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1. INTRODUCTION

The regulatory mark for the structuring of the Brazilian 
innovation system is recent, and it is set at the creation of 
the Sectoral Funds of Science and Technology (S&T) starting 
in 1999, notably the Green-Yellow Fund among these, which 
is aimed at stimulating the interactions between universities 
and companies. New mechanisms to promote these inter-
actions also came after implementation of the Innovation 
Law 10,973 / 2004 and the Welfare Law nº 11,196 / 2005. In 
the oil sector, which is the focus of this article, the self-suffi-
ciency declared in 2006 and the discoveries of petroleum re-
serves in the pre-salt layer announced in 2007 opened up to 
the country ample economic opportunities attached to insti-
tutional, regulatory and technological challenges. Petróleo 
Brasileiro SA (Petrobras) had its exclusive monopoly from 
1953 to 1995 and the concession regime was formalized in 
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1997 (Petroleum Law 9,478), which received new produc-
tion sharing and onerous assignment schemes in 2010, re-
sulting in a hybrid regime with a still strong presence of the 
company.

The creation of the Petroleum and Natural Gas Sector 
Fund (CT-Petro) in 1999, the Human Resources Training Pro-
gram of the National Petroleum, Natural Gas and Biofuels 
Agency (PRH-ANP) stimulated Petrobras’ cooperation with 
Brazilian universities, as well as the Research and Develop-
ment (R&D) clause present in the concession contracts since 
1998 and regulated by ANP from 2005 on. It established 
that at least half of the investments corresponding to 1% of 
the gross revenue from the oil fields with a large volume of 
production that pay special participation, should go to Sci-
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entific and Technological Institutions (ICT) accredited by the 
Agency, that is, universities and national research institutes 
(Ferreira, 2015; Mendonça et Oliveira, 2013; Ramos, 2014).

In 2015, a new regulation emerged from the Research, 
Development and Innovation Clause (RD&I) present in con-
cession contracts, production sharing and onerous assign-
ment, although the concession regime prevails for most of 
the total area of   Brazilian sedimentary basins. ANP Resolu-
tion 50/2015 and the ANP Technical Regulation No. 3/2015 
set forth guidelines and standards for the mandatory appli-
cation of resources by oil companies in these activities, as 
well as the rules for proving their execution and the expens-
es incurred. Technical Note No. 01/2015, in turn, addressed 
the criteria and penalties in cases of non-compliance with 
contractual obligations. It is worth mentioning that ANP Res-
olution 47/2012 and ANP Technical Regulation No. 07/2012 
had already established the rules, conditions and technical 
requirements for the accreditation of ICTs eligible to partici-
pate in projects financed with the resources foreseen in the 
RD&I Clause.

The Agency reports that from 1998 to 2015 the mandato-
ry investments in RD&I related to the concession contracts 
of the oil companies amounted to R $ 11.2 billion, of which 
R $ 10.6 billion was invested by Petrobras, representing 
95% of the total (ANP, 2016). The company accounts for 
the great majority of contracts, technological cooperation 
partnerships and mainly of agreements signed with Brazilian 
universities. Thus, in this article, the topic of technological 
cooperation is treated from the perspective of Petrobras’ 
management of a cooperative Research and Development 
(R&D) project with two Brazilian universities and a national 
medium-sized supplier. This project is part of the S&T-Indus-
try Integration Network in the National Productive Process 
(RICT), one of the thematic networks that were created by 
Petrobras in 2006 to facilitate the application of the oblig-
atory resources. After this brief introduction, section two 
presents the methodology adopted, section three reviews 
the literature on the topic, section four addresses the case 
mentioned, section five goes on the final considerations and 
then the bibliographical references used.

2. METHODOLOGY

This article is based on a thematic research of applied 
nature with exploratory purpose. The selected method was 
a case study, which brings together multiple sources of ev-
idence, both quantitative and qualitative. Although not 
aimed at statistical generalizations, this method allows ana-
lytical generalizations that can reveal universal truths, since 
no case is completely independent of the social context in 
which it is found. It also allows to clarify the decisions of the 
actors involved, the reasons why these are taken and exe-

cuted and if their results are achieved (Yin, 2010). Although 
characterized as a single case study for having Petrobras as a 
company representative of the sector and coordinator of the 
RICT, other analysis units were contemplated, such as two 
universities and a supplier company.

The study used indirect documentation techniques, such 
as bibliographical and documentary research and also inten-
sive direct processes, based on observation and interviews. 
We combined participant and systematic observation with 
informal, focused, peer-to-peer interviews with profession-
als involved in cooperative R&D activities in the three orga-
nizations (Gil, 2011; Marconi et Lakatos, 2012). It is worth 
mentioning that the active, direct and systematic observa-
tion of the facts and the use of different types of interviews 
- which have different levels of structuring - allowed the au-
thors to quickly access private data and information and the 
clarifications needed to follow the observed subjects, and 
capture their opinions and perceptions (Gil, 2011). In fact, 
observational evidence and interviews are the main sources 
of case studies (Yin, 2010).

3. INNOVATION SYSTEMS, ACADEMIA-INDUSTRY 
INTERACTIONS AND OPEN INNOVATION

Unlike the invention, which has a technical character, 
innovation encompasses technical, economic and business 
aspects, challenging philosophers, historians, sociologists 
and economists to understand the relationships that link 
the production of technical-scientific knowledge to the pro-
ductive system. The advances in the understanding of the 
meaning of innovation occurred after a number of empirical 
studies were conducted in developed countries in the late 
1960s by economists of the Schumpeterian tradition, dis-
tancing themselves from simplistic views of technology as 
an artifact and innovation as a linear process (Kline, 1985; 
Kline et Rosenberg, 1986; Stokes, 1997). The literature on in-
novation systems emerged in the 1980s from the concept of 
the National Innovation System (SNI) as a set of actors, net-
works and institutions and their interactions, which affects 
and contributes to the development of a country’s capacity 
for innovation and learning.

SNI’s strict vision approaches the concept of an S&T sys-
tem, considering only the institutions that directly affect the 
capabilities and innovative strategies of the companies and 
has Nelson as main representative (1992, 1993). Investments 
in R&D undertaken by nationally-based companies are critical 
and driven by government policies, with the technical-scien-
tific educational structure as a prominent base. This includes 
universities, institutes and public research laboratories, espe-
cially in the fields of science and engineering. Another high-
light is the cooperation between universities and companies 
for the creation of technological communities.
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The complex linking between science and technology is a 
key feature of SNI as pointed out by Nelson (1992), but most 
innovation efforts are made in firms by combining internal 
and external sources of information, which requires learn-
ing skills and capabilities (Cohen et Levinthal, 1990). R&D 
areas are the gateway to technological learning and inno-
vation processes (Cohen et Levinthal, 1989). Companies still 
need to build and accumulate technological training (Bell et 
Pavitt, 1993) and identify their dynamic capabilities, that is, 
those that leverage innovations (Teece et al., 1997). Thus, 
the countries’ structural learning capacity depends funda-
mentally on firms, universities, institutes and public research 
laboratories (Meyer-Krahmer et Schmoch, 1998). In the case 
of developing countries, this is an essential condition for the 
catching-up processes or for reducing the disparities regard-
ing developed countries (Mazzoleni et Nelson, 2007).

Freeman (1987, 1995) and Lundvall (1988, 1992) provide 
a broader view, establishing SNI as a network of public and 
private innovation support institutions that involves explicit 
and tacit knowledge and formal and informal relationships, 
in addition to incentive and appropriation systems, labor 
relations and government policies and institutions. These 
authors emphasize dynamics, interactivity and learning in-
side SNI. As knowledge became a strategic resource, learn-
ing gained relevance (Lundvall, 1992). Intangible assets also 
become increasingly important (Foray, 2004).

Learning should be understood as a process of obtain-
ing different types of knowledge, skills and training, which 
does not mean the same as acquiring information. The in-
stitutional framework and production structure directly af-
fect the relationship between producers and users, which, 
in turn, influence the scope and direction of technological 
innovations. As companies depend on external sources for 
the acquisition of information, knowledge, and technical, 
scientific and organizational skills, they interact with govern-
ments, universities, research institutes and laboratories and 
also with other companies and organizations to generate in-
novations (Hippel, 1988).

The closer the academy is to the productive sector, the 
more adherent the professional qualification and technolog-
ical cooperation will be to its needs. These interactions need 
to be stimulated, although they can not be generalized, since 
research of broad social and long-term interest needs to be 
maintained in universities (Lundvall, 2002, 2007). Besides, 
the need for bonding of academia and industry is restricted 
to certain disciplines, technologies, sectors and companies.

Nelson (1990) and Pavitt (1998) highlight the disciplinary 
specificities in the field of engineering. The first asserts that, 
in general, academic research generates inventions or pilot 
versions of projects that the industry will later develop and 
commercialize, as in the case of construction and testing 

of new design devices. For the second, academic research 
increases the capacity of industrial research to solve com-
plex problems through the following channels and mecha-
nisms: useful new knowledge; Engineering design tools and 
techniques; instrumentation; training of scientists and engi-
neers; contextualization of knowledge; insertion in national 
and international professional networks; and spin-offs.

Brooks (1994) points out the variety of interactions ac-
cording to the field of technology considered, and Pavitt 
(1991) adds the influence of the era of new technologies to 
the convergence between universities and companies. The 
transfer of knowledge occurs indirectly through skills, meth-
ods and instruments and the most important is the provi-
sion of trained personnel in research with the possibility of 
working in applied activities. As knowledge is embodied in 
people, the need for personal interaction, movement and 
participation in networks at national and international level 
becomes relevant to stimulate its diffusion. This tacit dimen-
sion of knowledge is central to the learning processes and 
its nature is localized both geographically and linguistically 
(Pavitt 1998; Polanyi, 1958, 1966).

Pavitt (1984) categorized the sector specificities, indi-
cating the prominence of R&D activities in intense and sci-
ence-based and scale-intensive sectors. In the first case, 
large companies predominate and their technological trajec-
tories are strongly conditioned by scientific advances, facts 
that highlight the role of engineering areas and their inter-
actions with universities, as in the pharmaceutical, chemical 
and electronic sectors. In the second case, where large firms 
also dominate, their innovations are introduced from proj-
ects and from the creation and operation of complex pro-
duction systems, as in the oil sector, although the deep and 
ultra deepwater exploration and production segment have 
reached the innovation level of other science sectors (Mo-
rais, 2013).

Santoro and Chakrabarti (2002) highlight the influence 
of the size, structure and proficiency to build competencies 
and solving problems of the companies in the search for re-
lationships with universities, such as research support, co-
operative research, and knowledge or technology transfer. 
In addition to the supply of graduates in sufficient quantity 
and quality, universities also contribute in exposing compa-
nies to new ideas. As Nelson points out (1990), the univer-
sity is the locus of scientific-technological public knowledge, 
and provides to the industry the technical personnel and 
ideas focused on process and product innovation.

Laursen and Salter (2004) add that the size of firms, the 
amount they spend on R&D and the adoption of the open 
innovation strategy are associated with the use of universi-
ties as external sources, which makes their direct contribu-
tion to industry highly focused in a small number of sectors 
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and companies. According to Hippel (1988) and Chesbrough 
(2003, 2006), the use of a wide range of external sources 
and agents expands technological opportunities and ac-
celerates the pace of innovation generation, which is par-
ticularly relevant in the oil industry, in the exploration and 
production segment and also in the Brazilian context, which 
marked by the challenges of the new pre-salt technological 
paradigm. It is worth mentioning that Petrobras adopts this 
strategy, practicing technological cooperation with multiple 
partners (Alonso et al., 2007; Ferreira, 2015; Ramos, 2014; 
Ramos et Ferreira, 2014). Relationships with universities dif-
fer from relationships with producers/suppliers and users/
customers, and thus deal with different management styles 
(Du et al., 2014).

As Lundvall (2002) argues, the public research system 
plays a relevant role in the development of new standards 
and scientific instrumentation, as well as in the training of 
student and graduate problem solving skills. Faulkner et 
Senker (1994) also emphasize the contribution of university 
and government laboratories through their experience and 
the characteristics of technology and the sectoral configura-
tion, the latter being observed based on the size of the com-
panies, their accumulated technological capabilities, their 
innovation characteristics and their propensity to interact.

According to Salter et Martin (2001), academic research 
is of high importance in sectors strongly based on basic and 
applied research, such as the petroleum industry. They also 
highlight the importance of knowledge spillovers, derived 
from the geographical proximity between universities and 
companies, as also addressed by Breschi et Lissoni (2001). 
Moreover, besides it facilitates the exchange of information, 
knowledge and technology among the researchers involved, 
the informal channels and trust relationships based on per-
sonal and continuous interactions also favor the adjustment 
of expectations and motivations and positive attitudes to-
wards the cooperative work, supporting the narrowing of 
relationships. When knowledge is of a less complex nature 
and more subject to coding, geographic proximity is less 
relevant than when knowledge is more complex and of an 
eminently tacit nature (Arundel et Geuna, 2004). In addi-
tion, there are other dimensions of proximity that facilitate 
such spillovers, such as organizational, technological, indus-
trial, social, cultural, cognitive, institutional and behavioral 
(Boschma, 2005).

It should be noted that the boundaries between formal 
and informal channels are not always clear and that univer-
sities and companies are organizations with distinct missions 
and work orientations, as a reflection of cultures in which 
different approaches to confidentiality, intellectual property 
rights and management styles prevail, which means different 
motivations to cooperate and attitudes towards this cooper-
ation. More than reaching immediate results, technological 

cooperation provides new learning opportunities for each of 
the organizations, bringing them benefits on the longer term 
(Cyert et Goodman, 1997; Katz et Martin, 1997). Although 
universities do not contribute equally to the technological 
progress of the industrial sectors, they are the most import-
ant source of technological opportunities (Klevorick et al., 
1995).

Challenges emerge, however, when long-term academ-
ic benefits need to adjust to the short-term needs of com-
panies for common projects. Divergences may hinder the 
smooth progress of cooperation, generating deviations from 
agreed objectives and outcomes and undesirable impacts on 
both sides. For universities, traditionally, the results relate to 
new contents, curricula and teaching methodologies, as well 
as new research agendas. For companies, the results involve 
new processes, products and organizational practices. The 
question of the appropriation of the generated knowledge 
is sensitive and has relevant potential to generate conflicts. 
Effects, in turn, have a less tangible nature than the results, 
meaning the new opportunities opened by cooperation for 
each of the organizations (Perkmann et al., 2011). The re-
sults and benefits or effects arise from the interaction of 
multiple factors (Barnes et al., 2002; Mora-Valentin et al., 
2004).

The availability of different types of resources, in addition 
to the qualification and motivation of the researchers in-
volved, are critical elements for the success of technological 
cooperation, although this depends also on organizational 
incentives (D’Este et Perkmann, 2011). And here is the rea-
son why the management of the cooperation process to en-
sure its stability and continuity becomes critical, requiring 
multiple channels of interaction (Cohen et al., 2002; D’Este 
and Patel, 2007). It is about reducing the possibilities of con-
flicts and stimulating common learning in each organization, 
which does not always lead to the appropriation and com-
mercialization of the generated knowledge. In other words, 
it is about minimizing the chances of negative effects and 
continually seeking positive impacts for both sides, which 
are often subtle and long-term. Overcoming barriers and 
obstacles requires close and cooperative links (Bruneel et 
al., 2010; D’Este et Perkmann, 2011).

Carlsson (2006) points out that in addition to the natio-
nal dimension, innovation systems can be analyzed in three 
complementary fields, such as technological, sectoral and 
regional, turning in this case to specific geographical areas, 
both supranational and subnational fields. The sectoral di-
mension is an excellent tool of analysis, taking into account 
all other dimensions of innovation systems, in order to un-
derstand the innovative processes that occur within its bor-
ders. Although Patel and Pavitt (1994) characterize the Bra-
zilian innovation system as incomplete due to the small size 
of the technological infrastructure and its low articulation 
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with the companies, the oil sector represents exactly the 
opposite of this perspective due to the use of this infrastruc-
ture and the developed networks, comprising an interesting 
case study (Ferreira, 2015; Garcia et al., 2011; Ramos, 2014; 
Ramos et Ferreira, 2014; Righi et Rapini, 2011; Turchi et De 
Negri, 2013).

As defined by Malerba (2002), a sectorial system of in-
novation and production involves a set of existing and new 
products for specific uses and actors or agents that opera-
te inside and outside the market for the creation, produc-
tion and sale of these products. This system has a base of 
knowledge, technologies and inputs, in addition to existing, 
emerging and potential demand and includes the following 
actors: individuals (scientists, businessmen and consumers); 
companies (suppliers of materials, producers and users, in 
addition to their specific areas such as R&D, marketing and 
production); organizations (universities, government and fi-
nancial agencies, trade unions and technical associations); 
and groups of organizations (industrial associations).

Although the scientific advances contribute significan-
tly to the technological development, the latter is specific 
to the industries and the companies that select, from the 
different sources of information, the relevant knowledge 
and technologies of internal and external origin, according 
to the characteristics of the technology itself, of production 
scales and of the technological strategies adopted, these 
latter aligned with companies’ corporate strategies. As sta-
ted by Tigre (2014), the activity sector and its competitive 
standards explain the technological environments in which 
the companies operate, since they have particular structu-
ral characteristics, an aspect highlighted by Malerba (2003) 
when referring to the knowledge and sectoral technological 
domain. The heterogeneity of the actors and the learning 
processes in networks represent the interaction mecha-
nisms shaped by the institutions.

Tigre (2014) also points to the formation of R&D networks 
as a global trend, due to the high costs of these activities 
associated with greater scientific and technological interde-
pendence and complexity, technological convergence and 
the need to reconcile products and services with existing 
technological standards. The interactions between universi-
ties and companies tend to become fundamental, given the 
complementary characteristic of these organizations. In fact, 
technological cooperation focused on the identification and 
processing of relevant information and the strengthening of 
innovative capabilities through the aggregation of comple-
mentary skills and qualifications is of particular importance 
in the dynamic environment of the oil industry, making it a 
viable option for large companies such as Petrobras.

Morais (2013) adds that oil companies around the world 
have set up R&D centers and have become associated with 

universities, public research institutes and laboratories and 
other companies in order to enable the generation of new 
scientific and technological knowledge as differentiated sys-
tems, equipment and services have become necessary for 
exploration and production in ever deeper waters. These 
technological cooperation agreements have led to the ge-
neration of process and product innovations essential to the 
advance in deep and ultradeep waters and also to the refi-
ning and processing of oil for the production of fuels and 
derivatives. As we will discuss below, Petrobras followed the 
international trend, being a successful case of absorption ca-
pacity and technological accumulation through knowledge 
networks (Dantas et Bell, 2009, 2011; Ramos, 2014; Ramos 
Et Ferreira, 2014).

4. MULTI-PARTNER TECHNOLOGICAL COOPERATION: 
A CASE OF SUCCESS IN PETROBRAS THEMATIC 
NETWORKS

Petrobras was critical in establishing and developing the 
Brazilian oil industry, having achieved international respect 
as an integrated energy company operating in the fields of 
exploration and production, refining, commercialization, 
transportation, petrochemical, derivatives, natural gas, elec-
tricity, gas-chemistry and biofuels. Throughout its evolution 
towards excellence, the company has always had external 
technological partners. As technological challenges are be-
coming more and more complex, the need to overcome 
them through cooperative research has intensified, invol-
ving a wide and varied spectrum of disciplines, ICT and part-
ner companies (Dantas et Bell, 2009, 2011; Ferreira, 2015; 
Morais, 2013; Turchi et al., 2013).

Petrobras’ technological cooperation with national ICTs 
- especially universities - plays a prominent role in this con-
text, which is why the company created, in 2006, the the-
matic networks, which constitute a new channel for the 
application of resources from the R&D Clause based on 
knowledge networks (Ferreira, 2015, Mendonça et Olivei-
ra, 2013, Ramos, 2014, Ramos et Ferreira, 2014, Ramos et 
al., 2013). They emerged in the context of the company’s 
technological direction from the foci or themes generated, 
guiding technological projects and programs. The company 
invested US $ 132 million in R&D in 2001, US $ 730 million in 
2006 and US $ 989 million in 2010, investing US $ 1.1 billion 
in 2014 and becoming one of the largest R&D investors in 
the energy sector in the world (Petrobras, 2014).

The R & D Clause created in 2005 provided investments 
in projects and programs of basic, applied and experimental 
research in the construction and installation of prototypes 
and pilot units and in technological services. In addition, it 
comprised expenditures subject to the prior authorization 
of the ANP, with training of human resources, technological 
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management of projects and programs, implementation of 
laboratory infrastructure and hiring of associated personnel, 
and also with R&D projects and programs. The updating of 
the R&D Clause that occurred in 2015 - now called the RD&I 
Clause - expanded the possibilities of applying the man-
datory resources, while also expanded the ANP’s activities 
through the creation of the Technical-Scientific Committee 
(COMTEC). It became responsible of deliberating on the 
application of these resources in the cases of induction of 
demand through notices or invitations addressed to ICT, oil 
companies and other Brazilian companies, or through orders 
linked to structuring projects and programs (ANP Resolution 
50/2015 and ANP Technical Regulation nº 3/2015).

As Ferreira (2015) points out, Petrobras created the the-
matic networks aiming at integrating multiple competen-
cies, exploring technological opportunities and complying 
with the R&D Clause. They have a minimum of approxima-
tely five universities involved, which means heterogeneous 
environments, i.e., with different visions, competencies and 
infrastructure conditions, although the teams focus on the 
same theme. In that year there were 36 thematic networks 
and today there are 49 of them involving more than 100 ICT 
distributed in the following areas: exploration (6); Produc-
tion (17); Supply (15); Natural gas, energy and sustainable 
development (9); And technological management (2). Thus, 
universities and some research institutes of recognized ex-
cellence distributed throughout the national territory have 
gathered around interdisciplinary themes of strategic inte-
rest to the company. Through this technological manage-
ment model, Petrobras has been establishing several net-
works with Brazilian universities, not only for the execution 
of R&D projects, but also to make feasible investments in 
laboratory infrastructure, when necessary.

 4.1. The Thematic Network for S&T-Industry 
Integration in the National Productive Process (RICT)

As shown by Ramos et al. (2013), Ramos (2014), Ramos 
et Ferreira (2014) and Ferreira (2015), among the several 
existing thematic networks, only one stands out as having 
the goal of fostering integration between ICT and compa-
nies that supply the petroleum chain since its inception and 
for not being under the direct management of the Research 
and Development Center Leopoldo Américo Miguez de 
Mello (Cenpes) - body responsible for the Petrobras tech-
nological system. This is the RICT that recruits, in addition 
to the ICTs, national companies or consortium of companies 
in R&D projects that involve equipment, products and servi-
ces aimed at substitution of imports and the development 
of infrastructure and human resources. The integration bet-
ween these agents becomes more complex than in the other 
thematic networks, since the generation of innovative engi-
neering technologies and solutions needs to support local 

companies and promote the training of human resources, 
thus contributing to the increase of Local content and the 
competitiveness of the supplier companies in the sector.

It is worth mentioning that in the RICT, as in the other the-
matic networks, investments in ICT laboratory infrastructure 
can be made feasible, provided that Petrobras understands 
that they are necessary for technological research. Howe-
ver, such investments must undergo prior evaluation by the 
ANP, which may or may not grant the authorization, so that 
they are accounted for as required under the R&D Clause. 
Research in the petroleum sector is highly dependent on 
high-level laboratory infrastructure, especially when taking 
into account the uncertainties of the new pre-salt techno-
logical paradigm, which increase the risks and costs of the 
innovative process (Ferreira, 2015). It is also worth mentio-
ning that the ANP is responsible for evaluating whether the 
resources applied by Petrobras in the technological projects 
are, in fact, spent on R&D. So far, the definition of research 
themes and technological partners has been carried out by 
Petrobras. Figure 1 below shows the governance model of 
technological cooperation within the RICT.

Figure 1. Governance model of technological cooperation in the 
framework of the RICT 

Source: Ramos et Ferreira (2014)

The interviewees at Petrobras pointed out that the proj-
ects that make up the RICT portfolio have the following char-
acteristics: they meet demands from the company’s operat-
ing units; Are heavily dependent on scientific-technological 
frontier knowledge; Are necessary for the development of 
other projects, such as laboratory infrastructure; And can 
only be carried out in partnership with national supplier 
companies. Project and manufacturing detailing skills gain 
relevancy as well as the relational skills of project managers. 
In fact, establishing criteria, rules and procedures that align 
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the portfolio of projects with the business model is one 
of the critical factors for corporate success, since it incor-
porates the logic of creation, delivery and value capture, 
establishing the link between Technology and strategy, 
that is, between technological development and the cre-
ation of economic value (Chesbrough, 2003, 2006, Sique-
ira et al., 2015).

4. 2. The Scope of the Cooperative R&D Project

The RICT’s portfolio of technological projects includes 
an emblematic and successful case of a cooperative 
R&D project with two Brazilian universities and a medi-
um-sized local supplier (Ramos et al., 2014; Ramos et al., 
2013). This multi-partner alliance began in 2008 with an 
expected duration of two years and estimated extension 
of further two years. The partner ICTs were the Univer-
sity of the State of Rio de Janeiro (UERJ) and the Federal 
University of Rio Grande do Sul (UFRGS) and the supplier 
company was Coester Automação Ltda., which has been 
operating in the Brazilian market for more than 50 years 
and currently offers solutions for automation of valves 
and transport systems. The project was about research-
ing and developing innovative technologies for a valve 
control system with wireless communication, training 
skilled labor, and modernizing academic laboratories for 
conducting research, projects, and testing.

Based on this project, Ramos (2014) showed the appli-
cability of the performance evaluation model of techno-
logical cooperation between academia and industry sug-
gested by Perkmann et al. (2011). However, this article 
intends to highlight the RICT as a consistent tool to foster 
technological innovation and human resource training, 
integrating the interests of the public research sector 
represented by the universities (UERJ and UFRGS), the 
producer / supplier (Coester) and the user (Petrobras), 
as shown in Figure 1. The importance of interactions be-
tween producers and users was highlighted by Lundvall 
(1988, 1992) and Hippel (1988). In addition, the systemic 
model of innovation, with its multiple and complex inter-
actions and feedbacks of knowledge flows in the various 
stages of the production chain, emphasizes the need for 
new forms of internal and external integration of com-
panies when seeking sources of information (Kline et 
Rosenberg, 1986; Rothwell, 1994).

We expected that RICT could offer Petrobras and its 
suppliers not only tangible results in terms of innovative 
processes and products, but would also function as an 
efficient and effective mechanism to stimulate the co-
operative attitude among the actors, generating mutual 
benefits. This intangible dimension of cooperation has 
remained one of the main challenges of R&D projects in 

the RICT portfolio, precisely because of the institutional 
heterogeneity involved when it is intended to unite sci-
entific and technological partners with market partners. 
The learning processes and the mechanisms of inter-
action require different management styles (Du et al., 
2014; Malerba, 2002, 2003).

The project in question originated from the request of 
a Petrobras operating unit sent to the Market Develop-
ment Management responsible for the strategic develop-
ment of the supplier market belonging to the corporate 
supply agency, the Executive Management of Materials. 
It was found during the kick-off of the project that there 
was no commercially available wireless communication 
protocol for field networks approved to operate in in-
dustrial plants in accordance with the strict performance 
and safety requirements of the oil industry. The techno-
logical demand would then correspond to an R&D proj-
ect aimed at the generation of a technological solution 
of industrial communication networks to be coupled to 
intelligent electric actuators, even if they were already 
available in the market.

This pilot network of electrical actuators with wireless 
communication would be installed in an industrial plant 
of Petrobras in substitution of manual actuators of on/
off valves. It is worth mentioning that electric actuators 
are responsible for the actuation of valves (opening or 
closing) that control the flow of oil and by-products in 
processing plants or outflow ducts. The challenge would 
be to develop a wireless communication system to drive 
industrial valves capable of generating savings in cabling 
installation and the possibility of installing the equip-
ment in difficult access locations in refineries, land ter-
minals and platforms, i.e., in several different industrial 
plants.

The initial stage of negotiation of the project coincid-
ed with the creation of the RICT, which had the necessary 
financial resources to support the desired technological 
development. According to the ANP requirement, the re-
sources of the R&D Clause should be spent on ICT and, 
thus, two universities with experienced research groups 
in the industrial automation area were selected to con-
duct the R&D project. The inclusion of academic research 
groups has become convenient, not only because of com-
pliance with the R&D Clause, but especially because of 
the need to conduct research on previously disruptive 
technologies. As discussed in the literature, the petro-
leum sector is strongly based on basic and applied re-
search, or in other words, it requires personnel trained 
in research with the possibility of working in applied ac-
tivities. Figure 2 below illustrates the governance struc-
ture of technological cooperation highlighting the actors 
involved in the R&D project and their links.
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Figure 2. Governance structure of technological cooperation 
within the RICT

Source: Ramos et Ferreira (2014)

It is relevant to add that one of the universities was re-
sponsible for developing the firmware and integrating it 
with the actuator hardware, cooperating in a direct and in-
tense way with the supplier company. The other university 
was in charge of the technological prospection and the de-
velopment of methodologies for the integration of wireless 
industrial networks. However, both were in charge of car-
rying out the training of personnel, both of Petrobras and 
Coester. Some of the activities carried out by the univer-
sities were related, which led to the creation of common 
events that were organized, either autonomously by them, 
that is, without the intermediation of the project manag-
er at Petrobras, but also under manager’s direct action. In 
this case, Petrobras manager was responsible for stimulat-
ing interaction among the actors from meetings and work-
shops to discuss technical topics, including decision-mak-
ing related to the definition of technological routes, such 
as the choice of the wireless communication protocol to 
be adopted.

4. 3. The Results and Impacts of the Cooperative R&D 
Project

Several results were achieved during the course of the 
project and as a result of it, considering the aggregate 
quantitative data of the partners, as follows: more than 
40 articles and scientific papers in peer-reviewed journals 
and conferences; 10 master graduates in science and en-

gineering in the area of wireless industrial networks; 03 
PhDs in science and engineering in the field of wireless 
industrial networks; 03 ideas for new R&D projects; 07 
new concepts/solutions between direct project results and 
spin-offs related to hardware and software; 01 innovation 
in the form of copyright of computer program registered 
in the National Institute of Industrial Property (INPI) corre-
sponding to firmware (implementation of wireless protocol 
stack); 01 student-researcher involved in the project con-
tracted by Petrobras; And 01 technology-based company 
created by one of the researchers directly involved in the 
project (spin-off).

A sensitive aspect pointed out in the literature and high-
lighted by the authors concerns the appropriation of the 
knowledge generated in the scope of technological coop-
eration (Ferreira, 2015, Ramos, 2014; Ramos et Ferreira, 
2014). The level of flexibility regarding publications and 
intellectual property rights that involve patenting, com-
mercialization and licensing of technologies is relevant and 
the project manager adequately contemplated this aspect, 
contributing to the maintenance of the motivation and the 
engagement of academic researchers, as suggested by the 
literature. Due to the large number of articles published 
by dissertations and theses, it is important not to prohibit 
ex-ante publications in scientific journals that are so im-
portant to these researchers. In fact, project managers 
need to be flexible in analyzing and evaluating what should 
be considered proprietary content or not. In the case in 
question, many publications were generated even before 
the application for copyright of the firmware developed by 
the researchers, which was later granted by INPI.

The continuous use of internal and external sources of 
information to feed the innovative process also deserves 
a mention, having been a hallmark feature in all phases of 
the project (research, development, manufacturing and 
testing). As pointed out by Chesbrough (2003, 2006), the 
use of multiple sources and external actors broadens the 
spectrum of technological opportunities and accelerates 
the pace of innovation generation. Figure 3 below shows a 
simplified version of the open innovation model proposed 
by the author, which represents the development process 
of the valve control system with wireless communication. 
In all phases of technological cooperation there was a joint 
participation of the actors involved and even the contribu-
tion of external actors, that is, those without direct con-
tractual link, as providers of technologies essential for the 
testing stage and those involved in the generation of the 
communication gateway. Once the testing and evaluations 
stages were over, the new wireless communication system 
developed in the scope of technological cooperation was 
already installed in the Petrobras operating unit, thus meet-
ing the internal technological demand that gave rise to the 
project.
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Figure 3. Product research and development according to open 
innovation model   

Source: Ramos et Ferreira (2014)

In this cooperative R&D project, the interactions gene-
rated positive results and impacts for each of the actors, 
opening new opportunities for learning (Cyert et Good-
man, 1997; Katz et Martin, 1997). More qualified scientists 
and engineers became available to be hired by Petrobras, 
Coester and other companies; Master’s and PhD guidelines 
paved the way for new scientific publications and research 
agendas, and new ideas, concepts, and solutions emerged. It 
is also worth mentioning the computer program copyrights, 
which could result in economic returns in the form of royal-
ties for the universities and for Petrobras (and eventually for 
individual researchers) after the commercialization of the 
technological solution begin. We stress the importance of 
the flexible management of intellectual property over the 
scientific-technological knowledge generated in the scope of 
cooperation due to the uncertainty inherent in the innovati-
ve process (Freeman et Soete, 1997).

Given the complexity of interactions and the diversity of in-
formation sources for innovation involved in the R&D process, 
identifying the determinants of the results achieved, the rela-
tive weights of their contributions, and the positive benefits 
or impacts generated is challenging task. Nevertheless, some 
inferences can be made regarding the latter, such as:

• without the active participation of the user (Petro-
bras), it is most likely that the producer/supplier 
(Coester) would not have reached the product with 
the characteristics and functionalities required for 
application in industrial plants, or in other words, 
this could have been a winding road; According to 
Lundvall (1988, 1992), there are advantages and 
challenges in the interactions between producers 
and users from SNI perspective;

• without a flexible management of the cooperative 
R&D project in relation to the publication of scienti-
fic articles, it is very likely that academic researchers 
would lose interest in the project activities and de-
crease their engagement, as pointed out by D’Este 
et Perkmann (2011) and Du Et al. (2014).

• if the producer/supplier (Coester) did not have any 
investments in internal R&D and the ability to deal 
with externally rooted partners, it would most likely 
have difficulty in interacting with the university to 
absorb the knowledge generated during the applied 
research stage, a fact supported by the work of 
Cohen et Levinthal (1989, 1990);

• If the user (Petrobras) had not maintained a patient, 
flexible and realistic attitude regarding the challen-
ges inherent to the innovative process in the scope 
of cooperation with multiple partners, the coope-
rative R&D project could have been canceled in the 
initiation stage due to the low interest in its conti-
nuity; the aspects related to flexibility in manage-
ment and understanding of institutional differences 
are addressed by Cyert et Goodman (1997), Du et al. 
(2014), Ferreira (2015), Ramos (2014) and Ramos et 
Ferreira (2014).

Most of the results obtained represent intangible assets 
whose valuation is not trivial and whose public policy impli-
cations are not well understood (Lev, 2001). The benefits or 
impacts generated are also difficult to quantify (Perkmann 
et al., 2011). These aspects require specific treatment by 
practitioners and policymakers, since, in the knowledge and 
learning economy, intangible assets are increasingly embed-
ded in products, brands, intellectual property, people, labor 
relations, Knowledge and organizational alliances (Foray, 
2004; Lundvall, 2002).

In fact, would the result of a cooperative R & D project 
like the one described above only have value in generating 
a new technology or equipment for the industry? How much 
is a master or doctor in science and engineering worth? How 
much is the knowledge revealed in a master’s thesis, doctoral 
thesis or scientific publication worth? Answering these ques-
tions is a significant challenge, both in academic and corpo-
rate settings, as well as in public policies (Lev, 2001; Perkmann 
et al., 2011). Furthermore, how should universities manage 
the cooperation of their research groups with industry, es-
pecially given its public nature? How is the management of 
technological projects carried out at the university level? It is 
worth considering - as mentioned by Pavitt (1984) and illus-
trated by Tigre et Noronha (2013) - that the electronics sector 
is highly intensive in knowledge and benefits from the prog-
ress of science and public investment, as proven in the cases 
of Korea and Taiwan (Mazzoleni et Nelson, 2007).
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Thus, it is imperative that both universities and compa-
nies be able to manage their formal and informal channels 
of interaction more and more effectively. As discussed in the 
literature review, academia-industry interactions are espe-
cially relevant in science-based and scale-intensive sectors 
that are heavily dependent on scientific advancement as a 
source of information for innovation. In the petroleum sec-
tor, the creation of a teaching and research environment in 
knowledge border was one of the main benefits of the R&D 
Clause and multi-partner technological cooperation. In ad-
dition, the expansion of interactions between them contrib-
utes to the strengthening of the Brazilian innovation system. 
In fact, the understanding of the relationships that link the 
production of technical-scientific knowledge to the produc-
tive system has been increasing and becoming increasingly 
important for the development of technologies, sectors, re-
gions and countries (Ferreira, 2015).

5. FINAL CONSIDERATIONS 

The topic of technological cooperation is central to the 
literature on innovation and was treated from the perspec-
tive of Petrobras’ management of a cooperative R&D project 
with two Brazilian universities and a medium-sized nation-
al supplier within the scope of the S&T-Industry Innovation 
Network in the National Productive System (RICT). The arti-
cle aimed to highlight the relevance of the knowledge net-
works between the academy and the productive sector for 
compliance with the RD&I Clause present in the concession 
contracts, production sharing and onerous assignment regu-
lated by the National Agency of Petroleum, Natural Gas and 
Biofuels (ANP). In line with the open innovation model ad-
opted by Petrobras, RICT was one of the thematic networks 
created to enable technological cooperation with external 
partners based on demands from operational units involv-
ing scientific-technological high knowledge and, at the same 
time, increase the index of local technological content of 
products, systems and services.

Access to external sources of information, knowledge and 
technology lies at the heart of the new technological strat-
egies of large companies that seek to expand their market 
share or create new markets based on technological lead-
ership in their sectors and segments. Thus, companies that 
adopt the model of open innovation such as Petrobras - as 
opposed to the models of closed innovation - seek to take 
advantage of the synergies between the stock of external 
and internal knowledge, betting on the formation of net-
works with a view to reducing the complexity, risks and costs 
of innovative processes. The premise is that external R&D 
activities can generate significant economic value, while in-
ternal activities remain relevant to ensure the realization of 
this value.

Evidence from the cooperative multi-partner R&D project 
analyzed suggests that the continuous interactions estab-
lished were essential for the good performance of the inno-
vative process involving products of high intensity in scien-
tific knowledge, since the technological solution generated 
integrated different fields such as industrial networks, au-
tomation and mechanics. The prior experience of academic 
research groups and the learning processes generated by 
effective interactions were crucial to partner performance. 
The results and impacts obtained show the importance of 
interactions between universities, the producer and the user 
for innovative performance, when appropriate analytical cri-
teria are adopted in relation to the technology to be devel-
oped, the choice of partners, the governance of cooperation 
and management of projects.

The cooperative work of individuals with a view to the 
generation of new scientific and technological knowledge can 
give rise to future innovations, spillovers and spin-offs, prov-
ing to be fertile in applied fields such as engineering, which 
responds directly to the problems generated by practical ex-
perience. As discussed in the literature review and in the case 
study, academia-industry interactions still obey technological, 
sectoral and entrepreneurial specificities. Even so, universities 
are the most important source of technological opportunities. 
The management of the innovation process is a critical ele-
ment, since the good progress of cooperation depends on the 
adjustment of expectations, motivations, goals and results, in 
order to generate positive benefits or impacts for each of the 
actors. The willingness to cooperate precedes the common 
search for consensus towards the effective cooperation and 
the commitment of the partners is fundamental so that the 
results and expected benefits are reached, as we aimed to 
demonstrate in this article.
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