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APRESENTACAO / FOREWORD

No setor energético, compete ao Conselho
Nacional de Politica Energética — CNPE o
estabelecimento de politicas e diretrizes, visando
ao desenvolvimento nacional sustentado. O
Estado Brasileiro exerce, na forma da lei, as
fungbes de planejamento, o qual é determinante
para o setor publico e indicativo para o setor
privado.

Os Planos Decenais elaborados no setor elétrico
constituem um dos principais instrumentos de
planejamento da expansdo eletroenergética do
pais. A partir de 2007 estes Planos ampliaram a
abrangéncia dos seus estudos, incorporando
uma viséo integrada da expansdo da demanda e
da oferta de diversos energéticos, além da
energia elétrica.

O Plano Decenal de Expansdo de Energia —
PDE 2024 apresenta importantes sinalizacdes
para orientar as acdes e decisdes, voltadas para
o equilibrio entre as proje¢bes de crescimento
econémico do pais e a necessaria expansdo da
oferta, de forma a garantir a sociedade o
suprimento energético com adequados custos,
em bases técnica e ambientalmente sustentavel.

Nesse sentido, vale ressaltar a previsdo da
continuidade da forte presenca das fontes
renovaveis na matriz energética brasileira, de
45,2% em 2024, indicador superior ao verificado
em 2014, de 39,4%. Na matriz de geracdo de
energia elétrica, as renovaveis deverdo
representar perto de 86% em 2024, superando
a atual predominéncia destas fontes. Destaque
para a energia edlica, que dos atuais 2% da
matriz elétrica devera passar a 8% em 2024,
devido a expansao de 20 GW no periodo.

O que se projeta ao longo do periodo é o inicio
de um processo de diversificagdo da matriz de
energia  elétrica, que embora  ainda
predominantemente baseada em energia
hidraulica, apresenta um crescimento expressivo
de outras fontes renovaveis.

Empresa de Pesquisa Energética

In the Brazifian energy industry, CNPE is in
charge of policy making and setting the main
guidelines, aiming at sustainable national
development. The Brazilian Government s
responsible, by federal law, for the energy
industry planning, which is mandatory for the
public sector and indicative for the private
sector.

Traditionally, the Ten-Year Plan has been used
in the electricity sector as one of the main
instruments to its expansion planning in Brazil.
Since 2007, the scope of studies has widened by
incorporating an integrated view of the demand
and supply expansion of several enerqgy sources,
beyond electricity.

The Ten-Year Energy Expansion Plan - PDE
2024 presents important signals to guide the
actions and decisions related to the task of
balancing projections of the country”s economic
growth and the required expansion of the
energy supply, thus ensuring energy security to
society at adequate cost, fully reflecting
available technological options and
environmental sustainability.

As a result, the Brazilian energy balance is
expected to keep its significant share of
renewables sources of 45.2% in 2024, starting
from 39.4% in 2014. In the power sector,
renewable sources continue to be predominant.:
its share is expected to be around 86% of total
electricity generation in 2024. The wind power
share increases significantly, from the current
2% to 8% in 2024, due to the expected capacity
expansion of 20 GW in the next 10 years.
Although  the  Brazilian power mix IS
predominantly based on hydraulic energy, it is
expected the beginning of its diversification
through the significant increasing of other
renewable sources throughout the horizon.
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Neste PDE 2024 estdo previstos investimentos
globais da ordem de R$ 1,4 trilhdo, dos quais
26,7% correspondem ao segmento de energia
elétrica; 70,6% ao de petréleo e gas natural; e
2,6%, ao de biocombustiveis liquidos. Dentre os
principais parametros fisicos, havera ampliacdo
entre o verificado em 2014 e 2024: da oferta da
capacidade instalada para atendimento a carga
de energia elétrica do Sistema Interligado
Nacional, de 132,9 GW para 206,4 GW, nao
incluida a autoprodugdo; da producdo de
petréleo, de 2,3 milhGes de barris/dia para 5,1
milhdes de barris/dia; da producdo de gés
natural, de 87,4 milhdes de m®/dia para 171,7
milhdes de m*/dia; e da producdo de etanol, de
28,5 milhdes de m® para 43,9 milhdes de m°.

Ao apresentar o Plano Decenal de Expansdo
de Energia — PDE 2024, resultado de um
processo interativo de planejamento energético,
subsidiado por estudos da Empresa de Pesquisa
Energética, o Ministério de Minas e Energia
agradece a colaboragdo recebida por meio da
consulta publica, da qual participaram entidades
da sociedade civil, 6rgdos governamentais,
empresas e agentes do setor energético.

Brasilia, dezembro de 2015.

In this PDE 2024 ftotal estimated investment
amounts to R$ 1.4 triflion, of which 26.7% shall
be directed to the supply of electricity, 70.6% to
Oil and Gas (0O&G) sector, and 2.6% to the
liquid biofuels sector. Accordingly, this amount
represents the following physical expansion
between 2014 and 2024: the installed capacity
of power generation is expected to grow from
132.9 GW to 206.4 GW, oil production from 2.3
million barrel/day to 5.1 miflion barrel/day, the
production of natural gas, from 87.4 million
m3/day to 171.7 million m3/day, and the
production of ethanol from 28.5 million m23 to
43.9 million m3.

By releasing the Ten-Year Energy Expansion
Plan - PDE 2024, the final result of an
interactive process of energy planning based on
studies prepared by EPE (Energy Research
Office), the Ministry of Mines and Energy
acknowledges the  collaboration  received
through the public consultation, attended by civil
soclety organizations, government agencies,
companies and agents in the energy industry.

Brasilia, December 2015.

Eduardo Braga
Ministro de Estado de Minas e Energia / Ministry of Mines and Energy
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I - DEMANDA DE ENERGIA / ENERGY CONSUMPTION

Espera-se que o consumo final de energia no
Brasil cresca a uma taxa média de 2,9% a.a. ao
longo do horizonte até 2024, frente a uma
expanséo do PIB de 3,2% a.a..

Nesse horizonte, destaca-se o aumento da
participacdo relativa da eletricidade no consumo
final de energia de 17% para 19,2% entre 2015
e 2024, principalmente por causa do consumo
advindo de autoproducdo em setores como
celulose, sucroalcooleiro e exploracdo e producéo
de petrodleo.

A expansdo do consumo de biocombustiveis
liquidos (etanol e biodiesel) continua ao longo do
horizonte com sua participagdo relativa no total
do consumo de energia se elevando de 7,0% em
2015 para 7,4% em 2024. Mesmo com a reducéo
da participacdo da lenha em funcdo do declinio
do numero de domicilios em que seu uso é
preponderante, o0s biocombustiveis no total
mantém sua participacéo relativa no decénio, em
torno de 28%.

Continua a queda da participacdo dos derivados
de petréleo no consumo final de energia de
43,1% em 2015 para 40,7% em 2024.

Em relacdo ao consumo final de gas natural,
verifica-se a manutencdo de sua participacdo
relativa em torno de 7,5% entre o inicio e o fim
do decénio, embora seja esperada uma queda no
primeiro quinquénio, influenciado pela entrada do
1° trem da refinaria do COMPERJ no decorrer do
segundo quinquénio do horizonte em estudo.

A Tabela 1 apresenta a proje¢do do consumo
final energético brasileiro desagregado por fonte.

Final enerqy consumption in Brazil is expected to
increase at a compound annual growth rate
(CAGR) of 2.9% in the ten-year period, while
GDP is expected to increase at a CAGR of 3.2%.

Electricity consumption increases its share in the
Brazilian energy balance: from 17% to 19.2%
between 2015 and 2024, mainly because of the
consumption from the self-producers in industries
such as pulp, sugar cane and ol exploration and
production.

The liquid biofuel (e.g., ethanol and biodiesel)
share of final energy consumption continues to
rise from 7% in 2015 to 7.4% in 2024. Despite
the reduction of firewood”s share in final energy
consumption, due to the decline in the number of
households in which their use is predominant, the
biofuel total share (which, additionally to the
liquid biofuels and firewood, includes sugar cane
bagasse and charcoa) of final energy
consumption Is expected to maintain the 28%
level throughout the ten years.

The oil product (in particular, gasoline, LPG and
diesel) share of the final energy consumption
decreases from 43.1% to 40.7% In the same
period.

The natural gas keeps its share of 7.5% between
the beginning and the end of the period,
although a reduction is expected in the next five
year, because of the start of the first module of
COMPERJ refinery during the second five-year
horizon under study.

Table 1 summarizes the final energy consumption
forecasts in the ten-year horizon.
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Tabela 1 — Consumo final energético
Table 1 — Final energy consumption

2015 2019 2024
e ey e wprroe % eprve  ®  ropjroe %
Gaés natural / Natural gas 19.799 7,4 21.293 7,1 26.587 7,5
Carvao mineral e coque / Coal and coke 13.050 4,9 15.294 51 17.330 4,9
Lenha / Firewood 15.019 5,6 15.651 5,2 16.809 4,8
Carvao vegetal / Charcoal 4.146 1,6 4.403 1,5 5.506 1,6
Bagaco de cana / Sugar Cane Bagasse 29.191 11,0 34.727 11,6 37.786 10,7
Eletricidade / Electricity 45.173 17,0 53.015 17,6 68.014 19,2
Etanol / Ethanol 15.303 5,7 18.526 6,2 21.795 6,2
Biodiesel 3.372 1,3 3.696 1,2 4.302 1,2
Qutros / Other Energy Sources 6.498 2,4 9.140 3,0 11.410 3,2
Derivados de petréleo / Ofl Products 114.765 43,1 124.731 41,5 143.959 40,7
Oleo diesel / Diesel Fuel 48.881 18,4 53.904 17,9 63.090 17,8
Oleo combustivel / Fuel Oif 3.627 1,4 4.054 1,3 4.628 1,3
Gasolina / Gasoline 24.794 9,3 24.811 8,3 27.705 7,8
GLP / Liguefied Petroleum Gas (LPG) 8.554 3,2 9.130 3,0 9.972 2,8
Querosene / Kerosene 3.661 1,4 4.079 1,4 5.164 1,5
Outros / Other Oil products 25.249 9,5 28.753 9,6 33.401 9,4
Total 266.315 100,0 300.477 100,0 353.498 100,0

As projecdes de demanda de energia ja
incorporam o efeito estimado da conservacgdo de
energia (Tabela 2). A eficiéncia energética
representa 20% do aumento da demanda de
combustiveis, 17% do aumento da demanda de
eletricidade e 19% do aumento da demanda
energética total.

Em particular, a energia conservada no
consumo de combustiveis, de 12 milhdes de tep
em 2024, é equivalente a 255 mil barris por dia,
12%

consumo de petréleo no Pais em 2014. Ja na

ou aproximadamente da média do
energia elétrica, a conservagdo estimada de 44
TWh em 2024, corresponde a geracdo de uma
usina hidroelétrica com poténcia instalada de
cerca de 11.700 MW, a parte brasileira da UHE
de Itaipu mais a UHE Xingo.

In the energy consumption forecast it was
considered the impact of energy efficiency
(Table 2).
represents 20% of the liquid fuel consumption

measures Energy  efficiency
increase, 17% of the electricity consumption
increase and 19% of total enerqy consumption

Increase.

The saved fuel consumption, of 12 million toe
by 2024, is equivalent to 255 thousand barrels
per day, or 12% of the average daily domestic
oil consumption in 2014. Saved electricity
consumption corresponds to 44 TWh in 2024
which represents the annual production of a
11,700 MW hydropower plant (HPP), equivalent
to sum of installed capacity of the brazilian
share of Itaipu HPP and the Xingo HPP.
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Tabela 2 — Consumo de energia e eficiéncia energética
Table 2— Energy consumption and energy efficiency

2015 2019 2024

Consumo / Consumption ®
10° tep / toe

Consurpo potencnal,_sem conservagao / _ 249 741 287.815 350174
Potential consumption, without conservation
Energia conservada / 301 6.045 16.583
Saved Energy
Energia conservada, % /
Saved Energy, % 0.2 2.1 47
ansumo final, 90n5|derqndq conservagao./ 249.350 281.769 333.591
Final consumption, considering conservation
Energia copservada por setor / 10°tep / toe
Conservation by sector
Industria / /ndustry ® 92 3.471 8.754
Transportes / Transports 76 1.155 4.606
Servicos / Services 148 467 935
Residencial / Residential © 53 638 1.633
Agropecuério / Agriculture 22 314 655

Notas / Notes: (a) N&o inclui o consumo de combustiveis no setor residencial / /t does not include the fuel consumption in the residential sector.
(b) Inclui setor energético. / It includes the energy production sector.
(c) Compreende consumo de energia nos domicilios urbanos e rurais. / /t includes rural dwellings.

ELETRICIDADE / ELECTRICITY

O consumo nacional de energia elétrica na rede
(isto é, exclusive autoproducdo) atingira 692
TWh ao fim de 2024, a uma taxa média de
crescimento de 3,9% ao ano.

Na desagregacdo por classe de consumo
(Tabela 3), a classe comercial apresenta maior
expansdo, seguida pela classe residencial. A
industria reduz a sua participagdo no consumo
de energia na rede, apresentando taxa de

crescimento inferior a média.

A analise da projecdo do consumo por
subsistema elétrico (Tabela 4) revela maior
crescimento no subsistema Norte.

Electricity consumption in the grid is expected to
grow at a CAGR of 3.9% per year, reaching 692
TWh in 2024.

When considering the electricity consumption
forecast by consumer type (see Table 3), the
commercial  sector shows the  highest
consumption growth rate, followed by the
residential sector. Industry, in turn, reduces its
share in total consumption, growing at a lower
rate than the average rate.

The regional disaggregation of the electricity
consumption forecast (Table 4) shows that the
North electrical subsystem will have the largest
growth rate due to large plants load expansion
and especially the interconnection of the
Macapa region and the Boavista region.
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Tabela 3 — Consumo de eletricidade na rede, por classe de consumidor
Table 3— Electric consumption in the national grid by consumer type

Resid_encia}l / Industrial Comercial_/ Outros / Total
Ano / Year Residential Commercial Others
GWh
2015 135.346 170.173 92.275 73.125 470.918
2019 156.267 187.571 109.183 84.372 537.393
2024 197.193 239.587 147.806 107.551 692.137
Periodo / Period Variacao (%o a.a.) / %6 change per year
2014-2019 3,4 1,0 4,0 2,8 2,6
2019-2024 4,8 5,0 6,2 5,0 5,2
2014-2024 4,1 3,0 51 3,9 3,9
Tabela 4 — Consumo de eletricidade na rede por subsistema
Table 4 — Electricity consumption in the national grid by electrical subsystem
Subsistema / Electrical Subsystem Sistemas
mosvear fore Norweste Slnely  sa T woreomees O
+ Midwest to the Grid
GWh
2015 34.177 72.617 276.678 85.070 468.542 2.377 470.918
2019 41.625 84.839 312.820 95.992 535.276 2.117 537.393
2024 58.598 110.954 399.410 119.706 688.668 3.468 692.137
Periodo / Period Variacdo (%0 a.a.) / CAGR
2014-2019 4,3 3,4 2,3 2,5 2,7 -10,9 2,6
2019-2024 7,1 5,5 5,0 4,5 5,2 10,4 5,2
2014-2024 5,7 4,4 3,6 3,5 3,9 -0,8 3,9

Importa destacar a expansao da autoproducao
de 6,2% ao ano, atingindo 98 TWh em 2024.
As perspectivas de expansdo da capacidade
instalada dos grandes consumidores industriais
estdo concentradas em celulose e siderurgia.
Os demais consumidores, espalhados em
segmentos de aclUcar e alcool, E&P e
alimentos e bebidas, sdo responsaveis por
cerca de 60% da expansao da autoproducao.

Electricity  self-production Is expected to
increase at a CAGR of 6.2%, reaching 98 TWh
in 2024. The expansion in the installed
capacity of big industrial consumers Is
concentrated in the pulp & paper industry and
in steel industry. The remaining consumers
(e.g., sugar and alcohol industry, E&P, food
and beverages industry) shall be responsible
for 60% of the electricity selforoduction
expansion in the ten-year period.
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Tabela 5 — Autoproducéo de energia elétrica
Table 5— Electricity self-production

GWh
Grandes Demais
Ano / vear Consumidores / Consumidores / Total
Big Consumers Remaining Consumers

2015 23 30 54

2019 34 42 76

2024 41 57 98
Incluindo a autoproducéo, projeta-se que a Including consumption of electricity
demanda de energia elétrica no Pais crescera selfproducers, electricity  consumption is

no periodo a uma taxa média de 4,2% a.a.,
maior do que o crescimento médio esperado
do PIB, de 3,2% a.a.. Em termos acumulados,
a demanda crescera 266 TWh entre 2015 e
2024.

expected to grow at CAGR of 4.2%, 1 p.p.
higher than the GDP. This represents an
increase of 266 TWh in the ten-year horizon.

Tabela 6 — Demanda de energia elétrica e PIB
Table 6 — Electricity consumption and GDP

Demanda Total

Ano

PIB

(Twh) (R$ bilhdes de 2010)

2015 524,6 3.959

2019 613,4 4.378

2024 790,4 5.465

Periodo Variacao (%0 a.a.) Variacao (%0 a.a.)

2014-2019 3,1 1,8
2019-2024 5,2 4,5
2014-2024 4,2 3.2

Incorporando a hip6tese de queda do nivel de
perdas do SIN (de 18,0% em 2015 para
16,9% em 2024), espera-se que a carga de
energia cres¢a a taxa média de 3,8% ao ano,
passando de 65.236 MW médios em 2015,
para 94.548 MW médios em 2024. Em
comparacdo ao PDE anterior (Figura 1), o
de expanséao da  industria
eletrointensiva sofreu reducdo, principalmente
nos segmentos de petroquimica e de aluminio.

cenario

When taking into account the reduction of the
electricity transmission losses in the National
Grid (from 18% in 2015 to 16.9% in 2024), it
/s expected that the electricity load in the
National Grid increases from 65,236 average
MW in 2015 to 94,548 average MW in 2024."
Compared to the previous PDE (Figure 1), the
lower load forecast has been particularly
affected by a lower expected expansion of the
electro-intensive industry (e.g, petrochemical
and aluminum industry) in the next ten-years.

* One Average MW corresponds to 8,760 MWh over the course of
one year.
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GAS NATURAL / NATURAL GAS

Considerando-se iguais condicdes de
competitividade entre o gas natural e o 6leo
combustivel no curto prazo, projeta-se que o
consumo final de gas natural alcance o patamar
de 77 milhdes de m3/dia em 2024, saindo de
cerca de 54 milhdes de m3/dia em 2014, como

se vé na Tabela 7.

Considering a unitary relative price of natural
gas and fuel oil in the short run for industrial
consumers, the forecast of the final
consumption of natural gas /s 77 million m3/day
in 2024, from 54 million m3/day in 2015 (see
Table 7).

Tabela 7 — Consumo final de gas natural
Table 7— Natural gas final consumption by region

P — Norte / North '\;\giiit:s; Sul / South 2;2?;;2;1_ Cen;/r;)c;m(aee;t.e // Brasil
(103 m3/dia / 103 m3/day)
2015 271 11.117 6.363 36.446 231 54.428
2019 386 12.683 6.718 38.562 1.811 60.159
2024 461 13.972 8.459 51.134 3.011 77.037
P?;?/%Z/ Variacao (103 m3/dia) / Change (103 m3/day)
2014-2024 202 3.369 2.892 15.702 2.796 24.961
P?;?g%,/ Variacao (%o a.a.) / CAGR
2014-2019 8,4 3,6 1,7 53,1 2,9
2019-2024 3,6 2,0 5,8 10,7 51
2014-2024 6,0 2,8 3,7 30,2 4,0

Notas / MNotes: N&ao inclui consumo em cogeragdo, termelétrico e em E&P (gas Umido). / Natural gas final consumption does not include
consumption in cogeneration, in the thermal power plants and in E&P (wet gas).

Em relacdo ao PDE anterior (Figura 2), o
consumo final de gas natural teve uma queda
significativa por causa da portergacdo de
projetos intensivos em gas natural, aliada a um
cenario econémico mais modesto.

Compared to the previous Ten-Year Energy Plan
forecast (Figure 2), there is a significant drop in
the forecast of the natural gas final
consumption due to the postoonement of
natural-gas-intensive  consumption  plants,
combined with a more modest economic growth
perspective.

PDE 2024 — Gas Natural / Natural Gas
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Figura 2 — Consumo final de gas natural: PDE 2024 x PDE 2023
Figure 2— Final consumption of natural gas. current vs. previous Forecast
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N&o inclui consumo em cogeragao, termelétrico e em E&P (gas umido). / Natural gas final consumption does not include

consumption in cogeneration, in the thermal power plants and in E&P (wet gas).

Considerando-se o nivel maximo de despacho
térmico, a demanda total de gas natural em
2024 poderia atingir 170,6 milhdes de m®/dia
(méaxima diaria). Cabe ressaltar que este total
ndo inclui o consumo proveniente das
atividades de E&P (Figura 3).2

2 Para obter o consumo total de gas natural, deve-se levar em
conta o despacho das termelétricas a cada ano. Nas projecdes do
PDE, sdo considerados os despachos esperado e maximo
(condicionado pelas restrigdes técnicas de produgédo) do parque
termelétrico. Nos dois casos, adiciona-se ainda o uso de gas
natural no proprio setor energético, como matéria prima nas
refinarias e em unidades de fertilizantes, na cogeragdo e também
na geracdo de energia elétrica. Cabe ressaltar que este total ndo
inclui o consumo proveniente das atividades de E&P.

Considering all thermal power plants were
required for power generation, the natural gas
consumption Is expected to reach 170.6
million ni’/day, not considering consumption
related to E&P activities (see Figure 3).°

3 To obtain the total consumption of the natural gas it is important
to consider the hydrothermal nature of the Brazilian Power
System. The thermal power plants in the centralized dispatch
produce electricity in complementation to the hydro power plant
generation. For the sake of total consumption of the natural gas,
two forecasts are considered: (i) one for the expected generation
of the thermal power plants, (i) and the other considering the
generation in the case the thermal power plants produce at the
maximum, taking into account all technical constraints. In both
cases, the consumption of natural gas as an input in the industry
(e.g., chemical industry), in the Petrobras natural gas processing
plants, and in cogeneration are also considered. On the other hand
the consumption in the E&P activities /s not considered in the
forecasts.

PDE 2024 — Gas Natural / Natural Gas
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Figura 3 — Consumo total de gas natural
Figure 3 — Total consumption of natural gas

10% m?/dia

10% m*/day

104,2

2015 2019 2024
i Geracio elétrica adicional / Ad.d'rtional Gas 293 T 564
Thermal Power Production{1) * & *
g Expect::;::r ;:: ‘;:;:::Ii::wp:a::rﬂ uction 223 s 284
= Cogeragdo [ Cogeneration (2) 2,6 26 28
M Matéria-prima / Feedstock (3) 73 9,5 11,2
M Setor energético / Energy Industry (4) 9,8 11,5 19,1
M Residencial / Residential 1,1 14 1,9
® Outros / Others 0,7 08 11
® Transportes / Transports 52 54 5.7
m Industrial 30,4 31,6 38,0
Demanda Total Esperada /
Expected Consumption e L 1042
De.ma nde Maxima ’ 108,6 127,0 170,6
Maximum Consumption ! 4 5
Notas / Notes: (1) Corresponde a diferenca entre a geracdo maxima e a esperada. / /t corresponds to the difference between the

maximum and the expected generation of gas-fired thermal power plants.

(2) Inclui cogeragdo industrial e comercial. Ndo inclui geracdo em E&P / /t includes industrial and commercial cogeneration.
It does not include generation in E&P activities.

(3) Inclui o consumo como insumo em refinarias (producdo de hidrogénio) e unidades de fertilizantes. / /t includes
consumption in oil refineries (for hydrogen production) and fertilizer plants.

(4) Inclui refinarias e compressdo em gasodutos. N&o inclui consumo em atividades de E&P. / /t includes consumption in oil
refineries and compression in gas pipelines. It does not include consumption in E&P activities.

PDE 2024 — Gas Natural / Natural Gas
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I1 - OFERTA DE ENERGIA ELETRICA / POWER SUPPLY &
TRANSMISSION

GERACAO DE ENERGIA ELETRICA / POWER SUPPLY

O objetivo do planejamento da oferta de
energia elétrica para o horizonte decenal é
apresentar a expansdo indicativa da geracéo e
das principais interligacdes dos sistemas
regionais, de forma sustentavel, atendendo aos
critérios de economia e de seguranca de
suprimento para o sistema eletroenergético.

A principal diretriz da expansdo da geracdo de
energia elétrica tem sido a priorizagdo da
participacdo das fontes renovaveis de energia
para atender ao crescimento do consumo de
energia elétrica no horizonte decenal,
compatibilizando esta participagdo com o
atendimento a carga de forma segura e tendo
em vista o compromisso brasileiro de manter
seu crescimento econdmico apoiado em uma
matriz energética limpa.

O planejamento da expansdo da oferta de
energia baseia-se em critério econdmico
(igualdade entre o Custo Marginal de Operacédo
— CMO e o Custo Marginal de Expansdo — CME,
com valor igual a R$ 139/MWh) e em critério de
seguranca, (risco de déficit igual a 5% em cada
subsistema do SIN, considerando-se todos os
cenarios hidrolégicos simulados).

Para as simulacbes energéticas foi utilizado o
modelo NEWAVE*, com a simulacdo de 2.000
cenarios hidrolégicos, sem tendéncia hidrologica
e com o mecanismo de aversdo ao risco (CVaR).
O custo do déficit utilizado neste ciclo de
planejamento foi de R$ 3.150/MWh e a taxa
real de desconto foi de 8% ao ano.

4 Modelo de otimizagio do despacho hidrotérmico desenvolvido pelo
Centro de Pesquisas de Energia Elétrica — Cepel. Os estudos foram
elaborados com a versdo 19 deste modelo, dltima versao
homologada pela ANEEL a época da elaboragédo deste Plano.

The reference scenario for the power capacity
expansion in the next 10 years aims at
subsidizing the power auctions need to meet
load demand under the premises of security
supply  and  environmental and  social
sustainability.

Moreover, only power plant projects likely to
Start operational phase in the ten-year horizon
(given  their  technical,  economic  and
environmental characteristics) were considered
in the portfolio for capacity expansion.

Under the main guideline of prioritization of
renewable energy source, power expansion is
the result of two conditions: an economic
equiflibrium condition in which the Marginal Cost
of (the system) Operation (CMO) equals the
Marginal Cost of Expansion (CME), and a
security condition in which the deficit risk shall
not be superior to 5% of the inflow scenarios in
any éelectrical subsystem in the National Grid.

Based on the outcomes of the power auctions in
the last years, the CME was set at R$ 139/MWh.
It was assumed the cost of the supply shortage
at R$ 3,150/MWh and the real discount rate at
8% per year. Finally, to simulate the 2,000
hydrological inflows, the NEWAVE® model was
used, assuming no inflow trend and including
the CVaR (risk-aversion) mechanism.

5 The NEWAVE model was developed by CEPEL, and it consists of an
optimization model for the centralized dispatch of the power plants in
the Brazilian Power System. The 1 9" version of the model was used,
which was validated by the Task Force under the coordination of
ONS and CEPEL during the elaboration of this Energy Expansion
Plan.
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Configuracdo Atual do Sistema Elétrico / Initial Configuration of the Power

System

A capacidade instalada dos empreendimentos
de geracdo do SIN, incluindo a parcela de Itaipu
importada do Paraguai, totalizava quase 133 mil
MW em dezembro de 2014. A distribuicdo desse
total por tipo de usina do parque gerador
existente é apresentada na Tabela 8.

A Figura 4 mostra a representacdo esquematica
considerada para as interligacBes entre o0s
subsistemas nacionais, detalhando a forma
prevista ao final do horizonte do estudo na
simulagdo energética a subsistemas
equivalentes. As interligacdes representadas em
tragos pontilhados estdo previstas para se
incorporarem ao SIN durante o periodo
analisado (2015-2024).

The initial configuration of the power system
refers to power plants in the National Grid (SIN)
and the electricity imports from UHE [taipu,
which represented a 133 thousand MW power
capacity system in December, 31" of 2014.
Table 8 shows the Installed capacity
disaggregated by energy source in that date.

Figure 4 shows the configuration of the
transmission system used in the simulations.
The solid lines represent the existing
transmission lines while the dotted lines
represent new connections expected to enter in
the SIN in the period from 2015 to 2024.

Tabela 8 — Capacidade instalada por tipo de fonte em 31/12/2014 no SIN
Table 8 — Installed capacity at the national grid in December, 2014

Participacédo / Share

Fonte / Source MW (%)
Hidraulica / Hydro ® 82.789 62
Térmica / Thermal 19.619 15
Nuclear 1.990 2
Outras Fontes Renovaveis / Other Renewables 21.480 16
Importagdo Contratada / /mports ® 7.000 5
Total 132.878 100

Notas / Notes:

(a) Inclui a parte brasileira da UHE Itaipu (7.000 MW). / /t includes the Brazilian share in UHE Itajpu (7,000 MW).

(b) Importagdo da UHE Itaipu ndo consumida pelo sistema elétrico Paraguaio. / /mports from the UHE Itaijpu (Paraguay’s

share).

Fonte / Source: ONS.

PDE 2024 — Geracéo de Energia Elétrica / Power Supply
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Figura 4 — Representacdo esquematica das interligagcdes entre subsistemas
Figure 4 — Configuration of the main regional interconnections in the national grid

Interligag&o Existente / Existing
Interconnection

Expansdéo Licitada / Auctioned-Off
Expansion

mmmsEst® Expansdo Planejada/ Planned
Expansion

(a) Foi licitada a interligacédo entre Manaus e Boa Vista, que sera integrada a regido Norte, e estd em estudo a expansédo do
sistema de geracdo de Roraima através da constru¢do de usinas hidrelétricas nessa regido. / The contract of the
interconnection between Manaus and Boa Vista was already awarded. Expansion of Roraima power system is under study.

Legenda / Legend

Sudeste/Centro-Oeste /

SE/CO - Southeast! Midwest IT-  ltaipu
S - Sul/ South AC/RO -  Acre/Rondbnia
NE - Nordeste / Northeast BM -  Belo Monte
N - Norte / North TP -  Teles Pires/Tapajos
MAN/AP/BV - Manaus/Amapéa/Boa Vista IMP - Imperatriz
IV - lvaipord XIN - Xingu

PDE 2024 — Geracgao de Energia Elétrica / Power Supply
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Expansao da Geracao / Expansion of the Power Capacity

Incluindo a poténcia dos empreendimentos que
j& se encontram em operacdo comercial nos
sistemas isolados Manaus e Amapa, a
capacidade instalada no SIN evoluir4 para 206
GW ao fim de 2024.

Dessa expansdo, destaca-se a elevacdo da
participacdo da regido Norte, cuja capacidade
instalada em relacdo ao SIN passa de 14%, no
inicio de 2015, para 23% em 2024, totalizando
aproximadamente 27 GW de expansdo. Em
contrapartida, nas regides Sudeste/Centro-
Oeste, onde foi contabilizada a usina de Itaipu,
hd uma reducdo de 54% para 42% na
participacdo na oferta total do sistema, mesmo
com uma expansao prevista na ordem de 15
GW para o horizonte decenal.

Taking Into account some currently non-
connected systems in the North region of Brazil
that will be connected to the National Grid in
the ten-year horizon, total installed capacity in
the SIN will increase to 206 GW by 2024 (Figure
5).  Noteworthy, the North Subsystem Power
Capacity is expected to significantly increase its
share from 14% in the beginning of 2015 to
23% In 2024 (Figure 6), an expansion of
approximately 27 GW of capacity. In turn, the
Southeast-Midweast Subsystem (including UHE
ltajpu) share in total installed capacity
decreases from 54% to 42%, in spite of an
expected expansion of 15 GW of capacity in the
ten-year horizon.

Figura 5 — Participacao regional na capacidade instalada do SIN
Figure 5 — Evolution of the installed capacity in the national grid

Notas / Notes:

2 250.000 -
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<Y 206.447
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1
Q
3
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c
p 45.499 45.353
@
- 50.000 - 27.960
<§ 20.793 21.641 18.242
5 o | 1 L] L
SE/CO S NE N TOTAL
2014 72.202 (54%) 20.793(16%)  21.641(16%)  18.242(14%)  132.878
112024 87.635(42%) 27.960 (14% 45.499 (21% 45.353 (23%)  206.447
A (MW) 15.433 7.167 23.858 27.111 73.569
A (%) 21% 34% 110% 149% 55%

(a) Considerada a importagdo de Itaipu proveniente da poténcia contratada ao Paraguai. / /mports from Itajpu
(Paraguay share) are considered in the SE/MW subsystem.
(b) Considera a capacidade ja em operagdo comercial nos sistemas isolados que serdo interligados ao SIN no horizonte
do estudo deste plano. / /n the North subsystem, power capacity includes power capacity actually in the non-connected
system that will be connected in the horizon 2015-2024.

PDE 2024 — Geracéo de Energia Elétrica / Power Supply
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Na expansdo indicativa foi considerada uma
expansdo de 10.500 MW de termelétricas (sem
incluir nucleares ou usinas a biomassa) no
horizonte decenal. A concretizacdo dessa
expansdo esta atrelada a disponibilidade e
competitividade dos projetos, preferencialmente
a gas natural, nos futuros leildes para compra
de energia nova. Em caso de inviabilidade,
outras fontes constituem alternativas para o
atendimento & demanda, entre elas as usinas
térmicas a carvao.

A Figura 6 ilustra a expansdo contratada e a
planejada por tipo de fonte. Observa-se a
priorizacdo das usinas hidrelétricas e de outras
fontes horizonte de
planejamento. Ha que ressaltar, no entanto,
gue a concretizacdo desta composicdo de fontes
na expansao planejada depende principalmente
da obtengado de Licencas Prévias Ambientais, de
modo que as usinas indicadas possam participar
dos leildes de compra de energia provenientes
de novos empreendimentos, previstos em lei.

renovaveis no

It was considered an indicative capacity
expansion of 10,500 MW of thermal power
plants (gas-fired power plants were considered
in the simulations) in the period. Of course, this
expansion depends on the competitiveness of
thermal power projects, in particular the gas-
fired power plants, in future Brazilian power
auctions. Otherwise, other fossil fuels may
represent an alternative (e.g, coal-fired power
plants).

As shown in Figure 6, most of the power
expansion required to meet the expected future
load growth in the ten-year horizon is already
contracted (more than 41,000 MW) in past
power auctions. A remaining 32,700 MW power
capacity is expected to be contracted in the
future power auctions. Finally, it is worth to
mention that planned expansion heavily
depends on the Environmental Pre-License
Process, given that each future UHE needs its
Environmental Pre-License to be eligible to take
part in the power auctions.

Figura 6 — Acréscimo de capacidade instalada anual por fonte
Figure 6 — Increase in power capacity by energy source: contracted and planned
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Expansao Hidrelétrica / Hydro Power Capacity Expansion

As usinas hidrelétricas ainda apresentam grande
potencial a ser explorado.
hidrelétricos ja concluidos nas bacias da regido
Norte e Centro-Oeste apontam a viabilidade de
projetos importantes, a despeito da crescente
complexidade socioambiental.

Inventarios

No periodo entre 2015 a 2024, a capacidade de
geracdo hidraulica aumentara de 90 GW para
117 GW. Devido as dificuldades na obtencéo de
licencas ambientais, a expansdo do sistema
conta com apenas trés usinas hidrelétricas com
reservatorios de acumulagdo, para as quais,
estima-se que os prazos envolvidos no processo
licitatorio estdo aderentes ao horizonte deste
plano.

A Tabela 9 apresenta a lista de projetos que
constam no cenario de expansdo com entrada
em operagao até 2024, na qual se destacam as
usinas de Belo Monte (ja contratada) e de Sao
Luiz do Tapajos (a licitar), com 11.233 e 8.040
MW de poténcia total, respectivamente. Esses
dois empreendimentos, somados, correspondem
a 68% da expansdo hidrelétrica em termos de
capacidade instalada.

Os projetos hidrelétricos que constam neste
Plano somam 28,3 GW. No entanto, devido ao
longo periodo de motorizagdo de alguns
empreendimentos de grande porte, essa
capacidade devera estar totalmente disponivel
para atendimento ao SIN apenas no ano de
2027. Como mostra a Figura 7, a viabilizacdo
desses empreendimentos acrescentara 23,2 GW
até dezembro de 2024, mais de 80% da sua
capacidade instalada total. ©

® Os projetos de geragdo com concessdo ja outorgada no passado
ndo foram considerados no PDE, pois apresentam problemas
especificos a serem resolvidos para andamento da obra. Contudo,
permanecem sendo fiscalizadas pela ANEEL e acompanhadas pelo
planejador, podendo compor a configuragcdo dos futuros Planos a
medida que sejam equacionados os seus problemas.

The hydro energy source still presents a
significant potential to be explored in an amount
sufficient to maintain the predominant energy
source in the Brazilian electricity balance in the
next future. The recent finished inventories in
the river basins of the Midwest and North
regions are very promising in pointing out
important projects to be explored in the next
years.

In the period 2015-2024, hydropower capacity
expansion is expected to increase from 90 GW
to 117 GW. Due to the difficulties to obtain the
environmental licenses, only 3 new hydropower
plants (UHES) with accumulation reservoirs were
considered for which the bidding processes are
expected to occur in the horizon of the PDE
2024.

In the total hydropower capacity to be deployed
until 2024 (Table 9), two large UHEs comprises
68% of the expected expansion: UHE Belo
Monte (contract already awarded) with 11,233
MW and UHE Sdo Luiz do Tapajos (to be put on
bid) with 8,040 MW.

Because of the long phase of motorization of
some of big UHE power plants, more than 80%
(23.2 GW) of the mentioned UHEs are expected
to be operational until 2024. The remaining
capacity is expected to be fully operational
between 2024 and 2027, as shown on Figure 7.”

7 It Is also important to mention that some projects with concession
granted but with problems yet to be solved to continue their
construction phase are not considered in the simulation. ANEEL
continues to monitor these UHEs and, when their respective
problems are solved, they will enter the simulation exercises in the
future PDEs.
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Tabela 9 — Expansao hidrelétrica
Table 9 — Hydropower plant expansion

Entrada em Operacéo /

Starting Date Projeto / Power Plant Rio / River Ppo?/lt/if‘(:li\jv{l) UF / State
Ano / Year®
2015 UHE Teles Pires Teles Pires 1.820 PA
UHE Belo Monte Xingu 11.233 PA
2016 UHE Colider Teles Pires 300 MT
UHE Salto Apiacés Apiacas 45 MT
UHE Sao Roque Canoas 135 SC
2017 UHE Cachoeira Caldeirao Araguari 219 AP
UHE Baixo Iguagu lguacu 350 PR
2018 UHE S&o Manoel Teles Pires 700 PA
UHE Sinop Teles Pires 400 MT
2019 UHE Itaocara | Paraiba do Sul 150 RJ
UHE S&o Luiz do Tapaj6s®  Tapajos 8.040 PA
2021 UHE Tabajara Jiparana 350 RO
UHE Apertados Piquiri 139 PR
UHE Foz Piquiri Piquiri 93 PR
2022 UHE Telémaco Borba Tibagi 118 PR
UHE Ercilandia Piquiri 87 PR
UHE Comissario Piquiri 140 PR
2023 UHE Paranhos Chopim 67 PR
UHE Jatoba Tapajos 2.338 PA
UHE Castanheira Arinos 192 MT
2024 UHE Bem Querer Branco 708 RR
UHE Itapiranga Uruguai 725 SC/RS
28.349

Nota / Note:  Segundo acompanhamento do DMSE — reunido de abril de 2015. / According to DMSE.

Figura 7 — Evolucdo da capacidade instalada de hidrelétricas indicativas (MW)
Figure 7 — Evolution of the Installed Capacity of the Planned UHE in the National Grid
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Expansao Termelétrica Nao-Renovavel /
Thermal Power Capacity Expansion (excluding Biomass TPP)

Excluindo as usinas a biomassa, espera-se que a
capacidade termelétrica de 21 GW instalada no
SIN ao fim de 2014 aumente para 33 GW até
2024. Foram consideradas usinas a gas natural,
com CVU igual ao teto de R$ 250/MWh.

A capacidade instalada nuclear aumentara com
a implantacdo da usina de Angra 3. Com
capacidade de 1.405 MW e contratacdo ja
autorizada, prevé-se sua entrada em operacgdo
em janeiro de 2019, aumentando o0 parque
nuclear existente para 3.395 MW.

The thermal power capacity expansion Is
expected to evolve from the 21 GW in the initial
configuration to 33 GW in 2024. For the
simulation exercises, it was considered natural
gas fueled power plants with maximum CVU
(unitary variable cost) of R$ 250/MWh.

The nuclear UTE expansion occurs via Angra 3.
Its operation is expected to start in January,
2019 and will represent an expansion of 70% of
the current nuclear power capacity to 3,395
MW.

Expansao da Capacidade Instalada de Outras Fontes Renovaveis / Other

Renewables Capacity Expansion

As usinas edlicas, termelétricas movidas a
biomassa, em sua maioria de bagaco de cana-
de-agUcar, PCHs e solar devem registrar uma
expansdao média anual de 10%, com destaque
para as usinas edlicas que devem alcancar
24.000 MW ao fim de 2024. O PDE 2024 prevé
gue a energia solar alcance 7.000 MW ao fim do
horizonte decenal, quando deverd atingir
participacdo de 3,3% na capacidade instalada
total.

Other renewable energy (e.g., wind, biomass,
solar and small hydro power plants — PCHs in
portuguese) share is expected to increase at an
average growth rate of 10% a.a., especially
because of the strong expansion of wind power
capacity (expected to reach 24 GW by 2024).
The solar power capacity is expected to reach 7
GW at the end of the horizon, with a share
equivalent to 3.3% of the total installed power
capacity.

Evolucao da Capacidade Instalada por Fonte / Power Capacity Evolution by

Energy Source

A evolugdo da participacdo das fontes de
producdo de energia na capacidade instalada
do SIN (Figura 8 e Tabela 10) evidencia a
priorizacdo das fontes renovaveis no horizonte
de planejamento, cuja participacdo no parque
de geracdo do SIN passard de 16%, no inicio
de 2015, para 27% em dezembro de 2024.

Power capacity evolution by energy source in
the MNational Grid (Figure 8 and Table 10)
highlights the importance of renewables to
capacity expansion in the ten-year horizon.
The share of renewables in the generation
capacity will increase from 16% in early 2015
to 27% in December, 2024.

PDE 2024 — Geracéo de Energia Elétrica / Power Supply
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Figura 8 — Evolucédo da capacidade instalada por fonte de geracao
Figure 8 — Power capacity evolution by energy source
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Tabela 10 — Evolucdo da capacidade instalada por fonte de geracéo
Table 10 — Installed capacity evolution by energy source
Fonte / Source 2014 2019 2024
RENOVAVEIS / RENEWABLES 111.269 145.177 173.417
HIDRO / HYDRO 82.789 102.040 109.972
IMPORTAGAOQ / IMPORTS © 7.000 7.000 7.000
OUTRAS RENOVAVEIS / OTHER RENEWABLES 21.480 36.137 56.445
NAO RENOVAVEIS / NON-RENEWABLES 21.609 26.714 33.030
URANIO / URANIUM 1.990 3.395 3.395
GAS NATURAL / NATURAL GAS 11.043 14.903 21.219
OUTROS NAO RENOVAVEIS / OTHER NON-
RENEWABLES 8.576 8.416 8.416
TOTAL 132.878 171.891 206.447

Notas / Notes: (a) Estimativa de importagdo da UHE Itaipu ndo consumida pelo sistema elétrico paraguaio. / /t considers imports from UHE Itaipu

not used by Paraguay.

(b) Outras renovéaveis: PCH, usinas a biomassa, eolicas e solar. / Other renewables include small hydro power plants, wind,

biomass and solar power plants.

(c) Outras ndo renovaveis: usinas termelétricas a diesel, carvdo, 6leo combustivel e gas de processo. / Other non-
renewables include diesel, coke, fuel oil and by-product gas from industrial process.

Custos Marginais de Operacgdo (CMO) e Risco de Déficit / Operational

Marginal Costs and Deficit Risks

Em funcdo do porte e motoriza¢cdo de algumas
usinas planejadas e do comportamento da
projecdo de carga de energia, 0S custos
marginais médios anuais oscilam ao longo dos
anos, podendo ficar abaixo do valor do CME de
referéncia estabelecido para este ciclo do
planejamento decenal (Figura 9). O risco de
déficit encontra-se dentro da faixa de aceitacéo
(Figura 10).

Due to the size and the long motorization period
of planned hydropower plants, and the load
evolution, CMOs are expected to fluctuate in the
next ten years, and very likely to be lower the
CME (Figure 9). However, the correspondent
power shortage risks are less than the upper
limit of 5%, which Is sufficient to meet load
demand with current demand side management
instruments (Figure 10).

PDE 2024 — Geracgao de Energia Elétrica / Power Supply
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Figura 9 — Custo marginal de operacdo (CMO) por subsistema
Figure 9 — Operational marginal cost (CMO) by subsystem
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Figura 10 — Risco de déficit por subsistema
Figure 10 — Power shortage risk by subsystem
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Estimativa de Investimentos / Estimated Investments

A expansdo em geracdo no horizonte decenal
requer investimentos de R$ 268 bilhdes. Cabe
ressaltar que boa parte desses investimentos
refere-se as usinas ja autorizadas, entre elas,
as usinas com contratos assinados nos leildes
de energia nova. O montante a investir em
novas usinas, ainda ndo contratadas ou
autorizadas, é de R$ 165 bilhdes, sendo 33%
em hidrelétricas, 59% no conjunto de outras
fontes renovéaveis (PCH, biomassa e edlica) e
14% em termelétricas.

The power capacity expansion in the 2015-
2024 period requires a total investment of US$
101 billion. The investment related to power
plants to be contracted amounts to US$ 62
billion investments reflects the
following expansion profile: 33% in UHES,
59% in other renewable (small hydro, wind
and biomass) and 14% in UTEs.

n new
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Atendimento a Demanda Maxima / Maximum Demand Requirements

Espera-se que o risco de déficit de poténcia
apresente tendéncia de aumento ap6s 2021 e
seja maior que 5% apds o segundo semestre de
2022. Os maiores riscos ocorrem especialmente
nos meses de outubro a dezembro, quando os
reservatorios tendem a estar mais vazios e a
demanda méxima come¢a a aumentar e nas
regibes Sudeste e Sul.

Observa-se que os déficits apresentados no
inicio do horizonte sdo, majoritariamente, por
restricdo de intercAmbio e, em particular, nas
linhas que simulam o recebimento da regido
Sudeste pelas regibes Norte/Nordeste. As
restricdes no recebimento do Sudeste até o
primeiro semestre de 2021 colocam em risco o
atendimento ao Sul e Sudeste. Com a entrada
em operacdo das ampliagdes previstas para esta
interligacdo, a partir do segundo semestre de
2021, esta restricdo sera resolvida.

A partir de 2019, os déficits sdo ocasionados,
principalmente, por disponibilidade de oferta
inferior a demanda de ponta. Portanto, ha a
necessidade de indicacdo de oferta adicional
para o atendimento a demanda maxima, com
prioridade para as regibes Sudeste e Sul,
conforme a Tabela 11.

The simulation results show that the probability
of deficits related to the periods of maximum
demand is expected to rise after 2021 and be
higher than the threshold of 5%, after the
second half of 2022. The highest likelihoods
occur in the fourth quarter, when reservoirs are
usually low e maximum demand levels tend to
increase in the Southeast and South regions.

In the first years, maximum demand deficits
occur mainly because of interconnection
constraints and especially in the transmission
line from the North/Northeast to the Southeast.
The constraints in the Southeast
interconnections until 2021 jeopardize the
Southeast and South consumption in the period.
With the expansion in the transmission line from
the North/Northeast to the Southeast, expected
to be completed by the second half of 2021, the
constraint is eliminated until, at least, 2024.

From 2019 on, maximum demand deficits are
related to supply shortage. Thus there is an
additional indication of power capacity to meet
maximum demand in the Southeast and South
subsystems (Table 11).

Tabela 11 — Indicacdo de poténcia
Table 11 — Indication of Additional Power Capacity to Meet Maximum Demand

Indicagdo de Poténcia /
Indlication of Additional Power Capacity

Total
Ano/ Year 2021 2022 2023 2024 2021 - 2024
MW 500 1.000 2.000 2.500 6.000
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TRANSMISSAO DE ENERGIA ELETRICA / POWER TRANSMISSION

A Figura 11 ilustra, de forma esquematica, a
configuracéo do SIN referente ao ano de 2013,
indicando também parte das instalacdes
implantadas entre 2013 e 2015.

The transmission line system of the National
Grid in 2013 is presented in Figure 11, which
also includes the expansion of transmission lines
occurred in 2014 and 2015.

Figura 11 — Sistema de Transmissao
Figure 11 — Power transmission system
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O SIN esta dividido em quatro regides
geoelétricas interligadas, conforme ilustrado na
Figura 12. As interligacbes dessas regides
possibilitam a otimizagcdo energética das bacias
hidrogréaficas, com o aproveitamento das suas
diversidades hidrolégicas.

. Centro de Carga/ Load Center
@ NeCircuitos Existentes / # of Existing Cir cuits

The complex transmission line system can be
schematically represented in Figure 12. The
regional interconnections allow the (electrical)
optimization of the river basins, taking into
account the differences in hydrological regimes.

PDE 2024 — Transmissédo de Energia Elétrica / Power Transmission
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Figura 12 — Interligacfes regionais
Figure 12 — Regional interconnections

Acre/Rondonia

De acordo com os estudos da EPE, as seguintes
interconexdes sdo recomendadas para o periodo
de 2015-2024:

1. Na interligacdo Norte-Sudeste/Centro-Oeste,
a solucdo recomendada contempla sua
expansdo por meio de dois bipolos em
corrente continua de =800 kV, com
capacidade de 4.000 MW cada, sendo o
primeiro indicado em 2018 e o segundo em
2019. Os pontos indicados para essa
interligacdo na regido Sudeste sdo a SE
Estreito, na fronteira dos estados de Minas
Gerais e S&o Paulo, e o Terminal RJ, no
estado do Rio de Janeiro, préximo a Nova
Iguacu. O bipolo entre Xingu e Estreito foi
licitado em 07 de fevereiro de 2013, tendo
entrada em operacdo prevista para 2018.

udeste / Southeast

Northeast“ Southeast

ul- Sudeste

th - Southeast
%«/}f{

The Tfollowing expansions of the regional
interconnections in the period 2015-2024 are
recommended fo occur, according to EPE
Studies:

1. In the North and Southeast-Midwest
interconnection, two bipoles of + 800 kV in
CC with transmission capacity of 4,000 MW
each are expected to enter in 2018 and
2019. The Iinterconnection points in the
Southeast region are the substation (SE)
Estreito (in the MG/SP borderline), and
Terminal RJ, located in the city of Nova
lguacu, RJ state. The contract of the bijpole
between Xingu and Estreito was awarded in
2013 and it Is expected to start its
operations by 2018.

PDE 2024 — Transmissdo de Energia Elétrica / Power Transmission
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2.

Na interligacdo Norte-Nordeste, ja foi
licitada a expanséo dos troncos em 500 kV,
S&@o Jodo do Piaui — Milagres e Bom Jesus
da Lapa — lbicoara — Sapeacu, e o terceiro
circuito P. Dutra — Teresina — Sobral 111.
Adicionalmente, estd em andamento a
construcdo de mais dois elos, em 500 KV,
sendo um entre as subestacdes Miracema e
Bom Jesus da Lapa Il e o outro entre
Miracema e S&o Jodo do Piaui, com inclusdo
das subestacGes intermediarias Gilbués e
Barreiras.

Na expansdo da Interligacdo Sudeste-
Nordeste as andlises realizadas apontaram a
necessidade do aumento da exportacdo de
energia elétrica em cerca de 6.000 MW da
regido Nordeste para a regido Sudeste.

Na interligacdo Sul-Sudeste/Centro-Oeste, a
alternativa recomendada contempla duas
linhas de transmissdo em 500 kV: LT Itatiba
— Bateias C1, 390 km, em 2017 e LT Assis
— Llondrina C2, 120 km, em 2018,
perfazendo 510 km de extensdo. A partir de
2020, os estudos energéticos apontam a
necessidade de expansdo da interligacédo
entre as regides Sul e Sudeste/Centro-Oeste
da ordem de 2.000 MW, em 2020, e mais
1.700 MW em 2023.

Considerando a importancia de Cruzeiro do
Sul como polo turistico e econdmico do
Estado do Acre, a solucdo indicada € uma
linha de 230 kV, com 660 km de extensao,
interligando Cruzeiro do Sul e Feij6 a
subestacdo Rio Branco, com previsdo de
entrada em operacdo em janeiro de 2017.

2.

Empresa de Pesquisa Energética

In the North-Northeast interconnection,
contracts were awarded for the expansion
of 500-kV trunks of Sdo Jodo do Piaui —
Milagres, Bom Jesus da Lapa — Ibicoara —
Sapeacu, and a third circuit in Presidente
Dutra - Teresina - Sobral 11l. Two
additional  500-kV  trunks are under
construction. (1) between SE Miracema and
SE Bom Jesus da Lapa 11, and (i) between
Miracema and Sdo Jodo do Piaui, with the
inclusion of intermediate SE Gilbués and
Barreiras.

In Southeast-Northeast interconnection, it
/s suggested an expansion to meet the
expected power exports of 6,000 MW from
the Northeast to the Southeast region.

n the South-Southeast/Midwest
interconnection, two 500 kV transmission
lines (TL) are suggested: TL [tatiba —
Batelas C1, with 390 km, in 2017 and TL
Assis — Londrina C2, with 120 km, in 2018.
From 2020 on, it is suggested an expansion
of this interconnection of 2,000 MW by
2020 and an additional 1,700 MW in 2023.

Because Cruzeiro do Sul is an important
touristic and economic zone in the state of
Acre, it s suggested a 660-km transmission
line of 230 kV, linking the cities of Cruzeiro
do Sul and Fejjo to the SE Rio Branco,
which is expected to Sstart operation in
January, 2017.
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Evolucao Fisica do SIN / National Grid Expansion

As tabelas a seguir sintetizam a estimativa de The transmission capacity expansion in the
evolucdo fisica do SIN em termos de National Grid refers to the estimated expansion
comprimentos de linhas de transmissdo e de of transmission lines (Table 12) and the
capacidade de transformacéo. transformation capacity (Table 13).

Tabela 12 — Expanséo das linhas de transmissao
Table 12 — Expansion of transmission lines

+800 kV 750 kV +600 kV 500 kV 440 kV 345 kV 230 kV TOTAL

Tensdo / Tension

km
gg'lsze”te / Existing 2.683 12.816 40.656 6.728 10.303 52.647  125.833
Evolucéo / Evolution
20152004 20.110 42.783 353 1.666 20.870  85.782
Evolucdo em/
Evolution in 4.280 25.755 196 885 9.352 40.468
2015-2019
Evolugcao em/
Evolution in 15.830 17.028 157 781 11518  45.315
2020-2024
Estimativa / £stimated 5 11 2.683 12.816 83.439 7.081 11.969 73517  211.615

2024

Tabela 13 — Expansédo do sistema de transformacao
Table 13 — Expansion of transformation capacity

_ 750KV 500KV 440KV 345KV 230KV TOTAL
Tensao / Tension
MVA
Existente / Existing 2014 23.247 129.095 23.916 49.795 79.565 305.618
Evolugédo / Evolution
SSp e 3.650 105.425 11.031 21.147 46.906 188.158
Evolucéo em/
Evolution in 3.650 58.339 5.081 14.747 24.933 106.750
2015-2019
Evolucéo em/
Evolution in 47.086 5.950 6.400 21.973 81.409
2020-2024
Egtz'Tat"’a / Estimated 26.897 234.520 34.947 70.942 126.471 493.776

PDE 2024 — Transmissdo de Energia Elétrica / Power Transmission
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Estimativa de Investimentos / Estimated Investments

O investimento total, considerando também as
instalacdes ja licitadas que entram em operacéo
no periodo decenal, atinge R$ 108 bilhes,
sendo R$ 78 bilhdes em linhas de transmissao e
R$ 30 bilhdes em subestagdes, incluindo as
instalacdes de fronteira.

Sem o cdbmputo das instalacdes ja licitadas, ou
seja, considerando apenas as novas instalagdes
de linhas de transmissdo e subestacdes
previstas, o valor total resulta da ordem de R$
70 bilhdes, sendo cerca de R$ 50 bilhdes em
linhas de transmissdo e R$ 20 bilhdes em
subestacfes, incluindo as instalacdes de
fronteira.

Total investment of the estimated transmission
capacity expansion in the period 2015-2024
(including those already contracted in the
transmission auctions) amounts to more than
US$ 40 billion, of which near US$ 29 billion
refers to transmission lines and near US$ 11
billion refers to substations, including the
facilities in the divisions of Brazil with other
countries.

Considering only transmission capacity to be
contracted, total investments amount to US$ 26
billion, of which US$ 19 billion in transmission
lines and US$ 7 billion in substations.

Tarifas de Uso do Sistema de Transmissao - TUST / Transmission Tariffs

A projecao do valor médio da TUST de geracao
em 2024, considerando as usinas das quatro
regides geoelétricas, resultou da ordem de R$
6,0/kW.més. Por regido, os resultados foram:
R$ 6,7/kW.més  (Sudeste/Centro-Oeste), R$
6,3/kW.més (Sul), R$ 5,3/kW.més (Nordeste) e
R$ 5,6/kW.més (Norte).

Quanto a TUST de carga, o valor médio geral foi
de R$ 7,2/kW.més. Por regido, os resultados
foram: R$ 8,3/kW.més (Norte), R$ 7,3/kW.més
(Nordeste), R$ 6,7/kW.més  (Sul) e
R$ 6,5/kW.més (Sudeste/Centro-Oeste)

The associated TUST (the transmission tariff) of
the power system for the expected transmission
capacity expansion Is expected to reach an
average of US$ 2.3/kW.month. By regions,
TUSTs are respectively: US$ 2.4/kW.month in
the South subsystem, US$ Z/kW.month in the
Northeast subsystem, US$ 2.1/kW.month in the
North system, and US$ 2.5/kW.month in the
Southeast-Midwest subsystem.

The associated TUST of the load system Is
expected to reach US$ 2. 7/kW.month. By region
TUST Is respectively: US$ 2.4/kW.month in the
South subsystem, US$ 2.8/kW.month in the
Northeast subsystem, US$ 3.1/kW.month in the
North system, and US$ 2.5/kW.month in the
Southeast-Midwest subsystem.
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I11 - PETROLEO, GAS NATURAL E BIOCOMBUSTIVEIS /

OIL, GAS & BIOFUELS

Perspectivas de Preco do Brent / Price Evolution for Brent Crude Oil

No primeiro quinquénio, espera-se menor
expansao da oferta de petréleo combinada ao
crescimento suave da demanda, resultando
numa retomada moderada dos precos do
Brent.

Pelo lado da oferta, os precos baixos atuais
devem reduzir o espaco dos produtores
marginais, reequilibrando o mercado em um
novo patamar de preco no médio prazo. A
producdo da OPEP deve seguir em expansao,
aumentando sua participagdo no comeércio
mundial de petréleo e a Ardbia Saudita deve
continuar sua politica de ndo agir mais como
swing producer, priorizando a manutencéo de
sua participacdo no mercado.

Com relagdo & demanda, o menor crescimento
da China e o aumento da preocupacdo da
opinido publica mundial com as consequéncias
do efeito estufa e com a melhoria da eficiéncia
no uso da energia devem contribuir para
reduzir o ritmo da retomada da demanda por
petréleo.

No segundo quinquénio, a combinacdo de
vérios fatores devera frear o crescimento dos
precos do petréleo. Entre estes fatores,
destacam-se a retomada de alguns projetos de
E&P, em particular no Iraque, nas areias
betuminosas do Canada, no pré-sal brasileiro e
no tight oil norte-americano, a manutengéo de
um crescimento econdmico mundial moderado
e a maturacdo de politicas de substituicdo de
derivados e de eficiéncia energética.

Assim, para o primeiro quinquénio, projeta-se
um preco meédio de US$ 77 por barril,
crescendo para uma média de US$ 88 por
barril no segundo (a valores constantes de
maio de 2014).

In the next five years, it is expected a lower oll
supply expansion while oll demand increase
moderately. This combination Is expected to
result in Brent oil price increase.

On the supply side, the recent low oil prices
will reduce production of marginal producers,
and as a result oil price will increase from
current levels OPEC”s production continues to
rise, increasing its market share, in particular,
Saudi Arabia no longer plays the role of swing
producer.

On the demand side, China lower economic
growth and the increase concerns of world
public opinion about the GHG emissions and
the energy efficiency measures shall have a
downside effect on demand resumption.

In the second half of the forecast period, the
combination of the following effects should
lead to a new oil supply and demand balance,
softening oil prices from that year on:
resumption and maturation of upstream
projects (lraqi, Canada tar sands, Brazilian
Pre-Salt, U.S. tight oifl); moderate global
economic growth; and maturation of oil
product substitution and energy efficiency
policies

Thus, in this scenario, Brent price is expected
to increase from an average of 77/b in the
period 2015-2019 to an average of 88/b in the
period of 2020-2024 (in constant prices of
May, 2014).
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Producao Potencial de Petréleo / Oil Potential Production

As estimativas de producdo potencial de
recursos de petréleo e gas natural indicam que
a producdo diaria de petréleo no Brasil podera
duplicar até 2024, alcangando cinco milhdes
de barris por dia. Desse total, 3,4 milhdes de
barris correspondem a participagdo do Pré-Sal
na producdo nacional (Tabela 15).

A produgdo sustentada somente pelas
reservas totais (RT) atuais devera atingir os
maiores volumes em 2021, declinando em
seguida.

Recursos ja descobertos (RT e RC) tém papel
central na producdo de petréleo ao longo de
todo o periodo deste PDE. Por exemplo,
estima-se que praticamente toda a producéo
no Pré-Sal sera proveniente dos recursos
descobertos, incluindo-se as grandes
descobertas de Libra e da Cessdo Onerosa,
especialmente o campo de Buzios.

The perspectives for oil potential production
up to 2024 are promising: it is expected that it
doubles from the current level to almost 5
million barrels per day (bpd), of which 2/3 (3.4
million bpd) corresponds to the Pre-Salt share
in the domestic production (Table 15).

This oil production evolution related to the
production of ftotal reserves will reach its
maximum around 2021.

Total reserves and contingent reserves
represent the bulk of the oil production
estimate in the period 2015 — 2024. For
example, it is expected that almost all
production in the Pre-Salt Area will be related
to the big discoveries of Libra and that related
to the onerous transfer of rights®, in particular,
the Buzios ol field.

8 For more information on the regulatory framework in Brazil
please refer to http.://www.petrobras.com.br/en/our-
activities/performance-areas/oil-and-gas-exploration-and-
production/regulatory-framework/.

PDE 2024 — Producéo de Petroleo e Gas Natural / O/l and Gas
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Tabela 14 — Producao de petréleo por nivel de incerteza dos recursos
Table 14 — Oil production by resource assessment

RECURSO / RESOURCE:

milhdes de barris diarios / values in million of bbl per day

PETROLEO / OIL 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
Uniéo / Union - - - - 0,009 0,026 0,045 0,069 0,084 0,150
RND-E - - - - 0,008 0,045 0,059 0,055 0,089 0,122
RC - - 0,004 0,014 0,053 0,133 0,294 0,546 0,832 1,053
RT 2,504 2,723 2,732 3,280 3,388 3,828 3,911 3,842 3,844 3,784
TOTAL 2,504 2,723 2,736 3,294 3,458 4,032 4,309 4,513 4,849 5,109

Nota / Note: RND-E — recursos ndo-descobertos / Undiscovered resourses (Empresas / Oil Companies), RC (Reservas Contingentes / Contingent

Reserves), RT (Reservas Totais / Total Reserves).

Tabela 15 — Producao de petréleo no Pré-Sal
Table 15 — Oil production in the Pre-Salt area

RECURSO / RESOURCE:
PETROLEO / OIL 2015 2016 2017

milhdes de barris diarios /7 million of bbl per day
2018 2019 2020 2021 2022 2023 2024

TOTAL 0,699 0,883 0,950

1,582 1,829 2,336 2,633 2,830 3,154 3,440

Producao Potencial de Gas Natural / Natural Gas Potential Production

A producdo bruta potencial de gas natural
podera mais que duplicar até 2024 alcangando
valores da ordem dos 172 milhdes de metros
cUbicos por dia. Houve significativa reducdo de
expectativas de produgdo ao longo de todo o
periodo por causa de revisbes de reservas de
gés, de devolucdo de varios blocos exploratérios
nas bacias de Campos e Santos, da parte das
empresas concessionarias e, além disso ndo ha
mais expectativa de producdo de gas
convencional da Bacia do Sdo Francisco.

No caso da producdo liquida, além do efeito da
reducdo da producdo bruta, confirmaram-se
niveis superiores de inje¢do de gas natural em
jazidas do Pré-Sal Geolégico.

It s expected that the natural gas production
potential more than double in 2024, reaching
the production level of 172 miflion cubic meter
per day. Compared to the previous PDE, a
significant reduction in production expectation
has occurred due to reviews of gas reserve
assessment, the return of several exploratory
blocks in Campos and Santos Basin, and the fact
that there is no more expectation of gas
production in the S&do Francisco basin.

The net production potential (excluding self
consumption, reinjection and burn) was affected
by the reduction in the gross production
potential and the fact that actual reinjection
levels in the Pre-Salt Area has been higher than
previously expected.
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Tabela 16 — Producao bruta potencial de gas natural por tipo de recursos
Table 16 — Potential natural gas production by resource assessment

RECURSO / RESOURCE:

milhdes de metros cubicos diarios / values in million of m=3 per day

GAS / GAS 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
Uniéo / Union - - - - 0,072 0,416 0,827 2,093 3,408 6,793
RND-E - - - 0,009 0,182 2,427 3,149 3,539 15,820 21,348
RC - 0,013 0,116 0,420 3,025 7,327 12,767 21,152 30,376 37,575
RT 84,875 89,523 91,021 102,178 104,033 113,936 115,045 111,793 110,310 105,950
TOTAL 84,875 89,536 91,137 102,607 107,313 124,106 131,788 138,577 159,914 171,666

Nota / Note: RND-E — recursos ndo-descobertos / Undiscovered resourses (Empresas / Oil Companies), RC (Reservas Contingentes / Contingent

Reserves), RT (Reservas Totais / Total Reserves)

Tabela 17 — Producao bruta potencial de gas natural no Pré-Sal
Table 17 — Potential natural gas gross production in the Pre-Salt

RECURSO / RESOURCE:

GAS / GAS 2015 2016 2017 2018

milhdes de metros cubicos diarios / values in million of m3 per day

2019 2020 2021 2022 2023 2024

TOTAL 19,081 23,546 26,051

43,030

50,544 64,783 73,106 80,448 93,179 103,888

Tabela 18 — Producao liquida potencial de gas natural
Table 18 — Potential natural gas net production

RECURSO / RESOURCE:

GAS / GAS 2015 2016 2017 2018

milhdes de metros cubicos diarios / values in million of m=3 per day

2019 2020 2021 2022 2023 2024

TOTAL (LIQUIDA / NET) 53,327 59,042 58,369

61,392

59,975 73,023 76,359 79,703 93,440 99,153

Investimentos e R/P / Investments and R/P Ratio

O aumento esperado na producdo de petréleo e
gas natural dependera da realizagcdo de vultosos
investimentos nas atividades de E&P, em torno
de R$ 770 bilhdes. Para o periodo 2015-2024,
prevé-se a necessidade de 51 novas FPSO.

Espera-se que, mesmo com a crescente
producdo prevista, tanto de petréleo quanto de
gas natural, a razdo entre reserva provada e
producdo (R/P) no Brasil mantenha-se em niveis
acima de 20 anos, até o final do decénio. Esses
valores de R/P sdo compativeis aos observados
em importantes regides produtoras do mundo.

The expected increase in O&G production will
depend on investments that amount almost US$
330 billion. 51 new FPSO will be necessary to
the O&G activities in the period 2015-2024.

Despite the increased O&G production in the
ten-year horizon, the resulting R/P ratio is
expected to maintain its level of more than 20
years. These figures are compatible with the
ones observed in countries with significant O&G
production
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Excedentes Esperados/ Expected 0Oil Surplus

Importante implicacdo econbmica refere-se as
expectativas de excedentes de producdo de
petréleo, que poderdo ser exportados para
outros paises, tornando o Brasil um participante
de peso na geopolitica do comércio de petréleo.

One important implication of the oil production
Studies /s that Brazil /s expected to be an
important player in the oil international markets.
It /s expected an oil surplus of 2 miflion bpd by
2024 (Table 19).

Estima-se que o excedente de petréleo possa
atingir 2 milhGes de barris por dia em 2024

(Tabela 19).
Tabela 19 — Excedente de Petrdéleo
Table 19 — Oil Surplus
PETROLEO / 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
Crude Oil

milh&es de barris diarios / million bpd

Producéo Potencial /

Potential Production 2,504 2,723 2,736 3,294 3,458 4,032 4,309 4513 4849 5,109

Demanda Estimada /
Estimated Consumption

Excedente /
Oil Surplus

2,343 2,380 2,420 2,475 2,531 2,597 2,675 2,760 2,857 2,956

0,161 0,342 0,316 0,818 0,928 1,435 1,634 1,752 1,992 2,153

PDE 2024 — Producéo de Petroleo e Gas Natural / O/l and Gas
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DERIVADOS DE PETROLEO / OIL PRODUCTS

Expansao do Parque de Refino / Refining Capacity Expansion

No proximo decénio, espera-se a entrada do
2° trem da Refinaria General Abreu e Lima
(RNEST) e do 1° trem do Complexo
Petroquimico do Rio de Janeiro (COMPERJ).
Em funcdo da reavaliagdo estratégica dos
projetos existentes e da atual restricdo dos
recursos financeiros da Petrobras, as refinarias
Premium | e 1l foram canceladas.

Essas novas refinarias, dotadas de esquemas
de refino de alta conversdo, sé@o voltados
principalmente para a producdo de destilados
médios. Embora essa entrada resulte em um
acréscimo de aproximadamente 51 mil m%/d
(320 mil b/d) na producédo de derivados, isso
ndo serd suficiente para suprir a demanda
nacional. Por outro lado, sera possivel exportar
crus do tipo mediano, de maior valor,
previstos de serem encontrados na regido do
Pré-sal e que constituirdo a maior parcela do
petréleo nacional.

It I[s expected that the second module of
Refinaria do Nordeste (RNEST) starts
operating in 2019 and Complexo Petroquimico
do Rio de Janeiro (COMPERJ), phase | in 2022.
The Premium | and Il refineries were
cancelled, due to the financial conditions of
Petrobras.

The new Brazilian refineries were mainly
devoted to production of medium distillates,
and they result in an increase of 320 thousand
bpd in production capacity. Nonetheless, this
amount /s not sufficient to meet expected
domestic oil product demand increase in the
period.

It /s expected that most of Brazil's exports are
the medium crude oil quality, due to the
production in the pre-salt area, the main oil
production area in the period,

PDE 2024 — Derivados de Petréleo / Oil Products
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Evoluc¢ao do Balango de Derivados / Oil Products Evolution

Espera-se que o Brasil mantenha-se como
importador liquido dos principais derivados
(leves e médios) durante todo o horizonte,
com exce¢do do 6leo combustivel em todo o
horizonte e do GLP, a partir de 2020. Em
particular, had um déficit consideravel no
balanco total de derivados em 2017 e 2018,
devido ao atraso na operacgéo a plena carga do
1° trem da RNEST e a postergacdo da data de
partida de seu 2° trem para 2019.

A entrada das novas refinarias, RNEST e
COMPERJ, com foco na producdo de destilados
médios, causa um impacto substancial no
parque de refino, resultando em um acréscimo
de 320 mil b/d na producdo de derivados. No
entanto, esse incremento de volume ndo é
suficiente para suprir a demanda nacional.

Com o cancelamento dos projetos das
refinarias Premium, o Pais permanece
importador de 6leo diesel ao longo do periodo
decenal. Com a entrada das novas refinarias, o
Brasil mantém sua dependéncia externa de
Oleo diesel em torno de 17%.

No caso da gasolina, embora haja recuperacéo
da producao de etanol ao longo do periodo e a
demanda de gasolina permaneca praticamente
estavel até 2020, o mercado também
permanece importador até 2024, ja que nado
h&d aumento significativo da producédo desse
derivado. No final do periodo, as importacdes
chegam a 88 mil b/d, o que corresponde
aproximadamente a 14% da demanda interna.
Esse patamar é facilmente atendido pelo
mercado internacional, ja& que o cenario de
oferta mundial de gasolina tende a ser
favoravel (a Europa é estruturalmente
exportadora e h&4  expectativas de
estabilizacdo, ou mesmo reducdo, da demanda
de gasolina nos EUA).

It /s expected that Brazil keeps its condition of
net importer of the main oil product
throughout the period (the only exceptions are
fuel oil and, from 2020 on, also LPG). In
particular, a significant deficit is expected in
the period 2017-2018 due to the delay of
operations of RNEST s first module and the
postponement of its second module to 20189.

The new refineries (RNEST and COMPERJ) are
mainly devoted to production of medium
distillates (QAV and diesel oil), products with
higher unit price. It is expected a production
increase of 320 thousand bpd in the ten-year
horizon. Nonetheless, this is not sufficient to
meet the domestic consumption increase.

Due to the postponement of Premium
refineries, Brazil will keep its condition of
diesel oil importer in the ten-year period.
However, RNEST and COMPERJ maintain the
country external dependence in the 17% level
by 2024.

Although ethanol production is expected to
resume growth and gasoline consumption
remains stable until 2020, gasoline market
continues to be net importer until 2024,
considering that there is no significant
expansion in gasoline production. By the end
of 2024, gasoline imports will reach 88
thousand bpd, equivalent to 14% of domestic
demand. This dependence level does not
represent a threat considering the favorable
perspective of gasoline international markets
in the period (Europe is structurally exporter
and demand in US is expected to stabilize or
even decline).
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Tabela 20 — Balango dos Principais Derivados
Table 20 — Balance of the Main Oil Products

2015 2019 2024

Combustivel /Fuel
(milhdes / million m3/d)

Producéo / Production 32,6 38,6 50,9
GLP /LPG Refinarias / Refineries™ 24,9 26,1 28,5
UPGN / Gas Processing Units® 7,7 12,4 22,4
Demanda / Demand 38,3 41,1 45,0
Saldo liquido / Net Production 6.7 (2,5) 5.9
Producdo / Production 16,4 16,9 21,0
Nafta /Nephtha Demanda / Demand 27,1 29,7 32,9
Saldo liquido / Net Production (10,7) (12,8) (11,9)
Gasolina /Gasoline Producdo / Production 81,8 79,8 86,9
Demanda / Demand 88,0 88,1 100,7
Saldo liquido /Net Productior® (6,2) (8,3) (13,8)
Producéo / Production 16,7 18,0 25,6
QAV /Jet Fuel Demanda / Demand 20,2 22,9 28,7
Saldo liquido / Net Production (3,5) (4,9) (3,1)
biesel / Diesel Fuel Producao / Production 137,3 156,4 175,4
Demanda / Demand 163,3 180,6 211,9
Saldo liquido / Net Production (26,0) (24,2) (36,5)
Oleo Combustivel /7 Fuel Producdo / Production 39.9 431 42,0
oil Demanda / Demand 20,7 23,0 27,9
Saldo liquido / Net Production 19,2 20,1 14,1
Coque / Coke Producéo / Production 13,4 17,7 18,9
Demanda / Demand 16,7 17,7 21,8
Saldo liquido / Net Production @G.3) 0,0 2,9
Producéo / Production 338,1 370,3 420,8
Total Demanda / Demand 374,4 403,0 468,9
Saldo liquido / Net Production (36,3) (32,7) (48,1)
Importacao / /mports 55,5 52,9 68,0
Exportacédo / Exports 19,2 20,2 19,9
Notas / Notes: (1) Inclui a producdo das centrais petroquimicas e da Usina Industrial do Xisto (SIX). N&o considera a produgdo de GLP

oriunda de gas natural, nem o GLP ndo energético. / /t includes the production of petrochemical stations and Usina
Industrial do Xisto (S1X). It does not consider LPG production from natural gas nor non-energetic LPG.

(2) Inclui o total da producéo de GLP oriundo das Unidades de Fracionamento de Liquidos de Gas Natural (UFL) e das
UPGN que estdo localizadas nas refinarias. Estes valores poderao sofrer variagdes significativas, dependendo, entre outros,
da intensidade do despacho das usinas termelétricas a gas natural, do crescimento do mercado ndo térmico deste
combustivel e da necessidade de inje¢do de gas nas unidades produtoras de petréleo. / /t also includes LPG production
from NGL Fractionning Plants and from the Gas Processing Units inside the refineries. These figures depend on the gas
thermal power plants dispatch, injection in oil platforms, etc. and, thus, may vary substantially.

(3) Inclui a produgéo nas refinarias e centrais petroguimicas

(4) Ocorrem importacdes de 6leo diesel S500 em todo o periodo, além de importacdes de dleo diesel S10 de 2015 a 2017/
S-500 diesel oil imports are expected throughout of the perfod, while S-10 diesel oil up to 2017.

PDE 2024 — Derivados de Petréleo / Oil Products m
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Infraestrutura de Transporte / Transportation Infrastruture

Em relacdo as movimentacdes de petréleo, a
infraestrutura existente ou programada atende
as necessidades das refinarias atuais, no
horizonte considerado. Ja as movimentacfes
previstas de derivados até 2024 indicam que
cinco polidutos de transporte deverdo atingir a
saturacdo no horizonte estudado: OPASC
(Oleoduto Araucaria-Biguacu), ORSUB (Oleoduto
Recdncavo-Sul da Bahia), OSPLAN 24 (Oleoduto
Sao Sebastido—Paulinia) e OSBRA (Oleoduto Sao
Paulo-Brasilia).

A necessidade de volumes consideraveis de
importacdo de derivados (importacGes de até
14% da demanda no caso da gasolina A e de
17% no caso do Oleo diesel A) exigira, além de
investimentos, maior eficiéncia operacional nos
processos logisticos.

Atencdo especial deve ser dada a operacdo em
portos publicos, tais como Santos, Suape e
Itaqui, onde as movimentacBes relativas a
importacdo, ao transbordo e a cabotagem
poderdo se tornar mais criticas, pois, nestes
terminais, podera haver gargalos nas
movimentacdes de combustiveis vis-a-vis a
movimentacdo dos produtos néo
combustiveis.

outros

In the case of oil crude pipelines, the
transportation infrastructure of the existing
/s sufficient to their expected
operation up to 2024. For liquid oil products, it
/s expected that five liquid oil product pipelines
will reach full capacity in the period: OPASC
(Araucdria-Biguagu), ORSUB  (Recéncavo-
Southern Bahia), OSPLAN 24 (S4o Sebastido-
Paulinia), and OSBRA (S4o Paulo-Brasilia).

refineries

Significant liquid oifl imports throughout the
period (14% in the case of gasoline A and 17%
in the diesel oil A) will require, besides
corresponding investments in expansion, more
operational efficiency in the logistic processes.

Special attention should be devoted to the
operation of public ports (e.g., Santos, Suape
and Iltaqui) where limited spare capacity could
lead to a situation where oil product movements
could be crowded out by imports of common
goodas.




GAS NATURAL / NATURAL GAS

A projecdo da oferta de gés natural na malha
integrada no horizonte é capaz de atender
toda a demanda de géas natural projetada, em
cuja expansdo foram consideradas: (i) a
renovagdo do contrato de suprimento de gas
natural da Bolivia em 2019, (ii) a ampliacdo da
demanda termelétrica e a entrada do
COMPERJ e de duas novas unidades de
fertilizantes, (iii) a postergacéo da entrada de
operacdo da UFN IIl (MS) para 2019, da UFN
V (MG) para 2020 e do primeiro trem do
COMPERJ para 2022; (iv) a retirada do 2°
trem do COMPERJ do horizonte decenal e (v) a
demanda de gas natural das termelétricas
indicativas  consideradas, com  consumo
estimado em 20,6 milhdes de m*/dia em 2024
(correspondendo a uma poténcia de 4,8 GW).

O saldo total ao final do decénio alcangara
22,7 milhdes de m*/dia (Figura 13).

Empresa de Pesquisa Energética

In the integrated pipeline network (what
excludes the North region), supply is expected
to meet demand forecast. In our forecasts, the
following issues were considered: (i) the
renewal of the natural-gas supply contract
with Bolivia by 2019, (i) the increase of the
thermal power plants consumption, the
beginning of gperations of COMPERJ and two
new fertilizer units, (iif) postponement of UFN
/11 (MS) to 2019, UFN V (MG) to 2020; and
the first module of COMPERJ to 2022, (iv) the
second moadule of COMPERJ is not considered
up to 2024; (v) indicated thermal power
plants’ consumption is expected to reach 20.6
million of n’’/day. Their total installed capacity
amounts to 4.8 GW.

The total gas surplus in the integrated network
is expected to reach 22.7 million of n’/day
(Figure 13).

Figura 13 — Balanco de gas natural na malha integrada
Figure 13 — Balance of natural gas in the integrated pipeline network
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Prevé-se que a oferta potencial na malha
integrada cresca a uma taxa média de 5,0%
a.a. no periodo, totalizando 169 milhdes de
m®/dia no ano de 2024. A participacdo do gas
importado no total da oferta caird de 65% em
2015 para 53% em 2024 por causa do aumento
da oferta de recursos descobertos e néo
descobertos.

Com capacidade de 19,5 milhdes de m?/dia,
considerou-se o terminal de regaseificacdo em
Rio Grande/RS a partir de 2019. Com isso,
haveria a possibilidade de oferta do excedente
de gas natural para a malha integrada de até
13,6 milhdes de m®/dia, além do volume de gas
natural oriundo do terminal de regaseificacéo, ja
existente, da Baia de Guanabara/RJ.

Também  estdo  previstos o0  gasoduto
Itaborai/RJ-Guapimirim/RJ, a partir das UPGNs
do COMPERJ e as ampliagbes nos Polos
existentes em Caraguatatuba (SP) e Cabilnas
(RY).

It /s expected that gas potential supply in the
Integrated pipeline network increases at CAGR
of 5%, reaching 169 million m’/day by 2024.
The share of imports (LNG and GASBOL) in total
supply will decrease from 65% in 2015 to 53%
in 2024 due to the increase of new gas
(discovered and not yet discovered) resources.

It /s expected that the new regasification
terminal in Rio Grande/RS, with capacity of 19.5
million of ni’/day, will start operating by 2019.
As a result, it is likely that a surplus up to 13.6
million of nm’/day is available, besides the
natural gas from the regasification plant
(currently operating) in Bala de Guanabara/RJ.
Additionally the following expansions expected:
Itaborai/RJ-Guapimirim/RJ (from COMPERJ) and
expansions of Caraguatatuba/SP e Cabitnas/RJ
plants.

Figura 14 — Oferta total na malha integrada
Figure 14 — Total supply of natural gas in the integrated pipeline network
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OFERTA DE BIOCOMBUSTIVEIS / BIOFUELS AND BIOMASS

Projeta-se que a demanda total de etanol, de 31
bilhdes de litros em 2015 atinja 44 bilhdes de
litros em 2024, enquanto a demanda de etanol
carburante (anidro e hidratado) deverad evoluir
de 28 hilhdes de litros em 2015 para 39 bilhdes
em 2024.

Total demand of ethanol (Figure 15) is expected
to increase from 31 billion liters in 2015 to 44
billion in 2024, while the fuel ethanol demand
(anhydrous and hydrated) is expected to
increase from 28 billion liters in 2015 to 44
billion in 2024.

Figura 15 — Demanda por Etanol
Figure 15 — Ethanol demand
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O mercado brasileiro de etanol devera continuar
em expansdo, devido, entre outros fatores, ao
aumento da frota de veiculos flex-fuel, que
passara de 25 milhdes de veiculos em 2015 para
43 milhées em 2024, conforme a Figura 16.
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Etanol / Ethanol

2020

Ethanol fuel domestic market will continue to
increase, due to, among other factors, the
expansion of the flex-fuel light vehicle fleet,
which is expected to increase from 25 million in
2015 to 43 million in 2024 (see Figure 16).

PDE 2024 — Biocombustiveis / Biofuels and Biomass
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Figura 16 — Perfil da frota de veiculos leves por combustivel
Figure 16 — Light vehicle fleet by fuel type
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Finalmente, cerca de 1% da produgdo total em
2024 vira de etanol celulésico, para o qual o
projeto que se julga mais econémico é aquele
que integra a producdo convencional a de
segunda geracéo.
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Finally, near 1% of total etanol production by
2024 is expected to come from 2™ generation
ethanol. It is considered that the most
economical route Is the integrated ethanol
production (2" generation ethanol production
integrated to the tradition production).

Exportacoes de Etanol / Ethanol Exports

Espera-se que as exportacbes brasileiras de
etanol sejam limitadas, pois as metas de uso de
biocombustiveis estdo sendo adiadas, devido a
crise econbmica e ao maior protecionismo dos
mercados. Com isso, mesmo o0 volume
exportado em 2024 (3,5 bilhdes de litros)
continuara inferior ao recorde histérico de 2008
(5,1 bilhdes de litros). No periodo, o pais se
limitara praticamente a atender os contratos ja
existentes de exportacéo.

It s expected that Brazil will keep its
international leadership in ethanol exports in
the next years. However, exports are not
expected to rise significantly, given the
worsening of the global economic crisis and the
protectionist trend of some foreign markets.
Brazilian ethanol exports are expected to
increase 3.5 billion liters in 2024 (well below
than the highest level of 5.1 billion liters in
2008). In the period, Brazil is expected to meet

only existing international supply contracts.

PDE 2024 — Biocombustiveis / Biofuels and Biomass
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Expansao da Producao de Cana / Expansion of the Sugarcane Production

Prevé-se aumento da area colhida de 9 Mha em
2015 para 10 Mha em 2024 e da produtividade
de 72 tc/ha para 85 tc/ha ao fim do periodo.

No horizonte decenal, espera-se uma
recuperacdo dos indicadores de producdo da
cana, devido ao retorno dos investimentos em
renovagdo e tratos culturais e a evolugdo do
plantio mecanizado. Isto deverd proporcionar
uma reducdo dos custos de produgdo, que
contribuird para um aumento da
competitividade do etanol frente & gasolina, o
que, associado a necessidade de aumento da
capacidade de moagem, deverd levar a
investimentos em unidades greenfields e a
expansdo da capacidade de moagem existente.

No entanto, espera-se que a retomada dos
investimentos em novas unidades ocorra apenas
a partir de 2019.

It /s expected an increase in the harvest area
from the current 9 million hectares (Mha) to 10
Mha and a productivity expansion from the
current 72 tonnes of sugarcane per hectare
(tc/ha) to 85 tc/ha by the end of the period.

In the ten-year horizon, an improvement of the
sugarcane production performance indicators is
expected due to the return of investments in
renovation and modernization and the evolution
of mechanized harvesting methods. With the
productivity  recovery, coupled with the
occupation of existing crushing capacity and the
investments in greenfield units, it is expected
the expansion of existing sugarcane crushing
capacity.

However, resumption of investments in new
plants is only expected to occur from 2019 on.

Figura 17 — Quantidade de cana moida
Figure 17 — Amount of crushed sugarcane
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Investimentos / Investments

Os investimentos previstos para a construcdo
e ampliacdo da capacidade agricola e industrial
brasileira sdo de cerca de 31 bilhdes de reais
até 2024.

Para movimentar o volume total de etanol
produzido ao longo do periodo serd necesséria
uma infraestrutura de transporte mais
adequada que a atual (baseada no modal
rodoviario), que privilegie op¢Bes mais
eficientes como as dutoviaria, hidroviaria e
ferroviaria. Também havera necessidade de
uma estrutura portuaria e de armazenamento
compativeis
movimentados.

com o0s volumes a serem

Atualmente, existe um projeto de
infraestrutura dutoviaria, com participacdo das
principais empresas do setor sucroalcooleiro e
da Petrobras, cujo investimento estimado é de

R$ 7 bilhdes.

Investments in agricultural and industrial
capacity expansion amount to R$ 31 billion up
to 2024.

Furthermore, the Iincrease in the ethanol
production until 2024 will require a more
Suitable transportation infrastructure than the
current one. This means less usage of road
transportation and more utilization of train,
waterway and pipeline transportation, besides
a better port infrastructure and storage
capacity.

Estimated investment in ethanol transportation
Infrastructure amount to R$ 6.5 billion, needed
to build an ethanol pipeline, in a joint-venture
of Petrobras and other ethanol producers.

Biomassa de Cana-de-Ac¢ucar / Sugarcane Bagasse

Em 2024, a cana produzida no Brasil podera
disponibilizar cerca de 227 milhfes de toneladas
de bagago, cujo potencial técnico de geracédo é
da ordem de 7,1 GWmed. O potencial técnico do
aproveitamento da palha e ponta varia entre 7,4
e 11,7 GWmed, ao fim do periodo decenal.

O potencial técnico do bagaco de cana-de-
acucar continua bastante promissor, embora
guestdes de competitividade possam limitar seu
aproveitamento pleno.

From the estimated sugarcane production, it is
possible to expect an amount of 227 million
tonnes of sugarcane bagasse in 2024. This
biomass amount corresponds to a potential
power capacity of approximately 7,100 average
MW of energy that can be added to the power
system. The technical potential of straw and
residuals is estimated to be in the range of
7,400-11, 700 average MW by 2024.

Overall, the technical potential of sugarcane
bagasse continues to be promising, although
competitiveness [ssues may [limit its full
utilization.
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IV - ASPECTOS DE SUSTENTABILIDADE /

SOCIOENVIRONMENTAL AND SUSTAINABILITY ISSUES

Na andlise socioambiental do PDE 2024 foram
utilizados critérios e procedimentos que
configuram, sob uma visdo abrangente, o uso
extensivo do conceito de sustentabilidade.

Environmental and sustainability criteria take
into account local and global impacts of energy
production and use, aiming at the mitigation or
the compensation of ecosystem and biodiversity
impacts, and the prioritization of use of
renewable sources.

EMISSOES DE GEE / GHG EMISSIONS

O PDE constituiu-se no instrumento basico para
a formulacdo da estratégia de atendimento a
meta estabelecida pela Politica Nacional sobre
Mudanca do Clima no que se refere a producédo
e ao uso da energia, assim como para seu
monitoramento.

Assim, o PDE 2024 tem como objetivo néo
ultrapassar a meta de 680 milhfes de toneladas
de CO2-eq. de emissbes de GEE na producédo e
no uso da energia em 2020, definida em
conformidade com a Comunica¢do Nacional do
Brasil na COP-15, com a Lei n® 12.187/09 e com
o Decreto n® 7.390/10.

Na Tabela 21, sdo apresentadas as emissfes
devido a queima de combustiveis fésseis na
producdo e uso da energia e também as
emiss@es fugitivas.

Apesar das acBes de mitigacdo previstas, tais
como o aumento do uso de biocombustiveis e
acOes de eficiéncia na industria, espera-se que
os setores de transporte e industrial somados
permane¢am responsaveis pela maior parte das
emissées no final do horizonte decenal,
estimando-se que sua participacéo total seja de
68% em 2024.

The Ten-Year Energy Expansion Plan constitutes
the main document of GHG emissions related to
energy production and use in the Brazilian
Climate Change policy.

Accordingly, one of the main objectives of the
PDE 2024 was to abide by law 12.187 of 2009
and decree 7.390 of 2010 (which impose the
ceiling of 680 million tons of CO, related to the
production and use of energy by 2020).

Total GHG emissions reach 585 million tons of
CO; related to the production and use of energy
by 2024. In Table 16, the contributions of each
sector to total GHG emissions are shown.

In spite of some expected mitigation measures
(e.g., increasing use of biofuels and energy
efficiency measures in industry), the share of
transportation sector and the industry in GHG
emissions continues to be high in the horizon,
reaching 68% in 2024.

PDE 2024 — Analise Ambiental / Environmental Analysis



Ministério de Minas e Energia

Empresa de Pesquisa Energética

Tabela 21 — Emissdes de GEE na producédo e no uso de energia
Table 21 — GHG emissions in the production and use of energy

2014 2020 2024
Setores / Sectors
MtCO;-eq
Setor Elétrico / Power Sector 85,2 46,3 62,4
Sistema Interligado Nacional — SIN / National Grid 68,9 29,9 42,6
Autoproducéo / Own Use 16,3 16,4 19,8
Setor Energético / Energy Sector (exc. Power) 33,5 36,3 45,0
Residencial / Residential 18,5 20,9 22,2
Comercial / Commercial 1,7 2,1 2,5
Publico / Public Sector 0,8 0,8 0,8
Agropecuério / Agriculture and Cattle Farming 18,0 19,9 21,0
Transportes / Transports 211,2 234,4 267,9
Industrial 100,1 112,8 127,2
Emissoes fugitivas / Fugitive Emissions 20,5 29,4 35,5
TOTAL 490 503 585

Nota / Note: Incluem emissdes fugitivas no transporte e processamento de gas natural e perdas nas atividades de E&P. Ndo incluem emissdes
nas minas de carvao / /t includes fugitive emission from natural gas production and transportation but excludes emissions from coal

mines.

E importante destacar que a meta atribuida ao
setor energético em 2020 (intervalo entre 634
e 680 MtCO,) continua plenamente atendida.

Os setores que apresentaram maiores quedas
foram o de Transporte, Setor Energético e
Setor Industrial.

No SIN, as emissBes atingiram quase 70
MtCO, em 2014, refletindo as condicdes
hidrologicas desfavoraveis verificadas nos
Ultimos dois anos, 0 que obriga o sistema a
acionar mais energia termelétrica com base
fossil. Espera-se que até 2020 esse efeito seja
gradualmente atenuado, 0 que leva a menores
volumes de emissao do SIN em 2020, voltando
a patamares inferiores a 30 MtCO,. Entre 2020
e 2024 a expectativa é de aumento das
emissées no  SIN  acompanhando o
crescimento da economia e da demanda de
energia elétrica no periodo, ainda que a
participacdo de fontes renovaveis na matriz
elétrica se mantenha bastante elevada.

It /s noteworthy that the GHG emission target
for the enerqy sector is fully accomplished by
2020. Industry, Transportation and Energy
Industry are the sectors with the greatest
reductions of GHG emissions.

In 2014, GHG emissions related to electricity
generation reached almost 70 MtCO, because
of unfavorable hydrological conditions in the
/ast two years, and, as a result, more thermal
power plants were dispatched. Until 2020, it is
expected that hydrological conditions return to
the historical average and thermal power plant
will be less necessary, so that their resulting
GHG emissions reduce to less than 30MtCO..
Between 2020 and 2024, it is expected an
increase in GHG emissions due to the
resumption  of economic and energy
consumption growth, even with the high share
of renewables in the Brazilian power mix.
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Projeta-se que o crescimento das emissdes
devido a producdo e consumo de energia sera
de 76% entre 2005 e 2024, incremento menor
gue o esperado para a oferta interna bruta no
mesmo periodo (80%). Com isso, o indicador
de Intensidade de Emissdes de GEE no uso da
energia em 2024 serd menor do que o
verificado em 2005.

As emissdes também crescerdo a um ritmo
menor do que o crescimento do PIB; como
resultado, o indicador de Intensidade de
Emissdes da Economia também ficara abaixo
daquele verificado em 2005.

GHG emissions due to energy activities will be
76% higher by 2024 when compared to 2005
levels, while TPES will increase by 80% in the
same period. As a result, the GHG Emission
energy Intensity will decrease. The GHG
emission intensity indicator also decreases.

The same occurs in relation of GHG emissions
and economic growth. As GHG emissions
increases at a rate lower than the GDP, the
carbon intensity of economic activity (CO-/R$)
will be slightly higher than those observed in
2005.

The Brazilian energy balance, in particular the
electricity balance, Is expected to keep its
renewability characteristic throughout the next
decade. As a result, the Brazil is expected to
Increase its energy use while maintaining low
GHG emissions related to the energy
production and use.

Tabela 22 — Intensidade de carbono devido a producéo e ao uso da energia
Table 22 — Carbon intensity related to the production and use of energy

Unidade
Item 7 Unit 2005 2020 2024
Emissdes de GEE na producéo e uso de
energia / GHG emissions of the 10%CO,-eq 332 503 585
production and use of energy
R$ bilhdes [2010] /
PIB / GDP R$ billion in constant 3.033 4.542 5.465
values of 2010
ansumo final energéti(_:o / 10° tep 217.9 3432 397 4
Final energy consumption
Intensidade de carbono no uso da KGCO-ea/ten /
energia / Carbon intensity of the g’ D2-eastep 1.524 1.465 1.471
. kgCO,-eq/toe
production and use of energy
Intensidade de carbono na economia/  kgCO,-eq/R$ mil [2010] / 109,5 110,7 107,0

Carbon intensity of the economy

kgCO,-eq/R$ thousand [2010]

Nota / Note:

A equivaléncia de CO, é dada pela métrica do GWP para 100 anos (CH,=21 e N,0=310). / The CO, serves as the reference

gas for GHE emission calculations. To compute the 100 year global warming potential (GWP) of other GHG it was used the

following equivalence: CO,=1, CH,=21, and N.O= 310.

Fontes / Sources:  EPE, MCT & IBGE.
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ANALISE SOCIOAMBIENTAL / ENVIRONMENTAL ANALYSIS

Geracao hidrelétrica / Hydro Power

A expansdo da oferta de energia elétrica
prevista compreende a implantacdo de 22
usinas hidrelétricas (UHE) no horizonte
decenal, totalizando aumento de 28.300 MW
na poténcia instalada do parque hidrelétrico. A
regido Amazdnica concentra a expanséo, tanto
em numero de projetos quanto em termos de
poténcia instalada.

Distribuindo os projetos conforme seus indices
de impactos socioambientais e de beneficios
socioecondmicos, observa-se que, do conjunto
de 22 UHEs previstas no PDE 2024, 77% estéo
situadas na faixa intermediaria (regido B),
enquanto 23% estdo na C. A avaliagdo
socioambiental das UHEs do PDE 2024 n&o
indicou nenhuma usina na regido A.

The indicative hydro power capacity expansion
comprises 22 UHEs In the ten-year horizon,
which corresponds to a capacity increase of
28,300 MW. The Amazon region concentrates
most of the expansion, both in terms of
number of power projects and installed
capacity.

The analisys of the potential social and
environmental impacts and benefits stemming
from the deployment of UHEs were shown in
Figure 18, where UHE projects (dots) are
distributed in three different areas (A, B and
C). It is clear from the figure that most of the
UHE profects (almost 77%) is located in the
intermediate region and the remaining in C
area. No project was placed at the lower left,
where UHEs have the /lowest social and
economic benefits and, at the same time,
higher social, economic and environmental
impacts.

Figura 18 — Impactos socioambientais e beneficios socioecondmicos das UHEs
Figure 18 — Cost-benefit environmental analysis of UHES
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A Tabela 23 apresenta as principais variaveis
analisadas a respeito da geracgao hidrelétrica.

Table 23.

Tabela 23 — Indicadores da geracéo hidrelétrica
Table 23 — Summary of hydropower environmental analysis

Empresa de Pesquisa Energética

Main variables analyzed for the hydropower
environmental impacts are summarized in

Variaveis / Variables

Valor / Value

Comentario / Comment

Area alagada /
Flooded Area

Area alagada por poténcia instalada /
Flooded Area per MW

Perda de vegetacao nativa /
Loss of forest area

Perda de vegetacao nativa por MW /
Loss of forest area per MW

N° de projetos com interferéncia em UC de
protecao integral / Number of projects affecting
full protection conservation units

N° de projetos com interferéncia em UC de uso
sustentavel / Number of projects affecting
sustainable-use conservation units

Populagado diretamente afetada /
Directly affected population

Populagédo diretamente afetada por MW /
Directly affected population per MW

N° de projetos que interferem diretamente em
Tl / Number of projects affecting indigenous
lands

Empregos diretos gerados no pico das obras /
Direct job creation at the peak of the
construction phase

Empregos diretos gerados no pico das obras por
MW / Direct job creation at the peak of the
construction phase per MW

Compensacéo financeira (média anual) /
Financial Compensation (annual average)

Compensagcéo financeira para os Estados /
Financial compensation to states

Compensacéo financeira para os municipios /
Financial compensation to cities

ISS gerado nas obras /
City Tax (15S) due to construction activities

3.813 km2

0,13 km2 per MW

2.241 km?

0,08 km? per MW

38.000 habitantes /
inhabitants

1,4 hab. per MW

77.000 empregos /
Jobs

2,7 empregos por

MW / jobs per MW

R$ 499 milhodes /
million

R$ 1,996 bilhdo /
billion

R$ 1,996 bilhdo /
billion

R$ 1,795 bilhdo /
billion

Equivalente a 0,045% do territério nacional /
It represents 0.045% of total country area

UHE existentes / Current UHES:.
0,46 km2/MW

Equivalente a 0,04% da &rea da Amaz6nia
Legal / It represents 0.04% of the Legal
Amazon area

No total de 22 projetos de UHE analisados /
Out of 22 UHE projects were considered

No total de 22 projetos de UHE analisados /
Out of 22 UHE projects were considered

No total de 22 projetos de UHE analisados /
Out of 22 UHE projects were considered

Representa 30% da compensacao financeira
paga em 2014 por todas as UHEs em operagdo
/

This amount represents 30% of total financial
compensation paid by all operating UHE in
2014

PDE 2024 — Analise Ambiental / Environmental Analysis
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Outras Fontes Renovaveis / Other Renewables

Espera-se progressivo aumento da utilizacdo
de fontes renovaveis no horizonte decenal, em
especial as energia eélica e da solar na matriz
elétrica brasileira.

As centrais edlicas, solares, PCHs e a
bioeletricidade, além de contribuirem com a
diversificacdo da matriz elétrica, estdo
usualmente relacionadas a projetos menos
impactantes (Tabela 24). Ressalta-se que
tanto a energia e6lica quanto a bioeletricidade

It /s expected a gradual increase in the use of
renewable enerqy sources In the ten-year
horizon, especially when considering wind and
solar technologies.

Wind, solar, PCH and bioelectricity contribute
to diversify the electricity sources of supply
and are usually related to power plants with
low environmental impacts (Table 24).

sdo geradas sem a emissao de GEE.

Tabela 24 — Indicadores de outras fontes renovaveis
Table 24 — Summary of environmental analysis of other renewables

Fonte

Variaveis / Variables

Valor / Value

Edlica

PCH

Solar

Area dos parques edlicos /
Area of wind farms

Area dos parques edlicos por poténcia instalada (km2/MW) /
Area per MW

N° de parques e6licos com interferéncia em UC de uso sustentavel /
Number of wind projects affecting full protection conservation units

N° de parques edlicos que interferem diretamente em TI / Number of
profects affecting indigenous lands

Empregos diretos gerados no periodo /
Direct job creation at the peak of the construction phase

Area alagada(km?2)/
Flooded Area

Area alagada por poténcia instalada (km2/MW)/
Flooded Area per MW

Empregos diretos gerados no pico das obras /
Direct job creation at the peak of the construction phase

Area das plantas fotovoltaicas (km?2)/
Area of PV plants

Area das plantas fotovoltaicas por poténcia instalada (km2/MW)/
Area of PV plants per MW

Empregos diretos gerados no periodo /
Direct job creation at the peak of the construction phase

3.403 km2

0,18 km2 per MW

83 de 484 parques edlicos
(83 out of 484 wind farms)

0 de 484 parques edlicos
(0 out of 484 wind farms)

141.000 empregos / jobs

277 km2

0,12 km? per MW

58.000 empregos / jobs

23 km2

0,03 km2 por MW

22.700 empregos / jobs
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Transmissado de energia elétrica / Power Transmission

A area total abrangida pela faixa de servidao
das futuras linhas de transmissé@o corresponde a
5.582 km?. Desse total, 46% se localizam no
Cerrado, 20% na Amazbnia, 20% na Caatinga,
12% na Mata Atlantica e 2% nos Pampas. Cerca
de 41% da area das faixas de serviddo
atravessam pastagem e agropecuaria. Os
restantes 13% atravessam areas de agricultura
e de outros usos, inclusive ocupag¢ao urbana.

As principais interferéncias ocorrem em areas
prioritarias para a conservacao da
biodiversidade, cerca de 2.212 km? seguidas
por assentamentos do Incra (365 km?) e UC de
uso sustentavel (251 km?).

The total area of rights-of-way corresponds to
5,582 kmZ2 of which 46% in Cerrado, 20% in
Amazonia, 20% in Caatinga, 12% in the
Atldntica Forest and 2% in the Pampa region.
41% of the total area of -rights-of-way
corresponds to lands devoted to economic
activities (agriculture, cattle farming) and 13%
to other uses (including urban areas).

The areas subject to direct or indirect
environmental impacts of the new transmission
lines include biodiversity priority areas (2.212
km?3), INCRA settlements (365 knF), and
conservation units for sustainable use (251

ki?).

Tabela 25 — Indicadores da transmissao de energia elétrica
Table 25 — Summary of power transmission environmental analysis

Variaveis / Variables

Valores / Values

Extens&o total das LTs /
Total length of transmission lines (TLs)

Area das faixas de servid&o /
Rights-of-way (ROWSs) total area

Area de faixas de serviddo em UC de protecéo integral /
Total area of ROWs in full protection conservation units

Area de faixas de serviddo em UC de uso sustentavel /
Total area of ROWs in conservation units of sustainable use

N© de LTs com interferéncia direta com TI /
Number of TLs directly affecting indigenous lands

N° de LT situadas a menos de 8 km de Tl na Amazdnia Legal /
Number of TLs at less than 8 km from indigenous lands in the Amazon Legal Area

Empregos diretos gerados no pico das obras /
Direct job creation at the peak of the construction phase

46.252 km

5.582 km2

3,4 km2

251 km=2

1 de 267 LTs/

1 outof 267 LTs
16 de 267 LTs /
16 out of 267 LTs

130.000
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Producao de petréleo e gas natural /Oil and Gas Production

Foram analisadas 279 UPs planejadas para
iniciar a producéo durante o decénio 2015-2024.
Destas UPs, 126 apresentaram complexidade
ambiental baixa e 125, média. Os impactos reais
e potenciais no ambiente marinho sdo mais
evidentes nos litorais do Norte, Nordeste e do
Sudeste. No ambiente terrestre, as UPs do
Norte podem apresentar impactos potenciais
aos ecossistemas e unidades de conservacdo
proximas.

Ha potencial beneficios socioeconémicos nas
regides onde se localizam as UPs. Foram
estimados 50 mil empregos diretos no pico das
atividades e arrecadacdo de cerca de R$ 266
bilhdes nos préximos dez anos.

In the Oil and Gas (O&G) production, 279
production units planned to start in the ten-year
period were analyzed, of which 90% have low
or medium sensitivity Issues.

Environmental problems in the sea are more
likely in the North, Northeast and Southeast
coasts. Onshore, production units in the North
region may cause serious damages in the case
of huge oil spills in the ecosystems and near
conservation units.

There are potential economic benefits in the
regions were production units are planned. 50
thousand direct jobs and the increase of fiscal
revenues that are expected to amount US$ 100
billion in the next 10 years.

Tabela 26 — Indicadores de E&P de petréleo e gas natural
Table 26 — Summary of O&G production environmental analysis

Variaveis / Variables Valores / Values

0 de 279 UPs /

N° de projetos com interferéncia em UC de protecéo integral /
0 out of 279 UPs

Number of projects with interference in Total Protection Conservation Unit

18 de 279 UPs /
18 out of 279UPs

N° de projetos com interferéncia em UC de uso sustentavel /
Number of projects with interference in Sustainable Use Conservation Unit

0 de 279 UPs /
0 out 279 UPs

N° de projetos que interferem diretamente em Tl /
Number of projects affecting indigenous lands

Empregos diretos gerados (valor maximo) /

Direct fobs (maximum, by 2015) 50.000

Recursos financeiros gerados (média anual) /

Government Take (annual average) R$ 26,6 bilndes / US 10 billion
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Biocombustiveis/ Biofuels

A analise socioambiental indicou que a
expansdo da cana devera se dar em areas de
alta e média aptiddo agricola para cana-de-
acUcar ocupadas atualmente com pecudria, 0
gue indica a possivel substituicdo de pastagens
por plantios de cana. O conjunto de usinas
planejadas exigiria, para atendimento pleno da

capacidade instalada, 1 Mha.

A perspectiva € que, mesmo com 0 aumento
gradual da mecanizacéo da colheita, o total de
empregos no setor continue a aumentar,
devendo atingir mais de 500 mil postos na
regido Centro-Sul em 2024.

No biodiesel, a soja continua como principal
matéria-prima. Destaca-se o investimento da
Embrapa no desenvolvimento de pesquisas com
plantas de alto rendimento de 6leo, como a
palma, por exemplo. Estima-se que o potencial
de geracdo de empregos na atividade de
producdo de biodiesel atinja cerca de 90 mil
postos de trabalho, especialmente nas regibes
sul e centro-oeste. Entretanto ha bastante
capacidade ociosa, 0 que justifica o0 nimero de
empregos bem abaixo desse patamar.

Empresa de Pesquisa Energética

It is expected that sugarcane production area
will increase 1 million hectares, mostly in
pasture lands. It is important to mention that
this expansion does not occur at the cost of
food production and deforestation.

Although mechanization of harvesting continues
its expansion, ftotal jobs in the sector is
expected to increase up to 500.000 in South-
Central region by 2024.

Soya oil continues to be the main feedstock of
biodiesel production, even though Embrapa’s
R&D investments in high-performance oils, as
the palm oil, increases in the period. The job-
creating potential related to biodiesel activities
/s estimated in 90 thousand by 2024, in
particular in the South and Midwest regions.
However, as there is significant idle capacity in
the industry, job creation number is expected to
be significant lower.

Tabela 27 — Indicadores dos biocombustiveis
Table 27 — Summary of biodiesel production environmental analysis

Variaveis / Variables

Valores / Values

Expansdo da cana: Area necessaria para atendimento da capacidade das usinas planejadas

@ (milhdes de ha) /
Required sugarcane harvesting area (miflions of hectares)

Producéo de glicerina como subproduto da producéo de biodiesel

(média anual, mil toneladas) /

1
(10 mil km?)

508

Glicerine production as by-product of biodiesel production (annual production, thousand ton)

Empregos diretos no cultivo da cana (média anual) /
Direct jobs at Sugarcane Crop (annual average)

Empregos diretos no cultivo por mil toneladas colhidas (média anual) /
Direct jobs at Sugarcane Crop per 1,000 tonnes of harvested sugarcane (annual average)

Empregos diretos no processamento de cana-de-aglcar (média anual) /

Direct jobs at Sugarcane manurfacturing (annual average)

Empregos diretos na produgédo de biodiesel (média anual) /
Direct Jobs in Biodliesel Production (annual average)

Empregos indiretos na produgéo de biodiesel (média anual) /

Indirect Jobs in Biodiesel Production (annual average)

32.870

0,05

441.500

12.250

61.260
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Estima-se que, ao fim do periodo decenal, a

oferta interna de energia atinja
aproximadamente 400 milhdes de tep, o que
representa um crescimento médio de 2,7% ao
ano no periodo. A oferta interna de eletricidade
evolui a uma taxa média de 4,2% a.a.,
chegando ao fim de 2024 com uma oferta

estimada em 941 TWh.

O consumo final energético atingira mais 353
milhdes de tep em 2024 e com uma taxa média
de crescimento de 2,9% ao ano.

A Tabela 28 resume a evolucdo esperada da
economia brasileira, consumo de energia e a

V - SINTESE EXECUTIVA /EXECUTIVE SUMMARY

It /s expected that the total primary energy
supply (TPES) reaches 400 million of toe by
2024, representing a 2.7% a.a. of CAGR.

Electricity supply is expected to reach 941 TWh
growing from the current estimated 638 TWh at
a CAGR of 4.2%.

Final energy consumption is expected to be
superior to 353 million of toe, representing a
CAGR of 2.9%.

Table 28 summarizes the expected evolution of
the Brazilian economy, energy consumption and
supply up to 2024.

expansao da oferta até 2024.

Tabela 28 — Economia e energia
Table 28 — Economy and energy evolution

Variacdo média anual / CAGR*

Variaveis / Variables 2015 2019 2024
2015-2019 2019-2024 2015-2024
Populagao / Population (10° hab) 205,3 211,4 217,8 0,8% 0,6% 0,7%
(10° R$) 3.959 4.378 5.465 1,8% 4,5% 3,2%
PIB / GDP per capita
0, 0, 0,
(102 R$/hab) 19,3 20,7 25,1 1,0% 3,9% 2,5%
(10° tep) 299,4 3340 3995 1,9% 3,6% 2,7%
por PIB / per GDP o N 0o A 40
OIE / TPES (tep/ toe /10° RS) 0,076 0,076 0,073 0,1% 0,9% 0,4%
per capita (tep/foe 1458 1,580 1,834 1,1% 3,0% 2,0%
/hab)
(Twh) 637,6 739,3 940,8 3,4% 4,9% 4,2%
Oferta interna de
eletricidade / Electricity por PIB / per GDP 161,0 168,9 172,1 1,6% 0,4% 1,0%
(kWh/103 R$)
Supply
per capita (kWh/hab) 3.106 3.498 4.320 2,7% 4,3% 3,5%
(10° tep) 266,3 300,5 353,5 2,6% 3,3% 2,9%
Consumo final
energético / Final Energy per capita (tep/hab) 1,297 1,422 1,623 1,8% 2,7% 2,2%
Consumption
por PIB / per GDP 0,067 0,069 0,065 0,8% -1,2% -0,3%

(tep/toe /103 R$)

PDE 2024 — Sintese dos Resultados / Main Results
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MATRIZ ENERGETICA / ENERGY BALANCE

Na evolucdo da oferta interna de energia
destaca-se o crescimento da participacdo das
energias renovaveis para 45,2% em 2024,
com crescimento médio anual de 4,1%. Em
particular, as outras fontes renovaveis, que
incluem energia edlica, solar e biodiesel,
crescem em média anual a 9,9%.

Dentre as energias ndo renovaveis, 0 gas
natural aumenta sua participacdo na oferta de
energia, de 11,3% em 2015 para 11,8% em
2024. Por outro lado, a participacdo do
petrdleo e de seus derivados cai de 38,2% em
2015 para 34,9% em 2024. Apesar do
incremento na producdo de petréleo bruto, as
perspectivas de substituicdo da gasolina por
etanol e do d6leo combustivel por gas natural
sdo os principais determinantes da diminuicao
da participacao.

The analysis of the respective Total Primary
Energy Supply (TPES) by energy source
highlights the importance of renewables in the
Brazilian energy supply, whose share is
expected to reach 45.2% in 2024 (Table 28).
Renewable energy sources are expected to
grow at CAGR of 4.1%, in particular led by
wind energy, solar and biodiesel.

The share of the natural gas increases from
11.3% in 2015 to 11.8% in 2024. On the other
hand, the share of oil and oil products in the
TPES reduces from 38.2% in 2015 to 34.9% in
2024, due to the expected substitution of
ethanol for gasoline and natural gas for fuel
oll, in spite of the increase of the crude oil
production.

Tabela 29 — Oferta interna de energia por fonte
Table 29 —TPES by Energy Source

Variacdo média

2015 2024 /CAGR
Fonte / Energy Source 2015-2024
3 3
103 tep / 103 tep / % % a.a.
toe toe
N&o Renovaveis / 172.074 57,5 218.793 54,8 1,7
Non-renewables
Petroleo e Derivados /
Oil and Oil Products 114.319 38,2 139.250 34,9 1,5
Gas Natural /
Natural Gas 33.949 11,3 46.956 11,8 1,3
Carvao Mineral e Derivados /
Coal and Coal Products 17.941 6.0 22.991 58 2.1
Uranio (U308) e Derivados /
Uranium (U308) and Uranium Products 4.038 13 6.986 L7 5.6
Outras nao renovaveis / 1.827 0.6 2 609 0.7 37
Other non renewables
Renovaveis / 127.289 42,5 180.659 45,2 4,1
Renewables
Hidraulica e Eletricidade / 40.417 13,5 53.970 13,3 43
Hydro and Power
Lenha e Carvao Vegetal /
Wood and Charcoal 22.403 7,5 27.444 6,9 1,0
Derivados da Cana-de-Agucar / 50.212 16.8 67.586 16.9 35
Sugarcane Products
Outras Renovaveis /
Other Renewables 14.256 4,8 32.358 8,1 9,9
Total 299.362 100,0 399.452 100,0 2,7
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Ao longo dos proximos 10 anos, o Brasil passa
a registrar energia excedente em sua matriz
energética, atingindo em 2024, 100 milh&es
de tep ou 20% da producéo total de energia
no Pais. Neste horizonte, o Brasil deixa de ser

In the next 10 years, Brazil is expected to
become a net energy exporter, reaching
approximately 100 million toe in 2024 of
energy surplus. This amount will represent
20% of TPES in 2024 (see Table 30).

importador liquido de energia e passa ao
status de autossuficiente (Tabela 30).

Tabela 30 — Evolucao da oferta de energia primaria
Table 30 — Energy Demand vs. TPES evolution

Variacdo média

mil tep / thousand toe anual (%) / CAGR

Variaveis / Variables

2015 2019 2024 2015 - 2024
Demanda Total de Energia / 7otal Energy Demand (A) 306.198 347.142 412.162 2,8
Consumo Final / Final Consumption 266.315 300.477 353.498 2,9
Perdas / Losses* 39.883 46.665 58.664 2,3
Producédo de Energia Priméaria / 7PES (B) 295.485 379.603 509.968 6,5
Energia Excedente / Excess of Supply (B)-(A) -10.714 32.462 97.806 -

Notas / Notes: (1) Energia ndo-aproveitada, reinje¢do e perdas na transformacéo, distribuicdo e armazenagem. / Losses represent non-used

energy, reinjection and losses in transformation, distribution and storage.

Na Tabela 31, apresenta-se a evolucdo da oferta
de energia na cadeia do petréleo. HA& um
importante incremento na producdo de petréleo
bruto, com média anual de 8,2%. Portanto, ha
um descolamento em relagdo a demanda
energética de derivados de petrdleo, que
apresenta 1,6% de crescimento médio anual.
Com isso, ao final do decénio, apresenta-se
energia excedente da ordem de 120 milhdes de

tep na cadeia de petréleo brasileira.

The supply of oil and oil products is presented
in Table 31. Crude oil grows at an annual
average rate of 8.2% while the demand for oil
products is expected to grow at CAGR of 1.6%.
As a result, there is surplus of oil of 120 million
toe at the end of the horizon. Brazil will become
an oil exporter with a significant share of
renewable energy source in its energy balance.
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Tabela 31 — Oferta de petrdleo e derivados
Table 31 — Oil & oil products: demand and supply

Variacdo média

mil tep / thousand toe anual (%0) /
Variaveis / Variables CAGR
2015 2019 2024 2015 - 2024
Demanda de Derivados de Petroleo / O/ Products Demand (A) 122.717 133.083 153.543 1,6
Consumo Final / Final Consumption 118.137 128.427 148.261 2,3
Transformagc&o / Transformation* 4.581 4.657 5.282 -8,1
Perdas / Losses 98 147 151 -17,8
Producéo de Petréleo / Oil Production (B) 134.090 183.705 270.030 8,2
Petréleo Bruto / Crude Oif 129.328 178.603 263.844 8,5
Liquidos de Gas Natural / Liguids of natural gas® 1.213 1.212 1.658 -6,9
Biodiesel® 3.550 3.890 4.528 7,0
Energia Excedente / Excess of Supply (B)-(A) 11.373 50.622 116.487

Notas / Notes: (1) Inclui geragdo de eletricidade, centrais petroquimicas e coquerias. / Energy consumption in power generation, petrochemical

plants and petroleum coke units.
(2) Liquidos de géas natural provenientes de gasodutos e UPGN. / Liguids of natural gas from pipelines and processing units.

(3) Oleos vegetais para produgéo de biodiesel. / Vegetable oils.

PDE 2024 — Sintese dos Resultados / Main Results m
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CONSOLIDACAO DOS RESULTADOS / MAIN RESULTS

Apresenta-se a seguir a consolidacdo de Main results on Investments (Table 32),
resultados referentes a varia¢bes no periodo capacity expansion (Table 33) and the Energy
decenal do total de investimentos associados a Balance in the end of the period (Table 34)
expansdo da oferta de energia (Tabela 32) are presented as follows.

expansdo fisica (Tabela 33), além de uma
projecdo do Balanco Energético Nacional para
0 ano de 2024 (Tabela 34).

Tabela 32 — PDE 2024: Investimentos Esperados
Table 32 — PDE 2024: Investment amounts

Fonte / Participacao /

US$ billion R$ bilhdes Share
Energy Source (%)
Energia Elétrica /
Electricity 142 376 23,8
Geragdo / 101 268 17,7
Power Supply
Transm|§sa}o / M 108 6.2
Transmission
Petroleo e Gas Natural /
Oil and Gas 375 993 69.6
Exploracéo e Produgéo /
&P 363 961 61,6
Derivados de Petrdleo /
Oil Products 9 25 [
- Refino / Refining 6 17 54
- Infraestrutura de transporte / Transportation infrastructure 3 8 2,3
Oferta de Géas Natural /
Natural Gas 3 ! 0.3
Oferta de Biocombustiveis Liquidos /
Liquid Biofuels 15 39 6,5
Etanol - Usinas de produgéo /
Ethanol — Processing Plants 12 st 5.9
Etanol - Infraestrutura dutoviaria e portuéria / 3 7 05
Ethanol — Ports and Pjpelines ’
TOTAL 531 1.407 100
Nota / Note: (1) Taxa de cambio referencial / Exchange rate: R$ 2,65 / US$ (comercial — fim de periodo, média de compra e venda, dezembro de 2014 /

average of bid-offer rates by the end of December, 2014).

PDE 2024 — Sintese dos Resultados / Main Results
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Tabela 33 — Principais resultados da expansao fisica de infraestrutura de energia
Table 33 — Main results of the infrastructure expansion of energy sector

Crescimento

/Growth

Fonte / Energy Source el e 2015-2024

(%6)
Capacidade Instalada de Geracao de Energia Elétrica /
Power Supply Installed Capacity (GW)
Hidraulica / Hydro Power Plants 90 117 30
Nuclear 2 3 71
Térmica / Thermal Power Plants (exc. nuclear) 19 30 51
Outras Renovaveis / Other Renewables 21 56 163
Transmissao de Energia Elétrica /
Power Transmission Capacity
Linhas de Transmisséo /
Transmission Lines (mil / thousand km) 119 195 63
Subestagdes /
Substations ( mil / thousand MVA) 306 494 62
Transporte de Gas Natural /
Natural gas transportation
Gasodutos / Pipelines (km) 9.410 9.815 4

PDE 2024 — Sintese dos Resultados / Main Results
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Tabela 34 — Matriz Energética Nacional em 2024

FONTES DE ENERGIA PRIMARIA FONTES DE ENERGIA SECUNDARIA
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PRODUGAO 263.844  52.319 4.089 0 698 51786  27.444 68532 34967  509.968 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  509.968
IMPORTAGAO 7.857 7.347 6.119 11.267 0 0 0 0 0 32.590 10.627 0 2.351 0 3313 928 0 1517 0 1.484 0 281 1722 5.925 0 28.150 60.739
VARIAGAO DE ESTOQUES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
OFERTA TOTAL 271701 ~ 59.667  10.207 ~ 11267 6986  51.786  27.444 68532  34.967  542.558 10.627 0 2.351 0 3313 928 0 1517 0 1.484 0 281 1.722 5.925 0 28150  570.708
EXPORTACAO 141,404 0 0 0 0 0 0 0 0 | 141404 1166  -9.813 0  -1386 0 [ 0 0 0 0 0 1227 0 0 0 17081 oo
NAO APROVEITADA 0 -1.671 0 0 0 0 0 0 0 -1.671 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -1.671
REINJECAO 0 [ 0 0 0 0 0 0 0 -11.040 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -11.040
OFERTA INTERNA BRUTA 130.207 ~ 52327 10207 11267 6986  51.786  27.444 68532  34.967  388.353 9461  -9.813 2351 -1.386 3313 .0 0 1517 0 1.484 0 -946 1.722 5.925 0 11.099  399.452
TOTAL TRANSFORMAGAO 130207 BESTEOE 5294 BREESE cocc BEREH 106 AR s BN 57.931 14441 25354 11357  3.233  7.695 1813 8.805 0  79.421 5506 22741 13541 5667 281  257.786 -33.062
REFINARIAS DE PETROLEO 130.207 0 0 0 0 0 0 0 1658 441 gec 54290  14.694  24.634 6.193 5868  7.695 0 0 0 0 0 0 13599 4,794 0 131767 -98
PLANTAS DE GAS NATURAL 0 -7.759 0 0 0 0 0 0 980 -6.779 0 0 0 4977 0 0 0 0 0 0 0 0 0 873 0 5.850 -929
USINAS DE GASEIFICAGAO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
COQUERIAS 0 0 0 | 11267 0 0 0 0 0 -11.267 0 0 0 0 0 0 2415 8.805 0 0 0 0 -830 0 281 10.671 -595
CICLO DO COMBUSTIVEL .
NUCLEAR 0 0 0 0 686 0 0 0 0 -6.986 0 0 0 0 0 0 0 0 6881 0 0 0 0 0 0 6.881 -105
CENTRAIS ELETRICAS DE - - -
SERVICO PUBLICO 0 7838  -5.107 0 o P 0 4978 ool -82.713 5 -26 0 0 0 0 0 0 gggr 71646 0 0 0 0 0 64.734 -17.979
CENTRAIS ELETRICAS
AUTOPRODUTORAS 0 -4.095 -187 0 0 -535 -246 -2.994 5.717 -13.773 -656 227 0 0 0 0 -602 0 0 7.775 0 0 -903 0 0 5.387 -8.386
CARVOARIAS 0 0 0 0 0 Ol o 3so 0 0 -10.389 0 0 0 0 0 0 0 0 0 0 5506 0 0 0 0 5506 -4.883
DESTILARIAS 0 0 0 0 0 0 0 e 0 -22.776 0 0 0 0 0 0 0 0 0 0 0 22741 0 0 0 22.741 -34
QTR 0 -678 0 0 0 0 0 0 -3.624 -4.301 4301 0 719 187 ) 0 0 0 0 0 0 0 1.676 0 0 4.249 53
TRANSFORMACOES : ) . 2.635 . ;
PERDAS NA DISTRIBUICAO E -
-12.891 -12.
ARMAZENAGEM 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 | ogan 0 0 0 0 0 89 12.891
CONSUMO FINAL 0 26587 4913 0 0 0 16809  37.786  11.410 97.504 67.392 4628  27.705 9972 6546 5164 1813  10.322 0 68014 5506 21795 15263  11.592 281 255994  353.498
CONSUMO FINAL NAO
2 i l 54 472 11592 161 19.744 23.34
ENERGETICO 0 3.596 0 0 0 0 0 0 0 3.596 0 0 0 0 6546 8 0 0 0 0 0 965 59 6 9 3.340
CONSUMO FINAL
ENERGETICO 0 22991 4913 0 0 0 16809  37.786  11.410 93.909 67.392 4628  27.705 9.972 0 5156 1813  10.322 0 68014 5506 20.830  14.792 0 119 236249  330.158
SETOR ENERGETICO 0 7.979 0 0 0 0 0 17.502 0 25.481 2.752 397 0 86 0 0 212 0 0 6.965 0 0 4936 0 0 15.348 40.829
RESIDENCIAL 0 622 0 0 0 0 4.368 0 0 4.990 0 0 0 7.769 0 0 0 0 0 16959 325 0 0 0 0 25.053 30.043
COMERCIAL 0 353 0 0 0 0 109 0 0 461 7 23 0 600 0 0 0 0 0 12711 93 0 0 0 0 13.435 13.896
PUBLICO 0 0 0 0 0 0 0 0 0 0 3 10 0 293 0 0 0 0 0 4178 0 0 0 0 0 4.484 4.484
AGROPECUARIO 0 0 0 0 0 0 2.324 0 0 2.324 7.205 35 0 14 0 0 0 0 0 3.203 10 18 0 0 0 10.575 12.899
TRANSPORTES 0 1.834 0 0 0 0 0 0 0 1.834 56.138 1.240  27.705 0 0 5153 0 0 0 287 0 20812 0 0 0 111334  113.168
INDUSTRIAL 0 12.204 4,913 0 0 0 10.009 20.283 11.410 58.819 1.287 2.922 0 1.209 0 3 1601 10.322 0 23622 5078 0 9.856 0 119 56.019 114.838
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Table 34 — National Energy Balance in 2024

Empresa de Pesquisa Energéti

PRIMARY ENERGY SOURCES SECONDARY ENERGY SOURCES
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PRODUCTION 263.844 52.319 4.089 0 6.986 51.786 27.444 68532  34.967  509.968 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  509.968
IMPORTS 7.857 7.347 6.119 11.267 0 0 0 0 0 32.590 10.627 0 2.351 0 3313 928 0 1.517 0 1.484 0 281 1.722 5.925 0 28.150 60.739
STOCK CHANGE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
TOTAL SUPPLY 271.701 59.667  10.207 11.267 6.986 51.786 27.444 68532  34.967  542.558 10.627 0 2.351 0 3313 928 0 1.517 0 1.484 0 281 1.722 5.925 0 28150  570.708
EXPORTS -141.494 0 0 0 0 0 0 0 0 | 141404 -1.166  -9.813 0  -1.386 0 [ 0 0 0 0 0 -1227 0 0 0 17081 eocas
NON-USED 0 -1.671 0 0 0 0 0 0 0 -1.671 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -1.671
REINJECTION 0 -11.040 0 0 0 0 0 0 0 -11.040 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -11.040
GROSS DOMESTIC SUPPLY 130.207 52.327 10.207 11.267 6.986 51.786 27.444 68.532 34.967 388.353 9.461 -9.813 2.351 -1.386 3.313 2 531' 0 1517 0 1.484 0 -946 1.722 5.925 0 11.099 399.452
TOTAL TRANSFORMATION -130.207 -25.740 -5.294 -11.267 -6.986 -51.786 -10.635 30.7 47' 23 55é 290.8 45; 57.931 14.441 25.354 11.357 3.233 7.695 1.813 8.805 0 79.421 5.506 22.741 13.541 5.667 281 257.786 -33.062
OIL REFINERIES -130.207 0 0 0 0 0 0 0 1658 a1 ges 54290  14.694  24.634 6193 5868  7.695 0 0 0 0 0 0 13599 4794 0 131767 -98
NATURAL GAS
0 -7.759 0 0 0 0 0 0 980 -6.779 0 0 0 4977 0 0 0 0 g -
PROCESSING UNITS 0 0 0 0 0 873 0 5.850 929
GASIFICATION 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
COKE PLANTS 0 0 0 -11.267 0 0 0 0 0 -11.267 0 0 0 0 0 0 2415 8.805 0 0 0 0 -830 0 281 10.671 -595
NUCLEAR FUEL
PRODUCTION 0 0 0 0 -6.986 0 0 0 0 -6.986 0 0 0 0 0 0 0 0 6881 0 0 0 0 0 0 6.881 -105
PUBLIC SERVICE POWER - -
PLANTS 0 -7.838  -5.107 0 0 -51.251 0 4978 oo -82.713 5 -26 0 0 0 0 0 0 gggr 71646 0 0 0 0 0 64.734 -17.979
SELF-PRODUCTION
POWER STATIONS 0 -4.095 -187 0 0 -535 -246 -2.994 -5.717 -13.773 -656 -227 0 0 0 0 -602 0 0 7.775 0 0 -903 0 0 5.387 -8.386
GRARCRALIFOYER 0 0 0 0 0 0 -10.389 0 0 -10.389 0 0 0 0 0 0 0 0 0 0 5506 0 0 0 0 5.506 -4.883
PLANTS
DISTILLARIES 0 0 0 0 0 0 0 7 0 -22.776 0 0 0 0 0 0 0 0 0 0 0 22741 0 0 0 22.741 34
OTHER TRANSFORMATION -
67! -3.624 -4.301 4301 71 187 . X K
ACTIVITIES 0 678 0 0 0 0 0 0 36 30 3 0 9 8 2,635 0 0 0 0 0 0 0 1.676 0 0 4249 53
LOSSES IN DISTRIBUTION -
AND STORAGE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 - 0 0 0 0 0  -12.891 -12.891
FINAL CONSUMPTION 0 26.587 4.913 0 0 0 16.809 37.786 11.410 97.504 67.392 4628  27.705 9.972 6.546 5.164 1.813 10.322 0 68.014 5506 21.795 15.263 11.592 281 255.994 353.498
FINAL NON-ENERGY
CONSUMPTION 0 3.596 0 0 0 0 0 0 0 3.596 0 0 0 0 6546 8 0 0 0 0 0 965 472 11592 161 19.744 23.340
FINAL ENERGY
CONSUMPTION 0 22.991 4.913 0 0 0 16.809 ~ 37.786  11.410 93.909 67.392 4628  27.705 9.972 0 5156 1813  10.322 0 68014 5506  20.830  14.792 0 119 236249  330.158
ENERGY BRANCH 0 7.979 0 0 0 0 0 17.502 0 25.481 2.752 397 0 86 0 0 212 0 0 6.965 0 0 4936 0 0 15.348 40.829
HOUSEHOLDS 0 622 0 0 0 0 4.368 0 0 4.990 0 0 0 7.769 0 0 0 0 0 16959 325 0 0 0 0 25.053 30.043
SERVICES 0 353 0 0 0 0 109 0 0 461 7 23 0 600 0 0 0 0 0 12711 93 0 0 0 0 13.435 13.896
PUBLIC SECTOR 0 0 0 0 0 0 0 0 0 0 3 10 0 293 0 0 0 0 0 4178 0 0 0 0 0 4.484 4.484
AGRICULTURE AND
0 0 0 0 0 0 2.324 0 0 2.324 7.205 35 0 14 0 0 0 0 ¥ I .
LIVESTOCK 0 3.293 10 18 0 0 0 10.575 12.899
TRANSPORT 0 1.834 0 0 0 0 0 0 0 1.834 56.138 1.240  27.705 0 0 5153 0 0 0 287 0 20812 0 0 0 111334  113.168
INDUSTRY 0 12.204 4.913 0 0 0 10.009 ~ 20.283  11.410 58.819 1.287 2.922 0 1.209 0 3 1601  10.322 0 23622 5078 0 9.856 0 119 56.019  114.838
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