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The spatial organization of oil and gas
investments in South America: an analysis

based on communities

A organizagéao espacial dos investimentos em petrdleo e gas na América do Sul:

uma analise baseada em comunidades

Abstract

The global economy is organized in value
chains, spatially and functionally fragment-
ed. Despite this dispersion, the administra-
tive activities of these chains continue to
be concentrated in some cities, which play
an important role in certain chains, because
they concentrate companies and economic
flows. The research on value chains has not
focused on the city level and has adopted
mainly case studies as the methodological
approach. Considering this, we apply a net-
work methodology to analyse the powerful
cities in the South American oil and gas in-
vestment network, including the attributes
that explain this position and the spatial ex-
tent of it. To perform this analysis, we use
data on green and brownfield investments.
Our results indicate that Rio de Janeiro is
the most central city in this network, but
its action is mainly concentrated in Brazil.
This work seeks to contribute mainly to the
methodological development of the studies
in the area.
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Resumo

A economia global estd organizada em cadeias de
valor, fragmentadas espacial e funcionalmente.
Apesar dessa dispersio, as atividades adminis-
trativas e de controle dessas cadeias continuam
concentradas em algumas cidades, que detém um
papel importante em certas cadeias, por concen-
trarem empresas e fluxos econdmicos. A pesquisa
nessa drea ndo se concentrou no nivel da cidade
e adotou, mais comumente, estudos de caso como
metodologia. Diante disso, este trabalho adota-
rd a metodologia de rede para analisar o poder
das cidades na rede de investimento em petrileo
e gds da América do Sul, os atributos que expli-
cam essa posi¢do e a extensdo espacial dela. Para
realizar esta andlise, serdo usados dados sobre
investimentos green ¢ brownfield. Os resulta-
dos indicam que o Rio de Janeiro é a cidade mais
central dessa rede, mas sua agdo estd concentrada
principalmente no Brasil. Este trabalho pretende
contribuir principalmente no desenvolvimento me-
todolégico dos estudos na drea.
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cadeias de valor, redes, comunidades Louvain,
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1 Introduction

The organization of the global economy has undergone intensive changes
since the 1970s. With the increase of capital mobility, production began
to be organized into global value chains, that is, production began to oc-
cur in a fragmented and spatially dispersed way, with several companies
and localities involved in the manufacturing process of a product (Gereffi,
2001; Gereffi, 2013).

Despite the spatial dispersion and the fact that manufacturing has
moved away from large cities, these cities still concentrate a great part of
the value chains” administrative activities, which implies a strong concen-
tration of global economic flows in these cities, as they host multination-
als’ corporate offices, financial institutions, and service providers (Fried-
mann, 1986; Sassen, 1991).

As a result, some cities play an important role in particular value chains,
by concentrating companies and economic flows related to these chains.
The way this organization will take place spatially, i.e., which cities are
important for each value chain and which level of importance (national,
regional, or global) is related to many factors, such as the characteristics of
the chain itself and its organization.

Considering these issues, the present work seeks to identify the cities
that are the primary investment origin of the oil and gas investment net-
work; to understand why they hold this position, in other words, what
are the attributes that make them the main origin of investments in oil
and gas in the region; and the spatial extent of such centrality (regional
or national).

Several studies on the organization of value chains have been carried
out. However, most of them (Peppard & Rylander, 2006; Fernandez-Stark
et al., 2011; Sturgeon et al., 2008; Soosay et al., 2012), develop case-study
analysis, focusing on the relationships between the different companies
involved in value chains. This study seeks to contribute by incorporat-
ing network methodology in the value chain analysis and more strongly
including the spatial dimension of value chains’ organization and the cen-
trality asymmetries existing between different places.

For this purpose, we drew networks from data on the flows of foreign di-
rect investment (FDI) and mergers and acquisitions (M&A) in the oil and gas
chain from 2006 to 2015. We analysed these flows according to the nodes’
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outdegree and to Louvain communities. The application of Louvain com-
munities represents a significant methodological contribution of this paper,
because to date this method has been widely used in the natural sciences
but not in the social sciences (Hidalgo, 2016; Martinus & Sigler, 2017).

In addition to this introduction and the conclusion, the present work
includes three more sections. In the first section, a bibliographical review
is carried out of authors and concepts that guide our analysis. This section
also summarizes the activities that make up the oil and gas chain. Section
2 discusses in more detail the methodology applied in the study, and Sec-
tion 3 presents the results of our analysis.

2 Theoretical discussion
2.1 The new organization of the world economy

The increasing deregulation of markets and the global credit system, as
well as the increasing globalization of production and financial flows, have
given rise to a new pattern of spatial organization. The greater mobility of
capital has implied a reallocation of activities, with industries going to pe-
ripheral countries, searching, initially, for cheaper labour (Brenner, 1998).
With this movement, the geographic organization of production under-
went significant changes (Sassen, 1991).

This reorganization also affected the economies in the global South.
With the new format of production and enhanced pressure for an econom-
ic opening, countries such as China, India, and Brazil became increasingly
integrated into the global economy. As a result, production chains became
more and more internationalized, concentrating some productive steps on
these new players, which offered advantages such as cheap labour, abun-
dant raw materials, and large domestic markets (Gereffi, 2013). Hence,
new locations, including in the global South, have become increasingly
important in capital flows.

Although this movement of dispersion and productive fragmentation
into chains has intensified over time, administrative activities are still cen-
tralized in some large cities, which, as a consequence, concentrate many of
the global economic flows (Sassen, 1991; Friedmann, 1986; Friedmann &
Wolff, 1982). According to Sassen (1991), this concentration of flows is due
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not only to the fact that certain cities are home to transnational corpora-
tions, but also because they are centres for financial and support activities.

Sassen (1991) considers that the extent to which cities will play the role
of economic activity concentrators varies, as some play such a role at the
global level and others at the regional and national levels. Whilst Sassen
mentions it, she did not explore the regional and national roles of the cities
in her work. Other authors have stressed this point, such as Martinus et al.
(2015). They affirm that many cities play an important role in regionally
developed chains, but this role is not widely explored in the literature.

In spite of the fact that there is a growing geographic dispersion and
global integration in economic activities, because different stages of the
same productive chain take place in different locations throughout the
globe, Sassen (1991) states that there is a continuous concentration of eco-
nomic control and ownership. This concentration is one more aspect that
contributes to the central role played by some cities.

The concentration of control and ownership is directly related to the
configuration assumed by value chains, because, although the productive
process is experiencing fragmentation both geographically and along the
chain itself, the relationships developed within value chains are not egali-
tarian, as some agents may hold more power than others. Which company
occupies the leader position and how it develops its relations with the
subordinate companies within the chain becomes, then, especially impor-
tant. In this context, the power aspect gains more prominence. About this,
in his early works, Gereffi (2001) claims there are two types of chains:
producer-driven and buyer-driven.

Producer-driven chains have as a main characteristic the fact that they
have large producers in the central role of the productive network coordi-
nation; this is more common in capital-intensive industries such as those
for automobiles, computers, and machinery. Buyer-driven chains are char-
acteristic of industries where large retail chains play a major role in es-
tablishing decentralized production in many countries, typically in devel-
oping countries. This pattern of trade-led industrialization is common in
labour-intensive sectors, such as footwear and toys (Gereffi, 2001).

This classification has been guiding several works in the area. Accord-
ing to Carballa et al. (2014), these works focus on three essential branches:
1. how the exchanges happen between companies in different stages of
the chain; 2. which actors within the chain can define the coordination
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process; and 3. the consequences of this coordination for the participants
in the chain, regarding risk distribution and profits.

These three points do not allow the understanding of the spatial hi-
erarchy outcomes related to the distribution of value chains and power
asymmetries within them (Mahutga, 2014; Ravenhill, 2014). However, ac-
cording to Dicken et al. (2001), the issue of power asymmetry is central to
the understanding of the global economy and the new interconnected dy-
namics that have been developed. Dicken et al. (2001) consider that flows
of diverse natures constitute the global economy. Thus, it is important to
focus on the centrality and the way the different actors exercise power.
The network methodology enables this analysis.

Several authors, such as Powell (1990) and Kirman (1997), have already
applied the network framework to investigate the dynamics of the global
economy. This analysis starts from the idea that the network’s design re-
flects a set of relational processes that produce observable patterns in the
economy. Therefore, the network framework requires the identification of
actors, their relationships, and the structural results of these relationships.

For Dicken et al. (2001), power and centrality within the global econo-
my networks are not related to specific actions, but mostly to the control
of resources that some agents hold. For the authors, the role that a node
plays in the network is derived not only from the position that the agents
occupy but also from the control they have over strategic resources, be
they physical, political, economic, or technological.

The authors also point out that networks have specific territoriality and
organization, which is understood as a result of the activities being anal-
ysed. For example, some networks of global scope are controlled by actors
spatially distant from where the activities occur, which is the case when
the relations between the financial market and the industry are analysed
(Dicken et al., 2001).

From this, we can conclude that the networks’ territoriality is directly
linked to the type of economic activity studied and to the specific charac-
teristics of this activity. Therefore, the networks’ territoriality is shaped by
the agents participating in the network and the relationships developed
among them. This point relates to the work of some authors, who argue
that the spatial analysis that involves the identification of important cities
for world economic flows have to be carried out in sectoral approaches,
because many cities are important for certain sectors but not for others.
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Thus, an aggregated analysis would not allow the visualization of spatial
organization specificities (Martinus & Tonts, 2015; Kratke, 2014; Wall &
van der Knaap, 2011).

Martinus and Sigler (2017) adopted the method of networks and identi-
fication of communities in a work that addressed the specific dynamics of
different industries and their spatial organization. The authors concluded
that this is an important way to contextualize cities within the economic
dynamics of certain sectors and is more appropriate than other method-
ologies that also address the role of cities in the global economy. However,
this methodological resource has not yet been widely explored in the so-
cial sciences.

2.2 The oil and gas value chain

Knowing the oil and gas value chain is fundamental to understand its
spatial organization. This value chain is characterized by a set of activi-
ties linking exploration and production (upstream) of oil and gas wells;
transportation, refining, and distribution (midstream stage); and the trans-
formation of its derivatives by the petrochemical industry (downstream
stage) (Valente, 2009; Ruas, 2012; Oliveira, 2016).

The oil and gas industry is capital intensive and is made up of large
groups that are among the largest companies in the world. These large
groups are intensely verticalized, with the existence of highly integrat-
ed groups. They occupy a prominent position in the coordination of this
chain, which characterizes it as producer driven. Different countries oc-
cupy the positions of large producers and large consumers, and this has
structured the market, through intensive flows of international trade, with
companies operating in several parts of the world (Ruas, 2012).

Besides the large oil groups, this chain is composed of companies that
perform more specialized activities, focused on particular segments. These
companies are responsible for offering specialized services and equipment
to support the activities of the oil and gas chain (Ruas, 2012).

According to Ruas (2012), the service providers and suppliers are very
heterogeneous, ranging from integrated and internationalized companies
to specialized regional ones. These companies operate in the upstream
stage, in exploration and production (E&P) projects headed by large oil
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companies, performing activities such as reservoir information, drilling,
completion, production, maintenance, and logistics.

The oil and gas value chain starts with the identification of sites with
potential for exploration. Because in most countries the state has juris-
diction over the subsoil, this defines the terms under which exploration
will take place, and the oil companies must acquire the exploration rights.
After this acquisition, seismic surveys and drilling will be carried out, and
if oil or gas is discovered, the field will be delimited and characterized,
regarding extension and production possibility. After this stage, the infra-
structure will be built to enable production (Oliveira, 2016).

In the drilling and completion stages, a significant portion of the expen-
ditures required in an E&P project occurs. These activities are heavily con-
centrated, with few companies accounting for a large market share. These
companies stand out for high investments in research and development
(R&D), which constitutes a strong barrier to entry in this segment. Addi-
tionally, in drilling, capital requirements to acquire equipment are also bar-
riers to entry. This stage is characterized by the operation of large groups,
rather than specialized companies, as in the completion. The equipment
used in this stage is built by specialized suppliers and shipyards, in the
case of offshore exploration (Oliveira, 2016).

After the field production of oil, it will go to refineries, where fuels
and inputs for the chemical industry are produced. Refineries are usually
owned by large oil companies, which operate upstream and in distribu-
tion, evidencing the strong integration of these companies (Oliveira, 2016).

3 Methodology

Guided by the objectives of the present study, we combined different
network measures, with a qualitative analysis of the prominent cities in
the network. The central idea guiding the methodology framework is the
statement by Dicken et al. (2001) that the analysis of the global economy
involves an understanding of who the most powerful actors are; the con-
trol over what resources make them powerful; and how they exercise this
power. We understand power here as having greater centrality in the net-
work, and the exercise of power is explained here at a spatial level. Hence,
we conduct the research in three steps:
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1) network design and centrality measurement, to identify the nodes

with greater outdegree centrality in the network;

2) qualitative analysis of which resources contribute to the position oc-

cupied by the central nodes; and

3) identification of the extent of nodes’ spatial centrality, through the

formation of communities.

A network consists of nodes and links that form a pattern of connections,
where nodes are actors and connections are relations (Taylor, 2001; Jack-
son, 2009). For the design of the networks analysed in the present study,
data were collected from the fDi (2016) and Zephyr (2016) databases on
EDI and M&A projects from 2006 to 2015. We chose a long-term time cut
with the objective of capturing the dynamics of the sector completely,
eliminating the risk of bias by a short temporal cut, which may involve
extraordinary events. We will investigate all the flows in databases that
originate with and are destined to a location in South America.

The option to use FDI and M&A flows to analyse the centrality of dif-
ferent localities has to do with the fact that, as stated by Bathelt and Fei Li
(2014), such investment relations are the basis for the realization of diverse
other flows (material, human capital, knowledge, technology), establish-
ing intense and long-term relationships among several localities. Thus, we
understand that the localities with more centrality, that is, the ones that
are the origin of more investments, establish more channels for flows with
other localities, having a greater relational capacity. We also understand
that the fact that a location is the origin of the investment puts it in a pow-
erful position, as it has control over the investment project. Thus, we adopt
the outdegree as the main measure to identify the most important cities.

FDI Markets comprises data on greenfield FDI, that is, only internation-
al flows are present in this database. The Zephyr database comprises data
on M&A, that is, brownfield investments. In this database, both inter- and
intranational flows are present, as its focus is not strictly on FDI, as in FDI
Markets. In summary, the data from FDI Markets shows only internation-
al flows, and the Zephyr data show both inter- and intranational flows.

As the objective of this work is to identify the cities with greater cen-
trality in the network, and due to the insufficient information at the city
level for all the existing flows, we decided to define the origin of the in-
vestment at the city level and the destination at the country level. Thus,
we generated a two-mode network. This practice does not affect the an-
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alytical purposes of the work and favours the analysis by allowing the
inclusion of 100% of flows available in the databases, since many FDI
and M&A projects show the city of origin but do not provide informa-
tion about the city of destination. This happens because the place where
the investment takes place is often the site of exploration of an oilfield,
which is not necessarily located in a city but always belongs to a country,
for which information is always available. Also, many M&A flows occur
within the same city, and using the city as the origin and the country as
the destination enables the capturing of these flows, which would not be
possible if only the cities were used as origin and destination.

To trace the connections, we used the absolute number of projects, as
in Crescenzi et al. (2016), who state that using the number of projects,
instead of the value invested, is more suitable when we are looking at lo-
cation strategies, because the choice to invest in a certain place is “largely
independent from the amount invested” (p. 7).

After the network design, some analysis will be carried out based on
the centrality measures of this network, mainly the outdegree. The out-
degree, that is, the number of arcs that originate in a node, is calculated
according to equation 1:

OD(1)=3", W (1) (1)

where i and j are nodes of the network and W (j, i) is the weight of the
connection between i and j in the adjacency matrix that forms the network
(Margarido et al., 2008).

In sequence, in order to understand the nature of the main cities posi-
tion, a qualitative analysis will be carried out. We develop this qualitative
analysis using bibliographical review, three interviews with oil and gas
companies, official documents related to the oil and gas chain, and con-
sultation of other databases, such as “A barrel full”, a database that shows
data on oil and gas fields and their respective operating companies.

Finally, we investigate the spatial extent of the central cities. For this, we
apply the community grouping method proposed by Blondel ez al. (2008),
called the Louvain method. This approach also implies a methodological
advance, because, to date, few studies have focused on city-level analysis
and the social sciences have applied communities partitioning (Martinus
& Sigler, 2017).
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This method is based on the modularity maximization, defined accord-
ing to equation 2:

k.
Q=72 1A, -~ (a)) @)

where A is the sum of the weights of the vertices /, ¢ is the community

where 7 is inserted, the function & (4, v) is 1 if u = Vand 0 if u # v, and

m = 1/2ZA. The technique used to identify communities in the Louvain
method is based on two stages:

1) Each node is assigned to a community in order to maximize the Q

modularity of the network. The gain obtained from the allocation of

a node 7 to a community ¢ can be calculated as shown in equation 3:

_Zﬁk}.C Z[_+/el.C : > (% 2 3
s 2 (5 ) ®

where 2¢ is the sum of the weights of the arcs incident on ¢, k is the sum

of the weights incident on node i, k/ is the sum of the weights of the arcs
from 7 to the nodes in ¢, and m is the sum of the weights of all nodes in the
network.
2) The second stage is the elaboration of a new network with the nodes
belonging to each community. Then the process repeats itself until
there is a significant improvement in network modularity.

4 Results and discussion
4.1 The oil and gas investment network in South America

Figure 1 shows the network outlined from the FDI and M&A flows. The
locations that appear in orange are in South America, while the ones in
green are from outside the region.

The most notable features of this network are the concentration of
connections in a few nodes, and the existence of many small nodes
with limited participation in the investment flows. This characterizes a
scale-free network, according to Barabasi (2009), which means that the
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network does not have a representative node, but rather that there is a
hierarchy with large connectors, medium connectors, and nodes with
few connections.

Figure 1 Qil and gas investments network in South America
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Source: Author’s draft based on fDi Markets, a service from fDi (2016) and Zephyr (2016).

The visual analysis of the figure allows the verification that Rio de Janeiro
is the main origin for investments in the oil and gas chain in South Amer-
ica and that Brazil is the primary destination. To show in more detail the
role performed by some localities, Table 1 shows the outdegree of the
network in Figure 1.

Table 1 Network Outdegree

Rio de Janeiro 63
Séo Paulo 31
Bogota 26
Buenos Aires 26
Caracas 22
Calgary 20
Madrid 17
Medellin 13

Source: Author's draft.
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The outdegree values in Table 1 evidence that South American cities play
an important role within the regional network. Of the top eight cities, only
two are from outside the region: Calgary and Madrid. Another important
aspect is the dominance of Rio de Janeiro as the main origin for invest-
ments. Rio de Janeiro was the source of 63 investments, twice the number
for Sao Paulo, the second largest city regarding investment origin, which is
followed closely by Bogota.

4.2 Understanding Rio de Janeiro’s centrality

Rio de Janeiro’s centrality confers a powerful position for the city within
the network, because it is the isolated leader in the origin of oil and gas
investments in the region. In this way, the number of channels for other
flows established between this city and other locations in the network is
the highest one. Hence, Rio de Janeiro is classified as a strong connector
within this network (Barabasi, 2009). As this section shows, its connectiv-
ity derives mainly from its role in the upstream stage of the chain.

We explain the city’s position within the network based on the perspec-
tive of Dicken ez al. (2001), that is, we stress the resources that the city
holds, which contribute to its centrality within the network and make it a
strong connector.

One of the factors that explain Rio de Janeiro’s centrality is that this
city hosts the headquarters of Petrobras. Although since 1997 Petrobras
has no longer held a monopoly over oil and gas activities in Brazil, it is still
responsible for the exploration of a large part of the national oilfields and
produces almost 90% of the oil in Brazil (ANP, 2016). The role of Petrobras
within the network of investment flows in oil and gas in South America
is seen in Table 2, which shows the main investing companies in the net-
work. The company is the largest oil company in South America, accord-
ing to a ranking released by Platts consulting firm, which evaluates criteria
such as asset value, revenue, profit, and return on capital. The company
has occupied this position from 2002, when the ranking was created, to
2015, when Colombian Ecopetrol took its place (Exame magazine, avail-
able at http://exame.abril.com.br/negocios/petrobras-perde-o-posto-de-

maior-da-america-do-sul-veja-o-ranking).
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Table 2 Leading investment companies in the South American oil and gas chain

Company N:’i ;LI;?‘L:I:: Headquarters Main activity
Petrobras 38 Rio de Janeiro E&P
PDVSA 25 Caracas E&P
Repsol 1 Madrid E&P
Ultrapar 10 S&o Paulo DiStribUtior;/::(thif:;
Braskem 10 Sé&o Paulo Petrochemicals

Source: Authors’ own calculations based on fDi Markets, a service from fDi (2016) and Zephyr (2016).

Table 2 shows that within the South American FDI and M&A flows, Petro-
bras is the company with the largest participation, with a 50% greater
number of entries, compared to second-placed Venezuelan PDVSA. We
also note that the top three companies by the number of entries are large oil
companies. As already mentioned, the oil chain is producer driven. Thus,
large and integrated oil companies play a central role in this network.

Petrobras operates in several parts of the globe, including Africa, Ameri-
ca, Asia, and Europe, in different chain stages (Costa & Pessali, 2009). How-
ever, there is still a more intense performance in South America. In 2015,
almost 47% of the proven foreign reserves of Petrobras were there. The
company operates in different areas in many countries. In Chile, Paraguay,
and Uruguay it operates within trade and distribution, being the leader in
the sector. In Peru and Bolivia it has an exploration business, and in the lat-
ter Petrobras also operates in production and transportation by pipelines. In
Venezuela and Colombia, there are partnerships in the distribution sector.
This segment is also present in Chile, where there are 279 posts; in Argen-
tina, with 265 posts; in Paraguay, with 180 posts; and in Uruguay, with
87 posts. The market share of the company in each of these countries is
12.5%,6.1%, 19.5%, and 22.7 %, respectively (Petrobras, 2015).

Besides Petrobras, private oil companies are also present in Rio de Janei-
ro. According to a 2016 report by the ANP (National Petroleum Agency),
of the 104 E&P concessionaires operating in the Brazilian oil wells, 65 of
them were based in Rio de Janeiro, and several of these companies are
multinational. According to Costa and Pessali (2009), since the bidding
system for the concession of exploration blocks was instituted by ANP

in 1999, Petrobras has participated actively, and foreign companies often
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participate in partnership with it. This close relationship that many foreign
companies have developed with Petrobras—since the liberalization of the
Brazilian national oil sector—has motivated their establishment in Rio de
Janeiro to explore the advantages of geographical and institutional prox-
imity (Boschma, 20095).

It is worth noting that Rio de Janeiro is not the only city in South Amer-
ica that hosts multinational oil and gas companies’ headquarters. These
companies are more or less concentrated in several cities, reflecting the
decentralization of this sector, which is strongly influenced by the regula-
tory framework and countries’ national energy security agendas (Martinus
& Sigler, 2017).

In addition to large oil companies, the oil and gas chain is also com-
posed of specialized service providers and suppliers. These companies are
also strongly concentrated in Rio de Janeiro. Through research on the lo-
cation of the enterprises operating in South American oil and gas fields,
information collected in the A barrel full database, and information on the
companies’ websites, it was possible to verify that Rio de Janeiro is the
main location in South America for these companies, as shown in Table 3.

Table 3 Number of specialized service providers’ and suppliers’ offices in South Ameri-
can cities

City Number of enterprises
Rio de Janeiro (BRA) 18
Bogota (COL)

Lima (PER)

Caracas (VEN)

Santiago (CHI)

Macaé (BRA)

Buenos Aires (ARG)

Séo Paulo (BRA)

Santa Cruz de la Sierra (BOL)

DI w AN

Source: Author’s draft based on the companies’ websites.

Table 3 shows the office locations of a sample composed of 47 companies
operating in the South American oilfields. These data show how these
companies are strongly concentrated in Rio de Janeiro, with more than
twice as many offices as the second highest city.

808 NovaEconomia v.29 n.3 2019



The spatial organization of oil and gas investments in South America

The concentration of specialized service providers and suppliers in Rio
de Janeiro reflects the size of the Brazilian market. According to a report
released by the International Energy Agency in 2013, Brazil owned 21% of
the floating, storage, and offloading units and 37 % of the “wet Christmas
trees,” which are essential pieces of equipment for offshore exploration.
Thus, Brazil is one of the main markets for this equipment. Hence, compa-
nies that operate in this segment will have a special interest in being close
to Petrobras, which is the main Brazilian customer (Oliveira, 2016).

According to an interview conducted in 2017 with an international ser-
vice provider installed in Rio de Janeiro, the company’s subsea activities are
concentrated in the Rio de Janeiro office, serving not only Petrobras but also
foreign companies such as BP and Chevron. This information shows Rio de
Janeiro’s importance as an oil and gas centre, mainly in the subsea segment.

In addition to having a large concentration of companies, Rio de Janeiro
is also the centre for significant research efforts in the area. First, there is
the Cenpes (Research and Development Center “Leopoldo A. Miguel de
Mello”), the Petrobras research centre at the Federal University of Rio de
Janeiro (UFR]). This centre, which is the company’s main research institu-
tion but not its only one, was fundamental in the development of deep-
water drilling technologies, which guaranteed technological leadership in
this area to Petrobras (Neto & Costa, 2007; Costa & Pessali 2009; Lima
& Silva, 2012).

Moreover, some R&D centres of transnational companies involved in
the oil and gas upstream stage are also installed in Rio de Janeiro. Data
presented in Piquet et al. (2016) show that, of the 18 new oil and gas R&D
centres that have been installed in Brazil in the last 10 years, 15 are located
in the city, with the majority of these centres located in an area owned
by UFRJ. Among the companies that installed R&D centres in the city are
Baker Hughes, EMC Corporation, and Vallourec, companies with impor-
tant roles in the South American oil and gas network and that are among
the world leaders in the segments in which they operate.

The installation of these R&D centres of transnational companies in
Rio de Janeiro is motivated, among other factors, by the discovery of the
pre-salt layer in 2007, coming from sedimentary basins which go from
the coast of Espirito Santo to Sdo Paulo (Pedrosa & Corréa, 2016). The
exploration of the layer requires new technologies and logistical solutions
(Piquet, 2016). Therefore, the demand for new technologies and solutions
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and the significance of the pre-salt as a new deposit with great productive
potential have stimulated foreign investment in R&D (Piquet, 2016).

R&D activities performed by foreign companies in Rio de Janeiro, and
in Brazil in general, are also due to legislation regarding the sector, which,
since 2005, has determined that 1% of the total gross production of highly
productive fields should be invested in R&D. A part of this 1% can be ap-
plied in the enterprises’ own R&D centres or in Cenpes, and another part
must be applied in non-profit institutions, such as universities and public
research institutes (Oliveira, 2016; Tordo et al., 2013).

Thus, Rio de Janeiro is a centre of the oil and gas chain upstream stage.
This centrality is materialized in the concentration of the origin of the FDI
and M&A flows in the South American network in that city. This concen-
tration is explained in large part by the presence of Petrobras, which holds
a leading role in the region. The fact that Rio de Janeiro hosts the com-
pany’s headquarters motivates other companies, which seek to operate
in partnership with Petrobras to settle in Rio de Janeiro. An interviewee
confirmed this information.

4.3 Subnetworks formation

The data presented on the oil and gas investment flows show the cen-
trality of Rio de Janeiro. However, Figure 1 does not allow the visualiza-
tion of the real extent of the city’s role or the spatial extent of this role.
Although Rio de Janeiro stands out as a source of investments in the oil
and gas chain, does this centrality extend to the regional context, or is it
focused at the national level'? We applied community analysis to answer
this question. The communities show the spatial extent role of the cit-
ies that concentrate the flows through the formation of the subnetworks.
These subnetworks are shown in Figure 2.

Initially, we can see that Brazil’s community is the one with the largest
number of cities. This evidences the importance that the country holds as
a pole of investment attraction in the oil and gas chain.

By grouping the most connected nodes, community analysis allows us
to see the strong national scope of investment flows in South America. In

1 Itis worth noting that FDI flows are essentially international, but M&A flows can be both
international or intranational.
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almost all communities there are one or two South American countries,
and in the same community to which these countries have been assigned,
there are also a large number of cities from the same country.

Figure 2 Louvain communities in the network of FDI and M&A flows in oil and gas in
South America
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Source: Author's own draft based on fDi Markets, a service from fDi (2016) and Zephyr (2016).

This is clear when we look at the community in which Brazil is inserted.
Sdo Paulo and Rio de Janeiro are also in this community, as are several
other Brazilian cities. Only a minority of Brazilian cities are in different
communities. This pattern is the same if we observe the communities of
Argentina, Colombia, and other countries.

In this way, we conclude that although it is a prominent city within
the South American network, Rio de Janeiro’s sourced investments are
focused on Brazil, with little echo in the region as a whole. This is the gen-
eral trend of flows in this chain, because all the communities have similar
patterns.

This result is in agreement with results shown in other studies that also
dealt with the energy sector and evidenced that the institutional specifici-
ties of the different producing countries contribute to the decentralization
of the chain flows at a global level and concentration at the national level.
Martinus and Sigler (2017) showed the strong decentralization of the orga-
nization of the energy sector in general. Breul and Revilla Diez (2017) also
identified a strong concentration at the national level of the organization
of E&P companies in Southeast Asia.
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5 Concluding remarks

This study aimed to analyse the spatial organization of the oil and gas
chain in South America, based on the FDI and M&A flows in the region.
These flows were analysed using a mixed-approach methodology, com-
bining networks and Louvain communities with a qualitative approach. In
this way, we sought to contribute to the literature of value chains, bringing
a spatial analysis with a focus on cities, and a methodology not widely ap-
plied in the studies in the area until now.

Based on the analysis, we verified the strong centrality of Rio de Janeiro
in the investment flows of the region, which is by far the main source city
of investments. This centrality puts the city in a powerful position in the
South American network and is due, in the sense used by Dicken et al.
(2001), to the resources the city holds.

One of Rio de Janeiro’s central attributes is the fact that it hosts Petro-
bras. Because this chain is characterized as a producer-driven one, the large
oil companies exert control over the chain activities. In addition to being
the largest oil company in South America, Petrobras is an important player
in the deep-water offshore exploration segment, being one of the techno-
logical leaders in this segment. Besides, the company operates throughout
all of South America, in several stages, from exploration to distribution.
Aiming at having proximity to Petrobras, many private oil companies, spe-
cialized service providers, and suppliers are also located in Rio de Janeiro.

Besides hosting major upstream companies, Rio de Janeiro also hosts
several oil and gas research centres. In addition to Cenpes, of Petrobras,
several privately owned companies also have R&D centres in the city.
Therefore, apart from being an important centre of companies in the
segment, Rio de Janeiro is also characterized as an important centre for
knowledge and technology production. Regarding this issue, the state
plays an important role, because the regulatory framework encourages the
installation of R&D facilities.

Through community partitioning it was possible to verify that the
scope of this centrality is mainly national, although Rio de Janeiro’s cen-
trality in the South America investment network is remarkable. This result
is in agreement with other studies that have already discussed the strong
national centralization of the oil and gas chain. This is mainly because this
chain is strongly influenced by local politics and the institutional environ-
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ment, factors that shape the terms in which the production of the sector
will be carried out.

Although the prominence of Rio de Janeiro as the centre of the oil and
gas chain in the South America network is evident, the crisis in the Brazil-
ian sector and in Brazilian politics was not widely grasped through the
analysis we developed, as our data on FDI and M&A flows are applicable
only until 2015. This initial analysis opens a new research path to investi-
gate whether there has been a change in the role of Rio de Janeiro in this
specific network, and if so, investigating the nature of this change.
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