of the basic school), high school

education (ENEM — national exam of the high schoahd superior education. This apparatus
provided better tools enable better policy formolatand evaluation. Together with these

mechanisms, the federal government was also resgperfer the creation of the Bolsa-Escola

(replaced during Lula’s presidency by the Bolsa-fiay a program that provides a small income

to poor families that keep their children in schddlis and other efforts have shown positive result

(Figures 8 and 9).

Figure 8: Evolution of years of schooling in Brazil
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Source:based on data from Undata, UNESCO Institute fotishitzs (UNESCO UIS), www.data.un.org
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Figure 9: Evolution of years of schooling of people abovey&ars old (%)
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Figurel0: Years of schooling of people above 15 years old<{%995 and 2006
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As one can see by the Figures 8, 9 and 10, wleléatial average years of schooling has been rising
consistently, the share of people with less thgaafs of school (green, red and blue lines in lagur
2) has been falling, and share of people with ntben 8 years of schooling has been grown
considerably (purple area in Figure 10). Figure shbws that while primary and secondary
enrolment present a slight decrease over the ketsy mostly due to changes in demographics,
higher education presents a clear rising trend.
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Figure 11: Education enrolment evolution in Brazil
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Source:based on data from Undata, UNESCO Institute fotishitzs (UNESCO UIS), www.data.un.org

In order to guarantee the allocation of resourcesducation, the National Constitution of 1988
created the Fund for Maintenance of Fundamentab@drundef). From 2002, another fund was
created, with the objective of channelling resosroeprimary education (FUNDEB). This resource
was directed to the improvement of education gualg well as to the increase of participation
rates.

It is important to stress that, until 2004, theotgses allocated education have reached already a
relatively high level (more than 5% of the GDP -h®artzman, 2005). Most of that budget,
however, was directed to higher education. To eseethe budget destined to primary and
secondary education, a new policy was implememezDD6 with the Education Evaluation Index
(IDEB) and the establishment of a national minimwage to primary school teachers, with the
purpose of enhancing the basic education qualitpotier two important policies were
implemented in the past years was aimed at thectieduof the disparities in terms of access to
higher education. The first is a new programme pravides funding for the studies of poor
students in private universities was created (PROUMe second is a program that facilitates the
access of students from public secondary schogishbc universities.

Further analysis of the Brazilian educational sysig carried by comparing the number of students
of each study level as a percentage of the populatiorted by age level.
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Table 2: Percentage of students by age group, by eachdégalidy

Year Age Group |Primary Secondary Tertiary Out of school
5to 15 62,75 1,19 0,00 36,06

16to 19 23,83 16,24 1,74 58,20

1991 [20to 24 15,47 5,28 4,76 74,48
25to0 29 5,63 1,41 2,31 90,65

30 or more 0,52 0,26 0,42 98,80

5to 15 85,50 4,42 0,00 10,08

16to 19 13,60 32,26 4,40 49,73

2006 [20to 24 3,66 8,24 13,63 74,47
25to0 29 2,37 3,30 7,30 87,04

30 or more 1,64 0,90 1,80 95,67

Source: Censo 1991 and PNAD.
Obs.: in 2006, data available is cuted differently: 5to 14, 15tp 19.

As can be seen in Table 2, school evasion in terd@ge level (5 to 15 and 16 to 19) has fallen
sharply from 1991 to 2006, although the evasiothatlevel 16 to 19 is still very high. There are
two possible explanations for this fact: (i) atttlage the income incentives (provided by Bolsa-
Familia) to children to stay at school is lower} ¢ontinuous school failure can provide incentives
for students to drop out. Nevertheless, the da@a sthows that the second explanation is becoming
less relevant, given that the share of studentsdmet 16 and 19 (and also between 20 and 24) years
old that are still in primary education has decedafom 23% to 13% and from 15% to 3%,
respectively, while the number of students of tge in the secondary education has risen from 16
to 32%. In line with previous data presented, @argeducation figures presented a considerable
improvement in all age levels.

The conclusion is that the education enrolmentnazB has presented an improvement during the
last decades, while the quality of the educatiastilsmatter of discussion, and is in the presém,
main focus of policy in the country.

Tables 3 and 4 summarize the profile of higher atiao openings, candidates, enrolments and
graduates, in Brazil, for the years of 2001 and®20ere is, during this period, an increase in the
number of openings, candidates, enrolments andugtas. The largest expansion of openings, in
public and private institutions, was for enginegroourses, followed by the courses of the Health
area. The greatest increase in the number of catedidand enrolments was, likewise, in

engineering courses. It is noticeable, however #ithough there was a significant rise in the

number of openings for courses in the areas oh8esg Mathematics and Computer Science, it was
not accompanied by an increase of candidates -e thesas do not seem attractive for the

candidates. A possible explanation for this is tBedzilian companies do not incorporate large

numbers of Sciences and Mathematics graduates,santhe labour market for these areas

unattractive. The profile of the graduates follothgs pattern, revealing that only 8% are of the

Sciences, Mathematics and Computer Science arbaspfoportion was stable during the period.

Similarly, just 7% are concluding Engineering castsThe greater part of the higher education
graduates in Brazil belong to Social Sciences, lss and Law, followed by the Health and

Education areas. Finally, it is relevant mentionihgt there seems to exist a dropout problem in
Brazilian higher education, since the number obked students is much higher than the number of
graduates.
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Table 3: The profile of Brazilian higher education, openirgel candidates

D6.1: Research papers on “Fragmentation of GINs andapability building in the automotive, ICT

Education openings Candidates

Field 2001 2009 2001 2009
Change Change

Total % Total % % Total % Total % %

Total 1,408 100 3,165 100 125 4,260 100 6,223 100 46
Education 304 22 523 17 72 656 15 733 12 12
Humanities and Arts 49 3 121 4 146 152 4 265 4 75
Social Sciences, Business, Law 592 42 1,289 41 118 1,624 38 2,282 37 40
Sciences, Math, IT 135 10 314 10 133 435 10 679 11 56
Engineering) 106 8 322 10 204 367 9 777 12 112
Agriculture, Veterinary 24 2 54 2 127 115 3 155 2 35
Health and Social Care 151 11 431 14 185 818 19 1,180 19 44
Services 47 3 112 4 137 89 2 153 2 72

Source: based on data from the National Institute of PedegStudies (INEP, www.portal.inep.gov.br)

Table 4: The profile of Brazilian higher education, enrolmhand graduates

Enrolment Graduates

Field 2001 2009 2001 2009
Change Change

Total % Total % % Total % Total % %

Total 3,031 100 5,116 100 69 352 100 827 100 135
Education 654 22 743 15 14 91 26 149 18 63
Humanities and Arts 100 3 179 3 79 11 3 30 4 160
Social Sciences, Business, Law 1,266 42 2,180 43 72 140 40 350 42 150
Sciences, Math, IT 262 9 435 8 66 29 8 64 8 123
Engineering 254 8 538 11 111 24 7 55 7 129
Agriculture, Veterinary 68 2 131 3 94 7 2 19 2 161
Health and Social Care 363 12 809 16 123 46 13 138 17 200
Services 62 2 101 2 64 4 1 22 3 506

Source: based on data from the National Institute of PedagStudies (INEP, www.portal.inep.gov).br
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4. Competence building and skills in the automotiveector in Brazil

The automotive industry was established in Bramitiry the second half of the 1950s, having
experienced continuous growth until the late 191gring this period, there were two growth
cycles with diverging characteristics. The firsinged from 1957 to 1967, and the second from
1968 to 1980. The former comprehended the estabdéiahof vehicle production proper, while the
latter completed the process of installing the mugitive industry as a whole, with the arrival of
important multinational corporations. The 1980s waarked by a strong contraction of the
automotive industry's activities, due to the ecomommbalances that the Brazilian face during the
whole decade.

Auto3s and the auto-parts companies establisheddandloped themselves via two different
processes. Both have got their particularities,ctvhied to distinct, albeit interrelated, market
structures. Auto3s sector was characterised bytargiltinational companies, with a concentrated
structure. The auto-parts sector, on the other haas marked by the prevalence of small
enterprises of national capital.

In the 1990s, following the process of trade likization, (particularly from 1993 onwards) the
production of vehicles experienced a marked rego\rushed by competition from foreign markets
and the growth of the local market, a strong inmestt cycle takes place. From 1991 to 2001,
manufacturers invested U$ 17.5 billion, while théoaparts companies invested U$ 11.9 billion
(Anuario Estatistico/Anfavea, 2009).

The investment cycle can be divided into two didtiphases. The first, which extended from 1990
to 1994, aimed essentially at the rationalisatiod technological modernisation of the industrial
park. Its main consequences were the introductfeetomatized production processes and, most
commonly, of lean production principles in prodoati The second cycle, ranging from 1995 to
2001, encompassed investments both from establislaedifacturers and from entrants. Those that
were already established invested to increase th&tialled capacity, to increase specialisation in
light vehicles and to obtain larger and more edfiti production scales. On the other hand, the
smaller investments made by the entrants were ciiblpawith an entry strategy based on
producing smaller quantities.

The investments brought along innovations in tlegpction process. The new plants followed lean
production flexibility criteria, adopting multi-treor hierarchical supply chains for components and
parts. This means that it was possible for Aut@3setiuce the initial investment requirements and
share risks with the first-tier suppliers.

In relation to the auto-parts industry, the investits, although high, were smaller than those
observed for manufacturers. This difference is wuthe high growth of auto parts imports during

the whole period. Another characteristic of theestments in these activities was the intense
process of M&A. This process led to the denati@adion and concentration of the Brazilian auto-
parts industry, as shown in Table 5, in tandem i movement of capital concentration and

centralisation the industry experienced internatilgn
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Table 5: Capital ownership, auto-parts sales, and invessn&nazil (1994, 2001)

1994 2001
Local capital Foreign Local capital Foreign
capital capital
Capital ownership 51,9% 48,1% 22,8% 77,2%
Autoparts sales 52,4% 47,6% 26,7% 73,3%
Investments 52,0% 48,0% 15,6% 84,4%

Source: Anfavea (2009)

With the beginning of the Asiatic Crisis, in 199Be Brazilian automotive industry experienced a
period of contraction and instability that lasteatiu2003. From this year onwards its production
and sales once more presented strong growth, heétiprioduction capacity nearly reaching its limit.

During this time, a recovery of investments coukbae observed (from 2006/2007), having been
only momentarily slowed down by the internationalahcial crisis. The current perspectives,
however, point to an increase of the production tandew investments. The projections indicate
that the production capacity, which went from 20t5 million vehicles with the investments of

the 1995/2001 period, will reach 6 million in 2013.

It is, therefore, a mature and important sectothwiuto3s responding, by themselves, almost a
fifth of the country's industrial GDP (Anuario ESstico/ANFAVEA, 2010). There is a striking
presence of MNCs in the sector, including in laaahpetence-building.

During the 1990s, it is important to notice thag ffrocess of production restructuring experienced
by the entire sector. MNCs branches and local seygpteplicated practices based on the Toyota
Production System, which had been adopted at thie tieadquarters. This process modified the
profile of the workforce, especially of the opeoatal, technical and supervisory workers. From the
2000s onwards, the existent Brazilian branches weserted differently in the strategies of the
headquarters, leading to the configuration of ndab& Production Networks (Fleury, 1999).

The new strategies of the MNCs included the po#yibof a new international division of
knowledge-intensive activities. In this divisiohgtBrazilian branches would be responsible for the
development of certain products or technologiegatied to local markets (which is more common)
or to global markets, such as alternative fuel mes)i robust suspension systems and light, low cost
vehicles, leading to a selective decentralisatibremmgineering activities towards Brazil (Dias;
Salerno, 2004).

Innovation, or, more specifically, engineering waitiées in the Brazilian automotive industry, as
whole, have evolved according to a path that begiits the adaptation of products developed
abroad to the conditions of the local market, atfterinstallation of the MNCs. The next step is the
development of local products based on those pemtlat the headquarters. Finally, in some cases,
there is the possibility of developing products &@her markets (other developing countries, or,
more rarely, developed countries). For companieBiazil, for more than thirty years, this
evolution presented, during the 1990s, a redudaifdhe installed capacity of engineering activities
(following the initial concepts of what a "globalgoluct” should be). This trend was reverted during
the 2000s, with the reintegration of the Brazillaranches into the global strategies of their
headquarters (FLEURY, 1999).
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As a consequence, GINs have emerged, albeit imtipieNevertheless, it is important to highlight
that the Brazilian branches are usually respondiriéhe development of technologies related to
specificities of the local market (such as altausatuels for internal combustion motors or more
robust suspension systems). Significant innovadictivities related to more advanced technologies
(e.g., electrical motors or new materials), haveé Ioeen observed. It can be said that, in the
Brazilian automotive sector, basic research is atmioexistent — applied research and product
development are the most frequent.

4.1. Description of the studied companies

Five companies were chosen for the WP6 Brazilisse cdudies, one of them a manufacturer and
the other four auto parts companies. Auto3 is adiraf an MNC of European capital. It is ranked

amongst the ten largest manufacturers of the wamtti the five largest of Europe, and it is one of
the market leaders in Brazil. The auto parts congsaare all direct suppliers of this manufacturer,

and are also branches of MNCs. Three of them havé¢hgir headquarters in the same country of
Auto3. Table 5 summarizes the characteristics ®ettamined companies.

Table 5: Case studies

Company Main product Capital origin Time in Brazil Notes
Auto3 Cars Europe More than 30
years
Auto4d Powertrain systems Europe (same as 10 years as an It is a spin-off from Auto3
Manufacturer) independent
company
Auto5 Stamped parts and Europe (same as 11 years
bodies Manufacturer)
Auto6 Suspension systems  Europe (same as More than 50 Once a Brazilian
Manufacturer) years company, it was acquired

by an MNC in the 1990s

Auto7 Transmissions/ engine USA More than 50
parts years

Source: Author's elaboration

4.2 Case 1: Auto3

Auto3 is a subsidiary of a European TNC which hasrboperating in Brazil for more than 30
years. It is the largest subsidiary outside its @arountry (in terms of production volumes and
sales), and it is considered a strategic brancidenshe corporation. The building of local
competences is a consequence of the trajectonyeo$ubsidiary, which is typical of the Brazilian
automotive industry: innovation related activitlesve evolved from adaptation or “tropicalization”
to product development. No significant basic regleactivities exist in this subsidiary, only apglie

research — more specifically, product developmélite Brazilian unit is formally responsible for
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adapting products which were developed in the headers to emergent markets, in particular
Brazil, as well as for developing new products entrally designed platforms.

In Auto3, 12% of shop floor workers have colleggmres or are enrolled in college. Currently, the
lowest admission requirement is a high school degfée workers who do not meet the standard
are stimulated to qualify themselves, either thtopgrtnerships the company has established or by
means of an internal incentive for minimal quahfion (e.g., general education development
courses). The company has established partnensftipgducational institutions, consultancies and
training institutes associated with Auto3. Parthgrs with public institutions for operational level
gualification were not mentioned.

The company also mentioned the importance of tigimn management tools, especially World
Class Manufacturing (WCM), a production system Emio the Toyota Production System. It is
worth mentioning that WCM is a corporate policy adfirms of the group (Manufacturer, Auto4
among others) must implement it. The company alamg its workers to allow for a broader
comprehension of how the production processes wbinke. immediate supervisors are the ones
responsible for giving task-training courses to dperators. Workers are thus being trained in the
WCM techniques as well as in methodologies andrdtis specific to the daily routine of their
tasks. These competences are related to continoguevement and to methods of analysing and
solving problems, and their purpose is to eliminagste. There is no evidence of other particular
technologies in which the operational level workams being trained. Most of the time, training is
provided on demand.

Auto3 also has a programme which gives financiadefie to workers who propose innovative
ideas to improve products or processes, even feratipnal level workers. The programme can
foster the search of new knowledge by the workedslsy the company as a whole.

The profile of the supervisors in Auto3 has changiede the production restructuring the sector
underwent during the 1990s, which introduced aspetthe Toyota Production System to shop
floor management. The presence of the WCM managesystem is currently accelerating this
process. The most important changes imply a mowartis a supervision model which requires
higher formal education levels, advanced knowledfjenanagement tools related to WCM, and
knowledge of HR management tools.

In Auto3, above the operators there are two superyilevels, followed by a direction level.
Alongside the operators there is a special prafessicategory of operators capable of using more
sophisticated machinery (automated machinery). dBpscial operators have a status equivalent to
production technicians. There are also technolsgissponsible for specific aspects of each
manufacturing cell (maintenance and quality). Sugery level workers must have higher
education (Engineering or Business) as a minimuumtlifigation level. For the technical level, a
technical school degree is necessary. Productidmieians are required to have technical school
degrees, or secondary education and complemerdargeas regarding specific technical aspects.

The supervisory and technical levels are offerathing programmes in behaviour, quality tools
(TQM), continuous improvement, metrology and oth@nsinly WCM techniques). For instance,
when the research was being conducted there wagraecbeing offered specifically for automated
machinery operators, in partnership with SENAI (bdia@l Service of Industrial Learning);the
course dealt with Industrial Processes Technologiesluding management methods). CAM
programmes are offered to the engineering depattmmni not to the production department.
Supervisors and production technicians can havAM Background to follow the implementations
of new processes, but most of the training is fedusn engineers.
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The case studies demonstrated, in all companiessiigpated, a growth trend for the local
engineering sectors and the workers' competenceta3Awhose engineering evolution follows
closely the pattern described in the introductidrSection 2, possesses no on-going local basic
research projects, only applied research. Basigarek occurs fundamentally at the headquarters,
and collaboration is more intense with the latt@b®ratories.

Nevertheless, in the last seven years the compasgédt up new local laboratories that made local
development projects possible. This trend becamagtr with tax incentives, but is also due to the
fact that Auto3 presents important competencegeelto the development of products aiming at
emerging countries — low cost, medium performanmoelycts. These competences were built along
the trajectory of the company, from local adaptatmlocal development.

For instance, in the 1980s, when the Brazilian fa@idgovernment consolidated its research program
on ethanol as a biofuel (tifero-Alcool program), the company developed and launcheditste f
ethanol engine in the Brazilian market. In the 1©8Q@vas the first company to introduce a vehicle
equipped with a 1000 cc engine, in accordance thighpublic policy of decreasing federal taxes
over small vehicles (locally known as popular védsy, in order to stimulate sales and rescue the
Brazilian automotive industry from a general crisisthe end of the 1990s the Brazilian unit was
part of the global team which developed a car dedtto emerging markets (Dias; Salerno, 2004).

The engineering department grew from 400 employe@905 to approximately 850 in 2010. This
increase is due mainly to hiring new engineers. Jitodile of these workers is, therefore, mostly of
young. With the growth of innovation activities etihespondent stated that there is a shortage of
engineers relatively to the company’s current neg@lle product development sector is structured
as in the headquarters; this makes the relationstiipthe headquarters easier, as each Brazilian
engineer has a “correspondent” within the Europeagineering. Whenever a technical matter
emerges, they are able to meet in order to distubsis enhancing an international network.

The department has engineers responsible for thjegbrdevelopment management of each set of
new products (chassis, bodies, electrical and releict engineering, etc.), as well as specialists in
the components of each of these sets (wheels, rssispe etc.). These specialists are considered
scarce in the local market (there were, in Augui(? approximately 40 vacant posts in the
engineering department).According to the compatmg émployed engineers still lack some
background in technical areas. Once in the comptr@y, must undergo training programmes in
product development management (amongst otherditygaad reliability), as well as technical
training (in automotive engineering). The comparigoahas formal incentive programs for
specialisation, Master's and PhD courses. Trairpnggrammes in a research centre at the
headquarters are also frequent.

Following sector standards, Auto3's interactiorhwésearch institutes and local laboratories is not
very intense. This company is also negotiating meaperation projects with the state. Finally, a
new educational programme that aims at attrachdgiduals with Masters and PhD degrees from
local universities to research projects within Aitas just started.

The relationships between Auto3 and suppliers, latd/een the Suppliers and the clients, are of
extreme relevance in the Brazilian automotive geetahich is also a pattern observed worldwide.
Co-design is a common practise in the sector, diferehces between companies regard the level
and strength of the partnerships established tod#dvelopment of the project. Auto3 is in charge of
directing co-design activities in the studied nekvdnteraction with suppliers and subcontractors
exists and is reportedly very strong. It is impottt remark that this type of interaction is pairt

the company’s history. There are four types of fispp suppliers that co-develop the products;
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suppliers that develop the product given the smetibns from the client; suppliers that only
manufacture the product according to the specifing and the more simple “commodities”
suppliers. There is also a more sporadic on-demaatonship with project offices.

4.3 Case 2: Auto4

Auto4, which was previously a power train departmieside the organizational structure of a

European car assembler, was created in the begimmhithe 2000s. Its headquarters are located in
the same European country as the car assembleough the car assembler still is the main client
of Auto5 at present, the strategy is to decreas@atticipation while broadening the market by

selling power train systems to other car assemiderany other company which needs internal
combustion engines (truck, buses, boats etc) —tamtive” customers. At present the company is
carrying out an internal program in order to proenotnovation in its products and processes (a
strategy to conquer new, non-captive customers).

Due to its trajectory, even if it has existed asiradependent company for less than 10 years, it
profited from the 30-year Brazilian experience loé ttar assembler from which it has split. This
means that many of its workers have previously beemkers of the car assembler; its
organizational structure and procedures are ity wimilar to the car assembler ones. Some of its
workers were responsible for the development ofoirtgmt local innovations such as the small
engines and the ethanol fuelled engines that westioned in the previous sub-section. These
competences, which arose from the path followedbip3, are being consolidating at present, for
instance, with the development of flex fuel teclogods. Indeed, the company faces ongoing
changes, towards greater local technological coemget regarding new local and global products
(alternative fuels), as well as competences rel&bethrge production, due to WCM. It is thus
necessary for the employees — operators, techsi@and engineers as well — to be constantly
upgrading their skills.

At worker level Auto4 requires a minimum of secorydaducation for shop floor workers. As
Auto3, Auto4 has implemented World Class Manufantyprinciples in its production lines, and
workers have been trained in WCM tools — especigilglity control, problem solving methods,
autonomous maintenance and continuous improveri@et.matter of the autonomy/flexibility of
the operational level worker is present in the alisse of the interviewees of all the studied
companies, including Auto4. There is, however, afasion regarding what flexibility actually
means. By saying that "The worker must do more lzgtter”, one of the interviewees states that
flexibility is related to productivity. By making iexplicit that the worker must be familiar with
many quality tools, for example, it becomes cldwat tthe demands presented to the worker can
require more capacities. Moreover, the worker rkasiv when to use his capacities (he must know
how to solve problems). This can be seen as aeaserof competences and as multitasking, but it
does not always involve flexibility and autonomy.

On the other hand, Auto4 recognises the importandtlee worker "knowing his role", and "having

a notion of innovation". This is related to the gany's current context, marked by the
development of an innovation programme. Besides tiie Auto3, Auto4 has got benefit programs
for workers who propose innovation and improvemeeas.

The demand in terms of formation and qualificat®mlso increasing to a higher education degree
in the technical and supervisory levels. With thisease the company mainly expects the technical

Page 134 of 240



GING,
3\& )OU‘ D6.1: Research papers on “Fragmentation of GINs andapability building in the automotive, ICT
i and agro-processing industries” -

“The role of competence-building in firms in the energence and evolution of GINs in Brazil”

employee to arrive with a larger market experiesioé with a smaller need of routine training. The
training programmes for specific technologies ipeswisory level are given, in most cases, through
partnerships with the suppliers. In order to handlere complex processes, a specific training
programme is required of the worker. Internallyc@ampetence centre belonging to Auto4 and
Auto3's corporation gives these programmes. Itistssf a training centre that also offers training
in behavioural and other skills development. Traeepartnerships with other institutions that offer
this kind of programme, such as universities amusattancy firms, amongst others, but the main
source is the competence centre.

The impact of being inserted in a global chainr(etwork) is evident in the case of development of
competences in the engineering and innovation deviel particular the relationship with the
headquarters is very important, as can be seeneirslbgan "one product, one engineering”. The
practice of sending Brazilian engineers to the beaders for them to do specific training
programmes is quite common in Auto4. In this conypahe branch also hosts engineers from
abroad, for them to, for example, familiarise thelwss with the flex-fuel engine technology — a
case of local developed technology that may be e@do other markets. For the engineering area,
there are innovation and manufacturing ideas amgdvliedge generation programmes. The company
is studying the implementation of a prize for ergirs who publish academic papers on innovation
ideas. The company's engineers possess speciatisededge, but they develop flexible abilities in
multidisciplinary teams. The very organisationalisture of the engineering department stimulates
this — it is a matrix structure with product deymteent cells comprising workers of the functional
areas of Product Engineering, Manufacturing Engingeand Production. In the Auto4 engineering
department there are about 300 employees, 56% ofhwdwre engineers. In this sector, ten
employees possess Master's degrees and only arizhiS.

Co-design is also present in Auto4. Besides cagrgut the development of its product with Auto3,
some of the main locally developed products invélaedecisive participation of the suppliers. For
example, recently a new device aimed at enhandiegperformance of flex fuel and ethanol
engines was developed in Auto4 together with a @mpwhich belongs to the same group as
Auto6. This device was granted in 2010 a Brazidad a European patent. The development of this
device is strongly related to the competences dyr@mssessed by the engineers of Auto4, which
were developed for over 20 years, due to the ethBnazilian programme (therefore these
competences at first were not developed becau§ds, albeit they might be enhanced within a
GIN at present).

Another example concerns an important local innowantroduced in a transmission system which
was developed along with Auto7.This new transmissigstem was developed due to a demand of
Auto3, which asked Auto4 for a system that coulgnove the performance of its small off-road
vehicle (developed in Brazil). Auto4 started a aptoal research on technologies available on
traction, presented by the headquarters as wély agher suppliers. Since final product price could
not be increased, given the characteristics ofBtezilian emerging market, it was necessary to
think up a low cost solution. Finally an idea camieg a device which could enhance the
performance of the small vehicle in low adhererazdrconditions was borrowed from agricultural
machinery market and seemed to present the besteosfit-viability scenario. However, a
specialist supplier which could implement this itirat prototype was needed, as integrating the
new mechanism in a small front transversal transionsrepresented a new-to-the-world challenge.
So, after dealing with some potential suppliera more focused stage of definitions, Auto7, which
presented the application of an electro-mechatocier differential system, was finally chosen.
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Just after the selection occurred, contracts, dgfiethtechnical targets, specific budget constsint

formal product development team and other mainesswere then formalized. A product

development team was created with manufacturingneegs, production engineers, purchasing
engineers, testing engineers and technicians dsawa@ngineers from Auto7, in Brazil and in the
USA.

The new product called for new productive processesause the new transmission would

aggregate fragile electric components (Bagno e2808) — something challenging for a traditional

gearbox assembly line. Shop floor workers werené&w@iin the new process. Finally, the service kits
and maintenance procedures were agreed amongIsgie@athe development team. The car user’'s
manual specially warns about correct using of lockechanism and a help desk (hot-line) strategy
was built to give quick support in case of earbidiproblems. Special training was offered to sale
and service people.

This case illustrates how engineering worked thhotignsversal processes with other departments
as process and manufacturing engineering, seniegslative council, client and others.
Concerning the external relation, it is importaoteémphasize the managing of complementary
competencies among Auto4 internal teams, Manufectand Auto7. It can thus be said that an
innovation network emerged, and that the overathpetence level of the network (or, of the actors
involved in the network) was increased. Since sofitee competences needed to develop the new
device were not present in the Brazilian subsidanjuto7, engineers from the USA development
center were integrated in the team. Therefore,dés® presented a good example of the insertion of
Brazilian subsidiaries in GINSs.

4.4 Case 3: Auto5

Autob is a subsidiary of a European TNC companyctviias been operating in Brazil for less than
10 years, following a demand posed by its maimtliduto3. Therefore, its very presence in Brazil
is a consequence of being inserted in a global av&twhich operates with “follow sourcing”
policies, since Auto5 is a main supplier of AuteBEurope. It produces stamped parts and car
bodies and its whole production is destined to Auto

The company is also adopting WCM techniques inpitsduction lines. This is so due to an
exigency of Auto3. Indeed, in the automotive indysthe car assemblers drive the value chain and
it is not uncommon that they compel their suppligrsadopt specific production methods and
techniques. In Auto5, with the introduction of WCMe company realised that it was necessary to
require an elementary school degree for shop flaakers — it is paramount that they understand
the production process, have a better control ¢werproduction and know how to use WCM
management tools (e.g., interpreting simple graphs)

Auto5 formally assesses a set of skills (for ins&grconcentration, logical thought) and practiges a
the moment of staff recruitment, which are alsoiinfally assessed by the supervisors immediately
after the worker is hired. Given the requirementced mainly by the growth of the industry
(especially in 2009/2010) and the introduction o€M, an increase in the qualifications of the
technical and supervisory positions can be noteedvell. For supervisory levels, a high school
degree is required, preferably in technical coyraed a college degree is desired. For the technica
level, a high school degree in a technical coussdemanded. Such requirements have expanded
over time, and the incentive for an increase iflsks primarily due to the internal recruitment
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policy. The company gives priority to internal neitment and, even though there is not a formal
and explicit competence-building system, the redpah says the employees seek the company's
HR for advice on which courses to take, so thay tten apply for the higher positions inside the
company. The formal assessment of supervisory f@kss into account leadership, the ability to
work under stress, planning and decision-making,@mmunication skills.

There is no systematic requalification process technicians and supervisors. There is a
requalification programme, but it is only sporadlicaffered according to the company demands.
There was, for example, leadership training foresuvigors in 2010 (there is, though, a yearly
requalification process for operators). Accordiogtiie respondent, there are difficulties (budget
and motivation of the supervisors) to conduct ttegqualification process. The respondent also
considers that the fact of the company being cedtiby the 1ISO 16949:2004 norm, which requires
regular and systematic recycling processes forofiexational level, is a factor behind the greater
attention given to operational level recyclingigul of the supervisory and technical levels.

There is CAM training for specific jobs, namely ko@chnicians and automated machinery
operators. Such training processes have increased time. Additionally, technicians and

supervisors receive training in management toalge@ally those related to quality and WCM. As
an example, supervisors and technicians recentlgived training in the Value Stream Mapping
(VSM) tool. Other training programmes offered tahwicians are: Problem Solution Methods
(PSM), Statistic process control (SPC), and Failnoele and effect analysis (FMEA).

The role of the HR department is to support the agars. In spite of this, the subordinate
employees are evaluated in an unstructured manngrebmanagers themselves, who also evaluate
the training needs in their areas. However, thezena incentives for the innovation practises in HR
by the managers to their subordinates. For examplerational level workers are only submitted to
systematic requalification programmes, and the idiate supervisor at the operational level is
supposed to facilitate the requalification progremtheir subordinates. However, this aspect does
not reflect in the higher hierarchical levels bey@upervision. In other words, it is not demanded
of the other managers and supervisors that thetintmusly stimulate their subordinates. In the
case of the management and HR professionals, i@ gpthe incentive the discourse on innovation
and insertion in global networks gives to flexityilithe latter is not as of yet present in the ysed
companies.

Auto5, as Auto3 and Auto4, also presents a kaize&xgrpam, in order to enhance continuous
improvement. The Engineering department of Auto®nfaly evaluates the kaizen suggested by the
supervisory and operational levels, and then decideether the proposed modifications are viable
or not. Those who propose the best improvementesiigms are entitled prizes.

According to the respondents, in Auto5 the linkwen production supervisors/technicians and the
engineering department has greatly increased danedast year. In the words of the interviewed
engineer, nowadays the manufacturing departmens gfter the engineering department with
product improvement proposals: “production ‘disae¢e engineering”. The company has also
promoted meetings and regular training programmeslving engineering and manufacturing
managers, which can, in the respondent's pointiedf,vcontribute to such an approach. Another
reason for the greater communication between tlpartments is possibly WCM itself. The
engineering staff currently evaluates the improvaimsiggestions and cost-reduction processes
developed by the manufacturing department. Howeheryespondent stated that, even though the
relation between manufacturing and engineeringrhasoved, it is still restricted to specific issues
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The engineering department of Auto5 presents afgigntly higher proportion of technicians in
relation to engineers. The area comprises apprd&lyna20 persons, 30% of them engineers and
70% technicians (basically CAD operators). The eegiing works are arranged according to the
automobile parts being projected, in a functioialcgure very similar to Auto3, which is its main
client. When a project involves more than one asemultidisciplinary team is formed including
engineers and technicians of all relevant areas.

There are few members of the staff with post-gradogone with a Master's degree, one of the
area's managers is doing a Master's in Engineenmyanother is doing an MBA). Most CAD
operators are taking engineering courses. The eaggnhave got no background in production
process management. There is no internal develdpreerthe engineers and technicians acquire
some background in business or cost engineeringgxf@mple. The training programmes that were
offered in this area are: FMEA, CAD, an automotergineering short-term course and foreign
language courses (offered by external institutioR&cently, the company has been investing in
internal courses, given by their own staff — egheet metal forming lessons for engineering
technicians.

The company has got no partnerships with reseastitutes or local universities. The respondent
from the engineering department said the companyot engaged in many market driven
innovations, as most of their products and progeevices are the property of the client. Another
obstacle to local innovation is that the engineenmork hours are dedicated to the ongoing
production projects, and the innovations would h&webe carried out simultaneously to these
projects (the former are not remunerated). It $® anportant to mention the relationship between
the company and its European headquarters — tteg s got the engineering competences the
Brazilian branch relies on, especially regardingjgxts of vehicle bodies. On the other hand, the
headquarters does not possess the structural aiédeulcompetence, carried out only by the
Brazilian branch, which supports the company wordidwInnovation projects in the company tend
to be internal and process-related, but even igetloases Auto5 does not use research results or
research institutes for the improvement of its peses.

The interaction of Auto5 with its subcontractedffsis expressive, as some of the CAD operators
are subcontracted. Such interaction does not leadnovations for the company. On the other
hand, the company has been pursuing partnershitpsswppliers to start innovation projects for the
company (not the client). As an example, there islaath-American supplier that performed
structural calculations for a bus body, a prodwet\hich the studied company did not possess
know-how. The contract with the supplier from th€AJwas signed determining the transfer of
structural calculation technologies to the Branmilisompany. Regarding physical component
suppliers for manufacturing, it is important tortélathat Auto3 chooses most of the suppliers of
Auto5. Some of them patrticipate in the product dgwment, in a co-design involving Auto3 and
Autob5; in these cases, Auto3 formally establishesinteraction between Auto5 and its suppliers by
contract.

4.5 Case 4: Autob

Auto6 is a case of a former Brazilian company whaas acquired by a multinational group in the
1990s, during the period of restructuring of theditan automotive industry that followed the

opening of the market (as discussed in the intrboli®f this section). This company was one of
the largest Brazilian autoparts firms and, befageadp incorporated by the European group, it had

Page 138 of 240



GING,
3\& )OU‘ D6.1: Research papers on “Fragmentation of GINs andapability building in the automotive, ICT
i and agro-processing industries” -

“The role of competence-building in firms in the energence and evolution of GINs in Brazil”

followed a path of technological development in BtaWhen the acquisition occurred, many
guestions were raised concerning the risk of redoatf engineering and innovation activities in
the company. Indeed, to a certain extent someetktigineering activities the firm carried out in
Brazil were centralised in the European headquartaut others, more related to local products,
were kept in the country. It was the case of tetdmies related to suspension systems, since, due to
local conditions (bad road conditions), vehiclepamsions in Brazil must be much more robust
than European ones. Competences linked to the @@weint and testing of these robust, low cost
suspensions were developed in the company singasita Brazilian-capital firm.

The company demands a minimum of secondary educadiroshop floor workers. Currently, the
lowest admission requirement is a high school degidere is increasing demand in terms of
education and labor skills. The workers who do meet the standard are stimulated to qualify
themselves, either through partnerships the compastgblishes or by means of an internal
incentive for minimal qualification (e.g., geneealucation development courses). The company has
incentive programs for the minimum qualificatiorugpletive programs for production workers)
and development (encouraging technical coursegreTare partnerships with training bodies, of
which SENAI is a reference, including the trainfogused on specific technologies such as training
in management tools, especially WCM. They also rotfaining for understanding how the
production processes work.

Increasing the minimum requirement for qualificatibor production workers (high school) is
related to the trajectory of technology and innmrabf the company, as well as the characteristic
transformation of the company's history over thetpear. In 1990, when the acquisition by the
multinational group was accomplished, it begamtmiporate more complex technologies and new
ways of managing processes such as quality andexhsttion programmes. The profile of the shop
floor workers was also changed.

As regards flexible teams, attitudes and skillatoperational level, there is a formalizatiorire
attitudes and skills. There are no structured @ogrto assess performance in terms of skills and
attitudes. Nor are there any programs that fostetam skills that could favor flexibility in the
implementation of tasks. Production workers muspiepared for the correct interpretation and use
of quality tools in place, as the WCM, for exampléere is a rapid training concerning WCM
tools, but there is not a structured programmekdf development for new ways of performing
work. There is a process of operational trainingrkers are continuously trained in their activities
and tools of quality, but without a defined permti. It can be said that the flexibility of the
workers has increased, but not necessarily theonamy. Indeed, as in Auto4, the discourse of
flexibility is again present in the intervieweesAuito6, even if this flexibility does not mean more
autonomy.

At the technical level and supervision, there soavidence in the improvement of education and
qualification. This improvement is also enhancedruyeasing the required level of qualification in
the recruitment and selection. In the specific aafsthe level of supervision, this qualification is
increasingly being required in the selection precesich is not true at the operational level, veher
training is still very encouraged after hiring teenployee. There are also incentives for the
development of professional and technical supemjsinrough courses offered by the organization
in partnerships, or through the incentive for oshawurses.

The level of skill and attitude flexibility in thiasks of technicians and supervisors is fostereithdy
assessment of behavioural competences, relatedhetowbrkers' performance and leadership
profiles. Technicians or supervisors are valuedaf@roactive and team leadership profile. There
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are assessment tools, but no preparation prograse the operational level, in the technical
level the workers are continuously trained in thesks and rules, and, then again, there is no
defined frequency. For management methodologieslifgumanagement, continuous improvement
etc.) the main training programmes are, among&rsiirMEA, TS, ISO9000 and WCM.

The interaction of technicians and supervisors froamufacturing with the engineering and product
development department is also present in Auto@ré& lare periodic meetings and teleconferences
within the staff. Besides this, there is also cansincentive to promote the application of better
practices, through a programme of suggesting inimvaand improvement ideas. With this
programme, any worker can give a suggestion andldlrect its application together with a team
defined by the company.

Concerning innovation activities, after the acgtosi in the 1990s, the MNC made use of the local
competences the national company had developedabgsoncerning low cost solutions for more
robust suspension systems. Nowadays, there araesmgiwith specialised knowledge, as well as
the organisation of multidisciplinary teams conjigg flexible abilities related to product and
process design, quality management, reliabilityireegying and cost engineering. These teams are
mainly in the product development centre, locatedts own premises, which are equipped with
laboratories for testing new products.

The other cases also report the existence of dgrdéssolving clients and suppliers. Engineers of
Auto6 directly interact with the suppliers and soititacted companies, in co-design activities as
well as in qualification and training programmes.

Marketing and Purchasing managers have specifiifigaion and training programmes aiming at
managing more interactive systems related to di€harketing) and suppliers (Purchasing). It
seems as though competence-building, at the mareagdavel, is a more balanced effort between
individual pursuit and stimulus by the companygbeneral, managers are encouraged to invest in
innovation and marketing. However, there are ndesyatic skill development programmes for
these managers to manage global networks.

Concerning HR policies, they are usually corporgtand there is no incentive for the development
of new tools. The professionals and departmenthisfarea are stimulated to adequately use the
existing tools developed by the corporative HRthis perspective, HR managers are encouraged to
provide training and continuous learning to theib@rdinates. This occurs trough evaluation tools,
where the training and formation needs are inditate

4.6 Case 5: Auto7

Auto7 is a subsidiary of a USA multinational growghich has been operating in Brazil since the
1950s. It produces transmissions and engine padars, trucks and buses manufacturers. Most of
its production is sold to manufacturers and araeifh is destined to aftermarket. During the 1970s
the company started a policy of local adaptatioitisoproducts, which evolved to local development
in the 1980s, thus consolidating its local engimggrwhich is specialised in transmissions and
clutches components to small pickup vehicles (@ tfpvehicle which is not present in USA); other
competences are centralised in the headquarters.

Auto7 provided further evidence for the tendencygdater qualification and instruction amongst
technicians and supervisors. It stated that mogs@&upervisors currently posses higher education,
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while its technicians posses secondary educatidrtehnical degrees. The interviewee pointed, as
the main reason for the increase in the qualificatrf these levels, the greater scope of abilities
demanded of the direct workers, and, consequenflysupervisors and technicians as well.
Requalification training is a routine activity, latugh greater emphasis is given to the new
employees or when there are changes in the praduptiocess. Once more, it can be seen that
continuous training is more common in the operaidavels when compared to the supervisory
and technical levels. The company does not sigmtly invest in training for technologies specific
to supervisors and technicians — the professiomidifissuch competences are hired.

Improvement suggestion systems (kaizen) extensiadl temployees were also verified in Auto7.
In this company, multi-functional groups design tingprovement projects. They hold regular
meetings in order to accompany the evolution of gh@ect, observing the methodologies of the
Toyota Production System.

At the technical level and supervision, the miniminstruction required is high school with most
employees having superior degree in several ar€asre is evidence that the education /
gualification has been expanded over the years rHguirement can be justified by the demand for
professionals with more flexible and broad skilt&l attitudes, who are ready to perform various
tasks. Trainings are ongoing, related to routinec@dures, only for new employees. For existing
employees, the trainings occur only when a prooegsocedure is changed. On the other hand, and
following what was verified in the other Supplieasd in Auto3, technicians and supervisors are
constantly provided training in management methaogiek, especially those dealing with Quality
Management. Internal symposia are held in the comgar this purpose, as well as external
training in local institutions (consultancy agerscand universities).

There is no training for technicians and supergsmncerning specific technologies on the shop
floor workers; instead, competences related toetbeshnologies are achieved by hiring people with
formal qualifications. Technicians and supervisimtgract with employees of manufacturing and
engineering in every project from its beginningptigh multi-functional teams.

The engineering department follows the same patteaking use of multidisciplinary teams for the
development of products for local or world markgt® headquarters consider Auto7 a competence
centre for certain products). This company has h@esent in Brazil for more than 50 years,
notwithstanding the fact that is has always bebraach of an MNC, and during this period it has
accumulated engineering competences. The enginédsto7 are currently presented with goals
regarding innovation and submission of patent psafg There are incentives for innovators, via
internal prizes. The company also possesses adentthe development of new products, equipped
with a laboratory for testing materials (chemicphysical and resistance analyses) and for
mechanical tests (dynamometers, coupling durabllityrication, impact...). The tests the company
cannot internally perform are carried out at theAUteadquarters, at the facilities of the clients, a
research institutes or at universities.

Concerning the levels of management and markefodgp7 maintains professional-level formal
qualification. Managers of Marketing and Purchasia&ye specific training and qualification in
order to manage systems more engaging for customuais suppliers. There are systematic
programs to develop management capacity of globalarks for these managers. The company
also conducts programs for retraining and contigaiaining, internal and external, and through the
annual plan for career development. The manageteeske areas and other areas are guided and
encouraged to seek new policies for HR managemadt R development, but it is still
characterized as corporate.
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5. Conclusions

The evolution of competences, knowledge and adslitlisplayed by the workers of the Brazilian
automotive sector is closely related to the sextoajectory in the past twenty years. Competences
related to engineering and to technological devekut have grown in pace with the increase of
innovation-related activities, especially the depehent of local products, which occurred largely
during the 2000s. The shop floor workers' compedsrave likewise increased as the production
processes are modified, particularly due to thepado of TPS/lean production principles. The
relationship between the increase of competencdstlaa greater responsibility of the firms is
bidirectional. There is, on the one hand, an efforincrease local competences due to changes in
the technological profile of the unit (which leadsoffering qualification and training programmes
inside the companies, through partnerships withllagstitutions or by the local governments). At
the same time, such an increase enables the Brabianches to demand from their headquarters
that they perform activities of greater technolagicontent, configuring a virtuous cycle. The
Brazilian professionals are trying to obtain greatpialification and experience, while the
companies are also in a process of acquiring amgno R&D. The transfer of competences and of
knowledge for product development activities occlmetween local branches, in an informal and
contextual manner. This is an obvious hindranceht process, for in the global context the
relationships are formal, hierarchical and domiddtg the MNCs.

In this sense, a "global network” or “global chainbnfiguration can be identified in the
competence-building process of local units of mialional corporations. This process involves the
unit, the headquarters and its suppliers and eliémultinational and local), universities and local
training or qualification institutions. Knowledgend technology transfers thus occur locally and
globally. No relationship for competence-buildingutd be seen between the local investigated
units and global education or qualification indidans, in whichever levels (operational,
technical/supervisory, engineering or management).

The main force in the internal dynamics of thiswaek is the car manufacturer (the headquarters
and the branch company). It is the (bidirectiorralptionship between the headquarters and the
branch that determines which competences mustdadlyyaleveloped, in the operational as well as
in the management and engineering levels. The ldeatlopment necessities of Auto3 determine
the partnerships with the education institutionsl dhe universities. They also determine the
competence development necessities of the suppkspecially those participating in co-design
(joint development of products or processes by Bwnd the suppliers), which are usually systems
providers. Co-design practises themselves creatngimeering network in which there is a daily
exchange of experiences and knowledge, increasegdmpetences of the network as a whole.

This cooperation is bound by contractual relatiares, there is a hierarchy, a power structure,

organising these exchanges. Also worthy of notregtlle communications and exchanges made via
ICT tools. They were reinforced by the restructgrof the relationships between Auto3s and their

suppliers, which led to more intense links betw#en chain's companies. The partnerships with
other agents outside the chain, as universitiesraseiarch institutes, are not significant, although
they do exist. No robust programme in this sense weaified, and such partnerships, informal or

incipient though they may be, are more common énctain's leader companies.

At the global scale, the transfers occur mainlyveenn the headquarters and the branch — therefore,
maybe the GIN is not really “global”. In the studieompanies there could be seen an emerging
movement for autonomy in relation to the headqusrten order to develop technologies and
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produce knowledge (adaptations, tropicalisation).etss an example, engineers are frequently
trained in specific technologies at the headqusrtaut there already is a movement of transferring
certain pieces of knowledge from Brazil to the hipadters (flex fuel, for instance).This means that
if at present the cases of new-to-the-world lo@ledoped technologies are quite rare, there is a
possibility that in the future the number of loaa@hjor innovations will be increased.

In the studied companies, the local process ofimgiing and spreading knowledge many times
occurs through informal and unplanned relationshiphis is a contextual and historical
characteristic, and it is related to the "mannedaihg things" that is disseminated in the studied
companies.

The analyses revealed that the sector's labour ritbrizees a shortage of qualified professionals
(regarding the required minimal education, techinkcemwledge and experience), given the global
demands, the technological complexity and the eemarg of programmes and departments dealing
with research and development.

An attempt to standardise the production managemeatels between the headquarters
manufacturer, the branch manufacturer and the mupplvas detected, led by the headquarters
manufacturer. The production management model chisebased on the TPS, and presents
characteristics such as: adoption of quality to@kstistical process control, PDCA, structured
problem-solving methods...), continuous improvem@aizen) performed in a structured manner,
multifunctional capabilities and an increase in tleenand for holistic knowledge (comprehending
the whole production, being able to deal with eualities, amongst others). Hence, there have been
efforts to improve the qualifications of shop flamorkers (mainly by Auto3s and systems provider
auto parts companies), materialised, fundamentatly(internal and external) trainings in the
management tools adopted by the model. The impogsi@ernal institutions in this process are
SENAI, consultancy agencies and training instititesociated to Auto3. Partnerships with public
institutions were not mentioned for operationalelequalification programmes. Internally, the
companies have got incentive programmes for miniopzlification (e.g., general education
development courses for production workers), bestdaEning in management tools related to the
TPS. It is important to stress once more that tlenges in the qualification of shop floor workers
in the Brazilian automotive industry are much maefated to the introduction of lean production
principles than to technological changes in produagbrocess.

In the staff departments and in the technical andineering levels, there is a movement of
professionals preoccupied with acquiring the compets necessary for a career in innovation in
the automotive sector. This movement is still timdBrazil, and it can be seen by the growth of
professionals with technical level qualificationitfwknowledge of software specific for product
development, especially CAD and simulation or labaral ones, though there are others as well)
and higher education (business and engineeringsesur However, the market still is short of
qualified and experienced professionals (specgligarticularly in the technical and engineering
areas. This can be explained by the still receatatdter of the research in the sector, which was
intensified only beginning in the 2000s. The stddtempanies declared that, for these departments,
they select the professional the market preseffesjrg basic and routine training. Qualificatio i
mainly the responsibility of the employee, but tmmpanies stimulate partnerships with training
institutions.

In the engineering areas, contrary to the operalitvel, there is more interaction between the
companies and local research institutes or unitressiboth public and private. This interaction
occurs primordially through the investment in spésation, Master's or PhD courses — although
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there are relatively few PhDs in the sector. Themee incipient partnerships being attempted with
local universities, aimed at technological develeptn These initiatives are mostly present in
Auto3.

A second and equally important way of developingieeering competences is the transference of
local engineers to training programmes at the headers of MNCs. There are cases in which local
branches send engineers abroad with the expligitgse of performing training in the headquarters'
Research Centres, plants or training centres. IFjnidlis of relevance the fact that the branch

manufacturer trains engineers, technicians and gesisaf the suppliers.

Taking all these factors into consideration, it da argued that the participation in a global
network, albeit a incomplete one, has helped toin@nease of the local competences of the
automotive sector. This occurs via internal develept (internal training, knowledge transfer
between the headquarters and the branch or betivearlient and the supplier) as well as via the
development of competences through the establishafgrartnerships with local supplier, clients
and education and research institutions.

However, it is important to notice that, with theception of the technologies related to ethanol
fuelled engines, local competences have been desetlby the Brazilian units along the years in an
informal way, i.e., without formal partnerships kwikocal universities or research centres. These
competences are related to local market charaitstisuch as conditions of usage and customers’
preferences and lower income levels. To the extleat some of these characteristics are also
present in similar, important developing marketscfsas Latin America, South Africa, Western
Europe or India) these competences started becugnesed by the headquarters, local engineering
infrastructure was enhanced and its proceduresomatlcompetence development were formalised
in the last decade. This is the case of Auto3, Aaiod Auto6, for instance.

For all that, the participation of staff workerschnicians and, to a smaller extent, engineeithen
concept of global work/product/company seems ta bather informal process. Especially for the
administrative workers (marketing and purchasingnagers), there are no systematic programmes
for the development of global network managemempetences (for example, the capacity of
buying globally or prospecting and interacting g with clients).
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