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Expert Workshop for the How2Guide for Bioenergy

Biomass Resources and Bioenergy Potential in South America — Focus on Biofuels
Date: 27-28 November 2014

Location: Sugarcane Technology Center — CTC (Piracicaba-SP), Sdo Paulo, Brazil

CENTRO DE TECNOLOGIA CANAVIEIRA

CTC- CENTRO DE
TECNOLOGIA CANAVIEIRA



. Biodiesel . Bioethanol

Biodiesel and Bioethanol consumption, 2010 and2020

Billion liters per year

USA Europe (UE-27) APAC
CAGR CAGR CAGR
49.6 73.8
+17% 38.6 47.3
+3% M +8% M”%
+9% 17%
2010 2020 2010 2020 ', 2010 2020
Brazil Global
- CAGR CAGR
D 213 -
+9%
26.5 44.2 0
1.9 £ +6%
+5%
4.6 40.0 0

2010 2020 2010 2020




: rCcTC
Land for Sustainable Sugarcane (

Million Hectares

Total Area Native Vegetation Land in Actual Use Other Uses

100% 65% 30% 5%

Conservation Permanent Qther Native I ’
Units and ILs Protected Areas Vegetation

Pastures Crop Land

Sugarcane
Sugarcane

FOR ETHANOL

¥ By improving the low yield of cattle
productlon it will be possible to free large
amount of land for other purposes.
Brazilian federal agricultural zoning
considered up to 64 Mha able to produce

sugarcane w/o irrigation.

Source: ICONE, IBGE (PAM 2010 and Cens pccuano), MMA. INPE (TerraClass), Agricultural Land Use and Expansion Mode! Brazil Ag-LUE-BR (Gerd 5

Sparovek, ESALQ/USP). Elaboration: UNICA and Cosan. Note: ILs = Indigenous Lands. Other Native Vegetation include Legal Reserves (RLs)



VCTC
Demand for Sugarcane (

Growing fuel market

4 -
W ETANOL B FLEX FUEL £ GASOLINA

3 - In 2013, more than 3 million
flex fuel vehicles were sold,
which now represents more

than 60% of brazilian car fleet

million of cars
N

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

Source: ANFAVEA
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Ano 1

IMPORTACAO E

QUARENTENA DE G2 LU SO

GENETICOS

PROGENITORES (Camamu/BA)

(Miracatu/SP)

Testes de
doencas

Ano 1

PRODUCAO DOS

SEEDLINGS
(Piracic. e Jau/SP)
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Ano 2ao0 7

SELECOES
INICIAIS
(Piracic. e Jau/SP)

Recomendacao de
variedades CTC para
plantio na lavoura
comercial

VARIEDADES
CTC
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Ano 8 ao 13

ENSAIOS DE
VARIEDADES (Usinas

cooperadas)

N

MOV

VC Fase |

Mult. (1x3) Fase Il

Mult. (5x5) Fase llI

Ens. 2 (5x6) Fase IV
Dois cortes

Modulos (5x8) Fase V
Dois cortes

Ens. Final 3(5x10) Fase
Dois cortes
Curvas de maturacao

VI
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FLUXOGRAMA DO PROGRAMA DE MELHORAMENTO
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ANO 1

IMPORTACAO E
QUARENTENA DE

HIBRIDACAO

(Camamu/BA)

PROGENIES

ANO 1

PRODUCAO DE
SEEDLINGS
(Piracicaba/SP)

N =

(
Testes de
Doencas
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ANO 2a5

SELECAO INICIAL
(Polos Regionais e
CTC)

/ Fase 4. \

Recomendacéo de
variedades CTC para

plantio na lavoura
comercial.(MACP & DP)

VARIEDADES

@1 ¥ /

ANO 5a 8

=

EXPERIMENTOS
VARIETAIS

—

Ensaibs em
Ambientes de
Producéo

FASE 3
DOIS CORTES

USSR SIS C URVAS DE MATURACAIC
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Novo modelo de Melhoramento Genetico - Fluxos

Novo MGC
Ano

12 polos, 43.000 0 Fase 1 6 polos, 70.000
seedlings : seedlings
3.010 clones p Fase 2 5.600 clones
1.204 clones 3 Fase 3 400 clones
4
120 clones 5 MACP Fase 4 | 24 clones
6
S D.P.
12 clones 8 Lancamento Regional
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Polos Regionais — cobertura edafoclimatica

Aragatuba

SP/Piracicaba A-l, B-l, C-1 PR/Parana C-1, D-1 e E-I
0w A-ll, B-ll, C-lI C-ll, D-ll e E-lI
SP/Ribeirdo Preto AL, B, ClI SP/Aragatuba C.IlL D1l e E-II
., B-1V, C-1V; D-IV ., C-lV, D-1V, E-IV

GO/Goids norte BV, C-V;: D-V GO/Goias sul CV, DV, E-V




Molecular-assisted breeding
Traits under development

* Insect resistance
* Herbicide tolerance
* Sugar content
* Drought resistance
* Yield

Prospects

* Nitrogen use efficiency

* Hydrolysable biomass




Crop Management

e Artificial Seeds
e Biomass Supply
* Accelerated Propagation

* Precision Agriculture



Average, maximum and theoretical
sugarcane yields and total dry matter
production (rauimeore)

Type Cane yield Biomass*
(Australia, (t ha' yr1) (t ha'! yr) (g m2 d)
Colombia,

South Africa) feshoweight dry weight

Average 84 39 10.7
Commercial 148 69 18.8
maximum

Experimental 212 98 27.0
maximum

Theoretical 472 219 72.4

maximum
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CENTRO DE TECNOLOGIA CANAVIEIRA

CTC- Centro de Tecnologia Canavieira

Experimental Station Piracicaba CTC headquarters

I I I CT Canavieira I CTC S/A

1969 1979 2004 P 2011
Copersucar Technology Center L



CTC Overview .(/CTC

I I | I le I I n e CENTRO DE TECNOLOGIA CANAVIEIRA

(v’ Yy
COPERSUCAR g% CTC

—

1879-1969 1969-1983 1984 -2004 2005-2010 2011-2012
Initiation of private First private investment Growth and diversification in the Restructuring and expansion of | ! CTCS.A
operations in the in the sugarcane R&D sugar and ethanol industry CTC’s activities : 2012 ( J
sugarcane industry sector I
Sugarcane Genome Development of sugarcane ! 2011 () 2013*
Project development dry cleaning systems and I
| Leadership by CTC straw recvery technology 2007 |
Brazil s first official use Launch of the first ~ ||Pevelopment of S(,)IIS maps
of ethanol as fuel CTC variety SP-1143 and production
environments technology V/
~ = = ) ”~
CcrC
CTCis
converted
into a
private

corporation

Foundation of the

Start up of the Copersucar
first private Technology Center
“Engenho”l in 1986 8 i
Brazil )
Zi CTCis Start in CTC of
® transformed the E2G
) into an open project Deployment of the
association with new Strategy
1983 non-profit .
e , , purposes - ‘
e A el | I3 Elrner 3YBNDES |
1969 Development 1§ Improvements o 4 .
() of automation mechanlzatlorT in RO Access to BNDES and Finep
controls for the sugla;r;::?ne cau:;mg, B Restructuring and expansion funds
1931 sugarcane mills g of its activities for all regions

transportation of Brazil

.1879




CTC Evolution '(/CTC

CENTRO DE TECNOLOGIA CAMAVIEIRA

2004 2012

W crc

From 2004 to 2012 - CTC has increased from 73 associated members up to 154

stakeholders, including 12 thousand cane growers.

Today this represent 60% of all sugarcane planted in Brazil
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Ethanol P rice evolution (CONSTANT RS deflated jan 2011)
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0,30

3 kg wax= 0,5 kg yeast extract

Sugar in sugarcane 136,75 kg Total Sugars / TC Price of TS: R$ 0,4728 1 TC: RS64,66

Last year : 97 kg produts / TC or ~ RS 103,00/TC



Technological development in all a
production led productivity to almost triple |

Sugarcane's productivity went from 3.5 to
10.5 tons of sugar per hectare.

Additionally, development of new plant
varieties enabled expansion towards more
than 3 million hectares in new agricultural
frontiers.

CTC played a key role, while creating more

1970 2010
than USS 200 billion of value in the period.

tph =kg ATR/ton

USS 400-500 8

UsS$ 200-3008

D 1970 2010

investment Total Value Creation " Indl Eff (%) ®ton ATR/ha

Source: CTC




In the same period, ethanol production increased to 7,100from
2,600 liters per hectare.

Source: CTC

The development of newer
varieties generated 40% of
the yield gains.

Improved agronomic
practices have allowed
productivity to increase by
75%.

The enhancement of
industrial processes
complemented the gains
obtained in the fields.

At the same time, different
technologies made ethanol
production environmentally
friendly.

1970

Breeding Agronomics Harvest& Other Ag Industrial
Logistics

Ethanol Production
Cost
(RS/It)




However, in the last 15 years, the productivity of other crops
increased much faster than sugarcane’s.

While sugarcane’s genetics is much
more complex, its area is 8 times

smaller than that of corn.

These factors have made corn a
preferential destination of R&D

investments by large technology
companies and institutions.

Despite its unique potential, low

R&D budgets have slowed down
gains in sugarcane.

As a result, in the last 15 years,
sugarcane’s productivity
improvements lagged behind that
those of most crops.

Area (Mha)

= Cromossomes (F)

e e

hley Sorghum Cane  Beets

Nl I N |
Rice  Say

Productivity Increase (%)
1995 - 2010

eets \off:e Corn 1oL \Nnnn B:an Cane
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As a result, sugarcane was left far behind.

300% -
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eamme Sugarcane
224%
200% -
167%
Productivity 150% -
1960 = 100
132%

100% -

‘ /
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Sugar Cane Productivity i

Produtividade por Regides
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New Varieties benefits
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AREA PER VARIETY %
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CTC TECHNOLOGIES

90,0

80,0

70,0
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SP81-3250
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Agro-Industrial Reference Unit - Processing Scales

Agricultural production + Logistics + Industrial Processing

sunlight water CO,
v % @
1000 t/h 200 MUS$
20 . 40 thl harvesting

500 t/h

[ sugar
(35 t/h)

ethanol
(42 m3/h)

electricity
(50 MW)

[T

solids vinasse
1-10 t/h 500 m3/h

nutrients
(1 ton/h)

seleghim@sc.usp.br 28



* Moagem
* Peneiramento

Caldo Misto
106%

= Evaporacéao
» Cozimento
» Secagem
* Destilagcao

Solidos Soluveis

17%

)

= Lavagem Cana
* Peneiramento
» Decantacao

« Filtracao

Solidos Insoluveis
0.20%

Areia
0.04%

Bagacilho

0,16%

Acucares

Sacarose

Frutose
0.30%

Nao Acucares
1,40%

Agua
88,80%

* Peneiramento
» Decantacao
» Filtracéo

= Clarificacéo

» Filtrac&o

* Flotacéo

= Cozimento

» Centrifugacao
* Destilacéo

Organicos
1,05%

Inorganicos
0.35%




