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“The Brazilian energy policy is guided by objectives that aim to ensure access of
all people to quality services at fair prices, while maintaining rigorous commitment
to environmental preservation and sustainable management of natural resources.
This policy contributes to both economic and social progress of the population

and to maintain one of the cleanest energy matrices in the world.”

( Tolmasquim , 2012)

'/ Project is funded
/- by the European
Union.
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15 Global Challenges

facing humanity

oo i Sustainable development
PO achievable for all
conggieratmns o global Sufficient clean water for
decisions more routinely D veiond. wilhout confic
Accelerated scientific and technological NSRRI Bringi :
) / e TN ringing population growth
breakthroughs o improve the “ 00 (3 and resources into balance
human condition S S LARSTAD
Meeting growing energy demands / \ TR .\ Emerging genuine democracy
safely and efficiently (13} sl 1 0 i 4)  from authoritarian regimes
——— N "\M"ﬁ%m A
Opping lransnationa) organized cnme [ N N B S Policymaking made more sensitive
networks from becoming more powerful (32 " f’f /[ ST 5) to global long-term perspectives
and sophisticated global enterprises R ST
Changing status of women helps 1‘,"‘ / \:A e - Global convergence of information
improve the human condition : f}@ - & anc:kofommumcahons technologies
S N 2’ work for everyone
Shared values and new security strategies (100~ < 7 : : .
reduce ethnic conflicts, terrorism, and Y ) —(s Encouraging ethical market economies
the use of weapons of mass destruction to help reduce the gap between rich and poor
Improving the capacity to decide Reducing the threat of new and

as the nature of work and institutions change

reemerging diseases and immune microorganisms

by the Millennium Project of the ACUNU
www.acunu,org
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10 ways to restrain the destruction (IPCC)

1.Use adequate of the soil
2.More use of natural light
3.More use of alternative energy
4 .Preference by public transportation
5.More industrial efficiency
6.More use of biofuels
/.Use of biogas waste
8.Use of natural farming techniques
9.Renovation of fleet
10.Change for use of clean energy S/' . -
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Environmental
Protection
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Guiding principles: Energy brazilian sector

*  Recognize hydroelectricity as a source priority for expanding energy

supply and integrated management of the water supply

*  Pursuing diversification considering the complementary nature of

other sources

* Promoting universal energy supply

'/ Project is funded
/- by the European
Union.
UNISUL

UNIVERSIDADE DO SUL DE SANTA CATARINA
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Production and supply of primary energy

v The supply of primary energy is growing significantly in the last

years.

v'It rises from 190,615 toe in 2000 to 268,754 toe in 2010.
This is a result of the new investments in generation that are

happening in Brazil.
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Domestic energy supply in 103 toe

NON-RENEWABLE ENERGY

OIL AND OIL PRODUCTS

NATURAL GAS

COAL AND COKE

URANIUM — U,0,

HYDRAULIC AND ELECTRICITY (*)

FIREWOOD AND CHARCOAL

SUGARCANE PRODUCTS

OTHERS

TOTAL

27,858

25,251

170

2,437

39,088

3,420

31,852

3,593

223

66,945

62,387

55,393

1,092

5,902

52,373

11,063

31,083

9,217

1,010

114,761

72,298

57,749

4,337

9,615

598

69,702

20,051

28,537

18,988

2,126

142,000

112,376

86,743

10,256

13,571

1,806

78,239

29,980

23,060

20,761

4,439

190,615

121,350

84,553

20,526

13,721

2,549

97,314

32,379

28,468

30,147

6,320

218,663

124,464

85,545

21,716

13,537

3,667

101,880

33,537

28,589

32,999

6,754

226,344

129,068 136,616
89,239 92,410
22,165 25,934
14,356 14,652

3,309 3,709

108,760 116,022
35,505 35,412
28,628 29,269
37,847 42,866

6,780 8,475

237,828 252,638

4

UNISU

L
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128,710

92,559

21,145

11,572

3,434

115,260

36,966

24,610

44,447

9,237

243,970

146,425

100,992

27,716

13,860

3,857

122,329

37,659

26,072

47,785

10,813

268,754

Project is funded
by the European

Union.
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ENERGY EFFICIENCY

B Brazil is a world leader in the use of renewable energy.

Wind Energy: 1.29%
Biomass: 7.38%
Nuclear: 1.58%
Charcoal: 1.53%

Hydraulic: 65.44%
Natural Gas: 10.55%

Imported energy: 6.44%
Petroleum: 5.79%

Brazilian Energy Matrix 4‘ - by e Earopon
L

BIG 2012 s, TEEE
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“The Brazilian electric system is unique in the world. Its flexibility allows that
even the energy supply grows before the demand. This flexibility results from the
giant hydraulic reserve that works like a enormous battery that can produce much
more energy than normal consumption. Besides that, Brazil is one of the lower

operational and environmental costs of the planet.” (BNDES 2008)

'/ Project is funded
/- by the European
Union.

UNISUL

UNIVERSIDADE DO SUL DE SANTA CATARINA
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Brazilian energy matrix
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Emissdes per capita de CO,

Produzindo e consumindo energia, cada brasileiro emite, em média, 4 vezes menos do que um europeu, 9

vezes menos do que um americano e menos da metade do que emite um chinés.

20

18

16

14

12

10

EUA

Emissaes relativas (2009)

Unido Européia

Emissoes per capita

brasileiras em 2011
2,0 tCO,/hab

Fonte: EPE; Agéncia Internacional de Energia.

China

Elaboragio: EPE

1,8

Brasil

L
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Electricity Generation

Hidraulica?
81,7%

Biomassa®
6,5%

Eolica
0,5%

Gas Natural

Carvdoe Derivadosde  4,6%
Derivados' Nuclear  Petrdleo
1,4% 2,7% 2,5%

'/ Project is funded
/- by the European
Union.
UNISUL

DO SUL DE SANTA CATARINA



Capacity by Energy Source — Brazil- 2011
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%
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39 -
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10 A
5 4

15.7 14.7
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Evolution of the energy matrix

Evolucao da Matriz Energética Brasileira

2011 44,1% 55,9%
2010 45,1% 54,9%
1970 58,4% 41,6%
B Renovavel H N3o Renovavel
Fonte: EPE, BEN 2012 LI gt s fndec

R4

UNISUL
UNVERSIDADE 0O SUL DE SANTA CATAINA

by the European
Union.
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OFERTA INTERNA DE ENERGIA 2011 2010
ENERGIA NAO RENOVAVEL 55,9% 54,9%
Petroleo e Derivados 38,6% 37,8%
Gas Natural 10,1% 10,2%
Carvao Mineral e Derivados 5,6% 5,4%
Uranio (U;0g) e Derivados 1,5% 1,4%
ENERGIA RENOVAVEL 44,1% 45,1%
Energia Hidraulica e Eletricidade 14,7% 14,0%
Lenha e Carvao Vegetal 9,7% 9,7%
Produtos da Cana-de-acgUcar 15,7% 17,5%
Outras Renovaveis 4,1% 3,9%
L
Em 2011 ampliou-se para 88,9% devido as condicdes hidrolégicas favoraveis R4 uropean
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Energy Consumption by Sector

SETOR SETOR
TRANSPORTES ENERGETICO *

32,5% 9,5%
SETOR
RESIDENCIAL
10,3%
SETOR
Y AGROPECUARIO
4,3%
SETOR
SETOR . OMERCIAL
INDUSTRIAL SETOR 'ZUBUCS 31%
38,7% 1,6%

Union.

: Wy .
Fonte: EPE, BEN 2012 47 - et s s
UNIS UL

UNIVERSIDADE DO SUL DE SANTA CATARINA
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Brazilian Eletricity matrix

Energia elétrica limpa,
pois 89% da energia vém

de fontes renovaveis.

Geracéo hidraulica
responde por
74,0% da oferta

Participacao de renovaveis na matriz elétrica (%)
Brasil e Mundo.
|

Brasil (2011)

Brasil (2010)

Mundo (2009)

OECD (2009)

0% 20% 40% 60% 80% 100%

B Renovaveis W N3orenovaveis

'/; Project is funded
/- by the European

Union.
UNISUL

/ERSIDADE DO SUL DE

Fonte: EPE, BEN 2012
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Sob o dominio dos rios
De onde vem a energia consumida no Brasil, em %

05%
Nuclear o outras

Potential: 260

= Limite das bacias
[ Limite dag sub-bacias

Potencial hidrelétrico
Iotal (MW)

. 5.000 3 30.000

I 5000 2 15.000

[ 1000 2 5.000
5002 1.000
02500

Patenciaiestimada
Patencialinventarada

Fonte: EPE 201

bta: os niimeros correspondem aos codigos dassub-badias, como indicado nastabelas 3.2 € 34

UNISUL

UNIVERSIDADE DO SUL DE SANTA CATARINA

Figura 3.2 - Potendial hidrelétrico brasileiro por sub-bacia hidrogréfica

Project is funded
by the European
Union.
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POTENTIAL OF BIODIESEL E BIOMASS

mm High
mm Average

mm Inapropriate

o
35
P
Loy Dl

Amazon Rainforest
[ Pantanal
Atlantic Forest

mmm Other important
preservation areas

mEm  Above 12% slope Source: Leite et al. 2009

area

122042010

WITHOUT IRRIGATION

Fonte: MME, 2011

C—Low (world average)

mm High

mm Average
— Low (World average)
mm Inapropriate

Amazon Rainforest
Pantanal
Atlantic Forest

mmm Other important

preservation areas
EEl Above 12% slope
area

Source: Leite et al. 2009
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WITH IRRIGATION
L
=/
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Nature

Man
Development and Economic Growt
and Sun and Social Development Technology

Food Production and Energy Matrix

International Trade Power

Agroenergy

*

WERSE Citrus

h S Future Ethanol
Ethanol (broth) H from cellulose
thanol (cellulose) Chip/ Waste

7-

Biogas (vinasse)

\

Bioelectric

ion

Thermal Energ

Co-
Generat

oject is funded
by the European
Union.

Fonte: COGEN/SP 2012
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46% of Brazil’s energy comes from renewable sources

®

50%
38
[ ]
od
60% =
§ ° M
N 50% L — g cane
= g
& 40% S a0y 15%
£ b
g 30% %
2
3 20% @ 20%
(73] @
> o
2 10% £
c E 10%
0% : i 2
Non-Renewable Renewable H""E-\
L
0%

Renewables in Brazil: 46%; World: 13%; OECD: 6%

Renewable

O Other
O Cane

@ Wood
O Hydro

From C.H. Brito Cruz. http://www.fapesp.br/eventos/bioen0809/brito.pdf_/.g

R4

UNISUL

UNIVERSIDADE DO SUL DE

Project is funded
by the European
Union.
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Prospects Sector Sugarcane

5

b |
e
=

i

s

50,0

40,0

Bilhoes de litros

30,0

20,0 -

73.3

10,0

Fonte: EPE [143]

2011

2012 2013 2004 2015 201&é 2007 2018 2019 2020

=f=Projecio da Demanda Total de Etanol

) by the European
/ Union.
UNISUL

UNIVERSIDADE DO SUL DE SANTA CATARINA
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Grafico 112 - Quantidade de cana para atender a demanda de etanol e aclcar.

1.200

1.068 1128
1_m:! vt
1.000 - L
836 S
775,
BOD - 711 . [ L
g5 99 .ol
T L

GO0 -
400 -
200 -

ﬂ = T T T T

201 2012 013 2004 2015 206 2007 X008 2015 2020

Milhoes de Toneladas

W Cana para o etanol I Cana para o actcar  *+ P+ Cana total - setor sucroalcooleiro

’/ Dy tne curopean
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UNIVERSIDADE DO SUL DE SANTA CATARINA

Fonte: EPE e MAPA [154]
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Biodiesel consumption

Biodiesel: Consumo em Paises Selecionados

Consumo de Biodiesel

4
mEUA

3 m Alemanha
- [ Brasil
= g
m B Argentina
(75 ]
@ n
Eis ] -
= i
= 2

0 T T T

2008 2008 2010 2011 janf12 fev/12 mar/12 abr/12

Elebaragio AMMAC
Fantes: ANC, ETA/DOE, RO, INDEC  Obs.; Os volares mensais sio ooumulados.,

Biodiesel produzido no pais atingiu 2.672.760 m?3

maif12 jun/12 jul/12

'/ Project is funded
/- by the European
Union.
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Estimated demand for biodiesel

10,0
9.0
. 8,0 P —
i
7.0
3 7,55
w
T 01 ====s==s=sass=stesssresss=ssss=sa===s=
175]
.
< 5,0
=
4,0 - —
'__—l—-.-_ -
3,0 - —— — _.--E T H 3,84
- b= I i
2,0 2,52
0,0 : ; : : 5 : : :
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

—dr— Total de dleos e materiais graxos produzidos ——#— Demanda de biodiesel (B5) = — - Capacidade Instalada (fev 2011}

Fonte: ANP
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Small bioenergy footprint

Total country area (851 Mha, 100%)

Rural properties area (355 Mha, 42%)

Area used for agriculture (76.7 Mha,
) 9%)

Area used for sugarcane for ethanol
Pasture 200 Mha (3.4 Mha, 0.4%)
Soya 22 Mha

Source: Horta Nogueira e Seabra (2008) =/ by the European
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World Ethanol Production
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COMPARISON OF BRAZIL AND U.S. ETHANOL INDUSTRIES

Brazil-Sugarcane

United States-Corn

The sugar (sucrose) in sugarcane can
be converted directly into ethanol
Sugarcane is planted every six years
using cuttings

Sugarcane provides five cuttings over
six years and then is replanted

An acre of sugarcane produces about
560 gallons of ethanol

Sugarcane-ethanol can be produced
cheaper than corn-ethanol

Brazil has great potential for
expanding sugarcane acreage without
limiting the acreage of other crops

The starch in corn is first converted
into sugar. Then the sugar is converted
into ethanol

Corn is planted every year using seeds

Corn is harvested once each year

An acre of corn produces about 420
gallons of ethanol

Corn-ethanol is more expensive to
produce than sugarcane-ethanol
U.S. expansion of corn acreage will
come at the expense of reduced

soybean and other crop acres
L
N/

UNISUL
UNVERSIDADE DO SUL DE SANTA CATARINA

Project is funded
by the European
Union.
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POTENTIAL OF BIOMASS

USINAS DE CANA DE AGUCAR

Today: 16.6 GW
Potential: 22.3 GW

Competitive cost:

Installation:
uU$ 2,000.00 / kW
Energy: U$ 65 / MWh

Fonte: MME, 2011
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Potential Waste: Agribusiness

Montantes estimados de residuos solidos e efluentes gerados pelo setor
agrosilvopastoril e potencial energético desses residuos. Ano base 2009.

Residuos Efluentes Potencial
(milhdes de (milhdes de Energético
T/ANO) m3/ANO) (MW/ANO)
Agroindulstrias associadas as principais culturas
Cana-de-acucar
(bagaco e torta de 201,4 - 16.464
filtro)
(vinhaga) - 604.2 -
Soja 41,9 - 3.422
Milho 29,4 - 2.406
Laranja 8,8 - -
Trigo 3,0 - 238 Fonte: IPEA 2012
Arroz 2,5 - 175
'/.L Project is funded
Total de 13 culturas 291,1 604.2 22.999 =/ by the European
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Livestock

Montantes estimados de residuos solidos e efluentes gerados pelo
setor agrosilvopastoril e potencial energético desses residuos. Ano

base 2009.
Residuos Efluentes Potencial
(milhdes de (milhdes de Energetico
t/ano) m3/ANO) (MW/ANO)
Bovinos 1.655,4 1.032
Aves 28,0 136
Suinos 20,4 122
Total 1.703,8 1.290
Fonte: IPEA 2012
L5
N/

UNISUL
UNNERSIDADE 0O SUL DE SANTA CATARINA

Project is funded
by the European
Union.
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Potential Waste:

Livestock

Montantes estimados de residuos solidos e efluentes gerados pelo
setor agrosilvopastoril e potencial energético desses residuos. Ano

base 2009.
Residuos Efluentes Potencial
(milhdes de (milhdes de Energético
T/ANO) m3/ANO) (MW/ANO)
Inddstrias primarias associadas as criacdes animais
Abatedouros 1,7 101,5 11,2
Graxarias - 6,8 0,8
Laticinios - 13,2 2,6
Total 1,7 121,5 14,6
Fonte: IPEA 2012
e
N/

UNISUL

UNIVERSIDADE DO SUL DE

Project is funded
by the European
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Potential Waste: Silviculture

Montantes estimados de residuos solidos e efluentes gerados pelo setor
agrosilvopastoril e potencial energético desses residuos. Ano base 2009.

Residuos Efluentes Potencial
(milhdes de (milhdes de Energético
T/ANO) m3/ANO) (MW/ANO)
Silvicultura
Colheita de 15,7 - 650
madeira em
tora
Processamento 22.9 - 954
mecanico de
madeira
Total 38,5 -

1.604 £

Fonte: IPEA 2012

UNISUL

UNIVERSIDADE DO SUL DE

Project is funded
by the European
Union.
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Evolucao da geracao edlica

em GWh

A%

2006 2008 2009 2010

2012010

74 342 GEB 1.183 1.238 2177 2705 24, 3%

GWh
3.000

2.500

2.000

1.500

1.000

2005 2006 2007 2008 2009 2010 20M

'/ Project is funded
/- by the European
Union.
UNISUL
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Atlas do potencial edlico brasileiro

Reqgidao Morte
12,8 W

Regido Hordeste

Reqgidao Norte
12,8 G

Regiao Centro-Oeste

31 G
e e — Regiao Sudeste
128 G
25 40 45 S0 55 G0 65 FO 7S 20 25 A0
welocidade média anual do vendao -/
350 m de altura [ms] q:L Project is funded
Hm ifll] Sul /- By_the European
27 8 GW JUNISUL

Fonte: AMEEL
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O mapa das eolicas

Nordeste concentra 76% dos parques a serem construidos até 2014

Estado

Bahia
Ceara

Paraiba
Parana
Pernambuco

Piaufi

Rio de Janeiro

Rio Grande do Norte |

Rio Grande do Sul
Santa Catarina
Sergipe
Total

Fonte: ABEEdlica

NiGmero
de parques
52
: 54
13
2
8
a
2
- 49
j 13
1
281

Poténcia

(em MW)

1489
65
15

99

163

2383

1397

935

Cerro Cora

Bodd
Lagoa Nova

MA
CE

Tenente Laurentino Cruz

RN

PT PB

PE

AL
SE

BA

Igapora
S®cCactite
Guanambi

MG
ES

RJ

Project is funded
by the European
Union.
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Fig. 28. Irradiagdo solar do Brasil para o plano inclinado
Fonte: Adaptado do Atlas Brasileiro de Energia Solar = 2006

2.705

ESTADIOS SOLARES =722 25

A
7
UNISUL
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Brazil has one of the largest

reserves in the world of silicon
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Sugar cane Hydro Wood Other renewables
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Renewable energy forecast Brazil - 2030

* Supply — 2007
— Total: 239 million toe

— Renewable: 110 million toe (45,9%)

* Supply — 2030
— Total: 557 million toe

— Renewable: 259 million toe (46,5%)

L .
Fonte: MME/BEM (2008) e PNE 2030. /" - by the European
UNISUL Union.
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Synthesis of trends in the Brazilian Energy Sector (2007 -
2030)

® Increase in use of natural gas (9% - 15%);
® Decrease in the use of wood and vegetal coal (12% - 5%)

® Increase in the use of sources from agriculture (cane [ethanol]; H-BIO and
biodiesel (17% - 24%)

® Hydro participation will not change significantly.

® Increase in both coal and nuclear participation.

Fonte: MME/BEM (2008) e PNE 2030. Dy o
L5 - e s e
UNIS UL

Union.
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Promoting Renewable
Electricity Generation
in South America

Projetos de MDL registrados até 12/07/2012

Pais  [Quantidade
China 2127
india 855
Brasil 204

México 141
Vietnd 127
Outros 875
Total 4329

Vietnd
3%
México
3%

Brasil
5%

Fonte: http://cdm.unfccc.int/Statistics/index.html
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CHALLENGES FOR RENEWABLES IN BRAZIL

Internalization of the benefits of economic analyzes energy;
Adequacy of the system and logistics distribution network and transmission;
Training of human resources and awareness of society;

Reduced costs of equipment and materials engineering by increased production

on an industrial scale: industrial policy

'/ Project is funded
/- by the European
Union.
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Energy efficiency and renewable sources

Energy efficiency has been considered as the main option (higher potential

and lower costs).

The largest share of unconventional renewable energy sources was “financed

by energy savings" (cost of keeping costs lower than offer)

'/ Project is funded
/- by the European
Union.
UNISUL

UNIVERSIDADE DO SUL DE SANTA CATARINA



Promoting Renewable
Electricity Genera tion
in South America

ENERGY EFFICIENCY

B Renewable resources are easily accessible and plentiful.

Sun energy 20 times
Wind power 3 times
Hydropower 3 times
Biomass 0.2 times
Ocean energy 0.15 times

Potential of renewable energy sources in the country
EREC 2010

Union.
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v' 2006: Brazil was a founding member from the International
Partnership in Energy Efficiency (Parceria Internacional para
Cooperacao em Eficiéncia Energética - IPEEC) established with the
EU

v In 2007, Brazil was in a privileged position in comparison to other
countries when we observe its energy matrix in terms of CO,e
emissions. Only 1.5% of the greenhouse gases emissions are
generated by the brazilian electric system (in the rest of the world
it is 24%).

v/ 2009: The national policy on climate change (Politica Nacional
sobre a Mudanca do Clima - PNMC), established a voluntary
compromise to reduce the greenhouse gases emissions between
36.1% and 38.9% from the values projected until 2020.

'/ Project is funded
/- by the European
Union.
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