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APRESENTACAO / FOREWORD

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

Os Planos Decenais elaborados no setor elétrico,
tradicionalmente, apresentaram-se como um
dos principais instrumentos de planejamento da
expansdo eletroenergética do pais. Desde 2007
estes planos tém ampliado a abrangéncia dos
estudos, incorporando uma visao integrada da
expansdao da demanda e da oferta de diversos
energéticos, além da energia elétrica.

O Plano Decenal de Expansao de Energia —
PDE 2021 apresenta importantes sinalizagbes
para orientar as ac0es e decisOes relacionadas
ao equacionamento do equilibrio entre as
projecdes de crescimento econdmico do pais e a
necessaria expansdo da oferta, de forma a
garantir a sociedade suprimento energético com
adequados custos em bases técnica e
ambientalmente sustentavel.

Neste PDE 2021 estdo previstos investimentos
globais da ordem de R$ 1,1 trilhdo, dos quais
24,4% correspondem a oferta de energia
elétrica, 68,4% a petrdleo e gas natural, e 7,2%
a oferta de biocombustiveis liquidos. Dentre os
principais parametros fisicos, havera ampliacdo
entre o verificado em 2011 e 2021: da
capacidade instalada de geracdo de energia
elétrica, de 116,5 para 182,4 GW; da produgdo
de petréleo, de 2,1 para 54 milhoes de
barris/dia; da producdo de gas natural, de 65,9
para 190,9 milhdes de m*/dia; e da produggo de
etanol, de 22,9 para 68,2 milhdes de m°.

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

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, not only
electricity, but also the demand and supply
exparnsion of several energy sources.

The Ten-Year Energy Expansion Plan - PDE
2021 presents important signals to guide the
actions and decisions related to the task of
balancing projections of economic growth of the
country and the required expansion of energy
supply, thus ensuring energy security to society
at adequate cost, fully reflecting technological
options and environmental sustainability.

In this PDE 2021 total estimated investment
amounts to R$ 1.1 trillion, of which 24.4% shall
be directed to the supply of electricity, 68.4%
to O&G sector, and 7.2% to liquid biofuels
sector. Accordingly, this amount represents the
following physical expansion between 2011 and
2021 the installed capacity of power generation
s expected to grow from 116.5 to 182.4 GW, oil
production from 2.1 to 5.4 million barrel/day,
the production of natural gas, from 65.9 to
190.9 miflion m3/day, and the production of
ethanol from 22.9 to 68.2 million m?3.
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Ao apresentar o Plano Decenal de Expansédo
de Energia — PDE 2021, resultado final de um
processo iterativo de planejamento energético
subsidiado por estudos elaborados pela
Empresa de Pesquisa Energética, o Ministério de
Minas e Energia agradece toda a colaboracdo
recebida por meio da consulta publica realizada
entre 24 de setembro e 31 de outubro de 2012,
na qual participaram entidades da sociedade
civil,b oOrgaos governamentais, empresas e
agentes do setor energético.

Brasilia, janeiro de 2013.

Edison Lobao

By releasing the Ten-Year Energy Expansion
Plan - PDE 2021, the final result of an
fterative process of energy planning based on
studies prepared by EPE (Energy Research
Office), the Ministry of Mines and Energy
acknowledges the massive  collaboration
received through the public consultation held
between September 24" and October 31%,
2012, attended by civil society organizations,
government agencies, companies and agents in
the energy sector.

Brasilia, January 2013,

Ministro de Estado de Minas e Energia / Ministry of Mines and Energy

Plano Decenal de Expansao de Energia 2021 — Sumario / Ten-Year Energy Expansion Plan 2021 — Summary “
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I - DEMANDA DE ENERGIA / ENERGY CONSUMPTION

Comparativamente ao PDE anterior, considerou-
se na projecao de demanda de energia um ritmo
de crescimento da economia um pouco inferior
no primeiro quinquénio, bem como a revisdo
para baixo no cendrio de expansao dos
segmentos industriais eletrointensivos,
nomeadamente no caso das industrias de
aluminio primario e de soda-cloro.

A projecdo consolidada do consumo final
energético resultou em uma elasticidade-renda
de 1,01, com trajetéria descendente, refletindo
a premissa de eficiéncia energética crescente ao
longo do horizonte decenal. De modo similar, a
elasticidade do consumo de eletricidade no
horizonte decenal é de 1,04.

Na analise desagregada por fonte, destaca-se a
forte expansao do consumo de biocombustiveis
liquidos (etanol e biodiesel), cuja participacdo se
eleva de 5,7% em 2012 para 9,6% em 2021,
mesmo com a revisao para baixo na producdo
absoluta de etanol em relacao ao PDE anterior.

Os biocombustiveis (incluindo-se aos liquidos, o
bagaco de cana, a lixivia, a lenha e o carvdo
vegetal, entre outros) aumentam sua
participacdo no decénio, passando de 29,3%
para 33,3%. Vale destacar a queda na
participacdo da lenha em  decorréncia
principalmente de menor consumo anual per
capita em comparacao com o PDE anterior,
chegando a 230 kg/hab no horizonte decenal.

Compared to the previous Energy Expansion
Plan (PDE in Portuguese) the energy
consumption forecast reflects the assumption of
a lower economic average growth rate and, as
a result, a downward revision in the expansion
of some important electricity consumer
industrial segments (e.g, aluminium and the
segment of chloride-sodium products).

The resultant income-elasticity of energy
consumption is 1.01 (and lower in the second-
half of the horizon due to increasing energy
efficiency along the ten-year horizon). Similarly,
the income-elasticity of electricity consumption
/s 1.04.

The main highlight in the energy consumption
ten-year forecast is the increase in the share of
liguid biofuels (ethanol and biodiesel) in the
final energy consumption from 5.7% in 2012 to
9.6% in 2021.

The biofuels total share (which additionally
includes sugar cane bagasse, firewood,
charcoal, etc.) rises four percentage points in
the period up to 33.3%. In contrast, less
firewood consumption is expected in the final of
2021.



Com relagao aos derivados de petrdleo, continua
se observando queda expressiva de participagao
no consumo final energético nacional, de
40,1%, em 2012, para 34,8%, em 2021.

As sinalizagbes de crescimento da siderurgia
continuam a incrementar a participacdo do
carvao mineral (incluindo coque) na matriz
energética do Pais, que aumenta de 5,0% para
5,5% no horizonte deste PDE.

A participacdo da eletricidade na matriz se
mantém praticamente constante, passando de
18,1% para 18,3% entre 2012 e 2021, quando
no PDE anterior perdia participagdo. A principal
diferenca reside nas premissas de autoprodugao
no setor energético, nomeadamente nos
segmentos de producdo de etanol e de
exploragdo e produgdo de petroleo e gas
natural. A autoproducdo de energia elétrica
nestas industrias devera apresentar expansdo
significativa no horizonte decenal.

Ja em relagdo ao gas natural, a participagao
deste energético alcanga 8,1% do consumo final
energético em 2021. Considerando o uso nao
energético do gas natural (fertilizantes e
refinarias) e o uso para geragao de eletricidade,
a expansdo € ainda mais significativa.

A Tabela 1 apresenta a projecao do consumo
final energético brasileiro desagregado por
fonte. A projegao do consumo final energético ja
incorpora os ganhos de conservagao crescentes
no periodo (Tabela 2). A energia elétrica
conservada de 48 TWh em 2021 corresponde a
geracdo de uma usina hidroelétrica com
poténcia instalada de cerca de 10.000 MW. O
volume de combustivel poupado em 2021 é
equivalente a cerca de 410 mil barris por dia, ou
aproximadamente 20% do consumo de petroleo
no Pais em 2011.

Empresa de Pesquisa Energética - EPE

On the other hand, the share of the
consumption of liguid fuels (in particular,
gasoline, LPG and diesel) in the final energy
consumption decreases from 40.1% in 2012 to
34.8% in 2021.

The coal share in the national energy balance
increases from 5.0% to 5.5% mainly due to the
steel industry perspectives in the ten-year
horizon.

Electricity maintains its share of approximately
18% throughout the ten-year period. The
significant expansion of the electricity self-
production in the energy sector (e.g., ethanol
and the production of oil and gas, in particular
in the Pre-Salt area) changes the conclusion of
the reduction of the electricity share in the
energy balance that reached the previous PDE.

Natural gas increases its share in the final
energy consumption from 7.5% to 8.1%. When
considering its non-energy use (fertilizers and
as input in the refining process) the growth of
natural gas consumption s even more
significant.

Table 1 summarizes the final energy
consumption in the ten-year horizon. In the
energy demand forecast it was considered the
impact of energy efficiency measures that will
be responsible for approximately 6.5% of
energy conservation in 2021, as shown in Table
2. Saved electricity consumption corresponds to
48 TWh in 2021 which represents the annual
production of a 10,000 MW hydropower plant.
The saved fuel consumption by 2021 is
equivalent to 410 thousand barrels per day, or
20% of the domestic oil consumption in 2011.



Empresa de Pesquisa Energética - EPE

Tabela 1 — Consumo final energético
Table 1 — Final Energy Consumption

Fonte / Energy Source Unidace / 2012 2016 2021
Gas Natural / Natural gas 118: /T;;ii:y 17.867 22.808 29.414
Carvao Mineral e Coque / Coal and coke 103 t 12.000 15.827 20.016
Lenha / Firewood 103 t 12.961 13.726 14.754
Carvao Vegetal / Charcoal 103 t 5.733 7.199 7.447
Bagaco de Cana-de-aclcar / Sugar Cane Bagasse 103 t 29.032 39.367 50.010
Eletricidade / Electricity GWh 43.011 53.232 66.544
Etanol / Ethanol 103 m3 11.353 21.158 31.655
Biodiesel 103 m3 2.339 2.865 3.408
Outras Fontes / Other Energy Sources 103 m3 8.309 10.871 13.925
Derivados de Petrdleo / Oil Products 103 m3 95.637 107.003 126.626
Oleo Diesel / Diesel Fuel 103 m3 44.435 54.440 64.747
Oleo Combustivel / Fuel Oil 103 m? 5.211 5.863 6.723
Gasolina / Gasoline 103 m3 22.512 19.603 22.350
GLP / Liguefied Petroleum Gas (LPG) 103 m3 8.238 9.168 10.379
Querosene / Kerosene 103 m3 3.710 4.550 5.760
Outros / Others 103 m3 11.531 13.380 16.667

Fonte / Source: EPE.

Tabela 2 — Consumo de energia e eficiéncia energética
Table 2 — Energy Consumption and Energy Efficiency

Eletricidade / Electricity Energia / Energy
Consumo / (GWh) (103 tep/103 toe)
Consumption 2012 2016 2021 2012 2016 2021
Sem Conservagao /
. . 503.372 636.856 821.886 239.406 302.830 388.490

Without Conservation
Energia Conservada/
Saved Energy 3.249 17.874 48.124 1.163 8.773 24.693
Energia Conservada /
Saved energy, % 0,6 2,8 5,9 0,5 2,9 6,4
Consumo Final /

. . 500.123 618.982 773.762 238.243 294.057 363.798
Final consumption
Conservacao por setor /
Conservation by sector

Industria / Industry 1.855 8.106 17.907 732 5.056 13.763
Transportes / Transport 17 103 289 298 2.762 8.036
Comercial /| Commercial 443 2.381 5.826 40 222 561
Residencial / Residential 691 5.239 17.517 59 451 1.507
Outros / Others 243 2.045 6.585 34 282 826

Notas / Obs.: (1) Consumo total de energia corresponde ao consumo total de eletricidade somado ao consumo de combustiveis de todos os
setores excluindo, no caso dos combustiveis, o consumo do setor residencial. / Total energy consumption corresponds to
electricity consumption and fuel consumption of all sectors, except fuel consumption in the residential sector.

(2) Inddstria inclui setor energético. / The industry sector includes the energy production sector.
(3) O setor residencial compreende consumo de energia nos domicilios urbanos e rurais / It includes rural dwellings.
(4) Outros setores incluem o setor publico, agropecudrio e outros / Others include public sector, agriculture, livestock, etc.

Fonte / Source: EPE.
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ELETRICIDADE / ELECTRICITY

O consumo nacional de energia elétrica na rede
(isto é, exclusive autoproducdo) atingira 656
TWh ao fim de 2021, com taxa média de
crescimento do consumo na rede é de 4,2% ao
ano (Tabela 3).

Em relacdo ao PDE passado, a diferenca da
projecdo de carga de energia no SIN (Figura 1)
€ devida a uma trajetéria de crescimento
econdmico inferior nos primeiros cinco anos e
pela revisdo do cendrio de expansao das
grandes cargas industriais. Foi desconsiderada
qualquer expansdo de aluminio primario no
subsistema Norte, assim como qualquer
expansao de soda-cloro no Pais.

Electricity consumption in the grid is expected to
grow at an average rate of 4.2% per year,
reaching 656 TWh in 2021. (Table 3).

Compared to the forecast of the previous Energy
Expansion Plan, the electricity load in the
National Grid is lower (Figure 1), reflecting the
lower economic growth rate and the downward
revisfon in the forecast of the industrial load
expansion. It is important to mention that it was
consider no expansion neither in the chlorine
industry nor in the primary aluminium industry
in the North electrical region.

Figura 1 — Carga de energia no SIN: PDE 2021 versus PDE 2020

MWmédios / Figure 1 — Load in the National Grid: Current vs. Previous Forecast
Average MW
100,000
E=  pifferences | @ PDE 2020 [A] «=O==PDE 2021 [B]
90,000 -| 88,596
88,921
85,633
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sistema Boavista / system
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-935  .1,022
50,000 - : 1,145 4 321
1,650 1,801
oo 2,114 -2,118
40,000 - - .
Interligagdo / Connection of
. . -2,593
Tucurui-Macapa-Manaus
-2,963
30,000 T . T
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Notas / Obs.: (1) LT Tucurui-Macapa-Manaus em operagdo a partir de janeiro de 2013 (PDE 2020) e a partir de julho de 2013 (PDE 2021).

| The connection of the region of Tucurui-Macapa-Manaus, expected by January, 2013 in the PDE 2020, is now

expected to occur by July 2013.

(2) Considera-se no PDE 2021 a interligagdo do sistema Boavista ao subsistema Norte a partir de outubro de 2014. / The
connection of the region of Boavista is expected by October, 2014.

Fonte/ Source: EPE.




Em termos de classe de consumo, a classe
comercial apresenta a maior expansao. A
indUstria reduz a sua participagdo no consumo
de energia na rede, apresentando taxa de
crescimento pouco inferior a média.

Em termos de subsistema elétrico (Tabela 4), o
maior crescimento do consumo ocorre no
subsistema Norte, atribuido ao efeito conjugado
da instalacdo de grandes cargas industriais na
regiao e, sobretudo, da interligacdo do sistema
Tucurui-Macapa-Manaus, além do sistema

Empresa de Pesquisa Energética - EPE

By consumer type, the commercial sector shows
the highest electricity consumption growth
rate. 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 industrial load expansion
and especially the interconnection of the

Tucurui-Macapa-Manaus — region and  the

Boavista.
Boavista region.
Tabela 3 — Consumo de eletricidade na rede por Classe de Consumidor
Table 3 — Electricity Consumption in the Grid by Consumer Type
-
GWh
2012 117.088 192.206 77.388 62.985 449.668
2016 140.053 225.262 96.617 72.609 534.541
2021 173.706 266.546 128.876 86.962 656.090
Variagao (% ao ano) / CAGR
2012-2016 4,6 4,2 5,6 2,6 4,3
2017-2021 4,4 3,4 5,9 3,7 4,2
2012-2021 45 3,8 5,8 3,1 42
Fonte / Source: EPE.
Tabela 4 — Consumo de eletricidade na rede, por subsistema
Table 4 — Electricity Consumption in the Grid by Electrical Subsystem
Subsistema / Electrical Subsystem Sistemas
Ano / Year Norte/ Nordeste/ S;';’,ff,fﬁéﬁf’ +I Sul / /Vatisolry Grid N;frg':f:::céed Brasil
North  Northeast Midwest South to the Grid
GWh
2012 31.720 62.230 273.074 74.988 442.012 7.656 449.668
2016 47.128 74.843 323.414 87.392 532.777 1.764 534.541
2021 57.725 95.087 394.688 106.333 653.833 2.257 656.090
Variagao (% ao ano) / CAGR
2012-2016 9,5 4,6 4,3 3,3 4,6 -24,5 4,3
2017-2021 4,1 4,9 4,1 4,0 4,2 5,1 4,2
2012-2021 6,8 4,7 4,2 3,6 4,4 -11,0 4,2
Nota / Obs.: Considera a interligagdo do sistema Tucurui-Macapa-Manaus a partir de julho de 2013, e a interligacdo do sistema Boavista

a partir de outubro de 2014. / The National Grid includes the connection of the system of the region of Tucurui-Macapa-
Manaus by July, 2013 and the system of the region of Boavista in October, 2014.

Fonte / Source: EPE.



GAS NATURAL / NATURAL GAS

Em termos de competitividade, admite-se ligeira
vantagem ao gas natural em relagdo ao 6leo
combustivel.

Em 2021, estima-se que o consumo final
energético de gas natural (exclusive setor
energético) ultrapasse 65 milhdes de m? por dia
(Tabela 5).

Em comparagao com o PDE anterior, 0 consumo
final energético de gas natural se expande
menos no PDE 2021 (Figura 2), tendo em vista,
as revisdes de classificacdo na alocacdo de
consumo em particular no setor industrial, além
da reducdo da perspectiva de crescimento
econdémico.

Empresa de Pesquisa Energética - EPE

The forecast of the final energy consumption of
natural gas is based on the assumption of
(slightly) competitive relative price of the
natural gas (in comparison with fuel oil) for
industrial consumers.

In 2021, it is expected the final energy
consumption of natural gas reaches 65 million
of cubic meters/day (Table 5), not considering
the consumption in the energy sector.

Comparing to the forecast of the previous PDE
(Figure 2), the final energy consumption of
natural gas path is lower due to the lower
economic growth and a downward revision in
some industrial consumption.

Tabela 5 — Brasil e Regides: Consumo final energético de gas natural
Table 5 — Natural Gas Consumption by Region

mil m3/dia (10% m3/day)

A:;l Norte / Nordeste / Sul / Sudeste / Centro-Oeste / Brasil
North Northeast South Southeast Midwest
2012 45 6.832 3.690 30.016 327 40.910
2016 274 8.933 4.971 36.819 864 51.861
2021 447 11.536 6.352 45.974 1.118 65.427
Variagao (% ao ano) / CAGR

2011-2016 146,7 7,3 8,5 54 29,0 6,3

2016-2021 10,3 5,2 5,0 4,5 53 4,8

2011-2021 64,9 6,3 6,7 5,0 16,6 5,5

Nota / Obs.: Inclui consumo final nos setores industrial, agropecudrio, transportes, residencial, comercial e plblico. Nao inclui consumo no

setor energético, consumo como matéria-prima, cogeragdo, consumo “downstream” do sistema Petrobras e consumo
termelétrico / Natural gas consumption includes consumption in all sectors, except in the energy sector, cogeneration, in the
downstream of the Petrobras system, in thermal power plants and as an input in the industry.

Fonte / Source: EPE.
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Figura 2 — Consumo final energético de gas natural: PDE 2021 versus PDE 2020
Figure 2 — Final energy consumption of natural gas: Current vs. Previous Forecast
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Nota / Obs.:  Inclui consumo nos setores industrial, agropecudrio, transportes, residencial, comercial e publico. Ndo inclui consumo no setor

energético, como matéria-prima, cogeracdo, consumo “downstream” do sistema Petrobras e consumo termelétrico. / Natural gas
consumption includes consumption in all sectors, except in the energy sector, cogeneration, in the downstream of the Petrobras

system, in thermal power plants and as an input in the industry.

Fonte / Source: EPE.

Em termos médios, espera-se que sejam
adicionados cerca de 67 milhdes de m>/dia até
2021, dos quais 30% utilizados como consumo
ndo-energético em refinarias e unidades de
fertilizantes. Assim, do total de 139 milhdes de
m® didrios em 2021, aproximadamente 18
milhdes de m®/dia s3o requeridos na produgdo
termoelétrica esperada. Considerando o nivel
maximo de despacho térmico, a demanda total
de gas natural em 2021 seria de 186 milhdes de
m?®/dia (maxima didria). Cabe ressaltar que este
total ndo inclui o consumo proveniente das
atividades de E&P (ver Figura 3)”.

Y Para obter o consumo total de gds natural, deve-se levar em conta
0 despacho das termelétricas a cada ano. Nas projegcdes do PDE, sdo
considerados os despachos esperado e maximo (condicionado pelas
restrigbes técnicas de produgdo) 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 geracéo de energia elétrica.
Cabe ressaltar que este total ndo inclui 0 consumo proveniente das
atividades de E&P.

Considering the expected generation of the
thermal power plants (equivalent to a
consumption of natural gas of almost 18 million
of nP/day), it is expected an amount of 139
million of nr’/day of natural gas consumption in
2021. 30% of the additional consumption is due
to non-energy consumption in refineries and
fertilizer plants. When all thermal power plant
production is totally required for power
production, an additional 50 million nr/day of
natural gas Is necessary (Figure 3).

2 70 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 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 are not considered in the forecasts.

Demanda de Energia / Energy Consumption
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Figura 3 — Consumo total de gas natural

milhdes de m3/dia
million n’’| day

71.9

103.2

138.6

2012 2016 2021
e e
m Geragdo elétrica esperada / Ex'?ected Gas Thermal 10.5 143 17.7
Power Production
= Cogeragdo / Cogeneration (2) 3.9 5.3 6.2
B Matéria-prima / Input (3) 5.3 14.5 26.2
m Setor energético / Energy Sector (4) 11.3 17.3 23.1
= Residencial / Residential 1.0 1.4 2.0
B Publico / Public Sector 0.2 0.3 0.4
= Comercial / Commercial 0.8 1.0 1.4
H Transportes / Transports 6.4 7.8 9.8
M Industrial 32.5 413 51.8
Demanda Total Esperada / Expected Consumption 71.9 103.2 138.6
D da Maxima / Maxi ¢ p 107.3 151.2 186.3
Notas/ Obs.: (1) Corresponde a diferenca entre a geragdo maxima e a esperada. / It corresponds to the difference between the
maximum and the expected natural gas thermal power production.
(2) Inclui cogeragdo industrial e comercial. / It includes industrial and comercial cogeneration.
(3) Inclui o consumo como insumo em refinarias (produgdo de hidrogénio) e unidades de fertilizantes. / It includes
consumption in oil refinerfes (for hydrogen production) and fertilizer plants.
(4) Inclui refinarias e compressao em gasodutos. Nao inclui consumo em atividades de E&P. / It includes consumption in oil
refineries and compression in gas pipelines. It does not include consumption in E&P activities.
Fonte / Source: EPE.

Oferta de Energia Elétrica / Power Supply & Transmission
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I1 - OFERTA DE ENERGIA ELETRICA / POWER SUPPLY &

TRANSMISSION

GERACAO DE ENERGIA ELETRICA / POWER SUPPLY

A principal diretriz da expansdo da geracao 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. Ademais,
sao considerados na composicdao da oferta de
geragao os empreendimentos com viabilidade
técnica, econbmica e socioambiental, em
diversos estagios de desenvolvimento, € com
reais possibilidades de inicio de operagdo no
horizonte do estudo.

O planejamento da expansdo da oferta de
energia baseia-se em um critério econdmico,
qual seja, a igualdade entre o Custo Marginal de
Operagdo — CMO e o Custo Marginal de
Expansao — CME, sendo que para este PDE
2021, adotou-se o valor de CME igual a R$
102,00/MWh e um critério de seguranca no qual
o risco de déficit ndo deve ultrapassar os 5%
dos cenarios hidroldgicos, em cada subsistema
do Sistema Interligado Nacional (SIN).

Para as simulagdes energéticas, foi utilizado o
modelo NEWAVE?, com a simulacdo de 2.000
cenarios hidroldgicos. Além disso, o custo do
déficit utilizado neste ciclo de planejamento foi
de R$ 3.100,00/MWh e a taxa de desconto foi
de 8% ao ano, em termos reais.

3 Modelo de otimizacdo do despacho hidrotérmico desenvolvido pelo
Centro de Pesquisas de Energia Elétrica — Cepel. Neste Plano, os
estudos foram elaborados com a versdo 16.8 deste modelo, ultima
versdo validada em Forga Tarefa — Newave, sob coordenacéo do ONS
e CCFE, a época da realizagdo deste Plano.

The reference scenario of the power capacity
expansion in the next 10 year aims at
subsidizing the power auctions necessary to
attend load demand under the premises of
security supply and environmental and social
sustainability.

Under the main guideline of prioritization of
renewable energy source, power expansion is
the result of two conditions: an economic
equilibrium 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 rate
shall not be superior to 5% of the inflow
scenarios in any electrical subsystem in the
National Grid.

Based on the outcomes of the power auctions in
the last five years, the CME was set at R$
102/MWh. It was assumed the cost of the
supply shortage at R$ 3,100/MWh and the real
average discount rate at 8% per year.

For the reference case of the power expansion,
it was considered a portfolio of power plant
projects likely to start operational phase in the
ten-year horizon given its technical, economical
and environmental characteristics.

7o simulate the 2,000 hydrological inflows, the
NEWAVE model® was used.

* 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 16.8 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

Para fins das simulagbes energéticas deste Plano
somente foram considerados 0s
empreendimentos de geracdo constantes do
SIN, cuja capacidade instalada, incluindo a
parcela de Itaipu importada do Paraguai,
totalizava 115.162 MW em 31/12/2011°. A
distribuicdo desse total por tipo de usina do
parque gerador existente é apresentada na
Tabela 6.

No horizonte deste Plano considerou-se a
interligacdo de trés sistemas que atualmente
estdo isolados: Manaus, Amapa e Boa Vista. No
ambito deste estudo, esses sistemas foram
considerados como um subsistema adicional,
conectado ao subsistema Norte, com previsao
de operagao para julho de 2013 (Manaus e
Amapa) e fevereiro de 2015 (Boa Vista). Com a
inauguracdo dessas interligacdes, todas as
capitais do Brasil fardo parte do SIN. Além disso,
essas interligacdes viabilizam a construcdo de
hidrelétricas em rios localizados na margem
esquerda do rio Amazonas, cujo regime
hidrolégico é praticamente complementar ao
resto do pais.

A Figura 4 mostra a representacdo esquematica
considerada para as interligacdes entre os
subsistemas, detalhando a forma prevista ao
final do horizonte do estudo na simulagao
energética a subsistemas equivalentes. As
interligagbes representadas em tragos
pontilhados  estao previstas para se
incorporarem ao SIN durante o periodo
analisado (2012-2021).

> De acordo com a ANEEL, a capacidade instalada total no Brasil
atingiu 117.000 MW em 31/12/2011. Esse total engloba, além das
geradoras do SIN, aquelas instaladas nos sistemas isolados e para a
autoprodugdo, mas ndo inclui a parcela de importagdo da UHE Itajpu
néo consumida pelo sistema elétrico paraguaio.

For the simulation in this section, the initial
configuration of the power system refers to power
plants in the National Grid and the electricity
imports from UHE Itajpu, which represented a
115,162 MW power capacity system in December,
3 of 2011° Table 6 shows the installed
capacity disaggregated by energy source in that
date.

In the next ten years it is expected 3 electrical
systems to be connected to the National Grid in
the North subsystem. The Manaus system and the
Amapa system in July, 2013 and the Boa Vista
system in February, 2015. After this, all Brazilian
state capitals will be connected to the National
Grid. Besides, these connections will eventually
allow the connections of hydropower plants in the
left bank of the Amazon river, an important
addition to the power capacity due to the fact that
fts hydrological inflow regime is complementary to
the rest of the country.

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 connections
expected to enter in the National Grid in the
period from 2012 to 2021.

5 According to ANEEL, total installed power capacity in Brazil
amounted at 117,000 MW in December, 31st of 2011, which
considers power capacity in non-connected systems and self-
production (which refers to power generation to attend local
consumption, without using transmission grid or distribution grid. In
the simulations, self-production is subtracted from total electricity
load) but it does not include electricity imports from UHE Itajpu.
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Tabela 6 — Capacidade Instalada por tipo de fonte em 31/12/2011 no SIN
Table 6 — Installed Capacity at the National Grid in December, 2011

Fonte / Source MW Participacdao / Share (%)
Hidraulica / Hydro™ 77.001 67,0
Térmica / Thermal 16.166 14,0
Nuclear 2.007 2,0
Outras Fontes Renovaveis / Other Renewables? 13.713 12,0
Importacdo Contratada / Imports® 6.275 5,0
Total 115.162 100,0

Notas / Obs.: (1) Inclui a parte brasileira da UHE Itaipu. / It includes the Brazilian share in UHE Itaipu.
(2) Inclui 1MW de usina solar em operagdo. / It includes 1MW of a solar power plant in operation.
(3) Importacdo da UHE Itaipu ndo consumida pelo sistema elétrico paraguaio. / Imports from the UHE Itajpu (Paraguay ‘s share).

Fonte / Source: ONS.

Figura 4 — Representacdo esquematica das interligacoes entre subsistemas
Figure 4 — Configuration of the Main Interconnections in the National Grid

LT Existente / Existing Transmission Line
------- LT Licitada / Auctioned-Off T. Line
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@) Expansion of Roraima system is under study.

Legenda / Legend

SE/CO - Sudeste/Centro-Oeste / Southeast/Midwest
S- Sul/ South
NE - Nordeste / Northeast
N - Norte / North
MAN/AP Manaus/Amapa/Boa Vista
IV - Ivaipora

IT-
AC/RO -
BM -

TP -
IMP -

Itaipu
Acre/Rond6nia

Belo Monte

Teles Pires/Tapajos
Imperatriz

Fonte / Source: EPE.

Oferta de Energia Elétrica / Power Supply & Transmission
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Expansao da Geracao / The Expansion of the Power System

No horizonte decenal, espera-se uma expansao
de aproximadamente 66 GW na capacidade
instalada no SIN, a uma taxa média de
expansdao de 4,6% ao ano. O subsistema
Sudeste/Centro-Oeste responde por 59% desse
incremento.

O elenco de usinas hidrelétricas e termelétricas
em construcdo, em motorizagao e ja contratadas
foi considerado como oferta inicial deste Plano,
com as datas consolidadas pelo Comité de
Monitoramento do Setor Elétrico — CMSE.

Para a composicdao da oferta de geracao, foram
consideradas informagGes sobre as proximas
licitagdes de usinas com estudos de inventdrio
aprovados e de viabilidade em conclusao, bem
como uma analise do potencial de geragdo por
meio de energias renovaveis. No Ultimo ano do
horizonte, optou-se por indicar a expansao do
parque gerador com termelétricas a gas natural,
atrelada a disponibilidade e competitividade dos
projetos de gas natural nos futuros leildes para
compra de energia nova.

Como resultado, espera-se que, no SIN, a
capacidade instalada atinja 182 GW em 2021
(Figura 5).

It /s expected an increase of approximately 66
GW in total installed capacity in the ten-year
horizon, at 4.6% annual growth rate. The
subsystem of Southeast/MidWest represents
59% of this increase.

Especially in the case of the first years, power
expansion is determined by the three-year-
ahead and five-year-ahead power auctions
already occurred in the last years. In this case,
these power plants enter in the initial
configuration of the system at the dates
stipulated in the concession contracts or
authorization acts, both consolidated in the
Electricity  Monitoring  Committee  (CMSE)
schedule.

Information about the licensing process of
power plants and the potential of renewable
sources was considered in the portfolio of
potential entrants, under the guideline of
indication of a power expansion predominantly
by renewable sources. In the last year of the
forecasting horizon, however, it was considered
a deployment of a natural gas UTE, given the
assumption that natural gas prices are
competitive,  reflecting  favorable  supply
condiitions in the future.

As a result, installed capacity in the National
Grid is expected to reach 182 GW in 2021
(Figure 5).
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Figura 5 — Evolucdo da capacidade instalada de hidrelétricas indicativas
Figure 5 — Evolution of the Installed Capacity in the National Grid
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Notas / Notes: (a) Considerada a importacdo de Itaipu proveniente da poténcia contratada ao Paraguai. / In the SE/MW it is included imports

from Itajpu (Paraguay share).

(b) Considera a capacidade ja em operagdo comercial nos sistemas isolados que serdo interligados ao SIN no horizonte do
estudo deste plano. / In the N Subsystem, power capacity includes power capacity actually in the non-connected system that

will be connected in the horizon 2012-2021.
Fonte / Source:  EPE.

Desta expansdao, destaca-se a elevacdo da
participacdo da regiao Norte, cuja capacidade
instalada em relagao ao SIN passa de 10%, no
final de 2011, para 24% em 2021, totalizando
aproximadamente 33 GW de expansdo. Em
contrapartida, nas regides Sudeste/Centro-
Oeste, ha uma reducdo de 59% para 44% na
participacdo na oferta total do sistema, mesmo
com uma expansao prevista na ordem de 11 GW
para o horizonte decenal. A expansdo da
poténcia instalada em todas as regifes agregara
66 GW ao SIN, representando um acréscimo de
57% na oferta de eletricidade.

It is worth to mention that the North Subsystem
Power Capacity Is expected to increase
significantly its share from 10% in 2011 to 24%
in 2021 (Figure 6), an expansion of
approximately 33 GW of capacity. In turn, the
Southeast-Midweast Subsystem (including UHE
Itaipu) share decreases from 59% to 44% of
total installed power capacity, in spite of an
expected expansion of 11 GW of capacity in the
ten-year horizon. Overal], in the ten-year
horizon an expansion of 66 GW is expected to
be installed, a 57% of cumulative growth in
electricity supply.

Oferta de Energia Elétrica / Power Supply & Transmission
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A Figura 6 ilustra a expansdo contratada e a
planejada por tipo de fonte.

A concretizacdo deste Plano com esta
composicdo de fontes na expansao planejada
depende principalmente da obtencdo de
Licengas Prévias Ambientais, de modo que as
usinas indicadas possam participar dos leildes
de compra de energia provenientes de novos
empreendimentos, previstos em lei.

Power expansion can be divided into two main
groups: the power plants already contracted in
past auctions and to start operations during the
next ten-year period and the indicative power
plants — the planned expansion.

As Figure 6 shows, most of the power
expansion needed to attend the expected future
load growth is already contracted (40,533 MW)
in past power auctions. A remaining 25,377 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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Expansido Hidrelétrica / The UHE Capacity Expansion

As usinas hidrelétricas ainda apresentam grande
potencial a ser explorado e suficiente para
permanecer como a fonte predominante no
atendimento a crescente demanda de
eletricidade do pais. Especialmente nas bacias
da regido Norte e Centro-Oeste, os inventarios
hidrelétricos concluidos apontam que projetos
importantes poderdao ser viabilizados nos
proximos anos, a despeito da crescente
complexidade socioambiental, que normalmente
impbe estagios de desenvolvimento extensos.
Destaca-se que a geracao hidrelétrica é uma
tecnologia muito madura e seu preco tem sido o
mais baixo dentre as fontes disponiveis no pais,
contratada nos Ultimos leildes de expansdo do
sistema.

Em relagdo a expansdo hidrelétrica, além dos
projetos ja contratados e em implantagdo,
devem entrar em operacao, a partir do ano
2017, os projetos hidrelétricos indicados neste
Plano, a serem licitados, que somam 19.673
MW. No entanto, devido ao longo periodo de
motorizagdo de alguns empreendimentos de
grande porte, esta capacidade total devera estar
disponivel para atendimento ao SIN no ano de
2024 (Figura 7).

Considerando o cronograma de motorizagdo de
cada empreendimento, a capacidade geragao
hidraulica aumentara de 84 GW,”
aproximadamente, para 117 GW em 2021.

7 0s projetos de geracdo com concessdo ja outorgada no passado
ndo foram considerados no horizonte de estudo deste Plano, pois
apresentam problemas especificos a serem resolvidos para
andamento da obra. Contudo, permanecem sendo fiscalizadas pela
ANEEL e acompanhadas pelo planejador, podendo compor a
configuragdo dos futuros Planos a medida que sejam equacionados
0s seus problemas.

Despite  the  augmenting  social  and
environmental  issues  involved in the
construction of UHE, 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. The  recent-finished
inventories in the river basins of the Midwest
region and North region are very promising in
pointing out important projects to be explored
in the next years. Needless to say, even
internalizing the social and environmental costs,
hydro generation is a well-known, dominated
power technology and it has been very
competitive in Brazi, as the last auction
outcomes have shown.

In relation to the hydropower expansion, the
capacity expected to be auctioned off (that is,
the planned UHEsS) amounts 19,673 MW from
2017 onwards. However, because of the long
phase of motorization of some of big UHE power
plants, this amount is expected to be fully
operational only in 2024.

In 2021, the fully-operational installed UHE
capacity amounts to 117 GW, an expansion of
84 GW.8

8 It /s 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 the respective problem
Is solved, they will enter the simulation exercises in the future PDEs.
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Figura 7 — Evolucdo da capacidade instalada de hidrelétricas indicativas
Figure 7 — Evolution of the Installed Capacity of the Planned UHE in the National Grid
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Em termos relativos, a elevacao da capacidade
de armazenamento de 5% € bem inferior ao
aumento de 40% na capacidade instalada das
UHEs, pois a maioria das usinas viaveis no
horizonte estd localizada em bacias ainda
inexploradas, nas quais ndao ha previsdo de
instalacdo de usinas com reservatorios de
regularizagdo das vazbes afluentes. Assim, ha
uma tendéncia de aumento na variagdo do nivel
dos reservatorios ao longo de curtos ciclos
hidroldgicos.

Para mitigar esta variabilidade ha a necessidade
de se buscar a viabilizacgdo de usinas com
capacidade de regularizacdao, a fim de tornar
flexivel a operacdo dos atuais reservatorios e
minimizar o despacho das termelétricas, com
vistas tanto a redugdo do custo total de
operacao, como das emissdes de GEE. Além
disso, os reservatdrios de regularizacdo sdo
importantes ainda no abastecimento de agua, na
navegacao e, principalmente, no controle de
cheias para proteger as varzeas e cidades a
jusante dos reservatorios.

SAO SIMAO ALTO
W APERTADOS
W ITAPIRANGA
= BEM QUERER
mPOMPEU
mAGUA LIMPA
m PARANHOS
= TELEMACO BORBA
HJATOBA
m DAVINOPOLIS
M SAO LUIZ DO TAPAJOS
M RIBEIRO GONGALVES
= SAO MANOEL
m CACHOEIRA CALDEIRAO

mSINOP

Different from the 40% increase in the power
capacity, the capacity of the water storage in the
system is expected to increase only 5% in the
horizon. This figure reflects the fact that for the
bulk of the viable future UHEs, located in river
basins yet to be explored, no important reservoir
is expected to be constructed in order to smooth
water inflows. As a result, the 2012-2021 period
is characterized by a higher variability in the
reservoir levels during short hydrological cycles.

Therefore, to mitigate this variability it is
essential to construct reservoirs in future UHE
expansion so that the operation of the current
UHE s reservoirs turns out to be flexible, and the
dispatch of UTE is minimized, contributing to
lower both the total operational cost and GHG
emissions. Besides, other sectors can benefit
from the increase in the reservoir storage
agpacity, e.g., waterway navigation, water
supply, and flood-control, among others.

Oferta de Energia Elétrica / Power Supply & Transmission
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Expansdo Termelétrica / The UTE Capacity Expansion

Espera-se acréscimo na capacidade instalada
das UTE no SIN de 8 GW, para cerca de 26 GW
em 2021°. Cabe ressaltar a indicacdo de 700
MW até 2021 distribuidos entre as regibes
SE/CO e Sul, buscando atender as necessidades
energéticas e desde que haja disponibilidade a
precos competitivos de gas natural.

O acréscimo da capacidade instalada nuclear se
dara pela implantagdo da usina de Angra 3, com
de 1.405 MW, e prevista para entrar em
operacdo em 2016, aumentando o parque
nuclear para 3.412 MW.

No sistema brasileiro, predominantemente
hidrelétrico, o despacho o6timo do sistema
prioriza a operacdo das fontes renovaveis:
usinas hidrelétricas (incluindo as pequenas
centrais hidrelétricas), pequenas centrais
termelétricas a biomassa e edlicas.

De fato, a expectativa de geragao de energia
termelétrica (Figura 8) incorpora valores muito
baixos para os fatores de capacidade para as
usinas movidas a oleo diesel e combustivel, da
ordem de 1% e 3%, respectivamente. Para as
demais fontes, os resultados foram de 28%
para as usinas a gas natural, de 40% para as
usinas a carvdao mineral (que, além de
possuirem baixo custo varidvel unitario de
geragao — CVU, apresentam uma inflexibilidade
operativa para manter as minas em
funcionamento), de 87% para as centrais
nucleares.

Os fatores de capacidade médios contribuirdo
para atenuar as emissdoes de gases de efeito
estufa, significando que estas usinas passarao a
desempenhar o papel de reserva e de
seguranca para o sistema, s6 devendo gerar em
situacbes em que os reservatorios das
hidrelétricas estejam em niveis muito baixos.

? Considera-se a exclusio de sete usinas que haviam negociado
energia nos leildes de energia nova de 2007 e 2008 e ndo cumpriram
com os contratos firmados nestes certames, que somam mais de
1.600 MW.

The thermal power capacity expansion Is
expected to evolve from the 17 GW in the initial
configuration to 26 GW in 2021.*°

For the simulation exercises, it was included
J00MW of natural gas UTEs in the indicative
capacity expansion up to 2021, distributed
between the South subsystem and the
Southeast/Midwest subsystem.

The nuclear UTE expansion occurs via Angra 3.
Its operation is expected to start in 2016 and
will represent an expansion of 70% of the
current nuclear power capacity to 3,412 MW.

In the hydro-based Brazilian Power System,
UTEs produce electricity as a complementary
source. In other words, the optimal centralized
dispatch prioritizes renewable energy sources,
and, as a result, the UTEs are generally
dispatched only when a renewable alternative is
unavailable.

Indeed, the expected UTE generation in the
period (Figure 8) shows low (expected)
generation-to-capacity ratios (called capacity
factors) for diesel fuel UTEs (1%) and fuel oil
UTEs (3%). In the case of natural gas UTEs and
coal UTEs the ratios are higher: 28% and 40%,
respectively. In the case of coal, there are two
reasons: low CVU and operational inflexibility (in
order to keep coal mines functioning). For
nuclear plants, it was considered the average
capacity factor of 87%.

The expected capacity factors of the UTEs in the
period contribute to mitigate the GHG
emissions. Furthermore, used optimally, UTES
can be seen as an important energy reserve for
the system, improving the security of supply, as
they are expected to dispatch when UHEs
reservoir levels are very low.

10 Following a CMSE decision in the first-half of 2012, 7 UTE that
sold power in 2007 and 2008 auctions (more than 1,600 MW of
capacity) were excluded from the initial configuration of the system
and the following simulation exercises due to breach of contract.
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Figura 8 — Geragao térmica esperada no periodo 2012 - 2021
Figure 8 — Expected UTE generation in the 2012-2021 period
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Expansao de Outras Fontes Renovaveis / Other Renewables Capacity Expansion

A expansdo de outras fontes renovaveis ocorre a
uma taxa media de 10% ao ano no horizonte do
PDE, liderada pelo crescimento significativo da
energia edlica.

Destaca-se a retomada da participacao das
fontes renovaveis na matriz elétrica a partir do
ano de 2014, em detrimento das fontes
baseadas em combustiveis fosseis.

The expansion of other renewable energy
sources (which includes sugarcane bagasse and
small hydro, among others) grows at an
average rate of 10% per year, leading by the
significant wind power expansion.

The considerable renewable expansion (UHE
plus other renewable) will increase the
renewable energy share in the electricity
generation mix, reducing the share of fossil-
fueled thermal power plants from 2014 onwards
(Figure 9). The evolution of the installed
capacity is shown in Table 7.
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Figura 9 — Evolucao da capacidade instalada por fonte de geracao
Figure 9 — Installed Capacity Evolution by Energy Source
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Tabela 7 — Evolucao da capacidade instalada por fonte de geracao
Table 7 — Installed Capacity Annual Evolution by Energy Source
Fonte / Energy Source 2011 2016 2021
RENOVAVEIS/ RENEWABLES 97.317 122.616 152.952
HIDRO / HYDRO™Y 83.604 98.181 116.837
OUTRAS / OTHERS 13.713 24.435 36.115
NAO RENOVAVEIS / NON-RENEWABLES 19.181 28.756 29.456
GAS NATURAL / NATURAL GAS 10.209 12.055 13.102
OLEO COMBUSTIVEL / FUEL OIL 3.316 8.002 8.002
URANIO/ URANIUM 2.007 3.412 3.412
CARVAO / COAL 1.765 3.205 3.205
OLEO DIESEL / DIESEL FUEL 1.197 1.395 1.048
OUTRAS / OTHERS 687 687 687
TOTAL 116.498 151.372 182.408

Nota / Note: (1) Inclui estimativa de importagdo da UHE Itaipu ndo consumida pelo sistema elétrico paraguaio. / It includes imports from UHE

Itajpu not used by Paraguay.

Fontes / Sources: ONS (2011) & EPE (forecasts).
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CMO e Risco de Déficit / Operational Marginal Costs and Deficit Risks

Os resultados das simulagdes apresentam custos
marginais médios anuais oscilando ao longo dos
anos, em funcdo do porte e motorizacao das
usinas planejadas, podendo ficar bem abaixo do
valor de 102 R$/MWh do CME de referéncia
estabelecido (Figura 10).

Como a expansdo da oferta de geragao até o
ano de 2014 ja foi contratada nos leildoes
realizados até o ano de 2011, os atrasos e
exclusdes de alguns projetos levaram os CMO
dos anos de 2013 e 2014 a superarem o valor
do CME. No entanto, a probabilidade de déficit
nestes anos nado ultrapassa 3,5%, ainda abaixo
do limite de 5%, o que garante o atendimento a
carga de forma segura, como mostrado na
Figura 11.

The operational marginal cost (CMO), computed
for electrical subsystem and expressed in
R$/MWh, can be temporarily well below the
CME value of R$102/MWh (Figure 10), as a
result of the motorization schedule of large
UHEs. On the other hand, the exclusion and
operational delays of some power plants explain
why CMOs in 2013 and 2014 are well above the
CME value.

Even though the CMO values are higher than
the CME value in 2013 and 2014, the respective
deficit risks are not superior to 3.5%, which is
below the 5% assumed threshold. Indeed, in
the whole period, deficit risks are very low in
any electrical subsystem (Figure 11).

Figura 10 — Custo Marginal de Operagao (CMO) por subsistema elétrico
Figure 10 — Operational Marginal Cost (CMO) by electricity subsystem
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Figura 11 — Risco de Déficit por subsistema elétrico
Figure 11 — Energy deficit risk by electrical subsystem
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Investimentos Estimados / Estimated Investiments

A expansdo em geracdo, no periodo 2012 a
2021, requer investimentos da ordem de R$ 213
bilhdes. Cabe ressaltar que grande parte destes
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 da ordem de R$ 117 bilhGes,
sendo cerca de 57% em hidrelétricas, 42% no
conjunto de outras fontes renovaveis (PCH,
biomassa e edlica).

The power capacity expansion in the 2012-2021
period requires a total investment of R$ 213
billion. The investment related to power plants
already contracted amounts to R$ 96 billion.
The remaining R$ 117  billion in new
investments reflects the following expansion
profile: 57% in UHEs and 42% in other
renewable (small hydro, wind and biomass).

Oferta de Energia Elétrica / Power Supply & Transmission
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Balanco Estatico de Garantia Fisica / Structural Balance Considerations

A elaboragdo do balanco estdtico de garantia
fisica tem como finalidade auxiliar na avaliagao
do equilibrio estrutural entre oferta e demanda
deste PDE. A demanda corresponde a carga de
energia elétrica projetada, enquanto que a
oferta é composta pelo somatério dos
certificados de garantia fisica de energia das
usinas.

Para as usinas indicativas no horizonte do Plano,
ainda ndo contratadas, foi considerada uma
estimativa de garantia fisica, tendo como base
os critérios vigentes. Para as usinas ndo
despachadas centralizadamente (sdao elas as
pequenas centrais hidrelétricas, as usinas
edlicas e as usinas movidas a biomassa) e ja
contratadas nos leildes de energia nova,
buscando apresentar uma analise conservadora,
optou-se por considerar a expectativa de
geracdo.”

O balanco estatico de garantia fisica de energia
apresenta saldos positivos, entre 1% e 7% da
carga, em todo o periodo avaliado, indicando
que o cenario de oferta considerado se mostra
suficiente para suprir os requisitos de energia.
Também foram avaliados os balancos estaticos
por regidao e por tipo de fonte, de forma a se
poder melhor identificar as suas necessidades
de importagdo ou dos seus potenciais de
exportagdao. Como resultado da anadlise, tendo
em conta a tendéncia da expansdao da
capacidade instalada em regibes distantes dos
principais centros de carga, constatou-se, por
exemplo, a necessidade de que as regides
Sudeste/Centro-Oeste e Sul ampliem sua
capacidade de recebimento de energia de
outras regides.

1 Ressalta-se que a adogdo desta expectativa de geragdo neste

balango ndo implica na utilizagdo deste critério para o eventual
recélculo de garantia fisica destas usinas, cuja metodologia estd em
fase de revisdo.

The static balance of physical guarantees
certificates contributes to evaluate the structural
balance of power supply and electricity demand.
Electricity demand corresponds to the total
forecasted load in the period while power supply
refers to the sum of the physical guarantee
certificates (for the existing and contracted
power plants) and estimates of the physical
guarantee of power plants indicated in this PDE
and therefore not yet contracted in the power
auctions.

In the case of power plants not in the
centralized dispatch (as some small hydros,
wind power plants and biomass UTE) and
already contracted in the power auctions, it was
considered their respective expectation of
electricity generation, using as reference the
generation history of equivalent power plants
already in commercial operation, instead of their
physical guarantee certificates.”?

The static balance of physical guarantee shows
net positive values, between 1% and 7% of the
electricity load, throughout the period, what
Indicates the power supply is sufficient to attend
load demand requirements. Analogous results
apply when analysis is made by electrical
subsystem and by energy source.

Finally, it is worth to mention that the excess of
supply, evaluated by the aggregated physical
guarantee certificates, especially in the
Northeast subsystem implies better monitoring
of the real expansion in the remaining
subsystem in order to deal with the net
expected sfgnificant outflow of this region
towards the remaining subsystems.

12 Despite the fact that the methodology of estimation of their

physical guarantee is under revision, the expectations used in this
simulation does not validate any future value for their respective
physical guarantee.
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Atendimento a Demanda Maxima / Maximum Demand Requirements

A estimacdo da demanda maxima é feita em
duas etapas.

Na primeira, realiza-se a comparacdo entre a
demanda maxima instantédnea e a oferta local
de poténcia considerando apenas fontes
renovaveis e termelétricas inflexiveis. Caso o
balango seja negativo, € verificada a
possibilidade de importacdo de poténcia gerada
por estas mesmas fontes de outros subsistemas.
O intercdmbio prioriza o0s subsistemas mais
proximos.

Na segunda etapa, é incluida a oferta térmica
flexivel local de cada subsistema. Caso o
balanco de algum subsistema continue negativo,
realizam-se os mesmos passos de intercambio
descritos anteriormente.

A Figura 12 mostra que os déficits na ponta do
sistema ocorrem apenas apdés 2019, e em
somente quatro meses, com probabilidade em
torno de 1%. Em relacao a profundidade dos
déficits (Figura 13), o cenario identificado com
maior déficit atingiu um valor que corresponde a
apenas 1,6% da demanda do SIN.

Analisando as sobras locais de poténcia,
identificou-se a regido Sul como importadora,
caracteristica que vem ficando mais evidente ao
longo do horizonte decenal. Entretanto, a
utilizacdo da interligacdo com o Sudeste nao se
mostrou restritiva para o suprimento adequado
a esta regido, considerando as expansoes
indicadas neste plano.

Conclui-se, desta forma, que a expansao
eletroenergética do SIN indicada neste PDE
2021 estad adequadamente dimensionada para o
atendimento a demanda maxima de poténcia
projetada, tendo em vista as baixas
probabilidades e profundidades dos déficits
observadas no estudo.

The methodology for the estimation of
maximum demand requirements is developed in
two steps.

In the first one, a comparison between the
maximum instantaneous load demand and local
power supply is made considering only the
maximum supply availability of renewable
sources (UHEs, biomass UTE and wind power
plants) and local inflexible UTEs. If maximum
demand exceeds local supply in any subsystem,
an evaluation of availability of import from other
subsystems s made. The subsystem power
exchange prioritizes neighbor subsystems.

In the second step, the local flexible UTE supply
[s considered. In the case of an excess of power
supply, the subsystem becomes a net exporter.
In the case of an excess of demand even with
the additional local flexible UTE supply, the
same analysis of the first step is conducted in
terms of power exchange.

The simulation results (Figure 12) show that
maximum demand deficits occur only after
2019, during 4 months, and with probability of
1%. The severity of the deficit (Figure 13), in
turn, reaches at most an equivalent of 1.6% of
total demand in the National Grid.

In a regional perspective, the South subsystem
will be a net importer, especially in the last
years of the horizon. Nonetheless, the South-
Southeast interconnection capacity is sufficient
to attend the estimated demand, considering
the power plant system configuration of this
EEP. Overall, the same conclusion applies to the
whole power system, given the low power
deficit risk and the low severity of a power
deficit obtained in the simulation exercises.
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Figura 12 — Risco de déficit por subsistema elétrico
Figure 12 — Risk of a Power Deficit by Main Electrical Subsystems
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Figura 13 — Severidade do risco em termos da demanda total
Figure 13 — Severity of a power deficit risk in terms of the total demand
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TRANSMISSAO DE ENERGIA ELETRICA / POWER

TRANSMISSION

A Figura 14 ilustra, de forma esquematica, a
configuracao do SIN referente ao ano de 2011,
indicando também parte das instalagbes a serem
implantadas no futuro proximo (2012/2013).

The transmission line system of the National
Grid in 2011 is presented in Figure 14, which
also includes the expansion of transmission
lines to occur in 2012 and 2013 (dotted lines).

Figura 14 — Sistema de Transmissdo Elétrica
Figure 14 — Transmission Line System
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O SIN estd dividido em quatro regides
geoelétricas interligadas, conforme ilustrado na
Figura 15. As interligacOes dessas regides
possibilitam a otimizacdo energética das bacias
hidrograficas, com o aproveitamento das suas
diversidades hidroldgicas.
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The complex transmission line system can be
schematically represented in Figure 15. The
regional interconnections allow the (electrical)
optimization of the river basins, taking into
account the differences in hydrological regimes.
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Fonte / Source: EPE.

Figura 15 — Interligacdes Regionais
Figure 15 — Regional Interconnections

este - Sudeste
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Principais Destaques da Expansao da Transmissao / Highlights of the
Expected Expansions by Region

De acordo com os estudos da EPE, as seguintes
interconexdes sao recomendadas para o periodo
de 2012-2021:

1.

Na interligacdo MNorte - Sudeste/Centro-
Oeste, a solugao recomendada contempla a
expansdao desta interligagdo por meio de
dois bipolos em corrente continua de + 800
kV, com capacidade de 4.000 MW cada,
sendo o primeiro indicado em 2017 e o
segundo em 2019. Os pontos indicados para
essa interligacdo na regido Sudeste sao o
Terminal MG, localizado préximo a SE
Estreito, na fronteira dos estados de Minas
Gerais e Sao Paulo, e o Terminal RJ, no
estado do Rio de Janeiro, proximo a Nova
Iguacgu.

The following expansions

in the regional

interconnections are recommended to occur in
the period 2012-2021, 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 2017 and
2019. The interconnection points in the
Southeast region are the Terminal MG,
located near to SE Estreito (in the MG/SP
borderline), and Terminal RJ, located to the
city of Nova Iguacu, RJ state.

Oferta de Energia Elétrica / Power Supply & Transmission



Na interligagdao Norte-Nordeste, os estudos
desenvolvidos pela EPE indicaram a
expansao dos troncos, em 500 kV, S3o Jodo
do Piaui — Milagres, Bom Jesus da Lapa —
Ibicoara — Sapeagu e um terceiro circuito
entre P. Dutra — Teresina — Sobral III.
Adicionalmente, foram recomendados mais
dois elos em 500 kV, sendo um entre as
subestacbes Miracema e Bom Jesus da Lapa
II e outro entre Miracema e Sdo Jodao do
Piaui, com inclusdo das subestacoes
intermediarias Gilbués e Barreiras.

Na interligagdo  Sudeste-Nordeste, a
definicdo da expansdo desta interligacao
contempla o elo em 500 kV Barreiras — Rio
das Eguas — Luzidnia — Pirapora.

Na interligagdo Sul-Sudeste/Centro-Oeste, a
solucao recomendada contempla duas linhas
de transmissao em 500 kV: LT Itatiba —
Bateias C1, 390 km, em 2015 e LT Assis —
Londrina C2, 120 km, em 2019, perfazendo
510 km de extensao.

Para as usinas hidrelétricas do Rio Teles
Pires, a definicdo do sistema necessario para
0 escoamento adequado dessa energia
indicou um sistema de transmissdo com trés
circuitos em 500 kV e 1000 km de extensao
até a SE Ribeirdozinho, além de reforcos na
regidao Sudeste entre as subestacdes de
Ribeiraozinho, Rio Verde e Marimbondo.

Os estudos para definicdo do sistema de
conexao das usinas da bacia do Tapajos
encontram-se em estagio inicial, e sua
configuracdo neste PDE 2021 é referencial.

2.

4.

Empresa de Pesquisa Energética - EPE

In the North and Northeast interconnection,
it is indicated the expansion of trunks in
500 kV of Sdo Jodo do Piaui — Milagres,
Bom Jesus da Lapa — Ibicoara — Sapeagu
and a third cdircuit in Presidente Dutra —
Teresina — Sobral III. Two addition links in
500 kV are recommended: (i) between SE
Miracema and SE Bom Jesus da Lapa Il
and (ii) between Miracema and S&o Jodo do
Piaui, with the inclusion of intermediate SE
Gilbués and Barreiras.

In the Southeast and  Northeast
Interconnection, it is recommended an
expansion of the transmission link in 500 kV
in Barreiras — Rio das Eguas — Luzidnia —
Pirapora.

In the South and Southeast-Midwest
interconnection, two transmission flines (TL)
in 500 kV: TL Itatiba — Bateias C1, with
390 km, in 2015 and TL Assis — Londrina
C2, with 120 km, in 20189.

For the UHEs in the Amazon Region, the
UHEs in the river Teles Pires were
considered in a new subsystem connected
to the Southeast-Midwest region. The
required transmission capacity indicates
three circuits in 500 kV and a line of 1,000
km length until SE Ribeirdozinho, and also
reforces in the Southeast region between
SE Ribeirdozinho, SE Rio Verde and SE
Marimbondo.

For the UHEs in the Tapajos river, a
reference case was established since
transmission studies are at initial stage.
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Expansao dos Sistemas de Transmissao Regionais / Regional Power
Transmission Capacity Expansion

As tabelas a seguir sintetizam a evolugdo fisica Transmission capacity expected expansion in
do SIN em termos de comprimentos de linhas the National Grid refers to the expansfion of
de transmissdo e de capacidade de transmission lines (Table 8) and the
transformacao. transformation capacity (Table 9).

Tabela 8 — Estimativa de expanséo das linhas de transmissdo (km)
Table 8 — Expansion of Transmission Lines (km)

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

gg'fie”te em / Bxisting in 0 2.683 1612 34851 6679 10063 45349 101.237

Expansdo em / Expansion in

0o 7.325 0 4750 26889 113 337 8318  47.732
2012-2016 0 0 4750 21547 47 337 7.874  34.555
2017-2021 7.325 0 0 5.342 66 0 444 13177

Estimado em / Estimated in

2021 7.325 2.683 6.362 61.740 6.792 10.400 53.668 148.969

Fonte / Source: EPE.

Tabela 9 — Estimativa de expansdo do sistema transformacao (MVA)
Table 9 — Expansion of Transformation Capacity (MVA)

Status 750 kv 500 kv 440 kV 345 kv 230 kv TOTAL
E)Sllsiente em / Existing in 232.877
5’8‘1’3”;32 o [ Bxpansionin 4 5 49.331 2.433 5.676 19396  78.336
2012-2016 1.500 38.168 2.433 5.577 16.803 64.481
2017-2021 0 11.163 0 99 2.593 13.855
Estimado em / Estimated in 311.213

2021

Fonte / Source: EPE.
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Estimativa de Investimentos / Estimated Investiments

O investimentos total, considerando o valor
acumulado no periodo 2012-2021, abrangendo
também as instalacOes ja licitadas que entram
em operacdo no periodo decenal, atinge a cerca
de R$ 55 bilhdes, sendo R$ 36 bilhdes em linhas
de transmissao e R$ 19 bilhdes em subestagdes,
incluindo as instalacdes de fronteira.

Sem o computo das instalagdes ja licitadas, ou
seja, considerando apenas as novas instalacoes
de linhas de transmissao e subestagdes
previstas, o valor total resulta da ordem de R$
32 bilhdes, sendo cerca de R$ 22 bilhdes em
linhas de transmissao e R$ 10 bilhdes em
subestacbes, incluindo as instalagbes de
fronteira.

Total investment of the estimated transmission
capacity expansion in the period 2012-2021
(including those already contracted in the
transmission auctions) amounts to R$ 55 billion,
of which R$ 36 billion refers to transmission
lines and R$ 19 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 R$ 32
biflion, of which R$ 22 billion in transmission
lines and R$ 10 billion in substations.

Tarifas de Uso do Sistema de Transmissao - TUST / Transmission

Tariffs

A projecdo do valor médio da TUST de geragao
em 2021, considerando as usinas das quatro
regides geoelétricas, resultou da ordem de R$
4,9/kW.més. Separadamente para as regioes, 0s
resultados foram: Sul — R$ 4,9/kW.més,
Nordeste — R$ 4,7/kW.més, Norte — R$
4,2/kW.més e Sudeste/Centro Oeste — R$
5,9/kW.més.

Quanto a TUST de carga, resultaram os
seguintes valores médios por regido: Sul — R$
6,6/kW.més, Nordeste — R$ 6,7/kW.més, Norte
— R$ 7,0/kW.més e Sudeste/Centro Oeste — 6,2
R$/kW.més.

The associated TUST (the transmission tariff) of
the power system for the expected transmission
capacity expansion is expected to reach an
average of R$ 4.9/kW.month. By regions,
TUSTs are respectively: R$ 4.9/kW.month in the
South subsystem, R$ 4.7/kW.month in the
Northeast subsystem, R$ 4.2/kW.month in the
North system, and R$ 5.9/kW.month in the
Southeast-Midwest subsystem.

The associated TUST of the load system by
region are respectively: R$ 6.6/kW.month in the
South subsystem, R$ 6.7/kW.month in the
Northeast subsystem, R$ 7.0/kW.month in the
North system, and R$ 6.2/kW.month in the
Southeast-Midwest subsystem.
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I1I - PETROLEO, GAS NATURAL E BIOCOMBUSTIVEIS /

OIL, GAS AND BIOFUELS

PRODUCAO DE PETROLEO E GAS NATURAL / OIL AND GAS

Producao Potencial de Petrdleo / Oil Potential Production

A produgao potencial de petréleo, no horizonte
do PDE 2021, provenientes dos recursos
descobertos (reservas dos campos e recursos
contingentes) e dos recursos nao descobertos
(tanto areas ja contratadas com empresas
quanto em parte das areas da Unido) podera
duplicar até 2021, ultrapassando os cinco
milhdes de barris por dia. A producdo
sustentada somente pelas reservas totais (RT)
atuais devera atingir os maiores volumes entre
2017 e 2018, declinando em seguida. Em
compensacdo, estima-se que 0S recursos
contingentes, relacionados principalmente as
acumulagdes do Pré-Sal em blocos ja
contratados, juntamente com 0s recursos nao
descobertos, manterdo a tendéncia crescente da
producao em todo o periodo do PDE, chegando
a contribuir com aproximadamente 43% da
producao de petréleo em 2021.

The perspectives in the oil potential production
up to 2021 are promising: it is expected that oil
production doubles to 5 million barrels per day,
with half of the production obtained from
contingent areas (especially related to already
granted areas in the Pre-Salt region) and from
undiscovered resources (already granted areas
and Union areas). This evolution more than
compensates the fact that the production of
total reserves will reach its maximum around
2017 (Table 10).

Tabela 10 — Produgao de Petréleo por area
Table 10 — Oil Production by Area Classification

Recursos /| Resources

milh&es de barris por dia / million of bbl per day

2012 2016 2021
Recursos ndo descobertos em areas ja contratadas /

Undliscovered resources, already granted areas 0,0 0,1 0,2
Recursos em dreas da Unido / Resources in Union areas 0,0 0,0 03
Recursos Contingentes / Contingent Resources 0,0 08 23
Reservas totais / Total Reserves 2,2 2,5 2,5
TOTAL 2,2 34 54

Fonte / Source: EPE.
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Producao Potencial de Gas Natural / Natural Gas Potential Production

A producdo bruta potencial de gas natural
poderda mais que duplicar até 2021, a maior
parte como gas associado, alcancando valores
da ordem dos 235 milhdes de metros cubicos
por dia, com significativa contribuicdo, a partir
de 2014, dos recursos  contingentes
(principalmente do Pré-Sal) e dos recursos ndao
descobertos em blocos contratados.
Descontando-se da produgdo bruta o consumo
préprio (E&P), a reinjegdo nos reservatorios e
queima, estima-se que a producdo liquida
potencial de gas natural nas unidades de
processamento alcance cerca de 164 milhdes de
metros cuibicos por dia ao final do decénio.

Mostly due to the associated gas production, it
s expected that the natural gas production
potential more than double in 2021, reaching
the production level of 235 million cubic meters
per day. The net production potential (excluding
self consumption, reinjection and burn) in the
processing units is expected to reach 164
million cubic meters per day in 2021 (Table 11).

Tabela 11 — Producao de gas natural por tipo de recursos
Table 11 — Gas production by resources

Resources / Resources

milhdes de m* por dia / million of m’ per day

2012 2016 2021
Recursos ndo descobertos em areas ja contratada /
Undiscovered resources, already granted areas 0,0 4,2 35,7
Recursos em areas da Unido / Resources in Union
areas 0,0 0,0 15,3
Recursos Contingentes / Contingent Resources 0,8 319 77,3
Reservas totais / 7otal Reserves 82,8 100,4 107,5
Produgdo Total / Total Production 83,6 136,6 235,8
Produgdo Liquida / Net Production 57,7 96,3 164,4

Fonte / Source: EPE.
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Investimentos e Razao R/P / Investments and R/P Ratio

A consecucdo das previsdes de producdo de
petroleo e gas natural dependera da realizacdo
de vultosos investimentos nas atividades de
E&P, em torno de US$ 300 bilhdes. Para o
periodo 2012-2021, prevé-se a necessidade de
90 novas FPSO.

Estdo implicitamente incluidos neste PDE os
investimentos associados a Carteira de Projetos
do PAC, no que se refere a exploragao e ao
desenvolvimento da producdo em todo territdrio
nacional, principalmente nas bacias de Campos
e Santos, incluindo descobertas no Pré-Sal.

Espera-se que, mesmo com a crescente
producdo prevista, tanto de petrdleo (que deve
atingir valores muito acima da demanda
estimada até o final do periodo) quanto de gas
natural, a razdo entre reserva provada e
producdo (R/P) no Brasil mantenha-se nos
niveis atuais, proximos de 19 anos, até o final
do decénio. Esses valores de R/P, em
31/12/2011, sdo compativeis aos observados
em importantes regides produtoras do mundo.

The expected increase in O&G production will
depend on investments that amount US$ 300
billion. 90 new FPSO will be necessary to the
O&G activities in the period 2012-2021.

In this estimate the government PAC
investments in the Campos and Santos Basin
are included.

The resulting R/P ratio is expected to maintain
its level of 22 years for oil and 19 year for
natural gas. These figures are compatible with
the ones observed in countries with significant
O&G production.

DERIVADOS DE PETROLEO / PETROLEUM PRODUCTS

Perspectivas de Prec¢o de Petrdleo e Derivados / Price Evolution for Oil

and Petroleum Products

Para a evolucdao dos precos do petrdleo e dos
derivados, utilizou-se como referéncia a
trajetéria dos pregos do petrdleo tipo Brent.
Esta evolugdo, por sua vez, € afetada, entre
outros, por: i) o crescimento da economia
mundial; ii) a demanda mundial e regional de
derivados; iii) os ganhos de eficiéncia energética
e substituicdo energética; iv) a producdo
mundial de petrdleo e capacidade ociosa da
OPEP; v) eventos geopoliticos; (vi) depreciacao
do ddlar e outros fatores financeiros.

For the oil and petroleum product price forecast,
it was considered Brent oil price as the main
parameter. In the Brent price evolution, the
perspectives of the following Issues were
analyzed: world economic growth, demand of
petroleum derivatives, energy efficiency gains
and fuel substitution, world oil supply and OPEC
spare capacity, geopolitical events (especially in
oil production countries), and financial aspects
(e.g., US dollar depreciation, international
liguidity and oil future markets).




Espera-se que o mercado de petrdleo continue
“apertado” até 2015. Pelo lado da oferta, os
investimentos em projetos de E&P foram
duramente afetados pela crise financeira de
2008-2009 e a OPEP nao tem antecipado os
investimentos em capacidade produtiva para
balancear o mercado, deixando-o pressionado e
vulneravel a eventuais restricoes de oferta. Pelo
lado da demanda, prevé-se um significativo
aumento da demanda mundial de petrdleo nos
proximos anos (em especial nos paises
emergentes, como a China), apds a crise de
2008-2009. Consequentemente, a cotacdo do
petroleo Brent devera se manter num patamar
acima de US$ 100/b nesse periodo.

A partir de 2015, os precos de petroleo deverdo
ser mais moderados por conta da retomada e
maturacdo de projetos de E&P que haviam sido
cancelados ou adiados por causa da crise, da
moderacdo do crescimento econdmico mundial,
do efeito da alta de pregos sobre a demanda de
derivados e a maturacdo de politicas de
substituicdo de derivados e de eficiéncia
energética. Dessa forma, as cotacOes do Brer,
nesse cenario, deverdo cair no final do horizonte
para o patamar de US$ 80/b (a valores de maio
de 2011).

A trajetoria do preco do Brent e dos demais
petroleos é apresentada na Figura 16.

Empresa de Pesquisa Energética - EPE

It is expected a tight oil market condition until
2015 mainly because of supply side conditions.
Investments were severely affected during the
2008-2009 crisis and no capacity-anticipation
strategy was implemented by OPEC in response
for supply restriction events (e.g. the Arab
Spring). In world oil demand, it is expected a
significant increase in the next years, especially
in emerging market countries as China, after the
economic crisis of 2008-2009. Thus, in this
period, Brent oil prices are expected to move
around the US$ 100/bbl.

From 2015 on, a moderate oil price is expected
due to investment resumption in E&P projects,
world average economic growth at around 4%
per year and the effects of petroleum product
substitution policy and energy efiiciency policy.
Brent oil price is expected to decrease to
US$80/bbl (in constant prices of May, 2011).

Brent and other petroleumn price evolution are
depicted in Figure 16.
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Figura 16 — Precos internacionais do Petrdleo
Figure 16 — Oil International Prices
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Dado o preco do Brent, a evolucao dos precos
internacionais de derivados depende também da
expansao da capacidade de refino mundial. Os
mercados de referéncia de precos utilizados nas
projecdes foram: Costa do Golfo americana para
gasolina, dleo diesel, dleo combustivel BTE e
QAV, Mont Belvieu (Estados Unidos) para o GLP,
e ARA para a nafta.

Given the Brent oil price, the evolution of the
petroleum products (Figure 18) depends also on
the expansion of the world oil refining capacity.
For the international price references, it was
used.: (i) US Gulf Coast prices for gasoline, diesel
fuel, BTE fuel oil, and jet fuel; (i) Mont Belvieu
(Texas, USA) for LGP, and ARA for naphta.

Figura 17 — Pregos internacionais de derivados de petrdleo
Figure 17 — International Petroleum Product Prices
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Para os pregos dos derivados nacionais (Figura
19), foram usadas paridades de exportacdo e
importacdo export and import parities,
considerando os custos de frente da regido de
referéncia para o Rio de Janeiro. No caso da
gasolina e do GLP (13 kg), foram ainda
consideradas politicas domésticas de
determinacdo dos seus respectivos precos.

For domestic petroleum product prices (Figure
19), export and import parities were used,
taking into account freight costs from the
reference for the product to Rio de Janeiro. In
the case of gasoline and LPG (13 kg), domestic
price specific policies were considered in their
respective forecasts.

Figura 18 — Pregos nacionais dos derivados de Petréleo
Figure 18 — Domestic Petroleum Product Prices
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Expansao do Parque Nacional de Refino / Refining Capacity Expansion

Os estudos desenvolvidos visando a expansdo
do parque nacional de refino contemplam trés
objetivos estratégicos para o pais: priorizar o
abastecimento nacional de derivados de
petroleo, principalmente os considerados mais
nobres (médios e especiais); privilegiar, nas
novas refinarias, o processamento dos petroleos
nacionais mais pesados; processar localmente o
petroleo nacional excedente, sempre que, no
longo prazo, as margens previstas indiquem ser
esta uma alternativa viavel e vantajosa.

Refining capacity expansion studies takes into
account three strategic goals for the country: to
attend domestic demand of petroleum products,
in particular the medium and special ones, to
privilege the refining of the heavy domestic oil
in new refineries, and to refine the excess of
domestic oil whenever profit margins are
attractive.

Petroleo, Gas Natural e Biocombustiveis / Oil, Natural Gas and Biofuels



O aumento dos excedentes de petrdleo nacional
e a necessidade de importacdo de alguns
derivados indicam claramente que os
condicionantes sdo favoraveis para a ampliagdo
e adequacdo do parque nacional de refino.
Ademais, cabe ressaltar que, para atender
satisfatoriamente a demanda, o parque nacional
de refino devera utilizar processos mais
sofisticados de conversao e tratamento, focando
a producdo em derivados médios (QAV e diesel),
principalmente para consumo interno.

Considerou-se uma expansao do parque
nacional de refino atual até o ano de 2021, de
acordo com o calendario indicado pela Petrobras
das ampliacdes de capacidade e das construgdes
de novas unidades nas refinarias existentes.
Além disso, foram considerados:

= 0 inicio da operagao da RNEST em 2014;

= a primeira e a segunda fases do COMPERJ,
respectivamente em 2015 e 2018;

= 0 primeiro médulo da Premium I, em 2017,
= aPremium Il em 2018.

O pais devera continuar como importador liquido
de derivados até o ano de 2016, com destaque
para os grandes volumes importados de diesel
em 2013 e 2014. O dleo combustivel, todavia,
permanecera em todo o periodo com
excedentes, embora sempre decrescentes e
quase nulos a partir de 2018.

Com a entrada do 1° trem da Refinaria Premium
I, o pais consolida-se como exportador liquido
de derivados, situagdo favorecida também pela
entrada do 2° trem do COMPER]J e da Refinaria
Premium II, ambos em 2018.

Cabe ressaltar que a colocacdo de grandes
volumes de derivados no mercado internacional
requerera a elaboracdo de estratégias de
comercializagao internacional apropriadas.
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New refinery capacity is needed to attend
expected petroleum product demand growth
(e.g., diesel fuel and jet fuel) and more
stringent specification requirements for some
petroleum products domestically and abroad.
The increasing excess of supply of the domestic
oil in the coming years also supports the
expansion and suitability of the domestic
refining capacity.

Currently, domestic refining capacity comprises
12 refineries owned by Petrobras and 4 owned
by private groups, which amounts to 330
thousand cubic meters/day (or 2 million
barrels/day) of total refining capacity. Four new
refineries  (with  respective  dates) were
considered.:

= Refinaria do Nordeste (RNEST), starting
operations in 2014.

= Complexo Petroguimico do Rio de Janeiro
(COMPER]J), phase I in 2015 and phase II in
2018.

= Premium I, first module in 2017.
= Premium II in 2018.

Brazil is expected to be net petroleum product
demander until 2016, with huge import volumes
of diesel fuel in 2013 and 2014. For fuel oil, an
excess of supply is expected to occur until
2018.

However, as refinery Premium I starts its
operational phase, Brazil becomes a net supplier
in the market of petroleum products, especially
in 2018 when the phase II of COMPERJ and
refinery Premium II starts production. This
position will reqguire appropriate business
strategies of domestic producers.



Por outro lado, o pais sera exportador liquido de
petroleo durante todo o periodo, com a
expectativa de atingir o pico maximo exportado
da ordem de 400.000m3/d (aproximadamente
2,5 milhdes de barris por dia) em 2021,
principalmente de petréleos do tipo médio, onde
estdo inseridos os grandes volumes dos campos
da regido do pré-sal. As importacGes de outro
petroleo do tipo leve, essencialmente para
suplementagdo e ajuste de elenco de petrdleo,
ocorrem também em todo o periodo, porém em
volumes bastante reduzidos.
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In the crude oil market, Brazil is a net supplier
throughout the ten-year horizon, and it Is
expected to export 400 thousand m?3/day
(around 2.5 million barrels per day) in 2021.
Mainly exports are medium-crude oil from the
pre-salt area. Some light crude-oil imports are
expected in the ten-year horizon for specific
petroleum products, but volumes are not
significant.

Evoluc¢ao do Balanc¢o de Derivados / Petroleum Product Evolution

Na evolucdo do balango de derivados de
petroleo no Brasil (Tabela 12), ha mudanca de
condicdo de importador liquido para exportador
liguido no 2° quinquénio do horizonte.

A excecdo é o coque, embora a producdo de
coque seja crescente no periodo. Cabe ressaltar
que o objetivo principal das unidades de
coqueamento ndo é atender ao mercado de
coque, e sim a conversdao de residuos em
destilados mais nobres (como o dleo diesel, o
QAV e a gasolina). Assim, o coque obtido é
apenas um subproduto decorrente do processo.

In the evolution of the balance of the main
petroleum products in Brazil (Table 12), the
country turns into a net exporter in the 2 half
of the ten-year period.

The exception is coke, despite its increasing
production throughout the ten-year horizon.
However, the main goal of petroleum coke
plants is not to meet coke demand, but to be
used in the conversion of low-value residue into
high-value light products. Therefore, petroleum
coke Is only a by-product of the refining
process.
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Tabela 12 — Abastecimento do Mercado dos Principais Derivados
Table 12 - Liquid Fuel Balance

(milhSes / million m*/d)

Combustivel / Fuel 2012 2016 2021
Produgdo / Production 31,3 40,3 50,6
Refinarias / Refineries') 22,2 25,1 30,9
GLP/ LPG UPGN / Gas Processing Units® 9,1 15,3 19,7
Demanda / Consumption 36,8 41,0 46,4
Saldo liquido / Net Production (5,5) (0,7) 4,3
Producdo / Production 17,1 29,2 44,3
Nafta Demanda / Consumption 35,6 35,6 35,6
Saldo liquido / Net Production (18,6) (6,4) 8,7
Produgdo / Production 76,6 69,9 79,2
Gasolina / Gasoline Demanda / Consumption 79,9 69,5 79,2
Saldo liquido / Net Production (3,2) 0,4 0,0
Produgdo / Production 14,2 21,2 30,8
QAV/ Jet Fuel Demanda / Consumption 19,8 24,3 30,8
Saldo liquido / Net Production (5,6) (3,1) 0,0
Produgdo / Production 124,3 162,7 249,5
Diesel / Diesel Fuel Demanda / Consumption 147,9 178,2 211,7
Saldo liquido / Net Production (23,7) (15,6) 37,8
Importacado / Imports 23,7 15,7 0,0
Exportacdo / Exports®™ 0,0 0,2 37,8
Sleo Combustivel / Fuel Produgdo / Production 37,9 35,2 36,3
oil Demanda / Consumption 24,6 28,8 36,1
Saldo liquido / Net Production 13,3 6,4 0,2
Producdo / Production 10,6 19,9 24,8
Coque / Coke Demanda / Consumption 19,2 23,1 28,9
Saldo liquido / Net Production (8,6) (3,2) (4,1)
Producdo / Production 312,1 378,4 515,6
Demanda / Consumption 363,9 400,5 468,8
Total Saldo liquido / Net Production (51,9) (22,1) 46,8
Importacdo / Imports 65,2 29,4 6,2
Exportagdo / Exports 13,3 7,3 53,0

(1) Inclui a produgdo das centrais petroquimicas e da Usina Industrial do Xisto (SIX). Ndo considera a produgdo de GLP oriunda de gés natural,
nem o GLP ndo energético. / It includes the production of petrochemical stations and Usina Industrial do Xisto (SIX). It does not consider
LPG production from the natural gas and non-energy LPG.

(2) Inclui também o total da produgdo de GLP oriundo das Unidades de Fracionamento de Liquidos de Gas Natural (UFL) e das UPGN que estdo
localizadas nas refinarias. Estes valores poderdo sofrer variagbes significativas, dependendo da intensidade do despacho das usinas
termelétricas a gas natural, bem como do crescimento do mercado deste combustivel. / It includes LPG production from NGL Fractionation
Plants and from the Gas Processing Units in the refineries. These figures depend on the thermal power plant dispatch and, thus, may vary
substantially.

Fonte / Source: EPE.
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Expansao da Infraestrutura de Transporte / Transportation

Infrastructure Expansion

As movimentagbes previstas de derivados
indicam que cinco polidutos de transporte
deverdao atingir a saturacdo no horizonte
estudado: OPASC (Oleoduto Araucaria—Biguagu),
OLAPA (Oleoduto Araucaria-Paranagua), ORSUB
(Oleoduto Reconcavo—-Sul da Bahia), OSPLAN 24
(Oleoduto do Planalto, de 24” de diametro, Sao
Sebastido—Guararema—Paulinia) e OSBRA
(Oleoduto Sao Paulo—Brasilia).

Adicionalmente, a EPE analisou a possibilidade
de ser implantado um poliduto para o transporte
de claros (GLP, Gasolina A e Oleo Diesel) entre a
REPAR (Araucaria, PR) e o Municipio de
Presidente Prudente, no Estado de S3o Paulo.
Este poliduto”” atenderia a 18 Polos de
Abastecimento nos Estados de Parana, Sé&o
Paulo e Mato Grosso do Sul. O duto proposto
reduziria  substancialmente o  transporte
rodoviario de GLP, diesel e gasolina nas regides
atendidas.

No que diz respeito as movimentagbes de
petroleo, nas hipoteses analisadas, verifica-se
gue todos os sistemas atendem as necessidades
das refinarias atuais no horizonte considerado.

13 Principais caracteristicas do projeto: extensdo de 650 km,

didmetro de 18 polegadas, Capacidade Inicial (aproximada): 7
milhGes m3/a; Terminais terrestres: Guarapuava, Maringd e
Presidente Prudente; Investimentos previstos: US$ 1,4 bilhdo.

Up to 2021, it is expected that 5 liquid fuel
pipelines  will reach full capacity: OPASC
(Araucaria—Biguacu,), OLAPA (Araucaria-
Paranagud), ORSUB (Recdncavo-Sul da Bahia),
OSPLAN 24 (S50  Sebastido-Guararema—
Paulinia), and OSBRA (Sdo Paulo—Brasilia) what
certainly will imply investment in capacity
increase.

Additionally, a new liguid fuel pipeline is
suggested in this EEP for transportation of light
distiflates (LGP, A-type gasoline and diesel fuel)
from REPAR (Araucdria, Parana state) and the
city of Presidente Prudente, in S0 Paulo state.
The suggested pipeline’® would serve 18 supply
hubs in the states of Parand, Sdo Paulo and
Mato Grosso do Sul and would substantially
reduce the road transportation of LGP, diesel
fuel and gasoline in the area.

In the case of oil pipelines, the transportation
Infrastructure of the existing refineries is
sufficient to their expected production evolution
up to 2021.

14 Main technical characteristics: extension of 650 km, 18-inch

diameter, initial capacity of 7 million cubic meters/a, terminals:
Guarapuava, Maringa and Presidente Prudente, and total investment
of US$ 1.4 billion.
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GAS NATURAL / NATURAL GAS

Foram estabelecidas projecoes de precos do gas
natural no Brasil considerando a hipdtese de
75% de competitividade com o 6leo combustivel
de alto teor de enxofre (OC ATE), principal
energético substituto do gas natural no mercado
brasileiro.

Projeta-se uma ampliacdo da oferta total de gas
natural na malha integrada de cerca de
98 milhdes de m>/dia em 2012 para 183 milhdes
de m*/dia em 2021 (Figura 20).

Desses totais, 71 milhdes de m®/dia
correspondem a importacdo em 2021, sendo 30
milhdes de m®/dia de gas boliviano e de 41
milhdes de m?/dia de GNL. Assim, verifica-se
que a oferta do gas natural nacional na malha
integrada eleva-se de um patamar de 47
milhdes de m>/dia em 2012 para 112 milhdes de
m®/dia em 2021. Deste total em 2021, cerca de
48 milhdes de m>/dia referem-se aos recursos
descobertos, 39 milhdes de m®/dia a recursos
contingentes e 25 milhdes de m3/dia a novas
descobertas.

In the forecast exercise it was assumed that the
relative price of natural gas would be 75% in
terms of OC ATE fuel oil (high sulfur content),
the main important substitution fuel in the
Brazilian industry sector. Furthermore, forecasts
refer only to the pipeline integrated grid, what
excludes natural gas supply in the North region.

Total supply of natural gas (Figure 20) is
expected to rise from 98 million of nP’/day in
2012 to 183 million of nr’/day in 2021, including
total imports of 71 million nT’/day (30 million of
nr’/day from Bolivia and 41 million of m’/day of
LNG). The total domestic production of 112
million of mP/day in 2021 can be decomposed in
48 million of nf/day of discovered resources, 39
million of nP/day of contingent resources, and
25 million of n’/da y of new dliscoveries.

Petréleo, Gas Natural e Biocombustiveis / Oil, Natural Gas and Biofuels
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Figura 19 — Oferta total de gas natural no Brasil (Malha Integrada)
Figure 19 — Total Supply of Natural Gas in the Pipeline Integrated Grid
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Balanco do Gas Natural / Balance of Natural Gas

As projecbes de demanda de gas natural na
malha integrada, ao considerar o0 mercado das
companhias distribuidoras locais, o0 consumo em
refinarias e as fabricas de fertilizantes, passam
de um total de 61 milhdes de m?/dia em 2012
para 116 milhdes de m3/dia em 2021. Quando
incluido o atendimento do parque termelétrico a
gas e bicombustivel em sua capacidade maxima,
estes valores passam de cerca de 104 milhdes
de m>/dia em 2012 para 170 milhdes de m*/dia
em 2021 (Figura 21).

Assim, a oferta total é suficiente para atender a
demanda esperada de gas natural no horizonte
do PDE. A demanda maxima também é
atendida, a menos de alguns anos, desde que as
bicombustiveis sejam também despachadas.

Os investimentos totais na expansdao da malha
integrada devem atingir cerca de R$ 8 bilhdes.

Total demand of natural gas in the pipeline grid
is computed for two alternatives: when thermal
power plants are fully dispatched (maximum
dispatch) and in the expected dispatch case. In
the first case, total demand of natural gas in the
pipeline integrated grid is expected to rise from
104 million of nT’/day in 2012 to 170 million of
nr/day in 2021. In the expected dispatch case,
it is expected to rise from 61 million of n’/day
in 2012 to 116 million of m3/day in 2021,

Therefore, the total supply is sufficient to attend
the expected total demand of natural gas
throughout the ten-year horizon (Figure 21).
Total maximum demand /s also attended with
some minor problems in specific years and only
in the case two-fuel thermal power plants were
also dispatched.

Estimated investments in the pipeline integrated
grid Is expected to amount R$ 8 billion.

Petroleo, Gas Natural e Biocombustiveis / Oil, Natural Gas and Biofuels
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Figura 20 — Balango de Gas Natural no Brasil — Malha Integrada
Figure 20 — The Balance of Natural Gas in the Pipeline Integrated Grid
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OFERTA DE BIOCOMBUSTIVEIS / BIOFUELS AND BIOMASS

Biodiesel

No horizonte decenal ndo se espera a utilizacdo
de biodiesel além do percentual obrigatorio (B5)
e seu preco devera permanecer superior ao do
diesel neste periodo.

A capacidade instalada de produgao em 2011 é
suficiente para atendimento da demanda até
2021, caso o percentual mandatorio permaneca
em 5% (B5), conforme Figura 22.

Ainda assim, estimam-se investimentos da
ordem de R$ 1 bilhdo em usinas de produgao de
biodiesel no periodo decenal. Embora haja
programas de governo de fomento de cultivos
energéticos alternativos, o 6leo de soja devera
continuar como principal insumo para a
producdo de biodiesel no periodo decenal.

In the ten-year horizon, the mandatory
percentage (B5) of biodiesel in the diesel blend
is not changed what, given the expected higher
relative price of the biodiesel, contributes to be
the main driver of biodiesel production.

The balance of biodiesel (Figure 22) indicates
that total production capacity of 6.8 billion liters
in 2011 is sufficient to attend demand until/
2021, if B5 mandatory policy is unchanged. Yet,
investments totaling R$ 1 billion are expected in
capacity expansion.

Nonetheless public policy incentives (e.g.,
PROPALMA for palm oil), soya oil continues to
be the main input in the biodiesel production in
the ten-year horizon.
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Figura 21 — Producao de dleos e materiais graxos x demanda de biodiesel
Figure 21 — The Evolution of Balance of Biodiesel
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Etanol / Ethanol

Projeta-se que a demanda total de etanol, de
26,2 bilhdes de litros em 2012, alcangara pouco
mais de 68,5 bilhdes em 2021 (crescimento
médio de 10% a.a.), compreendendo o mercado
interno — carburante e outros usos — e a parcela
destinada a exportagao.

A demanda de etanol carburante (anidro e
hidratado) devera apresentar um crescimento de
quase 11% ao ano.

Total demand of ethanol (Figure 23) is expected
to rise at an average rate of 10% per year,
from 26.2 billion liters in 2012 to 68.5 billion in
2021, leading by fuel ethanol (anhydrous and
hydrated) which is expected to rise at an
average rate of 11% per year, from 21.9 billion
liters in 2012 to 61.6 billion in 2021.

Petréleo, Gas Natural e Biocombustiveis / Oil, Natural Gas and Biofuels
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Figura 22 — Evolucdo esperada da demanda por etanol
Figure 22 — The Expected Evolution of Ethanol Demand
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O mercado brasileiro de etanol devera continuar
em expansao, devido, principalmente, ao
aumento da frota de veiculos fex-fuel, que
passara de 17,6 milhdes de veiculos em 2012
para 42,3 milhdes em 2021, conforme Figura
24.

The impressive increasing in ethanol fuel
demand in the ten-year horizon is related to the
expansion of the flex-fuel light-duty vehicle
(LDV) fleet which is expected to increase from
17.6 million in 2012 to 42.3 million in 2021
(Figure 24).

Figura 23 — Perfil da frota de veiculos leves por combustivel
Figure 23 — The Expected Evolution of LDV Fleet by Fuel Type
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Exportacdes de Etanol / Ethanol Exports

O Brasil devera manter-se na lideranca das
vendas internacionais. Entretanto, ndo se prevé
uma ampliacdo significativa dos volumes
exportados pelo Brasil, no periodo analisado,
dada a tendéncia de mercados mais
protecionistas nos préximos anos e as limitages
de producdo de etanol no pais. Estima-se que,
entre 2012 e 2015, os volumes exportados
serdo praticamente constantes e bastante
modestos. Nesse periodo, o pais se limitara a
atender a contratos de  exportagao,
principalmente entre empresas brasileiras e
americanas. As projecoes de exportacdo do
etanol brasileiro devem alcancgar 3,3 bilhdes de
litros em 2021 em volume exportado.

Although it is expected that Brazil keeps its
International leadershijp in ethanol exports,
export volumes will not rise significantly in the
next years (Figure 25), given the protectionism
trend of some important foreign markets and
some domestic supply constraints. After 2015,
with growth resuming in foreign markets and
the overcoming of current domestic supply
constraints, ethanol exports is expected to reach
3.3 billion liters in the end of the forecast
horizon.

Figura 24 — Volume total exportado
Figure 24 — Total Ethanol Exports
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Expansdo de Produc¢ao Requerida/Corresponding Sugarcane Production

Para atendimento da demanda total de etanol
projetada pela EPE em 2021, sera necessario
expandir a producdo de cana para 1,2 bilhdo de
toneladas, conforme Figura 26.

7o attend total demand of ethanol, the
corresponding sugarcane production is required
to reach 1.2 billion tonnes in 2021 (Figure 26).

Figura 25 — Quantidade de cana para atender a demanda
Figure 25 — Sugarcane Production Requirement
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A drea necessdria ndo crescera na mesma
proporcao devido aos ganhos de produtividade.
A Figura 26 apresenta a projecdo da area
necessaria e do rendimento. A utilizacdo de
novas tecnologias na fase industrial tornara a
producdo de etanol mais eficiente, reduzindo o
uso de insumos e a geragao de residuos.

Given expected productivity gains due to
technological advancements in the refining (less
input-intensive technologies and reduction of
waste), the required land area increase Is less
than proportional to the increase in sugarcane
production (Figure 27).

Petroleo, Gas Natural e Biocombustiveis / Oil, Natural Gas and Biofuels
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Figura 26 — Produtividade e projecao da area necessaria para a producao de cana
Figure 26 — Productivity and Land Requirements in the Sugarcane Production
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Investimentos Estimados / Estimated Investments

O investimento necessario até 2021 esta
previsto em cerca de 71 bilhGes de reais na
construgdo e ampliagao da capacidade agricola e
industrial brasileira.

O volume total produzido e transacionado em
2021 necessitara de uma infraestrutura de
transporte mais adequada que a atual, baseada
no modal rodoviario, com a introdugdao das
opgOes dutoviaria, hidroviaria e ferroviaria.
Também sera necessaria estrutura portuaria e
de armazenamento compativeis com os volumes
a serem movimentados.

Atualmente, existe um projeto de infraestrutura
dutovidaria com participacdo das principais
empresas do setor sucroalcooleiro e da
Petrobras, cujo investimento estimado é de R$
6,5 bilhdes.

Estimated investments in total supply expansion
amount to R$ 71 billion up to 2021.

Furthermore, the increase in the ethanol
production requires a suitable transportation
Infrastructure. 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, a
ethanol pipeline built in a joint-venture of
Petrobras and other ethanol producers.

Petroleo, Gas Natural e Biocombustiveis / Oil, Natural Gas and Biofuels
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Biomassa de Cana-de-Acucar / Sugarcane Bagasse

Em 2021, a cana produzida no Brasil podera
disponibilizar cerca de 312 milhdes de toneladas
de bagaco, cujo potencial técnico de geracdo é
da ordem de 10 GWmed. O potencial técnico do
aproveitamento da palha e ponta varia entre 9,2
e 14,5 GWméd ao fim do periodo decenal.

Portanto, o potencial técnico do bagaco de
cana-de-aglicar € promissor, embora questoes
de competitividade possam limitar o seu
aproveitamento pleno.

From the expected sugarcane production
perspectives, it is expected 312 million tonnes
of sugarcane bagasse in 2021. This amount
corresponds to total power capacity of
approximately 18,000 MW (10,000 average GW
of energy) that can be added to the power
system. Considering the technical potential of
sugarcane straw and residuals, an additional
energy generation ranging from 9,200 to
14,500 average MW can be added in the end of
the horizon period. Thus, the technical potential
of sugarcane bagasse [s very promising,
although competitiveness questions may limit
the full power potential of this renewable
energy source.

Petroleo, Gas Natural e Biocombustiveis / Oil, Natural Gas and Biofuels
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IV - ASPECTOS SOCIOAMBIENTAIS E DE
SUSTENTABILIDADE / SOCIOENVIRONMENTAL AND

SUSTAINABILITY ISSUES

Na andlise socioambiental do PDE 2021 foram
utilizados  critérios e procedimentos que
configuram, sob uma visdao abrangente, o uso
extensivo do conceito de sustentabilidade.

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

EMISSOES DE GEE / GHG EMISSIONS

O PDE constitui-se, no ambito do setor de
energia, no plano de mitigacdo e adaptagdo as
mudangas climaticas, apresentando a avaliacdo
das emissbGes de gases de efeito estufa (GEE)
associadas ao cenario de producao e uso da
energia.

Apesar de ndo estar vinculado ao compromisso
de reducdo, o Brasil tem empreendido esforcos
no sentido de mitigar suas emissdes como forma
de contribuir para o objetivo global de estabilizar
a concentracdo de GEE na atmosfera, principio
basilar da Convencao.

A Tabela 13 apresenta as emissoes devido a
queima de combustiveis fosseis na produgdo e
uso da energia e também as emissGes fugitivas
calculadas com base neste PDE 2021.

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

One of the main objectives of the 2021 EEP was
to abide by the law 12.187 of 2009 and decree
7.390 of 2010 which impose the ceilling of 680
million tonnes of CO, related to the production
and use of energy by 2020.

Total GHG emissions related to the energy
balance reach 622 million tonnes of CO; in
2020, as shown in Table 13 by sector.

Aspectos Socioambientais e de Sustentabilidade / Socioenvironmental and Sustainability Issues
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Tabela 13 — EmissOes de GEE relativas a producao e ao uso de energia
Table 13 — GHG emissions related to the production and use of Energy

MtCO:-eq, relativos a queima de combustiveis fésseis
million tonnes of CO, related to fossil fuels (MtCO2-eq)

Setor / Sector 2011 2016 2020 2021
Transportes / Transports 192 225 261 269
Industrial 99 133 160 165
Eiétrico / Power SIN / National Grid 20 26 29 31

Autoproducdo / Own Use 10 28 39 38
Energético / Energy (exc. Power) 25 34 46 48
Emissdes fugitivas / Fugitive Emissions ) 12 27 36 38
Agropecuario / Agriculture and Cattle Farming 18 22 25 25
Residencial / Residential 18 20 22 23
Comercial /| Commercial 2 2 2 2
Publico / Public Sector 1 2 2 2
Total 396 519 622 641

(1) N&o incluem emissGes nas minas de carvao. / Do not include emissions from coal mines.

Fonte / Source: EPE.

Este PDE 2021 foi elaborado tendo entre seus
objetivos atingir uma meta de emissoes
previamente fixada, qual seja manter no ano
horizonte, 2021, a mesma intensidade de
emissbes, conceituada como sendo a
quantidade de emissdes (kgCO,-eq) por unidade
do PIB, observada em 2005, tendo como base
para as emissbes desse ano o Inventario
Brasileiro de Emissoes Antrdpicas de Gases de
Efeito Estufa.

A intensidade de carbono no uso da energia
(tCOy/tep) e a intensidade de carbono na
economia (tCO,/US$) em 2021 (Tabela 14)
serao menores em 2021 do que em 2005.

The significant renewable share in the energy
balance in the ten-year horizon is fundamental
to the GHG emission results obtained above and
to keep this renewable share at high levels
constitutes one of the main challenges in the
power capacity expansion.

The respective carbon intensity related to the
production and use of energy (tCOy/tep) and
the carbon intensity of the economy (tCO,/US$)
in 2021 (Table 14) will be less than the
respective 2005 values, thus fulfilling the
environmental targets.
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Tabela 14 — Intensidade de carbono devido a producdo e ao uso da energia
Table 14 — Carbon intensity related to the production and use of energy

Setor / Sector 2005 2020 2021
EmissGes de GEE na producdo e uso de energia / GHG emissions of the
production and use of energy. 329 622 641
(milhdes de tCO,-eq [/ million of tCO,-eq)
PIB / GDP 2.967 5.734 6.021
(R$ bilhdes [2010] / R$ billion in constant values of 2010)
Consumo final energético / Final energy consumption 1827 3532 3675
(milhdes tep / million toe)
Intensidade de carbono no uso da energia / Carbon intensity of the
production and use of energy 1.801 1.761 1.744
(kgCO,-eq / toe)
Intensidade de carbono na economia / Carbon intensity of the economy 110.9 108.5 106.5

(kgCO,-eq /R$ thousand)

Nota / Note: A equivaléncia de CO; € dada pela métrica do GWP para 100 anos (CHs;=21 e N.O=310). | The CO2 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 & IPEA.

ANALISE AMBIENTAL / ENVIRONMENTAL ANALYSIS

A seguir é apresentado um conjunto de
indicadores  socioambientais  relativos  a
expansao da geracao e transmissao de energia
elétrica, petrdleo, gas natural e biocombustiveis.

Geracao Hidrelétrica / Hydro Power

A expansdo da oferta de energia elétrica do PDE
2021 compreende a implantagao de 34 usinas
hidrelétricas (UHEs), prevendo um aumento de
cerca de 42.000 MW na poténcia instalada do
parque hidrelétrico brasileiro. A  regido
Amazonica concentra a expansdo, tanto em
nimero de projetos quanto em termos de
poténcia instalada (86,5%). Essa regido
constitui a fronteira hidrelétrica do pais onde se
localiza grande parte do potencial hidrelétrico
brasileiro ainda nao explorado.

Os potenciais impactos socioambientais e
beneficios socioecondmicos das UHEs do PDE
2021 sao apresentados na Figura 27.

This section presents the main conclusfons of
environmental analysis for Power and Power
Transmission, Oil and Gas (O&G), Ethanol, and
Biodliesel.

The indicative hydro power capacity expansion
comprises 34 UHEs in the ten-year horizon,
which corresponds to a capacity increase of
approximately 42,000 MW. Amazon region
concentrates most of the expansion, both in
terms of number of power projects and installed
capacity.

The eventual social and environmental impacts
and benefits stemming from the deployment of
UHEs were shown in Figure 27.
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Figura 27 — Impactos socioambientais e beneficios socioeconomicos das UHEs
Figure 27 — Cost-benefit environmental analysis of UHEs

1,00 -

Maior Beneficio
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Fonte / Source: EPE.

Na figura podem ser reconhecidas trés regiGes
distintas. A regido mais a direita e mais elevada
caracteriza-se, principalmente, por menores
impactos socioambientais e maiores beneficios
socioecondmicos. Em contraposicdo, projetos
com maiores impactos e menores beneficios
tendem a se concentrar na regido mais proxima
a origem. A avaliacdo socioambiental das UHEs
do PDE 2021 ndo indicou nenhuma dessas
usinas nessa area. A regido intermediaria
compreende a faixa onde a relacdo entre
impactos e beneficios tende a ser mais
equilibrada. A maior parte das UHEs do PDE
2021 (65%) esta situada na area intermediaria.

Para a implantacdo dos 34 projetos previstos,
necessita-se de uma area de 6.456 km2,
referente aos reservatorios das usinas, o que
representa 0,15 km2/MW (a média das UHEs
existentes é de 0,46km2/MW) e uma area de
3.450 km2 de vegetacdo nativa ou
0,08km2/MW. Dos 34 projetos, dois interferem
em unidades de conservacao (UC) de protecao
integral e dois em UCs de uso sustentavel.

1,00 2,00

Figure 27 shows UHE projects (dots) and three
areas. The area at the upper right (green)
represents UHEs with the highest social and
economic  benefits while keeping social,
economic and environmental impacts at the
lowest level. The area at the lower left (pink)
represents UHEs with the lowest social and
economic benefits and at the same time with
higher social, economic and environmental
iImpacts. The middle area represents an
Intermediate  situation between the two
extremes.

The required reservoir area amounts to 6,456
kmZ2, which represents a low ratio of 0.15
km2/MW, when compared to the average of the
existing UHEs of 0.46km%/MW, and an
additional area of 3,450 km?2 of native forest, or
0,08km2/MW. Two UHE projects interfere in
conservation units (UC) of total protection and
two UHE projects in UCs of sustainable use.
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Estima-se que serao afetados aproximadamente
62 mil habitantes, o que representa 1,5
hab/MW, e que dois projetos interferirdo
diretamente em terras indigenas. Por outro lado
serdao gerados 139.700 empregos diretos nos
picos das obras (3,3 empregos/MW), uma
compensagao financeira anual de R$ 508
milhdes e uma compensacao financeira, ao
longo dos 10 anos, de R$ 2.035 milhdes para os
Estados e para os municipios. Ainda serdo
gerados nas obras R$ 2.300 milhdes relativos ao
ISS.

A Tabela 15, disponivel abaixo, resume as
varidveis analisadas a respeito do setor
hidrelétrico.

It s estimated that the 34 UHE projects will
affect 62 thousand inhabitants (1.5 hab/MW)
and 2 UHE projects interfere in indigenous
lands. On the other hand, the projects will
create 139.700 direct jobs at the peak of the
construction phase (3.3 jobs/MW), an annual
financial compensation amount of R$ 508
million and an additional financial compensation
amount to states and cities of R$ 2,035 million
in ten years. In the construction phase, ISS
revenues are expected to amount to R$ 2,300
million.

Figures associated to the hydropower plant are
summarized in the following Table 15.

Aspectos Socioambientais e de Sustentabilidade / Socioenvironmental and Sustainability Issues
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Tabela 15 — Indicadores da geracao hidrelétrica
Table 15 — Summary of HydroPower Environmental Analysis

Variaveis / Variables

Valor / Value Observacao / Observation

Area alagada / Flooded Area

Area alagada por poténcia instalada /

Flooded Area per MW

Perda de vegetagdo nativa /

Loss of forest area

Perda de vegetagdo nativa por MW /

Loss of forest area per MW

Projetos com interferéncia em UC de protecdo
integral / Projects affecting full protection
conservation units

Projetos com interferéncia em UC de uso
sustentavel / Projects affecting sustainable-use
conservation units

Populacdo diretamente afetada /

Directly affected population

Populagdo diretamente afetada por poténcia
instalada / Directly affected
population per MW

Projetos que interferem diretamente em TI / /
Projects affecting indigenous lands

Empregos diretos gerados em 34 UHEs (1) /
Direct Job Creation

Empregos diretos gerados por poténcia instalada
em 34 UHEs/ Direct Job Creation per MW

Compensacao financeira / Financial
compensation

Compensagao financeira para os Estados /
Financial compensation to states

Compensagdo financeira para os municipios /
Financial compensation to cities

ISS gerado nas obras /
City Tax (ISS ) adue to construction activities

0,078% do territorio nacional / of total country

6.456 km?
area
) Média de UHE existentes / Average of the
0,15 kmz/MW current UHES: 0,49 km2/MW
0,066% da area da Amazonia Legal /of the
3.450 km?
Legal Amazon area
0,08 km2/MW
2 De / Out of 34 UHEs
3 De / Out of 34 UHEs

62.000 habitantes /
inhabitants

1,5 hab./MW

2 De / Out of 34 UHEs

139.700 empregos /
Jobs

No pico das obras / At the peak of the
construction phase
3,3 empregos por MW /
Jobs per MW

No pico das obras / At the peak of the

construction phase
No periodo de dez anos, 31% da compensagao
financeira paga em 2011 por todas as UHEs em
operacdo / In the ten-year period. The annual
average amount represents 31% of total
financial compensation paid by operating UHE

R$ 508 milhdes /
million

in 2011

R$ 2.035 milhdes / No periodo de dez anos / In the ten-year
million period

R$ 2.035 milhdes / No periodo de dez anos / In the ten-year
million period

R$ 2.300 milhdes / No periodo de dez anos / In the ten-year
million period

Nota / Note: Considera dados de obras de 34 UHEs. / The amount corresponds to only 34 UHEs construction.

Fontes / Sources. EPE, MCT & IPEA.



Geracao Térmica / Thermal Power

Os indicadores ambientais relativos a geragdo
termelétrica dizem respeito as emissées de GEE
das usinas do SIN e das termelétricas
autoprodutoras (Tabela 16).
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The main indicators related to Thermal Power
are related to GHG emissions (Table 16),
including those related to the thermal power in
the E&P activities and the oil refining.

Tabela 16 — Indicadores ambientais da geracdo termelétrica
Table 16 — Summary of Thermal Power Environmental Analysis

Variaveis / Variables

Valor / Value

Observacao / Observation

Emissdes de GEE no Sistema Interligado Nacional
| GHG Emissions in the National Grid

Emissdes de GEE por autoproducdo / GHG
Emission of Selfproduction UTE

Fonte / Source: EPE.

28 milhdes de toneladas de CO,

| million tonnes of CO;

29 milhdes de toneladas de CO,
| million tonnes of CO-

Média anual esperada / Annual
expected average

Média anual esperada / Annual
expected average

Transmissao de Energia Elétrica / Power Transmission

A area total das faixas de serviddo® das futuras
linhas de transmissdo corresponde a 2.650 km?.
Desse total, 1.225 km? (46%) correspondem a
vegetacao nativa, da qual 35% se localiza no
Cerrado, 32% na Amazonia, 23% na Caatinga,
9% na Mata Atlantica, 1% nos Pampas e 0,9%
no Pantanal. Mais da metade da area total
requerida para a expansao do sistema de
transmissao  (54%) corresponde a terras
ocupadas, entre outros, por agricultura, pecuaria
e areas urbanas.

Entre as areas de interesse socioambiental que
poderdo ser afetadas, direta ou indiretamente,
pelos novos empreendimentos de transmissao
figuram as areas classificadas como prioritarias
para a conservacao da biodiversidade (cerca de
800 km? de faixas de servid3o nessas areas),
seguidas de assentamentos do Incra (180 km?)
e unidades de conservagdo de uso sustentavel
(114 km?).

15 - ’ a . ) )
Para estimativa das interferéncias socioambientais das novas

linhas de transmissdo, considerou-se a largura da faixa de serviddo,
que varia conforme a tensdo da linha (de 40 a 120 metros).

The total area of rights-of-way*® corresponds to
2,650 kn?’, of which 1,225 kn?’ (46%) of native
forest in the Cerrado (35%), Amazonia (32%,),
Caatinga (23%), Atlantica Forest (9%), Pampa
region (1%) and Pantanal (0.9%). The
remaining share corresponds to lands devoted to
economic activities (agriculture, cattle farming)
or in urban areas.

The areas subject to direct or indirect
environmental impacts of the new transmission
lines include biodiversity priority areas (800
kn?), INCRA settlements (180 kn?’), and
conservation units for sustainable use (114 kn?).

16 In the estimation of the environmental impacts of the new
transmission lines it was considered a right of way ranging from 40 to
120 meters, depending on the line tension.
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Tabela 17 — Indicadores da transmissao de energia elétrica
Table 17 — Summary of Power Transmission Environmental Analysis

Variaveis / Variables V::;;e/ Observacao / Observation
o . . Esse valor representa 41% da rede atual

Extensao total das LTs '(I||'1has' de transmissao) / 40.863 km | The value represents 41% of the
Total length of transmission lines (TLs) current national grid
Area das faixas de serviddo /

] 2.650 km?2
Rights-of-way (ROWs) total area
Area de faixas de serviddo em UC de protecdo integral / 29 k2

,2 km
Total area of ROWs in full protection conservation units
Area de faixas de serviddo em UC de uso sustentavel / 114 k2
m
Total area of ROWs in conservation units of sustainable useé?
Numero de LTs com interferéncia direta com TI /
1 De 168 LTs / Out of 168 TL

Number of TLs directly affecting indigenous lands
Empregos diretos gerados / 120,000 No momento pico das obras /

Direct Jobs

At the peak of the construction phase

Nota / Note: A area da faixa de serviddo ndo corresponde a drea de supressdo de vegetagdo, que em UCs deve se limitar as areas das torres
| The ROW area do not correspond to the vegetation removal area that is limited to the transmission tower areas in the case of conservation

units.
Fonte / Source: EPE.

Producao de Petrdleo e Gas Natural / Oil and Gas Production

Foram analisadas 336 unidades produtivas com
inicio da producdo previsto para o decénio em
pauta. A maior parte das unidades produtivas
(80%) apresentou grau igual ou inferior a 5,
resultando em sensibilidade intermediaria.

Neste PDE 2021, apenas 31% da producao de
Oleo prevista é do tipo pesado. Em adigdo,
deve-se considerar que a maior parte desse
volume serd produzido na bacia de Campos, em
areas de sensibilidade baixa a moderada.

Associados as atividades de E&P relativas as
unidades produtivas com recursos descobertos
com produgdo prevista no horizonte decenal,
foram estimadas a criacdo de 75 mil empregos
diretos no pico das atividades, em 2015; a
geracao de 100 mil empregos indiretos,
considerando as outras atividades da cadeia
produtiva do petrdleo; e a arrecadacdo
destinada a estados e municipios de cerca de R$
267 bilhdes nos proximos dez anos.

The analysis of the environmental aspects of
336 O&G Production Units expected to be in
operation during the ten-year period shows an
intermediate environmental impact: in a scale
ranging from 0 (lowest impact) to 11 (highest
impact) 80% of the O&G Production Units are
graded 5 or less. Essentially, the environmental
impact of the O&G production depends on the
environmental sensitivity, the characteristics of
the resource (e.g., the oil density), and the
probability of an accident.

Heavy oil in the EEP 2021 corresponds to 31%
of the total ol production and most part of it will
be produced in the Campos basin, in areas of
low-to-moderate sensitivity.

In the case of O&G production units in the
discovered resource areas, the associated job
creation is expected to reach 75,000 direct jobs
and 100,000 indirect jobs at the peak of the
construction phase in 2015 and fiscal revenues
(royalties and special government participations)
due to states and cities to be around R$ 267
billion in the period 2012-2021.
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Tabela 18 — Indicadores de E&P de petrdleo e gas natural
Table 18 — Summary of O&G Production Environmental Analysis

Variaveis / Variables VLT 4 Observacao / Observation
Value
Numero de projetos com interferéncia em UC de protegdo .
) ] o ) ] De 336 UPs / Out of 336 Production
integral / Projects with interference in Total Protection 2 Units
Conservation Unit
NO de projetos com interferéncia em UC de uso sustentavel / 13 De 336 Ups / Out of 336 Production
Projects with interference in Sustainable Use Conservation Unit Units
. ) Valor maximo, em 2015 / Maximum, by

Empregos diretos gerados / Direct Jobs 75.000 2015

o . Valor maximo, em 2015 / Maximum, by
Empregos indiretos gerados / Indirect Jobs 100.000 2015

Recursos financeiros gerados / Government Take

Fonte / Source: EPE.

Etanol / Ethanol

A andlise socioambiental indicou que a expansao
da area de producdo de cana, estimada em 2,4
Mha, devera ocorrer predominantemente em
areas de pastagem, ndo conflitando com a
producdo de alimentos e sem desmatamento.

No mercado de trabalho, a crescente
mecanizacdo da  colheita,  possibilitando
significativos ganhos de produtividade, tem
resultado na substituicao de postos de trabalho
insalubres e de baixa remuneracao por outros
que exigem niveis mais elevados de
escolaridade e mesmo alguma capacitacao
técnica, que oferecem mais alta remuneracao.

R$ 26,7 bilhdes /

Royalties e participagdes especiais,
calculados apenas para 0s recursos
descoberto / Only revenues of royalties
and special participation

billion

It is expected that sugarcane production area
will increase of 2.4 million of hectares
(equivalent to 5.9 million acres), mostly in
pasture lands. It is important to mention that
this expansfon does not occur at the cost of
food production and deforestation.

In the sugarcane Ilabor market, increasing
harvest mechanization, boosting productivity
gains, has led to substitution of poor working
condition and low salary jobs for higher salary
jobs due to higher educational and skill
requirements.

Two expansions should be highlighted from the
borderline of states of Minas Gerals and Goias.
These two paths correspond to areas with
medium-to-high  suitability for sugarcane
proaduction, water availability, and available (or
to be available) infrastructure.



Mantém-se a tendéncia de crescimento da
participacdo de fornecedores independentes na
producdo de cana, ultrapassando a proporcao
de 50% em 2014. A crescente participagao
desses fornecedores no atendimento a demanda
por cana-de-aclcar indica que eles deverdo
concentrar, também, a forga de trabalho na
lavoura da cana. Portanto, iniciativas do poder
publico e da agroindustria canavieira visando a
promocdao de melhores condigdes para o
trabalhador rural devem incorporar as
discussOes representantes dos fornecedores
independentes e a eles estender suas agoes.
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It /s expected the increase of the share of the
independent producers in the sugarcane
production to be more than 50% by 2014. As
for the labor market, the main trend in the
sugarcane and ethanol labor market is the
reduction in the relation of jobs in harvesting
and jobs in sugarcane processing, due to
harvesting mechanization. This process Is
expected to continue in the ten-year horizon in
the main production areas, with increasing in
the mechanization index (Table 19).

Tabela 19 — Relagdo entre producdo de cana-de-acicar e criacdo de empregos
Table 19 — Sugarcane Production and Related Job Creation

Regido / Variaveis / Variables 2012 2016 2021
Region
Produgdo (milhdes de toneladas) /
Production (million tonnes)
Mecanizada / Mechanical 268,6 411,1 560,7
SdoPaulo  Manual 89,5 119,3 140,2
Empregos na producado de cana-
de-agucar (mil) / Jobs in 79,4 106,7 126,7
Sugarcane Production (thousand)
Parana, Produgdo (milhdes de toneladas) /
Minas Production (million tonnes)
Gerais, Mato Mecanizada / Mechanical 105,5 182,5 275,6
Grosso, Manual 70,4 78,2 68,9
Mato Grosso .
do Sul & Empre,gos na.produgao'de cana-
Goids de-agucar (mil) / Jobs in 60,7 68,5 62,3

Sugarcane Production (thousand)

Fontes / Sources. EPE com dados do IBGE e do RAIS. / EPE based on data from RAIS and IBGE.

Biodiesel

O PNPB pode ser considerado uma iniciativa
bem sucedida, haja vista a antecipacdo em trés
anos da meta de 5% (B5). Contudo, continuam
os desafios da diversificacdo da matriz de
matérias-primas graxas (82% da demanda é
atendida pela soja) e a inclusdo da agricultura
familiar na cadeia produtiva do biodiesel
permanecem como desafios a serem superados.

Although the Biodiesel Government Program
(PNPB) has succeed to implement B5 diesel in
Brazil 3 years ahead of schedule, some
challenges still remains: the concentration of
soybean as the main biofuel (82% of demand)
and the greater inclusion of the family farming
(small farms) in the biodiesel supply chain.



Do ponto de vista ambiental, pode-se dizer que
a cadeia produtiva do biodiesel ndo acarreta
impactos expressivos, embora o volume de
glicerina resultante da transesterificacdo e as
dificuldades para dar-lhe destinagao adequada
possam resultar em passivo ambiental. A
estimativa da producdo de glicerina é de 3,7
milhdes de toneladas ao longo do decénio.
Diante desse cenario, o desenvolvimento de
alternativas para aproveitamento da glicerina se
coloca como um desafio para o setor.

A criacdo de empregos relacionadas a atividade
de produgdo do biodiesel devera se estabilizar
no periodo decenal, j@ que a produgdo de
biodiesel é suficiente (ao nivel B5) para atender
a demanda até o fim do horizonte.
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The environmental impact of biodiese/
production s considered low, although the
resulting  glycerine  volume  from  the
transesterification and the difficulties to give
appropriate destination to the waste could
result in environmental liability. In the ten-year
horizon 3.7 million tonnes of glycerine are
estimated to be produced.

It s expected that jobs created by the biodiese/
production to be stabilized in the ten-year
horizon (TABLE 20), given that biodiesel
production is sufficient to attend demand up to
2021 (on the assumption that B5 mandatory
regulation remains unchanged,).

Tabela 20 — Relagao entre producdo de biodiesel e criagao de empregos

Table 20 — Biodiesel Production and Related Job Creation

Producdo anual Total de Empregos Empregos
et/ egion oGNSl Enpepsl bl e

(million liters) Creation Creation Creation
Norte / North 29 350 58 292
Nordeste / Northeast 576 6.912 1.151 5.760
Sudeste / Southeast 812 9.743 1.623 8.119
Sul / South 1.534 18.404 3.067 15.337
Centro-Oeste / Midwest 1.439 17.263 2.877 14.386
Brasil 4.390 52.672 8.776 43.894

Fontes / Sources: EPE com dados do MDA. / EPE from data of MDA.

O resumo dos indicadores de producdo de
biodiesel € apresentado a seguir.

The summary of biodiesel production

environmental analysis is presented below.
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Tabela 21 - Indicadores dos biocombustiveis
Table 21 — Summary of Biodiesel Production Environmental Analysis

Variaveis / Variables

Valor / Value

Observacao / Observation

Novas areas de produgdo de cana-de-
agucar / Sugarcane Production New
Areas

Empregos diretos na plantacdo de
cana / Direct Jobs at Sugarcane Crop
Empregos diretos na plantagdo de
cana por 1000 toneladas colhidas /
Direct Jobs at Sugarcane Crop per
1,000 tonnes of harvested sugarcane
Empregos diretos na producao de
biodiesel / Direct Jobs in Biodiesel
Production

Empregos indiretos na producdo de
biodiesel / Indirect Jobs in Biodiesel
Production

Fonte / Source: EPE.

24.000 km?

172.000

0,2

8.200

40.800

Apenas areas no noroeste do Parana, sudeste do Mato Grosso do
Sul, Pontal de Paranapanema, noroeste de Sdo Paulo, Triangulo
Mineiro em Minas Gerais, sul de Goids, e o nordeste do Mato
Grosso do Sul / Only areas in the northwest of Parand, southeast
of Mato Grosso do Sul, Pontal do Paranapanema and the
northwest of Sdo Paulo, Tridngulo Mineiro in Minas Gerais, south
of Goids, and the northeast of Mato Grosso do Sul

Média anual / Annual average

Média anual / Annual average

em / in2021

em / in 2021

Aspectos Socioambientais e de Sustentabilidade / Socioenvironmental and Sustainability Issues
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V - SINTESE EXECUTIVA

Estima-se que a oferta interna de energia (OIE)
atinja 441 milhdes de tep em 2021, a um
crescimento médio anual de 4,9% no periodo.

A oferta interna de eletricidade evolui a uma
taxa média de 4,8%, chegando a 908 TWh.

O consumo final energético é determinante para
a evolugdo da oferta interna e apresenta-se, ao
final de 2021, superior a 363 milhdes de tep e
com uma taxa média de crescimento de 4,8%
ao ano.

It is expected that by 2021, the total primary
energy supply (TPES) reaches 441 million toe,
representing a 4.9% per year of average
growth.

Electricity supply is expected to reach 908 TWh
growing from the current estimated 589 TWh at
an average rate of 4.8%.

Final energy consumption, the main driver of
TPES evolution, is expected to be superior to
363 million toe, representing a 4.8% per year of

average growth.

Tabela 22 — Economia e Energia
Table 22 — Economy and Energy Evolution

2011-2016 2016-2021 2011-2021
Taxa Média Taxa Média Taxa Média

Variaveis / Variables 2012 2016 2021 CAGR CAGR CAGR
(% a.a.) (% a.a.) (% a.a.)
Populacdo / Popuiation 1947 2002 2062 0,7 0,6 0,7
(milhdes / million) ! ! ! ! ! !
PIB / GDP
(RS bilhdes / billior) 3.956 4.717 6.021 4,4 5,0 4,7
OIE / TPES
(milhGes de tep / million toe) 286,2 356,7 440,7 23 43 49
OIE per GDP / TPES per GDP )
(tep per R$ mil / toe per R$ thousand) 0,072 0,076 0,073 10 0,7 0,2
OIE / TPES per capita
(tep por hab. / toe per inhab.) 1,470 1,782 2,137 47 37 42
Oferta de Eletricidade / Electricity Supply 588,5 729,8 907,9 5,2 45 438
(TWh)
Eletricidade por PIB / Electricity per GDP )
(kWh por R$ mil / per R$ thousana) 148,8 154,7 150,8 0,7 0,5 01
Eletricidade/ Electricity per capita
(kWh por hab. / per inhab.) 3.023 3.644 4.404 4,4 3,9 4,1
Consumo Final Energético / Final Energy
Consumption 238,2 294,1 363,8 51 4,3 4,7
(milhdes de tep / million toe)
Consumo por PIB / Consumption per GDP
(tep por R$ mil / toe per R§ thousand) 1,224 1,468 1,765 44 3,7 41
Consumo / Consumption per capita 0,060 0,062 0,060 0,7 0,6 0,0

(tep por hab. / toe per inhab.)
Fonte / Source: EPE.




A evolugdo da oferta interna de energia nos dois
quinquénios do periodo decenal incorpora a
perspectiva de aumento do percentual de
energias renovaveis na matriz energética
brasileira, atingindo cerca de 45% em 2021.

As energias renovaveis exibem um crescimento
médio anual de 5,1%, destacando-se o
crescimento de 8,1% ao ano na oferta de
derivados da cana-de-aglicar e de 7,4% na
oferta de outras fontes renovaveis, que inclui
energia edlica, dleos vegetais e lixivia.

A participacao do petrdleo e seus derivados na
OIE passa de 38,5% em 2012 para 31,9% em
2021. Apesar do incremento na producdo de
petroleo bruto, as perspectivas de substituicdo
da gasolina por etanol e do 6leo combustivel por
gas natural s3o os principais determinantes da
diminuicdo da participacao.

Empresa de Pesquisa Energética - EPE

The analysis of the respective Total Primary
Energy Supply by energy resource highlights
the importance of renewables in the energy
supply, reaching 45% of TPES in 2021 (Table
23).

Renewable energy sources are expected to
grow at 5.1% per year, leading by sugarcane
products (8.1% of average growth) and by the
group, called other renewables, composed by
wind energy, vegetable oils and by-products of
the forestry industry (7.4% of average growth).

The share of oil and oil products in the TPES
reduces approximately 6.5 percentage points
partly due to the competition with natural gas
and sugarcane products. The share of the
natural gas increases from 11.0 in 2012 to 15.5
in 2021 while the share of sugarcane products
rises from 16.4 in 2012 to 21.2 in 2021.
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Tabela 23 — Oferta Interna de Energia por Fonte
Table 23 — TPES by Energy Source

Empresa de Pesquisa Energética - EPE

m'"".;?s deftep / Participacdao / Share (%) 22;:: P
Fontes / Energy Source million of toe
2012 2016 2021 2012 2016 2021
Nao-renovaveis /| Non-renewables 1629 198.2 242.4 56,9 55,6 55,0 4,7%
Petrdleo e Derivados /
Oil and Oil Products 110.1  121.0 140.5 38,5 33,9 31,9 2,9%
Gas Natural / Natural Gas 314 48.7 68.2 11,0 13,7 15,5 9,4%
Carvao e Derivados / Coal and
Coal Products 17.5 21.7  26.8 6,1 6,1 6,1 5,8%
Uranio e Derivados / Uranium
(Us0s) and Uranium Products 3.9 6.8 6.9 1,4 1,9 1,6 5,2%
Renovaveis /| Renewables 123.2 158.5 198.2 43,1 444 45,0 5,1%
Hidraulica e Eletricidade / Hydro
and Power 40.7 46.3 55.4 14,2 13,0 12,6 3,3%
Madeira e Carvao Vegetal / Wood
and Charcoal 23.5 26.1 26.6 8,2 7,3 6,0 0,1%
Derivados da Cana / Sugarcane
Products 46.8 684  93.5 16,4 19,2 21,2 8,1%
Outras fontes renovaveis / Other
renewables 12.2 17.7  22.7 4,3 5,0 5.2 7,4%
Total 286.2 356.7 440.7 100,0 100,0 100,0 4,9%

Fonte / Source: EPE.

A dependéncia externa, que é a relacdo entre a
demanda total de energia e a produgao de
energia primaria, mantém uma trajetdria
decrescente. Consequentemente, ao longo dos
proximos 10 anos, o Brasil passa a ser
exportador liquido de energia, atingindo, em
2021, um excedente de aproximadamente 120
milhdes de tep, que equivale a cerca de 20% da
producdo total de energia no pais.

The external energy dependence (the difference
between total energy demand and TPES) is
decreasing in the ten-year horizon (TABLE 24).
As a result, Brazil turns out to be a net energy
exporter, reaching an excess of energy supply
of 120 miflion toe (which represents almost
20% of current TPES).




Empresa de Pesquisa Energética - EPE

Tabela 24 — Evolucdo da Dependéncia Energética
Table 24 — External Energy Dependence Evolution

2011-2016 2016-2021 2011-2021
Variaveis / Variables 2012 2016 2021 (% chg. per (% chg. (% chg.
year) per year) per year)
Consumo tptal de energia / Total Energy 291.3 363.0 4522 5,4 45 5,0
Consumption
Consumo de energia final / Final Energy 257.7 319.0 305.1 5,3 44 4,8
Consumption
Perdas / LossesV 33.6 44.0 57.1 6,4 5,3 5,9
TPES 277.5 395.6 564.8 9,2 7,4 8,3
Excesso de oferta / Excess of Supply -13.9 32.6 112.6 n.a. n.a. n.a.

Nota / Note: As perdas representam a energia ndo utilizada, reinjetada e a parcela que é perdida nas etapas de transformagdo, distribuicdo
e armazenamento. / Losses represent non-used energy, reinjection and losses in transformation, distribution and storage.

Fonte / Source: EPE.

O descolamento da producdo de energia
primaria em relagao a demanda total de energia
se deve, principalmente, ao aumento da
producao de petrdleo a uma taxa média de
9,8% ao ano, contra um aumento médio de
3,4% ao ano da demanda de derivados de
petroleo, resultando no crescimento médio de
aproximadamente 50% ao ano nha energia
excedente, chegando a 134 milhdes de tep em
2021.

TPES outpaces total energy consumption
underpinned by the sharp increase of 9.8% per
year in crude oil production, while consumption
of petroleum products rises at an average
growth rate of 3.4% per year. In 2021 the
energy surplus is expected to reach 134 million
toe, a 50% cumulative growth in the ten-year
horizon (Table 25).

Tabela 25 — Evolucao da Dependéncia de Petréleo
Table 25 — External Oil Dependence Evolution

2011-2016 2016-2021 2011-2021
Variaveis / Variables 2012 2016 2021 (% chg. (% chg. (% chg.
per year) per year) per year)

Consumo total de derivados do Petrdleo / Total 118.956 133.386 156.829 31 33 32
Consumption of Petroleum Products

Consumo de energia final / Final Energy 114.117 128.299 151.382 36 34 35
Consumption

Geragdo de eletricidade / Electricity Generation 1.287 1.328 1.401 -16,6 1,1 -8,2
Produgdo total de derivados do Petroleo / Tota/ 119.643 182.933 288.222 10,1 9,5 9,8
Production of Petroleum Products

Petrdleo Bruto / Crude Oif 116.290 177.716 280.653 10,3 9,6 9,9

GNL / LNG™ 895 2.214 4.108 59 13,2 9,5

Biodiesel® 2.458 3.004 3.461 57 2,9 4,3

Notas / Notes: (1) Liquidos de gas natural provenientes de gasodutos e UPGN. / Liguids of natural gas from pipelines and processing units.

(2) Oleos vegetais para a produgdo de biodiesel. / Vegetable oils.

Fonte / Source: EPE.
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CONSOLIDACAO DOS RESULTADOS / MAIN RESULTS

Apresenta-se a seguir a consolidacdo de
resultados referentes a variagdes no periodo
decenal de alguns dos parametros
macroecondmicos, do consumo final energético
e da oferta interna de energia, bem como de
dados de infraestrutura de geracao/transmissao
de energia elétrica e de transporte de gas
natural (Tabela 26). Também € mostrada uma
sintese dos valores de investimentos associados
a expansdo da oferta de energia, além de uma
projecao do Balango Energético Nacional para o
ano de 2021 (Tabela 27).

The following results for the ten-year horizon,
taking 2011 as the base year, are summarized
in the next Table: macroeconomic variables,
final energy consumption, and total primary
energy supply. Required investments related to
the energy sector are then presented in Table
27.

Sintese Executiva / Executive Summary
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Tabela 26 — Principais Resultados Consolidados
Table 26 — Main Results of the Energy Expansion Plan 2021

20110) 2016 2021 2012 - 2016 2017 - 2021 2012 - 2021

Variagdo % Variagdo % Variagdo %
Change Change Change Change Change Change

Indicadores Economicos / Economic Indicators

PIB/GDP 0 ) )
(10° RS [2010]) 3.804 4717 6.021 914 24% 1.303  28% 2.217 58%
3 jon"
Populacéo/ Population 1932 2002 2062 71 4% 59 3% 130 7%
(106 hab)
PIB / GDP per capita o o o
(10RS/hab) 197 236 29,2 39 20% 56 24% 9,5 48%
Indicadores de Energia / Energy Indicators
OIE / TPES per capita o o o
(tep per hab/ toe per inhab.) 1,41 1,78 2,14 04 26% 04 20% 0,7 51%
OIE por PIB / TPES per GDP o o o
(tep/toe per 10°RS) 71,8 756 732 3,8 5% 2,4 3% 1,4 2%
Eletricidade por PIB / Electricity per GDP o o o
(KWh/A0°RS) 149,2 1547 150,8 55 4% 3,9 3% 1,6 1%
Intensidade Energética / Energy Intensity o o o
(tep/toe per 10°RS) 71,8 756 732 3,8 5% 2,4 3% 1,4 2%
A Consumo de Eletricidade (%) per4 PIB (%) /
A Electricity Demand (%) per AGDP (%) @ 1,22 0,86 1,03

Consumo Final Energético / Final Energy
Consumption ® (106 toe / tep)

Gas Natural / Natural Gas

246,6 319,0 3951 724 29% 76,1 24% 1485  60%

0, 0, 0,
(10 520 836 1129 316  61% 293  35% 609  117%
((;ger\;)ao e Coque / Coal and Coke 18,0 28,1 35,6 10,1 56% 75 27% 17,6 98%
(bzgrtl)a / Firewood 528 443 476 85 -16% 33 7% -5,2 -10%
ze;)rev;o Vegetal / Charcoal 77 111 115 3,4 44% 04 3% 38 49%
(‘;g:;'de"\‘?“"a” Sugarcane 1282 1848 2348 566 4% 500  27% 1065  83%
(Em"'dade/ Elecricity 4801 6190 7738 1389  29% 1548 25% 2936  61%
Etanol / Ethanol 217 442 652 225  104% 21,0 47% 435 200%
(106 m?)

H H 3]

Biodiesel (10°m’) 25 34 39 08 32% 05 15% 1.3 52%

Derivados de Petréleo / Petroleum Products
(106 m3)
Oleo Diesel / Diesel Fuel

1005 1163 136,5 15,8 16% 20,2 17% 36,0 36%

514 642 765 129 25% 123 19% 252 49%
Oleo Combustivel / Fuel Oil 46 61 70 15 33% 0,9 15% 24 52%
Gasolina / Gasoline 271 255 290 A7 6% 36 4% 19 7%

GLP/LPG 131 150 170 19 15% 20  13% 39  30%
Querosene / Kerosene 44 55 7.0 1,2 27% 1,5 27% 27 61%

Sintese Executiva / Executive Summary
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20110 2016 2021 2012 - 2016 2017 - 2021 2012 - 2021

Variagdo % Variagdo % Variagdo %
Change Change Change Change Change Change

Oferta Interna de Energia / TPES

2731 356,7 440,7 837 31% 839 24% 1676  61%
(108 toe / tep)

Petroleo Bruto / - Produgéo / Production 2.105 3433 5422 1.328  63% 1.989  58% 3317 158%
Crude Ol -Exportagdo /Exports () .265  -1.121 -2.258 856 323%  -1.137 101% 1993 752%
(102 barrel/dav)

Gas Natural / - Produgéo / Production 65,9 1243 190,9 584  89% 66,7  54% 1250  190%
Natural Gas -Importagao / Imports (287 312 329 24 8% 17 6% 42 15%
(108 m¥dav) ' ' ' ' ' '

Oleo Diesel / Diesel - Produgéo / Production 43,0 594 91,1 16,4 38% 317  53% 481  112%
Z‘i;’ ) - Importag&o / Imports 85 53 -141 32 -38% 19,4 -365% 226 -265%
Oleo Combustivel / - Produg&o / Production 14,0 129 16,6 1,1 -8% 37 29% 26 19%
Z‘fe/ ISQ/) - Exportagao / Exports 86 63 90 23 2% 27 4% 05 5%
Gasolina/ - Produg&o / Production 24,5 256 29,0 1,1 5% 34 13% 45 18%
%ﬁ‘;’;@f - Exportagdo / Exports 23 02 00 25 -107% 02 -100% 23 -100%
GLP/ - Produgéo / Production 98 147 185 50  51% 38  26% 87  89%
fﬁ)fms) - Importagdo / Imports 33 03 -5 31 -91% -1,8 -623% 48 -145%
Querosene / - Produg&o / Production 54 7.7 11,2 23 43% 35  45% 58 107%
590’;’;93’;9 - Exportagéo / Exports 1,0 22 42 1,2 131% 20 93% 33 344%
Etanol / - Produgéo / Production 229 454 682 225  98% 228 50% 453  198%
%’fﬂ - Exportagéo / Exports 0,8 1,2 =30 03  38% 1,8 157% 21 254%
Eletricidade / - Produgo + Importagdes

Electricity / Production + Imports 567,6 7298 9079 1621  29% 1781  24% 3402 60%
(TWh)

Capacidade Instalada no SIN / Power Capacity

in the National Grid © (GW) 116,5 1514 1824 349 30% 310 21% 659  57%
Hidraulica / Hydro © 83,6 98,2 116,8 146  17% 187  19% 332 40%
Nuclear 2,0 34 34 14 70% 00 0% 14 70%
Termelétrica / Thermal 17,2 25,3 26,0 82 48% 07 3% 89  52%
PCH / Small Hydro 46 54 7,1 09 19% 17 30% 25  56%
Biomassa / Biomass 7,8 9,6 134 19 24% 39  40% 57 74%
Edlica / Wind 1,4 94 15,6 80 569% 62 66% 142 1009%

Transmissao / Transmission
Linhas de Transmissao / Transmission Lines (km) ~ 101.237 135.792  148.969 34555  34% 131477 10% 47732 47%
Subestagdes / Substations (MVA) 232877  297.358  311.213 64.481  28% 13.855 5% 78336 34%

Gasodutos / Natural Gas Pipelines (km) 9.489 9.745 9.745 256 3% 0 0% 256 3%

Notas / Notes:
(*) Estimativa. / Estimate.

(**) Valores de importagdo e exportagdo tém sinal positivo e negativo, respectivamente. Os incrementos negativos acima de 100% num determinado
periodo correspondem a inversdes do sentido dos fluxos nesse periodo. / Negative (positive) values for exports (imports). A percentage variation above
100% indicates a change in the import/export condition.

(1) Estimativa para a populagdo residente em 31 de dezembro de cada ano. / Estimate in December, 31 for the respective period.
(2) O valor de elasticidade-renda refere-se a sua média nos periodos indicados. / Average estimate.

(3) Inclui o consumo do setor energético e consumo ndo energético. N&o inclui consumo para geragdo elétrica de servigo publico e autoprodugdo. / In the
final energy consumption, it is included the consumption of the energy sector and the non-energy use consumption. The own-use consumption in
power plants and public street lightning are not considereded.

(4) Estimativa referente a recursos descobertos. / Estimate for discovered resources only.
(5) Ndo abrange as instalagdes dos sistemas isolados e a capacidade instalada nos pontos de consumo (autoprodugdo). Os valores da tabela indicam a

poténcia instalada em dezembro de cada ano, considerando a motorizagdo das usinas. / In December of the respective year, considering the motorization of
the plants.

(6) Inclui as parcelas nacional e importada da geragdo da UHE Itaipu. / It includes the imports from UHE Itaipu.

(7) Os valores se referem a instalagdes da Rede Basica do SIN, incluindo subestagGes de fronteira com a rede de distribuigdo. / It includes substations in
connection to the distribution lines.
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Tabela 27 — Investimentos do PDE 2021
Table 27 — Required Investments in the Period of 2012-2021

R$ bilhoes / billion Participagdo / Share
Eletricidade / Electricity 269 24,4%
Geracao / Power 213 19,3%
Transmissao / Transmission 56 5,1%
Petroleo e Gas / Oil and Gas 753 68,4%
E&P 547 49,7%
Derivados / Petroleum Products 198 18,0%
- Refinarias / Refineries 174 15,8%
- Infraestrutura de Transporte / Transportation Infrastructure 24 2,2%
Natural Gas Supply 8 0,7%
Biocombustiveis / Biofuels 79 7,2%
Etanol — Unidades Produtivas / Ethanol — Processing Plants 71 6,5%
Etanol — Portos e Dutos / £thanol — Ports and Pjpelines 7 0,6%
Biodiesel — Unidades Produtivas / Processing Plants 1 0,1%
TOTAL 1.101 100,0%

Nota / Note: Taxa de cambio de referéncia / Exchange rate used as reference: R$/US$ 1,84.
Fonte / Source: EPE.

A Tabela 28 mostra a projecao da matriz The projection of the Brazilian Energy Balance
energética nacional para o ano de 2021. in 2021 is presented in Table 28.
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Tabela 28 — Matriz Energética Nacional em 2021

Fontes de Energia Primaria Fontes de Energia Secundaria
S = < o o 2 a 2
e 2 f .8 ¢ 3 s £, £ g B s » § £ 5 8 E £ B8 & 4
10° te 5 5 £ 8§ * E s 5 5% Bz 8 3 2 . 5 § 5 Sg:, 8 ¢ gB 32393832 54 5
(10°tep) e 5 ¢ 23 2 £ 3 8 i 55 5 £ g 3 5 g S &b 83 o ° =5 EEBSgR § ¥5 ¢
¥E 2 % SE & & - 5 EE gt s 3 s 2 8% 9 b T We °3WogW I §F°
°© 3 = ° & g 3 % ° 8 8 & ® & g2 8 Eg :
[} o = © ® > < =
PRODUGAO 280.653 69208  11.055 0 6862 52537 26630 95123 22710  564.777 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 564777
IMPORTAGAO 12494 10.565 501 13.936 0 0 0 0 0 37.49 0 0 0 0 0 0 0 1.335 0 2854 0 140 1.981 2147 0 8.456 45.952
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 0 653 0 653 653
OFERTA TOTAL 293146 79772 1155 13936  6.862 52537 26630 95123 22710 602273 0 0 0 0 0 0 0 1.335 0 2854 0 140 1.981 2.800 0 9109  611.382
EXPORTAGAO -129.364 0 0 0 0 0 0 0 0 -129.364 11946 -8.646 0 914 2427 34T 0 0 0 0 0 731 -660 0 0 29795  -159.160
NAO-APROVEITADA 0 -3.167 0 0 0 0 0 0 0 -3.167 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -3.167
REINJECAO 0 -8.388 0 0 0 0 0 0 0 -8.388 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -8.388
OFERTA INTERNA BRUTA 163782 68218  11.556 13936 6862 52537 26630 951238 22710 461355 11946 -8.646 0 914 2427 3471 0 1.335 0 2854 0 1,591 1.320 2.800 0 20687  440.668
TOTAL TRANSFORMAGAQ 163782 -30969 4219 13936  -6.862 52537  -11.876 45113 -11.849  -341.144 80100 15370 22350 11293 9519 9239 2872 11344 0 75224 7447 35066 15917 10879 536  307.156 -33.988
REFINARIAS DE PETROLEO -163.782 0 0 0 0 0 0 0 4108 -167.890 77225 15905 21681 6670 12374 9239 0 0 0 0 0 0 15634 8992 0 167.720 70
PLANTAS DE GAS NATURAL 0 -10.249 0 0 0 0 0 0 1.790 -8.458 0 0 0 4391 0 0 0 0 0 0 0 0 0 1.887 0 6278 -2.180
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 -13.93 0 0 0 0 0 -13.936 0 0 0 0 0 0 3176 11344 0 0 0 0 119 0 5% 13.866 -69
CICLO DO COMBUSTIVEL NUCLEAR 0 0 0 0 6862 0 0 0 0 6.862 0 0 0 0 0 0 0 0 6759 0 0 0 0 0 0 6.759 -103
CENTRAIS ELETRICAS DE SERVIGO PUBLICO 0 -5.687 -4.025 0 0 -50.739 0 0 5.884 -66.336 21 -390 0 0 0 0 0 0 6759 65.147 0 0 0 0 0 57.977 -8.358
CENTRAIS ELETRICAS AUTOPRODUTORAS 0 12715 194 0 0 -1.798 419 -9.994 2678 -27.798 302 146 0 0 0 0 -304 0 0 10078 0 0 453 0 0 8.782 19016
CARVOARIAS 0 0 0 0 0 0 11457 0 0 -11.457 0 0 0 0 0 0 0 0 0 0 7447 0 0 0 0 7.447 4010
DESTILARIAS 0 0 0 0 0 0 0 35119 0 -35.119 0 0 0 0 0 0 0 0 0 0 0 35.066 0 0 0 35.066 53
OUTRAS TRANSFORMAGOES 0 2318 0 0 0 0 0 0 970 -3.288 3.288 0 669 232 -2.85 0 0 0 0 0 0 0 1.926 0 0 3.259 29
PERDAS NA DISTRIBUIGAO E ARMAZENAGEM 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -11535 0 0 0 0 0 11535 -11.535
CONSUMO FINAL 0 37.249 7.337 0 0 0 14754 50010  10.861 120210 68.154 6723 22350  10.379 7092 5768 2872 12679 0 66544 7447 33475  17.237 13679 536 274935 395145
CONSUMO FINAL NAO ENERGETICO 0 7.835 0 0 0 0 0 0 0 7.835 0 0 0 0 7.092 8 0 0 0 0 0 1.820 570 13679 344 23513 31348
CONSUMO FINAL ENERGETICO 0 29.414 7.337 0 0 0 14.754 50.010 10.861 112.375 68.154 6723 22350  10.379 0 5760 2872 12679 0 66.544  7.447 31655  16.667 0 192 251422 363.798
SETOR ENERGETICO 0 8398 0 0 0 0 0 26711 0 35.110 1.919 559 0 2 0 0 304 0 0 5.402 0 0 6.088 0 0 14.304 49.414
RESIDENCIAL 0 655 0 0 0 0 2.048 0 0 2703 0 0 0 7.999 0 0 0 0 0 14939 79 0 0 0 0 23017 25.720
COMERCIAL 0 437 0 0 0 0 66 0 0 503 31 18 0 467 0 0 0 0 0 11.083 87 0 0 0 0 11.686 12.188
PUBLICO 0 131 0 0 0 0 0 0 0 131 11 3 0 597 0 0 0 0 0 4481 0 0 0 0 0 5.093 5.223
AGROPECUARIO 0 4 0 0 0 0 2715 0 0 2.718 8.491 97 0 28 0 0 0 0 0 2.089 10 0 0 0 0 10.715 13433
TRANSPORTES 0 3158 0 0 0 0 0 0 0 3158 56.540 2211 22350 0 0 5757 0 0 0 235 0 31.655 0 0 0 118808  121.966
INDUSTRIAL 0 16630 7.337 0 0 0 9926 23298  10.861 68.053 1.162 3.775 0 1.256 0 3 2569 12679 0 28314 7272 0 10579 0 192 67.800 135853

Fonte: EPE.
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Table 28 — National Energy Balance in 2021

Primary Energy Sources Secondary Energy Sources
o > %) =} &
= 2 = é 3 & a Yo o w w 3 w 2 = - 2= o» ZI
(10° toe ) E 2 S 82 = g & st & 2 = % - g £ 8§ 8 8 358 : 2 £ g3t 2 b
= » o = = @ e S) ° § = § s

PRODUCTION 280.653 69208  11.055 0 6862 52537 26630 95123 22710  564.777 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 564777
IMPORTS 12494 10.565 501 13.936 0 0 0 0 0 37.496 0 0 0 0 0 0 0 1.335 0 2854 0 140 1.981 2147 0 8.456 45.952
STOCK CHANGE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 653 0 653 653
TOTAL SUPPLY 293146 79772 11556 1393 6862 52537 26630 95123 22710  602.273 0 0 0 0 0 0 0 1.335 0 2854 0 140 1.981 2.800 0 9109 611.382
EXPORTS -129.364 0 0 0 0 0 0 0 0 -129.364 11946 -8.646 0 914 2427 3471 0 0 0 0 0 1731 -660 0 0 29795  -159.160
NOT-USED 0 -3.167 0 0 0 0 0 0 0 -3.167 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -3.167
REINJECTION 0 -8.388 0 0 0 0 0 0 0 -8.388 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -8.388
GROSS DOMESTIC SUPPLY 163.782 68218 11556 13936 6862 52537 26630 95123 22710  461.355 11946 -8.646 0 914 2427 3471 0 1.335 0 2854 0 1591 1.320 2.800 0 20687  440.668
TOTAL TRANSFORMATION 163.782  -30.969  -4.219 13936  6.862 52537  -11.876 45413 11849  -341.144 80100 15370 22350  11.293 9519 9239 2872  11.34 0 75224 7447 35086 15917 10879 53  307.156 -33.988
OIL REFINERIES -163.782 0 0 0 0 0 0 0 4108 -167.890 77225 15905  21.681 6670 12374  9.239 0 0 0 0 0 0 15634 8992 0 167.720 70
NATURAL GAS PROCESSING UNITS 0 -10.249 0 0 0 0 0 0 1.790 -8.458 0 0 0 4391 0 0 0 0 0 0 0 0 0 1.887 0 6278 -2.180
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 13936 0 0 0 0 0 13936 0 0 0 0 0 0 3176 1134 0 0 0 0 1190 0 5% 13.866 -69
NUCLEAR FUEL PRODUCTION 0 0 0 0 6862 0 0 0 0 6.862 0 0 0 0 0 0 0 0 6759 0 0 0 0 0 0 6.759 103
PUBLIC SERVICE POWER PLANTS 0 5687  -4.025 0 0 50739 0 0 -5.884 -66.336 21 -390 0 0 0 0 0 0 6759 65147 0 0 0 0 0 57.977 -8.358
SELF-PRODUCTION POWER STATIONS 0 12715 194 0 0 1798 419 -9.994 2678 -27.798 302 146 0 0 0 0 -304 0 0 10078 0 0 453 0 0 8.782 19016
CHARCOAL POWER PLANTS 0 0 0 0 0 0 11457 0 0 -11.457 0 0 0 0 0 0 0 0 0 0 7447 0 0 0 0 7.447 -4.010
DISTILLARIES 0 0 0 0 0 0 0 35119 0 -35.119 0 0 0 0 0 0 0 0 0 0 0 35066 0 0 0 35.066 53
OTHER TRANSFORMATION ACTIVITIES 0 -2.318 0 0 0 0 0 0 970 -3.288 3288 0 669 232 2855 0 0 0 0 0 0 0 1.926 0 0 3.259 29
LOSSES IN DISTRIBUTION AND STORAGE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -11535 0 0 0 0 0 -11.535 -11.535
FINAL CONSUMPTION 0 37.249 7.337 0 0 0 14754 50010  10.861 120210 68.154 6723 22350 10379 7092 5768 2872 12679 0 66544 7447 33475 17.237 13679 536 274935 395145
FINAL NON-ENERGY CONSUMPTION 0 7.835 0 0 0 0 0 0 0 7.835 0 0 0 0 7.092 8 0 0 0 0 0 1.820 570 13679 344 23513 31348
FINAL ENERGY CONSUMPTION 0 29414 7.337 0 0 0 1475 50010  10.861 112.375 68.154 6723 22350 10379 0 5760 2872 12679 0 66544 7447 31655  16.667 0 192 251422 363.798
ENERGY BRANCH 0 8398 0 0 0 0 0 26711 0 35.110 1.919 559 0 32 0 0 304 0 0 5.402 0 0 6.088 0 0 14.304 49.414
HOUSEHOLDS 0 655 0 0 0 0 2,048 0 0 2.703 0 0 0 7.999 0 0 0 0 0 14.939 79 0 0 0 0 23017 25.720
SERVICES 0 437 0 0 0 0 66 0 0 503 31 18 0 467 0 0 0 0 0 11.083 87 0 0 0 0 11.686 12.188
PUBLIC SECTOR 0 131 0 0 0 0 0 0 0 131 11 3 0 597 0 0 0 0 0 4481 0 0 0 0 0 5.093 5.223
AGRICULTURE AND LIVESTOCK 0 4 0 0 0 0 2715 0 0 2718 8.491 97 0 28 0 0 0 0 0 2.089 10 0 0 0 0 10.715 13433
TRANSPORT 0 3.158 0 0 0 0 0 0 0 3.158 56.540 2211 22.350 0 0 5757 0 0 0 235 0 3165 0 0 0 118808  121.966
INDUSTRY 0 16630 7.337 0 0 0 9926 23298  10.861 68.053 1.162 3.775 0 1.256 0 3 2569 12679 0 28314 7212 0 10579 0 192 67.800 135853

Note: Unlike the rest of the text, this is the only table in which perfod is used to indlicate the decimal place. In the rest of the text, period is used as a thousands separator.
Source: EPE.
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