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Abstract: Conventional literature on global value chains stresses the benefits of a higher economic 
integration into world markets. This paper examines the Brazilian automotive and aeronautical sectors in 
a period of strong international integration to evaluate potential effects and limitations of the different 
patterns followed by each sector. Production, trade and technological dynamics are emphasized. The 
analysis points out that a virtuous integration requires investments and technological dynamism, which in 
turn are linked to companies’ capital control. While both industries have benefited from an expansionary 
cycle over the 2000s, the aeronautical sector has been able through Embraer to sustain a higher level of 
technological dynamism than the automotive sector, whose dynamics is largely associated to 
headquarters’ decisions abroad. In this context, challenges for a successful integration regarding the new 
industrial revolution become even bigger. 
Keywords: Global Value Chains; Brazil; Automotive Sector; Aeronautical Sector. 
 
Resumo: A literatura convencional sobre cadeias globais de valor destaca os benefícios de uma maior 
integração econômica nos mercados mundiais. Este artigo examina os setores brasileiros automotivo e 
aeronáutico durante um período de forte integração internacional a fim de avaliar efeitos e limitações 
potenciais dos diferentes padrões de inserção conduzidos por cada setor. As dinâmicas produtiva, 
comercial e tecnológica são enfatizadas. A análise aponta que uma integração mais virtuosa requer 
investimentos e dinamismo tecnológico, o que, por sua vez, está condicionado ao controle de capital das 
empresas. Enquanto ambos os setores se beneficiaram do ciclo expansionista dos anos 2000, o setor 
aeronáutico foi capaz, por meio da Embraer, de sustentar um nível mais elevado de dinamismo 
tecnológico do que o setor automotivo, cuja dinâmica é fortemente associada às decisões das matrizes no 
exterior. Neste contexto, os desafios de uma integração bem-sucedida frente à nova revolução industrial 
se tornam ainda maiores. 
Palavras-chaves: Cadeias Globais de Valor; Brasil; Setor Automotivo; Setor Aeronáutico. 
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Introduction 
The analysis of global value chains (GVCs) has been critical to the studies of economic development 
under globalization. Mainstream literature has established links between economic integration into the 
world economy through higher participation into GVCs and domestic development. That, however, 
requires qualifications, some of which this paper tries to address. 
The aim of this paper is to discuss critically global value chains literature considering the analysis of two 
different industries in Brazil, namely the automotive and the aeronautical sectors. Both industries are 
strongly engaged into global chains in comparison with the average of Brazilian manufacturing. Contrary 
to the conventional literature, that identifies higher integration into global production networks as a 
source of economic efficiency, our analysis tries to show that a successful integration requires 
investments and technological dynamism, which in turn are linked to companies’ capital control. 
In this regard, we compare two Brazilian sectors that, despite very different, can provide useful insights. 
On the one hand, the automotive sector is dominated by large subsidiaries of both foreign carmakers and 
Tier 1 companies. On the other, the aeronautical sector is concentrated around Embraer. Both sectors are 
selected because of their importance in terms of investment, research and development (R&D), and 
external trade. The automotive sector focuses mostly on domestic and regional markets while Embraer is 
a big global player, given the characteristics of the sector itself. 
The period of analysis covers the 2000s onwards, especially because there was a significant increase in 
production for both sectors, followed by the international financial crisis and, more recently, the 
economic crisis in Brazil. That allows for assessment of the dynamics of both sectors over time regarding 
possible economic upgrading. Some historical remarks are also made for better understanding of the 
dynamics of each sector in Brazil. 
The pattern of global integration of these industries is even more illustrative when considered the 
upcoming technological change that may radically transform project, production and, in the auto sector, 
consumption. In face of the disruptive innovations comprised by the so-called “Industry 4.0”1, challenges 
seem bigger in order to assure not only technological development but also production domestically. The 
recent economic downturn in Brazil added considerable difficulties to the automotive sector, while for 
Embraer the potential takeover of its commercial business by Boeing may represent a deterioration of the 
integration achieved thus far. 
The paper details the issues above in three sections. The first section introduces the topic, reviewing the 
GVC literature. It also discusses critical approaches that challenges the mainstream view of higher global 
integration as necessarily promoting economic upgrading. The second section deals with the integration 
pattern of both sectors in terms of production and trade over the 2000s. The third section discusses the 
performance of these sectors regarding the technological efforts made by them and considering their 
respective capital control as well as some of the potential impacts of the technological revolution 
underway. Concluding remarks follow. 
 
1. Economic and technological upgrading: a review on global value chains 
The globalization process that has been taking place since the end of the last century has witnessed 
profound changes in the organization of productive activities at global level. From the 1980s onwards, 
large corporations from developed countries have implemented deep restructuring processes through 
which they sought to maintain their profitability and ability to accumulate capital as well as to combine 

 
1  The term Industrie 4.0, coined in 2011 by Henning Kagermann, head of the German Academy of Science and Engineering 
(Deutsche Akademie der Technikwissenschaften – Acatech), is one of the most widely used in the world when referring to a set 
of advanced and integrated technologies that is being incorporated into the production process. Other notable terms are 
Industrial Internet (USA), Industrie du Futur (France) and Smart Industry (Sweden) (Pfeiffer, 2017). 
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the accumulation of assets, especially intangible assets, with higher rationalization and flexibility of 
production. These changes have emerged as responses to the greater competitive pressure, higher 
instability of macroeconomic variables as well as higher and faster return requirements arising from 
growing financial market pressures based on new models of corporate governance aimed at maximizing 
the shareholder value (Aglietta and Rebérioux, 2005; Lazonick and O’Sullivan, 2000; Lazonick, 2013). 
As a result, the productive structure and organization of economic activities have experienced an intense 
de-verticalization. In other words, there have been increasing fragmentation and separation of activities 
previously carried out together, both from geographical and ownership perspectives. New organization 
model has been marked by a reduction of vertical integration, followed by an intense international 
outsourcing of productive stages. This movement has benefited from possibilities of cost reduction 
through the management of geographically dispersed productive activities. The production process has 
increasingly assumed the form of an international network integrating different stages of production in 
several countries and by different companies, under the coordination of large international corporations. 
Such trends have been discussed by the literature on industrial organization, economic geography, 
international economy and, in particular, the literature associated with Global Commodity Chains (GCC) 
(Gereffi and Korzeniewicz, 1994). This literature stems from Hopkins and Wallerstein (1977) discussion, 
which emphasized commodity chains as part of a world-system that created a marked stratification in 
capitalism development, with unequal returns among the geographical territories participating in the 
system. However, as pointed out by Bair and Mahutga (2016), GCC approach shifts the focus onto 
studies of more contemporary industrial systems and onto the units of the system, such as countries and 
regions, rather than the system as a whole. 
Within this approach, the issue of economic development has been addressed by linking it to the mix of 
activities carried out in a given country or region – and its evolution over time. The idea of economic 
upgrading has largely become an expression of this concern. To a great extent, the literature on GCC, 
later renamed as Global Value Chain (GVC), has tried to understand governance arrangements within the 
chain, especially directed to value creation and coordination of production, distribution and 
commercialization processes in different network stages. The debate has also drawn attention to 
development conditions for developing countries within this new context. 
The greater internationalization, combined with outsourcing of a growing part of productive stages on a 
global scale, has resulted in higher decentralization of productive activities. That, in turn, has contributed 
to redefine the articulation between production, export of manufactures and industrial and economic 
development. According to Gereffi (2005, p.171), the challenge of economic development in GVCs is “to 
identify the conditions under which developing as well as developed countries and firms can ‘climb the 
value chain’ from basic assembly activities using low-cost and unskilled labor to more advanced forms of 
‘full package’ supply and integrated manufacturing”.  In this regard, Humphrey and Schmitz (2002) 
identify four ways of economic upgrading: (i) process upgrading, which is related to changes in the 
production process aiming at making it more efficient;  (ii) product upgrading, which comprises the 
introduction of more advanced product types or new products; (iii) functional upgrading, which refers to a 
change in the mix of activities performed by firms toward higher value-added tasks; and (iv) chain 
upgrading, which means a shift to newer industries or markets. 
In recent years, the term “Global Value Chains” has been often used by multilateral agencies, which 
highlight the integration into value chains as a way to promote economic development2. The 
incorporation of concepts associated with value chains in mainstream discourse, also supported by the 
availability of new databases capable of more effectively measuring trade in value chains, has been used 
as an element to reinforce the adoption of liberal reforms. The political conclusion in several reports is 
that promoting free trade and removing trade barriers related to sectoral industrial policies would be the 

 
2 GVC literature has also pointed out a more integrated view that includes a social dimension, calling attention to the impacts 
of GVC participation on rights, skills, social protection and well-being of workers. For more details, see Barrientos et al. 
(2011) and ILO (2016). 
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most effective way to ensure that developing countries achieve better levels of development through 
higher and faster integration into GVCs. 
From a critical perspective, it is possible to highlight that GVC literature usually underestimates the 
difficulties associated with economic upgrading by failing to address properly, at least, three key points. 
These points are detailed below. 
First, there is still large capital and technology concentration through big international corporations. 
Despite the emergence of new competitors and the opening of selective spaces for some integration of 
developing countries into GVCs, globalization has not meant a change in global oligopolies toward a 
generalized reduction of barriers to entry in such markets. It also has not meant an easier implementation 
of catching-up or upgrading strategies by companies and industries in developing countries, especially in 
chains involving complex activities in terms of technology and knowledge. Serfati (2008), Serfati and 
Sauviat (2019) and Durand and Milberg (2018) emphasize, in particular, the strategy of large companies 
to protect effectively their intangible assets, which are capable of generating income and maintaining the 
control over the value created in different parts of the value chain. 
Although productive decentralization has opened spaces at specific stages of manufacturing activities in 
several productive chains for companies from developing countries, especially in low value-added 
activities, this has not necessarily meant a reduction of competitive asymmetries. By contrast, large firms, 
while focusing on core business activities and outsourcing part of manufacturing stages, have sought to 
strengthen their intangible assets, by increasing the control over technological standards, and acquire 
strategic assets from competitors through a fierce process of mergers and acquisitions. Higher command 
power of large corporations from developed countries over the value generated in different regions 
around the world has been observed. The increase in scale at global level has become a fundamental 
factor in the competitive struggle, resulting from the advantages associated with the capacity to diversify 
risks, operate in several markets and explore cost differentials and locational advantages in different 
regions. On the one hand, increasing internationalization, measured by trade, investment, and 
manufacturing data, shows signs of increasing participation of developing countries, albeit from a 
relatively narrow set of countries (Andreoni and Tregenna, 2018). On the other hand, information about 
the ability to command and capture value through networks led by large global corporations’ points to a 
process of greater concentration and centralization of capital. 
Second, capital origin influences the degree of depth and the ability to advance in terms of upgrading. 
Several authors highlight the leading role played by large firms in restructuring global chains but do not 
necessarily tackle the limitations to upgrading in GVCs in the absence of national capital. In some way, 
this second aspect is related to the first one, considering the difficulties to constitute the elements that 
give leading firms the power to lead the chain and capture most of the value created. While it is possible 
to have different degrees of positioning within the value chain through the operation of subsidiaries of 
multinational corporations in a given country, reaching the highest and commanding levels becomes 
unfeasible without national companies at the forefront of this process (Chesnais, 1994). In general, 
although this aspect has been one of the most outstanding elements in the work of François Chesnais, it 
has received little attention in recent literature. Complementary, Cherif and Hasanov (2019) emphasize 
the importance of not only producing and exporting sophisticated products but also creating domestic 
innovators as a way to catching-up with developed economies. 
Finally, little attention is given to the fact that developing countries may have their positions in GVCs 
challenged, especially in times of marked technological, organizational and patrimonial changes. The set 
of strategies taken by global leading corporations, often supported by their national states, has resulted in 
a new wave of technological, organizational, patrimonial and business model transformations, including 
the adoption and diffusion of a set of transversal technologies in the midst of the fourth industrial 
revolution (OECD, 2017; Hallward-Driemeier and Nayyar, 2018; UNCTAD, 2018). The intense use of 
information and communication technologies, new materials and new sources of energy in an 
increasingly integrated way have resulted in a process where technological and economic leadership can 
only be conquered by actors with ability to master technologies, set standards and organize business 
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models in order to continue to dominate the value chain. In this movement, mastering and controlling 
skills and assets required to play a leading role in the chain become critical. This may be even more 
centralized in some large corporations that are able to compete for leadership. Although one can think of 
new entrants in a time of destabilization of established trajectories or paradigm shift, the degree of depth 
of economic, financial and technological capabilities required to become a relevant actor seems to 
increase even further. 
Faced with these changes, consolidated positions of developing countries can be quickly overlapped. It is 
also possible to consider that changes can bring opportunities to capture new spaces of value creation. 
However, advances toward economic upgrading in developing economies under such radical changes can 
become even more difficult in a context of consolidated foreign companies in the leading positions of 
GVCs. From this critical perspective, a comparative analysis between two important Brazilian industrial 
chains that are integrated into global value chains is proposed in the following sections. 
 
2. GVC integration patterns of Brazilian automotive and aeronautical sectors 
Brazilian automotive and aeronautical industries are both integrated into global value chains but in 
different ways. Following subsections analyze production and trade dynamics for the automotive and 
aeronautical sectors, especially over the 2000s. 
 
2.1. The automotive sector 
The automotive sector in Brazil is dominated by subsidiaries of global carmakers and Tier 1 companies. 
The industry, which had been established in the country in the late 1950s through investments of foreign 
automakers and national suppliers in a protected market, has been reshaped after the economic 
liberalization of the 1990s. Lower import tariffs, higher competition through the entrance of new players 
in the domestic market, acquisition of national suppliers by big foreign suppliers, and regional automotive 
agreements, particularly within Mercosur, have marked a higher integration of the Brazilian automotive 
sector into global value chains (Laplane and Sarti, 2004; Baer and Cintra, 2004). According to Sindipeças 
(2016), foreign auto parts companies, which accounted for 47.6% of sales and 48% of investments in 
1994, represented 70.6% of sales and 69.9% of investments in 2015. 
During the 2000s, the automotive sector has experienced a high growth dynamic, following the Brazilian 
economic expansion. Higher formal employment levels, interest rate reduction and credit expansion, as 
well as increasing real income gains, have been some of the characteristics supporting a higher domestic 
demand over that period (Sarti and Borghi, 2017). The introduction and diffusion of flexfuel vehicles, 
whose engine can combine ethanol and gasoline, have been fundamental to the sector recovery, especially 
in the early 2000s. The development of flexfuel technology has demanded R&D investments from both 
automakers and suppliers, in addition to investments in complementary assets and infrastructure. 
Vehicle production in Brazil has sharply risen over the 2000s. It moved from approximately 1.7 million 
units in 2000 to almost 3.8 million units in 2013. According to OICA data3, the Brazilian share in the 
world vehicle production increased from 2.9% in 2000 to 4.2% in 2013. In 2013, Brazil was the seventh 
largest world vehicle producer and the fourth largest consumer market, only behind China, United States 
and Japan. However, due to the domestic economic crisis thereafter, vehicle production has been showing 
a much poorer performance. Vehicle production in Brazil dropped to 2.4 million units and its proportion 
in the world production reduced to 2.7% in 2015. 
Domestic sales also went up very quickly and continued growing despite the international crisis in the late 
2000s, due to the countercyclical tax break policy on vehicles that, among other measures, contributed to 

 
3 International Organization of Motor Vehicle Manufacturers (OICA). Data available at: <http://www.oica.net/>. Accessed in: 
2019. 
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maintain domestic demand high until 20134. The booming economy made exports to decrease and 
imports to rise over the period (Figure 1). Production and sales, however, would suffer a dramatic reversal 
because of Brazil’s economic recession. The Brazilian economy shrank by 3.8% and 3.6% in 2015 and 
2016, respectively, after a little GDP growth rate of 0.5% in 2014. A sluggish recovery is observed in 
recent years, following the domestic low growth rates (around 1% GDP growth in 2017 and 2018) and 
regional economic turmoil, for instance, in Argentina, given the sector’s concentration on domestic and 
regional markets. 

Figure 1. Total vehicle production, sales, exports and imports, Brazil, 2003-2016  
(thousands of units) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Source: Prepared by the authors based on data from Anfavea (2017). 
 
The integration of the Brazilian automotive sector into global value chains has been asymmetrical. That is 
reflected in the dynamics of both automakers and auto suppliers, especially if looked at trade coefficients 
related not only to final goods but also to inputs for domestic production. 
In the early 2000s, due to low domestic demand, exports largely accounted for increases in vehicle 
production. As a result, the export-production coefficient rose to 35.5% in 2005. In the following years, 
however, stronger domestic demand picked up and drove production, making the export-production 
coefficient to decline. Given the overheated domestic market and a heavily appreciated exchange rate 
from 2003 to 2012, import-sales coefficient, which was only 3.9% in 2004, rose consistently thereafter 
(Figure 2). For most of the period when the Brazilian economy was growing, there were a reduction of 
exported production and an expansion in imported vehicles coefficient, as well as increasing import 
content of domestic production. 
Even during the 2008-2009 international economic crisis and the following years, both vehicle production 
and sales expanded. However, because of the higher demand in comparison with national output, the 
domestic production/sales gap fell, while a rising portion of domestic sales was met by imports. Global 
automakers used the growing Brazilian domestic market to adjust their idle capacity in other markets, 
particularly in face of economic slowdown in developed economies, where headquarters are located. The 
import-sales coefficient would rise up to 23.6% until 2011, falling thereafter, first due to the adoption of 

 
4 The Brazilian government adopted a series of countercyclical policies to stimulate the economy and the sector, in particular. 
See Sarti and Borghi (2017) and Borghi (2017) for details. 
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public policy tools supporting national content (e.g. Inovar-Auto program), and, then, due to the 
economic recession in Brazil after 2014. 
 
 
 

Figure 2. Export/production and import/sales ratios, Brazil, 2003-2016 (%) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Source: Prepared by the authors based on data from Anfavea (2017). 
 
Although vehicle imports have significantly affected domestic production of auto parts, the strong 
increase in imports of auto parts and, then, a rising imported content in domestic production have been 
key to understanding the asymmetrical performance of automakers and auto parts companies. The import 
penetration coefficient, which is the ratio between the value of imports of both inputs and final goods as a 
percentage of total domestic demand, has been increasing over time: 13.1%, 16.9% and 22.1% in 2003-
2008, 2009-2013 and 2014-2016, respectively. In addition, there has been a substantial increase in the 
imported industrial inputs coefficient, which expresses the relationship between imported and domestic 
inputs used in domestic production of both vehicles and auto parts. This coefficient has risen from 18.5% 
to 23.4% and, later, to 28.1% during the aforementioned periods (Figure 3). 

Figure 3. Export and import coefficients for the Brazilian automotive industry (%) 
Indicators 2003-2008 2009-2013 2014-2016 

 (%) (%) (%) 
Import penetration coefficient 13.1 16.9 22.1 
Imported industrial inputs coefficient 18.5 23.4 28.1 
Export coefficient 22.5 12.4 18.0 

Source: Prepared by the authors based on data from the National Confederation of Industry (CNI). 
 
The huge import increase has resulted from a combination of factors, such as the overvalued currency, 
fiscal and tax incentives from automotive policies as well as strategies of large automakers and Tier 1 
suppliers, which manage their production, investment and trade flows within an increasingly integrated 
global corporate structure. This fact illustrates the asymmetrical integration into GVCs led by subsidiaries 
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of automakers and large foreign suppliers operating in Brazil. The increase in both import coefficients has 
not been translated into higher exports of vehicles and auto parts. The export coefficient for the 
automotive sector, which refers to the ratio between the value of exports and the value of output, has 
reduced from 22.5% during Brazil’s expansionary cycle to 12.4% in the post-financial crisis period. The 
coefficient has partially recovered during the Brazilian recession period (2014-2016) to 18% but mostly 
because of the strong decline in production rather than rising exports, as the auto parts sector has 
continued presenting large trade deficits (Figure 4). 

Figure 4. Trade balance, vehicles and auto parts, Brazil, 2003-2016 (US$ million) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Source: Prepared by the authors based on data from Secex-MDIC. 
 
2.2. The aeronautical sector 
The Brazilian aeronautical industry is mostly concentrated in a single large Brazilian company, Embraer. 
This company is the result of a long-term project that began in 1947 with the establishment of the 
Technical Aeronautical Center (CTA, from the Portuguese acronym), which aimed at the training of 
skilled personnel and the development of aeronautical technology in Brazil (Sarti and Ferreira, 2012). In 
1969, with the initial target of enabling the serial production of a 12-seater twin turboprop aircraft 
developed by CTA, the federal government set up the state-owned aircraft maker called Embraer 
(Drumond, 2004; Silva, 1998). 
Embraer’s technological capability has improved thanks to the firm’s cumulative efforts to develop key 
technologies, focusing on design, systems integration and final assembly of aircrafts. This strategic option 
of concentrating on the upper portion of the global value chain was the solution found to face two major 
challenges. First, the increasing complexity of aeronautical technology, and second, the limitations of the 
Brazilian industry, particularly in high-tech sectors. As a result, in the 1970s and 1980s Embraer 
developed and produced ever larger and more complex aircrafts, period when cost and technological 
complexity were growing significantly, due to advances in information technology (IT) (Ferreira, 2009). 
Embraer has become a large company at the top of the aeronautical supply chain, leading a broad and 
diverse set of domestic and, especially, foreign suppliers, which are stratified at different levels. Embraer, 
particularly after its privatization5 in 1994, has developed a remarkable entrepreneurial competence, 
centered on the market intelligence and the continuous progress of corporate governance (Goldstein, 

 
5 In Embraer privatization, a golden share was established, allowing the federal government to veto strategic decisions and 
block hostile takeovers. In addition, the participation of foreign capital in the company’s control was limited to 40% (Ferreira, 
2016). 
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2002; Bernardes, 2000). In addition, in this de-verticalized production model, the ability to coordinate a 
complex chain of global suppliers became another important competitive advantage for Embraer. 
Further to Embraer’s own internal competencies, the strong support of the Brazilian state was 
fundamental to the evolution of Embraer and the whole aeronautical industry in the country (Monte-
Cardoso, 2018; Gomes, 2012). The state not only made possible the creation of Embraer, but also 
concentrated all scientific, technological and financial support in the company. Nevertheless, this strategic 
choice to direct public policy to Embraer made the market structure of the Brazilian aeronautical industry 
to focus on a single large company. Most of other companies in the Brazilian aeronautical industry 
concentrate their activities in the supply of products and services for the leading company. However, this 
framework should not be considered as a limitation, given the fact that this concentration allowed the 
technological and commercial progress of Brazil in this sector through its leading company (Ferreira, 
2016). 
Embraer’s extraordinary technological and managerial competence, coupled with the decisive support of 
public policies, have enabled Embraer to achieve, during five decades, a growing participation in the 
international market and to become one of the greatest aerospace conglomerates of the 21st century. 
Embraer is currently the world leader in the commercial jet aircraft segment with up to 150 seats and 
shows a growing presence in both executive and defense aircraft segments (Embraer, 2019). Embraer has 
also a prominent position in the Brazilian industry. In 2017, it ranked 28th among the largest Brazilian 
companies, being the 11th largest private company of national control and the only one among them to act 
in a high-tech sector (Valor Econômico, 2019). In addition, Embraer also figured as one of the largest 
Brazilian exporters over the last two decades, ranking every year among the top seven positions (Secex, 
2019). Finally, Embraer is the only large Brazilian defense company, reaching the 84th position among the 
world’s 100 largest defense companies in 2017 (Sipri, 2019). 
Therefore, it is possible to identify two main features of the Brazilian aeronautical industry. First, it is 
concentrated in a single large aircraft manufacturer, Embraer. Second, it shows an active integration into 
GVCs, either through imports of main systems and components or exports of aircraft production. These 
two central features of the Brazilian aeronautical industry have a common origin: Embraer’s continued 
and growing effort in technologies that determine the plane as an end product. The strategies of the 
company and the support of public policies over time have led Embraer to the top of the GVC. 
During the 2000s, the two main characteristics of the Brazilian aeronautical industry – concentration and 
international integration – have remained in evidence. Between 2003 and 2016, Embraer’s share 
accounted for approximately 85% of revenues in the Brazilian aeronautical sector (Figure 5). Embraer’s 
supremacy is even clearer when it is found that the revenues of this company and the Brazilian 
aeronautical industry presented a correlation of 0.98 for the analyzed period. Another point that stands out 
is the importance of external demand, which represented 83% of the Brazilian aeronautical industry’s 
revenues in that period. Therefore, the performance of the Brazilian aeronautical industry is largely 
attached to the evolution of its leading company, which, in turn, is oriented to the external market. 
Figure 5. Brazilian aeronautical industry: evolution of the revenues and exports, with emphasis on 

Embraer’s revenue, 2003-2016 (US$ billion) 
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Source: Prepared by the authors based on data from Aerospace Industries Association of Brazil (AIAB) and Embraer. 
 
The Brazilian aeronautical industry presented a significant expansion until the 2008 financial crisis. 
Between 2003 and 2008, revenues of this sector practically tripled, increasing from about US$ 2.5 billion 
to US$ 7.5 billion. This exceptional growth was mainly determined by the expansion of the global 
demand for commercial aircrafts, particularly after the start-up of commercial aircraft of E-Jet family in 
2004. In the following eight years, revenues remained at a level of US$ 7.0 billion with slight variations 
(AIAB, 2019). The expansion of sales of executive jets and the defense segment were particularly 
important to maintain the level of revenues of the Brazilian aeronautical industry after the 2008 crisis6. 
By 2016, the Brazilian aeronautical industry presented revenues of US$ 7.4 billion (PIA database) and 
exports of US$ 6.5 billion (Secex database), which corresponded to 0.79% of revenues and 3.5% of 
exports of the Brazilian manufacturing industry, showing the significant importance of this industry, 
particularly in foreign trade. 
The Brazilian aeronautical industry has an active presence in the international market, particularly in 
aircraft exports. According to Figure 6, aircraft exports showed a large expansion, moving from US$ 1.9 
billion in 2003 to US$ 5.4 billion in 2008, when suffered a drop due to the international economic crisis. 
Since then, aircraft exports have shown a reasonable stability around US$ 4 billion per year. As 
previously stated, exports of the Brazilian aeronautical industry are concentrated in Embraer’s 
international sales, particularly in the exports of its commercial jet family E-Jets, one of the most 
successful aircraft in the commercial aviation market, with more than 1,400 units delivered until the end 
of 2018, among which more than 1,300 units were sold in the international market. In turn, when 
analyzing the volume of aircraft imports, there was a continuous expansion between 2007 and 2013, 
which followed the investments of local airlines, given the robust growth of the domestic economy at that 
time. 

Figure 6. Brazilian aeronautical industry: imports, exports and trade balance, according to 
aircraft, component and engine categories, 2007-2016 (US$ million) 

 
6 The defense and executive jets segments, which accounted for 25% of Embraer’s revenues in 2006, increased their share to 
49% of total revenues in 2014. In the following years, there was a slight reversal of this trend with the participation of these 
two segments falling to 42% by 2017 (Embraer, 2019). 
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Source: Prepared by the authors based on data from Secex-MDIC. 
 
In the segment of aeronautical components, an opposite situation is observed (Figure 6). Brazil is a major 
importer of components, while exports are marginal. During the 2000s, imports of components have 
expanded along with the growth of local aircraft production. The Brazilian industry does not produce 
most of the aeronautical components, particularly onboard high-tech systems. Component exports, 
therefore, have a low volume. The segment of aircraft engines and their components is a special case 
because of the presence of GE Celma, one of the largest maintenance services unit of aircraft engines in 
the world7. On the one hand, this company is responsible for importing a high volume of components 
used in the maintenance of aeronautical engines8. On the other hand, the increasing exports of aircraft 
engine maintenance services are not accounted in the SECEX database, but rather in the balance of 
services. In 2016, the trade deficit of US$ 2.2 billion in turbines and their components was balanced by 
the exports of services made by GE Celma in the amount of US$ 2.3 billion (Carmo, 2017). 
The integration model of the Brazilian aeronautical industry into global value chains focused on higher 
value-added stages, particularly in the development and production of aircrafts. That allowed the 
Brazilian aeronautical industry to add to trade balance US$ 9.3 billion between 2003 and 2016. This 
demonstrates that the industry registers structurally surpluses. 
 
3. Technological upgrading in Brazilian automotive and aeronautical sectors 
In terms of technological development, the Brazilian automotive and aeronautical sectors present different 
performance. Higher technological efforts have been made in the aeronautical sector than in the 
automotive sector in Brazil if compared to each sector’s world average. Their different patterns of global 
integration reflect in bigger challenges in face of the upcoming technological changes that may radically 
transform project, production and, in the auto sector, consumption too. Following subsections address 
these issues for each sector. 

 
7 The Celma company was founded in 1951 and denationalized in 1996, when US-based firm GE Aviation acquired its whole 
equity. GE Celma is now the second largest GE Aviation’s jet engine overhaul unit, employing some 2,000 people and 
exporting over 90% of its services (GE Brazil, 2019). 
8 GE Celma is also responsible for the assembly of engines used in Embraer’s commercial aircraft family of E-Jets. 
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3.1. The automotive sector 
Most production and sales of light vehicles in Brazil are based on flexfuel engine, which combines 
ethanol and gasoline. Implemented in 2003, this technology was developed by subsidiaries of Tier 1 
suppliers in the country, such as Bosch and Magneti Marelli, with governmental support. Production and 
sales of flexfuel autos have increased substantially since then. In 2009, flexfuel production accounted for 
84% of total production of cars and light commercial vehicles and it has been fluctuating around this level 
thereafter (Figure 7). 

Figure 7. Production of cars and light commercial vehicles by fuel type in Brazil (%) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Source: Prepared by the authors based on data from Anfavea (2017). 
Although the development of flexfuel engine has allowed the creation of endogenous capabilities in the 
country, its large diffusion in the Brazilian market limits the adoption of new technologies in the short 
term, particularly of electric vehicles, which are seen to be the worldwide dominant technological 
trajectory in the following years. The diffusion of electric motorization has been quite rapid in the world. 
Sales of electric cars have already reached 1.1% of the world market in 2016 with more than 750,000 
units sold. The main producer and consumer market for electric and hybrid cars – both BEV (Battery 
Electric Vehicle) and PHEV (Plug-in Hybrid Electric Vehicle) technologies – is China. In 2016, 336,000 
units were sold, representing 44% of global demand and 1.4% of total vehicle demand in China. In other 
advanced countries, demand is also increasing: Japan (0.6% of demand for vehicles), Germany (0.7%), 
the United States (0.9%), the United Kingdom (1.4%) and France (1.5%). Electric motorization 
technology has been overcoming some economic and technological bottlenecks, such as high price, 
storage capacity and battery life. Investments in infrastructure of energy distribution and charging have 
also been substantially increasing worldwide. The global stock of electric cars reached 2 million units in 
2016 (IEA, 2017). 
To a large extent, Brazil can be considered as “locked in” in flexfuel technology. Imported hybrid and 
electric vehicles still represent a very low share of Brazilian total sales, accounting for less than 0.1%, 
according to Anfavea (2017). In 2016, only 1,091 electric vehicles were sold in Brazil, although a much 
higher amount than few years before. Some electric vehicles, particularly buses, have started to be used 
for public transportation at municipal levels but in a very recent and still incipient strategy. Brazilian long 
distances are hardly covered by fuel autonomy of current electric batteries. The country also lacks 
infrastructure to allow running and charging electric vehicles around the country or even in big cities, not 
to mention the high prices of such vehicles. These issues represent setbacks for the adoption of the new 
technological trend in the sector in Brazil. 
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At the same time, Brazil’s dominant flexfuel technology is not widespread in the world market, which 
makes it difficult to increase exports, generate competitive economies of scale and, therefore, attract new 
investments for the development and improvement of technology. Moreover, none of the three market 
leaders in Brazil – Fiat, General Motors and Volkswagen9 – has announced a project to produce and/or 
develop electric vehicle technology in the country. These companies have been installed for decades in 
the country and able to maintain their leadership position even after the entry of new companies (French 
and Asian automakers) into the Brazilian market since the mid-1990s. All three companies have research 
and development (R&D) centers in Brazil, which are responsible for adaptation of platforms developed 
by their headquarters and development projects of new products more suitable for local and regional 
markets. 
At international landscape, these companies have been registering lower productive and technological 
dynamism, especially when compared to Asian automakers, such as Toyota (1st in production and sales 
ranking according to OICA), Hyundai (3rd), Nissan (6th), Honda (7th) and Suzuki (11th). It is important to 
note that the partnership between the Japanese Nissan and the French Renault (10th), which also includes 
more recently the Japanese Mitsubishi, has created the largest automotive group in terms of worldwide 
sales. Although increasing, the market share of Asian subsidiaries operating in Brazil in terms of 
production and sales are still lower than worldwide, and the relevance of their operations in relation to 
their global activities are smaller. This lower relative importance is reflected in their low announced and 
effective investments and in not developing R&D activities in Brazil. Nevertheless, their headquarters 
have been conducting important technological changes of both products and processes, with advances 
particularly in electric and hybrid technologies. 
According to Barassa and Consoni (2016), automakers and auto parts suppliers in Brazil have not made 
effective efforts to develop projects associated with electric vehicles yet. Initiatives have come mostly 
from companies in the electric energy sector together with research institutes and public universities, but 
without a comprehensive, well-defined national strategy toward the development of electric vehicles10. 
Some tax benefits have been included for acquisition of electric vehicles in the “Route 2030” automotive 
program, however, no specific incentive for production and national technological development of these 
vehicles is addressed, apart from general goals in terms of R&D expenditures, safety and emissions. 
Brazilian innovation data show that companies in the automotive sector have been, on average, more 
innovative than the overall manufacturing industry, apart from the period 2009-2011, according to the 
innovation ratio, i.e. the proportion of firms that introduced process or product innovation in relation to 
all firms. When compared the subsectors of the automotive sector, most automakers have introduced 
some sort of innovation, although no further detail about the innovation is provided. In the period 2012-
2014, 79% of automakers made some (product and/or process) innovation. The average innovation ratio 
of the manufacturing industry was around 36% and that of auto parts was 46% while of cabins producers 
was just 29% over the same period (Figure 8). 

Figure 8. Innovation ratio of automotive and manufacturing companies in Brazil (%) 
 2001-2003 2003-2005 2006-2008 2009-2011 2012-2014 

Total Automotive 39.7 37.0 45.1 29.1 39.1 
Cars, Trucks and 57.5 71.1 83.2 75.0 78.7 

 
9 According to the Automotive Vehicles Distribution National Federation (Fenabrave), GM, Fiat and Volkswagen accounted, 
respectively, for 17.4%, 15.4% and 11.5% of total sales of cars and light commercial vehicles in Brazil in 2016, followed by 
Hyundai (10%), Toyota (9.1%), Ford (9.1%), Renault (7.6%) and Honda (6.2%). These eight companies together totaled more 
than 86% of the market share. In 2016, GM surpassed Fiat in sales after eleven years of leadership of the Italian automaker in 
Brazil and Ford lost its historical fourth position in the Brazilian market. 
10 Nissan has recently announced a joint study with the University of Campinas (UNICAMP) to investigate the use of 
bioethanol as an alternative to electric mobility in fuel cell vehicles (Sugimoto, 2019). Although alternative technologies of 
hybrid vehicles with ethanol and bioethanol fuel cell could represent good opportunities for productive and technological 
development, initiatives are still incipient in face of the fast movement taking place in advanced economies by company’s 
headquarters. 



14 
 

Buses 
Cabins and Trailers 32.6 25.1 41.6 20.2 28.8 
Auto Parts 45.2 45.4 46.7 34.1 45.8 
Total Manufacturing 33.5 33.6 38.4 35.9 36.3 

Source: Prepared by the authors based on data from Pintec-IBGE. 
 
The innovative performance of the sector can also be explained by R&D expenditures. Automakers have 
concentrated most of R&D expenditures in the automotive sector but their share have been reducing over 
time. In turn, auto parts companies have increased their share in the sector’s R&D expenditures (Figure 
9). This is also reflected in the R&D intensity made by companies, i.e. the ratio between R&D 
expenditures and net revenues. Automakers have shown higher R&D/net revenue ratio than their 
suppliers, although decreasing over time, while for auto parts companies, to some degree, it has expanded 
over the same period (Figure 10). 

Figure 9. Distribution of R&D expenditures in the Brazilian automotive sector (%) 
 Total R&D In-house R&D 
 2003 2005 2008 2011 2014 2003 2005 2008 2011 2014 

Total Automotive 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
Cars, Trucks and Buses 77.5 71.5 72.8 71.0 59.0 86.1 83.9 80.3 70.2 65.5 
Cabins and Trailers 3.1 2.4 3.6 2.3 3.6 1.7 1.6 2.6 2.5 4.5 
Auto Parts 19.4 26.2 23.6 26.7 37.4 12.2 14.6 17.1 27.3 30.0 
Source: Prepared by the authors based on data from Pintec-IBGE. 
 

Despite these differences among subsectors, the trend in terms of total R&D intensity for the automotive 
sector as a whole has been of reduction since 2005, reaching 2.4% in 2014, a slightly higher level than the 
manufacturing industry. For automakers, the ratio was 5.6% in 2005 and dropped to 2.1% in 2014. 
Considering in-house R&D expenditures, which are more related to the effort to accumulate endogenous 
technological capabilities and develop new products and processes, the ratio for the automotive industry 
as a whole was 1.1% in 2014 and no clear trend between 2003 and 2014 could be observed. For 
automakers, in-house R&D intensity was close to 2% from 2003 to 2008 but reduced to 1.1% in 2014. In 
turn, for auto parts companies, the ratio was 0.6% in 2003 and rose to 1.2% by 2011 (Figure 10). 

Figure 10. R&D intensity in the Brazilian automotive sector: share of R&D expenditures in net 
revenues (%) 

 
Source: Prepared by the authors based on data from Pintec-IBGE. 
 
In general, innovation efforts in the Brazilian automotive industry have not increased, although domestic 
sales more than doubled in the period 2003-2013, as remarked before. Indeed, the total R&D/net revenue 
ratio decreased sharply between 2005 and 2014. The ratio of 2.1% for assemblers and 3.1% for auto parts 
companies in 2014 were below the global average of the automotive sector, which was  around 3.9% and 
4.5% for automakers and auto parts companies, respectively, in that year, according to PWC (2017). 
In this context of low investments in innovation and limited innovation centers by automakers and auto 
parts subsidiaries in the country, the advance and consolidation of the electric motorization in the world 

2003 2005 2008 2011 2014 2003 2005 2008 2011 2014
Total Automotive 3.9 4.4 3.5 2.5 2.4 1.6 1.3 1.5 1.3 1.1
Cars, Trucks and Buses 4.7 5.6 4.2 2.8 2.1 2.1 1.8 2.0 1.4 1.1
Cabins and Trailers 2.3 2.2 2.5 1.1 1.4 0.5 0.4 0.8 0.6 0.8
Auto Parts 2.5 3.0 2.4 2.3 3.1 0.6 0.5 0.7 1.2 1.1
Total Manufacturing 2.5 2.8 2.6 2.5 2.2 0.5 0.6 0.6 0.7 0.7

Total R&D In-house R&D
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market represents a big challenge for the Brazilian automotive industry. Although the diffusion of the 
new technology is very slow in Brazil, the perspective of consolidating this technological trajectory in the 
world scenario could redirect investments to other regions and represent a drastic reduction in 
investments of automakers and auto parts companies in the productive and technological development of 
flexfuel motorization. This challenge seems even bigger if considered that the gap between companies 
leading the technological change worldwide and their operations in Brazil, especially in terms of domestic 
technological development, is considerable large. These concerns put emphasis on possible limitations 
that the sector’s international integration can result in terms of future economic and social upgrading. 
 
3.2. The aeronautical sector 
The Brazilian aeronautical industry produces a wide and diversified portfolio of aeronautical platforms, 
most of them developed in the last fifteen years by Embraer, as well as assembles some helicopter models 
by Helibras, a subsidiary of European Airbus Helicopters. Currently, Embraer’s three new aircraft models 
are starting to operate, one for each segment of the company: modern family of commercial E2 jets; KC-
390, a military transport with the capacity to carry a payload of 26 tons, being the largest aircraft ever 
produced in Brazil; and Praetor 500/600 business jets. This shows the high dynamism of the Brazilian 
aeronautical industry led by Embraer. 
Embraer has built a position among global leaders. For more than 10 years, it has been the third largest 
manufacturer of commercial aircraft in the world, behind only Boeing and Airbus. However, the impact 
of the wide set of disruptive and incremental innovations on the aeronautical sector may be so high that 
could challenge Embraer leading position in the global aerospace industry. Commercial jet aircraft, which 
is Embraer’s main market segment, should be one of the most impacted by these innovations. It is 
expected that new disruptive technologies become a new “dominant project”11 through the first half of the 
2030s (Ferreira, 2018). 
The major commercial aircraft manufacturers, Boeing and Airbus, supported by their respective 
government technology development programs – Green Aviation and Clean Sky – are moving toward the 
definition of a new aircraft project of commercial aviation, probably “hybrid wing-fuselage” standard 
(Clean Sky, 2019; Nelson and Reddy, 2017). This change will be a rupture in relation to projects 
developed by the global aeronautical industry so far. New aircrafts will also be produced through a mix of 
different advanced materials, particularly advanced metal alloys and nanostructured composites. In 
addition, the production of new aircrafts may be carried out within the most advanced production 
methods centered on the increasing and integrated use of digitalization, automation and additive 
manufacturing. Finally, the incorporation of transformative information and communication technologies 
(ICTs), especially artificial intelligence, will lead to major changes in aircraft operations, with relevant 
impacts on airlines’ business models. Aircraft manufacturers should offer a growing range of services 
within their aircrafts, allowing airlines to have simpler, more flexible and lower cost structures in the 
future (Ferreira, 2018; Klotzel, 2015). 
In this context, Embraer’s biggest challenges lie in the areas where the company has the greatest 
competencies: design, integration and production of aircrafts. Although Embraer is a company that adopts 
the strategy of technological follower, the Brazilian company has made intense efforts to incorporate 
these new technologies, particularly those resulting from disruptive innovations, in order to follow the 
world leaders in the development of the future generation of commercial aircrafts. 
Embraer’s investments in these innovative technologies started with product engineering through the 
design of the “Digital Airplane” used in the development of commercial E-Jets family in the beginning of 
the 21st century12. During the 2010s, the digital concept has been expanded to the production process 
through the implementation of the “Digital Factory”, a real-time information system that integrates the 

 
11 For more details about this concept, see Utterback (1994). 
12 Embraer’s Virtual Reality Center was created in this context (Embraer, 2019). 
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entire production process to optimize aircraft manufacturing. The introduction of robots by Embraer 
began in 2007 and has increased since then, including the use of interactive robots (CNI Digital, 2017). In 
2013, Embraer started using 3D printing technology in the production of high complexity parts and 
components (Ferreira, 2018). According to recent research of the National Industry Confederation (CNI), 
called “Indústria 2027”, Embraer was the company that invested most in advanced manufacturing 
processes in Brazil in recent years (Bordeaux-Rego, 2017). In the field of product technology, Embraer’s 
recent investments in onboard software are worth mentioning with emphasis on the inside development of 
new aircraft fly-by-wire system (Vasconcelos, 2018). The company has also developed a broad diversity 
of services that optimize the operation of its aircrafts through the intensive use of onboard monitoring 
sensors. The use of this technology in the aircraft fleet, for example, contributes to optimize maintenance 
services, the so-called predictive maintenance. 
Another evidence of Embraer’s innovative efforts is the recent adoption of a reinternalization strategy of 
part of its production, changing the model previously focused on outsourcing and risk partners. This 
strategy aims to offer the company a greater control over the integration of innovative technologies into 
its new aircraft projects. In addition, only the reinternalization of part of productive activities makes, both 
technically and economically, the implantation of the advanced manufacturing technologies possible 
(Ferreira, 2018). For example, in the new family of commercial E2 jets, there was a significant 
verticalization of production, particularly in two areas: aerostructure and aircraft control software (fly-by-
wire system). 
Due to this strategy, part of the reinternalized activities is being held at Embraer’s units located abroad. 
Most of these investments have been directed to two modern aerostructure factories installed in Portugal13 
(TVI24, 2012), one interior components factory installed in Mexico (SEC, 2016), and two final assembly 
units (executive jets and military aircraft) and one seat factory in the USA (Costa, 2016). The first 
initiative focused primarily on public resources for technological development from the European Union, 
the second focused on Mexico’s low production costs and the third aimed at establishing closer proximity 
to the consumer market. In addition, internationalization contributes to mitigate risks by avoiding a high 
concentration of the company’s structure in a single country. 
Embraer’s innovative efforts culminated in 2018 with the creation of the Embraer X  division in the USA 
aimed at prospecting disruptive innovations that could affect the aeronautical sector. This new division 
has two teams to monitor key innovations being developed at US research centers, being one in the 
Silicon Valley (California) and another in Boston (Massachusetts) (Embraer X, 2019). Embraer X 
participates in the development of the electrical Vertical Take-Off and Landing (eVTOL) aircraft, within 
the urban air transport project Uber Elevate (UberElevate, 2016). This program is of great importance for 
the technological development of Embraer, since it allows the joint participation of the Brazilian company 
with several high-tech companies14  in a revolutionary project that involves disruptive technologies, 
particularly those related to advanced materials, energy storage, networks and artificial intelligence. 
Moreover, in case the project is successful, Embraer could occupy a prominent position in one of the most 
revolutionary programs of the aeronautical sector, opening a new segment of activity. 
In summary, Embraer has adopted a strategy that prioritized the technological training and competencies 
necessary to develop competitive advantages in the long term. For this reason, the company makes large 
investments in R&D and CAPEX, as shown in Figure 11. Both variables showed robust growth over the 
period, down only in 2014, but recovering the upward trend in the following years. In the seven-year 
period, these investments nearly tripled in real terms, spending on R&D increased by 274% and CAPEX 
increased by 303%. Just for comparison, the distribution of profits to shareholders decreased 24% over 
the same period. 

 
13 Part of the funds came from the European Union via its Structural Funds for Innovation Support under the National Strategic 
Reference Framework (NSRF). 
14 Uber, Bell Helicopter, Aurora Flight Sciences (Boeing), Pipistrel Aircraft, Mooney, in addition to NASA’s partnership 
(UberElevate, 2016). 
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Figure 11. Embraer: evolution of R&D, CAPEX and dividends and interests on own capital (R$ 
millions*), 2010-2016 

 
* 2016 constant values. 
Source: Prepared by the authors based on data from Embraer. 
 
Embraer’s annual average R&D investments were about US$ 400 million in the 2012-2016 period, 
against US$ 150 million in the previous 2007-2011 period. The R&D intensity, which shows the share of 
R&D expenses in net revenues, increased in the case of Embraer from 2.8% in the first five-year period to 
7.2% in the second, far exceeding the 4.3% of the aerospace sector (IRIMA, 2019). These figures 
reinforce Embraer’s intense innovative efforts in recent years, relatively greater than those made by the 
average of its international competitors. 
During 2010s, there have been also efforts to incorporate disruptive innovations by Embraer’s local 
supply chain. The main technological advances have been concentrated in a few engineering offices 
(virtual reality systems) and metalworking companies (digitalization of projects and interconnection of 
machine tools). In this context, Embraer implemented in 2011 the Aeronautical Supply Chain 
Development Program (PDCA) to strengthen second-tier local suppliers, which later received support 
from federal and local governments (Silveira, 2016). As a result, there was a greater qualification of more 
than 70 local suppliers and, consequently, the increase in sales of these companies to Embraer. 
However, in 2018, Embraer and Boeing submitted a memorandum of understanding, which, in 2019, 
became a Boeing’s effective proposal to acquire the commercial aviation of the Brazilian company. If this 
operation is carried out, Embraer’s commercial aviation segment, which accounts for about 60% of the 
company’s revenues and 90% of its profits (Embraer, 2019), will become part of the Boeing’s global 
supply and production chain (Embraer, 2019a). In this scenario of Embraer’s subordinate integration, it is 
likely that activities generating greater value-added and/or allowing higher control over the supply chain, 
such as innovative activities, will be increasingly concentrated in the acquiring company. In turn, other 
business areas remaining under Embraer’s control (e.g. executive and defense aviation) are also at high 
risk of productive and technological downgrading due to the loss of intense synergy between them and 
the commercial aircraft segment. In addition, this operation brings a high risk to local suppliers, as 
Embraer’s main operations will become part of Boeing, which already has a chain of large global 
suppliers. In short, this operation may bring a high risk for future technological development of Brazil’s 
aeronautical industry. 
 
Concluding remarks 
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This paper addressed global value chains from the perspective of two key industries of the Brazilian 
productive structure, namely the automotive and the aeronautical sectors. Both industries have a high 
degree of international integration. The automotive sector is dominated by large foreign companies. 
World’s largest automakers and auto suppliers have operations in Brazil or sell their products in the 
Brazilian market. The aeronautical sector, in turn, is led by Embraer, a national company with global 
presence in the commercial and military aircraft markets. Embraer stands as atypical and unique case in 
the Brazilian productive structure, since it is the only large national company with global presence in a 
technology-intensive industry. To a large extent, that enabled the Brazilian aeronautical industry to 
advance and consolidate internationally. 
The different international integration pattern followed by Brazilian automotive and aeronautical 
industries raises key elements to rethink GVC conventional approach. Our analysis pointed out that both 
sectors have performed well in terms of production and sales levels over the 2000s. Some differences 
between sectors were observed in terms of trade. Both registered surpluses, at least until the international 
financial crisis. The situation, however, rapidly deteriorated in the case of the automotive sector. Part of 
the high domestic demand was increasingly met by foreign supply of both vehicles and inputs. The 
dominance of foreign transnational corporations in the automotive sector in relation to the Brazilian 
Embraer in the aeronautical sector contributes to explain their different dynamics, once considering 
productive integration into global markets and degree of freedom in decision-making in each case. While 
Embraer focuses on the global market, but is a Brazilian controlled company, the dynamics of the 
Brazilian automotive sector depends on the domestic and regional markets with limited autonomy of 
subsidiaries, as subordinated to global decisions of large transnational companies. Given the high 
integration of the automotive sector in global value chains, production and employment could be 
maintained, to some extent, once repositioned to meet demand from external markets after the domestic 
crisis starting in 2014 in Brazil. However, this was not observed, thus reinforcing the argument the 
Brazilian automotive integration in GVCs has been largely asymmetrical. 
Additionally, the aeronautical sector has been able through Embraer to sustain a higher level of 
technological dynamism than the automotive sector, especially during the 2010s. Innovative efforts of the 
automotive sector in Brazil have proved timid in relation to the world average. On the one hand, the 
sector’s dynamics is largely associated to headquarters’ decisions abroad. On the other, domestic 
production and consumption patterns seem “locked in” in flexfuel technology. In turn, Embraer has 
shown higher innovative efforts if considered its R&D expenditures as proportion of net revenues in 
comparison with the global average in its sector, increasingly connecting itself to the frontier of 
technologies that may impact the future of the sector. 
Therefore, in face of the disruptive innovations comprised by the so-called “Industry 4.0”, challenges 
seem bigger in order to assure not only technological development but also production domestically. The 
recent economic downturn in Brazil has added considerable difficulties to the automotive sector, which 
even during the booming economic period had largely lagged behind, while for Embraer the potential 
takeover of its commercial business by Boeing may represent a potential deterioration of the integration 
pattern with decision autonomy achieved thus far. 
 
References 
AGLIETTA, M.; REBÉRIOUX, A. (2005). Corporate governance adrift: a critique of shareholder 
value. Cheltenham: Edward Elgar. 
AIAB (2019). Números da AIAB. Available at: <http://www.aiab.org.br/numeros-da-aiab.asp>. 
Accessed in: 2019. 
ANDREONI, A.; TREGENNA, F. (2018). Stuck in the middle: premature deindustrialisation and 
industrial policy, CCRED Working Paper, n.11/2018. 



19 
 

ANFAVEA (2017). Anuário da Indústria Automobilística Brasileira. São Paulo: Associação Nacional 
dos Fabricantes de Veículos Automotores (Anfavea). 
BAER, M.; CINTRA, M. A. M. (2004). Brasil: Investimento estrangeiro direto e estratégias 
empresariais. Santiago: Economic Commission for Latin America and the Caribbean (ECLAC), 
September. 
BAIR, J. L.; MAHUTGA, M. C. (2016). Commodity Chains and Development. In: HOOKS, G. (ed.). 
Sociology of Development Handbook. Berkeley: UC Press, p.645-666. 
BARASSA, E.; CONSONI, F. (2016). Potential development of electric vehicles production and market 
in Brazil: a discussion focused on automotive and electric sector strategies, GERPISA International 
Colloquium. 
BARRIENTOS, S.; GEREFFI, G.; ROSSI, A. (2011). Economic and social upgrading in global 
production networks: a new paradigm for a changing world, International Labour Review, 150 (3-4), 
p.319-340. 
BERNARDES, R. (2000). EMBRAER: elos entre estado e mercado. São Paulo: HUCITEC/FAPESP. 
BORDEAUX-REGO, A. C. (2017). Cluster Tecnológico: Internet das Coisas. Technical report, Projeto 
Indústria 2027. Rio de Janeiro: IE-UFRJ; Campinas: IE-UNICAMP. 
BORGHI, R. A. Z. (2017). The Brazilian productive structure and policy responses in the face of the 
international economic crisis: an assessment based on input-output analysis, Structural Change and 
Economic Dynamics, v.43, p.62-75. 
CARMO, J. (2017). Cresce o volume de exportações de Petrópolis, Tribuna de Petrópolis, Oct. 30. 
Available at: <https://tribunadepetropolis.com.br/cresce-o-volume-de-exportacoes-de-petropolis>. 
Accessed in: 2019. 
CHERIF, R.; HASANOV, F. (2019). The return of the policy that shall not be named: principles of 
industrial policy, IMF Working Paper, WP/19/74, International Monetary Fund (IMF), March. 
CHESNAIS, F. (1994). La mondialisation du capital. Paris: Syros. 
CLEAN SKY (2019). An overview of all our work in innovative technologies. Available at: 
<https://www.cleansky.eu/an-overview-of-all-our-work-in-innovative-technologies>. Accessed in: 2019. 
CNI DIGITAL (2017). As práticas e as tecnologias que posicionam a Embraer, CNI Digital, Jul. 27. 
Available at: <http://www.cnidigital.org/artigo/as-pr-ticas-e-as-tecnologias-que-posicionam-a-embraer>. 
Accessed in: 2019. 
COSTA, A. (2016). Embraer amplia complexo nos EUA e mira venda de jatos executivos, G1, Jun. 6. 
Available at: <http://g1.globo.com/sp/vale-do-paraiba-regiao/noticia/2016/06/embraer-amplia-complexo-
nos-eua-e-mira-venda-de-jatos-executivos.html>. Accessed in: 2019. 
DRUMOND, C. D. (2004). Asas do Brasil: Uma história que voa pelo mundo. São Paulo: Mirian 
Paglia Editora de Cultura. 
DURAND, C.; MILBERG, W. (2018). Intellectual monopoly in global value chains, The New School 
for Social Research Working Paper, n.07/2018, Department of Economics, New York. 
EMBRAER (2019a). Manual e Proposta da Administração para a Assembleia Geral Extraordinária 
da Embraer SA. São José dos Campos: Embraer, May 27. Available at: 
<https://ri.embraer.com.br/listgroup.aspx?idCanal=/p2vsiewI1NobVCuGRTbVA==>. Accessed in: 2019. 
EMBRAER X (2019). Institutional Informations. Available at: 
<https://embraerx.embraer.com/global/en>. Accessed in: 2019. 
EMBRAER (2019). Institutional Informations. Available at: <https://embraer.com/br/pt>. Accessed in: 
2019. 



20 
 

FERREIRA, M. J. B. (2009). Dinâmica da inovação e mudanças estruturais: um estudo de caso da 
indústria aeronáutica mundial e a inserção brasileira. PhD thesis – Instituto de Economia, 
Universidade Estadual de Campinas, Campinas. Available at: <http://goo.gl/cv3voN>. Accessed in: 2019. 
FERREIRA, M. J. B. (2016). Plataforma Aeronáutica Militar. In: IPEA/ABDI. Mapeamento da Base 
Industrial de Defesa. Brasília: ABDI, IPEA. Available at: 
<http://www.ipea.gov.br/portal/images/stories/PDFs/livros/livros/160706_livro_mapeamento_defesa_cap
itulo_06.pdf>. Accessed in: 2019. 
FERREIRA, M. J. B. (2018). Estudo de sistema produtivo aeroespacial e defesa. Brasília: IEL/NC. 
100 p. il. (Industry 2027: risks and opportunities for Brazil in the face of disruptive innovations). 
GE CELMA (2019). Institutional Informations. Available at: <https://www.ge.com/br/aviation>. 
Accessed in: 2019. 
GEREFFI, G. (2005). The global economy: organization, governance, and development. In: SMELSER, 
N. J.; SWEDBERG, R. (eds.). The Handbook of Economic Sociology (2nd ed.). Princeton: Princeton 
University Press, p.160-182. 
GEREFFI, G.; KORZENIEWICZ, M. (eds.) (1994). Commodity chains and global capitalism. 
Westport: Praeger. 
GEREFFI, G.; HUMPHREY, J.; STURGEON, T. (2005). The governance of global value chains, 
Review of International Political Economy, 12 (1), p.78-104. 
GOLDSTEIN, A (2002). Embraer: from national champion to global player, CEPAL Review, 77, Aug. 
GOMES, S. B. V. (2012). A indústria aeronáutica no Brasil: evolução recente e perspectivas. Rio de 
Janeiro: BNDES (BNDES 60 Anos: Perspectivas Setoriais). Available at: 
<http://www.bndes.gov.br/SiteBNDES/bndes/bndes_pt/Galerias/Convivencia/Publicacoes/Consulta_Expr
essa/Tipo/BNDES_Setorial/201210_4.html>. Accessed in: 2019. 
HALLWARD-DRIEMEIER, M.; NAYYAR, G. (2018). Trouble in the making? The future of 
manufacturing-led development. Washington: The World Bank. 
HOPKINS, T.; WALLERSTEIN, I. (1977). Patterns of development of the modern world-system, 
Review, 1 (2), p.11-45. 
HUMPHREY, J.; SCHMITZ, H. (2002). How does insertion in global value chains affect upgrading in 
industrial clusters?, Regional Studies, 36 (9), p.1017-1027. 
IEA (2017). Global EV Outlook 2017: two million and counting. Paris: International Energy Agency 
(IEA). 
ILO (2016). Promoting decent work in global supply chains in Latin America and the Caribbean: 
key issues, good practices, lessons learned and policy insights. Lima: ILO Regional Office for Latin 
America and the Caribbean (ILO Technical Reports, 2016/1). 
IRIMA (2019). World top 2500 R&D investors. Available at: <http://iri.jrc.ec.europa.eu/data.html>. 
Accessed in: 2019. 
KLOTZEL, E. (2015). A construção do avião do futuro, AERO Magazine, May 16. Available at: 
<http://aeromagazine.uol.com.br/artigo/construcao-do-aviao-dofuturo_2112.html>. Accessed in: 2019. 
LAPLANE, M. F.; SARTI, F. (2004). The Brazilian car industry in transition: convergence and 
differentiation regarding other productive models, 12th GERPISA International Colloquium, Paris. 
LAZONICK, W. (2013). The financialization of the U.S. corporation: what has been lost, and how it can 
be regained, Seattle University Law Review, v.36, 857. 
LAZONICK, W.; O’SULLIVAN, M. (2000). Maximizing shareholder value: a new ideology for 
corporate governance, Economy and Society, v.29, n.1. 



21 
 

MONTE-CARDOSO, A. (2018). A Embraer e a questão nacional. PhD thesis – Instituto de Economia, 
Universidade de Campinas, Campinas. Available at: 
<http://repositorio.unicamp.br/jspui/handle/REPOSIP/331800>. Accessed in: 2019. 
NELSON, E. S.; REDDY, D. R. (2017). Green aviation: reduction of environmental impact through 
aircraft technology and alternative fuels. 1st Edition. Boca Raton: CRC Press. 
OECD (2017). The next production revolution: implications for governments and business. Paris: 
OECD Publishing. 
PFEIFFER, S. (2017). The Vision of “Industrie 4.0” in the Making—a Case of Future Told, Tamed, and 
Traded, Nanoethics, n.11, p.107-121, Jan. Available at: 
<https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5383681/>. Accessed in: 2019. 
PWC (2017). PWC 2017 Global Innovation 1000. PriceWaterCoopers (PWC). 
SARTI, F.; BORGHI, R. A. Z. (2017). Evolution and challenges of the automotive industry in Brazil: 
contribution to the debate. In: TRAUB-MERZ, R. (ed.). The automotive sector in emerging economies: 
industrial policies, market dynamics and trade unions – trends & perspectives in Brazil, China, 
India, Mexico and Russia. Berlin: Friedrich Ebert Stiftung. 
SARTI, F.; FERREIRA, M. J. B. (2012). Evolução da Indústria Aeronáutica Brasileira entre as décadas 
de 1930 e 1980: estrutura de mercado e capacitação tecnológica, Revista da UNIFA, Universidade da 
Força Aérea, Rio de Janeiro, v.25, n.31, Dec., p.101-110. 
SEC (2016). Embraer Form 20-F. Available at: <http://goo.gl/wxu57x>. Accessed in: 2019. 
SECEX (2019). Empresas brasileiras exportadoras e importadoras. Available at: 
<http://www.mdic.gov.br/index.php/comercio-exterior/estatisticas-de-comercio-exterior/empresas-
brasileiras-exportadoras-e-importadoras>. Accessed in: 2019. 
SERFATI, C. (2008). Financial dimensions of transnational corporations, global value chain and 
technological innovation, Journal of Innovation Economics, v.2, n.2. 
SERFATI, C.; SAUVIAT, C. (2019). Global supply chains and intangible assets in the automotive and 
aeronautical industries, ILO Research Department Working Paper, n.43. 
SILVA, O. (1998). A decolagem de um sonho: história da criação da Embraer. São Paulo: Lemos 
Editorial. 
SILVEIRA, V. (2016). Grupo de fornecedores se capacita em novas soluções, Valor Econômico, Nov. 
29. Available at: <https://www.valor.com.br/empresas/4790187/grupo-de-fornecedores-se-capacita-em-
novas-solucoes>. Accessed in: 2019. 
SINDIPEÇAS (2016). Brazilian Auto Parts Industry Performance. São Paulo: Sindipeças. 
SIPRI (2019). SIPRI Arms Industry Database. Available at: 
<https://www.sipri.org/databases/armsindustry>. Accessed in: 2019. 
SUGIMOTO, L. (2019). Unicamp, Nissan e o carro movido com eletricidade gerada por etanol, 
University of Campinas (UNICAMP), April 26. Available at: 
<https://www.unicamp.br/unicamp/noticias/2019/04/26/unicamp-nissan-e-o-carro-movido-com-
eletricidade-gerada-por-etanol>. Accessed in: 2019. 
TVI24 (2012). Embraer inaugura fábrica em Évora e cria 600 empregos, TVI24, Sep. 19. Available at: 
<http://www.tvi24.iol.pt/economia/negocios/embraer-inaugura-fabrica-em-evora-e-cria-600-empregos>. 
Accessed in: 2019. 
UBER ELEVATE (2016). Fast-forwarding to a future of on-demand urban air transportation. Uber 
Elevate, Oct. 27. Available at: <https://www.uber.com/elevate.pdf>. Accessed in: 2019. 



22 
 

UNCTAD (2018). Trade and Development Report 2018: power, platforms and the free trade 
delusion. New York and Geneva: United Nations. 
UTTERBACK, J. M. (1994). Mastering the dynamics of innovation. Boston: Harvard Business School 
Press. 
VALOR ECONÔMICO (2019). Valor 1000. Available at: 
<https://www.valor.com.br/valor1000/2018/ranking1000maiores>. Accessed in: 2019. 
VASCONCELOS, Y. (2018). A more efficient jet, Revista Pesquisa Fapesp, ed. 265, Mar. Available at: 
<http://revistapesquisa.fapesp.br/en/2019/04/30/a-more-efficient-jet-2/>. Accessed in: 2019. 


	Abstract: Conventional literature on global value chains stresses the benefits of a higher economic integration into world markets. This paper examines the Brazilian automotive and aeronautical sectors in a period of strong international integration ...
	Resumo: A literatura convencional sobre cadeias globais de valor destaca os benefícios de uma maior integração econômica nos mercados mundiais. Este artigo examina os setores brasileiros automotivo e aeronáutico durante um período de forte integração ...

