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SUMMARY

Brazil is the acknowledged world leader in the generation and implementation of
modern,tropical agricultural technology. A series of advantages, such as climate, advanced
innovation capabilities and the availability of land to energy farming without having to reduce
food-crop area or impose environmental impact beyond what is socially acceptable, have
enabled Brazil to become a world leader in green energy. A striking example of the country’s
success in this area is the ethanol production chain. The production and use of ethanol from
sugarcane in Brazil is a global model for bioenergy production, distribution, and use, and is
recognized as one of the most efficient in the world. Like ethanol, biodiesel is also receiving
Increased attention in Brazil, with development of new source materials, production and
industrial technologies. Investment in research and innovation is one of the pillars of
sustainable production and rational use of renewable sources of energy in Brazil. This
presentation will review the development of bioenergy programs in Brazil, emphasizing the
key drivers that allowed the country to occupy a world leading position as green energy
producer and user. Possibilities of a Brazil-Korea cooperation in bioenergy development will
be presented and discussed.
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Introduction
Renewable Energy in Brazil
Sugarcane and Ethanol — Biodiesel
Bioenergy R&D

Challenges for the Future

Potential Areas of Collaboration
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The Brazilian Agricultural Research Corporation — Embrapa

The largest component of the Brazilian ARD System

Embrapa Network for R,D&l @ Ecorregional
#® Products

v 41 Research Centres and Services Units @ Basic Themes

v 3 Virtual Laboratories Abroad (Labex) @ senices

" UOffices for Technology Transfer:
14 in Brazil and 2 abroad (Africa and Venezuela)

Morth

® Embrapa Acre

® Embrapa Amapa

® Embrapa Western Amazon
% Embrapa Eastern Amazon
® Embrapa Rondonia

. Southeast
® Embrapa Reraima :

& Embrapa Agribiclogy
@ Embrapa Food Technology

® Embrapa Dairy Cattle

@ Embrapa Aqricubture Informatics
® Embrapa Agricultural Instrumentation

® Embrapa Emvironiment X

Mortheast

@ Embranpa Mid-Morth

® Embrapa Tropical Semi-Arid
» Embrapa Coastal Tablelands

# Embrapa Goat and Sheep . ® Embrapa Maize & Sorghum

@ Embrapa Cassava &Tropical Fruits #® Embrapa Satellite Monitoring

® Embrapa Cotton . ® Embrapa Cattle-Southeast

@ Embrapa Tropical Agroindustry # Embrapa Soils

Mid-West 2,500 ResearCherS

& Embrapa Agrienergy
# Embrapa Western Region Agriculture and Livestock
® Embrapa Rice & Beans

6,500 Staff

® Embrapa Coffee Sourth

L El":ll"ﬂllﬂ gﬂlﬂfl‘:;l ® Embrapa Temperate Agriculture

® Embrapa beet Lattle & Embrapa Forestry ' $ illi

® Embrapa Vegetables . #® Embrapa South Animal Hushandry & Sheep 2009 BUdget US 1 B|"|0n
& Embrapa Technological Information ® Embrapa Soybean

® Embrapa Pantanal ) # Embrapa Swine and Poultry

& Embrapa Genetic Resources & Biotechnology # Embrapa Wheat

o Embrapa Technology Transfer ® Embrapa Grape & Wine
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The Brazilian Agricultural Research Corporation — Embrapa
Labex — cooperation in cutting-edge agricultural R&D

ReEgroLs
Labex Europe 2002

s il Labex Korea 2009
abex Us ggﬁsm & ‘%'Emwa

En@a

RAVL 2009
Emgpa &F
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Brazil's agricultural miracle
How to feed the world

The emerging conventional wisdom about world farming is gloomy. There is
an alternative

Aug 26th 2010

Bloomberg News

The . Lagin | Register
Economist

Horme World = ] Finance «

Brazilian agriculture

The miracle of the cerrado

Brazil has revolutionised its own farms. Can it do the same for others?

Aug Z6th 2010 | CREMAQ, PIAUT

Bloomberg




Agribusiness in Brazil — Food, Feed, Fiber
I

EXpOftS Product Production Exports
In 2008 Brazil exported more than 1500
types of agricultural products to foreign Sugar O 1%
markets Orange juice 1st 1st
Coffee 1st 1st
. Beef 2nd 1st
Commercial partners Soybean ond o
Around 79% of the Brazilian food Tobacco 3 1st
production is consumed domestically and Broiler 3rd 2nd
21% is shipped to over 212 foreign markets Corn 3" A"

Source: SPA/MAPA (agricultura Brasileira em Nimeros)




Agribusiness In Brazil — Food, Feed, Fiber and Fuel

I
Brazilian Energy Matrix

47,3% 18,6% 7,2
Otherrenewable
sources _
Coal 3,8%  Uranium

oa 1,4%

NaturalGas 4.8% 81,4% 92,8
8,8% 52,7%
Woodand other e lalEal Brazil (09) World (07) OECD (08)
biomass derivatives
10,1% 37,9% Non-renewable Renewable
Sugarcane
18,1%
Hydroelectricity
15,2%

Em@a S ' T — Source:BEN (2010);ElabOratiqn:UNlCAr‘



Strong Public Policies Towards Bioenergy

— Environmental gains
- carbon sequestration
- lower level of emissions

— Sustainability - Renewable
- short production cycle
- whole process controlled by man

— Social aspects
- generation of new jobs
- better income distribution

— Economic aspects

- a new global energy demand
- strong impacts on commerce & trade




Sugarcane as an Energy Crop in Brazil

Sugarcane has been cultivated in Brazil since 1532 as sugar was one of
the first commodities exported to Europe by the Portuguese settlers
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Sugarcane as an Energy Crop in Brazil
-

Developing Ethanol as a Large Scale Bioenergy Source in Brazil

Brazil has been experimenting with sugarcane ethanol as
an auto fuel since the beginning of last century

-
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Sugarcane as an Energy Crop in Brazil

Developing Ethanol as a Large Scale Bioenergy Source in Brazil

Key driver was the energy crisis of 1973/1974 - huge increase in oil import costs

$120

Il Nominal
Real (2008 dollars)

|
F867—1944 LS domestic first purchase price |
$80 794571985 Arabian Light posted af Ras Tanwra
{986-2008 Brent Spot
Sowrce Energy Informalion Administration

$100

$60

$40

$20

1861 1866 1871 1876 1881 1886 1891 71896 1901 1806 1911 1916 1921 1926 1831 1936 1941 1946 1951 1856 1961 1966 1871 10876 1881 1986 1991 158896 2001 2006

Graph of oil prices from 1861-2007, showing a sharp increase in 1973/1974, and
again during the 1979 energy crisis. The orange line is adjusted for inflation.

Source: Energy Information Administration
http://upload.wikimedia.org/wikipedia/commons/8/87/0il_Prices_1861_2007.svg
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Expansion of Sugarcane Ethanol Demand in Brazil

More than 95% of cars sold in Brazil are Flex-Fuel

Vendas de automaoveis e comerciais leves por tipo de combustivel (Ciclo Otto)
100%

Gasoline only cars

Ethand)nly cars

SEEESERR SRR EEE

Hflax=fusl alcocl Egasolina

Flex-fuel cars

2¥33993%

10%

?

Source: ANFAVEA and UNICA, 2008
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Expansion of Sugarcane Ethanol Demand in Brazil

Annual gross earnings
Foreign revenue
Direct investments
Composition
Sugarcane growers

People directly employed

Avoided CO, emissions

Em@a

US$ 23 billion (08/09)
US$ 9.8 billion (2009)
> US$ 20 bin (2006-2009)
438 plants nationwide (2010)
70,000

845,000

> 600 min tons since 1975

Elaboration: UNICA. Note: dafarefefé td“th’é 2009/1(), cropyear



Expansion of Sugarcane Ethanol Demand in Brazil

The Evolution of Logistics and Distribution

Brazil has 33,000 gas + ethanol stations (out of 36,000)

ETHANOL RETAIL PRICE (BR REAIS)

PETROL RETAIL PRICE (BR REAIS)
090 1,00 1,10 120 1,30 1,40 150 160 1,70 180 190 200 210 220 230 240 250 260 270 280 290 300 3,10 320 3,30 3,40 3,50

L 155
AL |

: USE ETHANOL ) Citcn

BIODIESEL

= USE PETROL il'f]@

Source: Amatucci & Spers, 2008

Em@a

Consumer choice: decision table to be used in the petrol station.
Source: based in a GM table distributed to flex car owners.




Expansion of Sugarcane Ethanol Demand in Brazil

~“Gasoline is Becoming the Alternative Fuel in Brazil

2.400

2.000
Gasoline

1.600

1.200

800 N -/VW:A/M/"/J\’/N\/
A

400

Ethanol

Million liters

O (HEEIEE N NN N NN N NN N N N N N NN N NN N NN NN N NN NN NN NN NN NN NN AN

Mar, 2010

Jan, 2000
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Sugarcane Etanol as Energy Source in Brazll

Ethanol Use not limited to cars

: Ethanol-powered buses
b (E95) - still a pilot project
in Brazil

I .
] L ) %
(43

i

Flex-fuel
motorcycles

Brazilian-made crop dusting =57~
planes running on ethanol

sugarcane at commercial scale
by 2010




Sugarcane as na Energy Crop in Brazil

Sugarcane Bagasse as Energy Source in Brazil

Mills and distilleries also generate electric and
mechanical power, most of it for self consumption. That is
equivalent to 3% of the electric power consumed in the Brazil.

For every additional 100 million tons of sugar-cane, 12.6 million tons of CO,
equivalent worth of emissions could be avoided using
ethanol, the bagasse and the additional electric power surplus.
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Sustainability of Sugarcane Ethanol
-

Sugarcane is one of the most sustainable energy factories in the world




Sustainability of Sugarcane Ethanol

The Evolution of the Brazilian Ethanol Industry

R&D - Evolution of agro industrial yield — liters of hydrous ethanol equivalent per ha
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Evolution of Sugar and Ethanol Productivity in Brazil
I

SR vvomes  While sugarcane area has increased by
g | 85% since 90/91, ethanol and sugar Sugar production
ISR production has increased by 130% and (thousand tonnes)
- 5 350% respectivel
S 30000 D y
@ |
g 25.000
E 20,000
£ 15000 -
= | Ethanol production
S 10.000 (million-litres)—
S i
T 5000
< | Sugarcane harvested area (thousand hectares)
O L
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o o
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Sustainability of Sugarcane Ethanol
-

Energy Balance of Bioethanol Production

Wheat

Corn

Beet

.
]
]




Sustainability of Sugarcane Ethanol
-

Cost of Bioethanol Production

121 e —— .
USSJ barril
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0,20 1R - -
0,00 -
EU - Wheat USA - Corn Australia Thailand Brazil
Suga;qane 7 Su_ggfgane Sugarcane
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Sustainability of Sugarcane Ethanol

Brazil is Managing
Sugarcane Expansion

Sugarcane for ethanol
production occupies 1.5% of | AL
Brazil’s arable land

Zoneamento

Agroecologico
ddddddddddd Q
indir a produgo,
preservar a vida,
rantir o o

87% of sugarcane
production



Sugarcane Zoning in Brazil

I
Brazil is Managing N
Sugarcane Expansion

Brazilian regulations...

.........

1. Prohibit; s il

» Sugarcane plantation in sensitive biomes such | |
as the Amazon forest and Pantanal wetlands. L s - s Py

 Sugarcane cultivation on native vegetation | T e XY
(e.g., cerrado, grasslands) |

2. Authorize:

*  64.7 million hectares for sugarcane |
expansion; equivalent to 7.5% of the Brazilian )ty
territory (currently 0.9% of the area is used AN S
for sugarcane) ~ ot

Em@oa

http://www.cnps.embrapa.br/zoneamento_cana_de_acucar/ZonCana. pdf



Other Alternative Biofuels in Brazil - Biodiesel -

Biodiesel production in 2008:
1,166 billion liters

! NORTHEAST
Castor bean, Palm, Soy,

g Cotion and Babassu Law 11.097/2005:

2005 to 2007
(2% permitted) => 0 -840 million liters

) 2008 to 2012
oy, Colton, Caslor’ RO (3% mandatory)
.. F (5% permitted) => 1,3 -2,5 billion liters

SOUTHEAST
Soy, Casltor bean,
Cotton and Sunflower,

7 WOt X From 2013 on
| oo (5% mandatory) => 2,5 billion liters
$ Ez:fu‘f;gmnwo n.

Figure 7. Biodiesel sources according to Brazilian regions.
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Challenges and Opportunities

S| Eny:
G@Q‘?G&\(\Q» Water yse nlv ronme tal i’a”dards
%Q\\ EffiClency '"PaCts éry, ficag: g
g’(@‘ NSO atlon
° oC
Qee&\ Brazil has shown that large scale production of oo
bioenergy is possible \\e\“G@\e«\s
s¥°
Al S&T advances will make biofuels more widely
/,emo,hol available, helping improve their contributions to %.&\6
IStry energy security, sustainable growth and social \‘\,&\{&‘ e
inclusion \‘\c,e“
Y <
\0°°°egs®°“ Better 60‘\0\)‘09% 50(’\%0\5 %“\)c\"&\@
© Engines e®° o \‘{@6\9@%
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Challenges and Opportunities

Breakdown of sugarcane’s energy

idity
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Challenges and Opportunities
-

Brazil has around 100 plant species in the Cerrado and Amazon Biomes with potential to be
developed as oll crops for energy and other industrial purposes
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Brazil-Korea Cooperation in Bioenergy
I

Latin America an Africa have plenty of
land for 1st generation biofuels to
succeed...

Technological advances will make
bioenergy more widely available, even
to countries with less available natural

resources (especially land);

\¢

i

Brazil-Korea
Good complementarities
Innovation driven economies
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Brazil-Korea Cooperation in Bioenergy
I

Production of second generation ethanol, biodiesel and other biofuels:
» Improving feedstock production and processing — including logistics;

Improving processes: hydrolysis, pyrolisis, gasification, fermentation, distillation;
Prospection of microorganisms to ferment substrates into biofuels;
Prospection of enzymes and enzymatic processes;
Industrial processes to convert biomass into biofuels & bioenegy;
Promote full use of biomass: - add value to by-products and residues:

- Innovations that enable the biorefinery concept;

- New processes in alcohol-chemistry;

- Development of “green chemistry”.

Cross-cutting studies of bioenergy production chains:
» Assessment of social, economic and environmental impacts;
* Indicators and methods for assessing sustainability of bioenergy chains;
* Energy balances, Greenhouse Gases emission (GHG) & Life Cycle Analysis (LCA);
» Development of scenarios & prospective studies for the development of bioenergy
chains.
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Challenges and Opportunities

Brazil counts on many other countries producing ethanol
and biodiesel from various sources. Great interest in
networking and cooperative R&D

PARTNER MUTUAL PARTNER
BENEFITS
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