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The roles and functions
of the Brazilian Center for Biofuels:
“Think Tank”: an independent and credible organization

Innovation & Technology transfer: catalytic and network role
Contribution for policy making

Awareness raising and capacity building

Strategic and applied research

Mitigation of GHGs and carbon projects



Potential of biofuels within different economic sector

SECTOR BIOFUELS

Etanol Biodiesel Fiber/ Wood Charcoal
Bagasse

Household 1 0 1
Agribusiness

Transportation

Steel & metal
mechanics

Cement

Chemestry

Textile/ceramics

Food & beverages

Pulp & paper

Co-generation

0 = Nenhuma vinculagao 1 = Baixa vinculacao 2 = Média vinculacao

Source: Brazilian Center for Biofuels, 2004



Global and larger frameworks supporting biofuels dep loyment

Oil consumption and prices

IPCCC and Stern report — environmental and economic

impacts of GHGs

USA — goals of reducing 20% gasoline consumption in 10 years
EU - Directive 2003/30/EC & Biofuels Vision 2030

Kyoto targets

Cost effective substitution and future technologies available....

Competitive prices and being renewable




2. Understanding key drivers of energy supply and demand

System dynamics and their multiple interactions

Oil reserves

Hydro

Nuclear

Energy Wind
supply Land use Native
patterns vegetation

Hydrogen and forests

Ethanol
& biodiesel

Roles and O]

: jobs
functions J

of government, \
private sector and

NGOs

Diversification



Forces acting at different levels and time:
the spatial and temporal dimensions

Interacting hierarchical forces...
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The supply hypothesis

Table |—Biofuel Production as Energy-Equivalent Shares of Total Gasoline and Diesel Demand for Transportat

in the Aggressive Biofuel Growth Scenario (percent)

Year China India Brazil United States European Union Rest of world
2005 2 I 37 2 | 0
2010 4 5 47 3 4 2
2015 6 8 49 3 7 2
2020 8 | 58 4 10 2

source: Authors’ calculations based on 2005 actual preduction and energy demands from the Worldwarch Institute and the International Energy Agency (IEA).
Brazil and LL5. projections based on |[EA bicenergy and LS. Department of Agriculture (USDA) sources, respectively.

Mote: Higher shares in Brazil have significant exports of ethanal production embedded in them. The projection for the European Union is based on a potental
path dominated by biodiesel, while other regions only represented displacement by bioethanal.



The supply hypothesis — how much and which sources?
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Biomass Main assumptions and remarks Potential bio-
category energy supply
up to 2050.
Agricultural Potential land surplus: 0-4 Gha (more average: 1-2 Gha). 0—700E]
land (average: 100 —
300 EJ)
Marginal lands. | On a global scale a maximmim land surface of 1.7 Gha couldbe | (0) 60— 150 EJ
involved.
Residues Estimates from various studies 15-70E]
agriculture
Forest residues | Low value: figure for sustamable forest management. High (0)30- 150 EJ
value: technical potential. Figures include processing residues.
Dung Use of dried dung. Low estimate based on global current use. (0)5—55E]
High estimate: technical potential.
Organic wastes | Figures include the organic fraction of MSW and waste wood. 5-50(+H)E
Higher values possible by more intensive use of bio-materials.
Total Most pessinustic scenario: no land available for energy farmung: | 40 — 1100 EJ

only utilisation of residues. Most optinustic scenario: intensive
agriculture concentrated on the better quality soils.

(250 - 500 EJ)
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The impact on prices hypothesis

Table 2—Percentage Changes in World Prices of Feedstock Crops under Three Scenarios, Compared with Bas

Scenario |: Aggressive biofuel Scenario 3: Aggressive biofuel
growth without technology Scenario 2: growth with productivity chang
Feedstock improvements Cellulosic biofuel and cellulosic conversion
crop 2010 2020 2020 2020
Cassava 33 135 89 54
Maize 20 41 29 13
Qilseeds 26 76 45 43
Sugar beet 7 25 14 10
Sugarcane 16 66 49 43
Wheat [ 30 21 I6

Source: IFPRI IMPACT projections.
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Cross links: Impacts on international commodity prices

An additional 10 million tonnes of ...

Sugar Maize Sugar and Soybeans and Sugar, Maize
Maize Maize and
Soybeans
Corresponding 0.195 EJ 0.087 EJ 0.282 EJ 0.167 EJ 0.349 EJ

energy [biofuels]

Commodity ... used for biofuels
would change international prices (percent) in the long-run by :

Sugar +9.8 +1.1 +11.3 +2.3 +13.8
Maize +0.4 +2.8 +3.4 +4.0 +4.2
Vegetable oils +0.3 +0.2 +0.2 +7.6 +7.8
Protein +0.4 -1.2 -1.2 -8.1 -7.6
Wheat +0.4 +0.6 +0.9 +1.8 +2.0
Rice +0.5 +1.0 +1.2 +1.1 +1.4
Beef +0.0 +0.2 +0.2 +0.4 +0.4
Poultry +0.0 -0.4 0.4 -2.1 -2.0

Source: @2030 simulation results
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A drastic decline in real prices for food and agriculture

constant 1980 USH
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Food insecurity in the world — FAO, 2006

Transitin courtriss

Sub-Saharan Africa

Mear East and Morth Africa

Latin America and the Caribbaan

&sia and
the Facific

-l -&0 -40 -20 0 20 40 a0
Change in number of undemourishied people Imillions)

B Countries having achieved the WFS target
. Countries having progressed towards the WFS target [l Setback countries Spurca: FAD
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Fercentage of population

39
30
25
20
15

B LSS poverty

.~ Undernourishime rit*

19%0 2002 a5

* For undarnourishmant, Ristorical data
rafar to 1990-92 and 2000- 02

Sourca: USE poveriy ratas adapted
rram Warg Sank. 2004, Global Economic Prospecis.
2008, Washingron OC For undamounshimant
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Reference Scenario

Energy-Related CO, emissions by

~ Rest{of OECD

United States

0 T T T
1990 2000 2010 2020 2030

China overtakes the US as world’s biggest emitter before 2010,
thowugh per capita emissions reach just 60% of OFCD fevels in 2030,
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Crude, US$/bbl

Parity prices: Petrol-Crude oil — Ethanol

Various feedstocks and farming/production systems

120
100 -
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Petrol, US%/I
—— Gasoline-Crude USE Cane Brazil, fop producers

Cane, Brazil, average Cassava, Thaioil, 2 mio l'd

Cassava. Thailand, OTC joint venturs Maize, Us

Mixed feedstock Europe —8— Palmoil, MPOB project

BTL: Synfuel/Sunfusl Source: FAO, 2007
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Current ethanol (for fuels) production is only 2,6% of total gasoline
consumption

World primary energy demand (2006 estimates) — billion liters (oil equivalent)

15.264,3

o]] 5.424,0 35,5%
Coal 3.525,0 23,1%
Gas 3.231,4 21,2% Figure 2.11: Share of Inter-Regional Trade in World Primary Demand
Biomass and waste 1.651,1 10,8% by Fossil Fucl
Nuclear 1.021,1 6,7% & 00

Trade 2 % of world demand
Hydro 330,5 2,2% 5 000
Other renewable 81,2 0,5% 4 000 e L

15%
é 3000 4 e

Gasoline consumption 1.176,9 2000 {p -
Diesel consumption 719,5 1000
Ethanol production 46,5 4,0% 0 -

2002 2030 2002 2030 2002 2030
Ethanol production for fuels 30,6 2,6% Coal il Gas
Brazilian production 30.0 B Domastic consumption 1 Traded between regions
Brazilian eXportS 18,9 Mare: Tercentapes refer oo the share of rade in ol primany demand.
EU Biofuels production (2005) 4,0

Source: World Energy Outlook 2004; BCB estimates 19



Energy demand In rural areas:
still .....
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Energy demand in the agribusiness and

- land use process. conseguences

of expansion of commodity crops
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The role of new technologies — when 2nd generation will be ready?
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Feedstocks, technologies and markets: deploying the pot ential
of multiple biomass sources

Resources Technologies Markets

Agriculture & forestry Oil chemistry Energy

By-products Thermochemical Fuels

Waste — urban/industry Biological Co-products

Complex interactions
spatial and temporal dimensions

But we still need to face other challenging issues:
collection, transportation, storage and processing

23
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3. Global problems — regional solutions

Brazilian structural factors leading to a competiti ve biofuels ecosystem (1/2)

» At least two biofuels of global relevance — ethanol and biodiesel
* And one more under-developed potential: biogas
» Global demand: reducing the dependency from oil and

environmental concerns

Competitive production costs versus oil

Potential for the development of co-products — oil chemistry and

ethanol chemistry

No IPRs barriers for innovation

Early stages of policy development — creation of global markets

for biofuels

25



Brazilian structural factors leading to a competiti

 Long tradition in ethanol and sugar

» Old fashion players and new ones arriving

» Recent biodiesel law (2004) and legislation

» Very competitive production costs at national and global levels

« Strong national markets for ethanol and biodiesel

» Available technologies for production, but still lots of
opportunities for improvement: back up of academia and
research organizations

o Raw material for the Second Generation of Biofuels - BTL

ve biofuels ecosystem (2/2)

26



Beyond sugar cane...
Environmental services and development of new co-product

S
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Sugar cane value chain

5,4 million ha Harvest 334 mills & destillaries
72 thousand growers 380 million tons (Operation & projects)

=) =) =)

v v
ETHANOL SUGAR BAGASSE
14 billion liters 24 million tons

siopieseL | Bioplastic

& PR TR, B GO

Ethanol _
— Derived

‘ Credits of
Food

,_:Zr“"-'? Carbon
=i Lisine
R Pharmacy  *=&
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There is significant room for new technologies deve
generation of biofuels and hydrogen fuel cells integ

lopment - 2 nd
rated plants
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Brazil uses aprox. 58 million ha as agricultural la

Source: IBGE 2004

nd
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The increase in oil prices created a very profitabl
production

Oil and sugar prices

e context for ethanol

= Rawsugar contract Nr 11, NYBOT

Source: Nymex and EIA, J. Schmidhuber (2007)
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Food losses by commodity - USA
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Adoption of a landscape approach:

FOOD WTECGRATIOY  cneroy

AGROENERGY

INTERNATIONAL AND NATIONAL DEMANDS: food & fuel
SUSTAINABLE USE OF LAND AND LANDSCAPES
ADDED VALUE OF AGROENERGY CROPS
INTEGRATION OF AGRICULTURE/FORESTS
DIVERSIFYING PORTFOLIO OF FARMER’S OPTIONS

33



A technological approach

Second generation of biofuels and biorefinaries:
an example from the forestry sector



BIOREFINERY-
An approach for the forestry, pulp and paper indust ry

Energy generation and fuels:
* biodiesel - from oil seed crops and forests (agroforestry systems)
 methanol and ethanol
— carbohydrates available at the pulp and paper production chain
- wood bark, chip rejects, black liquor, pre-hydrolises, washing
and bleaching filtrates, white water from paper machines.

35



BIOREFINERY —
An approach for the forestry, pulp and paper industr y

AFS wood - diﬁ?pril:llgg —>|  chips > pulping
energetics /
soy :
extraction

gﬁi:% beeran bark hemicelluloses [ black liquor

IN carbohydrates
cotton
Oll seTed }
Hrops fermentation

\ 4
destilation -

\ 4 v i
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Evolution of forestry plantations in Brasil — contributi

Source — SFB, 2006

on of small holders
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Deployment of biomass opportunities:
a regional approach
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The numbers....
Managed area
Solid wood
Energy biomass
Number of jobs

Gross product

5,5 million ha
4,6 million m3
3,4 million ton
64.000

640 million (reais)

8,4 million ha
7,2 million m3
9,1 million ton

174.000

1,3 billion
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UHRR
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An example of an integrated project
In the sugar cane landscape

Background information

Sugar cane farmer’s association: supply 50% of all sugar cane in the region: an area
of 100.000 ha

20% of this area is “renovated” every 5 year as required by sugar cane management:
the rotation area which will be used to produce biofuel crops: soy bean, peanuts and
sun flower mainly

Environmental legislation: had reduced the area of sugar cane around the cities in the
region: land available for other purposes

Lack of alternatives of these farmers to value added crops: cultural linkages with
sugar cane, but now in need to ciltivate energy crops

43



Degree of innovation and replicability

First project in Brazil to fully integrate: the production of crops to biodiesel
consumption by farmers and generation of income by the use of biodiesel
byproducts as livestock feed material,

City of Piracicaba has the first local legislation supporting the production and
consumption of biodiesel: market creation, without government subsidies;

First goal: add 10% of B100 to Diesel: for tractors, trucks and energy generators,
the surplus offered in the local market;

Access to lower cost ethanol in the region
for biodiesel production (universal plant engineered by Alensys)

44



Sugar Cane Farmer’s Assocition:

a model for energy self- sufficiency in rural areas

Selection
of farmers
and
crop production

q

Use and trade of

/ by products

Biodiesel
Plant Operation

B10 distribution:
guotas by farmers

Feasibility analysis and business plan:
Technology transfer and lessons learned

15




Does size matters for

- IVeness?

A\ 2 B |

Can really farmers also benefit from the
current biofuels boom?

DR

46



Some issues to consider....
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Competing policies versus enabling policies

Sectoral policies affecting biofuels

*Energy

e [ransport

*Agriculture

*Environment

eConservation of biodiversity
*Economics

setc
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Critical issues on sustainable production of biofue Is

*Ethanol versus Biodiesel

sLearning curve of ethanol versus biodiesel

sLand use patterns — current and future

*Food — Fuel debate: is applicable to sugar cane?

*Expansion into the fringes of the Amazon region

eAgricultural productivity and industrial productivi ty

« Optimum management practices — Water and nutrientus e

*Social concerns

NEED FOR A WORLDWIDE ACCEPTABLE CERTIFICATION REGIM E —
WITHOUT ASSIMETRY TOWARDS LARGER CONSUMERS
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4. Conclusions

Opportunities for biofuels depend on regional and local
conditions

Escape from default outcomes — unintended consequences o f
single
sector policies

Choice must be negotiated based on optimized practices at
landscape
level and using outlook technology scenarios

Inter-sectoral policies must be developed to support cho ices
made
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Recommendations

Contribution of solid research to the process of making sound decisions:
reducing the risks of investors;

Applied Research supporting policy making at different levels, from regional to
national to international

Awareness raising and capacity building
Capacity to be duplicated elsewhere: engaging other developing countries

Creation of a Global Initiative on Biofuels — necessary links among players:
Government — Industry and Academia

Non-assimetric treatment — same as for other fuels — tax, enabling policies,
Investment and support: R&D&D

Quantitative and reliable information on their benefits — from carbon and energy
balances & supported by outlook studies
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