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1. Introduction
This report is intended to contribute to the understanding of why innovation activities are moving away from OECD countries to some developing countries.
 There has been mounting research interest in the new geography pf innovation, particularly in the cases of China and India (Bruche, 2009). The Brazilian experience as a new space participating in global innovation chains has been much less explored. Moreover, changes in the architecture and organization of the innovation process in global companies have rarely been addressed as an explanation for the increasing geographical dispersion of innovation activities. 

The main issue addressed by this report is whether and how the organizational decomposition of the innovation process - ODIP (Schmitz and Strambach, 2009) in global companies is contributing to the geographical dispersion of innovation activities towards developing countries. The literature on multinational companies shows that there has been internal re-organisation of innovation activities which has been combined with geographical dispersal (Reddy, 2000; UNCTAD, 2005; Ernst, 2008). However, such literature has not addressed important questions related to the implications of R&D re-location in developing countries: What are the types of innovation activities which have been more often off-shored to or outsourced from Brazil, China and India? Are they rather concentrated on product development (PD) aimed at better responding to market needs in such fast-growing countries or do they also comprise the research of new technological platforms which may be the basis for creation of new markets  and businesses? What are the implications of ODIP carried out by multinational companies for the entry of local firms – either suppliers of parts and components or local providers of technical services - into global innovation chains? What is the dynamics of ODIP and geographical dispersion and how are they related? What are the conditions for successful ODIP towards developing countries? Does it require a minimum level of previously accumulated innovation capabilities by local suppliers and providers of technical services? Does it reinforce such capabilities? 
While the disintegration of innovation processes along value chains in developed countries has received a great deal of attention from research, much less is known about its implications for developing countries. As regards the latter, research in the past 15 years privileged the re-location of production activities and the role of global value chains in the co-ordination of production, either in manufacturing or in the services. Few authors have addressed issues concerned with the role of developing countries as spaces for innovation, feeding global innovation chains. So far, research dealing with the implications of globalisation for innovation activities in industrialised developing economies has concentrated on the issue of multinational corporations’ re-locating R&D activities in such countries.  Ariffin and Bell (1999), on Malaysia, Reddy (2000), on India, and Quadros and Queiroz (2001), Figueiredo and Ariffin (2004), and Consoni and Quadros (2006) on Brazil, have explored the fact that the international division of labour within global firms has recently inserted MNCs’ subsidiaries located in such countries in the global R&D network co-ordinated by their respective headquarters.  This is intra-organisational ODIP (Schmitz and Strambach, 2008). An issue which has been much less explored so far is whether and how ODIP in the form of engineering and R&D re-location by global corporations has implications for the outsourcing of such activities to suppliers and knowledge intensive business services (KIBS) located in developing countries. In other words, what would the implications for inter-organizational ODIP be in developing countries? To contribute to better understand these issues is the objective of this country/sector study, which focuses on the constitution of the Brazilian automotive industry as a new innovation space.
ODIP in the auto industry is not a new trend. As regards the German experience, in the 90s a WZB research on new product and process development networks reported that a major change occurred in product innovation practices adopted by German manufacturers, after 1992, including product development responsibilities transferred to suppliers and engineering firms (Jürgens, 2000 p. 259).  Reporting findings of the 1990s Gerpisa research project, Freyssenet and Lung emphasised that suppliers in the triad countries had to increase their innovation capabilities, as ‘producers delegate a growing proportion of the design, production and assembly of components, and even whole functions and subsystems of vehicles, to their suppliers.’ (Freyssenet and Lung, 2000, p. 83). Thus, they concluded, suppliers were pressured by mounting costs, which contributed to re-location of labour intensive activities to low wage countries at ‘the peripheries of the Triad’. 
A decade later, however, it seems that not only labour intensive activities are moving to new spaces. As far as the automobile value chain is concerned, the processes of internationalization and ODIP seem to have recently moved further towards the large, developing economies.  In recent years, encouraged by unprecedented sales and output growth rates in Brazil, China and India, well known business leaders suggest that the future of the auto industry lies in those markets and has arrived.
 More important for the concern of this project, they suggest that these countries will have a major role in designing the products, components, materials and manufacturing processes which will be successful and match the specific needs of those markets. The capability of developing country firms to create distinctive innovation trajectories which are compatible with their consumers’ and corporate clients’ needs, particularly their income constraints, is what Zeng and Williamson (2007) have named the “Chinese cost innovation advantage”, which means a lot more than taking advantage of cheap engineering labour force. It means finding new technological and product design solutions which will be simultaneously cheap and effective. Cost innovation in Zeng and Williamson’s terms is what the CEO of VW Trucks and Buses in Brazil, (VW T&B) Roberto Cortes, means when he suggests that the local development of products which are tailored to emerging markets’ requirements – robustness, simple and cheap maintenance, and customization – is the core element of Brazilian VW T&B’s strategy
. Such strategy has rendered VW T&B double digit growth for many years, exports to more than 30 countries and the building up of plants in South Africa and Mexico.
The evidence suggests that the auto industry value chain offers an interesting opportunity for studies aiming at understanding the implications of ODIP in the constitution of new innovation spaces, in the industrialised developing countries. Among the latter, Brazil is a country which presents one of the largest and most developed automotive industries. Moreover, previous empirical research has shown mounting evidence of car manufacturers’ re-locating product development (PD) activities to Brazil (Quadros and Queiroz, 2001; Consoni, 2004; Consoni and Quadros, 2006).  Brazilian subsidiaries of car OEMs have been increasingly participating in their corporations’ global R&D networks, mainly by taking on PD responsibilities (Quadros and Consoni, 2008). 
An issue which has been much less explored so far refers to the implications of the integration of Brazilian car manufacturers’ subsidiaries into PD global corporate networks for suppliers of auto-parts and of engineering and research services located in Brazil. In a much internationalized context such as the Brazilian automobile industry, it seems important, under the Project assumptions, to investigate whether and how the re-location of engineering and R&D activities by global corporations to subsidiaries in developing countries implies the involvement of the host country’s suppliers and KIBS with such activities. It could be hypothesized that the more the global firm goes for delegating innovation activities to the developing country affiliate, the greater is the propensity that it will also involve third parties abroad, as the greater innovation responsibility of the affiliate will create demand for technological services, co-development and so on. Put it another way, as MNCs subsidiaries in developing countries gain global mandates for product/process development, they drive the move toward sourcing design and engineering activities to suppliers and service providers in these countries. In this case, intra-organizational ODIP would be not only driving inter-organisational ODIP (Schmitz and Strambach, 2008), but would also be contributing for inter-regional ODIP. Moreover, to the extent to which such suppliers and services providers increase their innovation capabilities, they may become active players in further pushing ODIP. This may become an additional drive pushing other actors in the global value chain towards sourcing innovation activities to developing countries’ suppliers of components and services. These are the issues investigated in this report.
The report is organized in seven sections, including the Introduction. Next section (2) organizes a review of the pertinent literature in order to address two questions. First, the literature is questioned on what we know and what we do not know about innovation capabilities and ODIP in the Brazilian automobile industry. Second, the section addresses the critical concepts and theories on which the issues of this investigation are based, including a summary of the main questions. Section 3 presents the strategy of research, the criteria for designing the sample of firms investigated, the composition of such sample and the type of fieldwork carried out in Brazil. The following two sections, (4) and (5) present and analyses the empirical findings of research. Section 4 deals with the learning trajectory of the investigated firms, their innovation capabilities and their change over time. Firstly, a summary of qualitative and quantitative indicators of the level of innovation capabilities attained by the firms investigated is discussed, with focus on suppliers of auto parts. It follows a detailed presentation of firm case studies, in which the trajectory of accumulation of innovation competencies and its connections with ODIP, for each firm, are discussed. Section 5 turns to the findings which are related to the patterns and dynamics of ODIP involving multinational subsidiaries in the automotive industry located in Brazil and the local national suppliers of auto parts and of engineering and research services. Section 6 seeks to use the main findings of research to respond to the questions defined in section 2. It also contrasts such findings with what the literature has told us so far about innovation activities in the Brazilian automobile industry. Moreover it brings forward some analytical conclusions regarding ODIP dynamics and its complex connections with the processes of innovation capability accumulation, which go beyond the currently disseminated idea that multinational corporations are only relevant actors driving ODIP. The last section (7) highlights some of the most significant findings and conclusions of research and discusses its implications for policy-making.  
2. Review of the literature and conceptual framework for this research
2.1 What do we know about ODIP and innovation capabilities in the Brazilian automotive industry? 
2.1.1 Innovation capabilities – initial overview

Since the early 1950s, the Brazilian automotive industry has had a huge importance in the political economy of Brazilian industrialization.  The implementation of a car and truck manufacturing platform was the landmark of President JK’s successful quinquenial industrialisation plan. The accelerated expansion of the motor industry, in the 1970s, was the flagship of the authoritarian, economic growth project of the military. The labour movement rooted in the automotive industry of the ABC region in the State of São Paulo was a central actor in the political struggle for re-democratising Brazil, in the 1980s. And the major leader of the ABC labour movement became President Lula, in the 2000s. However, the 1980s and early 1990s comprised a period of stagnation in the automotive industry, as much as in most sectors in Brazilian manufacturing industry, as import substitution industrialisation met its limit.

The liberalisation of the economy, in the 1990s, particularly the relative opening of markets allowing for greater integration of the Brazilian automotive industry into the global value chain has contributed for its modernisation, specialization, increased competitiveness and to resuming growth.  The net revenue of ANFAVEA-associated
 OEMs rose from US$ 30 billion, in 1993, to US$ 58 billion, in 2007, in 2007 real values, corresponding to a leap in the share of the auto industry in industrial GDP from 13% to 18%, in the same period (ANFAVEA, 2008). Most of such growth is connected with domestic and regional (Latin American) market expansion, particularly strong in the past 5 years. The registration of new vehicles, a proxy for domestic sales, went up from 1.4 million units, in 2003, to 2.5 million, in 2007. In the October-2007/September-2008 year, the number of new vehicle licences climbed to 2.9 million, which places the Brazilian domestic market as the fifth largest, after the US, China, Japan and Germany.  Output mounted to 3 million vehicles in 2007. The 3.4 million units output in the 12 months from October-2007 to September-2008 positions Brazil as the sixth largest world producer, after Korea and the four countries mentioned above. Growth rates in sales and output between 20 and 25% in the past two years have attracted a new bundle of investment, at an unprecedented level; BNDES reckons that an average of 5 US$ billion will be invested annually in Brazil by OEMs, in the next 4 years. 
The economic importance of the Brazilian motor industry is well known, even before its most recent expansion leap. However, much less known is its importance as an engineering and design platform. Since the middle 90s, the Brazilian automotive industry has widened its role and strategic importance in the global value chain. Brazilian subsidiaries of  MNCs, both assemblers and suppliers, have gradually become sources of global product, processes and organizational innovations on top of their consolidated role as manufacturing platform.  

OEMs in Brazil have invested in increasing local PD capabilities to meet the fiercer competition brought about by new entrants and imports and, subsequently, to sustain exports. Indeed, Brazilian subsidiaries of multinational assemblers, particularly those with long experience in designing and manufacturing in the country, have been enlarging R&D mandates in Brazil and stepping-up their product-related technological activities. As much as in other business areas, these changes in Brazil are also due to an important change brought about by the globalization of the automotive industry. This is the increasing internationalization of R&D, based on design specialization of subsidiaries, and its integration in a global, networked organization. This process has already gone beyond the Triad countries (United States, Europe and Japan) and reached some developing economies like Brazil, India and China (Reddy, 2000). 

Much of the investment of the motor industry in Brazil, in the past three years, as much as the investment programmed for the next years, is related to the technological infra-structure and human resources required to reinforce OEMs’ PD capability and capacity.  In the four major car manufacturers in Brazil, the investment accumulated so far has contributed to the building of a robust PD basis, as follows. 
· General Motors do Brasil (GM) has granted the Brazilian PD engineering unit, in 2005, the status of competence centre for PD, becoming part of the network of five PD centres, located in the US, Germany, Korea, Australia and Brazil. GM increased its PD staff systematically in this decade, from 400 engineers, in 1999 (Quadros and Queiroz, 2001), to 660 engineers, in 2005 (Balcet and Consoni, 2007) and to 1.300, in 2007
. GM’ PD proof ground in Indaiatuba, state of São Paulo, is the third in terms of importance and value of investment amongst GM’s proof grounds in the world. Recent PD infra-structure investment by GM in Brazil comprised the implementation, in 2006, of a virtual reality, 3D project room, a facility that only Embraer, the aircraft manufacturer, had in Brazil until then. The project of the architecture of the Meriva, which was launched as a global model, was entirely carried out by GM’s PD unit, at São Caetano technology centre and Indaiatuba proof ground and labs. The Meriva project led GM Brazilian subsidiary to substantial upgrading in PD capability, because through this project the PD staff has mastered all phases of PD, from concept to validation (Consoni and Quadros, 2006). The status of centre of competence for PD and engineering followed the completion of the Meriva project. The Brazilian PD unit is in charge of PD of global middle-sized SUV architectures, as well as of designing regional derivatives for the LAAM area (Latin America, Africa and the Middle East). In this capacity, the Brazilian unit has developed models for GM’s Hummer brand, a brand which is not manufactured in Brazil.. The Brazilian PD unit corresponds to the technological central site of GM’s LAAM area. (Quadros and Consoni, 2009).
· Volkswagen do Brasil’s (VW) PD engineering unit has also gained importance in the group as platform for PD, though to a less formalised status when compared to GM. In the case of VW, the development of the Fox model was the crossing point in terms of mastering all phases of PD (Consoni and Quadros, 2006). According to the CEO of the Brazilian subsidiary, the Brazilian PD unit is specialised in entry level cars and may be assigned PD tasks aimed at other markets.  Although in the late 1990s VW had considered a more centralising approach to PD management, which would have mean strengthening Wolfsburg’s role at the expense of weakening the role of the Brazilian affiliate, this did not happened eventually (Quadros and Queiroz, 2001; Quadros and Consoni, 2009). VW expanded its PD staff, from 450 engineers, in 1999 (Quadros and Queiroz, 2001), to 650 engineers, in 2005 (Balcet and Consoni, 2007). This does not take into account the 400 PD engineering staff of VW T&B, which is a separate company and will be dealt with in sub-section 2.1.2 Recent PD infra-structure investment by VW in Brazil comprised a US$ 2.5 million virtual reality, 3D project room, which was inaugurated by German Chancellor Angela Merkel in May, this year. In the next 5 years, 10 new VW car models are scheduled to be designed in the S. Bernardo PD unit, as compared to 15 models which were developed along the entire history of the subsidiary.  
· Fiat do Brasil’s (Fiat) PD engineering unit has status similar to that of VW do Brasil. It is a global centre of competence in some technologies, such as suspension systems and electronic systems magnetic interference. However, it has not a formal mandate for PD of complete models; the development of new models is carried out jointly with the Italian headquarters. Nevertheless, Fiat is a rare case of open research collaboration between an OEM located in Brazil and research institutions in the country and abroad. From 2004 and 2007, Fiat has developed a multi-project, multi-institutional research programme funded by CNPq. This programme aimed at the development of technologies in the field of electronic magnetic interference and involved a group of 12 external researchers, in addition to 2 resident doctorate interns.
 Fiat increased its PD staff, from 150 engineers, in 1999 (Quadros and Queiroz, 2001), to 250 engineers, in 2005 (Balcet and Consoni, 2007), and to 400 engineers, in 2007
. Recent PD infra-structure investment by Fiat in Brazil comprised a semi-anechoic chamber for magnetic interference test, one of few in Brazil, and financed by FINEP, the federal Agency for innovation funding, and a complete crash-test lab, inaugurated this year.
· Ford do Brasil (Ford) has the most distinctive evolution, as compared to the previous cases, in terms of the trajectory of her PD unit. In the middle 1990s, following the end of Auto-Latina, which was a defensive manufacturing joint-venture between VW and Ford Brazilian affiliates, Ford had decided to radically centralise compact automobile PD in its British engineering centre, in Dunton. The decision was in line with the Ford 2000 corporate restructuring plan and implied the reduction of the PD engineering staff in Brazil to less than 100 engineers. However, this decision has proved to be disastrous in terms of Ford’s competitive positioning in Brazil.  The dependence on Dunton has entailed a major lag in product offer, and the implication was that Ford had its market-share halved in the domestic market. The policy of giving up local development was abandoned in the early 2000s, when Ford do Brasil set out to design a new model on the new Fiesta platform. The concept of such model – the Eco-sport - was innovative, as it was a SUV concept on top of a sub-compact platform, thus a more affordable SUV with an off-road appeal. The market success of this Brazilian model was the main responsible for Ford’s recovering a market-share above 10% in the domestic market. Ford do Brasil rebuilt its PD engineering staff along the Eco-sport project, relying largely in the beginning on the support of MSX, the North American automotive engineering services provider. Ford expanded its PD staff, from 120 engineers, in 1999 (Quadros and Queiroz, 2001), to 650 engineers, in 2005 (Balcet and Consoni, 2007).
In addition to the PD capabilities built by the four major, incumbent players, some of the OEMs which entered the domestic market by establishing green field plants in Brazil, in the 1990s, have also evolved towards organising local PD units which are integrated into their global PD network. The French assemblers, Renault and PSA are the cases in point. From 2006, Renault set out to increase substantially its market-share in the Brazilian market from less than 5% to 10% in five years. This required a more aggressive product policy, in terms of product variety and model updating. Following the steps of the market leaders, Renault has increased substantially its PD unit in São José dos Pinhais, state of Paraná and inaugurated this year its South American Design centre in the city of São Paulo. Renault expected to raise its engineering staff to 750 employees by the end of 2007. A concept car designed by the São Paulo office and built on the Logan platform is expected to be presented in the São Paulo automobile exhibition, next October. PSA lags behind, in terms of implementing the PD capability, but its plans are not less ambitious – to built a local PD unit located in São Paulo with a 1.000 engineering workforce. As compared to the situation in the late 1900s (Quadros and Queiroz, 2001), only the Japanese competitors (Toyota and Honda) in the domestic market still stick to the policy of keeping product development/adaptation entirely centralised in the Japanese or North American PD units.
The evidence commented above sharply contrasts to the picture projected by the pessimistic analysts of the implications of globalization for technological capabilities in the Brazilian auto industry, in some of their early assessments of the issue. For instance, Humphrey, Lecler and Salerno (2000) expected that follow sourcing and its match, follow design would become generalised practices in the motor industry and make product engineering capabilities redundant in emerging markets:

“The consequence of these practices is that the boost to technological capability derived from the car industry in host countries is probably less at the end of the 1990s than 20-30 years earlier, when subsidiaries of transnational companies created local supplier networks and even developed models for the local market. While the process engineering skills required in the automotive industry have no doubt risen because of increasing quality requirements and product complexity, design and product engineering skills may be less in demand in emerging markets.” (Humphrey et al., 2000, p. 11)

In fact, as far as the Latin American regional market and the role of the respective OEMs’ subsidiaries are concerned, the policy guiding to centralising most PD and design activities in headquarters has not become dominant. ‘Glocalisation’ rather than ‘orthodox globalisation’ has become dominant, thus opening supply policies substantially to local sourcing, either from local subsidiaries of multinational suppliers or from Brazilian suppliers.
 
The most comprehensive and indisputable evidence of the increasing accumulation of PD capabilities in the Brazilian automotive value chain is the evolution of innovation indicators. Results from the three rounds of the Brazilian Innovation Survey (PINTEC-IBGE) lend empirical support to the individual cases commented above. The surveys refer to the years 2000, 2003 and 2005. Data show that, as compared to the entire Brazilian manufacturing industry, total investment in R&D by the automobile industry (including automakers and auto-parts suppliers) has increased substantially more. The auto industry spending on R&D grew 250 per cent, from R$549 million in 2000, to R$1.9 billion in 2005 (approximately US$ 900 million), in nominal values (Table 1). R&D spending by the Brazilian manufacturing industry as a whole grew 85 per cent in the same period. In 2005, the technological intensity, that is, the ratio of R&D expenses to net sales in the automotive industry was 1.4 per cent (up from 1 per cent in 2000), whereas the average ratio for the manufacturing industry was 0.7 per cent. Such numbers express the expansion of product development units in the assemblers, as already mentioned, and, to a lesser extent, in component suppliers. As suggested by the comments on individual cases, R&D activity in this industry refers primarily to product and process development (D rather than R). Yet, such change also reflected in the importance of the automotive R&D activity in Brazil. The share of the auto industry R&D spending in total industrial R&D spending, in Brazil, doubled from 2000 to 2003, reaching the level of one quarter of the total business firms R&D expenses in the manufacturing industry (Table 1). It is important to add that assemblers account for 80 per cent of the spending on R&D.

Table 1
Total R&D spendinga by the Brazilian automobile and manufacturing industry (2000, 2003 and 2005)

	
	2000
	2003
	2005

	Automotive industry
	
	
	

	Total R&D (R$ million)
	549
	1.363
	1.900

	Total R&D/sales (%)
	1.0
	1.6
	1,4

	Manufacturing industry
	
	
	

	Total R&D (R$ million)
	4.336
	5.739
	7.979

	Total R&D/sales (%)
	0.8
	0.6
	0,7

	R&D auto/ R&D total industry (%)
	13
	26
	24


a) Total R&D spending comprises external R&D and outsourced R&D.

Source: PINTEC/IBGE (Brazilian Innovation Survey) 
In line with increasing R&D expenses, the quantity of R&D employees with university education (mostly engineers) in the Brazilian automobile industry jumped from 2.013 professionals, in 2000, to 4.258 professionals, in 2005. The ratio R&D total staff to total employment in the industry rose from 1.4% to 2%, in the same period. Car and truck brands only considered, the ratio of R&D staff with university education to total employment reached 3.2%, in 2005. No wonder that the shortage of mechanical and electronic engineers to fill PD jobs in the auto industry has been a major issue in the business and technical circles, in the past five years or so. 

Technological trajectories and strategies in the automotive industry help explain the increase in R&D expenses, as illustrated with individual cases in the beginning of this section. Until the late 1990s, product-related technological activities developed by automakers in Brazil had been concentrated mainly on nationalizing and adapting  foreign platforms to local conditions (tropicalization) and, to a lesser extent, on the development of local models, or derivative vehicles, from global platforms to suit local demand requirements. After the 1990s, some assemblers went beyond this level by accumulating capabilities in designing and engineering Complete Derivative Vehicles (Consoni, 2004). 

2.1.2 The truck and bus industry – a much less investigated value chain
While research on assembler PD capabilities in the passenger car segment of the Brazilian motor vehicle industry has expanded
, the same can not be said regarding the commercial vehicles segment, that is, trucks and bus chassis. This is a significant gap in the literature, for various reasons. First, demand behaviour and product requirements in the truck market segment are different from the features influencing the passenger car segment, as the former is a capital good market, thus more influenced by rational (based on cost/benefit analysis) rather than emotional factors. Second, the manufacturing of trucks and buses in Brazil is economically significant and represents an important share of the value added in the automobile industry. Third, there is scatter empirical evidence that the prevailing product and PD location strategies adopted by major truck assemblers in Brazil vary more than those adopted by car makers. The available evidence, which is discussed below, suggests that further research is needed on innovation activities in the truck segment, which may reveal a picture considerably different from that of the passenger car industry. 

Pace (2003) suggests that truck drivers have been unsatisfied with innovations introduced by some truck assemblers in Brazil, as such innovations are mostly based on electronic devices which, beyond making new trucks too expensive, are difficult to maintain. The maintenance network in the less developed areas in Brazil is not prepared to maintain electronic based components and commands. Moreover, bad road conditions are an unfriendly environment for such innovations. Pace also points out that the major reason for so much electronic innovation in Brazilian trucks is PD centralization in assembler headquarters. His study is based on Scania do Brasil and shows that the Swedish assembler has adopted a global, modular approach to product innovation which has reduced local product engineering activity and leaves too little room for local product adaptation. Apparently there are reasons related to economies of scale in module and architecture design, for such approach. Recent news on engineering activity in Daimler do Brasil, one of the largest Brazilian truck assembler, are in line with developments in Scania. In 2002, the German assembler dismissed 750 employees from its Technological Centre, apparently in connection to a reducing role of the Centre in a new global R&D configuration.
 
The opposite direction has directed the trajectory of VW T&B (VW Caminhões e Ônibus), the Brazilian subsidiary of VW Commercial Vehicles, which is a company independent of VW AG. Information collected in previous investigation (Quadros and Consoni, 2009) indicated that VW T&B seeks the strategy of re-localising PD jn order to meet emerging market needs. The evolution of the commercial and product development strategy of VW-TB reveals one of the most advanced cases of PD autonomy and building up of capabilities. Ironically, the same managerial leader
 who has attempted to introduce the re-centralization of car platform development back to VW Germany has initiated, in the early 1990s, the seed of an innovative truck plant in Resende. To be sure, at that time Mr. Arriortúa’s plans were innovative on the manufacturing process and sourcing side, rather than on the product development side. 
The Resende truck plant represented a twofold strategic move from the VW group. First, it has inaugurated the first self-reliant and full truck operation at the VW group in the world. Since the 1950s, VW has had a commercial vehicle division, which has been mostly dedicated to the design and manufacturing of vans and light commercial vehicles, of which the Transporter
 used to be the major selling success. Yet, the core of VW’s strategy for the truck European markets has been relying on joint-ventures with the German MAN truck maker. From 1977 to 1993, the MAN-VW joint venture has manufactured a range of light, medium and heavy trucks under the brand MAN. The recent acquisition of a minor stake in MAN and the takeover of Scania by the VW group show both, the interest of the group in the truck market and the intention of relying on other makers’ competencies and brands, as far as the European and other developed country markets are concerned. However, as for developing country markets, VW took the opposite direction, since the end of the Autolatina joint venture with Ford in Brazil, in 1995. In 1996, VW started in Brazil, with the inauguration of the Resende plant, its first independent truck and bus operation, based on its own design, engineering and platforms. The truck and bus operation started as a division of the Brazilian subsidiary of VW and has been successful to the point of supporting the split of VW truck and bus division into a new and separated company, the VW Commercial Vehicles. The new company has headquarters in Hannover and the major plant and R&D unit located in Resende.

 The second strategic move related to the Resende plant was the radical change in the concept of supply chain and industrial organization introduced with the Modular Consortium. In the new plant, VW was in charge of product design and engineering, supply chain management, quality control and marketing and branding, while the seven risk sharing supply partners or moduleiros, which have shared the plant investment with VW, were in charge of industrial operations and the logistic of the supply chain. VW took advantage of the inherently modular nature of trucks in order to “modularise” the plant itself. The plant layout is organised into modular units
, each of them managed and operated by one moduleiro. Thus, at the Resende plant the suppliers of modules assembly not only the modules, but the final product itself under the VW roof. Beyond a process innovation, the modular consortium introduces a new business model in the truck business (Quadros and Consoni, 2009). 

The location of the truck operation in a developing country market has been important to align product development (and respective capabilities) to the requirements of such market type. In the first generation of products (the VW worker truck line), VW itself was in charge of design and engineering activities, relying mostly in its own resources and buying engineering and design capability from automotive engineering firms, mostly in Europe. For the second generation of trucks, the more sophisticated Constellation line, VW combined its own R&D in Brazil, with external engineering services and suppliers engineering capability. Thus, the modular consortium has evolved from a purely industrial operation partnership towards a co-development partnership, contributing to increase Brazilian suppliers’ product development capabilities.  This is extensively explored in section 4 of this reports, as the evolution of innovation capabilities in suppliers ArvinMeritor, Freios Maste, Suspensys and SIFCO are clearly related to technological demands put forward by VW-TB.

The market performance of VW trucks and buses in Brazil suggests that such strategy presents critical competitive strengths. VW trucks’ market-share has increased, since the beginning of its operations, up to near 30% of the Brazilian market of commercial vehicles, representing a threat to the market leader (Daimler). On top of presenting model alternatives which incorporate less electronics, a feature that can be convenient for transport operators, particularly in the less developed areas in developing countries, VW maintains a B2B centre in Resende, oriented to customising products to large clients’ needs. VW trucks made in Brazil have been also doing well in export markets of Latin America, Africa and the Middle East. Export penetration and the valuation of the Brazilian currency have contributed to the decision of building new truck plants in Mexico (2003) and South Africa (2005), which assembly CKD trucks exported from Brazil (Quadros and Consoni, 2009).  
The success the VW truck and bus division in Brazil has reflected in the consolidation of the Global Development Centre for trucks, in Resende. The centre is in charge of leading the product engineering activities and projects aimed at new platforms and models. The local PD team comprises approximately 300 engineers and 100 technicians. The centre continues to rely on support from VW Germany, particularly as regards cabin design and certain laboratory services. EDAG do Brasil, a major engineering services provider in the automotive industry, also complements the Resende engineering capacity.

2.1.3 Innovation activities and PD capabilities in OEM systems and component suppliers

How does the literature respond to the question on whether the re-location of R&D by global assemblers in Brazil drives the development of innovation activities carried out by multinational OEM suppliers and locally owned suppliers and KIBS providers? As compared to research on OEMs’ innovation activities in Brazil, studies focusing on systems and auto-parts suppliers’ innovation are scarce. This is to do with structural features of the auto-parts industry in Brazil, which make empirical research more difficult, such as the large number of firms and market segments, and the hybrid industrial organisation combining oligopolised segments dominated by few large multinational suppliers and de-concentrated and dispersed segments, with many local firms of different sizes. 

The available literature on the Brazilian auto-parts industry has presented findings which suggest a mixed and polarised picture as regards the hypothesis that PD projects carried out by OEMs’ subsidiaries in the Brazilian automotive industry have potential to create opportunities for the involvement of local firms in co-design.

An extensive survey carried out by Salerno
 and his colleagues, in 2001, suggested that not only major assemblers have developed substantial product development activities and capabilities of an intermediate stage (“adaptations, variations and derivatives”), but that there could be a clear “virtuous cycle” linking local vehicle design and  local supply:

“Local vehicle design and development give local enterprises greater opportunities to participate in the design, which would be unlikely if the design were headquartered in another country. This increases the chances that local suppliers, not the “global ones”, with non-transnational (it means national) capital have of joining the supply chain.” (Salerno et al, 2003, p. 15)

“To sum up, the subsidiary that owns the command of the project also attracts codesign, suppliers design activities and local suppliers; therefore, it improves the chances that local companies win orders.” (Salerno et al, 2003, p.)

The virtuous cycle in theory is based on the fact that the assembler unit (either headquarter or subsidiary) which is in command of the PD project is also the one which contacts and select key suppliers, from the conceptual phase of the project. If the project is commanded from Brazil, as was the case of GM’s Meriva project (Consoni and Quadros, 2006), chances of local suppliers, including national ones, to participate in co-design and supply are bigger. Firstly, because it is more complicated for the local coordination of the project to manage design and test prototyping abroad (which is the case when the part/component is imported). Second, because the Brazilian subsidiary has knowledge of and relationships with locally owned suppliers, whereas headquarters and other subsidiaries abroad have not. 

However, Salerno’s results show that such potential only marginally became actual involvement of national firms with innovation activities. On the contrary, at the time of his research “the transnational companies that have a hegemonic role at the upper layers of the chain do (did) the bulk of the auto parts design activities.” (Salerno et al, 2003, p. 17). According to Salerno and his colleagues, Brazilian owned companies had only a minor role in product design and engineering activities, though had a more relevant one in process design. As regards product innovation, their research showed that locally owned suppliers were only design takers in the Brazilian automotive industry.

As regards the role of multinational systems and auto-parts suppliers in co-design, some further empirical evidence from previous research could be added. The research project carried out for the federal Institute for Applied Economic Research (IPEA), in the late 1990s, had shown that a significant proportion of the technical effort demanded by tropicalization and the design of regional car model derivatives had been performed by multinational suppliers of auto-parts in Brazil. Moreover, global suppliers of systems like Delphi and Magneti Marelli, as well as suppliers of complex components like Bosch and Eaton, had gone further in the process of regional specialization of Brazilian subsidiaries, by raising them to the status of global Centres of Competence for certain types of components (Quadros et al., 2000). 

For instance, as regards starter electrical engines, the Brazilian subsidiary of Bosch was given the global mandate for the design and manufacturing of products applicable to vehicles up to 1.600 cc. Eaton’s Brazilian affiliate is the Centre of Excellence for designing particular product lines. Eaton do Brasil specializes in designing transmissions for medium and small commercial vehicles, whereas transmissions for heavy trucks are designed in the US. Magneti Marelli’s Brazilian operation has acquired COFAP’s shock absorber division, in the late 1990s; COFAP used to be one of the largest locally owned auto-parts manufacturers and the dominant player in the local market for shock-absorbers. As MM had not a shock-absorber division in the corporation at that time, the acquired division was transformed into the Global centre of excellence for such component, which comprised designing and innovation functions (Quadros et al., 2000)..
As regards the limited role of suppliers controlled by nationals in innovation activities, Salerno’s findings were in line and quite similar to the author’s own findings from research on the role of the diffusion of quality assurance standards for the technological upgrading of Brazilian suppliers of parts and components, as part of the IDS/INEF project on global value chain and local clusters (Quadros, 2004). Given the nature of the research focus in that project, the sample of national firms investigated was almost entirely composed by small and medium firms. The conclusion was quite pessimistic in terms of the prospect for functional upgrading in such firms:

“Moreover, the adoption of QS has not prompted technical collaboration in product and process design. Co-design is restricted to the relations between assemblers and transnational suppliers of high value-added components. Governance in the Brazilian automobile value chain is based predominantly on a market, arms length type of relationship, characterised by significant power asymmetries. While there has been some development of closer control over suppliers in recent years, such as the tighter monitoring of supplier quality systems, the absence of technical collaboration and the customer’s recurrent threat of supplier replacement indicate the continuity of arm's length market relationships. The prospect for closer, long-term relations is not firmly established yet.” (Quadros, 2004, p. 291)

The sample investigated in the IDS/INEF was representative of SME manufacturers of auto-components in the São Paulo Metropolitan area (RMSP) and their basic features are likely to have remained the same. However, the configuration of the automotive value chain is dynamic and new arrangements between MNCs and local suppliers seem to have developed in recent years. These have not been researched in the above mentioned works. It seems that new research is particularly needed with focus on regions outside RMSP, like the Campinas region in the State of São Paulo and the metal-working specialized areas in the states of Santa Catarina and Rio Grande do Sul. Moreover, large locally owned suppliers like Sabó, Arteb and Sifco deserve in-depth study, as they have the minimum economic scale to afford engineering activities and it seems that they have been more demanded by assemblers to supply PD services embodied in component supplies. For instance, Bosch do Brasil considers that it can only be cost effective in supplying commodities like small electric motors if local suppliers are involved in design tasks and manufacturing. 

Therefore, the evidence brought about by the literature and empirical observation by the author suggest that further research is in need in order to better understand whether and how local suppliers of systems and auto-parts in Brazil, either national or multinational, are involved in the innovation chain of the automotive industry.

2.1.4 Innovation activities and capabilities in providers of engineering and other technical services

The largest and most evident gap in the literature refers to providers of KIBS to the automotive industry in Brazil. To be sure, studies on innovation in services in Brazil are rare, independently of the sector of interest. There is scarce research on the provision of after sales services and on the outsourcing of maintenance services in the Brazilian auto industry, but not on providers of innovation-related services. In fact, even the identification of KIBS providers to the automotive industry is a difficult task, as there is no private or public register of such firms. 

What is known from their participation in the Brazilian Chapter of SAE – Society for Automotive and Aeronautic engineers is that the group of technical services providers comprises firms of very different sizes, providing services at different degrees of complexity. Thus large, multinational providers of specialized automotive engineering services like Edag, MSX and AVI, which have operations in many countries, share the market with small, Brazilian suppliers of either more skilled services, like product design (Akaer) and simulation software or simpler technical services like assembly fixtures design (Graphic). This point reinforces the need for a scale of complexity and competencies in technical services which allow for some precision in innovation capability distinctiveness when comparing firms with distinct types of services. It is also interesting to notice that almost all customers are large, MNC automotive groups, either brand owners or systems and component suppliers.  

2.2 Critical concepts and questions guiding empirical research
2.2.1 The Organisational Decomposition of the Innovation Process - ODIP
This report draws on a recent framework and classification created by Schmitz and Strambach (2009) for the IDS/Marburg project, which is aimed at the analysis of the phenomenon of organizational decomposition of the innovation process (ODIP). ODIP refers to the growing and disseminating processes by which firms transfer activities of their innovation process from their centralised R&D department and central PD units to other organizations. These may be either internal to the company – subsidiaries, de-centralised R&D units – or external to the company – suppliers, engineering firms, knowledge intensive business services (KIBS) and contract research organizations, including public labs and universities.    

As the understanding and the research about ODIP and its dynamics have developed, so did the phenomenon. In academia, an evidence of the widespread concern with ODIP is the increasing number of distinct, but complementary conceptual and methodological approaches to it in various fields, either analytical or normative, such as the global value chains approach (Gereffi, Humphrey and Sturgeon, 2005), the open innovation approach (Chesbrough, 2003 and 2006), the democratization of innovation approach (Von Hippel, 2005) and the innovation sourcing approach (Linder, Jarvenpaa and Davenport, 2003). The variety of objectives, morphologies and time extension of innovation networks involving organisations has led Noteboom to propose a categorization of inter-firm collaborations, considering various dimensions of networking differences (Noteboom, 2004). 

The categorization adopted in the ODIP framework considers two cross dimensions which are critical for the purpose of this research (Table 2). On the one hand (horizontal axis), ODIP may be internal or external to the organization. External ODIP occurs when innovation activities are transferred to or sourced from independent organizations, such as suppliers and contract research organizations. On the other hand (vertical axis), ODIP may involve activities which differ in terms of its closeness and direct connection with production activities. Thus it may apply to technological research activities which aim at exploring new knowledge or develop a new technology platform (loosely connected), but it may also apply to the development of new product and processes (tightly connected).
Table 2: The ODIP framework

	Intra- and 

interorganisational 

Connection between innovation and production 
	Internal 
	External 

	Loosely connected 
	Type 1 

Decentralising the R&D Department; setting up internal knowledge communities 
	Type 3 

Commissioning research from universities or other organisations 

	Tightly connected 
	Type 2

Delegating the development of new products to subsidiaries; setting up internal centres of excellence 
	Type 4

 Engaging suppliers of products and services in developing new products or processes 


Source: Schmitz and Strambach (2009).

There are many reasons contributing to the acceleration and deepening of ODIP. It has unfolded early in the so called complex products systems industries (aircrafts, satellites, telecom equipment) under the organisational principle of systems integration (Prencipe et al., 2003). The complex, multi-technology nature of such systems, which implies high R&D cost and risk, suggests that disintegrating innovation along the supply chain is the most effective way to proceed.  Moreover, the advancement in the application of IT in design and testing simulation, since the 1980s, has contributed to the modularization of components and to the growing tendency towards disintegration of design and manufacturing activities, in other industries. The speeding up of innovation processes also contributes to ODIP, as innovation costs become more concentrated in time. However, one of the forces pushing ODIP, which is poorly understood and is one of the major concerns in this research is the dynamics of ODIP itself: 

“Particularly critical is the question of whether the various forms of ODIP are reinforcing each other. This is an important question because it raises the spectre of ODIP having a built-in accelerator.” (Schmitz and Strambach, 2008, p. 20)

2.2.2 The internationalization of R&D and innovation activities 
The most significant structural attribute of the Brazilian auto industry, regarding innovation activities, is that multinational corporations (MNCs) account for an overwhelming share of value added in manufacturing and for an even greater one in product development and engineering activities. As seen in section 2.1, a notable phenomenon in this industry in Brazil has been the recent escalation of engineering activities carried out by multinational assemblers and auto-parts producers. Such activity is related to both product and process development and may have significant impact on innovation activities carried out by local firms supplying auto-parts and services to the automotive value chain in the country.

The recent rise in R&D in the Brazilian auto industry is the produce of a broader transformation related to the organisational decomposition of innovation. ODIP has also been internal to global corporations: outsourcing of R&D and engineering functions and jobs by the parent company to subsidiaries abroad (Schmitz and Strambach, 2008). This is a phenomenon increasingly important in developing countries, as MNCs’ subsidiaries in some of these countries join the corporation’s international R&D network. Thus in the proposed study it has been important to investigate the driving force exerted on the value chain by the re-location of R&D by MNCs, in the so-called Brazilian centres of excellence
. To be sure, the focus of this research has been on Brazilian suppliers and providers of KIBS. The internal organisational decomposition in MNCs is not the focus, but it has to be investigated if it is assumed that it substantially influences the prospects for development of Brazilian third parties. 

There is considerable variety of classifications of roles played by subsidiaries in the internationalization of R&D; but certainly as far as re-location of MNC R&D in developing country is concerned, the issue of hierarchy of tasks or scope of mandates of subsidiaries is relevant. Birkinshaw e Hood (1998) sustain that the charter or mandate of a multinational subsidiary is determined or influenced by three sets of factors: first, the headquarters’ policy as regards the internationalization of R&D; second, the subsidiary’s reputation, level of acquisition of capabilities and its determination to seek autonomy and, third, the host country’s environment, in terms of its attractiveness for FDI. Their approach to the phenomenon of firm internationalisation has been named “the subsidiary perspective” (Paterson and Brock, 2002) and will be the main inspiration of my approach to understanding MNCs’ location of innovation activities between subsidiaries. 
2.2.3 Global Value Chains and the auto industry 
In the past 15 years, there have been major changes in the composition of the automotive global value chain (GVC), which can be summarized in three points: a) greater importance in the role of suppliers in the innovation process, together with specialization between sub-assembler suppliers (systems suppliers) and components suppliers; b) emergence and development of specialized services, which play an increasingly important role in innovation; suppliers of such services comprise large and integrated engineering services firms, small and specialized services, software engineering firms and design houses; the Figure below, which has been drawn from Jürgens (2003), describes the diversity of actors in the chain of product development in the European auto industry; yet, if research activities are taken into account, universities and public Labs should also appear in the picture. c) Increasing importance of large developing countries and Central European markets and manufacturing platforms, to the point that such areas become strategic for the future of this industry. What has been less explored are the patterns of governance in the auto GVC, particularly as regards the types of technical and commercial relations between the diversity of actors participating in innovation processes. 
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Thus a special attention will be directed to describing and analysing the patterns of governance within the empirical innovation chains which will be investigated in Brazil, within the theoretical approach set by Gereffi, Humphrey and Sturgeon (2005). The GVC framework departs from the basic distinction of types of economic coordination or governance made by transaction costs theory, in order to understand and unfold networks as a special form of governance, which is intermediary between hierarchy and markets.  Gereffi, Humphrey and Sturgeon (2005) define three types of network governance whose distinction is based on the level of capabilities of suppliers and the intensity of the technical interaction between suppliers and buyers: a) captive governance is typical of interactions between strong buyers and week suppliers, in which the transaction and technical dependence of suppliers to buyers tend to be high; b) relational governance is characterised by a more balanced situation in terms of buyers’ and suppliers’ skills and thus by a stronger technical exchange between them; and c) modular governance is also one of more balanced technical capabilities berween buyers and suppliers, but technical interaction does not necessarily is strong because part of the technical transaction information can be codified in standards. An important aspect in this research is to investigate the dynamics of network governance evolution as ODIP progresses in the Brazilian automotive industry: are the relations between local suppliers and global clients becoming more relational and less captive? 

2.2.4 The content of innovation activities carried out by the local value chain – a discussion on innovation capability typologies

Having the major actors of the network been identified, the following issue is to do with the content of their innovation activities, which is related to their learning processes, accumulated competencies and their strategic role in the value chain. The option adopted in this country/sector study as regards an innovation capability typology derives from the idea that the content of the innovation activity of a firm is a measure of its capability and that the degree of accumulated capabilities is the key to determine strategic positioning in the value chain. Moreover, in line with S. Lall and M. Bell, I consider technological capabilities one of the most significant resources a firm can use to sustain upgrading and improvement of its positioning in the value chain. Thus, technological capability is defined here as comprising resources such as skills, knowledge and experiences, embodied in workers and in the organisational system, which is a necessary condition for firms to generate technical change in different levels and to promote improvement over time (Bell and Pavitt, 1995).
According to Lall (1992), the concept of technological capabilities is associated with a cumulative aspect. Firms accumulate experience, aptitude and knowledge over time through a learning process that influences their future progression, allowing them to evolve from mere users of technology (that is, imitation of technology developed by extern agents) to promoting improvements and changes in technologies adopted and up to generating new technologies. Lall´s classification inspired Bell and Pavitt (1995) in the proposition of a fine and disaggregated taxonomy, in order to capture the types and levels of technological capabilities.
 A particular contribution deserves attention in Bell and Pavitt’s disaggregated framework. This is the distinction between two broad types of technological capabilities: Routine Production Capabilities, which are basic capabilities necessary to use and operate the existing technology; and Innovative Technological Capabilities, which comprise capabilities to generate and manage technical change. The focus of the IDS/Marburg Project is on the latter.

The distinction between different levels and types of capabilities, according to their complexity, is an important contribution of this taxonomy. Thus a certain level of capability accumulation is identified when a company has achieved the ability to do a technological activity which it had not been able to do before. It is important to mention that such disaggregated framework can only be applied in a given industrial sector after a detailed, empirical and in-depth analysis of the particularities of its technological capabilities. 
Thus, in order to be able to qualify and measure the innovation capabilities attained by firms at the various nodes of the automotive value chain in Brazil, and relate them with ODIP, a classification of innovation capabilities based on Bell and Pavitt’s taxonomy was developed (Table 3). It departs from the idea that a firm’s ability to do a technological activity is expressed in innovation events, that is, the accomplishment of product and or process-related milestones. It is a classification of innovation event complexity and indicates the level of innovation capability of the firm producing the event. Complexity suggests a more continuous than disruptive progress along the stages of innovation capabilities. Mapping out innovation events in firms is therefore a critical task in empirical research in order to measure their progress in terms of innovation capabilities.
Table 3
Framework of firm innovation capabilities in the auto-parts industry (Brazilian examples)

	
	Product
	Process

	Advanced


	Product innovation and related R&D


	Process innovation and related R&D



	Intermediate


	Incremental new product design 

 
	Process improvement



	Basic


	Minor adaptation 


	Process debugging, minor adaptation




Source: Bell and Pavitt (1995)
Obs: Definitions are painted in yellow and examples of Brazilian cases are numbered.
2.2.5 Note on R&D in the automotive industry
It is important to advance here the precise meaning of R&D as utilised in this report. The departure is the definition of R&D adopted in the Oslo Manual (OECD 2005, p. 92):
“Research and experimental development (R&D) comprises creative work undertaken on a systematic basis in order to increase the stock of knowledge, including knowledge of man, culture and society, and the use of this stock of knowledge to devise new applications (as defined in the Frascati Manual).”
However, it is important to add that in the automotive industry the bulk of R&D refers to D, rather than R, even when innovation activities of global, leading firms are concerned (Moavenzadeh, 2008). The vast majority of R&D spending in this industry is related to the development of new vehicle programs, and this is the work of engineers rather than scientists. According to the Executive Director of the IMVP/MIT Program, the three global automobile companies which were able to give precise information on the split between “R” and “D”, in the rank of top automotive R&D performers, indicated that more than 90% of R&D resources are spent in development, whereas less than 10% correspond to research (Moavenzadeh, 2008). 
Moreover, the automobile architecture is increasingly leaving behind “integrality” and advancing the way towards modularity (Moavenzadeh, 2008). In the case of trucks and heavy commercial vehicles, according to the assessment of the IMVP director, vehicles are at the edge of being more modular than integral. As to passenger vehicles, integrality is still prevalent, but they have also been moving towards modularity. Even more important to the issues addressed in this research, suppliers have gained increased importance in design and innovation in the automobile project:

“The importance of the supply base cannot be overstated. A typical automobile is made of 20,000 to 30,000 individual parts engineered into hundreds of components and subsystems. Vehicle manufacturers purchase one-half to three-quarters of these parts from their suppliers. All of the major vehicle manufacturers spend at least 50 percent of their revenue on components from suppliers. Vehicle manufacturers increasingly specify overall system requirements and give suppliers free rein to engineer and design a component or vehicle subsystem to meet those requirements. This contrasts with the traditional business model (which still exists for some components), in which vehicle manufacturers give suppliers detailed technical specifications for components. Supplier engineers, who frequently work closely with engineers at the vehicle manufacturers, play a critical role in introducing technology into vehicles.” (Moavenzadeh, 2008, p. 70)
It could be added that most of “R” in the automotive industry is related to applied, technological research. In the case of auto parts suppliers, research activities mostly refer to the search of solutions for technical problems which are not necessarily perceived or demanded by customers.. The best way to explain it is to say that it corresponds to the exploration and development of new technologies which will give support, will warrant the introduction of new functionalities (attributes of performance) in a new product or process platform. In manufacturing industries, products and processes evolve in platforms – so a platform is a concept close to a product/process generation (Clark and Wheelwright, 1993). Normally there are important functionality changes from one platform to the subsequent platform. For instance, safety belts, air-bags, and safety electronic sensors correspond to three generations or platforms of safety component/systems. Sometimes such changes imply a technological rupture (as in the examples above) sometimes the change is more incremental. Anyway, before being able to equip a car safely, airbags have passed a long process of research (corporate research) so that all its elements (particularly electronic sensors and controls) could be properly mastered.  This is the meaning of research in this report – the search for a new technological solution for a functional problem. The cycle of technology research is longer and less predictable than the cycle of product development – including platform development.. Thus corporate research, atleast in the auto industry, has little resemblance to academic research, most of the times.
2.2.6 Research questions 
Considering the conceptual framework discussed above, in the case of the Brazilian automobile value chain, the broader questions of the IDS/Marburg project questions (page 2 in this report)  were unfolded in the following groups of subsidiary questions:
a) Leading global players as drivers of innovation activity location in the global value chain. To what extent does the re-location of innovation activities of leading, MNC firms in the global automobile value chain from developed country units to Brazilian subsidiaries drives the creation of local demand and opportunities for co-development and KIBS services? Is there a relation between the quality and quantity of internal re-location of innovation activities by MNCs and the degree of complexity of co-development and services demanded?

b) Significant changes in the configuration of the automotive value chain in Brazil? How does global leading firms’ internal re-location of innovation activities, particularly R&D re-location, affect distinct actors in the Brazilian motor vehicle value chain? What roles have been changing as regards innovation? Have the governance patterns exerted in the chain presented any substantial change? Does the greater involvement of local suppliers and KIBS providers (if and where it occurs) imply a change in the basic commercial and technological inter-action they keep with their global customers? How has each actor – global suppliers, local suppliers, global providers of KIBS and local providers of KIBS – performed in terms of embracing opportunities opened by new demand related to co-development and KIBS?

c) Roles and innovation capabilities of global systems/component suppliers and locally owned suppliers. Under the process of outsourcing and off-shoring of R&D, is the division of labour between Brazilian subsidiaries of multinational suppliers of systems and components and locally owned suppliers of components transformed? Does re-location leads to further concentration of capabilities and innovation activities in MNC assembler and supplier subsidiaries or does it require involvement with engineering activities also from nationally owned suppliers? In the latter case, does it lead to changes in the value chain governance and to the upgrading of local suppliers? Is there any change in the marginal role of small local suppliers of parts and components in the innovation process? How complex and skill demanding are innovation activities carried out by each type of supplier? How do local and multinational suppliers rank in terms of the learning and innovation capabilities required to service the automobile industry?

d) Roles and innovation capabilities of multinational KIBS providers and locally owned KIBS providers. What is the division of labour between multinational providers and locally owned providers in the supply of KIBS? Do local KIBS providers specialize in niche services, which are not focused on by multinational engineering services firms, or they compete directly with each other? What is the type of innovation activity carried out by local KIBS providers and multinational KIBS providers? How complex and skill demanding they are? How do local and multinational KIBS rank in terms of the learning and innovation capabilities required to service the automobile industry?

e) Universities and public labs as KIBS providers? Does the public research system compete or cooperate with private firms in the provision of KIBS? Have such actors organized their activities in order to be more reliable and efficient? Is there a distinctive role for services provided by such actors? Do they posses distinctive competencies to provide KIBS which are more demanding of scientific knowledge basis? Is there any significant movement of KIBS provider businesses spinning off Brazilian universities? Is there any significant role played by the current S&T funding policies and other S&T institutions in the strengthening of the local base of suppliers of KIBS?

3. Research strategy and fieldwork

3.1 Research strategy

The research strategy devised to address the questions summarized in section 2.2 has been primarily based on the in-depth investigation of a directed sample of firms which are representative of the major actors of the Brazilian automobile value chain. The investigation of the sample of firms, based on semi-structured interviews, visits and field observation, complied with some requirements:

· Mapping the interaction between firms within the sample has been pursued, so the sample comprised the actors of individual chains producing individual innovation events; 

· As it was expected that findings in Brazil would be compared to findings in Germany, most multinational companies in sample are German or have strong technological ties with a German subsidiary; some of them are the same firms chosen for the German auto industry study (Bosch, Mahle and EDAG);

Considering that the investigation of the evolution of assemblers’ innovation capabilities in Brazil has received considerable attention in recent years (Quadros et al., 2000; Quadros et alli, 2001; Carneiro-Dias et al., 2003; Consoni, 2004;  Consoni et alli, 2006 and Quadros et alli, 2009), as suggested in section 2 of this report, the investigation was concentrated on a core sample of OEM suppliers (Table 4), comprising foreign MNC, companies controlled by Brazilian nationals and two joint-ventures involving a foreign MNC (ArvinMeritor) and a Brazilian MNC (Randon Group).

Table 4 – OEM supplier sample (core sample)

	Category
	Firm
	Business line
	Country

	OEM MNC(4)
	Arvin Meritor
	Commercial Vehicle Systems division, directly manufacturing cardan shafts and front shafts in Brazil; indirectly is involved in the manufacturing of brake systems and suspensions, through the ArvinMeritor/Randon JVs Freios Master and Suspensys.
	USA

	
	Robert Bosch 
	Gas Systems Division: Fuel systems including flex fuel systems 
	Germany

	
	Mahle/
Metal Leve
	Automotive Engine Components Business Unit, comprising the development and manufacturing of components such as pistons, bronzines, pinton rings and connecting rods.
	Germany

	
	ZF-Sachs 
	Sachs division, manufacturing clutches and clutch linings and friction materials.
	Germany

	OEM Brazil (8)
	Arteb
	Lighting systems.
	Brazil

	
	Fras-le
	Heavy brake linings, light brake linings, disc brake pads and clutch linings. Fras-le is controlled by the Randon Group, the largest Brazilian manufacturer of truck cargo accessories.
	Brazil

	
	Freios Master
	Truck air brake systems and its components. Freios Master is a joint-venture of ArvinMeritor and the Randon Group.
	Brazil/USA

	
	Letandé
	Electric cables and connectors for fuel pumps.
	Brazil

	
	Lupatech
	Automotive division, providing high value-added manufacturing services based on steel injection; precision manufacturing based on metallic and ceramic powder.
	Brazil

	
	Sabó
	Seals, oil seals, gaskets, hoses, heat conduction components and sealing systems.
	Brazil

	
	SIFCO
	Forged components for truck front suspension systems; I-beams, link-arms, steering arms and front axle assembly.
	Brazil

	
	Suspensys
	Truck suspensions, axles, cast supports and hubs. Suspensys is a joint-venture of ArvinMeritor and the Randon Group.
	Brazil/USA


Yet, the investigation also comprised complementary visits and interviews with: 
a) 2 Assemblers: one North American/German car assembler with well advanced re-location policy (GM-Opel) and one German truck assembler (VW T&B);

b) 1 German, multinational provider of  KIBS, providing services for assemblers (EDAG);

c) 1 locally owned suppliers of KIBS (Renova), providing services for OEM suppliers;

The findings of investigation of the two assemblers do not appear in this report in a separate section, since much of data referring to their innovation capabilities has been presented in section 2. However, in sections 4, 5 and 6 the report draws on such field investigation data, as it has been critical to explore the question regarding the role of MNCs as initial drivers of ODIP;
Public institutions (universities) which provide research and related services have not been investigated. However, the country/sector study has had access to a data base of more than 200 Brazilian research groups which are actual or potential providers of research and services to automotive firms. This data base is result of a former project commissioned to the author by Renault (Quadros et al. 2006).  It has contributed substantially to the understanding of the role of Brazilian contract research institutions in ODIP in the automotive value chain.
The fact that foreign assemblers, foreign auto-parts supplier and KIBS providers and Brazilian suppliers and KIBS providers are all co-located has allowed the investigation of all chain actors involved in the innovation events identified. Moreover, the involvement of Brazilian suppliers and KIBS providers in the chain innovation process is driven by the process of global re-location of innovation activities to subsidiaries of MNC assembly and auto-parts producers Thus the focus of investigation has been divided between local firms (auto-part providers and KIBS providers) and MNCs subsidiaries of (German) global assemblers and auto-parts suppliers.   
3.2 Fieldwork

Taking such considerations into account, the field investigation was carried out starting at two distinct levels of the chain: foreign suppliers of components and systems and local suppliers of components. The starting point of interview, in any of the investigated firms, has been the identification of important innovation events, which have been based on strong innovation activity carried out by the investigated firm in Brazil. Such innovations may be or not related to ODIP, but the inquiry has focused on exploring the innovations involving more than one link in the chain. So, the mapping out of such innovation events have occurred in both directions: top-down, starting in Brazilian subsidiaries of German systems and auto parts manufacturers and following the involvement of local suppliers and KIBS downwards in the chain; and bottom-up, starting in the level of local suppliers and following the strand of the innovation event upwards to the customers, that is, a subsidiary of a German assembler or components producer (or even non-German customers, if they are part of important events).

As the top-down option, in some cases, did not led to a considerable number of either suppliers or Kibs providers down the chain,  we have concentrated fieldwork in the bottom up option, as this could assure that the set of Brazilian suppliers of components chosen for the sample were investigated. So, Arteb, Sifco, Sabó, the Randon Group firms (Fras-le, Master and Suspensys) and  Lupatech were also starting points of investigation.

Interviews, based on semi-structured questionnaires, have focused the items suggested in previous papers, generally going around characterizing the technical and commercial ties between customers and suppliers, particularly focusing the innovation-event-related processes, and trying to identify objective indicators of  changes in supplier or customer capabilities. Such indicators are more related to inputs (variation in R&D personnel, investment in R&D labs and facilities) than to outputs. However, it is important to add that mapping out the historical aspects of capability building along the development of major innovation events revealed to be a quite time consuming task. In the auto industry, particularly in certain technological domains (materials and fuel systems components, for instance), innovations take time to occur, as well as the evolution of learning. Interviews have dug some interesting, long stories in this respect. The main features of the investigated sample firms, as well as its correspondent innovation events, are presented in section 4.
4. Innovation capabilities in the sample firms: levels and types and their change over time

This section presents part of the empirical material produced for this research, discussing the levels of innovation capabilities attained by the sample of OEMs systems suppliers and component suppliers. By starting the analysis of research findings with the technological capabilities of the investigated firms, my intention is to address directly some of the main questions of research: What are the types of innovation activities carried out by Brazilian suppliers and what are the levels of innovation capabilities attained? Are there differences between Brazilian subsidiaries of foreign suppliers and national suppliers as regards the nature of technological activities carried out in Brazil and the levels of capabilities attained? The role of ODIP in the process of constitution of Brazil as an innovation space for the global auto industry will be explored in section 5, which will address: Has ODIP changed the distribution of innovation activities in the global automobile value chain between firms located in developed countries and firms located in Brazil? Has Brazil also become a space for innovation in this global industry, with an increasing role played by suppliers located in the country?
In order to answer the first set of questions, the section describes and analyses current levels of product innovation capabilities and process innovation capabilities in the sample firms, as indicated by the innovation events mapped out in this research, and contrasts them with the respective firm’s situation 15/20 years ago. In discussing each case, the relevant historical facts of each firm will be presented and commented. 

4.1 Summary of findings regarding levels of innovation capabilities in the sample firms
The main aggregate finding of field research has been the fact that 7 out of 12 auto-parts suppliers of the sample have attained the advanced level of innovation capabilities, as revealed by the innovation events which these firms have led (Table 5). Moreover, both types of auto parts supply actors have attained such level. On the one hand, some Brazilian subsidiaries of MNCs supplying systems and components – ArvinMeritor, Bosch, Mahle and ZF-Sachs – have developed product innovations which have been based on internal and external technological research, most of them protected by patents. Innovations such as Mahle’s PVD-based chrome piston rings and Sachs 188 and 620 clutch linings are global product innovations, primarily aimed at the European market. The new materials which have been developed by the Brazilian Sachs’s Friction Materials Lab, not only backed up the launch of linings 188 and 620; more importantly, they have started the clutch linings global business unit at ZF-Sachs. Bosch’s flex fuelling systems, even though originally aimed at the Brazilian flex fuelled passenger cars, have placed the Brazilian Bosch engineering team in a strategic position within the corporation. The experience with flex fuelling systems, which work with either petrol gas, or ethanol or natural gas, has opened to the Brazilian engineering unit unprecedented possibilities of cooperation with other subsidiaries and headquarters, as bio-fuels become increasingly important worldwide and the local subsidiary was made Bosch’s centre of excellence in flex fuelling systems. 
On the other hand, some of the Brazilian firms controlled by nationals - Arteb, Lupatech and Sabó - have also developed product and/or process innovations which have counted on their previous experience, demanded significant internal and external R&D and are protected by patents. Brazilian national suppliers at the level of advanced innovation capabilities have found it more viable to direct their innovation effort to process innovations, rather than to product innovations (Table 5). This is due to the fact that process innovations are closer to the manufacturing capabilities such firms domain, and also less dependent on customers’ active consent. But also in these cases, the innovations have implications which go beyond the national or regional markets. Within the group of Brazilian national suppliers, the most significant case in point is Sabó. The innovation achievements of this firm have been an important resource in its globalisation trajectory. In addition to its manufacturing plants in Latin America, Europe and the US, Sabó maintains R&D units distributed between Brazil and Germany, the country of origin of Kako, the corporation which has been acquired by the Brazilian competitor.  Global products which are based on proprietary technology, such as the IOSS oil sealer (Table 5) are at the centre of Sabó’s marketing and growth strategies, and help explain why half of Sabó’s revenues come from sales abroad. The Lupatech Group has also counted on its technological excellence in sintering processes, which is partially based on proprietary innovations, to expand sales and investment to other countries.

Table 5
Sample firms technological capabilities and innovation achievements
	
	Product
	Process

	Advanced


	Product innovation and related R&D

ZF-Sachs*: Sachs 188 and Sachs 620 (non-leaded clutch linings)

Sabó(: IOSS – Integrated Oil-sealing Sistem with  Sensor 
Mahle/Metal Leve*: PVD-based Chrome Piston Rings
ArvinMeritor*: MS-113Tractive Axle 

BOSCH*: Flex power-train fuelling systems


	Process innovation and related R&D

Sabó(: Nanoceramic Surface Technology for Rubber/aluminium Adhesion

Lupatech(: PADS - Plasma-assisted debiding and sintering process
Arteb(: Top Colour Enamel;  

	Intermediate


	Incremental new product design

Fras-le(: PD-981Non-steel (brake pad)
Letande(: Injected connectors and Cables for Flex Fuel Pumps
Master(: Brake system HD, 325x100/120mm Tube 
	Process improvement



	Basic


	Minor adaptation 

Suspensys(:: Inter-changeable Cast Suspension for 6 x 2 Trucks
Sifco(: Forged Front Truck Shafts – changes in dimensions

	Process debugging, minor adaptation




Source: interviews 
* Indicate MNC subsidiary

( Indicate Brazilian supplier controlled by nationals
As it will be discussed in the individual cases, all seven firms in the group of advanced innovation capabilities have gone through long trajectories of technological learning and undergone previous stages of technological capabilities. Some, as in the cases of ArvinMeritor (formerly Rockwell), Bosch and ZF-Sachs, are MNC subsidiaries that, since the 1980s, have systemically pursued capabilities in new product development and increased their product engineering areas. They have started by searching for incremental product changes, mostly designed to meet local market needs: adapting components to requirements of local bio-fuels or using local minerals for new formulations of friction materials. In the case of Mahle Metal Leve, the foreign corporation (Mahle) which has taken over the well known Brazilian supplier of power-train components Metal Leve, in the 1990s, benefitted from the latter’s two decades of gradual building of capabilities. Moreover, the basis of knowledge and capabilities acquired from Metal Leve has been the platform on which Mahle has raised its Brazilian Technological Centre, which is one of the five centres of Mahle’s global R&D network.  
The same applies to the Brazilian national suppliers. Sabó has reached its current level of capabilities after decades of capability building. In the early 1960s, Sabó set about its own R&D lab. In the 1970s, the company dedicated engineering efforts to design mechanical equipment to be used in manufacturing, thus developing competencies in metallurgy and mechanics, which revealed to be critical when the decision was taken to develop proprietary products to supply European customers. This was a critical resource behind its internationalisation trajectory. Sabó and Lupatech are amongst the 20 largest Brazilian transnational firms.
 
Even though it is younger and smaller than Sabó, Lupatech has also systemically pursued moving up the ladder of innovation competencies, since its foundation in the early 1980s. Lupatech’s trajectory started with the transfer of foreign steel powder injection technology. However, in the 2000s Lupatech invested substantially in developing a new, proprietary sintering technology, with support from Brazilian university research. This move was important to differentiate its services, and helped open the North American automotive market for Lupatech. In addition to the Brazilian plant, Lupatech operates plants in Argentina and the US. Arteb, the Brazilian supplier of light systems, has had a similar trajectory up to reaching the level of developing proprietary process technologies, in the 2000s.  From its beginning, in the 1950s, Arteb has counted on technology transfer from Hella, the German supplier of lights. This was a long term partnership, since Hella licensed the VW Beetle
 lights to Arteb and acquired a small stake in the Brazilian supplier. After investing continuously in product/process technology learning, Arteb attained the competencies to develop incremental product changes and advanced process changes. In the early 2000s, prompted by the opportunities opened by North-American customers (GM US, for instance), Arteb decided to abandon the technology license agreement with Hella, which hindered its entry in non Latin-American markets. In order to compensate for this, Arteb stepped up its R&D activities, by creating its own and independent Arteb Technological Centre.   
A remarkable point in the cases above is that the building of innovation capabilities has been concentrated in a few technological domains, the most significant of which are materials engineering - comprising metals, polymers and tribology - mechanical engineering, chemical engineering and metallurgy. As it will be discussed later in this report, these are also the fields with greater concentration of research collaboration projects involving components suppliers and Brazilian universities.
According to the methodology adopted in the IDS/ Marburg Project, the classification of the seven firms commented above at the level of advanced innovation capabilities relies mainly on the complexity of what they can do, that is, the description of the innovation events in which they have been major protagonists. So, in the individual case sections, the innovation events listed in Table 5 will be presented in some detail. Yet, at this stage of the argument, it is useful to bring further evidence about the sample firms in the form of more conventional indicators. In this connection, a partial tabulation of patent data produced by INPI, the Brazilian Federal Patent Office, has shown that 8 out of the 12 sample suppliers have presented patenting activity in recent years (from 2001  to 2005, considering patent submission; and from 1994 to 2003, considering patent granting
). Only one of the 8 firms with patent activity (Freios Master) is not in the group of firms which attained advanced innovation capabilities (Table 6). So, the patent data indicates that, in the group of 12 supplier firms investigated, all suppliers at the advanced level have presented patent activity, irrespective of their capital control being foreign or national
. Moreover, all but one firm at intermediate and basic innovation levels have not carried out patenting. Even though patent data in the automotive sector should not be taken as an indisputable indicator of capability, it is the magnitude in patenting between the two groups what confirms that the group of firms classified at the advanced capability level presents a more varied and complex technological activity.
Table 6
Sample firms: Patents submitted and granted in Brazil

	Firm
	Patents Submitted 2001/2003
	Patents Submitted 2003/2005
	Patents Granted

1994/2003

	Arteb 
	7
	--
	1

	ArvinMeritor 
	21
	9
	2

	Bosch
	3
	7
	1

	Freios Master 
	--
	1
	--

	Lupatech
	1
	2
	2

	Mahle Metal Leve 
	1
	--
	7

	Sabó 
	5
	7
	17

	ZF Sachs 
	--
	--
	2

	Total
	41
	26
	36


Source: INPI (Brazilian National Patent Office)
Obs.:Special tabulation produced for the IBI Project (Brazilian Innovation Index)
Another ‘conventional’ indicator of technological capability is related to the measurement of R&D inputs to the innovation process. In this regard, this research has been more successful in producing data about employment in R&D activities in the sample firms than information about their R&D budgets (Table 7).
 It is important to note that R&D activity in the auto industry, as measured by the innovation survey (Table 1), primarily express the expansion of product development units in the assemblers rather than in auto parts suppliers. Indeed, the ratio R&D personnel with university education/total employment in the Brazilian auto parts industry, in 2005, was close to the average ratio for the Brazilian manufacturing industry, that is, less than 0,5%. This was in contrast to the 3,2% ratio for the assembly segment of the automobile industry. So, the sample data is even more significant when contrasted to the average Brazilian auto parts industry. Ffieldwork data indicate that the sample component suppliers, both foreign and locally owned, have relatively much higher shares of R&D staff on total employment (between 1% and 6%), than the Brazilian auto parts industry altogether (Table 7). Moreover, the staff of some of the firms at the advanced level of innovation capabilities (Bosch, Mahle Metal Leve, Arteb and Sabó) present a more substantial volume, when compared to the firms in the other levels of capabilities..
Table 7 

R&D staff with university education in sample 
firms (2006/7)

	Advanced innovation capabilities 

	Firm
	R&D Staff
	R&D Staff/Total Employees

	ArvinMeritor
	24 
	2,4%

	Bosch
	250 
	3%

	Mahle Metal Leve 
	150 
	1,8%

	ZF Sachs
	16 
	-

	Arteb
	120 
	6%

	Lupatech/Steelinject
	14 
	2,3%

	Sabó
	65
	2%

	Intermediate innovation capabilities 

	Firm
	R&D Staff
	R&D Staff/Total Employees

	Fras-le
	30
	1,5%

	Freios Master
	11
	1,8%

	Letandé
	9 
	3,3%

	Basic innovation capabilities 

	Firm
	R&D Staff
	R&D Staff/Total Employees

	Sifco
	20
	0,9%

	Suspensys
	22
	1,1%

	Total R&D Staff
	731
	-


Source: interviews 
The firms which are classified at the level of intermediate and basic innovation capabilities are relatively young firms, as compared to the firms in the first group. Their technological trajectories have been related to more recent developments in the Brazilian automotive industry, particularly the growth and competitive strengthening of the Brazilian truck and bus industry. In this regard, two points deserve attention and are directly connected to the evolution of sample firms at the intermediate and basic levels. On the one hand, the constitution of a large cluster of manufacturers of truck cargo trailers and bus bodies (encarroçadores) in Caxias do Sul, in the state of Rio Grande do Sul. One of the largest corporations in such cluster is the Randon Group, which owns Fras-le and has established the joint-ventures Freios Master and Suspensys with ArvinMeritor. On the other hand, the entry and growth of VW T&B in the Brazilian truck market, as a company independent from VW AG. VW T&B has had an important role in the process of increasing PD capabilities in its suppliers Sifco and ArvinMeritor’s Brazilian subsidiary, which, in turn, has also contributed to increasing PD activities in ArvinMeritor’s suppliers and associates Master and Suspensys.
The technological trajectories of the Brazilian national supplier Fras-le and of the joint-ventures Master and Suspensys cannot be fully grasped without taking into account the growth and technological strategy of Randon Cargo Trailers (Randon), the company which has originated the Randon group.  Randon has been the result of the Randon brothers’ entrepreneurship
. It started formal operations in the 1950s, as a producer of truck brakes for the after-market, and in the early 1960s became producer of truck cargo trailers. Since the 1980s, Randon has pursued a growth strategy based on diversification, which has led to the creation of Master Freios (1986) and Suspensys (2002), jointly with ArvinMeritor, the acquisition of Fras-le (1996) from the Agrale group, and the creation of other companies which are not in the auto-parts business. From 2003 to 2007, the Randon group presented annual growth rate above 20%, reaching approximately US$ 1.5 billion net sales in 2007 (Randon, 2008). Randon is also amongst the 20 most internationalised Brazilian groups and exports 15% of its output.
The evolution of the new companies created by the Randon group to supply truck assemblers has followed the pattern of departing from technology transfer (from the foreign equity partner, in the cases of Master and Suspensys) and investing in its own R&D effort in order to learn and build capabilities to design new products with incremental changes. In this connection, the Randon group annual expenditure in R&D, in recent years, has been approximately 1.5% of net sales or US$ 20 million, in 2007. In the Randon group, engineering and R&D activities are organised in such way as to create synergies, as a corporate technology committee defines the strategy and guidelines to all individual R&D areas
. Moreover, the major facilities as the testing ground and chemical laboratories are shared between the Randon group firms. In the past 3 years, R$ 25 mi  were invested in the building of the testing ground, to be inaugurated in 2009 (but already being used for tests), and which is going to be the second largest in Brazil
.  
Randon’s diversification move towards the auto parts industry started in the 1980s, as a positive response to the proposition made by VW and the Rockwell corporation to Randon aiming at nationalising the manufacturing of Rockwell truck brakes supplied to VW. So the joint-venture Master Freios was the solution found and was based on a balanced equity sharing, in which Rockwell (whose automotive division has later become ArvinMeritor) supplied product and process technology and Randon invested in equipment and plant building. The new supplier has grown in line with VW T&B success and, from the beginning, has searched the qualification and learning of the local engineering team with support from the foreign partner. Master Freios’ engineers have been trained in ArvinMeritor’s technological centre in Troy, US, and participated in joint projects aimed at adapting, improving and differentiating Master’s products in response to the Brazilian market needs.  In fifteen years, the Brazilian product engineering team was capable of conceptualising and designing a new product for the Latin-American market, with incremental changes, that is, the ‘Brake System HD, 325x100/120mm’. 
A similar situation has happened in the case of Suspensys, which is the first Brazilian supplier of truck suspensions. In this case, again, the move towards creating a new company started from a VW interest in nationalising a specific suspension model, at a time when there were no truck suspension manufactures in Brazil. Suspensys started as a division of Randon Cargo Trailers, in 1995, in order to supply VW. After some years of growth, the Randon group has understood that a major opportunity was there for an independent supplier and proposed to ArvinMeritor the constitution of the new JV, which was established in 2002. The Randon group considered that its process of learning on its own with designing and manufacturing suspensions was not enough for a solid project which comprised exporting. Thus, in the new company, ArvinMeritor provided technology and the Randon group has invested in equipment and plant building. The process of building an independent engineering capability in Suspensys is similar to that which has occurred in Master Freios, but it started 16 years later. So far, the Brazilian team has acquired capabilities to introduce minor design and materials adaptations to its most important product platforms.  In both cases, VW T&B is a major customer, representing between 25% (Master) and 33% (Suspensys) of sales, which are related to the module managed by ArvinMeritor at the VW T&B plant in Resende.
The third of the Randon group’s firms studied in this research is Fras-le, which manufactures brake linings and pads, which are made of friction materials. Fras-le trajectory and ownership status are distinctive from that of the other two firms, as it has been acquired, in 1996, from Agrale, another Brazilian automotive group from Caxias. Before changing control, Fras-le have had some initiatives regarding technological learning, comprising technology transfer agreements from a British firm (1977) and from a North-American firm (1988), as well as the creation of its own R&D Lab. However, it has been under Randon management that Fras-le has properly organised and staffed the Lab, stepping up R&D investment and speeding its learning process. In average, Fras-le spent 3% of net revenues in R&D annually, in the past 4 years, focusing in reverse engineering aimed at s brake pad earching a substantially improved friction material for brake pads. This has led to brake pad ‘PD-981Non-steel’, which has revealed noise performance superior to that of competitors and assured, recently, a contract to be OEM supplier to Chrysler, in the US. Also in this decade Fras-le, which is not refrained by technological agreements or associations (as its sister companies are), built a plant in China and acquired the control of the brake division of North-American Haldex, thus becoming the second internationalized Randon company (Randon Cargo Trailers was the first).
Letandé and Sifco complete the set of sample firms which have been classified at the intermediate and basic levels of innovation capabilities. Sifco is competitor to Suspensys and ArvinMeritor in the supply of non-tractive truck axles to the VW T&B plant, in the assembly module managed by ArvinMeritor. Even though the company started manufacturing in the late 1950s, a major leap in terms of product development and engineering capabilities came in the middle 1980s, through a contract to supply truck axles to the Louisville Ford plant, in the US. The contract required that Sifco provided testing and design services, and Ford helped Sifco to establish its own mechanic testing labs and to set up a CAD/CAE unit. From this point, Sifco became a supplier which has participated in co-design projects with truck assemblers, including VW T&B. It does not have a product of its own, adapting axles to the performance and size specifications of the customer. Yet, it has developed and introduced minor innovation in the components of the axle. 
Letandé, which produces electric switches, connectors and wires, is another case in which the major customer, Bosch Brasil, has had a critical role in transferring knowledge about how to organize the R&D area, including specifications of three labs. It is also a clear cut example of how entering a global value chain can become an opportunity of substantial growth for developing country small firms. In the early 2000s, the current owner, who has had relevant experience as manager in a large Brazilian national supplier, acquired Letandé at the verge of closing. Soon later, Letandé was approached by Bosch’s Brazilian subsidiary, which needed a supplier that could help her developing the electric components of the flex fuel pump, following large suppliers turning down Bosch’s demand. Bosch’s technical support and the new Letandé owner’s knowledge and ingenuity led to the solutions based on a new polymer and to a new shape in the switches design, so that the connectors could be protected from the humidity of ethanol fuel. This solution is protected by a set of patents shared by the two partners and has rendered to Letandé an astonishing growth, based not only in supplying the local, but also the North-Americam market. In 2007, Letandé made net revenues of R$ 40 million, against 0,7 million in the early 2000s. 
4.2 Suppliers with advanced innovation capabilities

4.2.1 ArvinMeritor

The case of ArvinMeritor’s focuses on the Commercial Vehicles Systems business unit (CVS), which accounts for approximately 47% of ArvinMeritor’s revenues worldwide (2006 data). The corporation has also a Light Vehicle Systems (LVS) division, which is responsible for the remaining share of sales. ArvinMeritor is the result of the merge of North-American auto components groups Arvin and Meritor, in 2000. Meritor started independent operations in 1997, following the spinning off of the automotive division of Rockwell International. In Brazil, the evolution of the current configuration of ArvinMeritor’s subsidiary is also the result of some events of acquisitions of national Brazilian suppliers. On the side of LVS, in 1997 Rockwell acquired Fumagalli, the largest Brazilian national supplier of wheels to passenger cars. On the side of CVS, the starting point was CRESA, a joint-venture created by Brazilian Cobrasma and Rockwell’s Timken-Detroit Axle Division, in the 1950s, which later changed to Rockwell Braseixos and was entirely incorporated by Rockwell. 
Business, size and relevant historical facts

ArvinMeritor’s CVS unit is one of the world’s largest suppliers of systems for trucks, comprising transmissions, axles (tractive and non-tractive), suspensions and brakes. With headquarters located in Troy, Michigan, the CVS unit’s revenues have almost doubled in this decade, reaching US$ 4.3 billion in 2006. Largest customers globally are Daimler (18% of revenues), VW (11%) and GM and Ford (10% each).  

In Brazil, the CVS unit manufacturing operation, which is located in Osasco, in the Metropolitan region of São Paulo,  specializes in truck axles; the tractive axle, which is also known as cardan axle or cardan shaft, is the component with highest added value manufactured by the Brazilian subsidiary. However, ArvinMeritor also participates in the market segments of brakes and suspension systems, through its joint-ventures Master Freios and Suspensys. The turnover of the CVS unit was approximately US$ 316 million. Even tough it represents less than 10% of the global revenues, the Latin American operation is the most profitable and has presented one of the largest growth rates, in comparison to other regional areas.
 

One important factor sustaining growth is ArvinMeritor’s becoming one of the most important module suppliers (moduleiros) to the VW T&B plant in Resende. As the ‘moduleiro’ responsible for the ‘suspension module’, ArvinMeritor participates directly in the VW truck assembly line. The assembly service supplied by ArvinMeritor comprises assembling Suspensys suspensions, Sifco and ArvinMeritor axles, and Master Freios brakes directly into VW trucks. In order to do so, ArvinMeritor has assigned approximately 150 employees in the Resende plant, including a team of industrial operations engineers. The workforce located in Rsende represented 15% of the total workforce of the CVs unit. ArvinMeritor’s supplier relation with VW truck operations dates back to the early 1980s; the creation of Randon/Rockwell JV Master Freios was one of the first moves related with expanding manufacturing and engineering activities in order to supply VW trucks. The establishment of Suspensys followed a similar pattern. Sales to VW T&B represented 30% of ArvinMeritor’s Brazilian CVS unit in 2006. Thus, the fast growth of VW T&B has also driven the CVS unit’s growth in Brazil.
Technological innovation indicators
In global terms, ArvinMeritor spent US$ 177 million in 2006, that is, approximately 1,8% of sales.  R&D is organised as a network of 4 units, comprising 3 engineering centres and the India Tech Centre, which is specialised in software services. The major engineering centre is located in Troy. The Cameri engineering centre, in Italy, follows in importance. The Brazilian engineering unit employs 24 engineers dedicated to product and process development, including a few engineers holding Masters degrees and one PhD. The Brazilian engineering group works in an integrated manner with the North-American and the Italian units. The Brazilian team is responsible by two types of jobs: either participating in global projects by developing specific tasks and jobs, or carrying out the development or adaptation of products for Latin American customers. Even though this is a relatively small team, and the expenditure of ArvinMeritor in R&D in Brazil represents only 1% of revenues, the CVS unit engineering team alone was responsible for submitting 18 patents in the period 1999-2005. Some of the innovations extended to global products have been originally developed by this team, as illustrated the innovation event described below. 
Innovation events – revealed technological capability

The most significant innovation event collected in interviews with ArvinMeritor’s CVS unit engineers is the development of the MS-113 differential axle, aimed  for the light truck market segment (from 6 to 9 tons). The product innovation was entirely developed by the CVS unit engineering centre, from concept to testing, costing US$ 3 million in engineering work and tests. The product introduced a new concept for the core of the differential axle – the crown wheel and pinion – bringing substantial torque reduction and correspondent improvement in fuel consumption. The MS-113 has won the international ArvinMeritor engineering prize in its category (differential projects), in 2001, and has become port of the global product portfolio of the corporation. The newness of the concept has assured a set of patents related to the product, which have been submitted in Brazil and the US. The development of this product has involved a group of activities which indicate some of the competencies held by the CVS unit engineering team: solid parts modelling and design, virtual analysis, experimental tension analysis, laboratory fatigue testing, validation based on axle testing data and field testing.   
4.2.2 Bosch

The focal point in the Bosch case is the Gas Systems division (GS) of the Brazilian subsidiary. GS is one of the eight business units in Bosch’s automotive business.  The GS division is amongst the largest in the Brazilian operation, but the main reason for choosing this case is rather to do with the role of this division in developing competencies and innovations connected with ethanol fuel systems. The Brazilian GS division is the corporation’s centre of competence for bio-fuels. As will be seen, this is so not only because bio-fuels related components are strategic for Bosch worldwide, but also because the subsidiary has invested in researching, developing and testing ethanol fuel systems for more than 20 years. The case clearly shows the importance of the learning time for expanding the subsidiary’s R&D mandate and for the dynamics of ODIP within and outwards the corporation.  
Business, size and relevant historical facts
Bosch is the world’s largest supplier of automotive components, with total revenues above € 46 billion, in 2007. Bosch’s R&D/sales ratio of 8% is the largest amongst auto parts producers and is at the basis of the German supplier’s strategy for supplying proprietary components. With headquarters located in Stuttgart, the Bosch group employed 271.000 workers in 2007, out of which 24.000 are scientists, engineers and technicians involved in R&D activities. Bosch filled in 3.000 patent submissions in 2007 and held 75.000 valid patents. The fact that Bosch’s core technological competencies are in the electro-electronic fields and its high profile in technological innovation contribute to the group’s strong competitive positioning in an era of migration of the auto industry towards electric power trains and electronic controls. In addition to the automotive business, Bosch also operates in the markets of consumer goods and industrial and civil construction equipment. The group holds approximately 300 subsidiaries and associate companies, operating in more than 50 countries.
Also in Brazil, Bosch is the largest supplier of systems and components to the automotive industry, whereas the automotive business is by far the largest in the subsidiary. Bosch started operations in Brazil in 1954, in the era of the building of the motor industry in the country. In 2007, Bosch’s sales in Brazil summed approximately €1,6 billion (R$ 3,96 billion), whereas employment totalised 11.200 workers distributed between four plants in the states of São Paulo, Paraná and Bahia. The Brazilian subsidiary houses three global competence centres for automotive product development: the Centre for Diesel Technology, located in Curitiba, state of Paraná; the Centre for Development of Starter Motors for Small Cars, located in Campinas, state of São Paulo; and the Centre for Development and Application of Conventional and Oxygenated Fuel Systems, in the GS business division, also in Campinas, which is responsible for the flex-fuel and the tri-fuel technologies. The latter is the focus of the case study in Bosch.  
The involvement of the Brazilian GS division with oxygenated fuels started in the middle 1980s, following the introduction of the Pro-álcool fuel programme by the Brazilian government. This was one of the earliest and largest government initiatives for bio-fuels world wide, and has had a significant and permanent impact on the technological trajectory of the Brazilian automobile and fuel industries (Rosillo-Calle and Cortez, 1999).  Until the introduction of bio-ethanol in Brazil, product engineering in the Brazilian subsidiary was exclusively dedicated to nationalizing and adapting (‘tropicalizing’) components which had been developed in Germany. However, after the second oil crisis, the large diffusion of pure ethanol-based cars and small commercial vehicles
 in Brazil posed the need for the Brazilian automobile value chain to search for innovations which could circumvent the various problems provoked by such humid fuel to the effectiveness and efficiency of power-trains. The first reaction of the GS engineering team was to reproduce the same pattern of adapting and nationalizing, but soon it became clear that this was leading to very unsatisfactory solutions. The changes required by the new fuel needed investigation and experimentation of new materials and design in the components of fuel systems.
In 1986, Bosch’s technological centre in Germany sent to Bosch Brazil an expert to organize a research team with 4 engineers and build laboratories for materials testing and characterization. A researcher from the University of Campinas (Unicamp) was hired as consultant to the group and helped the building of labs. This team has developed capabilities in materials analysis, materials corrosion and wearing, component design and testing. Such experimental work led to finding materials for fuel systems components which proved to be better suited for ethanol-based power trains. This team expanded and continued to work in the late 1990s and achieved the development of the first electronic fuel injection system for ethanol, a development patented by Bosch. In the late 1990s, due to the reduction in oil and gas prices, but primarily due to an ethanol supply crisis in Brazil, consumers swiftly changed back to gas fuel and the pure ethanol based motoring solution became discredited. 
At this stage, the Brazilian subsidiary showed a farsighted perspective regarding the competencies accumulated. Instead of dismantling the team, the GS business unit assigned a new project to the ethanol specialized engineers: to develop the concept, components and materials for a fuel system that could allow power trains to run well either on gas or on ethanol. This was the beginning of the flex fuel system, which was entirely conceived and developed by the Brazilian GS division, even though under supervision of and support from the German technological centre. In the course of the first years of development, GM Brazil gave appreciated support to the experimentation of various Bosch’s concepts of flex fuel systems, by offering GM cars to run filed testing. Between 1994 and 2003, Bosch has worked the institutional and market environment for the launch of the flex fuel solution. After improving concepts with GM, Bosch has tested concepts in Fiat and VW, in order to convince those customers that it was a sound technology. At the same time, Bosch has disseminated the idea and shown the use of flex-fuel systems to obtain the support of the ethanol producers, so that they would agree with producing the volume required of ethanol and join lobbying the government to regulate and resume incentives for ethanol. In 1999, Magneti Marelli in Brazil also announced that it had developed a proprietary solution to flex fuel, which was distinctive from Bosch’s solution. With the new rise in oil prices, in 2003 the Brazilian government finally regulated the flex-fuel car and the history since then is one of a rocketing diffusion of the innovation. By 2007, 85% of passenger cars sold in Brazil were flex-fuelled vehicles. 

An important aspect of the large diffusion of flex-fuel technology in Brazil is the fact that it has created a technical barrier to imports and to new entrants which do not produce at the scale required to pay for the learning and use of this technology. The Japanese auto makers, for instance, started to produce flex-fuel cars 5 to 6 years later. Imported cars suffer the disadvantage that it is substantially cheaper to run cars on ethanol than on gas, in Brazil. Together with their Brazilian assembler customers, the producers of flex fuel systems Bosch, Magneti Marelli and Delphi could benefit of having a protected, large and fast growing market. 
Technological innovation indicators
The development of competencies in flex-fuel systems has been responsible for the considerable increase in Bosch do Brazil’s indicators of R&D efforts. The group of 5 professionals who start the ethanol fuel systems in the 1908s has now more than 120 engineers and technicians working in the flex fuel system. In Bosch Brazil as a whole, all businesses included. The number of professionals allocated in R&D was 250, in 2005. In 2007, Bosch’s interviewees reckoned that the R&D sales ration in the Brazilian subsidiary was approximately 2% (which equals € 80 mi). The subsidiary houses lab facilities, the most known of which is the vehicle emission lab. Detailed information about labs has not been disclosed.
Innovation events – revealed technological capability

Flex fuel systems have been a major innovation in the Brazilian motor industry, as it has changed the balance of fuel consumption in Brazil. Given its importance for Bosch, its competitor and the motor industry as a whole, this was the innovation event singularised in this case. Yet, the flex fuel system developed by Bosch do Brazil was not the first flex fuel system ever developed. The original concept and first technological solution was developed in the US and introduced by GM, in 1992, aimed at fuelling cars with the E85 fuel. Yet, the Brazilian innovation represented a major change vis-à-vis the US solution, not only because it could run on 100% alcohol fuel (against 85% in the North American’s) but mainly because it introduced a much cheaper and effective means of monitoring the composition of the fuel, by means of a software, instead of a physical sensor. The development of the flex-fuel system required a change in materials and design in all critical components of a fuel system: supply pump, supply module, fuel filler valve, sparking plug, sparking coil, oxygen sensor and most importantly the electronic control unit, particularly the software for fuel monitoring. In doing so, Bosch has also pulled the development and growth of Letandé, the Brazilian national supplier of supply pumps, which will be discussed later in this section.
The competences developed by the GS engineering team in Brazil have also been the basis sustaining other innovations which have followed. In 2006, Bosch introduced the tri-fuel system, which added natural gas as an option to ethanol and gas in the fuel systems. In 2009, Bosch do Brazil will introduce the flex-start fuel system, which is an innovation in flex-fuel systems which will bring substantial reduction in emissions and more comfort o consumers. The flex-start systems introduces a technology for warming up ethanol before starting the engine, overcoming the need of using gasoline as the starter fuel in flex-fuel systems.
4.2.3 Mahle Metal Leve
The case of Mahle-Metal Leve is focused on the Cylinder Components Product Line of the Automotive Engine Components Business Unit. Mahle-Metal Leve is the Brazilian name of Mahle South America, one of the regional divisions of the Mahle Group. Although this is a completely different story, when compared to the Bosch case, the common aspect is that decades of technological capability accumulation has been critical for Mahle-Metal Leve attaining the stage of an important loop in Mahle’s global chain of R&D centres. The recently inaugurated Mahle-Metal Leve Technological Centre, in the town of Jundiaí, state of São Paulo, is the global competence centre for cylinder components and the main source of R&D related knowledge for piston rings.

Business, size and relevant historical facts

Mahle-Metal Leve is the Brazilian operation and head office for Mahle’s South America. The name is the result of Mahle GmbH’s acquisition of Metal Leve, the Brazilian leading supplier of engine components, in 1996. The company name was shifted to Mahel-Metal Leve as the German controller has kept to date the Brazilian operation as a public corporation. Mahle Pistões, then the Brazilian integral subsidiary of the Mahle Group and smaller then the Brazilian acquired business, was incorporated into Mahle-Metal Leve. In the South American automotive market, Mahle-Metal Leve carries out engineering, manufacturing and sales activities in three product lines related to engines parts: piston and cylinder components, filter systems and valve train systems. Mahle-Metal Leve runs nine manufacturing plants in Brazil, in the states of São Paulo, Minas Gerais, Rio de Janeiro and Rio Grande do Sul, and three more in Argentina. In line with the growth in the Brazilian automotive market, Mahle South America’s sales grew by more than 50%, between 2005 and 2007, to US$ 1,25 billion. So did the share of the South American operation in Mahle’s total turnover, from 8% to 12%, between 2003 and 2007. Mahle Metal Leve is the second largest auto parts supplier in Brazil. In the end of 2006, Mahle-Metal Leve employed near 10.000 workers in Brazil, which represented approximately 25% of Mahle’s global labour force in the automotive business.  

The rapid growth of Mahle-Metal Leve in the past 12 years replicates the expansion strategy of Mahle Group, which has been based on a very active policy of acquisitions. Soon after the acquisition of Metal Leve, Mahle took over the piston rings division of COFAP, another Brazilian leading auto parts supplier.
 A separate company, Mahle-Cofap Anéis was established, but eventually it was incorporated as a division of Mahle-Metal Leve. In 2007, the Mahle Group acquired Dana Corporation’s engine parts business, which implied in the incorporation by Mahle- Metal Leve of Dana’s plant in Gravataí, in the State of Rio Grande do Sul. In the same year, the Brazilian operation Mahle-Metal Leve acquired Edival, the Argentinean producer of engine valves located in the province of Santa Fé. 

However, the strategic intent behind Mahle’s acquisitions is not only expansion per se, but also an ambitious diversification plan within the automotive business. Following the acquisition from VW of Cosworth Technology Ltd, the British racing engine maker of Northampton, in 2004, Mahle has transformed it into its Mahle Powertrain division. The new division is aimed at providing turn key engine system solutions, including engineering services. According to information collected in interviews, Mahle envisages developing and manufacturing its own power train/engine systems for car manufactures, thus possibly becoming the first car power train supplier independent from OEM.      The Mahle Group is amongst the 50 largest independent German industrial groups and amongst the 3 largest engine component suppliers worldwide. 

The rationale for Mahle’s acquisition of Metal Leve and Cofap in the 1990s was to do with expanding markets and capacity, but also assuring the basis for Mahle’s offshore R&D relocation. Indeed, one of the incentives driving the acquisition of both Metal Leve and Cofap Rings division was the internationally recognised technological capabilities in both Brazilian suppliers. Not only were Cofap and Metal Leve the second and third largest auto parts suppliers in Brazil
, in the early 1990s, but they were showcases of Brazilian firms completing the cycle of absorption of imported technologies and attainment of innovation capabilities (Dahlman and Frischtak, 1993; Posthuma, 1991). At the peak of its trajectory of technological learning, in the late 1980s, Metal Leve used to expend annually near 3% of turnover in R&D, had built an advanced tech centre in Ann Arbor, Michigan and had granted several product and process patents in Europe and the US. Mahle’s decision to acquire and incorporate Metal Leve has considered that the South American operation would need a technological knowledge basis to support product development and manufacturing operations, but has also taken into account that Metal Leve was well equipped and capable for that.

Indeed, the history of Metal Leve was related to Mahle since its beginning (Ares 2002). The establishment of the Brazilian supplier, in the early 1950s, counted on the technology transferred from the German manufacturer. Metal Leve started by manufacturing Mahle’s product designs and proprietary processes, while Ernst Mahle capitalized the transfer of technology in a share of Metal Leve’s private equity. As the Brazilian market grew, Mahle sold its participation in capital control, but continued to receive 2% of royalties on sales, due to exploration of Mahle’s technology. In the early 1970s, as the Brazilian government established tax incentives for exports, it was clear to Metal Leve that it must go alone in the search for technological solutions and product development, finishing the technological transfer relation with Mahle. From this time to the early 1990s, Metal Leve invested heavily in building laboratories, hiring and training engineers and researchers and establishing technological cooperation links with universities in Brazil and abroad. In the early 1990s, Metal Leve’s R&D staff totalized 230 professionals. This explains the considerable Metal Leve’s success first in exports, and later as an international producer, with two plants in the US (Ares, 2002). The history regarding Cofap’s piston rings division is not much difference, in terms of technological transfer from a foreign partner, followed by independence and investment in its own R&D facilities.

As regards the location of innovation activities in Brazil, possibly the most important change following the acquisition of Metal Leve and Cofap rings by Mahle has been their integration into Mahle´s global network of  R&D centres. Today such network comprises the following centres: Sttutgart, Northampton, Detroit, Novi, Jundiaí, Tokyo and Shanghai. The recently inaugurated Jundiaí Tech Centre, which succeeds the São Paulo centre, is Mahle’s centre of competence for the development of cylinder components and the global research centre for piston rings. 

The integration into a global R&D corporation network has had a double meaning. The most visible one, and easiest to grasp, is taking advantage of the larger scale and deepening the division of labour and the correspondent specialisation. At the time of both large acquisitions, Mahle had competencies in the technologies of pistons, rods, pins and bearings, but much less knowledge of rings technology. Cofap’s capabilities in engine rings technologies and Metal Leve’s distinct advances in bearings technologies were complementary to Mahle’s competencies
. Thus, Mahle centralized the Brazilian innovation activities of both operations in the former Metal Leve’s technological centre, in São Paulo city, and restrained the mandate of the subsidiary to cylinder components, that is, the decision meant that pistons technologies and engineering were not part of the mandate anymore. The São Paulo tech centre became responsible for technological research on bearings and rings, sharing this mandate with Sttutgart and Detroit, and also for coordinating product development in all cylinder components. After the acquisition of Cosworth, the mandate for bearing technology research was shifted to Northampton, and São Paulo became responsible for coordinating and carrying out most of technological research on rings technologies. The transfer of Brazilian R&D activities to the modern and larger Jundiaí Tech Centre seems to be related to an extension of its mandate, as suggested in interviews. Male is concerned with creating a centre of competence to deal with biofuels related engine components, including ethanol, and Brazil seems to be in a privileged position in this regard, as today most of the cars produced in the country are flex-fuel and run on ethanol. Moreover, the Jundiaí Tech Centre has been set to work as a branch for the Mahle Powertrain division, in  that it is going to sell automotive engineering services to third parties in South America.  

The second meaning of internal R&D networking is the integration of local professionals into international projects, activities and lines of command. The Brazilian engineers working in Mahle’s R&D unit are involved as project leaders in the areas for which they are the centre of competence, but also in other projects which are led by Sttutgart, Northampton or Detroit. The daily reality of various projects is dealing with international project teams and communicating by means of various technologies: direct integration via intranet, for the purpose of feeding project control and the collection of information for testing databases; conferences calls and videoconferences and a lot of air travelling (Ares 1992). In spite of the difficulties of working trough geographical distances and cultural barriers, this kind of integration has possibly a potential for the generation of new sources of knowledge and learning synergies.          

Technological innovation indicators
At the time of the interview carried out for this project, The São Paulo Tech centre has a 150 staff, out of which 60% (90) were engineers. A large majority of researchers and engineers (80%) are graduates at MSC level, and 4 of them were PhDs, mostly in materials science. The process of hiring 40 more engineers before the inauguration of the Jundiaí Tech centre was going on at the time of the interview. 

At the time of its inauguration in June 2008, Mahle-Metal Leve Technological Centre in Jundiaí employed near 200 professionals, including researchers and technicians. The staff is projected to employ 260 persons, but the shortage of engineers in the Brazilian labour market has restrained the fulfilling of jobs in the centre. The actual situation in 2008 is significantly distinct from the most pessimistic projections in the late 1990s, which predicted that the acquisition of Metal Leve and Cofap by foreign corporations would lead to the centralization of R&D activities in the oligoploies’ headquarters and to a drastic reduction of R&D performance in Brazilian subsidiaries (Costa, 1998). 

Mahle has maintained the laboratories inherited from Metal Leve – Microstructure Lab, Engine Testing Lab, Chemical Analysis Lab, Eletro-chemical Analysis Lab, Numerical Modeling and Simulation Lab, Instrumentation Lab and Metrology Lab – and has added to them a Tribology Lab and an Anechoic Chamber.

Mahle-Metal Leve holds more than 40 granted patents (8 in Europe), all of them from the Metal Leve times. It has not been investigated yet whether the major innovation event mapped here (Premium PDV ring) has yielded patents in Europe or US.
Innovation events – revealed technological capability

The major innovation event mapped and tracked at Mahle-Metal Leve is the successful development of a premium compression ring for diesel engines, which is based on the further development of a process called PDV (Physical Vapor Deposition) for chrome deposition on steel rings. Mahle describes this product as a top technological innovation in its international internet site:
“MAHLE successfully introduced the premium PVD (Physical Vapor Deposition, on nitrided stainless steel) compression rings in the heavy-duty diesel market some years ago. In addition, premium PVD is also being introduced in some very demanding light commercial vehicle engines due to its superb tribological properties. The excellent low wear rate of PVD coating maintains the ring running profile more efficiently and contributes to emission reduction by means of improved lubricating oil consumption control.” (Mahle, 2008)

The use of this product brings about a 0,5 to 1% in fuel consumption efficiency to the customers It was presented as one of the components of the showcase efficient engine presented by Mahle at Tokyos auto fair in 2007. The engine employed a DLC (Diamond-Like Carbon) coated piston, a NIKASIL (Ni-Si) coated cylinder sliding surface and a PVD coated piston ring. 
4.2.4 ZF-Sachs
The case of ZF-Sachs is focused in its Friction Materials Business Unit – FMBU - and respective laboratory – FM Lab. The case reveals that decades of previous accumulation of local technological capabilities may be necessary before the setting up of a global R&D unit in a developing country. It is a case of decentralization of an R&D Laboratory by headquarters to the subsidiary which had most experience and competencies at the time of decision. 

Business, size and relevant historical facts

FMBU is part of ZF-Sachs Division, a manufacturer of OEM clutches for the Brazilian and export markets. FMBU produces linings for clutch disks, whereas the other units are in charge of the mechanical parts and the assembly of clutches.  The Brazilian clutch division belongs to ZF do Brasil, which is the Brazilian subsidiary of the German manufacturer of transmissions and other auto components.  ZF-Sachs Division in Brazil employed approximately 1.200 workers in 2006, including technical and managerial staff, out of which 300 were employed in FMBU. FMBU’s turnover was US$ 200 million in the same year, out of which exports accounted for 70%. Major destination of exports are EU countries, particularly Germany. 

The two major Sachs’s FMBU product platforms have been developed by FM lab, since the early 1990s: Clutch Lining 188, an unleaded, low density clutch lining, launched in 1998 in the European market, and Clutch Lining 620, an unleaded, copper based lining for trucks and buses, which was globally launched in 2003. 

The current operation of ZF-Sachs FMBU is the result of many acquisition related changes, in the past 30 years. Although the mergers and acquisitions (M&A) phenomenon has developed worldwide in the auto parts industry, its incidence in Brazil has been severe. The manufacturing operation started in 1952, as a Borg & Beck clutch plant, having shifted to BorgWarner in 1962. At that time, the Brazilian operation was involved in searching and testing new materials and formulations for linings, under the supervision of Borg-Warner’s North-American R&D unit. In 1972, the North American headquarters decided to set up a local base cell of the friction materials R&D unit, in São Bernardo do Campo, as the local operation needed distinct materials solutions from the North-American’s. At that time, the North-American Lab transferred to the Brazilian cell knowledge about Design of Experiments, a basic technique for designing new materials. 

After the acquisition of Borg-Warner’s clutch business by Sachs, in the 1980s, the Germans froze the expenses in R&D in Brazil, after deciding to create their own Lab in Germany. The idea was to establish a team of German researchers in the German lab and take advantage of the Brazilian experience for building prototypes and of the easier access to materials in Brazil. The German Sachs operation invested in equipment and human resources in the German lab, but designed a quite complicated R&D network operation. Formulations were designed in Germany, for prototypes to be built in Brazil and sent back to Germany for tests. This organization proved to be ineffective, so by 1986, German headquarters decided to close the German lab and transfer all equipment to Brazil. The Friction Materials Lab of Sachs do Brasil was born. In 1990, the Brazilian subsidiary was given the responsibility to search and develop a new, low density clutch lining, which could match its major competitor’s (Valeo) lining in Europe. At that time, the Brazilian lab was in charge of developing linings only for Sachs’ local clutch operation, which included the manufacturing of linings for the local market. However, in Europe, Valeo used to supply linings to Sachs’ clutches. After 8 years of research and experimental development, the Brazilian FM Lab attained the materials platform on which the 188 lining was launched. The quality of the new product gave Sachs the confidence to invest US$ 12 million to transform the local manufacturing of linings into an international business unit (the current FMBU). Investment comprised plant expansion and improvement, and the upgrading of the FM Lab. From 1998, Sachs do Brasil linings annual output grew from 4 million units to 11 million, the largest part of it exported to Europe. In 2002, after the acquisition of Sachs by the ZF Group, a new manufacturing plant was built in the Slovak Republic, which has been supported by the Brazilian FM Lab.

Technological innovation indicators
FM Lab is located in São Bernardo do Campo in the state of São Paulo and carries out R&D on new friction materials used in clutch linings manufactured by ZF-Sachs worldwide. It provides technical solutions and support to both ZF-Sachs clutch linings plants in São Bernardo and in the Slovak Republic. FM Lab is also in charge of linings development for the Sachs Division of the ZF Group. 

FM Lab is not a large Lab, but it is a strategic one to sustain innovation and competitiveness of ZF-Sachs globally. The staff Lab, in 2006, was 16 professionals, out of which 6 undergraduate engineers, 2 PhDs in materials science and one PhD student in materials science. The sourcing of PhDs recently has been integrated with FM Lab’s research collaboration agreement with the Federal University of Uberlândia: PhD students who work in the joint project and eventually are hired by the company. In order to establish a comparison parameter, the interviewee mentioned that the equivalent Valeo Lab in Europe, the largest among European competitors, accounted for 40 jobs.  Nevertheless, the successful technical solutions developed by the Brazilian Lab, which have the basis of product lines 188 and 620, were the major factor behind Sach’s decision to transform linings supply into a global business unit. 

FM Lab’s sophisticated technological infra-structure for such a relatively small team brings additional evidence of the Lab importance. In addition to a well equipped analytical infra-structure for materials analyses, the lab also counts on its own pilot plant and has its own testing facility, comprising 10 dynamometers. 
Innovation events – revealed technological capability

The major events related to technological innovation capabilities at ZF-Sachs in Brasil is the development of entirely new product lines – Sachs 188 and Sachs 620 – and its related R&D activities.

Sachs 188 was launched in 1998, after 8 years of R&D. It is a low density, unleaded clutch lining which comply with the European environment regulation related to banning heavy metals in materials composition. Moreover, it has been the first lining developed aiming at the car segment of the auto market. Thus, Sachs 188 has created the concept of segmentation in the clutch linings market. Sachs’s solution for the unleaded lining has been based on a formulation which is distinct from Valeo’s. According to the interviewees, it is a superior solution in terms of performance. The evidence to this superiority, according to interviewees, is the fact that , in Europe, Valeo has been asked by Daimler to certify its own clutches using also Sachs’s linings.

Sachs 620 was launched in 2003, aimed at commercial vehicles for the Europena market. The development has taken fewer years, as FM lab had more accumulated knowledge for lining related R&D. The major achievement in this product has been the replacement of copper for lead in the lining composition, but in such a proportion which has avoiding making the lining too heavy, even though keeping robustness.

Given FM Lab’s and Sachs’s performance in terms innovating in materials and products, which is mostly based in its own R&D, allowing for Sachs to become completely independent for future product development, ZF-Sachs in Brazil has been classified at the level of Advanced Technological Capabilities for Product Innovation. Its achievements in developing advanced testing methodologies, in cooperation with UFU, together with its capability to design its own validation tests and equipment (in-house-built testing dynamometers) suggests that  ZF-Sachs in Brazil should also be classified at the advanced level as regards technological capabilities for process innovation.

4.2.5 Arteb

Arteb is a large and one of the oldest suppliers controlled by Brazilian nationals, which manufactures lighting systems for cars and trucks. The case of Arteb is a clear example of the typical trajectory of technological learning which has been followed by other suppliers controlled by Brazilian nationals. As most national suppliers, Arteb depended on foreign technology transfer not only to become an OEM supplier, in the 1950s, but also to keep updated with technology in the following decades of market protection and import substitution. During this period, the technological efforts made by Arteb have been mainly directed towards process improvement. From the middle 1900s, however, Arteb’s reaction to market liberalisation and globalisation has been one of relying more on its own R&D efforts, rather than on licensing technology. In 2005, the Arteb Technological Centre was inaugurated as an independent business unit and a critical piece of Arteb’s current competitive strategy.
Business, size and relevant historical facts
Arteb started in 1934, manufacturing headlights, taillights and sidelights for the after-market. Since foundation, the Arteb is owned by the German descendent Eberhardt family. The current president of Arteb, Pedro Eberhardt, is  a businessman leader in the Brazilian auto parts industry, having been president of the Brazilian association of auto parts manufacturers (Sindipeças), in th 1990s.
The group Arteb employs 1.500 workers in three plants. The major plant is in São Bernardo do Campo, in the state of São Paulo, whereas a plant dedicated to supplying GM is in Gravataí, in the state of Rio Grande do Sul. The group has also a plant in Camaçari, state of Bahia, under the name SIAN. Sales were US$ 137 million, in 2007; oit of which approximately 30% were export. Arteb’s market share is almost 50% in the Brazilian market for headlights, and 40%, in the taillight market. Major customers are GM, accounting for 30% of Arteb’s sales, VW (30%) and Toyota (20%). Thus, Arteb shows a high transactional dependence on three customers. 

OEM suppliers in this business have become ever more providers of lighting systems, comprising internal and external design and components, rather than just supplying lights. Assemblers have also increasingly required that the supplier has the engineering resources necessary to participate in co-design. This varies from only developing internal parts for assembler’s proprietary designs up to maintaining engineers located in the assembler’s site in order to participate in all phases of the design, from early concepts. In addition to human resources, co-design also requires laboratory and testing infra-structure. The fact that Arteb holds 5 specialised labs which are accredited in Brazil and in Europe, by means of an association with a Spanish accredited lab (LCOE – Laboratorio Central Oficial de Eletrotecnia). Being accredited, Arteb can test prototypes and product trials in its own labs, which gives Arteb considerable speed and autonomy for participating in co-design. 
The major source of technology for Arteb has been the German supplier of light systems, Hella KG. The first license and technology transfer contract agreement was celebrated in 1957, when Arteb became the Brazilian supplier of lights for the VW Beetle and Transporter models, which were based on Hella’s designs. Along almost 4 decades, Hella continued to be Arteb’s main source for new technologies and products, including the introduction of low profile polyesters headlights based on elliptical reflectors and polycarbonate materials. In 1998, Hella bought a minority stake in Arteb’s shares (6%). Technology transfer from Hella was critical for Arteb to keeping up with major technological innovations during this period and starting to gain supply orders in the US and Europe. At the time of the interview, Arteb has just gained a supply order from a North American customer and was co-designing the model which was planned to be manufactured in Mexico (with lighting systems to be exported by Arteb from Brazil). 
However, in the early 2000s, Arteb found that its growth towards the European and North American markets would required more technological independence, as technology suppliers like Hella usually adopted geographic market restrictions to licensees.  In 2002, Arteb did not renew the technology transfer contract with Hella and stepped up the building of its own Centro Tecnológico Artbe, which was inaugurated in 2005.
Technological innovation indicators

The Centro Tecnológico Arteb is located in São Bernardo do Campo, near the major plant. According to Arteb, the building of the Centro Tecnológico required US$ 100 million investment along 6 years. Currently, the Centro Tecnológico is a business unit and employs 120 professionals, most of them engineers. The Centro is composed by the following labs: Photometrics, Colormetrics, Performance and vibration testing, Electricity and Chemistry. Moreover, the Centro tecnológico has the license and skills to operate the optical software necessary in lighting design for vehicles.
Arteb’s qualifications as OEM suppliers, not only to Brazilian but also to foreign customers, required the internalization of competencies which comprise from concept design to product simulation, process simulation and the building and testing of prototypes. 
Innovation events – revealed technological capability
The most significant innovation events in Arteb are related with polycarbonate material surface treatment, comprising the (patented, 2003) top-color enamel for polycarbonate surfaces, and process equipment innovations. Some of the process innovations represented a substantial reduction in the size of the enameling process, with corresponding reduction in the size of required clean rooms. Some of such process innovations have been transferred to Hella, when the technology transfer agreement was on. Thus, in addition to having the capability to (co) design technologically updated lighting systems, Arteb is also capable of researching, experimenting and introducing process innovations in the manufacturing of lighting components. The next frontier in this market – lighting systems based on LED (light emitting diodes) – will be a real test of Arteb’s relative technological independence. In order to tackle LED related changes, Arteb has established technological partnerships with the Universities of Campinas and São Carlos (USP – São Carlos).
4.2.6 Lupatech

The Lupatech case is interesting and contrasting to the Arteb case, as it shows the importance of the business approach and strategy of the entrepreneur for the speeding up of the technological learning process. Lupatech is a younger business group, as compared to other national suppliers such as Arteb and Sabó. It started operations in 1980. It is located in Caxias do Sul, state of Rio Grande do Sul, and was founded by an engineer who has had previous professional experience as an executive in a large, manufacturing firm. From start, Lupatech has pursued a strategy of differentiation and diversifications, both based on the mastering of high value added manufacturing processes. In its learning evolution, Lupatech has combined technology transfer agreements from foreign firms with an internal R&D effort to improve technology. In doing so, Lupatech has also early turned to getting support from university research in order to complement its research resources. 
Business, size and relevant historical facts
Lupatech is a producer of valves and metallic components, which are based on specialized, high value-added processes of metal forming, such as lost-wax casting (also known as investment casting), sintering and metal injection molding (MIM), as well as on the knowledge of special metal alloys. The major customers of products and services supplied under the brands of the Lupatech group are in the oil and gas industry and in the automotive industry. In the oil and gas industry, Lupatech is one of the largest Brazilian suppliers of valves, tubes and high performance cables. In supplying the automotive industry, Lupatech does not manufactures its own products and designs, but supplies small and complex parts which are produced by demand either by means of investment casting (supplied under the Microinox brand) or by MIM and sintering (supplied under the Steelinject brand). Precision parts made through MIM are also supplied to the computer, medical instruments and defense industries. As the largest manufacturer of valves for manufacturing processes, Lupatech also provides various types of valves for all sorts of process industries, from the food, chemical and ethanol industries to the pulp and paper and mining businesses. To such ‘flow’ market segment, Lupatech supplies under various Brazilian and Argentinean valve brands, such as Valmicro, Valbol, Cabonox, Mipel and Jefferson. 
Having started as producer of investment casted components for precision valves in 1980, under the Microinox brand, the group diversified vertically by creating Valmicro, in 1984, which manufactures valves for manufacturing processes. In 1994, both firms were consolidated under Lupatech, the current corporate brand of the group. Since then, Lupatech has presented an impressive growth, particularly since the early 2000, when the company has benefited from 1. Significant growth in the Brazilian gas and oil industry, which has been driven by Petrobrás, 2. The maturation of its success as exporter of complex parts to assemblers and auto parts producers in the US and Europe, and 3. An aggressive policy of acquisitions of competitors and of firms in other businesses of interest for supplying the gas and oil industry, in Brazil and Argentina. 
Between 2000 and 2007, the Lupatech group incorporated more than 10 firms in Brazil and 5 in Argentina, not only in the valve business, but also in other oil industry related businesses, such as special, high performance fibers and tubes, oil tools, sensors, and so on. Lupatech is clear and open about its policy aiming at consolidating the industry of industrial valves and related products in Latin America and this helps explain the steep growth in revenues. From net revenues of R$ 140 million in 2004, the Lupatech group and its controlled companies reached the consolidated net revenue of R$ 387 million (US$198 million) in 2007, an annual growth rate above 50%, in Brazilian currency.  The metal segment represented 22% of 2007 revenues, most of it related to the auto industry. 

The funding of Lupatech’s growth also deserves some comments. As in the cases of Arteb, Sifco and the Randon group firms, Lupatech has opened capital and searched for funding in the São Paulo stock market (BOVESPA). However, in this case, there has been an interest of the Brazilian government and the support of Petrobrás, represented by the stakes that BNDES (11,5%) and Petros - the Pension fund of Petrobrás employees (10%) control in the Lupatech’s shares. This has been critical in terms of mobilizing the financial and political support to its intention of consolidating the industrial valve industry.
Even though the revenues related to supplying the automotive industry are not so large as the ones earned in the oil and gas sector, the customers in the auto business are important for building the national and international reputation of Lupatech. The Microinox brand exports 30% of its sales, including a long term export contract to supply Opel, and another contract with ZF, both in Germany.  GM Brazil and GM Argentina are also important customers of investment casted products. Altogether, GM Corporation accounts for 25% of Lupatech’s sales to the auto industry.  Steelinject’s customers in the automotive market comprise Bosch, Eaton and Freios Master.  In the case of Steelinject, exports represent 20% of sales. Considering exports by both brands, Germany is the major destination market. The parts produced by Lupatech to such firms are, in general, small components (up to 200 g. weight), with complex forms and high performance requirements, mainly used in gears, engines and brake systems. Lupatech considers that its best recognition in the automotive market came with the general Motors’ ‘Supplier of the Year’ award, in 2006. This award is granted annually by GM to 250 suppliers worldwide. 
In addition to an aggressive strategy for growth based on selective acquisitions, Lupatech has a clear and deliberate strategy of differentiation based on innovation capabilities and, more recently, on the search for proprietary technologies. The idea of starting with investment casting came from the founder’s perception that scarcity created an opportunity in special alloys metal casting in Latin American markets. Thus, Microinox started, in the 1980s, with an agreement with Italian Microfusione Stellite for the transfer of the precision, lost-wax metal casting technology. In the early the 1900s, another technology transfer agreement was made with North-American Parmatech, owner of an advanced technology for MIM. This was when the current head of Lupatech’s R&D centre - a PhD from the Federal University of Santa Catarina (UFSC) - was hired, in order to carry out the necessary actions to absorb the new technology. He has had an important role not only in absorbing Parmatech’s technology but also in the process of going beyond that. In 1997, Lupatech established a long term agreement with UFSC, which intended to create competencies in microfusion-related technologies and to explore new technologies for sintering processes. As will be seen, this has started major changes in Lupatech’s innovation capabilities. The following quote of Lupatech’s R&D mamager interview for this research is an illustration of the business intent behind the choice of moving from a pure imitative technology strategy to a strategy which relies more on proprietary technologies:
We must have long term projects, should not restrain our view only to what the company is facing today. It is important to prepare for what we want the company will be in 5/10 years. I have to plan for a progressive gain in competencies, so that we can climb the steps of the stair we have been creating, in the so called ‘knowledge curve’. Because you bring technology home using license agreements, and you start by simply reading those manuals and blindly reproducing that – that is reproduction. Then, at the time we started our agreement with UFSC, in 1997, we noticed that strictly following those manuals and reproducing that technology was ok for the moment, but it was clear that some phases of the process needed improvement. Why? Because you should not assess your company only with an eye to what is going on inside. You must look outwards, not only at what other direct competitors are doing but also at other substitute competitors are creating and represent as potential threats.. Things like chemical machining are potential threats. So we decided that we needed to shorten significantly the process, which was a weak point in our process. Thus then we had to significantly change the process itself… That was the motivation for engaging in long term cooperation with university research.  

Technological innovation indicators
Lupatech is a rare case of a Brazilian metal-mechanic supplier counting on its own corporate R&D centre – the CPDL – Centro de Pesquisa e Desenvolvimento Lupatech. CPDL was inaugurated in 2005, but such formalization of a R&D centre with facilities of its own has represented the moment of consolidation of a technological innovation strategy which began almost 10 years before, with the mentioned agreement with UFSC, and.aims at developing proprietary technological solutions. 
At the time of fieldwork, Lupatech’s CPDL was a small R&D centre, employing 14 professionals, including 1 PhD, 1 PhD student, 1 graduated engineer, 7 engineers with bachelor degrees and 4 technicians. Lupatech has invested an average of US$ 1,5 million annually in CPDL’s development projects. The building up of CPDL itself has required considerable investment, of which FINEP has funded almost R$ 6 million. More recently, Lupatech has decided to move Valmicro to a new plant, so that the Centre will move to the current Valmicro plant and will have a larger space. Lupatech has patented a number of its recent developments. The most significant one is the Plasma Assisted Debinding and Sintering process, which will be commented ahead, as the innovation event explored in this research. 
In 1999, Lupatech gained the FINEP prize for technological innovations, attributed to the development of the phase of PADS technology (which is detailed in the section on innovation events).
Innovation events – revealed technological capability
The most significant innovation event led by Lupatech, which reveals the attainment of an advanced level of innovation capability (see 4.1) is the Plasma Assisted Debiding and Sintering Process PADS. The development of such innovation has counted, from start, on the partnership involving Lupatech’s process engineering unit (which has preceded CPDL) and the Materials Science Lab of UFSC. The first objective of the joint project was to shorten the lead time of the debinding process. The conventional MIM and sintering process, which Lupatech managed to master departing from a technology license, consists of injecting a mix of metallic powder and bonding polymers into a mould (injecting), extracting the bonding materials (debiding) and fusing (casting) the remaining powder (sintering). The conventional process used at Steelinject used to take 70 to 80 hours. Shortening lead time was important because other technologies used in precision metal forming (for instance, precision machining) have been managing to reduce lead time and becoming more competitive The first opportunity perceived was to draw on plasma based technology for debinding (extracting the gluing elements injected with metallic powder). A plasma based oven was first developed at pilot level, tested and then scaled to an industrial size. Soon after introducing the plasma oven in debiding, Lupatech’s R&D professionals perceived a new opportunity which was to extend the plasma technology to the sintering part of the process. Eventually, the whole process became plasma based and yielded a leap in lead time reduction (from 80 to 20 hors). The whole new process was patented in Brazil, Germany and the US. The patent hold is shared between Lupatech and UFSC and a license agreement establishes Lupatech’s right to use the technology and UFSC’s entitlement to royalties related to licensing to third parties.    
4.2.7 Sabó

Sabó is the largest and one of the oldest Brazilian auto parts suppliers controlled by Brazilian nationals. Even though it is specialized in a relatively narrow range of product categories – seals, gaskets and hoses – Sabó is in the group of the 20 most internationalized Brazilian firms (FDC, 2008). The main interest in the case of Sabó lies in the fact that this firm is amongst the small group of Brazilian private companies, controlled by nationals, which has systematically and for long pursued a differentiation business strategy based on proprietary technologies. Such strategy has been critical for the successful globalization trajectory of Sabó, which is strikingly ample in terms of geography diversity and importance of value generated abroad, for a company which is far from being a giant corporation. The most significant step towards globalization was the full acquisition of its competitor Kako, which is the second largest producer of seals and gaskets in Germany. Such consolidation has made Sabó the third largest manufacturer of sealing solutions in the world (Stal et al., 2008). As result of its long trajectory of investing in technological learning, Sabó is the Brazilian automotive company which has gone farther in terms of innovation capabilities and a Brazilian champion in patenting.  

Business, size and relevant historical facts
Sabó annual sales in 2007 were US$ 300 million, employing more than 4.000 workers. What makes Sabó very distinctive in Brazil is the fact that 60% of sales are abroad – 40% corresponding to its German subsidiary Kako’s sales and 20%, to exports from Brazil and sales of the Argentinean subsidiary. In addition to the 2 plants located in Brazil (São Paulo and Mogi Mirim) and 1 plant in Argentina (Buenos Aires), Sabó runs 5 Kako  Europena plants, 3 in germany (Heilbronn, Talheim and Kirchardt), 1 in Austria (St. Michael) and 1 in Hungary (Enese). In 2007, Sabó inaugurated a plant in North Caroline, US, and in 2008 it started manufacturing operations in Wuxi, China.
The decision about directing its business strategy towards external markets and its product and technology strategy towards proprietary solutions has been adopted early by Sabó. The supplier started operations in 1942, as a small manufacturer of auto parts for the Brazilian after-market which took advantage of the import difficulties imposed by the II War. Already in 1962, Sabó organized its own R&D facilities (Stal et al. 2008). According to Galina et al. (2005, p. 8) an important point in its learning trajectory is the fact that, in the 1970s, Sabó started to design and build its own manufacturing machines, in order to circumvent barriers to imports. This has helped developing a deep process expertise which revealed an important source for differentiation in product design. Currently, Sabó continues to complement and improve its basic machinery, in order to match its product design innovations. An indicator of its early attained innovation capabilities is the fact that, in the 1980s, Sabó licensed its rings technology to the German supplier Bruss, on the basisi of a technology transfer packet which included machinery designed by Sabó (galena et al., 2005).
The orientation towards the European and the North-American markets is connected with the search for innovation sources. Sabó’s Director for New Technology Development emphasized in his interview that in the early 1980s Sabó understood that the assemblers’ decision-making centre, regarding the choice of suppliers and designs, was not the Brazilian subsidiaries, but their headquarters. So, approaching such headquarters in order to obtain supply contracts and possibilities of interacting with assemblers’ product engineering is a business guideline adopted by Sabó. The innovation event which is commented later in this section was a result of the interaction of Sabó and VW in Wolfsburg.  Certainly Sabó benefited from its good reputation as supplier to the Brazilian subsidiaries to become an exporter and then to establish a direct link with assemblers’ central product engineering areas.  For instance, in 1973, GM do Brasil awarded its first Supplier Quality Prize to Sabó; in 1975, the first agreement to supply Opel was established.  The first export agreement with VW AG was also more than 30 years ago.
In the early 1990s, Sabó started its globalization route, by acquiring two Argentinean suppliers dedicated to sealing components. However, the big step towards globalizing came in 1993, with the acquisition of Kako, in Germany. As a rare case of Brazilian firm taking over control of a developed country competitor, this case has been studied with great interest in Brazil, particularly by scholars concerned with subjects related to firm strategy and international business. 
According to Stal (2008, p. 2), in the early 1990s, Sabó was part of the group of large and innovative Brazilian auto parts suppliers
 who were facing the threat of de-nationalizing. At that time, Brazilian national firms were under three combined pressures pushing towards de-nationalizing: a stagnant domestic market, the pressure of customers on suppliers to become global and keep up with customers’ follow sourcing attempts and an idiosyncratic macroeconomic juncture, which was marked by a huge valuation of the Real, which became an obstacle to exports, but a facilitator for take-over by foreign firms. In 1993, Kako was facing financial problems and its controllers decided to sell the business. For Sabó, in spite of the high risk of leaping from exports to Germany  directly to the stage of operating a business with 4 plants (3 in Germany and 1 in Austria) and 1.200 workers in a foreign and relatively unknown environment, the decision of taking-over Kako has shown to accrue more benefits than costs. First, by increasing the size of the company and making it global, it has made more difficult a take-over by other competitors. Second, Kako had a good reputation in the European market, had its own R&D facilities and therefore it expanded Sabó’s portfolio of technologies, products and competencies. And third, it was a marketing sound strategy, as it has made even more viable Sabó’s strategy of being close to its major customers. The acquisition of Kako has definitively transformed Sabó’s business strategy towards globalizing. From this point, it followed the building of a plant in Hungary, a plant in the United States and the entry in the Chinese market, with a plant of its own. It could be concluded that Sabó’s rationale to take-over Kako, and its implications since then, has shown that Sabó has globalised to avoid “being globalised”. A more general discussion of this point will be made in the fianal section (section 6) of this report.
Technological innovation indicators
Sabó’s R&D unit is not a large one, even though it seems quite effective for its purpose. The company declared to invest US$ 15 million annually in R&D, which is shared between R&D in Brazil and in Germany (Kako). This the R&D effort represents approximately 5% of its sales. R&D at Sabó and Kako is organized in what is called Technology Cell. There were 15 engineers employed in the Technology Cell, in 2007 (8 engineers in Brazil and 7 in Germany). In this group there are 2 PhDs. Half of the R&D time is employed in product/platform development and in supporting application engineers, who are part of the Customer Servicing Cells. This job, which is closer to the product innovation cycle, is named defensive R&D or ‘r&D’. The other half of the team’s time is rather involved with longer term projects, new technologies and new product concepts, which are called offensive R&D or ‘R&d’. In addition to the Technology Cell, Sabó employs more 50 application engineers in the Customer Servicing Cells. Such cells are an organizational innovation in themselves, as they have been designed as multi-functional teams which are specialised by customer. Thus for an important customer like GM or VW, there is a specific Servicing Cell, comprising application engineers, commercialization professionals and project managers.
Our interviewee has emphasized that Sabó could not do much if it only relied on this small number of R&D engineers. So, an important part of the Technology Cell job is mobilizing other experts either within Sabó or in other organisations. This is why Sabó has intensively relied on technology partnerships, either with other firms or with public research centres.  Examples of Sabó’s recent partnerships with public research institutions  are joint projects with Unicamp (University of Campinas), CCDM/UFScar (Centro de Caracterização de Materiais/Universidade Federal de São Carlos) IPT (Instituto de Pesquisas Tecnológicas), CTA (Centro de Tecnologia Aeronáutica) and IPEN (Instituto de Pesquisas Energéticas e Nucleares). Information of partnerships with firms has been mentioned in interviews, but names have not been disclosed, particularly those involving KIBs in France and Germany. This will be further discussed ahead.  

An additional indicator of Sabó’s advanced innovation capability is its impressive patenting performance for Brazilian standards. As seen in table 4, in section 4.1, Sabó had 17 patents granted by the Brazilian patent office (INPI), between 1994 and 2003. For a more recent period (1996/2005), the total number of granted patents rose to 28.  When this period is considered, Sabó is not only one of the leading firms in patenting in the Brazilian automotive industry (second only to VW), but also in the Brazilian manufacturing industry (16th in the INPI ranking of granted patents). Moreover, Sabó continued to submit patents between 2003 and 2005, as seen in Table 4. 
Innovation events – revealed technological capability
Sabó’s trajectory shows the development of various proprietary innovations in prodcts and processes. Two of them, which are relatively recent, have been chosen to illustrate Sabó’s attainment of an advanced level of innovation capabilities: in product innovation, the Integrated Oil Seal with Sensor (IOSS); in process innovation, the Nanoceramic-based  Surface Technology for Rubber/Aluminum Adhesion.

The IOSS oil seal started as a concept developed by Sabó to respond to a demand made by VW AG in Wolfsburg, in 1999. The concept introduced a sensor which was integrated to an oil seal, so that the volume of fuel consumption and emissions could be measured and electronically controlled.  The development project took 2,5 years, was led by Sabó and involved 20 engineers and active participation of Kako, of a French supplier of sensor technology, of a supplier of Teflon and VW’s power-train development unit in Wolfsburg. Kako was responsible, together with Sabó, for developing a special plasma-based process for surface treatment with Teflon. The new product has equipped the VW Polo launched in 2002 in Germany, and was largely adopted by VW in various other markets, including Brazil. The new plasma-based technology for PTFE treatment received the national Finep prize for process innovation, in 2003. The development of IOSS has led Sabó to fill and deposit  5 related patents. 
The new technology for surface treatment for rubber-aluminum adhesion, which is based on nano-ceramics, is a very recent project, which has been fully transferred to production and is protected by patent. The development took 3 years and Sabó has worked with a German firm which specializes in materials and metal surface work. In both innovation events, it is interesting  to notice a critical role played by technology intensive European firms in France (a sensor supplier) and in germany (a KIBS supplier).
4.3. Suppliers with intermediate innovation capabilities

4.3.1 Letandé
Letandé is the smallest supplier in the sample of firms investigated in this research. In 2006, total sales of Letandé were close to R$ 40 million (approximately US$ 20 million) and 270 workers were employed. As compared to the other national Brazilian suppliers discussed before, it is indeed a small firm. However, the most interesting aspect of this firm is the impressive growth it has attained between 2001 and 2007 and the critical importance of Bosch, its major customer, in such growth and in supporting the development of its innovation capabilities.  

Business, size and relevant historical facts
Letandé started operations in 1987, in the business of manufacturing and selling electric switches, connectors and wires in the after-market. Letandé was not in good shape when it was acquired by the current owner, in 2001. Sales were less than R$ 1 million annually and the workforce comprised 12 employees. The new owner had a previous experience as executive in a large Brazilian national supplier for the after-market. He was convinced that, beyond producing traditional connectors and wires for the after-market, there was a market opportunity for designing, manufacturing connectors and wires for fuel pumps which were more adequate for ethanol fueled engines. Thus, in 2001 Letandé designed wire and connectors for ethanol fuels engines, catering for the after-market and was successful. 
In 2003, Letandé was approached by Bosch, which was willing to design a fuel pump for its Omega flex fueled project. It was necessary a solution (new design and new materials) that circumvented the fact that ethanol is humid and corrodes metallic parts which are in contact with fuel (a problem that does not happen in petrol gas fueled engines). Before Letandé, Bosch had approached some of the large producers of connectors and wires (as Delphi, for instance), but these did not show interest as the scale of production was quite small, in the beginning (3.000 units per year). Bosch‘s demand was that the supplier should design the solution, but Bosch was willing to support the supplier by giving Letandé the technical information and advise which could be required in the process of development (for instance, in building a testing lab and testing procedures). It is interesting to mention that, according to Letandé’s owner, Bosch asked Letandé to develop the solution because, at that time, Bosch brazil ran out of resources for this job and “Germany” did not want to hear of this project at all. Letandé accepted the challenge and a the new owner dedicated his time to finding new materials and to carry out a new design for the product, with support of engineers hired for this. The new solution is further described and commented ahead, as the most significant innovation event in Letandé.

Only a few months after this first order, Bosch approached Letandé again, this time with a very large order (700.000) for Ford US, which had an incentive of the North-American government to produce a batch of vehicles to run on ethanol. Since then, Letandé’s ouput and sales have grown at rocketing rates, following the growth of Bosch’s sales of flex fuel pumps by Bosch, in Brazil (Bosch has 95% of the domestic market for such pumps)  and abroad. At the time of interview, Letsndé was investing in automation in order to be able to supply connectors and wires to Bosch, which had gained a  5 million order to export flex fuel pumps to the US. At that time, letandé was the only supplier to Bosch of such connectors and wires. 
Moreover, Letandé has also gained supply orders from TI in Brazil and the US, and from Siemens in Brazil and Germany. The diversification of customers is a major interest of Letandé, as the firm seeks to reduce the transactional dependence on Bosch orders. Such dependence, which had once represented more than 50% of sales,, represented 38% of sales at the time of fieldwork.

Technological innovation indicators
Lestandé’s owner, Mr. Melo, is possibly Letandé’s most valuable resource, not only due to his capability prospect business opportunities, but also for his ingenuity to design concepts for product and process innovations. As mentioned before, he was the concept designer of the solutions Letsndé has found to create fuel pump connectors and wires which are adequate to ethanol fuel systems. 

However, he has received technical support from Bosch, either in the form of product specifications or in the form of directions to organize laboratories. In the course of the frist development of connector and wires for ethanol fuel pumps, Letandé hired a team of 8 engineers (in mechanic and electro-electronic engineers) for product and process development. Such engineers have made viable the new product and process concepts initially designed by the owner.  Moreover, in order to be able to supply Bosch directly in the assembly line, Letandé has built a testing laboratory in line with Bosch’s testing laboratories and procedures. The laboratory is run by a graduated Chemist, who used to work for Petrobrás, and employs 3 technicians. The laboratory is capable of carrying out the following tests: vibration, pressure, level sensing, durability and resistance to high temperature.
It is important to add that all product and process innovations which are the basis of Letandé’s business are protected by patents. Bosch and Letandé share 6 invention and design patents which are related to the developments commented above. In order to supply other customers, Letandé had to find other solutions and designs, as it could not replicate the solution designed for Bosch.
Innovation events – revealed technological capability
The major innovation event in Letandé was the development of an original solution for connector and wire which were adequate for flex fuel pumps. It was necessary to avoid that connectors had any contact with ethanol fuel. The new solution has changed the materials utilized in the connector head, introducing nylon 12 which is less permeable,  and also changed the design of such head, so that the connector was encapsulated.  This is the type of innovation which requires ingenuity and practical knowledge of the product and of the business, rather than an advanced scientific basis. But it is novel enough to have a patent granted.
A major challenge which Letandé has continued to pursue is related to the improvement of the products and its cost reduction. For instance, at the time of interview Letandé had redesigned the plastic body of the pump, so that it does not need a lid anymore. According to the interviewee, this has increased substantially their reputation in Bosch. The pressure for cost reduction has also led Letandé ro increase automation and to design new manufacturing processes.  

4.3.2 Freios Master
The following three cases, Freios Master, Fras-le and Suspensys, refer to firms which belong to the Randon group, located in Caxias do Sul, in the state of Rio Grande do Sul. Randon deserved considerable attention in this report, in the summary of findings presented in section 4.1. Considering the focus of research on the implications of ODIP for the building up of innovation capabilities in Brazilian auto parts suppliers, some critical points about the Randon group evolution need to be reminded. The most significant one is the interaction of the Randon group with VW-TB and with its risk partner ArvinMeritor. Randon’s strategy for business diversification, its reputation as cargo trailer manufacturer and VW-TB’s and ArvinMeritor’s needs to develop partnerships with local suppliers in order to make the VW truck business feasible, all these elements combined to motivate and sustain the development of the three auto parts Randon firms. All together, the three Randon auto parts firms attained sales of R$ 1.36 bi in 2007 (approx. US$ 700 mi), which represented 48% of the total revenue of the Randn group, in the same year. 
Business, size and relevant historical facts
Freios Master was created in 1986, as a joint-venture of Randon and Rockwell (which preceded ArvinMeritor), in order to respond to the needs of VW truck business. Three years before, VW do Brasil gained an order to export trucks to the US, in which the customer had specified that such trucks should be equipped with Rockwell brakes. VW required Rockwell to manufacture such brakes in Brazil, instead of importing from the US. At the same time, Randon was considering an entry in the commercial vehicle brake market, since Randon Cargo Trailer had a large demand of brakes for its cargo trailers. VW has intermediated the joint-venture, which demanded total investment of R$ 6 million, to which Rockwell contributed by means of technology transfer and Randon, in form of plant building and equipment purchasing. Randon controls 51% of the joint-venture shares, so that the company qualifies as a national company. In 1986, Freios Master stated manufacturing Rockwell’s truck brake S-Came 16 ½ which was a common type in the US at the time.

Progressively Freios Master created its own product engineering staff and started to get involved in product adaptation and improvement activities, particularly in those product lines whose concept was meant to match the needs of Brazil and other Latin American markets. Some of the products which are adaptations or improvements for the local market are the brake S-Came 15 ½, the hydraulic brake 12 ½ and the brake 325 mm S-Came for light commercial vehicles, which is considered the smallest pneumatic brake manufactured worldwide. The approach of developing products which are tuned to the needs of the local market has proved to be successful, as Freios Master currently holds a share larger than 50% in the market for pneumatic commercial brakes. Amongst its customer, the following brands are included: Agrale, Ford, International, Iveco, Mercedes Bens, Scania, VW, Volvo, Randon and Guerra. Sales of Freios Master, in 2007, summed R$ 298 mi (approx. US$ 150 mi), which represented a 14% growth over 2006 sales.
Exports represent only 10% of Freios Master’s sales, a share which contrasts with the importance of exports for such firms as Sabó and Arteb, which have achieved the degree of advanced innovation capabilities. This can be partially explained by the fact that Freios Master’s agreement with ArvinMeritor restrains its exports to Latin American countries. Yet, when indirect exports are considered, Freios Masters’ exports are indeed larger, as ArvinMeritor exports products to the US which contains brakes manufactured by Freios Master.
 Except for the internal sales to the group (particularly to Randon Cargo Trailers), which accounts for 22% of Freios Master sales, VW-TB is the largest customer, with a share varying between 15% and 20%. Sales to VW-TB are mostly in the form of components sold to the firms which are module suppliers in the VW-TB Resende plant – ArvinMeritor, Dana and Sifco. However, Freios Master has a direct interaction with VW-TB in the phase of product development, as will be discussed ahead in this report. 
Technological innovation indicators
R&D and innovation activities in the Randon group are organized in product/process development projects which are de-centralized by firm. Nevertheless, all firms share a set of corporate infra-structure facilities and capabilities. When all firms in the group and the shared technological infra-structure are considered, Randon annual expenditure in R&D is close to 2% of net sales. The group has used some of Finep’s favoured credit schemes for innovation activities (for instance, for funding the recently built testing ground) and also benefited from the fiscal incentives created by the federal Law 11.196/2005 (Lei do Bem).
  
Freios Master started operations, in 1986, with only 1 engineer dedicated to product development. In the course of ten years, the product development unit staff rose to 11 engineers. At the time of the visit and interviews for this project, two engineers were carrying out activities and participating in competence building programs in technological centres of ArvinMeritor, respectively in the US and in the UK. Even though Freios Master’s engineers have developed considerable capability for concept design and detailed engineering, they still depends substantially on ArvinMeritor’s laboratories abroad for testing and validating prototypes. As part of the Randon group, Freios Master utilizes Fras-le analytical labs, which are the most equipped of the group (see next section). Also, access to the testing ground is shared by Freios Master with the other Randon firms.  
Innovation events – revealed technological capability
The most significant innovation event in the recent evolution of Freios Master was the development and launch, in 2001, of the ‘Brake System HD, 325x100/120mm’. The concept, design, detailed engineering and prototyping of such product were entirely managed and carried out by Freios Master’s product engineers. In this project, ArvinMeritor supported Freios Master in the phase of testing and validation, as Freios Master has not the necessary testing facilities.  The product keeps the same diameter measures from a previous concept, but the concept changed so it could be used in commercial vehicles above 18 ton (a gap detected in the market). The result has been a product improvement, since it has required substantial change in order to support heavier cargo (as compared to the previous concept). The success of the product in Brazil has led ArvinMeritor to incorporate the new concept in its global product portfolio.
4.3.3 Fras-le
The second of the Randon group’s firms which has been classified in the intermediate innovation capabilities level is Fras-le, which manufactures brake linings and pads. Fras-le trajectory is distinctive from that of Master Freios and Suspensys, because it was taken-over, in 1996, from Agrale, another Brazilian automotive group from Caxias do Sul. Under Randon management, Fras-le has organised and staffed its materials Lab, increased R&D expenditure and speeded up its learning process. Fras-le learning has focused on reverse engineering, with the objective of searching substantially improved friction materials for brake pads. A substantial improvement was made in the products that Fras-le had learnt to manufacture departing from technology transfer agreements, an improvement which has opened the US and the Chinese markets for Fras-le.
Business, size and relevant historical facts
Fras-le is one of the largest manufacturers of friction materials in Latin America. The major application of Fras-le’s friction materials are in brake linings and pads, for which the company has its own brands Fras-le and Lonaflex. Yet, Fras-le also manufactures materials for other brake applications, such as car brake pads and small airplane brake systems. Fras-le brands are leaders in both OEM and replacement Brazilian markets for brake pads and linings. Sales in 2007 amounted to approximately US $ 200 million (R$ 420 million), which suggests that Fras-le’s turnover is close to ZF-Sachs FMBU’s (section 4.2.4). The average growth rate between 2003 and 2007 reached the impressive mark of 12% annually, but exports grew even faster, at 20% annually in the same period, up to the share of 35% of turnover in 2007. 
Fras-le started operations in 1954, and the brand name was formed from a combination of syllables of the founder, Francisco Stedile. The Stedile family, from Caxias do Sul, is also owner of Agrale, the well known manufacturer of agriculture machinery and implements. Financial difficulties in the 1990s led the Stediles to sell the friction materials business to Randon, in 1996. From the perspective of the new owner, which already had a brake systems manufacturing operation, the acquisition of Fras-le meant a welcome vertical diversification.  
Before control change, Fras-le has had some initiatives regarding technological learning. This started with technology transfer agreements, first from a British manufacturer (1977) and later from a North-American Abex Corporation (1988). The centre for R&D was formally created earlier, inn 1974, but it was only under Randon control that an effective effort was made to properly invest in equipment and human capital and transform the R&D Lab in a basis for cumulative learning and innovation. In 1999, Fra-le re-inaugurated the R&D centre, after a re-equipment investment of R$ 10 million. 
From 2004, following the hiring of a PhD to manage the Materials Lab of the R&dD centre, Fras-le adopted a guideline which emphasised the search of its own, proprietary solutions for the development and improvement of friction materials. In order to complement its internal marketing and product development engineering competencies with external research competencies, Fras-le established long term research agreements with UFSC and with UFRGS (Universidade Federal do Rio Grande do Sul), and also an agreement for the education of engineers with the local UCS (Universidade de Caxias do Sul). This has been an important leverage for the leap Fras-le has done in terms of significant product improvement, as will be discussed ahead, in the section on innovation events.
The development of new materials which were competitive in terms of cost and functionality has opened new external markets and new market segments for Fras-le, increasing its competitiveness in the US market. The growth of sales to he US and other nafta markets has motivated Fras-le to establish a manufacturing operation in the US. This was done through the acquisition of the brake division of North-American Haldex, in 2008. In line with this move towards creating a manufacturing basis in the US, Fras-le made an investment to build a plant of its own in Pinghu, in the Zhejiang Province, in China, which started operations in the end of 2008. Also in this case, the motivation has been to be closer to customers, as Fras-le has been exporting to China and other Asian markets since 2001. Exports to China in 2007 summed US$ 2 million, but Fras-le expects to sell US$ 6 million in the Chinese market, in 2010, mostly to the after-market. 
Therefore, Fras-le became the second Randon company to go global, following Randon Cargo Trailers. Indeed, Randon has been included in the lsit of most internationalized Brazilian business firms – it ranked 28th in the Fundação Dom Cabral ranking of 2007 (FDC, 2008).  An important basis for such business project is managing some technological autonomy, as technology transfer agreements tend to restrain licensees from competing in markets in which the licensor is present or has interest. Contrasting to its sister companies, Freios Master and Suspensys, Fras-le has no intrinsic market boundaries. 
Technological innovation indicators
Fras-le is the Randon-controlled company which has gone farthest in terms of technological learning and innovation capabilities. Fras-le indicators show that it has made the due effort to get there. Whilst the average R&D expenditure/sales ratio in the group has been close to 1.5%, it was almost 3.9% in Fras-le, in 2007 (3% in average, between 2003 and 2007). In 2007, R&D expenditure made by Fras-le summed R$ 16 million, representing 1/3 of the total R&D expenditure in the Randon group. Such investment in its internal learning process has yielded substantial savings for Fras-le, in terms of reduction of expenditures in technology transfer agreements. The estimate made by interviewees was that expenses in external acquisition of technology dropped from 12% of Fras-le’s sales, in 2001, to less than 3%, in 2006. 
The bulk of the R&D team in Fras-le is divided between two major areas; the Material lab (16 professionals with university education) and the Chemistry Lab 914 professionals. They account for the projects of conceptualizing new materials and products, carrying out reverse engineering and managing the partnerships with public research (universities). However, they are also in charge of checking the quality of suppliers and of supporting the plant in finding solutions for malfunctions related to the product. Such allocation of the R&D team to “extinguish fire’ in plant somehow reveals that, in spite of the effort made so far, the mission and objectives of the R&D team are not completely separated from manufacturing. This situation is typical of less mature R&D performers the transition phase, when the organization has not fully grasped the contribution of R&D. In addition to the R&D team, Fras-le employs 50 more professionals as application engineers, who work close to customers, helping them to define application parameters for Fras-le products.
Fras-le has also the better equipped Labs in the Randon group, and shares such labs with the other sister companies. Lab equipment in Fras-le comprise 12 dynamometers, scanning electronic microscopy, X-ray fluorescence, and the domain of Math and simulation software and capabilities. 
Fras-le has also accounted for the largest part of the investment in the testing ground (which has been shared with Randon Trailers). The building of the testing ground has required an investment worth R$ 25 million. The testing ground occupies an area of 87 hectares, in the town of Farroupilha (close to Caxias). It comprises 18 testing roads, totalizing 15 km and a Laboratory for structural tests. Randon’s testing ground is likely to become the second in size and completeness in Brazil, second only to GM’s ground, in Indaiatuba, state of São Paulo. In an interview at VW-TB, the informer suggested that VW has postponed the expansion of its own testing ground, in Resende and decided to use the services of the Randon testing ground.
Innovation events – revealed technological capability
The most significant innovation event which has been led by Fras-le, but also involved partnership with public research in universities, is the conceptualization, design and manufacturing of brake pad ‘PD-981Non-steel’, a light pad for cars and light commercial vehicles. PD-981 non-steel was a major technological and business achievement for Fras-le, for it has been the product platform for the company to enter OEM supply and the after-market in the US. This was an important objective in Fras-le’s growth strategy in the next 5 years. 

For Fras-le, the manufacturing of non-steel friction materials was a considerable challenge, as the entire previous experience of the company was in designing and manufacturing materials based on ferrous metallic fibers. So, it was a change in product platform. The development of PD-981 required a reverse engineering approach, since this is a relatively advanced material and there was no technology available for transferring. In functional terms, non-steel friction materials are the only ones to match the North American market requirements for low wearing impact on the brake disk and low noise (lower friction coefficient than ferrous materials’). 
The basis of the formulation was defined as a mix of aAluminum, barium and silicon. In In 2005, Fras-le started a research project, whose objective was to identify the best proportion of each material and the mix’s behaviour as friction material. The main challenge was to understand the formation and characterization of the stable film which is formed from the friction and wearing of both brake disk and brake pad (third layer).

In order to build capability to characterize the “third layer”, a research agreement was established with UFRGS, aiming at the development of a methodology for identification and characterization of the stable film. Moreover, following such project, another project has been organized, which has been funded by FINEP and has involved UFRGS and UFSC, with the more ample objective of building capabilities in friction science (tribology).  

The eventual result in terms of product development has been successful, as PD-981 has superior performance in terms of noise, when compared to the competitors’ solutions. The functional quality of PD-981 was the main reason for Fras-le to be chosen, in 2008, as OEM supplier to Chrysler in the US.
4.4 Suppliers with basic innovation capabilities

4.4.1 Suspensys
The third auto parts supplier belonging to the Randon group, Suspensys is the first Brazilian independent supplier of truck suspensions systems, as before it started operations, in 2002, truck assemblers in Brazil used to manufacture suspensions internally. The case of Suspensys is similar to that of Freios Master, because the move towards creating a joint-venture involving Randon and ArvinMeritor started from the VW-TB interest in nationalising suspension manufacturing. The process of building an independent engineering capability in Suspensys is similar to that which has occurred in Master Freios, but it started 16 years later. So far, the Brazilian team has acquired capabilities to introduce minor design and materials adaptations into its product platforms. 
Business, size and relevant historical facts
Suspensys started as a division of Randon Cargo Trailers, in 1995, in order to supply VW. After some years of growth, the Randon group detected a major opportunity was there for an independent supplier of suspension systems and proposed to ArvinMeritor the constitution of the new JV. Randon considered that the internal learning of designing suspensions was not enough for a solid project which comprised exporting. In the new JV, ArvinMeritor provided technology and the Randon group invested in equipment and plant building.
Currently, Suspensys is the leading supplier in the domestic market of independent suspension systems, with a range of components which comprises suspensions, shafts, , wheel hubs and brake supports. Sales in 2007 summed RS 650 million (approx. US$ 325 million), which represented a 50% growth over 2006 sales. Supensys has benefited from the also impressive growth of VW-TB, its main customer (33% of sales). Yet, Suspensys large growth is also related with the fact that it is the frist independent manufacturer and supplier of complete suspension systems in Brazil, therefore creating its own market and attracting truck assemblers to outsourcing suspensions.  
Technological innovation indicators

The most updated non-tractive shafts and suspensions manufactured by Suspensysy are ArvinMeritor’s product designs. Yet, the product design and application unit of Suspensys employs 22 engineers (including application engineers), who account for the design of product adaptations according to customers’ needs and functional specifications. The product engineering unit is also in charge of the follow up of product testing and validation, either internally or at customers’ testing facilities. Most internal tests are carried out at Fras-le’ labs, but Suspensys also utilizes UCS and IPT’s testing facilities. The major customer in terms of technological interaction is VW-TB, as Suspensys supplies the module managed by ArvinMeritor at VW T&B plant in Resende.

Innovation events – revealed technological capability
Suspensys’ advance in aquiring innovation capabilities is in the basic level, as the creation of the engineering unit is recent and it is focused on minor change, adaptation and improvement of designs provided by ArvinMeritor. An interesting innovation event which illustrates such small improvement is the development of the “Inter-changeable Cast Suspension for 6 x 2 Trucks”. The development aimed at weight reduction and focused on a new design and manufacturing process for supports and fixtures, which changed from stamped steel to cast steel. The product improvement has brought about a reduction in suspension weight as well as cost savings of 4% on the total manufacturing cost. The project was entirely carried out by Suspensys’ engineers and took 2 years. First application was in 2008, having Ford do Brasil as customer. 
4.4.2 SIFCO
SIFCO is one of the largest Brazilian suppliers of front shafts for trucks and buses, including all auxiliary components to shafts, like hubs. It is a direct competitor to Suspensys and ArvinMeritor in the supply of front shafts to the VW T&B plant, in the assembly module managed by ArvinMeritor. SIFCO’s learning of product design started in the 1980s, as a requisite to qualify for exporting shafts to Ford US. Since then, its product engineering unit has made some progress in terms of being capable of introducing minor innovations in its designs. Yet, SIFCO strategy has been one of keeping its competitive advantage as manufacturer specialized in forging processes, working with a narrow range of products/designs of its own, which has not contributed for further upgrading.
Business, size and relevant historical facts
SIFCO specialized in forged products and heat forging process, kind of manufacturing which has increasingly being banned from develop countries’ manufacturing industries. This is so because heat forging is responsible for large amounts of emissions and is not good for workers’ health. The company started manufacturing in the late 1950s, servicing various types of customers and not specializing in one line of products. In the middle 1980s, due to a large contract to supply truck shafts to the Louisville Ford plant, in the US, SIFCO stated its specialization in shafts and related components. In 2006, SIFCO’s sales amounted R$ 650 million (approx. US$ 325 million), out of which 45% were exports. The company is located in Jubdiaí, state of São Paulo and emplyed 2.3000 workers in 2006.

The Ford US supply contract also has made SIFCO to do a leap in terms of product engineering capabilities. The contract required that SIFCO provided testing and design services, and Ford helped SIFCO to establish its own mechanic testing labs and to set up a CAD/CAE unit. A former Ford consultant helped SIFCO to plan for the building of testing Labs and design facilities. From this point, SIFCO progressively specialized in front shaft systems for truck and busses, which eventually led to VW-TB establishing an agreement with the company in order to have a second supplier of front shafts for the Resende plant (in addition to Suspensys).

According to the interviewee, who is the manager of the product development department, the supply of detailed designs and components to VW-TB has been an important source of product development learning, as VW-TB requirements come in very detailed and informed instructions;. However, the fact that SIFCO’s business strategy gives priority to being cost competitive in forging processes, rather than to product differentiation and business diversification has kept the product portfolio quite narrow and made it difficult for the company to develop an innovation culture. The PD manager has complained that SIFCO’s board is too manufacturing oriented and does not see the value that can be added by innovation and by product differentiation. As a result, it took long, from 1986, for the PD unit to become separated from the manufacturing engineering unit. Moreover, even after separation occurred, PD labs still serve the plant in its routine analysis for quality control. 
Technological innovation indicators
SIFCO’s PD engineering department only recently became a unit separated from the plant and employs 20 engineers, including design and application engineers. SIFCO expenditure in R&D amount to 05% of its annual turnover (apprx. R$ 3 million, annually). SIFCO R&D facilities include various workstations which run distinctive types of CAD/CAE systems (according to the variation that customers present in terms of adoption of such systems) and a Lab for materials fatigue testing. For some of the testing requisites SIFCO has sourced GM’s labs in Indaiatuba, state of São Paulo.
Innovation events – revealed technological capability
SIFCO is able to adapt its basic shaft platforms to the specifications of dimensions, durability and resistance made by customers. Moreover, it has developed and introduced minor innovations in the components of shafts. Giving such low level of mastering product innovation, it can be said that, although SIFCO started its PD learning process almost 25years ago, the company has not gone yet beyond the basic level of innovation capability.
5. The changing organization of innovation activities – ODIP trajectories, patterns and dynamics
In this section, the patterns and dynamics of ODIP will be presented and related with the innovation events and firm trajectories discussed in the previous section. The intention is to understand the dynamics of ODIPing and its contribution to increasing innovation capabilities in Brazilian OEMs and systems and components suppliers. 
5.1 Findings regarding ODIP patterns and dynamics
Patterns of ODIP, in this section, refer to the frequency of ODIP cases according to ODIP types. In the investigated sample, the prevalent types are ODIP type 2 and ODIP type 4, that is, the frequencies of ODIP types 2 and 4 are larger than that of ODIP type 1 (Table 8). The frequency of ODIP type 3 does not seem smaller than 2 and 4; however the sources for ODIP type 3 are geographically dispersed, as some MNC’s R&D labs located in Brazil source research from universities and research institutes in developed countries. Thus it could be concluded that the prevalent pattern of ODIPing in the Brazilian automobile value chain is one of decentralizing new product development (NPD). This is prevalent because MNCs are the primary drivers of ODIPing in this industry and, so far, ODIP type 2 prevails over ODIP type 1 amongst global assemblers and auto parts suppliers. 
What is more interesting to observe is that as Brazilian subsidiaries of assemblers and components suppliers are ever more engaged in corporate international networks of NPD, they have increasingly involved their local suppliers (either national or MNC) in NPD jobs. Put it shortly, ODIP type 2 drives ODIP type 4, as suppliers like Arteb, Lupatech , Sabó, ArvinMeritor and EDAG have been engaged in finding solutions which will integrate into their customers’ product innovations. ODIP driving ODIP is what I call ODIP dynamics in this section, which is organized according to the three distinctive dynamics identified in research. 
5.1.1 ODIP Dynamics I: ODIP type 1 drives ODIP type 3 
(orange arrows – Table 8)
Two firms in the sample presented cases of ODIP type 1, as they correspond to decentralising R&D units. These are Brazilian subsidiaries of German auto parts producers Sachs-ZF and Mahle, which host R&D units which are integrated into their respective R&D global network and carry out technological research and experimentation. Such units are in charge of exploring the development of new technologies which are incorporated into the products they also develop for applications and manufacturing worldwide. Thus, they are also cases of ODIP type 2, as they have delegation for new product development in their respective component line. Yet, these units hold the global mandate, in their respective R&D international corporate networks, for housing the research and advanced engineering work which is necessary to boost product and process innovation in their component lines.

An important aspect in both cases is to do with their common trajectories in ODIPing. The cases of the Brazilian subsidiaries of ZF-Sachs and Mahle do not fit the typical top-down, R&D de-centralization decision-making, by which headquarters decide to establish a new, decentralised R&D unit, in order to benefit from S&T competencies 
Table 8
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and knowledge in the host country
. Instead, the design and technological evolution of such Brazilian subsidiaries – or of the local firm they took over - has pushed headquarters to the decision of integrating them into their R&D network. Thus both cases bring evidence to the importance of (long) firm trajectory of capabilities accumulation for the process of ODIP, in the context of non-OECD countries.   

Interestingly, in both cases the concern with creating new technological knowledge is the main driver for such units to seek collaboration from university research centres in Brazil and abroad, therefore initiating cooperation relations which are ODIP type 3. The role of local universities and research institutions in ODIPing in countries like Brazil here begins to show what seems to be a distinctive nature (when compared to their role in Europe and the US) and helps explain why ODIP type 1 drives ODIP type 3. Even though ZF-Sachs and Mahle Metal Leve in Brazil are R&D units with mandate to carry out research, and have considerable lab structure, they lack an important resource to be successful on their own: researchers with science training. Therefore, their university partners provide not only complementary equipment resources but also the primary resource as far as scientists are concerned. ZF-Sachs do Brasil has shown one of the possible trajectories for building research competencies in what was until then a typical subsidiary engineering unit. In establishing a research partnership with the Federal University of Uberlândia, the subsidiary has not only used research skills of the university’s Tribology Lab for developing testing methodologies, but has also hired PhDs formed by the university lab in the course of such partnership.
In both cases, the field of research collaboration is materials science and engineering, which other research has pointed as an area of research with considerable number of collaboration cases between universities and automotive firms in Brazil (Quadros et al. 2006). Indeed, Brazilian materials science and engineering has a high profile in terms of S&T performance indicators, in Brazil and worldwide.
 In both cases the most relevant commercial suppliers are foreign producers of raw materials or equipment, while the most relevant local partners are universities and public labs.

Yet, in the case of Mahle Metal Leve, the customer in Germany (BMW) required that the Brazilian supplier sought collaboration with European and North American universities with which BMW have had experience in partnership in the specific field. This poses a new type of problem regarding the involvement of Brazilian research institutions in ODIPing processes driven by MNCs. To what extent R&D networks built by MNCs’ headquarters or major R&D centres, involving research institutions in Europe or the US, constitute a barrier to their subsidiaries’ building R&D networks with local research institutions? The fact that most Brazilian subsidiaries which have extended mandates to include R&D activities are engaged in NPD, but not in technological research, would suggest that this tends to be a limitation difficult to be overcome. R&D in such subsidiaries is usually carried out by practical, NPD engineers, with little research training. Even when they are interested in establishing links with local research, they may fail for lacking the necessary knowledge to approach scientific institutions. 
5.1.2 ODIP Dynamics II: ODIP type 2 drives ODIP type 4 
(black arrows – Table 8)
As commented in the beginning of this section, ODIP types 2 and 4 have shown to be the most frequent in this study. Moreover, as will be seen, ODIP type 2 is a major driver of ODIP type 4. Thus, ODIPing Dynamics II is the most pronounced within the case studies of this sample.
ODIP type 2 is the most common type of intra-organisational ODIPing in the Brazilian automotive value chain and amongst the cases of this research. GMB, VW-TB, Bosch Brazil and ArvinMeritor Brazil are all pure cases of ODIP type 2, in that they became centres of competence for NPD in specific product lines. Moreover, also ZF-Sachs and Mahle Metal Leve, in addition to being R&D units, are centres for NPD. The greater frequency of ODIP type 2 than ODIP type 1, amongst foreign firms operating in the auto industry in Brazil, suggests that there is a hierarchy in their intra-organisational ODIPing process. It seems that they are far more inclined to de-centralising NPD activities than technological research activities. Indeed, as the cases of VW, GM, Bosch and ArvinMeritor indicate, the global network of competence centres for NPD is larger and geographically more dispersed than the network of research centres. For instance, while GMC’s product engineering global network is dispersed between 5 countries, including Brazil, its Tech Centres network is basically dispersed between the US, Germany, with an Indian specialized software centre which reports to the US unit.
It is not difficult to grasp the logic underneath ODIP type 2 driving ODIP type 4. In the context of a global chain driven by MNCs, as subsidiaries progressively assume further  NPD jobs (ODIP type 2), they are likely to reproduce the outsourcing procedures usually adopted by the parent company (ODIP 4). If the follow source hypothesis was the dominant pattern in choosing suppliers to Brazilian made cars, trucks, engines and components, it could be said that, in the case of ODIP 2, the subsidiary would also tend to reproduce supplier choices made by the parent company. However, this is not the case. Particularly amongst the incumbents in the assembly and auto components markets, local subsidiaries have considerable autonomy for choosing suppliers by considering their local competencies, quality, costs, and so on. This is even more so when the Brazilian subsidiary is leading the NPD project. So, ODIP type 2 leads to the subsidiary looking for co-development partners (ODIP type 4) amongst Brazilian suppliers, either global brands with operations in Brazil or national Brazilian suppliers. 
For MNCs, ODIPing Dynamics II makes sense from a competitive and strategic ponit of view. If geographical proximity of NPD to critical markets is ever more important and if the large emerging markets are the most promising ones for the automotive value chain, then NPD and all actors involved in the NPD network should be re-located altogether near such markets, whenever local PD can provide better and more competitive solutions/services/products to attend local customers’ needs.   
The VW-TB and ArvinMeritor co-development and supply relationship exemplifies how ODIPing Dynamics II reinforces itself, when the sourced party in ODIP type 4 is a subsidiary of a MNC producing components and systems. When ArvinMeritor assumed the role of suspension and axle module supplier to VW-TB in Brazil (ODIP type 4), it has also assumed the role of centre of competence for the development of such module. Yet, as ArvinMeritor’s Brazilian subsidiary has NPD competencies concentrated on axles, it has mobilised Brazilian national suppliers Suspensys, Sifco and Freios Master to co-develop and supply suspensions, non-tractive axles and brakes to such module (see table 6). Moreover, in doing so ArvinMeriror has reinforced its business relations with the Randon group.

Finally, it is important to note that some cases in ODIP Dynamics II seems to have reinforced the prospects for Brazilian suppliers to participate in ODIPing in the global level.  Arteb, Lupatech, Master Freios, Fras-le, Letandé and SIFCO, all found new ODIP-related export opportunities after becoming good in what they do for their foreign customer in Brazil. Thus, as suggested by Sturgeon (2002) and Schmitz and Strambach (2008) ‘to meet the growing demand of full-service outsourcing solutions, suppliers have in many cases had to add entirely new competence areas, increasing their scope of activities while improving quality, delivery and cost performance’ (Sturgeon 2002, p. 455).  The upgrading and diversification of suppliers competencies in developing countries, particularly in NPD, increases the scope for ODIPing.

5.1.3 ODIP Dynamics III: ODIP type 4 drives ODIP type 3 
(green arrows – Table 8)
What is the source of technological knowledge for Brazilian national suppliers? Case studies have shown that technology transfer from a foreign company – either in the form of a license agreement or in the form of a Joint-venture – is the common starting point in every case. Yet, the Brazilian national suppliers which have set out more ambitious growth objectives and have had time to learn – Arteb, Lupatech, Sabó and, to a certain extent, Fras-le, have progressively turned to relying more on their own technological experimentation and NPD learning than on technology transfer. In this trajectory, sourcing knowledge and R&D skills from universities (ODIP type 3) seems  to have been a critical decision and a trajectory common to them. 
To keep their competitiveness as co-developers, and not being blocked by geographical restrictions of technology transfer agreements, these firms needed to depend on themselves to innovate. As much as in the case of the Brazilian subsidiaries of Mahle Metal Leve and ZF-Sachs, they have turned to the Brazilian universities in order to source the resources – scientists and labs – they could not have accessed internally. However, the national Brazilian suppliers have gone further and have sought to explore in their businesses patented inventions which have been developed by Brazilian universities (cases of Lupatech and Sabó). This suggests, again, that local research institutions have an important role, at least in the initial phases of ODIPing, in which local firms are moving the ladder from pure NPD capabilities to technological research capabilities. This will be further discussed in section 6. 
6. Explaining the build up of innovation capabilities and ODIP 

The empirical findings presented in sections 4 and 5 suggest a positive answer to the first of the main questions of the IDS/Marburg project, as formulated in page 2 above. The Brazilian experience indicates that the on-going ODIP processes in the global automotive industry have changed the global distribution of innovation activities between developed and developing countries, favoring the latter. The Brazilian automotive industry has moved from being merely a manufacturing platform to become a significant regional space for new product and process development activities, aimed at both the regional and the global markets. Moreover, opportunities to undertake innovation activities have affected not only multinational OEMs and suppliers located in Brazil, but also firms controlled by Brazilian nationals and Brazilian research institutions. Therefore, also positive is the answer to the central question of the Brazilian study of the IDS/Marburg project, presented in page 4. The re-location of engineering and R&D activities by global auto-makers and global OEM suppliers towards their Brazilian subsidiaries have led to the involvement of Brazilian suppliers and providers of engineering and research services with product and process innovation activities. Hence, inter-organizational ODIP has contributed to creating inter-regional ODIP.
Furthermore, the empirical evidence produced in this research suggests that the various forms of ODIP which have been happening in the Brazilian auto industry, and included local actors, present a dynamics which seems to fuel or reinforce ODIP itself. The enlargement of Brazilian MNC subsidiaries’ mandates for NPD activities increases demand on their suppliers to share responsibility and engage in product development (ODIP type 2 driving ODIP type 4). As local suppliers seek to upgrade their innovation capabilities in order to respond to their clients’ demand to engage in innovation, they turn to research and engineering institutions (typically universities, in the Brazilian experience) in order to co-develop (or outsource) new technological solutions (ODIP type 4 driving ODIP type 3). Last, but far from least, ODIP in the regional economic space reinforces ODIP in the global space. So, as the experiences of Arteb, Lupatech, Sabó, Fras-le and even the small Letandé suggest, as Brazilian suppliers have upgraded their innovation capabilities, they have become competitive and attractive to enter the supply of foreign value chains which require NPD capabilities. 
The objective of this section is to summarize the main findings of research, in order to further qualify such change in the knowledge divide between developed and developing countries, and to organize the determinants which explain the building up of innovation capabilities in Brazilian supplier firms and the continuing development of ODIP processes in this industry. 
Yet, before moving on, it is important at this stage to make clear my understanding of the limitations of this research. As an exploratory research, based on a relatively small sample of selected firms, it is not statistically representative of the Brazilian automotive industry. The automobile value chain in Brazil is composed by a heterogeneous combination of hundreds of suppliers, of all sizes. Even though firms controlled by Brazilian nationals represent the majority in the population of Brazilian auto component manufacturers, the Brazilian subsidiaries of global OEM suppliers account for the largest part of value added.
 Moreover, given the objective of research and the research strategy adopted – which has sought to find, document and analyze innovation events in the value chain – the sample is necessarily biased towards firms which do carry out innovation activities. Nonetheless, it is known that a significant number of Brazilian auto-parts manufacturers do not carry out any innovation activities or, when they do so, this is restricted to process innovation activities.

Having acknowledged the representativeness limitation of this study, it is also worth to add that for an exploratory research which intended to understand the building up of innovation capabilities in Brazilian automotive firms, including national suppliers, and its connection with ODIP, the sample investigated is robust and a meaningful illustration of the phenomenon it intends to explore. Amongst Brazilian car and truck auto-makers, General Motors and VW-TB are leaders in terms of localization of R&D activities and building up of NPD capabilities in Brazilian subsidiaries. Likewise, the sub-sample of MNC component suppliers is robust. Bosch is not only the largest Brazilian auto-parts manufacturer, but together with North-American Delphi, French Valeo and Italian Magneti Marelli is at the forefront in the process of building up NPD capabilities in Brazil, amongst systems suppliers, whereas Mahle Metal Leve, ZF-Sachs and ArvinMeritor are significant illustrations of high value-added single components suppliers which have substantially increased the local content of innovation activities. The sub-sample of national firms is even more meaningful. Arteb, Sabó, Lupatech and the three Randon group firms (Fras-le, Freios Master and Suspensys) are currently the national suppliers which have dedicated more resources, and for longer time than any other Brazilian supplier, in order to build innovation capabilities. Other national suppliers could also have composed the sample, as for example DHB Sistemas Automotivos, Aethra, Irmãos Zen and Metagal and Pematech, but the six firms mentioned here are at the forefront of national suppliers in terms of innovation capabilities.
Another limitation in this research is to do with the intrinsic difficulty in dealing with parts, components and systems which present distinctive levels of complexity. This has important implications for the classification of innovation capabilities which are based on innovation events. I have not made an attempt to measure levels of complexity across products and technologies with which sample firms are involved .As mentioned in the sections above, some of the cases are clearly easy to compare, as product innovation in such cases is more related to design ingenuity than with technological capability. Thus, in the classification of Letandé and Sifco in Table 5, the relative low complexity of the products they manufacture has influenced a lower classification in terms of innovation capabilities.
6.1 Qualifying the change in the Knowledge divide: the automotive value chain in Brazil reconfigured
As the IDS/Marburg project major questions have unfolded into country/sector central issues, in the Brazilian study a central issue was to understand whether and how there have been significant changes in the configuration of the automotive value chain in Brazil and what are the roles of the chain key actors as regards innovation activities (pp. 17-18), above). 
Let us depart from the basic dynamics formulated in the main issue of the Brazilian sub-project, which investigated the implications for local actors, particularly Brazilian national suppliers and Kibs, of the re-location of innovation activities by automotive MNCs to their Brazilian subsidiaries. The tendency for assemblers and global suppliers to re-locate innovation activities in Brazil, as initially discussed in section 2 of this report, has been largely confirmed in this research, in the cases of GM. VW-TB, ArvinMeritor, Bosch, Mahle Metal Leve and ZF-Sachs. The question was then to investigate whether this tendency has created opportunities for local firms and institutions to engage in co-design, engineering services and research. In terms of the chain configuration, the question was to investigate whether and to what extent the complexity of the innovation network in the automobile industry in developed countries (in Germany, for instance, as presented in Figure 1, page 24, above) is reproduced in Brazil, as a result of such re-location. Who are the actors of the network in Brazil and what are their roles and weight in such network. Is the network in Brazil integrated to the network in developed countries? Would there be a division of labour between those networks? 

In order to answer these questions, it is necessary an analytical effort to understand the change brought about by the process of re-location of part of the global innovation process into a developing country and its impact on the diversity and complexity of knowledge exchange between the two major actors, that is, OEMs and OEMs’ suppliers. The following analysis draws on the findings of this research. 

Let us start with the picture representing the situation 30 years ago, when the automotive industry in Brazil was almost exclusively a manufacturing operation. Assemblers and OEM suppliers located in the country used product and process designs elaborated by their respective headquarters. Some Brazilian national suppliers also entered the chain, based on product/process designs licensed from MNC suppliers.
 But the major key suppliers were (and still are) MNC subsidiaries. When the bulk of product/process development is located in developed country R&D centers, knowledge flows are unidirectional from headquarters’ R&D towards developing country subsidiaries, for both assemblers and key suppliers. Knowledge transactions involving both actors are strong between developed country sites, but weak in the developing country sites (Figure 2)
. This type of interaction resembles the situation discussed by Fuchs (2005, p. 130), as result of her research on the location of R&D by medium-sized German component suppliers. Under such circumstances, there is little innovation activity in developing country sites (in both assemblers’ and their OEM suppliers’) and therefore little need for co-development with locally owned suppliers and engineering services providers. The same applied to the interactions between assembler subsidiaries and Brazilian national OEM suppliers, which drew on product licenses.
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However, the flow of technical information has become thicker, more diversified and bi-directional between actors in both regional spaces as a share of product development has been re-located in the developing country (Brazil), particularly from the late 1990s (Figure 3). The exchange of codified and tacit knowledge is strong and bi-directional not only between OEMs’ and their key suppliers’ R&D headquarters, but also between such centers and their respective subsidiaries’ centers of excellence. Moreover, much of the technological exchange required in the development of products located in the developing country occurs locally between assemblers’ subsidiaries and OEM suppliers’. Finally, there are also diagonal interactions between assembler headquarters and OEM suppliers’ subsidiaries, as the latter increase their supply and R&D mandates in the global chain, as well as between OEM supplier headquarters and assemblers’ subsidiaries, as the latter gain autonomy to deal directly with supplier headquarter in the absence of particular capabilities in the supplier subsidiary.


[image: image5.emf]OEM supplier

Headquarter

Assembler

Headquarter

Assembler

Subsidiary

OEM supplier

Subsidiary

K

K

K

K

K

Figure 3:  Knowledge flow (K) with developing country subsidiary

performing R&D 

R&D

Developed country 

Developing country 


The evidence produced in this research indicates that innovation activity within subsidiaries of OEM and their key global suppliers in Brazil, the technological ties (co-development) between them and their integration in the global R&D networks of their respective corporations, are all factors that have contributed to create the need for local co-development and local engineering services, in the 2000s. First, product development projects located in the country have created opportunities for locally owned component suppliers to participate in co-design activities. This has been the cases of Arteb, Sabó, Letandé and the Randon Group firms (Master and Suspensys) which are associated with ArvinMeritor to supply VW-TB. Second, as assemblers and key global suppliers’ affiliates assume responsibility for the development of new models (or even platforms), their multinational providers of KIBS should follow re-location, particularly if such engineering service firms have been given special functions and tasks within the original network. As seen in section 4, this is the case of EDAG. Third, there are opportunities created for local providers of engineering services and research, stemming from two distinct drivers. On the one hand, technological specificities originated in local features may require specific knowledge that is not available in multinational engineering firms. For instance, anti-corrosion technologies related to the use of ethanol fuel have had considerable development in research institutions in Brazil. Materials technologies services are often supplied by Brazilian universities’ separated service units, like the CCDM/UFSCar (Centre for Materials Characterisation of the Federal University of São Carlos). On the other hand, locally owned engineering providers may be more competitive and cost effective than their equivalent in developed countries, as regards services based on less idiosyncratic knowledge, as is the case of software for performance simulation (testing and validation simulation). Thus, the empirical findings of this research suggest that the involvement of Brazilian subsidiaries of global vehicle, auto-parts and systems producers with innovation activities have generated opportunities for the connected involvement of: 1. Locally owned component producers; 2. Multinational KIBS suppliers; 3. Local research and engineering services institutions; and 4. Other smaller, multinational suppliers of individual parts or components (Figure 4).
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An additional qualification should be put forward regarding some of the actors above. First, even though public research is not a substitute for KIBS, it plays an important role in Brazil by creating the knowledge, human resources and institutional basis from which suppliers and KIBS draw resources to thrive. Furthermore, as compared to private R&D, public research in Brazil shows high profile. Government institutions’ expenses in R&D represent 0,7% of GDP and the country accounts for near 2% of the world scientific output (indexed articles) (Fapesp, 2005). Given the weakness of research activity in business firms’ R&D, firms which perform R&D have increasingly sourced certain research-related services to a small group of universities, which have replied by organising their supply of such services on a more professionalised, business friendly manner. Further information on this point is presented in section 6.3. 

Second, as regards locally owned component suppliers, it is important to add that the development of an engineering unit to provide co-development services represents a (high) fixed cost for a manufacturer of auto-parts. Therefore, there is a size threshold to the sustainability of engineering activities, which leaves most of the small parts manufacturers compulsorily out of the game.

The final element in this analytical understanding of the evolution of the automotive innovation chain in Brazil is the fact that, Brazilian national suppliers are not exclusively second tiered in the innovation chain. Indeed, as they upgrade their innovation capabilities, OEM national suppliers like Arteb, Lupatech and Sabó have increasely become directly involved in co-design with assemblers’ subsidiaries. Moreover, some of the Brazilian national suppliers step up the ladder towards getting involved with innovation led by assemblers’ headquarters or their European subsidiaries. In the case of Sabó, it is the Brazilian national supplier’s subsidiary located in Europe that is involved in co-development activities with VW Wolfsburg (Figure 5).
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Therefore, it seems clear that in the past 15 years the automotive value chain in Brazil has gained in complexity and diversity of activities, becoming also an innovation chain. The variety of actors participating in such an innovation chain – assemblers, suppliers, engineering firms, consultants and research institutions – is in line with the actor innovation chain diversification described by Jürgens (2003) for the German auto industry. Yet, the relative importance and roles of each actor are distinctive in Brazil, as compared to the German innovation chain. The main differences in actors’ roles stem from the distinctive objectives and functions of these specialized and integrated chains. 

The automotive innovation chain in Brazil is primarily concerned with product and process development, in an integrated manner with the product and process design chain (s) in developed countries. In comparison, the developed country automotive innovation chain, in Germany, for instance, presents in addition to product/process development units, specialized technology development/research) units, actors and networks. 
Such two folded dimension of innovation activities, in leading and global OEMs and their major suppliers, is clearly reflected in their organization of R&D. In many of the leading firms in this industry, R&D is distributed between two distinctive, though complementary areas: a technology research and development area and a product development area. This can be illustrated with the cases of the European operations of GM and Bosch. In these corporations, product/process development is responsibility of the product development engineering units, which specialize by business units, in the case of Bosch, but are integrated, in a corporate product engineering network, in the case of GMC. Whereas research and testing of new technologies, which feed the inclusion of major new features and functionalities in the process of development of new product platforms or generations, is separately organized in corporate research units (eg. Bosch) or technological centers (eg. GM). Borrowing Strambach’s illustration (Figure 6) of the NPD process in the auto industry and its connection with research (Strambach 2009), it could be argued that the typical activities of product engineering units in German OEM suppliers start in Platform Development, in the zone of high level systemic development, and continues up to testing application prototypes, in the zone of low level applied development.
 As compared, corporate technology research units deal mainly with tasks related to problem identification and research.
             Figure 6: Product Development Process PDP based on research
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             Source: Strambach (2009)
Thus the main difference between the automotive innovation chains in Brazil and in Germany lies in the scope of R&D and innovation activities. Even though national supplier firms and even some Brazilian multinational subsidiaries in this research have carried out problem identification and research, activities – as seen in the cases of Sabó, Lupatech,  Mahle and ZF-Sachs, in section 4 – technological research is not systemic and organized as such, not even in most of the 7 firms which have attained the level of advanced innovative capabilities (see section 4). Amongst Brazilian suppliers, including MNCs, product development engineering is not organizationally separated from problem identification and research, that is, there is no unit with a specific mandate for problem identification and research, In most cases, research and problem identification are subsumed into NPD activities. In order to set a contrast, let us take, a German case for comparison. Bosch alone has 5 corporate research centers in Germany (Strambach, 2009), which specialize by technological field or discipline, whereas in Brazil all Bosch’s innovation activities are organized under product development engineering units.
 
This limited and specialized scope of R&D, not only in the automotive industry, but also as a more general characteristic of Brazilian manufacturing firms was labeled “r&D” elsewhere (Quadros et al., 2001), the lower case meaning that research is rare and usually integrated into NPD activities. In the case of the Brazilian automotive value chain, recent indicators on the use of human resources in business firms R&D add more evidence to the fact that, although large in terms of number of people involved, the bulk of automotive R&D in Brazil is related to NPD engineering. In this connection, the 2005 PINTEC innovation survey indicated that the automotive industry (suppliers included) was first in Brazil in number of professionals with university education employed in R&D, totalizing 3.870 employees and accounting for 17% of the total employment of university educated R&D personnel in the manufacturing industry. However, when only the employment of PhDs is considered, the automotive industry was in seventh place, employing 56 doctors, which accounted for less than 5% of the total number of PhDs working in manufacturing firms in Brazil. More significantly, the intensity of PhD employment in the total R&D personnel with university education in the Brazilian automotive industry (1,5%) was less than 1/3 of the equivalent indicator for the Brazilian manufacturing industry (5%), in 2005. 
Therefore, as far the automotive global value chain is concerned, it can be argued that there is a division of labour between the Brazilian innovation chain and the innovation chains in Europe and the US, to which the former has been integrated. The Brazilian units of the chain are primarily dedicated to product and process design, not only for local or regional markets, but also for global markets. They have been mostly on the side of exploitation of technology and, when problems arise in the course of NPD, some of such problems are tackled by Brazilian OEMs or suppliers (either MNCs or national suppliers),  which eventually attain new technological solutions for such problems and generate patents. Yet, they are not systemically concerned with the exploration of new technologies in the same manner as research corporate centres of their European and North-American counterparts are. In this respect, and in a static perspective, it could be argued that developed countries’ firms have kept the most strategic innovation activities for their R&D units located in developed countries, while the Brazilian actors have been assuming tactic innovation activities, many of them being more directly related to the specific needs of the fastest growing markets. It could could be argued that the cases ofe Mahle Metal Leve and ZF-Sachs, in this research, show evidence against such conclusion. This is true, but, in the case of Mahle, the design acitivities of the Brazilian subsidiary are far more significant than its research oriented activities. Possibly Sachs’ FM Lab is the odd case which is there to signal that a different reality would be possible.
It will be argued in the following that the dominance of foreign MNCs in most market segments and levels in the value chain, in the Brazilian automotive industry, is an important aspect to explain the situation pictured in the above paragraphs. In the same move, relocation of NPD activities towards Brazilian subsidiaries creates opportunities for local suppliers and research institutions to engage in co-development, but sets limitations to the scope of such innovation activities, at least in the beginning. Yet, it will also be argued that, in a dynamic perspective, it is possible to expect that such scope may continue to enlarge, as it has already changed, because the creation of innovation capabilities is a dynamic process and the local upgraded actors, including Brazilian subsidiaries, look increasingly for better and more significant sources of competitiveness. 
6.2 Determinants, conditioning factors and motivations for the change in the knowledge divide
This section draws on the research material and other sources in order to organize four main lines of arguments to explain the changes commented in the section before. First, the role of MNCs as drivers in the initial stage of ODIP and its implications are discussed. Second, the contribution of Brazil as an innovation environment to host and promote ODIP is assessed, by considering the constitution of a competent supply basis in Brazil, focusing on the long process of innovation capabilities accumulation by national and multinational firms operating in the country. Finally, the contribution of Brazilian research, and particularly that of universities, in order to create a friendly environment to ODIP processes is discussed. 
6.2.1 Multinationals as initial drivers of ODIP

As seen in section 5.1, MNCs have been the initial drivers of ODIP in the Brazilian auto industry and triggered the involvement of local suppliers and institutions. The most frequent situation evidenced in this research is that of a OEM or OEM supplier Brazilian subsidiary being involved in ODIP type 2. In this case, the subsidiary has enlarged its mandate for NPD, in order to go beyond small product/process adaptations and applications, and started to carry out the development of variants (cases of Bosch and ArvinMeritor) or even completely new platforms (cases of VW-TB, Mahle and ZF-Sachs). This is a process with clear participation (negotiation with) of headquarters and often the upgraded subsidiary becomes part of the MNC’s global product engineering network. 
The empirical material also indicated that many cases in which suppliers owned by Brazilian nationals have been involved in co-development with Brazilian MNC subsidiaries (ODIP type 4), have originated in their customer’ needs which have arisen from their recently enlarged NPD mandate. This is the case of Arteb, which has been participating in co-development in GM’s NPD projects, the case of Letande co-developing Bosch’s flex fuel pump, the cases of Master and Suspensys, which have been co-developing parts of the suspension module supplied by ArvinMeritor to VW-TB, and also the case of Sifco, in its supply relations with VW-TB. Thus the most significant ODIP dynamics found in this research was ODIP type 2 driving ODIP type 4. Some cases of ODIP type 1 –technology research inter-organizational decomposition – have occurred (Sachs and Mahle), but they have been less frequent.

Such dominance of the dynamics “ODIP 2 driving ODIP 4”, which is based on the networking of customers and suppliers in order to co-design new products, reinforces the hierarchy commented in the section before, between Product Development engineering units or Centres of Competence, in developing country subsidiaries, on the one hand, and corporate technology centres, mostly in headquarters or subsidiaries in OECD countries, on the other. It could be argued, in conclusion, that the initial drive exerted by MNCs to pull ODIP beyond their organisational frontiers in developing countries has a bounded effect on capabilities.  Although the relocation of NPD activities by MNCs towards developing countries creates opportunities for the upgrading of innovation capabilities, not only in the subsidiaries located in those countries but also in their local suppliers, in most cases such an upgrading is deliberately confined to NPD capabilities. The most strategic innovation activities related to technology exploration remain concentrated in headquarters or other subsidiaries located in OECD countries.
Yet, the importance of this new dynamics should not be underestimated. First, it is important to add at this stage that the type of ODIP type 2 which has been described and analyzed in this report is not a universally diffused practice amongst MNCs in the global auto value chain. In the case of Brazil, only the players (MNCs subsidiaries) which have been established in Brazil for decades have followed this path, which suggests that the technological capabilities they have accumulated was an important aspect in the decision for ODIPing, from start. This point will be further explored in the next section. Amongst the newcomers, only the French firms seem to make an effort to follow this path. The incumbents contrast with Japanese and Koream players’ operations, which are mere manufacturing operations with all product and process engineering activities located in Asia or the US. Second, it is also worth stressing that even amongst the incumbent, the scope and depth of the involvement of the Brazilian subsidiary in innovation activities vary substantially. There are European and North-American firms which have been far from the practice of the sample firms (Bosch, ArvinMeritor, Mahle and Sachs) in terms of relocating NPD activities to their Brazilian subsidiaries.
   Last, but not least, NPD activities create demand for technological research activities (problem framing and solving), which may be provided, to a certain extent, by MNCs’ corporate research centres located in OECD countries. However, as the demand for technological solutions rises, there are limits to such “reverse outsourcing”, which push firms to find a local solution. In the Brazilian case, universities and public research institutes have played such role of providers of solutions which are beyond the capabilities of firms’ NPD engineering teams. This will be further explored ahead (section 6.2.3).  

6.2.2 A capable supply basis forging an attractive environment for ODIP
Possibly the single finding of this research which has greater implications for a revision of the current understanding of the literature about innovation activities and capabilities in the Brazilian automotive value chain is the attainment of advanced innovation capabilities by an expressive number of firms, including suppliers owned by Brazilian nationals.  As seen in section 2, the literature suggests that suppliers owned by Brazilians have had only a minor role, if any in design and engineering activities (Costa, 1998; Salerno et al., 2003; Dias, 2006). Section 4 in this report shows evidence that 7 out of 12 suppliers  investigated have become capable of generating product and/or or process innovations which have been based on continuous R&D, and that 3 of them are controlled by Brazilian nationals (Arteb, Lupatech and Sabó). Furthermore, all 8 national suppliers in the sample have been heavily engaged in co-design with their customers. In the words of SIFCO’s NPD manager, “the automotive supply business has changed from supplying components to supplying component design and manufacturing services and those who have not understood this risk being displaced from the business”. Other Brazilian firms, which have not been included in this research sample – such as Aethra, Metagal, DHB, Pematech and Zen - could possibly be included in this group and deserve further investigation.
What are the connections between the building up of innovation capabilities and ODIP in the Brazilian auto industry? The section before explores MNCs’ relocation of NPD activities as a determinant of ODIP type 4 in Brazil and its implications for creating demand for national firms to supply co-development services, thus contributing to the upgrading of their innovation capabilities. However, when considered from a longitudinal perspective, that is, taking into account a period of 20 years or more for investigation, it seems that the building of such capabilities is a long process of accumulation and that innovation capabilities attained before ODIP are likely to have been a decisive factor, from start, to motivate MNC assemblers and suppliers to further ODIP by involving Brazilian subsidiaries and national suppliers in innovation activities. 
With the exception of Letande and Suspensys, whose innovative capability upgrading is recent and mostly derived from participating in ODIP processes, all other capability building cases explored in section 4 are stories of 25 years or more of learning and accumulation of design competencies. Table 9 draws on Strambach’s “PD process based on research” (Figure 6) to propose a process-related taxonomy of capabilities, so that it is possible, by using the material provided in the case studies, to identify progress in capabilities attained by firms in a longer period of time (15 to 20 years).  It is in line with the taxonomy utilized in section 4, which is based on the outcome – innovation events – of capability building. It is interesting to note that, in the early 1990s, most firms of the sample had already attained the capability of carrying out application development. Sabó had already mastered variant development. Also the MNCs subsidiaries investigated have benefited from previous processes of technological learning, some of them corresponding to learning processes carried out by Brazilian national suppliers which have eventually been acquired by the current MNC controller (cases of ArvinMeritor/Rockwell-Braseixos, ZF-Sachs/Borgwarner and Mahle/Metal Leve). So it is possible to argue that the previous innovative capability attained by the sample firms is an important aspect in the Brazilian environment, which is likely to have motivated MNCs to push ODIP ahead in Brazil. This point has an important implication for the understanding and theoretical modeling of ODIP processes, as it shows that not only the dynamics in OECD countries influences ODIP. Also the endogenous processes of technological learning, which happens in countries like Brazil, have an influence on the decision-making processes at firm level related to ODIP.
Table 9
Evolution of sample firms’s activities upward the PDP based on research

	Research
	Problem

Identification


	Platform Development
	Variant development
	Application 
Development
	Prototyping
	Testing

	Early 1990s
	
	
	
	
	

	Metal Leve

	
	
	Sabó

	Arteb

Borgwarner

Bosch

Fras-le

Lupatech

Master

Rockwell/
Braseixos

Sifco
	
	

	Late 2000s
	

	Mahle-
Metal-

Leve

ZF-Sachs
(Borgwarner)
Sabó
	Bosch
ArvinMeritor

(Rockwell/

Braseixos)

Lupatech
	Arteb
	Fras-le
Master

Letande
	Sifco
Suspensys
	
	


Yet, it is also possible to verify, in Table 9, the notable progress made by most of the sample firms, from the early 1990s to the late 2000s, much of it in the course of becoming providers of co-design services (ODIP) to their customers.

In the cases of national suppliers which have advanced to the upper levels of capability, that is, which managed to master high level product development activities  (Arteb, Lupatech and Sabó) and of the few MNC subsidiaries which have become centres of technological competence (Mahle and Sachs), based on research, it is interesting to notice that firms have significantly drawn on cooperative arrangements with universities to compensate for their lacking of technological infrastructure and internal research capabilities, in order to make upgrading viable. This is the subject of the next section.
The case studies also provide material to introduce another explaining variable which help understand the differences in the innovation capability evolution of the suppliers controlled by Brazilian nationals. The national suppliers which have advanced most in innovation capabilities are the ones whose growth strategies are more ambitious and are oriented towards globalizing: Sabó, Lupatech, Arteb and the Randon group (particularly in the case of Fras-le). If one equals entrepreneurship with the capability to understand the business, to set out ambitious growth targets which are feasible within such understanding and to mobilise the necessary resources to achieve such targets, then the leaders of these four business groups are entrepreneurs. By mobilizing financial, human and institutional resources in order to develop the innovation capabilities required to compete globally, these firms have undergone not only a process of technological learning but also of business learning.
 These cases are in contrast to SIFCO, which still has relied more on the conventional resources to compete – which explains why innovation capabilities are not so important and its evolution (see Table 9, for comparison). 
6.2.3 A robust research basis forging an attractive environment for ODIP

One of the most significant findings in this research is the identification of two types of ODIP dynamics (ODIP dynamics types I and III) which are based on firms located in Brazil sourcing public research, universities in most cases, in order to mobilize resources and competencies which are complementary and unavailable et home. The most significant cases, with greater impact on firms’ businesses are those of ZF-Sachs, Lupatech and Sabó. It can be said that public research – its technological infra-structure and research competency – is a functional substitute for a captive research centre or an advanced engineering area.

This is only possible because Brazilian public research is robust and diversified in some technological domains and disciplines which are critical for the automotive industry. In this section, I draw from previous research (Quadros et al., 2006) in order to bring further evidence to this point. The data refer to the mapping out of research groups (RG) and their capabilities, in Brazilian research institutions, which could be actual or potential research partners to assemblers and auto parts suppliers  
Results of the investigation of 265 Brazilian RGs, in 53 research institutions, revealed that the frequency of contacts and agreements between firms and RGs and their research institutions, which are related to the outsourcing of R&D and services, is much larger than usually acknowledged (Table 10) and even more so in regard to the automotive industry
. The database has identified more than 400 service contracts and 360 research contracts between RGs and manufacturing or services business firms, considering the period 2000/2005. Out of them, 31% of service contracts and 19% of research contracts were with firms in the automotive industry.  It was found that the fragility in the links between firms and public research seemed to be rather in the intensity and continuity of the link than in the frequency of links (Quadros et al., 2006).  The first sign of the latter point was that the overall frequency of services contracts was higher than that of research contracts. This is even more pronounced in agreements with the automotive sector: service contracts are almost the double of research contracts.  Secondly, the continuity of research funded by a firm is rare. There are few research contracts which have continued beyond two years. It is interesting to notice that there is some concentration of such contracts in the fields of Powertrains, Manufacturing Technologies and Materials, which are also the fields of industry-university  partnerships identified in this research (section 4, cases of Mahle, Sachs, Lupatech and Sabó).
TABLE 10
Frequency of Research/Development contracts outsourced by assemblers/suppliers 
(and total number of contracts) to Brazilian Research Groups by technological field1  (2000/2005)
	Technologies
	Assemblers
	Suppliers
	Automotive total
	Total contracts

	
	S2
	R2
	S
	R
	S
	R
	S
	R

	Materials
	7
	4
	19
	10
	26
	14
	85
	61

	Powertrains and Fuels
	21
	12
	21
	12
	42
	24
	85
	64

	Manufacturing 
	18
	11
	16
	9
	34
	20
	74
	104

	On-board Electronics
	6
	1
	2
	5
	8
	6
	62
	116

	Ergonomics
	14
	4
	3
	0
	17
	4
	101
	17

	Total
	66
	32
	61
	36
	127
	68
	407
	362

	Source: Quadros et al. (2006)

1. Refer to contract frequency and not the number of firms.

2. R: research; S: service


It follows an illustration of the content of the service or research agreements that RGs have declared to have (or have had) with supplier corporations, which shows the declared subject of some contracts in the field of Materials (Table 11). Research outsourcing from Brazilian suppliers has gone beyond biomaterials, to include the development of new metal alloys, major changes in manufacturing processes and corrosion control technologies.   
TABLE 11
Research/Development contracts outsourced by suppliers to Brazilian Research Institutions

	Firm
	Technology/Content of project
	Functional area
	Type of project

	Eaton
	Ultra-fine grain steel - application
	Weight reduction
	Service

	
	Plasma nitritation in metals
	Durability
	Service

	
	Adhesive development
	Durability
	Service

	Pirelli
	Modification in copper wire manufacturing
	Weight reduction,cost
	Research (2 years)

	
	Analysis of corrosion in components
	Durability
	Service

	Bosch
	New types of fuels
	CO2 reduction-
	Service

	Sabó
	Development of innovations in high performance elastomers
	Durability
	Research 

	Agrostahl (*)
	New NiCrAlC alloys
	Durability
	Research (2 years)

	
	Surface treatment – friction reduction
	Durability, cost
	Service

	Pematech
	Biomaterial composite development
	Environment, weight reduction
	Research (2 years)

	Teksid
	Simulation of mechanical fatigue-fracture
	Durability
	Service

	Tupy-FrasLe
	Characterization of wearing factors (metals)
	Durability
	Service

	Sifco
	Ultra-fine grain steel - application
	Weight reduction
	Service

	Mangels
	Quality in casting
	Cost, durability
	Service

	Mahle-Cofap
	Analysis of corrosion
	Durability
	Service

	Toro
	Biomaterial composite development
	Environment, weight reduction
	Research

	Lord
	Adhesives for aluminum
	Safety
	Service

	Non-disclosed
	Metal casting and solidification development
	Weight reduction
	Service

	Non-disclosed
	Equipment development for corrosion control
	Durability
	Research (3 years)

	Source: Quadros et al. (2006)


Service outsourcing contracts to Brazilian RG also present considerable diversity amongst Brazilian suppliers. It is important to emphasise that interviews with research groups have revealed that most of such services are related to what could be named engineering with science fundamentals, rather than short term, testing-like services. The typical situation is one in which an improvement in a given component requires technological knowledge, which is beyond the capabilities of the firm’s product development team (either in a national or multinational corporation). Thus, in such contracts, the Brazilian RG works as if it was a replacement for the central R&D corporation lab, supplying solutions to the Brazilian engineering team Quadros et al., 2006). 
This is so for various reasons. In the case of multinational subsidiaries, interviewees emphasized that, usually, central labs are too busy attending the corporation’s priorities and can not afford dedicating the time the Brazilian subsidiary requires. In the case of Brazilian national suppliers, the explanation is similar, with the difference that there is no central lab to turn to and problems arise either from the adaptation of licensed technologies or from new technology development, as illustrated in the cases of Lupatech and Fras-le in this research.

7. Conclusions and policy implications
This section is dedicated to discussing the implications of research findings for the more general understanding of inter-regional ODIP dynamics and for policy-making.
As regards the international dynamics of ODIP, an important conclusion that comes out from the analytical exercise made in section 6 is that the forces, the momentum and the learning processes from the South are as important as are the movement from the North. In the initial papers of the Brazilian study of the IDS/Marburg Project, the role attributed to MNCs as drivers of ODIP has been much emphasized. It could not been different, in dealing with the Brazilian automobile value chain, given the fact that its currently more internationalized than it used to be 20 years ago. Yet, this research has shown that the processes of innovation capability accumulation of both Brazilian subsidiaries of MNC suppliers and Brazilian national suppliers have been a decisive factor in explaining the increasing g importance they have been assuming in the global value chain.
It is more than their responding to the ODIP moves coming from MNCs headquarters or subsidiaries in OECD countries. The contribution of Brazilian MNC subsidiaries and of Brazilian national suppliers to ODIP starts before the ODIP movement from the OECD country firms and goes beyond such movement. As the evidences of sections 4 and 5 show, the entry of Brazilian subsidiaries in their corporations’ global R&D networks has not happened as a decision from above in order to build innovation capabilities, but the other way round. In the cases of Bosch, Mahle Metal Leve and of Sachs, Brazilian subsidiaries’ innovation capabilities have progressively developed along a considerable period of time, and before the model of global R&D network had diffused. Their attainment of a certain level of technological competency has been critical for them to be recognized as significant assets in a globalizing economy (reluctantly, in at least one case). 
Research findings have also shown that the national auto parts supply industry has not “disappeared”, in terms of its role in innovation, unlike expected in the literature, following the de-nationalization wave of the 1990s, which affected important brands like Metal Leve, Cofap and Varga. It is interesting to notice that less known brands such as Lupatech and Randon, together with surviving brands like Sabó and Arteb have not only increased their innovation capabilities – whose accumulation has also undergone a long journey, which started much before ODIP in the North – but are becoming global actors and provoking further unfolding of ODIP, not only in Europe and the US, but also in China.  As mentioned in the report, other less known brands like DHB, Aethra, Metagal and Zen are also cases which deserve more attention from researchers and policy-makers. Yet, one should not miss the fact that the general tendency towards ODIPing, including ODIP in the OECD countries, has favored the advance of capabilities in the national firms. ODIP itself helped reducing the barriers to entry into innovation activities. Thus, national suppliers have been able to mobilize knowledge from foreign KIBss (case of Sabó) and from research institutions in Brazil (cases of Sabó, Lupatech, Arteb and Fras-le). 
An important change in the economic and regulatory environment, in the past 20 years, has had a role in promoting ODIP, a change whose effect on the business environment is so overwhelming that it is often underestimated. This is the increasing adoption of the liberal trade and investment policies promoted by WTO, which that have normalized the economic environment across countries and regions, contributing to enlarge markets and economic scales of operations, and pushing the most successful local/regional/players towards globalizing their operations. The push towards becoming global and the connected process of further accumulation of innovation capabilities to the stage of advanced capabilities are the factors boosting the final stage of the process of ODIPing from below.    
The liberalization of markets and investment, leading to growing trade and FDI, has had an important influence on the globalization of manufacturing and innovation activities, with its consequent threats and opportunities. To put it from the perspective of the Brazilian national suppliers, 3 out of 8 Brazilian suppliers have plants abroad (Sabó, Lupatech and  Fra-le), whist all of them export at least 15/20% of their sales. On the other hand, they suffer the pressure of auto-parts imports. Import tariffs on auto parts are currently low, in historical perspective, now in Brazil. 
Thus the prospect for large Brazilian auto parts firms to survive and grow has gone global. This is something that starts by competing in the domestic market with new entrants and imports, but it extends to exporting and investing abroad. The frontier for growth is not the local market anymore and the scale requirements tend to be met by those who go global. In consequence, there is a major change as regards accessing technological capabilities and knowledge in order to keep innovative in products and processes. When the growth frontier was local/regional, OECD competitors were willing to transfer technology, as long as license agreements restrained licensees accessing OECD markets. Thus, as Arteb, Sabó, Lupatech and Fras-le have done, the globalizing project and having the world market as target requires that national suppliers diminish their technological dependence and seek a capability trajectory which relies more on its own mobilization of resources, including taking-over foreign firms.   The most illustrative case is that of Sabó, which has assumed a considerable risk by taking-over German Kako, in the 1990s. Sabó had a clear idea that this would make it stronger, both in terms of size and in terns of technological capabilities, and make it more difficult to be taken-over by competitors. Either globalize or being globalised.  

A number of lessons could be suggested for policy-making, stemming from the findings and conclusions of this research. The first and broader point is directly related to the points discussed above in regard of the globalization of Brazilian auto parts suppliers. There is a growing auto parts supply industry, controlled by Brazilian nationals, blooming in Brazil. A number of their leading firms are starting investment abroad, with the prospect of globalizing. The success of the global project of firms like Sabó, Randon and Lupatech is important to keep Brazil as an innovation space and a major exporter in the global automotive industry. This requires specific policies, which are distinctive from policies supporting firms in the domestic markets.
A second point is to do with promoting and funding the innovation activities of firms carrying out innovation activities in Brazil, either MNC subsidiaries or national suppliers. In this regard, with the recent Lei do Bem, Lei da inovação and the innovation programs set out by BNDES, Brazil has made impressive progress (though sometimes not quite recognized by firms). This has helped the growth of business firms R&D in the automotive industry. Yet, in connection with this point, the S&T policy in Brazil seems to be missing an opportunity to push firms ahead in order to establish a more robust basis of technological research. Firms and research institutions have already been collaborating and looking for more ambitious research programs aimed at innovation. They are mature for a national programme promoted by Brazilian S&T funding agencies and oriented towards pre-competitive research, with participation of the industry. This could have a significant impact on attracting MNC research centres in the automotive industry. 
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** Associate Professor of the Science and Technology Policy Department (DPCT) at the Institute of Geosciences (IG), University of Campinas and leading researcher of the Research Group on Firms and Innovation (GEMPI).


� The report presents the findings of field research carried out in the Brazilian automobile industry, between April 2006 and March 2008, for the IDS/University of Marburg project on The Changing Knowledge Divide in the Global Economy, henceforth, IDS/Marburg Project. 





� For instance, referring to the announced alliance between Renault and Baja, in order to develop its own version of the Tata Nano, Renault’s CEO Carlos Ghosn suggested that the future of the auto industry is in the large emerging markets and that the North Americans do not know how to make money on small cars. (Wall Street Journal, 27/01/2008).


� O Estado de São Paulo, 19/12/07


� ANFAVEA is the Brazilian national association of auto-vehicle manufacturers.


� Information collected in interviews. Rick Wagoner GM global CEO reported to the press 2.000 employees involved in PD, in the closing of 2007. His expectation was this staff would mount 2.800 by the end of 2008.


� Interview carried out with Fiat’s manager of Experimental Engineering, in Betim, state of Mianas Gerais, following a visit of Fiat do Brasil R&D facilities. 


� Idem.


� Another example of the pessimistic view was put forward by Cassiolato et al. (2001). In the case of the automotive industry, they have based the argument in the Fiat cluster case, in the sate of Minas Gerais. They sustained that, following internationalisation of the industry, “R&D activities have almost disappeared in the cluster” and that the product development engineering staff of Fiat has substantially shrank. (Cassiolato et al., 2001, p. 9)


� In this report, the concept of glocalisation (Ruigrok and Van Tulder 1993) is used in a rather narrow way, referring to product development policies based on the adoption of platform derivatives or eventually new platforms which are suited to the needs of emerging markets. This is in contrast to a more centralising concept of globalisation.





� For instance, Salerno et al (2003) and Carneiro-Dias et al (2003) have also focused the passenger car segment, drawing conclusions which are similar to those presented in this section.


� See Correio Sindical Mercosul, 5/6/2002, �HYPERLINK "http://www.sindicatomercosul.com.br/index.asp"�http://www.sindicatomercosul.com.br/index.asp�.





� José Ignacio López de Arriortúa.


� The van Transporter was the first vehicle model to get off the assembly line of the VW Brazilian plant, in 1957. The re-named Kombi is still manufactured in Brazil, on a very old-fashioned manufacturing process. In spite of its dated concept, it is a cheap commercial vehicle and cheaply maintained, which is the clue to understand its long-term penetration in the Brazilin market. 


� The current configuration of the VW Modular Consortium, for the most recent truck line (Constellation) comprises seven modules, with respective module suppliers: 1. Suspension, axles and brakes (Arvin Meritor); 2. Chassis assembly (Maxion); 3. Wheels and tyres (Remon); 4. Body assembly (Delga plus Aethra/Karmann Ghia); 5. Engines (Powertrain Inc. – Cummins and MWM joint venture); 6. Painting (Carese) and 7. Trimming/upholstery (Siemens – VDO).


� Salerno and colleagues surveyed 224 auto-parts producers in Brazil.


� The term has been largely used in the field of international management (Paterson and Brock, 2002).


� Bell and Pavitt’s classification was further adapted by Ariffin and Bell (1999) and Ariffin and Figueiredo (2003) in order to analyse technological capabilities in MNCs subsidiaries established in developing countries.


� Sabó has been ranked 6th and Lupatech, 9th, in the “2008 index of trnsnationality” elaborated by Fundação Dom Cabral (FDC, 2008).


� The VW Beetle was the first passenger car manufactured in Brazil.


� There is an overlap between the two time intervals considered in patent submission, as the year 2003 is counted in both. This is why they are presented separately.


� Only inventions made by Brazilian nationals have been considered in this special INPI tabulation, even if the patent holder is a multinational corporation.. 


� In the discussion of individual case studies, available data on R&D expenses will be presented.


� Hercilio and Raul Randon are sons of an Italian immigrant, Abramo, who established a small forging shop in Caxias do Sul, in the 1930s. Caxias and other towns of the Serrana Region, in the state of Rio Grande do Sul, are currently the location of a dynamic cluster of Brazilian mechanic industries, specialised in automotive products and agriculture equipment. Other major Serrana firms in the business are Marco Polo (bus body manufacturer), Agrale (agriculture equipment and trucks), Guerra (truck cargo trailers) and Lupatech.


� Another example of resource sharing is the fact that the group keeps a human resources data bank of technical and engineering competencies available in all Randon firms, which can be consulted by any R&D area of the group. 


� GM’s testing ground is the largest and most equipped in Brazil.


� Information obtained from interview with the Axles Engineering Manager for South América.


� The share of pure ethanol powered cars sold in Brazil increased from 0,5%, in 1979, to 27%, in 1980, to reach the peak of 76%, in 1986.


� Cofap´s other company’s major business, the shock absorber division, was acquired by Magneti Marelli in the joint acquisition operation with Mahle.


� Robert Bosch automotive division was and still is the largest auto parts producer in Brazil.


� Indeed, the acquisition of Cofap rings allowed Mahle to enter this market segment as a leading producer. A similar situation occurred regarding Cofap’s shck absorber division by Mareti Marelli. This was a complementary resource for Marelli and allowed the Italian producer to enlarge its scope of activities.


� In addition to Sabó, the group included Metal Leve and Cofap, both of them mentioned in section 4.2.3, and also Freios Varga,  Braseixos and Nakata). Except for Sabó, these firms have been taken over by international suppliers.


� Lei do Bem has introduced a scheme of fiscal incentives for R&D and innovation activities performed by business firms, which is unprecedented in the Brazilian experience of S&T policy. Depending on the features of R&D projects, the law allows firms to discount up to double the value of R&D expenditure for the estimate of due income tax. 


� This would be the “knowledge seeking” type of FDI in R&D, according to Dunning (1993).


� See section 6 for more details.


� According to Sindipeças, in 2008 more than 60% of the total number of auto parts suppliers in Brazil were controlled by Brazilian nationals. However, the group of firms controlled by foreign capital, mostly subsidiaries of multinational corporations, accounted for 87% of sales revenues (comprising the domestic and exports markets). The share of national suppliers in total sales of the industry dropped sharply in the past 10 years, from 52%, in 1998, to 13%, in 2008. (Sindipeçs, 2008, p.8)..


� This was the case in most firms of the sample of Brazilian national suppliers investigated in a previous project (IDS/INEF project). Such firms were product design takers, that is, they received product drawings and specifications from their clients and provided process engineering as part of their auto-parts supply service (Quadros, 2004).


� This was the initial experience of Arteb, Lupatech, Fra-le and Sabó, as presented in section 4. It was also the initial experience of firms like Metal Leve and Cofap, which were pioneers in terms of upgrading innovation capabilities to the advanced level. As seen in section 4, Metal Leve and the piston rings division of Cofap were eventually acquired by Mahle, whereas the shock absorber division of Cofap was acquired by the Brazilian operation of magneti Marelli.


� For the sake of clarity, Figures 2 and 3 only deal with the interaction between OEMs and OEMs major suppliers. It is a simplification, as Jürgens (2003) suggests that the integrated engineering service firms has also a strong role in knowledge transactions.


� In their well known and seminal book on the management of new product and process development, Clark and Wheelwright have drawn on real industrial cases to argue that technology planning and strategy and product development planning and strategy are two clearly distinctive, though integrated dimensions in the innovation process, responding to different time constraints and challenges.


� There are also two Bosch corporate research centres in the US and two in Asia, in China and Singapore (Strambach, 2009). Interestingly, Bosch’s Brazilian subsidiary has recently created a new corporate unit for the management of technological innovation, which has largely been motivated by the search of optimization of the benefits offered by the Brazilian federal government for R&D and innovation activities (Lei do Bem). This unit has started seeking cooperation with Brazilian universities in order to establish some new projects aimed at problem solving and technological research.


� See, for instance, Cerra et al., 2009.


� I am grateful to Martin Bell for calling my attention to this point.


� Most of these contracts have been funded by firms’own resources, not by government funds; firms tend not to disclose this type of information, which we could have access though information given by RGs..
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