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There Is a Brazil that most people know

Amazon forest Soccer Carnival Coffee

It keeps being successful, but there is still
more to know...



Source: modified from MDIC
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The Brazil you must know

Technology, Innovation, Competitiveness

A strong academic base
10,000 doctorates every year
> 16,000 scientific articles a year
A growing intensity of industry R&D



The Brazil you must know
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The Brazil you must know

A strong academic base

Scientific articles publised in internationally indexed periodicals
- based on data from the institute for Scientific Information (ISl) -
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The Brazil you must know

The .
Economist

the natural
knowledge
economy

Kirsten Bound

THE ATLAS OF IDEAS

The Economist - Nov. 14-20, 2009 The Atlas of Ideas — Demos Institute, 2008
“A country with the world’s largest “It is helpful to think of Brazil as a ‘natural
freshwater supplies, the largest tropical knowledge-economy’... its innovation
forests, fertile land that in some places allows system is in large part built upon its
up to three harvests a year, and huge mineral natural and environmental
and hydrocarbon wealth.” resources, endowments and assets.”
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“Brazil: the natural knowledge economy’ ﬁ

2/3 OF BIODIVERSITY CONCENTRATED
IN THE TROPICS

@
© W. Barthlott 1996,1999 .

. . . . W. Barthlott, N. Bied G. B F. Feig, G.Ki
Robinson Projection Diversity Zones (DZ): Number of species per 10 000km arthlott, edinger, raun, elg, e,

sea surface temperature W Lauer & J. Mutke 1999
Standard Parallels 38°N und 38°S modified after
I:I DZ 1 (<100) - DZ 5 (1000 - 1500) - DZ 9 (4000 - 5000) >29°C W. Barthlott, W. Lauer & A. Placke1996

Department of Botany and Geography

l:l DZ 2 (100- 200) - DZ 6 (1500 - 2000) - DZ 10 (= 5000) >27°C University of Bonn

German Aerospace Research Establishment, Cologne

I:I DZ 3 (200- 500) - Dz 7 (2000 - 3000) Cartography: M. Gref

Department of Geography University of Bonn
Capensis floristic regions — cold currents
I:I DZ 4 (500 - 1000) - DZ 8 (3000 - 4000)

Barthlott, W., Biedinger, N., Braun, G., Feig, F., Kier, G. & J. Mutke (1999): Terminological and methodological aspects of the mapping and analysis of global biodiversity. In: Acta Botanica Fennica 162: 103-110.
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“Brazil: the natural knowledge economy’ ﬁ

Brazilian Biomes: a rich natural resource base

Brazil has a total area of 850
million ha, most of it dedicated to

conservation

The country has 388 million ha of

® Amazon Forest
Atlantic Forest

® Savanna

® Semi-Arid

highly productive arable land,

90 million of which have yet the

Pantanal wetland

@
South Grassland be farmed

Fonte: IBGE/MMA, 2004, Mapa de Biom as do Brasil
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Agribusiness in Brazil is driven by innovation

The Brazilian Agricultural Research Organization

Enpe

@ Ecorregional
@ Products

@ Basic Themes
® Senvices

Embrapa Network for R,D&I

v 41Research Centres and Services Units

v 3Virtual Laboratories Abroad {Labex)

" Offices for Technology Transfer:
14 in Brazil and 2 abroad {Africa and Venezuela)

North

® Embrapa Acre

® Embrapa Amapa

® Embrapa Western Amazon
#® Embrapa Eastern Amazon
® Embrapa Rondenia

5 Southeast
® Embrapa Roraima x

e Embrapa Agribiology
@ Embrapa Food Technology
Northeast » Embrapa Dairy Cattle

® Embrapa Mid-North @ Embrapa Aariculture Informatics

: E:::::: ‘:':‘: ‘TLOI:::;:ITS::I'; i‘lll:(ll:‘ ® Embrapa Agricultural Instrumentation
HpRADaktel LabEN ® Embrapa Environment 1

® Embrapa Goat and Sheep . ® Embrapa Maize & Sorghum

® Embrapa Cassava &Tropical Fruits ® Embrapa Satellite Monitoring

® Embrapa Cotton 9 ® Embrapa Cattle-Southeast

® Embrapa Tropical Agroindustry # Embrapa Soils

Mid-West

& Embrapa Agrienergy

# Embrapa Western Region Agriculture and Livestock

® Embrapa Rice & Beans Labex USA

® Embrapa Coffee South Labex Europe

& Embrapa Cerrados ® Embrapa Temperate Agriculture >

- EII]:)I apa 3eef:,.:1|1|e ® Embrapa Forestry Labex Asia

w bmorapa Vegetales ® Embrapa Seuth Animal Husbandry & Sheep i

« Embrapa Technological Information ® Embr :1:,:1 Soybean : ey ! Embrapa Americas
® Embrapa Pantanal _ * Embrapa Swine and Poultry Embrapa Venezuela
@& Embrapa Genetic Resources & Biotechnology # Embrapa Wheat .

o Embrapa Technology Transfer ® Embrapa Grape & Wine Embrapa Africa

‘ .
> Labex Korea Source: ARI/Embrapa
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Agribusiness in Brazil is driven by innovation

EXDOI'tS Product Production Exports
In 2008 Brazil exported more than 1500
types of agricultural products to foreign Sugar 1¢! 18t
markets Orange juice 1% 1st
Coffee 1st 1st
. Beef 2nd 1st
Commercial partners Soybean ond 1st
Around 79% of the Brazilian food Tobacco 3rd 1st
production is consumed domestically and Broiler 3 2nd

21% is shipped to over 212 foreign markets Corn 3 A

Source: SPAIMAPA (Agricultura Brasileira em Nimeros)
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Agribusiness in Brazil - Food, Feed, Fiber and Fuel

Brazilian vs World Energy Matrix

100,00% - I Non Renewable

83,70% I Renewable
80,00% -

60,00% - 53,70%
46,30%

40,00% -

20,00% - 13,30%

0,00% -

1 2

Brazil World

Source: MME, 2008
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Agribusiness in Brazil - Food, Feed, Fiber and Fuel

World Energy BrazilianEnergy
Matrix Matrix

PETROLEUM
35,3%

HYDROELECTRIC
14,70%

HYDRO-ELECTRICITY PETROLEUM
36,70%

21%

BIOMASS

BIOMASS
31,60%

11,2%

CHARCOAL
24,1%
NATURAL GAS

20,9%

MINERAL COAL

6,207
% NATURAL GAS NUCLEAR
1,40%

9,30%

Source: IEA, 2008.
Source: EPE, 2008.
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Agribusiness in Brazil - Food, Feed, Fiber and Fuel

Brazilian Energy Matrix (% Composition) /

HYDROELECTRIC Firewood & Charcoal

14,70%

PETROLEUM 1 2,5%

36,70%

BIOMASS Sugarcane derivatives
31,60%
16,0%

Others
MINERAL COAL

6,20% o
° NATURAL GAS NUCLEAR 351 Yo
1,40%

9,30%

e p e Sugarcane surpassed hydroelectric power in the Brazilian energy matrix. Everything indicates
that sugarcane will have growing importance in the country’s energy matrix.

Source: EPE, 2008.
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Strong Public PoI|C|es Towards Biofuels

» 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

r Mapa |
mmeuznsu » Economical aspects

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

\
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Strong Public Policies Towards Biofuels

Plano Nacional de \

roenerg

2006 —2011

' ediciio revisada

\
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AgriEnergy

Statistical Yearbook
2009




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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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

LA

oo .

First Brazilian car fuelled by a blend of ethanol
and gasoline - 1925

Em@a
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Sugarcane Etanol as Energy Source 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

$100

$80

$60

$40

$20

Il Nominal
Real (2008 dollars)

18681-1544 LS domesiic first purchase price
19457885 Arabian Light posted af Ras Tanura
F986-2008 Brent Spof

Source: Energy Informalion Adminisiration

1861 1866 1871 1876 1881 1886 1891 1896 1901 1806 1811 1916 1921 1926 1831 1936 1941 1946 1931 1856 1961 1966 1971 1976 1881 1986 1991 1998 2001 2008

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/Oil_Prices_1861_2007.svg
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Sugarcane Etanol as Energy Source in Brazil
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Sugarcane Etanol as Energy Source in Brazil

R&D: Increasing number of Sugarcane varieties used in Brazil

oo
00
Developed by 3
i research
cao % s organizations
5PT1-6163 SPEI-1347 _ CTC
- iy — Ridesa
400 | _ RBE 354 85 _ IAC
| A N\ -y Plus private
g N companies
= " —  Alellyx
0 — Canaviallis
q_n- 3 T T T T T T T T . p m;
1984 1994 2003
# of Varieties Developed = 550 # of Varieties Released since 1995 =51

Source: Macedo & Nogueira, 2004; Queiroz, 2009; Brito Cruz, 2009
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Sugarcane Etanol as Energy Source in Brazil

The Evolution of the Brazilian Ethanol Industry

R&D - Evolution of agro industrial yield — liters of hydrous ethanol equivalent per ha

6500
6000
9500
5000
4500
4000
3500
3000
2500
2000
1500

Fom Nastari, 2009
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+3.7% aa in 33 years (1975-2007)

2024 Source: Datagro
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Sugarcane Etanol as Energy Source in Brazil

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

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

BO%6
BO% .
—— Gasoline only cars
B0%
=05 Flex-fuel cars
40% Ethangl only cars
300,
2056 Q
10%
%

i

Source: ANFAVEA and UNICA, 2008

THIHERRH

Hflax=fusl alcool Egasolina
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Sugarcane Etanol as Energy Source in Brazil

The Evolution of Logistics and Distribution

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

PETROL RETAIL PRICE (BR REAIS)
09 1,00 1,10 1,20 1,30 1,40 150 160 1,70 1,80 1,9 2,00 2,10 220 230 240 250 260 2,70 280 29 3,00 3,10 3,20 3,30 3,40 3,50

105

>OMUM

| 2759
USE ETHANOL ?"J@W

BIDDIESEL

USE PETROL * | 4183

ETHANOL RETAIL PRICE (BR REAIS)

Consumer choice: decision table to be used in the petrol station.

Source: Amatucci & Spers, 2008 . . .
Source: based in a GM table distributed to flex car owners.




%{ﬁ:ﬁ; e e e e -
- — —— e

T
Ty e e = i
= e

e %ﬁ%ﬁ%ﬁ\f\x\

e e
e . i et

= e e

===

SugarcarTe Etanol as Energy Source in Brazil

Ethanol in aircraft engines

HONDA BEGINS SALES OF FLEX FUEL MOTORCYCLE
23 MARCH 2003

Embraer Ipanema: a hydrated ethanol agricultural plane.

Hydrated ethanol is commonly used as a fuel for aircraft in the Brazilian country side,
confirming the appropriateness and performance of such fuel in alternative engines.
Since 2005, Embraer, the Brazilian aircraft company, has manufactured the Ipanema,
an agricultural aircraft specially designed and licensed to use hydrated ethanol. Em-
brarer supplies kits for modifying gasoline engines to run on ethanol and it is currently
developing flex-fuel systems for aircraft engines, aiming at meeting the requirements
of small and agricultural piston engine aircraft. Currently, a fleet totaling 12,000 air-
craft have ethanol engines [Scientific American Brazil (2006)]. The use of hydrated
ethanol permits operational economies that reduce fuel costs per kilometer by 40%
and increase engine power by 5% [Neiva Embraer (2008)]. This has encouraged the
establishment of companies specialized in converting small aircraft to use this biofuel
[Aerodlcool (2008)]. Several tests have been conducted on ethanol aircraft engines in
the United States since 1980. In 1989 the Federal Aviation Authority (FAA) certified
the first ethanol aircraft engine, the Lycoming 10-540 injected fuel. In subsequent
years, the FAA certified the Lycoming O-235 carbureted engine and two aircraft, the
Cessna 152 and the Piper Pawnee agricultural aircraft for using anhydrous ethanol with Honda Begins Sales of Flex Fuel Motorcycle CG150 TITAN MIX in Brazil
5% gasoline (E95) [BIAS (2006)].

Sugarcane-based bivethanol : energy for sustainable Source: http://www.metropolismotorcycles.com/cgi-bin/mm_news.pl?id=166
development / coordination BNDES and CGEE - Rio de Janeiro :
BNDES, 2008
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Sugarcane

2.000.000

“Gasoline is Becoming the Alternative Fuel in Brazil®

Changes in Ethanol and Gasoline use in Brazil

1.600.000

1.200.000

(m3)

Vel

Em@a

800.000 W VN

Gasoline and Alcool monthly consumption

— G asoline

= Ethanol (Hydr + Anydrous)

Source: ANP, 2009 and Brito Cruz, 2009
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Energy efficiency of Sugarcane

41'Pnbaguuhbmtd.

Innovative co-generation
plants produce energy oo e L A—
from sugar cane waste - Bimas o 55
completely carbon-neutral.

a temperature of 450°C. After
going through the turbines, the
steam is reused in production.

6 The steam drives the

turbine, which in turn dives the
generator, producing electrical
energy for the whole plant.

3l'helnideﬁhe¢
the bagasse onto the
conveyor belts.

2 The trucks unload
the bagasse at the
‘warehouse yard.

7 The excess electrical energy
can be sold, as the electrical
cogeneration system is 100%
[ d with the
energy congession holder.

9 The ash, when not so moist, 8mmmmnmmm

is sold of given away as fertilizer, raw_wuhw,mmngu
http://lanxess.com/uploads/tx_Ixsmatrix/CoGen-Infographic_gr.JPG e e st b stab ke
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Mills and distilleries also generate electric and mechanical power.
Equivalent to 3% of the electric power consumed in the Bratzil.

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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Sustainabili_fy of Sugarcane as Energy Source in Brazil

Energy Balance of Bioethanol Production

Wheat

Corn

Beet

Sorghum*

. . " &

e R

|

I Sugar cane |
_,l

\----------------------------------------------------

1 2 3 4 5 6 7 8
Energy Output/Energy Input Ratio

Source: LICHT, 2006.
* Source: WORLD WATCH INSTITUTE.

Labex Korea ) - == Es )
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________________ e ..-=.¢ = '.'
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Sustainability of Sugarcane as Energy Source in Brazil

Cost of Bioethanol Production

| || e e R e s

USS /7 barril

1,00 -
0,80 -

0,60 -

US$/ Liter

0,40 -

0,20 1

EU - Wheat USA - Corn Australia Thailand Brazil
Sugarcane Sugarcane Sugarcane

Source: DATAGRO, 2006.
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Sustainability of Sugarcane as Energy Source in Brazil

+119%

Estimated change in greenhouse gas

emissions if petroleum fuel were {o be

replaced with one of these alternative fuels
g+ ¥ Ya
—_—

-0
_oga —graey, =20%, —2 0%
_ﬂ?%—d]‘}u
-EB% | |
—68% i

QF& x@@ '1‘?&. ﬂ-&g c@o x':? x‘f@ﬁ(@ &Qg?iﬂ& v 3‘# ﬁé xﬁé\ p

= 2E" 3 ¥
R S S
P & @dy P 3 &8
a4 o & &
FEE (T
gt
cf &

With carbon  Without carbon
capture and  capture and
storage storage

Source - http://thinkprogress.org/2007/05/29/coal-warming/
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Sustainability of Sugarcane Etanol

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

4m
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Other Biofuels in Brazil - Biodiesel

% Ethanol in Gasoline
(gasohol)

1977:4.5%

S 1979: 15%
v" Alcohol as fuel for light applications (cars, vans); 1981: 20%
1985: 22%

v" Oil derived fuels (biodiesel) for heavy duty 1998: 24%
1999: 20 to 24%

applications (passenger and cargo

SINCE 2002
20% to 25%

transportation, industrial uses, electricity

generation).

v Mimic ethanol to gasoline addition policies.

\ 2
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Public Policies to support development and use

2002 Ministry of Science and Technology initiated ProBiodiesel
2004 National Program of Biodiesel Production and Use (PNPB)

2005 First biodiesel processing plant was established in Minas Gerais State

> Law 11.097/2005: Establishes minimum percentages to mix biodiesel to diesel, defines

criteria to monitor the introduction of this new fuel into the market.

2008
2005 From 2013
2007 2012
2% 3% 5%
Authorized Mandatory Mandatory

\
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Public Policies to support development and use

NORTH
Palm and Soy

NORTHEAST
Castor bean, Palm, Soy,
Cotton and Babassu.

CENTRAL WEST
Soy, Cotton, Castor
bean and Sunflower,

SOUTHEAST
Soy, Caslor bean,
Cotton and Sunflower,

Figure 7. Biodiesel sources according to Brazilian regions.

Biodiesel production in 2008:
1,166 billion liters

Law 11.097/2005:

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

2008 to 2012

(3% mandatory)
(5% permitted) => 1,3 —2,5 billion liters

From 2013 on
(5% mandatory) => 2,5 billion liters
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Public Policies to support development and use

Biodiesel production in Brazil, in m’. [
AgriEnergy

Statistical Yearbook
2009

MONTHS 2005

JANUARY 2008

2009

FEBRUARY 0 1.075 17.109 76.784 87.394

MARCH 0 1.043 16.933 77.085 79.658

APRIL 4 1725 22.837 63.680 131700 | Monthly biodiesel production in Brazil, in m’.

MAY 13 1.786 18.773 64.350

JUNE 26 2.578 26.005 75.999

140.000

jury 23 6.490 27.158 102.767

120.000

AUGUST 7 3.33 26.718 107.786 100.000

£0.000

SEPTEMBER 57 5.102 43.959 109.534

OCTOBER 2 6.735 46.013 132.258 {
£

40.000

NOVEMBER 34 8.581 53.609 126.817

20.000

DECEMBER 281 16.025 56.401 117.803

FEETELEEETFESES L LLEEEES

Months

TOTAL YEAR 111.515

TOTALANO 69.002 404.329 1.166.379 298.752

Source: ANP

\ 2
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Alternative Biofuels in Brazil - Biodiesel -

Jatropha Castor o Sunﬂnwr Soy‘beéns} t; | Qil Im 7 :}
Average Agricultural Productivity (kg/ha )
5.000* 1.500 1.500 3.000 20.000 3.000
Qil Content (%)
25 47 42 18 20 15

Productivity of Vegetable Oil (kg/ha) ____ -
1250 705 630 540 > 4.000 450

-

o Jpp—_ I

Brazil has over 100 potential oil plants in its biodiversity that can be developed
as oil crops for biodiesel production

Source: Biofuels for Transportation - Global Potential and Implications for Sustainable Agriculture and Energy in the 21st Century
World Watch 2006, http://www.worldwatch.org/system/files/EBFO08_1.pdf

T T
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Challenge: developing new oil sources

CROP OIL OIL BRAZILIAN | BRAZILIAN
SOURCE CONTENT HARVEST YIELD
% mo y-’ t oil ha"!
African Palm (Elaeis guineensis) Seed 22.0 12 3.0-6.0
Avocado (Persea americana) Fruit 7.0-35.0 12 1.3-5.0
Babassu (Attalea speciosa) Seed 66.0 12 01-0.3
Castor bean (Ricinus communis) Grain 45.0 - 48.0 3 0.5-1.0
Coconut (Cocos nucifera) Fruit 55.0 - 60.0 12 1.3-1.9
Colza/Canola (Brassica spp.) Grain 40.0 - 48.0 3 0.5-0.9
Cotton (Gossypium hirsutum) Grain 15.0 3 0.1-0.2
Peanut (Arachis hypogaea) Grain 40.0 - 43.0 3 0.6-0.8
Soybean (Glycine max) Grain 18.0 3 0.2-0.6
Sunflower (Helianthus annuus) Grain 38.0 - 48.0 3 0.5-1.9

\
&

Source: Nass et al. (2007)



Species under investigation for biodiesel production in Brazi

Acrocomia aculeata (macauba palm)

Licania rigida (oiticica)

Astrocaryum murumuru (murumuru)

Mauritia flexuosa (buriti palm)

Astrocaryum vulgare (tucuma)

Maximiliana maripa (inaja palm)

Attalea geraensis (indaia-rateiro)

Oenocarpus bacaba (bacaba-do-azeite)

Attalea humillis (pindoba)

Oenocarpus bataua (pataua)

Attalea oleifera (andaia)

Oenocarpus distichus (bacaba-de-leque)

Attalea phalerata (uricuri)

Paraqueiba paraensis (mari)

Caryocar brasiliense (pequi)

Sesamum indicum (benneseed)

Cucumis melo (melon)

Theobroma grandiflorum (cupuassu)

Jatropha curcas (pinhao-manso)

Trithrinax brasiliensis (carandai)

Joannesia princeps (cutieira)

Zea mays (corn)

\
&

m w)a

Source: Nass et al. (2007)
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Researchfé‘ Development Programs

Embrapa’s Strateqgic Objectives

V Plano Diretor da Embrapa

2008-2011-2023

SO1:

Competitiveness &
Sustainability of

Brazilian Agribusiness

SO5:
Advances in the
Knowledge Frontier
and Emergent
Technologies

S03:
Sustainable Use of
Biomes and
Productive
SO4: Integration of

Biodiversity Brazilian Regions

Prospecting for the
Development of
Differentiated and
Value-added
Products
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Research & Development - Agroenergy and Biofuels

e Development of new technologies for energy production (ethanol from
cellulose, products of bio-refinery, hydrogen)

‘ » Enzymatic pathway for ethanol from lignocellulosic materials
mmm) | - Enzymes, fung, bacteria and catalysts with impact in energy production |
mm) | . R&D focusing the concept of bio-refinery

eDevelopment of technologies for economical use of by-products and
residues

i « Economical use of meals, glycerin & by-products of biodiesel production

« Economical use of by-products from the charcoal industry for the production of
biofertilizers and biopesticides

» Economical use of residues and by-products from the 1st and 2nd generation
ethanol production processes
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Research & Development - Agroenergy and Biofuels

Longer-term objectives

e Development of novel production systems and raw materials with superior characteristics
for the production of energy.

e Zoning and evaluation of environmental, economic and social impacts of agroenergy
souces for the identification of areas for competitive and sustainable production.

e Development of technologies and production systems aiming at using degraded areas for
the production of bioenergy.

\ 2
&



Emig

Research & Development - Agroenergy and Biofuels

Embrapa Agroenergy :
Laboratory of Energy Biology

Laboratory of Energetic Feedstock Processing
Laboratory of Co-products and Residues Processing
Laboratory of Knowledge Management in Agroenergy

V Plano Diretor da Embrapa
2008-2011-2023

i e Source: Embrapa Agroenergy
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Lignocellulosic
Ethanol

Energetic
Florests

Potential
Sources
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Research & Development - Agroenergy and Biofuels

» Biodiesel Platform

\
&

Socio-economic studies
. [ [ |
Environmental Impacts and Residues
. [ [ |
Technology for production and use of fuels
S . r =B
Zonning (soils, climate and sanitary)

Organization of Information & Technology Transfer

NETWORK: 160 scientists (15 Embrapa R&D Centers, 9 Universities, 5 R&D Institutes, ...)

Emie

Source: Embrapa Agroenergy
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Research & Development - Agroenergy and Biofuels

» Sugar Cane

Development of GMO's for tolerance
and resistance to biotic and abiotec
stresses

Biological fixation of
Nitrogen

Modelling of
Production

v Systems

Socio-economic & environmental
Impacts

MANAGEMENT

Production
Systems

NETWORK: 100 scientists (8 Embrapa R&D Centers, 2 Universities, 1 R&D Institute, ...)
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Research & Development - Agroenergy and Biofuels

» Energetic Forests

Production of raw material

| e Agroindustrial processes
economic Energy
&
social By-products of high added value
impacts

Efficiency of production

Florests: native and planted

NETWORK: +130 scientists (17 Embrapa R&D Centers, 15 Universities, 14 R&D Institutes, ...)

Source: Embrapa Agroenergy
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Research & Development - Agroenergy and Biofuels

> Potential agroenergy sources

Domestication and production systems for potencial -
alternative raw materials for biodiesel production
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Environmental, social and economic impacts -
Management

NETWORK: £170 scientists (20 Embrapa R&D Centers, 9 Universities, 1 R&D Institute, ...)

Source: Embrapa Agroenergy
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> Ethanol from lignocellulosic materials

¥

Alternative sources of biomass & technological routes for the
sustainable production of ethanol from lignocellulosic materials
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Research & Development - Agroenergy and Biofuels

Cellulosic Ethanol from Sugarcane

A option for bagasse, tops and leaves.

Sugar mill is already a logistics operation for transport of
low value product.

Cost of collection in Brazil is low — cane produced near
plants :

— USS 6/ton for tops and leaves.
— Zero cost for bagasse.

Cost of collection in Northern hemisphere countries
estimated at USS 15 to 60/ton.

Cellulosic ethanol will be more competitive from sugar cane
bagasse, & tops and leaves.

From Nastari, 2009
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Ministrﬁ?Sbience and Technology Platform

Bioethanol
Scientific-Technological & Production Challenges

1 e Alcohol chemistry / Biorefineries

2 * Development of agrobiotechnology (enzymes)

3 e 2nd Generation Biofuels: lignocellulose (enzymatic
hydrolysis) and gasification

4 e Development and production of new cultivars of
sugar cane

5 e New fertilizers and nutrients for agroenergy crops

Source: Ministry of Science & Technology, 2007.

inct
institutos nacionais
de ciéncia e tecnologia
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Ministry:of_ Cié-nbé and Technology Platform

Biodiesel
Scientific-Technological & Production Challenges

1 e Technology of the ethylic production route

2 e Adding-value to by-products

3 e Development and production of improved varieties
of oil plants and raw materials

4 e Validation of use in vehicle and stationary engines

Source: Ministry of Science & Technology, 2007.

inct

institutos nacionais
de ciéncia e tecnologia

\
&




Em‘-’d)a

FAPESP - Sao Paulo Foundation for Science and Technology

FAPESP:
SUCEST Program

m Started 1999

SUCEST ESTs

v \ s Molecular Biology tools
Transcriptome ssRs for improving sugarcane
F"mﬁ \p?..m..,. F..m{,........, m Science and Technology
l l l of sugarcane.
e annlon — Articles, thesis and patents

\ / l — Human resources

T,...,.nnci ‘/m.c Brecding ﬂ ; ’!_ \l | M l
it e SUCEST

¢ EST Projee | | —

Source: Brito Cruz, 2008
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FAPESP - Sao Paulo Foundation for Science and Technology

SUCEST Project
Genome Research TAPESP, 1999 - 2004

13:2725-2735 €2003 by Cold Spring Harbor Laboratory Press 155N 1088-0051/03 $5.00; www.genome.org

Analysis and Functional Annotation of an Expressed 50 labs
Sequence Tag Collection for Tropical 200 researchers
Crop Sugarcane

André L. Vettore,"** Felipe R. da Silva,’** Edson L. Kemper,*® Glaucia M. Souza,’
Aline M. da Silva,® Maria Inés T. Ferro,® Flavio Henrique-Silva,® Eder A, Giglioti,®
Manoel W.F. Lemos,” Luiz L. Coutinho," Marina P. Mabrega,'' Helaine Carrer,'”
Suzelei C. Franca,'* Mauricio Bacci Jr.,'* Maria Helena 5. Goldman,™ Suely L. Gomes,*
Luiz R. Munes,'® Luis EA. Camargo,'” Walter |. Siqueira,'® Marie-Anne Van Sluys,*
Otavio H. Thiemann,'” Eiko E. Kuramae,'® Roberto V. Santelli,* Celso L. Marino,'
Maria LP.M. Targon,® |esus A. Ferro,®* Henrique C.S. Silveira,® Danyelle C. Marini,”
Eliana G.M. Lemos,® Claudia B. Monteiro-Vitorello,'® José H.M. Tambor,"" %
Dirce M. Carraro,"™2* Patricia G. Roberto,'? Vanderlei C. Martins,?' o

Gustavo H. Goldman,* Reqgina C. de Oliveira,'* Daniela Truffi,'® Carlos A. Calomba, ™
Magdalena Rossi,* Paula C. de Araujo,* Susana A. Sculaccio,'” Aline Angella,™ 238000 ESTs

Marleide M.A. Lima,"® Vicente E. de Rosa |r.,"® Fabio Siviero,* Virginia E. Coscrato,'”
Marcos A. Machado,?® Laurent Grivet,* Sonia M.Z. Di Mauro,® .
Francisco G. Mobrega,"" Carlos F.M. Menck,® Marilia D.V. Braga,®2® 43000 Transcri pi‘s
Guilherme P. Telles,” Frank A.A. Cara,” Guilherme Pedrosa,” Joao Meidanis,” and
Paulo Arruda'-2727

Source: Brito Cruz, 2008
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FAPESP - Sao Paulo Foundation for Science and Technology

FAPESP’s Research Program on
Bioenergy (BIOEN): 5 Divisions

Improvements in the feedstock: building a better cane
plant for enerqy

Production of Ethanol and other products: hydrolysis,
pyrolisis, gasification, fermentation, distillation

New processes in alcohol-chemistry
Ethanol based engine and fuel cell developments

The Economics of Ethanol, Ethanol production and
the environment, Social impacts, the new agriculture
of food AND energy

Source: Brito Cruz, 2008
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FAPESP - Sao Paulo Foundation for Science and Technology

Demonstration Plant for Acid
Hydrolisis: FAPESP - Dedini

m Project started in 2002
m Dedini-Fapesp proprietary process

s Demonstration plant
— 9,000 liters per day
— Mixed with input for fermentation

Planta DHR

@ C.H. Brito Cruz e Fapesp

Source: Brito Cruz, 2008
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Summary of Challenges and Opportunities

Ethanol

v Improve Agricultural and industrial
processes (harvesting, waste mgmt...)

v’ Biotechnology to introduce new traits to
sugarcane (resistance, drought, etc)

v Implement the agroecological zoning to
open new areas in a sustainable way

v Develop technologies to promote
symbiotic N fixation and alternative P

v New products and processes based on
alcohol chemistry and improved use of
sugarcane biomass

&

] = * ﬂ,ﬂ ' .
Biodiesel e

v Evaluation of additional oil plant species
v’ Development of new varieties
v’ Development of new cropping systems

v’ Agroecological zoning of conventional and
potential species

v’ Harvesting and processing systems for
improved oil extraction and coproducts use

v’ Biotechnology to introduce new traits and
to speed up the breeding process



Summary of Challenges and Opportunities 3357, 2%
7"“‘": o7

AAT

v Technology - efficiency & sustainability (more with less area, water, energy,...) 2R 7 A0

v Implementing and perfecting the agroecological zoning

v’ Strategic Inteligence - market dynamics and trends - internal & external

v’ As a global market develops - Standards, certification and traceability

v’ Infrastruture and logistics

v' Comunicacdo e information

v’ Capacity building

\
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Summary of Challenges and Opportunities

v" Genetic resources, pre-breeding, breeding and

development of improved feedstock for ethanol and biodiesel |
production

v Enzymes and microorganisms useful to convert biomass
into sugars, ethanol and other value added products

v" Improved bioprocess technologies to allow efficient
conversion of lignocellulosic biomass into biofuels

v" Industrial automation, improved fermentation processes -
yeast breeding

v" Genetically modified energy crops

v" Applied nanotechnology
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APPLIED ANDY ENVIRONMENTAL MICROBIOLOGY, Dec. 2005, p. B132-8140
(099-2240/05/308.00+0  doi:10.1128/AEM.71.12.8132-8140.2005
Copyright © 2005, American Society for Microbiology. All Rights Reserved.

Construction of Engineered Bifunctional Enzymes and Their
Overproduction in Aspergillus niger for Improved Enzymatic
Tools To Degrade Agricultural By-Products

Anthony Levasseur,'* David Navarro,' Peter J. Punt,” Jean-Pierre Belaich,**
Marcel Asther,' and Eric Record'

UMR 1163 INRA de Biotechnologie des Champignons Filamentewr, IFRE6-BAIM, Universités de Provence et de la Méditen
ESIL, 163 Ave. de Luminy, Case Postale 925, 13288 Marseille Cedex (09, France'; Department of Microbiology, Quality of )
Zeisi, The Netherlands®; Bioénergétigue et Ingéniérie des Protéines, Centre National de la Recherche Scieniifigue, IBSM program director for the U.S.

13402 Marseille, France®; and Université de Provence, 3 Place Vicior Hugo, Marseille, France*

Received 18 May 2005/Accepted 2 August 20035

Two chimeric enzymes, FLX and FLXLC, were designed and successfully overproduced in Aspergillus niger.
FLX construct is composed of the sequences encoding the feruloyl esterase A (FAEA) fused to the endoxylanase
B (XYNB) of A, miger. A C-terminal carbohydrate-binding module (CEM family 1) was grafted to FLX,
generating the second hybrid enzyme, FLXLC, Between each partner. a hyperglyeosylated linker was included
to stabilize the constructs, Hybrid proteins were purified to homogeneity, and molecular masses were estimated
to be 72 and 97 kDa for FLX and FLXLC, respectively. Integrity of hybrid enzymes was checked by immuno-
detection that showed a single form by vsing antibodies raised against FAEA and polyhistidine tag, Physico-
chemical properties of each catalvtic module of the bifunctional enzymes corresponded to those of the free
engymes. In addition, we verified that FLXLC exhibited an affinity for microerystalline cellulose (Avieely with
binding parameters corresponding to a K, of 9.9 x 107* M for the dissociation constant and 0.98 pmol/g Avicel
for the hinding capacity. Both bifunctional enzymes were investigated for their capacity to release ferulic acid
from natural substrates: corn and wheat brans, Compared to free enzymes FAEA and XYNE, a higher
synergistic effect was obtained by wsing FLX and FLXLC for both substrates, Moreover, the release of ferulic
acid from corn bran was increased by using FLXLC rather than FLX. This result confirms a positive role of
the CEM. In conclusion, these results demonstrated that the fusion of naturally free cell wall hydrolases and
an A. miger-derived CEM onto bifunctional enzymes enables the increase of the synergistic effect on the
degradation of complex substrates.

Vol. 71, No. 12
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Nanosphere catalyst could improve biodiesel
production

victar Lin, an Iowa State University
professor of chemistry and a

Department of Energy's Ames
Laboratory has developed a
catalyst based on nanospheres
that could revolutionize the way
biodiesel is produced. The particles and the precise chermistry
filling the channels that run through them could make
production cheaper, faster and less toxic,

s00nm

The new catalyst could also produce a cleaner fuel and a
cleaner alycerol co-product, &nd it could be used in existing
biodiesel plants, The technology allows efficient conversion of
vegetable oils or animal fats into fuel by loading the
nanospheres with acidic catalysts to react with the free fatty
acids and basic catalysts to react with the oils, The
nanoparticles are recyclable.

This technology cowld change how biodiese! is produced [
and cowld make production more econorical and more
ervironmenitally friendly, - Victor Lin, Iowa State
University professor of chemistry

http://news.mongabay.com/bioenergy/2007/07/

e
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Summary of 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 MUT PARTNER
BENEFITS
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Summary of Challenges and Opportunities

Many Institutions Dedicated to Renewable Energy R&D in Brazil

Embrapa Agroenergy: www.cnpae.embrapa.br/

The Sao Paulo State Research Foundation, FAPESP: www.fapesp.br/english/
FAPESP’s Bioenergy Research Program (BIOEN): bioenfapesp.org/
Sugarcane Planters Association, UNICA: www.unica.com.br

Center for Sugarcane Research, CTC: www.ctc.com.br

Instituto Agronomico de Campinas — IAC www.iac.sp.gov.br

+ Networks - Ridesa n:'.;hh"

+ Private companies - Alellyx, Canaviallis (Monsanto) ,."17.—" #
+ Universities,

Etc... ~ ;'?;;h
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Embrapa has expanded its cooperation program to Asia
A partnership with the Rural Development Administration - RDA




Inauguration of Embrapa Labex Korea
at the Rural Development Administration — RDA, Suwon
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The Embrapa Labex Program

Labex Korea Activities and Priorities

Monitoring trends in S&T and opportunities of cooperation

Promoting collaborative projects in strategic areas

Facilitating exchanges of scientists

Identifying training opportunities
Promoting technical meetings and scientific exchange

Follow-up on joint research projects
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“Our vision of future impact of Labex ”

International networking - cutting-edge research - capacity building - access knowledge
increased funding - increased visibility - dialogue in international fora, etc,etc...

The Embrapa Labex Program
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labex.korea@ymail.com
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Embrapa Labex Korea
Brazilian Agricuftural Research Cortporation — Embrapa
Rural Development Administration — RDA

Mauricio Antonio Lopes, Ph.D.
Scientist - Coordinator

International Technelogy Cooperation Center - ITCC
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Rural Development Administration - RDA
260 Seodun-dong, Gwonsson-gu, Suwon 441-707, Republic of Korea
Office: 82- (0)31-299-1099 / Fax; 82-(0)31-293-9369
labex karea@ymail.com hitp: fflabeskorea wordpress.com
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Brazilian Agricultural Research Corporation — Embrapa

OFLelAl? CHE U R Ml

SEEPA, Labex A FZ A 2

SEXEE SHsHI=sH4E
41707 A0 2 =¥ HAR HEF 260
AR A 82-[0)31-299-1089 / T A 82-{0)31-283-9369
labesc korea@ymaill.com hitp:#labexkorea wordpress.com

o




