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CO, Emissions from Fossil Fuels

Brazil and Some Emerging and OECD Countries - 1995

Brazil Japan Europ USA Mexic India China Russia
Union o

CO, & economy 0.33 0.46 0.51 0.85 0.51 0.73 0.92 2.24
(kg CO,/US$,,GDP,,p)

CO, per capita 1.81 9.17 8.55 19.88 3.46 0.86 2.51 10.44
(t COyhab)

Total CO, 287 1151 3180 5229 328 803 3007 1548
(million t CO, )

Transport Emissions 119 252 828 1580 101 112 167 108
(million t CO, )

Share of Transport 41.5 21.9 26.0 30.2 30.8 13.9 5.6 7.0
(%)

Source: International Energy Agency, CO2 Emissions from Fossil Fuel Combustion: 1972-1995. OEC3D, Paris,
1997



Hydro

m Power generation contributes with just 5% of the
total CO, energy emissions in Brazil.

B OCDE — 30% of emissions

m 1f the “mix” were 50% hydro, 25% coal and 25%
natural gas combined cycle

— the avoided emissions would be on the order of 30
million tC in 1996.

m more or less 1/3 of the Brazilian emissions 1n that
year.



Alcohol from Sugarcane

m The production and use of ethanol as the
sole fuel or mixed with gasoline reduces

current emissions by an estimated 9 million
tC

m In the late 80s, alcohol vehicles accounted
for 90% of total sales —

m a fleet of 5 million alcohol vehicles
circulated in Brazil.

m Today— less than 0,5% of new car sales.



Charcoal

Brazil 1s one of the few countries in the world
that has kept a significant metallurgical

industry based on charcoal

The current level of use of ¢l

narcoal avoids an

annual emission of more t
of COz.

n1an 3 milliont C



Metalurgical Charcoal in Brazil - 1980/96

1980 1985 1990 1995 1996
Metalurgical ~ charcoal 4.9 8.1 8.4 6.8 6.1
(10 t/year)
Share of planted wood 15 35 55

(o)




Emissions of CO, from Fossil Fuels per Unit of GDP
— Brazil (tC/10° US$,, GDP )
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CO, Emissions
Different Technologies

Emissoes de CO: nos estagios de produgao de
Tecnologias energia (ton/GWh)

1 1

otal
964

Planta convencional de queima de carvao
Planta de queima de gas

Pequenas hidrelétricas

Energia edlica

Solar fotowoltaico

Grandes hidrelétricas

Solar térmico

Lenha (Extragcado programavwvel)

Fonte: "Renewable Energy Resources: Opportunities and Constraints 1990-2020" - World Energy Council - 1993



The Future of Renewable Energy Sources

a LIFE CYCLES OF ENERGY SOURCES
il

Traditiﬂnal hiomass Source: Deutsche Shell AG, March 1998
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Renewable Energy Costs Evolution
(USS/MWh)
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Fonte: www.cresesb.cepel.lx



The Future of Wind Energy
Forecast until 2004

CRESCIMENTO ANUAL DA ENERGIA EOLICA
Distribuicio atual 1990-1999 - Prev nﬁn 2000- "l'l'l'l'-'l

T Cowsul? A0 5- Mamh 200 Europs lIUSA  Asia [ Resto do Munde lAtual
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Wind Energy i German - 2001

Only in the first
Cumulated |6 month of 2001

Fonte: DEWI, 2000
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Actual Situation of the Brazilian Wind Energy
Use
(Types of Turbines)
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Projetos em operagdo

g%ﬂtral Eolica de Prainha = w11 ) Windpower/ COELCE 10 MW | 1999

Central Eolica de Taiba — CE | Wobben Windpower /COELCE 1999
Usina de Palmas — PR Wobben Windpower/COPEL 2.5 MW ] 1999
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Brazilian Wind Energy Atlas — Preliminary
Version 2001

BRASIL

POTEMNMCIAL EOLICO
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Fortte: www.cresesb.cepel.lr



Valor Normativo - Res. ANEEL 22/2001

R$/ MWh

Termelétrica a Gas 72,35

Termelétrica Carvao 74.86

Pequena Central Elétrica 79,29

Termelétrica Biomassa 89,86

Usina Edlica 112,21

Usina Solar Fotovoltaica 264,12

Ref. Fev/2001
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Economic Evaluation of Wind Energy in

Brazil
- own capital -

Taxa Interna de Retorno para investimentos com recursos proprios
em parques edlicos (Classe 4 - VN R$118,59/MWh)

Turk. 1 Turk. 2

Fonte: DUTRA, 2001

Load Factar 40%

Model | Power
Turbina I | 200 kW
Turbina 2 | 250 kW
Turbina3 | 300 kW
Turbina4 | 500 kW
Turbmma 5 | 750 kW
Turbina6 | 660 kW
Turbina 7 | 1300 kW
Turbina 8 | 1500 kW

Turbina9 | 1500 kW
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Economic Evaluation of Wind Energy in

Brazil
- resources from BNDES - PASE -

PASE — Electrical Power Program

Taxa Interna de Retorno para investimentos com recursos do BNDES
(Classe 4 - VN R$118,59/Mwh])

Load Factar 40%

Fortte: DUTRA, 2001
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05 Scenario




Available Biomass Distribution

For

by Season (million tons/year) ccas
Harvestin Associated Forecast t
Technology g Method Biomass (GWh/year (M
(a) Proportion ) W)
Harvest Mid-Harvest (b,c
)
Current Counter- Without 60% 57 65 . 3.949 676
Pressure Cycle Recovery
Efficiency-Enhanced With Y 2,19
Counter-Pressure Cycle Recovery 40% = _ £2.6%2 4
Condensation and 0
Extraction Cycle ] 0% ) ] 0 0
Biomass Gasification and o
Combined Cycle ) e ] ) 0 0
Total 109.59 16,760 (2)’87
20

Without Recovery - straw and tips are burned off before harvesting With Recovery - raw sugarcane is mechanically harvested, with a recovery rate of 40% in absolute terms

of the straw and tins



Market Percentage for the 2010 Scenario

For
Available Biomass Distribution ecas
Harvestin Associated by Season (million tons/year) Forecast t
Technology g Method Biomass (GWh/year | (M
(a) Proportion ) W)
Harvest Mid-Harvest (b,c
)
Current Counter- Without 30% 7335 _ 2,126 364
Pressure Cycle Recovery
Efficiency Enhanced With o 2,36
Counter-Pressure Cycle | Recovery 40% 61.32 ] 13,797 3
Condensation and With - 1,69
Extraction Cycle Recovery = 16 8.82 0,888 3
Biomass Gasification and With o 3,50
Combined Cycle Recovery L7 - ghe AU 4
7,92
Total 118.02 46,273 | 4







Reasons to encourage
cogeneration

Compared to conventional thermo-power generation:

e It ensures lowest energy consumption

H e [t reduces atmospheric emissions

m e [tcould serve electricity markets with:

_le lower nvestments in the transmission and

distribution grids and networks
m o with lower energy losses during transmission.

m [t may allow the postponement of high-volume
investments in expanding centralized power
generation capacity.
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m However, these reasons have not encouraged
investments in cogeneration in Brazil in the past.

me total cogeneration potential - between 11 and
17 GW

m o technical potential for industrial cogeneration
- about 12,499 MW

m the installed capacity of cogeneration systems 1n
Brazil by 2000 did not exceed 2 GW.

24



Energy policy

e Foster the expansion of cogeneration in
segments where investments are not allocated
spontaneously, either because:

m o the benefits of cogeneration are not perceived
or

m o these benefits are not properly appraised,
- o 1nvestors may be unwilling to channel funds to a
sector outside their core activities, or
o there may be market barriers to this investment.

25



Energy policy

m 2. Encourage:

m o the expansion of more efficient cogeneration
systems and

_e the conversion of less efficient systems to

more efficient levels, resulting 1n high fuel
savings.

— For instance, this was one of the guidelines of
Denmark’s (1980s and 1990s) and French (1990s)
policy.
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Energy policy

m 3. Encourage rapid expansion of the installed
capacity of cogeneration systems.

m For instance, incentives designed to encourage the
sale of cogenerated surplus power speeded up the
expansion of installed cogeneration capacity in

_ the USA (19809),
— Netherlands (early 1990s), and
— France (end of this decade).

27



Energy policy

m 4. Encourage the consumption of certain fuels
rather than others, due to:

H e either environmental reasons or

e 1ssues of a technical and economic nature
(such as the availability of energy resources).

m This is the case with both
— the Netherlands and

— Denmark, (in terms of natural gas and renewable fuel
sources).
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