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Energy

The current context of the energy sector in Brazil

The Brazilian energy system was created to address the challenges im-
posed by the industrialization process on the country. In others words,
the overcoming of technological, economic, political and institutional
barriers faced by the energy sector in Brazil was always aimed at provid-
ing the industrial segment with plenty and relatively cheap energy. If, on
the one hand, abundance and diversity of energy sources at competitive
prices leveraged the economic growth, on the other hand, the creation of
energy industries boosted the supply chains of goods and services with
different levels of contribution by domestic capital. According to (Bicalho,
2016): "it can be stated that a significant part of the Brazilian capitalism
evolved around the energy sector, both on the demand and supply sides".

This project of economic growth marked by the symbiotic relation-
ship between the energy sector and industry in Brazil has been in
progress since the 1930s. Regardless of the political project in power
in this period, the country has managed to create a robust energy sec-
tor, able to overcome a number of technical, economic and institu-
tional challenges along nearly 90 years.

Nevertheless, the Brazilian energy sector has been facing major chal-
lenges in recent years, which raise doubts about the growth model of
this sector for the first time ever. In the oil and gas industry, the sus-
tained drop of the prices of the oil barrel and the high debt of Petro-
bras have been causing a deep restructuring of this sector. In other
words, the strategy of disinvestment and readjustment of the port-
folio of the Brazilian state-run company will redesign the boundary
conditions historically created in the oil industry.



Energia

O atual contexto do setor de energia no Brasil

O sistema energético brasileiro foi construido em resposta aos desafios impostos
pelo processo de industrializagao do Pais. Em outros termos, a superacao das bar-
reiras tecnolégicas, econémicas, politicas e institucionais, que o desenvolvimento
do setor de energia no Brasil exigiu, teve sempre como objetivo prover o segmento
industrial com energia abundante e relativamente barata. Assim, se por um lado a
abundancia e diversidade de fontes energéticas a precos competitivos impulsionou
o crescimento econdmico, por outro, a construcdo das industrias de energia esti-
mulou o desenvolvimento de cadeias de fornecedores de bens e servicos com dife-
rentes graus de participacao do capital nacional. Segundo (Bicalho, 2016): “pode-se
afirmar que uma parcela significativa do capitalismo brasileiro se desenvolveu em
torno do setor energético, tanto pelo lado da demanda quanto pelo lado da oferta”.

Esse projeto de desenvolvimento econdmico marcado pela simbidtica relacdo
existente entre os setores de energia e a industria no Brasil vem se perpetuando
desde os anos de 1930. Assim, independente dos distintos projetos politicos que
estiveram no poder nesse periodo, o Brasil conseguiu construir um setor energético
robusto; capaz de superar os mais variados desafios técnicos, econdémicos e institu-
cionais que se apresentaram durante esses quase 90 anos.

Nos anos recentes, contudo, o setor energético brasileiro vem enfrentando grandes
desafios que, pela primeira vez na histéria, colocam em “cheque” o histérico mo-
delo de desenvolvimento do setor. Na industria de petréleo e gas natural, a queda
sustentada dos precos do barril e o elevado nivel de endividamento da Petrobras
vém se refletindo em uma profunda reestruturacdo do setor. Isto é, a estratégia de
desinvestimento e de readequacéo do portfélio da estatal brasileira ird redefinir as
condigdes de contorno historicamente construidas na industria petrolifera.
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In the case of the Brazilian electricity sector, two driving forces cause
changes. At the world level, the energy transition process —a move from
fossil sources towards renewable energies - requires the redefinition of
the structure and pricing models of the electricity sector. In domestic
terms, the exhaustion of the growth model based on large water reser-
voirs and the increase of renewable energies - with different intermit-
tence profiles - demand a higher coordination capacity of the sector
agents.

Concerning bio-fuels, the prominence of Brazil in the production of
ethanol from sugarcane by traditional means has been difficult to keep
in the production of more modern and complex bio-fuels. According to
Bomtempo (Bomtempo, 2017), Brazilian biotechnology industries have
a high growth potential, due to the exploitation of natural resources, to
the existing skills in the production of renewable resources and to the
expertise in the production and use of bio-fuels on a large scale. Never-
theless, although the country has undertaken important initiatives in the
biotechnology segment, it has not yet created a national, well-structured
strategy that can place us among bio-based industry leaders.

In the context of the current changes in the energy sector in Brazil, this
work aims at analyzing the recent evolution of the main energy sectors in
Brazil, highlighting the major driving factors of transformation.

The brazilian electricity sector

The electricity industry in Brazil has been structured on top of the exploi-
tation of its hydrological potential. The geographic profile of Brazilian riv-
ers — long plateau rivers — has allowed the construction of hydroelectric
power plants with large reservoirs, able to regulate the typical inflows of
tropical systems.

However, the historic growth model of the Brazilian electricity sector re-
quired the construction of an infrastructure linking the different river ba-
sinsin Brazil. Over the years, a complex and wide National Interconnected
System - SIN has been developed.

Today, SIN addresses more than 98% of the national power load, having
a maximum capacity of water reservoir equivalent to 211 TWh — mainly
concentrated in the Southeast Region -, which corresponds to about
four months of annual consumption. Therefore, the significant water res-
ervoirs and the high electric-energetic interconnection help to mitigate
the hydrological risk involved in hydroelectricity supply (dAratjo, 2009).
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No caso do setor elétrico brasileiro sdo dois os motores indutores de mudangas. A
nivel mundial, o processo de transicao energética — abandono das fontes fésseis em
direcdo as energias renovaveis - exige a redefinicao da estrutura de organizagao e
dos modelos de tarifacdo do setor elétrico. Em termos nacionais, o esgotamento do
modelo de crescimento baseado em grandes reservatérios hidricos e o aumento
das energias renovaveis - com diferentes perfis de intermiténcia - demandam uma
maior capacidade de coordenagdo dos agentes do setor.

Em relagdo aos biocombustiveis, o protagonismo desempenhado pelo Brasil na pro-
ducéo de etanol de cana a partir de rotas tradicionais vem sendo dificil de ser mantido
na producao de biocombustiveis mais modernos e complexos. Segundo Bomtempo
(Bomtempo, 2017), o Brasil possui um elevado potencial de crescimento nas industrias
de biotecnologia em funcéo da exploracao dos recursos naturais, das capacitagoes ja
construidas na producdo de recursos renovaveis e da sua experiéncia de producéo e
uso de biocombustiveis em larga escala. Contudo, apesar do Pais possuir importan-
tes iniciativas relacionadas a biotecnologia, ele ndo possui uma estratégia nacional
definida e estruturada que possa colocar o Pais na lideranca das industrias bio-based.

Dentro desse contexto de mudanca vivenciado atualmente pelo setor de energia no
Brasil, o presente trabalho pretende analisar a evolugao recente dos principais setores
de energia brasileiros destacando os principais fatores indutores de transformacoes.

Setor elétrico brasileiro

A industria de eletricidade no Brasil se estruturou em cima do aproveitamento do
seu potencial hidroldgico. O perfil geografico dos rios brasileiros (extensos rios de
planaltos) permitiu a construcao de hidroelétricas com extensos reservatérios capa-
zes de regularizar as afluéncias caracteristicas dos sistemas tropicais.

O modelo histérico de desenvolvimento do setor elétrico brasileiro exigiu, no en-
tanto, a construcao de uma infraestrutura que conectasse as diversas bacias hidro-
graficas do Pais. Nesse contexto, ao longo dos anos, foi sendo desenvolvido um
complexo e amplo Sistema Interligado Nacional (SIN).

Atualmente, o SIN atende a mais de 98% da carga nacional e conta com uma capa-
cidade maxima de reserva hidrica equivalente a 211 TWh (concentrada principal-
mente na Regido Sudeste), o que corresponde a cerca de quatro meses do consumo
anual. Deste modo, os significativos reservatorios hidricos e a elevada interconexao
elétrico-energética contribuem para mitigar o risco hidrolégico subjacente ao su-
primento da hidroeletricidade (d"Araujo, 2009).
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Nevertheless, the consumption of electricity in Brazil has been growing
fastin the last decades, leveraged by the economic boom and by public
policies aiming at the reduction of energy poverty and at the electrifi-
cation of the country’s interior regions. On the supply side, however,
the expansion of the capacity of hydroelectric power has been facing
some obstacles.

Although Brazil still has a high hydroelectric potential - only 60% of
the stock, 172 GW, has been used - to be explored, the viability of new
projects using large reservoirs faces a number of challenges of environ-
mental, economic, social and political nature. (Tolmasquim, 2016)As the
remaining hydroelectric potential is basically in the Amazon region - of
the 57.3 GW estimated potential, only 38% are already being used —, the
exploitation of these resources requires that the new plants address the
increasing complexity of socio-environmental restrictions. (Tolmasquim,
2016).

The current restrictions to the expansion of the hydroelectric production
of electricity lead to the reduction of the share of hydropower, which will
cause the traditional expansion model of the sector to be reviewed. In-
deed, the sector has been facing deep changes along the last two de-
cades.

Since 2001, the Brazilian electricity system has depended on the
thermoelectric power to ensure the supply of energy in the critical
moments in hydrology. Given the increase of the hydrological risk in
Brazil, the national thermoelectric complex considerably expanded
along the 2000s, particularly gas power plants. This expansion al-
lowed gas power plants to help the hydroelectric system to face the
excess of demand between 2012 and 2016.

Since the end of 2012, the thermoelectric complex, designed to work oc-
casionally in critical hydrological moments, has been working most of
the time to produce power. Hitherto addressing about 10% of SIN power,
thermal power began to supply more than 20%.

In July 2016, the Brazilian power complex had an installed capacity of
146 GW. Renewable sources accounted for 80% of the electricity matrix,
being 64.5% hydrological, 9.3% biomass and 6.3% wind. The thermo-
electric share reached 29%, being 18.4% from fossil fuels. Natural gas
stood out in this period as the most important thermoelectric source,
accounting for about 8% of the installed power. Thermal plants pow-
ered by fuel oil and diesel accounted for 7% of the total, whereas those
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Nas ultimas décadas, contudo, o consumo de energia elétrica no Brasil vem crescen-
do rapidamente puxado pelo crescimento econémico e por politicas publicas volta-
das para a reducao da pobreza energética e para a eletrificacao do interior do Pais.
Pelo lado da oferta, no entanto, a expansao da capacidade de geracao hidroelétrica
vem enfrentando alguns obstaculos.

Embora o Brasil ainda tenha um elevado potencial hidroelétrico (somente 60% do
potencial inventariado - 172 GW - j4 foi utilizado) a ser explorado, a viabilizacdo de
novos projetos com grandes reservatorios enfrenta inimeros desafios de carater
ambiental, econémico, social e politico (Tolmasquim, 2016). Isso porque o poten-
cial hidroelétrico remanescente encontra-se basicamente na Regido Amazonica
(dos 57,3 GW de potencial estimado, apenas 38% ja séo utilizados) de forma que o
aproveitamento desses recursos exige a compatibilizacdo das novas usinas com a
crescente complexidade das restricdes socioambientais (Tolmasquim, 2016).

As atuais limitacdes a expansdo da producéo hidrica de eletricidade apontam para
a tendéncia de reducao da participacdo hidrdulica, o que demandard a revisdo do
modelo tradicional de expansédo do setor. De fato, o setor ja vem passando por pro-
fundas mudancas nas ultimas duas décadas.

Desde 2001, o sistema elétrico brasileiro vem dependendo da geracdo termoelétri-
ca para garantir o suprimento de energia nos momentos criticos de hidrologia. Ao
longo da década de 2000, dado o aumento do risco hidrolégico do Pais, o parque
termoelétrico brasileiro, principalmente a gds natural, se expandiu consideravel-
mente. Foi essa expansao que permitiu que, entre 2012 e 2016, o sistema hidroelétri-
co contasse com as térmicas a gas natural para fazer frente ao excesso de demanda.

De fato, desde fins de 2012, o parque termelétrico contratado como backup para
atuar esporadicamente em momentos hidroldgicos criticos vem operando a maior
parte do tempo na base da geragdo. A geracdo térmica, que até entdo atendia cerca
de 10% da carga do SIN, passou a suprir mais de 20%.

Em julho de 2016, o parque gerador brasileiro, contava com 146 GW de capacidade
instalada. As fontes renovaveis representavam 80% da matriz elétrica, sendo 64,5%
hidrica, 9,3% biomassa e 6,3% edlica. A participacdo termelétrica alcangcou 29%,
sendo 18,4% provenientes de combustiveis fosseis. O gas natural se destacou nesse
periodo como a fonte termelétrica mais importante, contribuindo com cerca de 8%
da poténcia instalada. Térmicas movidas a 6leo combustivel e a diesel representa-
ram 7% do total, enquanto as movidas a carvdo corresponderam a apenas 2,5%, e
nucleares, 1,4% (Ministério de Minas e Energia, 2016).
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powered by coal corresponded to only 2.5% and by nuclear energy, to
1.4% (Ministry of Mines and Energy, 2016).

Despite the major advances in the last decades, Brazil still shows a
much reduced consumption per capita (2,571 kWh/inhabitant in 2015),
matching the level of developing countries (EPE, 2016). Therefore, the
Brazilian system will require a significant and continuing expansion in
the installed capacity in the next years to match the rising demand for
electric power. The major concern in the electricity sector is whether
the model based on hydroelectric plants with large reservoirs is still
able to meet the increasing need of power.

The planning of the expansion of electricity generation by the Brazilian
system remains oriented to the maintenance of the strongly renewable
profile of the matrix. According to the Decennial Plan of Expansion - PDE,
renewable sources should reach 84% of the matrix by 2024, maintaining
the current level. In the period between 2015 and 2024, the PDE forecasts
an expansion of 73 GW in the installed capacity of SIN, representing an
increase of 55% to the current power. Of this total, the hydrological expan-
sion accounts for 40%, wind, for 25% and natural gas, for 14% (EPE, 2017).

However, the increase of hydroelectric power to the generation complex
will be made through run-of-the-river plants, not expanding the avail-
able water reservoirs and reducing the relative importance of the reser-
voirs in relation to the power. On the other hand, the penetration of new
renewable energies — wind and solar — will make the energy supply even
more variable and unpredictable.

In this regard, the share of complementary sources in the system will be
even more relevant to ensure the supply. In this new context, thermo-
electric generation should be more recurring and higher even in normal
hydrological situations, contributing to the re-composition of the reser-
voirs and to the effective supply of energy.

Petroleum and natural gas industry

Today, petroleum accounts for 47% of the primary production of ener-
gy, followed by sugarcane products, whose production corresponds
only to 18% of the national output (MME, 2016). The high share of pe-
troleum in the primary supply of energy reflects the recent changes
in this sector. Between 2011 and 2013, the production of oil reduced
at an annual rate of 0.5%. However, this trend reversed from 2014 on-
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Apesar dos grandes avanc¢os obtidos nas ultimas décadas, o Brasil apresenta, ainda,
um consumo per capita de eletricidade muito reduzido (2 571 kWh/habitante em
2015), compativel com o nivel de paises em desenvolvimento (EPE, 2016). Desta for-
ma, o sistema brasileiro ird exigir, nos proximos anos, uma expansao significativa e
persistente da capacidade instalada para fazer frente a elevacao da carga. A grande
questdo que se segue no setor elétrico é se 0 modelo baseado em hidroelétricas
de grandes reservatérios ainda é capaz de dar conta da necessidade crescente de
capacidade.

O planejamento da expansao da geracao do sistema elétrico brasileiro continua
orientado para manutencao do perfil fortemente renovavel da matriz. De acordo
com o ultimo Plano Decenal de Expansao (PDE), as fontes renovaveis deverao al-
cancgar 84% da matriz em 2024, mantendo o patamar atual. No periodo entre 2015 e
2024, o PDE prevé expansdo de 73 GW da capacidade instalada do SIN, representan-
do um acréscimo de 55% a poténcia atual. Deste total, a expansao hidrica responde
por 40%, a edlica por 25% e o gés natural por 14% (EPE, 2017).

No entanto, o acréscimo da poténcia hidroelétrica ao parque gerador ird se da ba-
sicamente por usinas a fio d’dgua, sem expandir a reserva hidrica disponivel, redu-
zindo a importancia relativa dos reservatérios em relacdo a carga. Por outro lado,
a penetragao das novas energias renovaveis (edlica e solar) ira agregar ainda mais
variabilidade e imprevisibilidade a oferta de energia.

Nesse sentido, a participacdo das fontes complementares no sistema sera cada
vez mais relevante para a garantia do suprimento. Neste novo contexto, a geracdo
termelétrica devera ser mais recorrente e elevada mesmo em situacées hidrolé-
gicas normais, contribuindo para a recomposicao dos reservatérios e da oferta
efetiva de energia.

A industria de petrdleo e gas natural

O petroleo corresponde hoje a 47% da producdo priméria de energia sendo segui-
do pelos produtos de cana cuja producédo corresponde a apenas 18% da producao
nacional (MME, 2016). Essa elevada participagao do petréleo na oferta primaria de
energia reflete as mudancas recentes ocorridas no setor. Entre 2011 e 2013, a produ-
¢ao de petréleo reduziu-se a uma taxa anual de 0,5%. A partir de 2014, contudo, hd
uma reversao dessa trajetoria de forma que entre 2015 e 2014 houve um crescimen-
to de 8% na producdo primdria desse energético (MME, 2016).
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wards, in a way that the primary production of this energy increased
8% between 2015 and 2014 (MME, 2016).

The changes that took place in the domestic curve of oil production can
be explained both by the reduction in the output in the Campos Basin
and in Espirito Santo (post-salt fields) and by the initial production in the
pre-salt area, particularly in the Santos Basin. Between 2013 and 2017, the
production of the Campos Basin and Espirito Santo reduced by 11% and
31%, respectively, whereas the output of the Santos Basin increased 273%,
changing from 373 thousand boe/day to 1.4 million boe/day (ANP, 2017).

The increase in the output in the Santos Basin reflects the expansion
of the production in the pre-salt area. For example, 28 wells were in
operation in the pre-salt area in December 2013, adding up to a pro-
duction of 422 thousand barrels per day, which corresponded to 12%
of the national production. In May 2017, wells in operation in the pre-
saltarea were already 75 and the volume produced hit 1.2 million daily
barrels. In this period, the volume corresponded to 47% of the domes-
tic production (ANP, 2017).

The external dependence of Brazil in relation to petroleum and its deriva-
tives reduced as a consequence of the increase in the domestic output. In
fact, our dependence on the imports of petroleum and derivatives corre-
sponded to 13% of the apparent consumption in 2013, whereas this value
was -14% in 2016. The reversion of the external dependence of Brazil is a
direct result of the increase in the net exports of oil, which maintained an
average of 615 thousand barrels per day in 2016 (ANP, 2017).

In the case of the natural gas industry, the national primary production
maintained an annual growth rate of 7% over the last years, except for
2009, in which the primary output dropped 2% due to the international
economic crisis. As a consequence of the increase in the national pro-
duction, the share of gas in the Brazilian energy matrix changed from
8% of the domestic supply of energy in 2003 to 14% in 2015 (MME, 2016).

The recent growth of the domestic supply of natural gas is directly related
with the increase in the thermoelectric production in Brazil over the last
10 years. This correlation becomes more evident when the share of gas
in the domestic supply of energy is compared with the share of this fuel
in the consumption of energy for final use. As previously mentioned, the
share of that fuel rose from 8% to 14% over the last years, in the first case,
whereas the share of gas in the final consumption remained around 7%
during all the period, as can be seen in the Graph 1 (MME, 2016).
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As mudancas ocorridas na curva nacional de producdo de petréleo podem ser ex-
plicadas tanto pela reducéo da producao na Bacia de Campos e do Espirito Santo
(nos campos do pds-sal) quanto pelo inicio da produgdo na érea do Pré-Sal, em es-
pecial na bacia de Santos. Entre 2013 e 2017, a producdo da bacia de Campos e do
Espirito Santo reduziu-se, respectivamente, em 11 e 31%, enquanto a producao da
bacia de Santos cresceu 273%, passando de 373 mil boe/dia para 1,4 milhdes de
boe/dia (ANP, 2017).

O aumento da producao na bacia de Santos reflete a expansdo da producédo na area
do pré-sal. Em dezembro de 2013, por exemplo, existiam 28 pocos de producdo em
operacgdo na area do pré-sal totalizando uma producéo de 422 mil barris por dia, o
que correspondeu a cerca de 12% da producao nacional. Em maio de 2017, os pocos
em operacdo na area do pré-sal ja eram 75 e o volume produzido igual a 1,2 milhdes
de barris diarios. Esse volume correspondeu, nesse periodo, a 47% da produgéo na-
cional (ANP, 2017).

Como consequéncia do aumento da producao nacional, verificou-se uma reducao
da dependéncia externa brasileira em relacdo ao petrdleo e seus derivados. Assim,
se em 2013 nossa dependéncia das importagdes de petréleo e derivado correspon-
diam a 13% do nosso consumo aparente, em 2016 esse valor era de -14%. Essa rever-
sdo da dependéncia externa brasileira é um reflexo direto do aumento das expor-
tagdes liquidas de petréleo que em 2016 mantiveram uma média de 615 mil barris
por dia (ANP, 2017).

No caso da industria de gas natural, a producdo priméria nacional manteve uma
taxa de crescimento anual de 7% nos ultimos anos, com excecao de 2009, onde
houve uma queda de 2% na producao primaria decorrente da crise econémica in-
ternacional. Como consequéncia do aumento da producao nacional, a participacao
do gés na matriz energética brasileira passou de 8% da oferta interna de energia, em
2003, para 14% em 2015 (MME, 2016).

O crescimento recente da oferta interna de gas natural tem uma relacédo direta com
0 aumento da producdo termoelétrica no Pais nos ultimos 10 anos. Essa correlagao
fica mais evidente quando se compara a participacdo do gas na oferta interna de
energia com a participacdo do energético no consumo de energia para uso final.
No primeiro caso, como anteriormente mencionado, a participacdo do combustivel
subiu de 8 para 14 porcento nos ultimos anos, enquanto no consumo final a partici-
pacdo do gas manteve-se em torno de 7% durante todo o periodo, como pode ser
visto no Grafico 1 (MME, 2016).

Energia/ Energy &SIBGE 287



288 &2/IBGE

However, the relation between the electricity sector and the natural gas
industry built over the last years seems quite complex. Used as a comple-
mentary energy in the periods that the electricity demand surpasses the
supply capacity of the renewable segments — hydroelectric, solar and
wind -, the expansion of the thermoelectric production in gas power
plants poses important challenges to the agents of the gas industry.

The production of natural gas in Brazil is predominantly associated with
petroleum and located in the sea. In this context, the investments — both
in the production infrastructure and in the assets for the transportation
of natural gas - are very sensitive to the regularity of gas flows or, in other
terms, to the stability of demand?.

In the case of output, the oscillations in the demand of natural gas lead
either to a reduction in the production of oil or to an increase in the lev-
els of re-injection, affecting the profitability and the economic viability
of the E&P projects. As to the infrastructure of transportation and distri-
bution, the reduction of the transportation flow produces a highly idle
pipeline network. Considering that these structures are very sensitive to

1 It should be considered that Brazil lacks infrastructure to store natural gas.
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Grafico 1 - Participacao do gas natural na oferta
interna de energia e no consumo final - Brasil - 2003-2015
Graph 1 - Share of natural gas in the domestic supply

% and in the final consumption of energy - Brazil - 2003-2015
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Fonte/Source: MME, 2016.

A relacédo entre o setor elétrico e a industria de gas natural construida nos ultimos
anos, contudo, mostra-se bastante complexa. Usada como energia complementar
nos periodos onde a demanda elétrica supera a capacidade de oferta dos segmen-
tos renovaveis (hidroelétrico, solar e edlico), a expansao da producao termoelétrica
a gas natural traz importantes desafios para os agentes da industria gasifera.

A producao de gas natural no Brasil tem a caracteristica de ser predominantemente
associada ao petroleo e localizada no mar. Nesse contexto, os investimentos, tanto
nas infraestruturas de producdo quanto nos ativos de movimentacdo de gas na-
tural, sdo muito sensiveis a regularidade dos fluxos do energético, ou em outros
termos, da estabilidade da demanda?.

No caso da producéo, as oscilagbes na demanda de gas natural levam a uma re-
ducdo da producao de petréleo ou aumento dos niveis de reinjecao afetando a
rentabilidade e a viabilidade econdémica dos projetos de E&P. Em relacao as infraes-
truturas de transporte e escoamento, a reducdo do fluxo de movimentacgao gera
uma elevada ociosidade da malha. Considerando que estas estruturas sdo muito
sensiveis as economias de escala, as flutuacdes de demanda trazem impactos eco-

1 Considerando que o Brasil é desprovido de infraestruturas de estocagem de gas natural.
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economies of scale, demand fluctuations cause economic impact on the
projects of expansion of the transportation network and of the distribu-
tion infrastructure.

The outcome of this interaction model between the natural gas industry
and the electricity sector is the low level of exploitation of the domestic
production and the dependence on the investments of Petrobras in the
expansion of the pipeline network. That explains why 45% of the national
output is not supplied to the market, while Brazil remains a net importer
of natural gas (MME, 2017).

It is interesting to note that the imported volume of natural gas swings
according to the thermoelectric delivery. As the delivery reduced in 2016
and 2017, the imports volume changed from 50 million m*/d in 2015, to 32
and 16 million m*/d in 2016 and January 2017, respectively (MME, 2017).

The Brazilian oil and gas industry faces major challenges today. Having
hit nearly US$ 50 billion in 2013, the investments of Petrobras fell to only
US$ 14.5 billion in 2016, as a result of its strategy to reduce the level of
debt and of the reduction of the barrel prices in the foreign market from
2015 onwards (Petrobras, 2017).

Besides the reduction, Petrobras changed priorities, allocating most of its
resources in the development of existing fields. A direct consequence
of the redefinition in the Petrobras’ portfolio was the reduction of the
proven reserves in Brazil, which changed from 16.4 billion boe in 2012 to
12.5 billion boe in 2016 (ANP, 2017).

Another outcome of the new strategy of the Brazilian state-run company
was the reduction in the level of well drilling in Brazil, which dropped to
the lowest level ever registered in the country. The decrease in the in-
vestments in exploitation causes negative consequences to the national
para-petroleum industry, leading to the discharge of staff members and
the exit of companies from Brazil.

Concerning the natural gas industry, the disinvestment strategy of Petro-
bras points out to a decreasing participation in every segment, particular-
ly in transportation and distribution, through the partial and/or full sale
of assets in these segments. However, the historical dependence of this
sector on the Petrobras” investments causes uncertainties on the ability
of the private sector to occupy the space left by the Brazilian state-run
company. In other words, it is questioned whether the regulation of the
gasindustry in Brazil is suitable to attract domestic and foreign private in-
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nomicos para os projetos de expansao da malha de transporte e das infraestruturas
de escoamento.

O resultado desse modelo de interacdo entre a industria de gas natural e o setor
elétrico é o baixo nivel de aproveitamento da producdo nacional e a dependéncia
em relagdo aos investimentos da Petrobras para a expansao da malha de movimen-
tagao. Isso explica porque 45% da produgao nacional néo é ofertada ao mercado
enquanto o Pais continua como importador liquido de gas natural (MME, 2017).

E interessante notar que os volumes importados de gas natural oscilam de acordo
com os despachos termoelétricos. Com a reducao dos despachos em 2016 e 2107,
os volumes de importacdo passaram de 50 MMm?/d, em 2015, para 32 e 16 MMm?/d
em 2016 e janeiro de 2017, respectivamente (MME, 2017).

A industria brasileira de petréleo e gas natural enfrenta atualmente grandes desa-
fios. Os investimentos da Petrobras que atingiram quase US$ 50 bilhdes em 2013,
cairam para apenas US$ 14,5 bilhdes em 2016 em funcédo da estratégia da empresa
de reducdo do seu nivel de endividamento e da reducdo dos precos do barril no
mercado internacional a partir de 2015 (Petrobras, 2017).

Além da reducéo, houve uma redefinigao das prioridades da empresa que tem alo-
cado grande parte dos seus recursos no desenvolvimento de campos descobertos.
A consequéncia direta da redefinicdo de portfélio da Petrobras foi a reducdo das
reservas provadas brasileiras que passaram de 16,4 bilhdes de boe em 2012 para
12,5 bilhées em 2016 (ANP, 2017).

Outro resultado da nova estratégia da estatal brasileira foi a reducéo do nivel da ati-
vidade de perfuragdo no Brasil que caiu para o menor patamar ja verificado no Pais.
A reducdo dos investimentos em exploracdo traz consequéncias negativas para a
industria parapetrolifera nacional levando a desmobilizacdo de equipes e a saida
de empresas do Brasil.

Em relacédo a industria de gas natural, a estratégia de desinvestimento da Petro-
bras indica uma reducéo da participacao da empresa em todos os segmentos, em
especial no transporte e na distribuicdo a partir da venda parcial e/ou integral de
ativos nesses segmentos. A historica dependéncia do setor dos investimentos da
Petrobras, no entanto, traz incertezas sobre a capacidade do setor privado em
ocupar o espaco deixado pela estatal brasileira. Em outros termos, questiona-se
se arcabouco regulatério da industria de gas no Brasil é adequado para atrair in-
vestimentos privados nacionais e estrangeiros para o setor, algo essencial para o
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vestments to the sector, which is key to develop the natural gas industry
after the disinvestment of Petrobras.

Although the indicators of production and exports of oil and gas
have shown a significant evolution over the last ten years, the in-
dustry may face major challenges in the future, both related to the
new competitive and price structure in the foreign market and to the
domestic changes caused by the reduction in the size of Petrobras.

Biofuels in Brazil

Brazil has a long tradition in the production of bio-fuels. The use of
alcohol as energy has been studied in Brazil since the beginning of the
20th century, such that the first travel between Rio and Sao Paulo in a
car exclusively powered by alcohol was accomplished in 1925.

A number of public policies were implemented to stimulate the
production and use of ethanol in Brazil in the first decades of the
20th century. Following the world trend, however, the national en-
ergy policy began to focus on the emerging oil industry from 1945
onwards.

In the middle of the oil crisis in the 1970s, the Brazilian government de-
cided to create PROALCOOL. The program aimed at gradually replac-
ing the gasoline fleet by cars exclusively powered by alcohol. PROAL-
COOL quickly succeeded, such that 92% of new cars sold in Brazil were
powered by hydrated ethanol in 1985.

Another measure of the program to stimulate the ethanol industry
was the establishment of percentages of alcohol in the gasoline mix.
As a result, 22% of the gasoline sold in the Brazilian gas stations con-
tained anhydrous alcohol in 1985.

Nonetheless, the fast growth of the ethanol industry did not with-
stand the drop in the price of oil barrel in 1986. As a result, the sale
of alcohol cars dramatically reduced in Brazil in the second half of the
1980s and along the rest of the 20th century. A number of factors ac-
counted for this downfall, though these are beyond the objective of
this article. Some highlights were the drop in the barrel price in the
foreign market, the increase in the domestic production of oil, the re-
duction in the government subsidies to the production of ethanol and
the low competitivity of vehicles powered by alcohol.
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desenvolvimento da industria de gas natural, principalmente a partir da redugao
dos investimentos da Petrobras.

Como pode ser visto, embora os indicadores de producao e exportagao de petréleo
e gds natural mostrem uma significativa evolugdo nos ultimos dez anos, a industria
apresenta grandes desafios futuros relacionados tanto a nova estrutura competiti-
va e de precos no mercado internacional quanto pelas mudancas internas trazidas
pela reducao do tamanho da Petrobras.

Biocombustiveis no Brasil

O Brasil possui uma longa tradicdo na producao de biocombustiveis. O uso do al-
cool como energético ja vem sendo estudado no Brasil desde o inicio do século XX
de forma que, em 1925, foi realizada a primeira viagem entre Rio e Sdo Paulo em um
carro exclusivamente movido a dlcool.

Varias iniciativas de politica publicas foram implementadas com o objetivo de esti-
mular a producdo e uso de etanol no Pais nas primeiras décadas do século XX. Con-
tudo, seguindo a tendéncia mundial, a partir de 1945 a politica energética nacional
passou a direcionar seus esforcos para a nascente industria petrolifera.

Na década de 70, em meio a crise do petrdleo, o governo brasileiro decidiu criar o
PROALCOOL. A meta do programa era substituir gradativamente a frota a gasolina
por carros movidos exclusivamente a alcool. O programa logrou um répido sucesso
de forma que, em 1985, 92% dos carros novos vendidos no Pais tinham o etanol
hidratado como carburante.

Outra medida do programa de incentivo a industria do etanol foi a definicao de
percentuais de mistura a gasolina. Sendo assim, em 1985, 22% da gasolina vendida
nos postos brasileiros eram compostos por alcool anidro.

O acelerado crescimento da industria de etanol, contudo, néo resistiu a queda do
preco do barril de petréleo verificado em 1986. Sendo assim, a partir da segunda
metade da década de 80 e durante todo o resto do século XX, a venda de carros
a alcool reduziu-se drasticamente no Pais. Varios sdo os fatores que explicam essa
queda e suas explicagdes transcendem o objetivo desse artigo. Pode-se, no entanto,
destacar a queda do preco do barril no mercado internacional, o aumento da pro-
ducdo nacional de petréleo, a reducédo dos incentivos governamentais a producéo
de etanol e a baixa competitividade dos veiculos movidos a élcool.
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However, the mandatory addition to gasoline and the maintenance of
the distribution and fueling infrastructure- 90% of the Brazilian gas
stations remained trading hydrated alcohol - kept the ethanol indus-
try operating in Brazil.

From 2003 onwards, the ethanol market faced a turning point with
the manufacture of flex-fuel cars in Brazil. In 2008, about 92% of the
cars sold in Brazil were flex-fueled, which stimulated the production
of fuel ethanol. It is important to state that the sale of flex-fuel cars
and the production of ethanol in Brazil were only possible due to the
capacity and infrastructure developed since the 1970s — which started
with PROALCOOL - and somewhat maintained by the mandatory mix
of fuels in force in Brazil.

Taking advantage of the good phase of the ethanol industry coupled
with the increase of the environmental pressure for cleaner and re-
newable fuels, the Brazilian government has decided to stimulate
the production of other bio-fuels - like bio-diesel - by means of a
series of public policies. In 2004, the Brazilian government launched
the National Program of Production and Use of Bio-diesel - PNPB.
The program aimed at expanding the share of bio-diesel in the Bra-
zilian energy matrix. The PNPB regulated the production and trading
of bio-diesel in Brazil, focusing on social inclusion.

The major guidelines for social inclusion developed by the program were
the exploitation of oilseeds according to regional diversities, security of
supply for the new fuel, quality assurance for consumers and competitiv-
ity against petroleum diesel.

Like ethanol, the mandatory mix policy was used to secure a mar-
ket for national producers. From December 2004 onwards, the mix
with diesel were in authorizing nature. The legal mandatory mix of
2% (B2) throughout the Brazilian territory came into force in January
2008. The expansion of the national production caused the succes-
sive increase of this percentage up to 5% (B5) in January 2010, bring-
ing forward by three years the goal established by Law n°. 11,097,
of January 13, 2005. From the 53rd bio-diesel auction onwards, the
percentage of the mix changed to 8%.

As aresult of the policy stimulating the bio-diesel industry, the output
jumped from 69 million liters in 2006 to 3.8 billion liters in 2016 (ANP,
2017). The expansion in the consumption of bio-diesel puts Brazil
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Contudo, a politica de mistura obrigatdria a gasolina e a manutencéo da infraes-
trutura de distribuicdo e abastecimento (90% dos postos brasileiros continuaram
comercializando alcool hidratado) mantiveram a industria de etanol em funcio-
namento no Brasil.

A partir de 2003, ha uma reviravolta no mercado de etanol com a expansao da pro-
ducdo dos carros flex-fuel no Brasil. Em 2008, cerca de 92% dos carros vendido no
Pais eram bicombustiveis o que estimulou o crescimento da producdo de etanol
carburante. E importante salientar que a expansao da venda de carros biocombus-
tiveis e da producao de etanol no Brasil sé foi possivel em fungdo das capacitacdes
e da infraestrutura desenvolvida desde a década de 70 (a partir do PROALCOOL) e
mantida, de certa forma, pela politica de mistura obrigatdria vigente no Pais.

Aproveitando o bom momento vivido pela indUstria de etanol associado ao aumen-
to das pressdes ambientais por combustiveis mais limpos e renovaveis, o governo
brasileiro decidiu estimular a producdo de outros biocombustiveis como o biodie-
sel a partir de uma série de a¢des de politica publica. Em 2004, o governo brasileiro
lancou o Programa Nacional de Producédo e Uso do Biodiesel (PNPB). O objetivo do
programa era expandir a participacdo do biodiesel na matriz energética brasileira.
O PNPB institucionalizou a base normativa para a producéo e comercializacao do
biodiesel no Pais com foco na incluséo social.

As principais diretrizes de inclusdo social desenvolvida pelo programa foram o
aproveitamento das oleaginosas de acordo com as diversidades regionais, a segu-
ranc¢a de abastecimento para o novo combustivel, a garantia de qualidade para o
consumidor e a busca da competitividade frente ao diesel de petréleo.

Assim como no caso do etanol, a politica de mistura obrigatdria foi utilizada para
garantir mercado para os produtores nacionais. A partir de dezembro de 2004, as
misturas ao diesel se deram em carater autorizativo. Em janeiro de 2008, entrou em
vigor a mistura legalmente obrigatéria de 2% (B2), em todo o territério nacional.
Com a expansao da capacidade de produgao nacional, esse percentual foi sendo
ampliado sucessivamente até atingir 5% (B5) em janeiro de 2010, antecipando em
trés anos a meta estabelecida pela Lei n° 11.097, de 13 de janeiro de 2005. A partir do
53¢ leildo de compra de biodiesel, o percentual de mistura passou para 8%.

Como resultado da politica de estimulo a industria de biodiesel, a producéo saltou
de 69 milhdes de litros, em 2006, para 3,8 bilhdes de litros em 2016 (ANP, 2017). A
expansdo do consumo de biodiesel no Brasil coloca o Pais entre os lideres mundiais
nessa industria, juntamente com a Alemanha e os Estados Unidos.
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amongst the world leaders in this industry, together with Germany
and the United States.

The fast evolution of the industrial capacity in the production of bio-
diesel also stood out. In the end of 2011, 56 units were authorized to
produce and trade bio-diesel, adding up to a nominal capacity of 6 bil-
lion liters/year. The participation of small farmers is also relevant. Of this
industrial capacity, about 78% (4.7 billion liters/year) come from plants
holding the Social Fuel Stamp, a certificate provided by the govern-
ment to producing units that meet the requirements for including fam-
ily farming in the production chain of bio-diesel (ANP, 2017).

Companies holding the Social Fuel Stamp may have a full or partial
reduction in federal taxes, according to the tax model applied to bio-
diesel. These companies can get better funding conditions, as well as
bid up to 80% of the total volume traded in bio-diesel auctions.

Bio-diesel auctions were another policy to stimulate the national
production. The trade of bio-diesel in Brazil is carried out through
public auctions, sponsored by the National Petroleum Agency -
ANP and based on specific guidelines established by the Ministry
of Mines and Energy - MME. The auctions aim at providing equal
access to different suppliers. Furthermore, the auctions ensure
the participation of family farming in the domestic market, since
at least 80% of the volume traded in the auctions should be origi-
nated from producers holding the Social Fuel Stamp. So far, 53 bio-
diesel auctions have been carried out.

Concerning the recent evolution of the bio-fuel industry in Brazil, some
figures stand out. Having produced 107 million boe of ethanol in 2016, it
represented about 18% of the primary production of energy, second only
to petroleum. The national output of bio-diesel changed from 2.5 million
boe in 2007 to 24 million boe in 2016 (ANP, 2017).

Today, there are 384 plants producing ethanol authorized by the ANP to
operate in Brazil. All these plants account for a total authorized capacity
of 216,883 m?/day of production of hydrated ethanol and 117,036 m?/
day of production of anhydrous ethanol. Regarding the raw material
used to produce ethanol in Brazil, sugarcane accounts for 97% of the
inputs from authorized ethanol plants. In 2017, 53% of the sugarcane
produced in Brazil is estimated to be destined to the production of eth-
anol. The remaining sugarcane should be directed to the production of
sugar, since the foreign market is still booming (ANP, 2017).
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Destaca-se também a rapida evolucdo da capacidade industrial de producao de
biodiesel. No final de 2011, 56 unidades estavam autorizadas a produzir e a comer-
cializar o biocombustivel, com uma capacidade nominal total de 6 bilhées de litros/
ano. A participacao de pequenos agricultores também é relevante. Dessa capaci-
dade industrial, cerca de 78% (4,7 bilhées de litros/ano) séo provenientes de usinas
detentoras do Selo Combustivel Social, um certificado fornecido pelo governo as
unidades produtoras que atendem aos requisitos de inclusao da agricultura familiar
na cadeia produtiva do biodiesel (ANP, 2017).

As empresas detentoras do Selo Combustivel Social podem ter reducédo parcial ou
total de tributos federais, conforme definido no modelo tributario aplicavel ao biodie-
sel. Essas empresas possuem acesso a melhores condicoes de financiamento, além de
poderem concorrer a 80% do volume total negociado nos leildes de biodiesel.

Os leildes de compra de biodiesel foram outra politica de estimulo a producao
nacional. A comercializacdo do biodiesel, no Brasil, é realizada por meio de lei-
|16es publicos, promovidos pela Agéncia Nacional do Petréleo, Gas Natural e
Biocombustiveis (ANP) a partir de diretrizes especificas estabelecidas pelo Mi-
nistério de Minas e Energia (MME). O objetivo dos leildes é conferirigualdade de
acesso aos diferentes fornecedores. Ademais, os leildes permitam assegurar a
participacdo da agricultura familiar no mercado nacional uma vez que se define
que pelo menos 80% do volume negociado nos leildes tenham origem em pro-
dutores detentores do Selo Combustivel Social. Até agora foram realizados 53
leildes de compra de biodiesel.

No que se refere a evolucéo recente da industria de biocombustiveis no Brasil al-
guns numeros merecem destaque. A producdo de etanol em 2016 foi de 107 mi-
Ihdes de boe o que representou cerca de 18% da producdo primaria de energia,
perdendo apenas para o Petréleo. No biodiesel, a producdo nacional passou de 2,5
milhdes de boe em 2007 para 24 milhdes de boe em 2016 (ANP, 2017).

Atualmente existem 384 plantas produtoras de etanol ratificadas pela ANP para ope-
racdo no Pais. Essas plantas conjuntamente correspondem a uma capacidade total
autorizada de 216 883 m?/dia de produgéo de etanol hidratado e 117 036 m*/dia de
produgao de etanol anidro. No que se refere a matéria prima utilizada para a produ-
¢ao de etanol no Brasil, a cana-de-acucar corresponde a 97% dos insumos das plantas
de etanol autorizadas. Em 2017, estima-se que 53% da cana-de-acgucar produzida no
Pais serdo destinados a producao de etanol. O restante deverd ir para a produgao de
acucar uma vez que o mercado internacional continua aquecido (ANP, 2017).
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In the case of bio-diesel, 48 units produced the fuel in 2016, with an
installed capacity of 7,306 thousand m?*/year. Of this total, 37 com-
panies (92% of the installed capacity) held the Social Fuel Stamp.
The South and Central-West Regions concentrated the production
of bio-diesel in Brazil, since each one had 40% of the total installed
capacity. As to the raw material used in the production of bio-diesel
in Brazil, 77% come from soybeans, followed by beef tallow, which
corresponds to 15% (ANP, 2017).
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No caso do Biodiesel, em 2016 haviam 48 unidades produtoras com uma capacidade
instalada de 7 306 mil m3*/ano. Desse total, 37 empresas (92% da capacidade instalada)
eram detentoras do Selo Combustivel Social. As regides Sul e Centro-Oeste concen-
tram a capacidade de producao de biodiesel no Pais uma vez que cada uma possui
40% do total de capacidade instalada. Em relacdo a matéria prima utilizada para a
producao de biodiesel no Brasil, 77% provém da soja seguida pela gordura bovina
que corresponde a 15% (ANP, 2017).
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Tabela 13.1 - Dados gerais de energia - 2013 - 2015

Table 13.1 - General energy data - 2013-2015

Especificagao/ Unidade/
R 2013 2014 2015
Item Unit
Oferta interna de energia/ 10°tep/ 296 306 299
Domestic energy supply 10° toe
Per capita/ tep/hab 1,47 1,50 1,46
Per capita toe/inhab
Por PIB/ tep/1 000 US$ 0,097 0,100 0,102
Per GDP toe/1,000 USS
Consumo final de energia/ 10°tep/ 260 266 261
Final energy consumption 10° toe
Geragéo de eletricidade/ TWh 571 591 581
Electricity generation TWh
Producéo de petréleo/ 10°b/d / 21 2350 2529
Petroleum production 10° b/d
Importacao total de energia/ 10°bep/d / 1537 1581 1472
Total energy imports 10° boe/d
Exportacao total de energia/ 10°bep/d / 672 776 999
Total energy exports 10° boe/d

Fonte/Source : Balango energético nacional 2016: ano base 2015. Brasilia, DF: Empresa de Pesquisa Ener-
gética - EPE, 2016. Disponivel em/Available from: <https://ben.epe.gov.br>. Acesso em: maio 2017/

Cited: May 2017.

Nota: tep - tonelada equivalente de petréleo; bep - barril equivalente de petréleo; b/d - barril por dia;
producao de petréleo inclui 6leo de xisto e liquidos de gas natural./Note: toe - tonne of oil equivalent;

boe-barrel of oil equivalent; b/d - barrel per day.

302 &F/BGE  Brasil em nameros / Brazil in figures 2017



Tabela 13.2 - Geracao de energia elétrica - 2014-2015
Table 13.2 - Generation of electricity - 2014-2015

Grandes Regides e

Geragéo de energia elétrica/

Generation of electricity

Unidades da Federacao/

Percentual de
crescimento

Major Regions and 2014 2015
Federation Units (2015/2014)
Percentage growth
GWh/ GWh (2015/2014)

Brasil/ Brazil 590479 581486 (-)1,5
Rondénia 15148 26 463 74,7
Acre 250 281 12,0
Amazonas 8946 9143 2,2
Roraima 245 194 (-)20,8
Para 41951 38304 -(-) 87
Amapa 1933 2380 23,1
Tocantins 12227 10347 -(-)15,4
Maranhao 15972 13781 -(-)13,7
Piaui 990 1444 45,8
Ceara 15957 16519 35
Rio Grande do Norte 7011 10 546 50,4
Paraiba 3434 3356 ()23
Pernambuco 12712 11032 (-)13,2
Alagoas 11374 10052 -)11,6
Sergipe 5896 5233 (-)11,2
Bahia 23103 22289 ()35
Minas Gerais 46127 37 695 (-)18,3
Espirito Santo 10 368 9757 ()59
Rio de Janeiro 59298 58195 ()19
Sao Paulo 65 409 62654 (-)4.2
Parana 98 834 99410 0,6
Santa Catarina 29416 31258 6,3
Rio Grande do Sul 34042 36302 6,6
Mato Grosso do Sul 24339 23611 (-)3,0
Mato Grosso 14 260 14 253 0,0
Goias 31110 26 869 (-)13,6
Distrito Federal/ Federal District 127 119 (-)6,2

Fonte/Source : Balango energético nacional 2016: ano base 2015. Brasilia, DF: Empresa de Pesquisa Ener-
gética - EPE, 2016. Disponivel em/Available from : <https://ben.epe.gov.br>. Acesso em: maio 2017/

Cited: May 2017.

Nota: Inclusive geracéo de autoprodutores./Note: Includes generation from auto-producers.
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Tabela 13.3 - Producdo de petréleo e oferta interna de energia,

por paises selecionados - 2015

Table 13.3 - Petroleum production and total primary energy supply,
by selected country - 2015

Producéo de petroéleo
Paises selecionados/ 1000 bbl/dia (1) /
Selected countries Petroleum production
1,000 barrels per day (1)

Oferta interna de energia/
Total primary energy supply

Total 10° tep/
Total 10° toe

tep per capita/

toe per capita

Alemanha/ Germany 64
Argentina/ Argentina 637
Brasil/ Brazil 2529
Canadd/ Canada 4385
Chile/ Chile 10
Estados Unidos/ United States 12704
Franca/ France 19
Italia/ Italy 13
Japéo/Japan 10
Reino Unido/ United Kingdom 965

2

312

87
299
272

36
182
246
151
436
180

3,82
2,01
1,46
7,59
2,00
6,78
3,70
2,47
343
2,77

Fonte/Source: International Energy Agency - IEA.

(1) Inclusive NGL - Liquidos de Gas Natural. /(1) Including NGL - Natural Gas Liquids.

Tabela 13.4 - Potencial hidrelétrico, segundo as bacias hidrograficas - 2016

Table 13.4 - Hydroelectric potential, according to river basin - 2016

Potencial hidrelétrico (Poténcia instalada-MW)/
Hydroelectric potential (Installed power- MW)

Bacias hidrograficas/
River basins

Total/ Em operacao/ Inventario/ Estimado/ Outros/
Total In operation  Inventory  Estimated ~ Others
Total/ Total 247997 105829 72 445 46 087 23635
Amazoénica/ Amazon 96 645 22074 38369 32976 3226
Tocantins/ Tocantins 27033 13245 8056 1875 3858
Atlantico Norte e Nordeste/ North
and Northeast Atlantic 2905 812 871 707 516
Séo Francisco/ Sdo Francisco 22615 10751 3896 1561 6406
Atlantico Leste/ Eastern Atlantic 14170 5394 5796 1423 1557
Parand/ Parand 62658 43439 9524 5100 4595
Uruguai/ Uruguay 11723 6359 4054 416 895
Atlantico Sudeste/ Southeast Atlantic 10248 3755 1880 2031 2583

Fonte/Source: Potencial hidrelétrico brasileiro por bacia hidrogréfica. In: Eletrobras. Sistema de Informa-
¢oes do Potencial Hidrelétrico Brasileiro - Sipot. Rio de Janeiro: [2016]. Disponivel em/Available from:
<https://www.eletrobras.com/elb/data/Pages/LUMIS21D128D3PTBRIE.htm>. Acesso em: maio 2017./

Cited: May 2017.
Nota: Dados de dezembro 2016./Note: Data for December 2016.
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Grafico 13.1 - Producao de energia primaria - 2003-2015
Graph 13.1 - Primary energy production - 2003-2015
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Fonte/Source: Balango energético nacional 2016: ano base 2015. Brasilia, DF: Empresa de Pesquisa Ener-
gética - EPE, 2016. Disponivel em/Available from: <https://ben.epe.gov.br>. Acesso em: maio 2017/Cited:
May 2017.

Grafico 13.2 - Evolugao da oferta interna de energia - 2003-2015
Graph 13.2 - Evolution of primary energy supply - 2003-2015
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Fonte/Source: Balango energético nacional 2016: ano base 2015. Brasilia, DF: Empresa de Pesquisa Energética -
EPE, 2016. Disponivel em/Available from: <https://ben.epe.gov.br>. Acesso em: maio 2017/Cited: May 2017.
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Grafico 13.3 - Evolugdo do consumo final de energia, por fonte - 2003-2015
Graph 13.3 - Evolution of final energy consumption, by source - 2003-2015
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Fonte/Source: Balango energético nacional 2016: ano base 2015. Brasilia, DF: Empresa de Pesquisa Energética -
EPE, 2016. Disponivel em/Available from: <https://ben.epe.gov.br>. Acesso em: maio 2017/Cited: May 2017.

Gréfico 13.4 - Evolucdo do consumo final de energia, por setor - 2003-2015
Graph 13.4 - Evolution of final energy consumption, by sector - 2003-2015
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Fonte/Source: Balango energético nacional 2016: ano base 2015. Brasilia, DF: Empresa de Pesquisa Energética -
EPE, 2016. Disponivel em/Available from: <https://ben.epe.gov.br>. Acesso em: maio 2017/Cited: May 2017.
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Grafico 13.5 - Dependéncia externa de energia - 2003-2015
Graph 13.5 - Dependence on foreign energy - 2003-2015
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Fonte/Source: Balango energético nacional 2016: ano base 2015. Brasilia, DF: Empresa de Pesquisa Energética
- EPE, 2016. Disponivel em/Available from: <https://ben.epe.gov.br>. Acesso em: maio 2017/Cited: May 2017.

Grafico 13.6 - Evolugao do consumo final de energia em relagao
ao valor agregado, por setor - 2003-2015
Graph 13.6 - Evolution of final energy consumption in relation
to the added value, by sector - 2003-2015
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Fonte/Source: Balango energético nacional 2016: ano base 2015. Brasilia, DF: Empresa de Pesquisa Energética
- EPE, 2016. Disponivel em/Available from: <https://ben.epe.gov.br>. Acesso em: maio 2017/Cited: May 2017.

Nota: Délar constante PPC de 2011./Note: Constant PPP dollar of 2011.
(1) Inclusive consumo residencial/ (1) Including residential consumption.
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Grafico 13.7 - Participacao de fontes renovaveis
na matriz energética - 2014-2015
Graph 13.7 - Share of renewable sources in the energy matrix - 2014-2015
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Fonte/Source: Brasil/Brazil - Resenha Energética Brasileira. OCDE e Mundo/OECD and World - Agéncia
Internacional de Energia/International Energy Agency.
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