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Actual importance of lignocellulosic alcohol in the brazilian context

C Increase in internal demand (flexi-fuel vehicles)

C increase in brazilian exportation of alcohol (increased international demand)

C high petroleum prices

C brazilian production of biodiesel (ethanol used in the transesterifications of FA;5%)

Key points in lignocellulose alcohol technology (Workshop Energy Cane 2007)

V Characterization of variability in sugarcane culm cell wall e its effect in alcohol productior
V Establish standard technologies to evaluation of lignin

V ldentify germoplasm and breeding for energy cane

V Development of pre-treatment and hydrolysis technology of sugarcane bagasse

V Improvement of fermentation technology



What sugarcane breeding can help us
to improve lignocellulosic alcohol production?



RIDESA

Rede Interuniversitaria para o Desenvolvimento do Setor Sucroalcooleiro
(Academic Network for the Development of Sugaftcohol Sector)
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Network responsabledor 57%yof
sugarcaneccultivated-area

Successful interaction with private companies: no need of public money


http://www.ufrpe.br/
http://www.ufrrj.br/
http://www.ufpr.br/portal/
http://www.pmgca.ufv.br/
http://www2.ufscar.br/home/index.php
http://www.ufg.br/page.php
http://www.ufal.br/ufal/
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Seja bem vindo ao Programa de Melhoramento  :: Equipe PMGCA / UFV :: Parcerias

Genético da  Cana-de-Agdcar, PMGCA, do
Departamento de Fitotecnia da Universidade
Federal de Vigosa.

Rede de Experimentos

Usinas e Destilarias

0 PMGCA - UFY tem por objetivo principal
desenvolver cultivares de cana-de-aglcar por meio
da cooperagdo técnica firmada com usinas e
destilarias produtoras de aglcar, alcool e energia
em Minas Gerais.

A UFY possui o Onico programa poblico de
melhoramento geneético da cana-de-aglcar em
Minas Gerais e desenvolve cultivares e clones RB
em parceria com outras universidades federais gue
constituem a RIDESA.

Genotype evaluation in 34 different field trials experiments annual

MD7 Layouts Yearly, only at Ridesa/UFV, 200000 clones are evaluated



Sugarcane origin and cultivation
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- Area of cultivation and limits of sugarcane cultivation
(OMETO, J.C., 1982

Stalk growth is inhibited by temperatures lower than 21°C




Sugarcane Germplasm

A Wild cane (S. spontaneum)

AWwild cane (S. robustum)

AWild cane (Erianthius arundinaceus)

AWild cane (Miscanthus species)

ANoble cane (S.officinarum)

ASugarcane (advanced interspecific hybrids)

S. officinarum: high sugar, low fiber, | ow yi el d, poor rato
resistance

S. spontaneum: low sugar, high fiber, low yield, excellent ratooning and disease
resistance, hybrid vigour when crossed

A ®bustum: Medium sugar, high fibre, low yield, medium ratooning

AErianthus: low sugar, high fibre, medium yield, excellent ratooning

AMiscanthus: low sugar, high yield, adopted to cooler climate



Polyploit_:ls (Poaceae)
Aneuploids Tribe  Andropogonaceae

S.sinense
2n = 81-120

Complexity of the sugarcane genome C higher than any important polyploid crop
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Theoretical potential: 350 t/ha
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Fror

2004 Area
(10° ha)

Soybean 22

Maize 12

Sugarcane

Agriculture Total 60
__Pastures 2

Agriculture Potential 320

Challenge for breeding: : :
Need for different sets of varieties adaptable to P ource: Estudo Etanol MCT/CGEE. 2

different environments ﬁ



Main Brazilian sugarcane cultivars in the last 50 years

Early harvesting
Good yields in new frontiers

RB867515

Yield in week soils
Yield und mechanical harvesting

RB855156

RB72454
Rust introduction SP83-2847
RB72454 RB855453

Diseases

~ SP81-3250
‘ 20000s |APc:817-33596

‘ SP70-1143
Co419 *Sucrose Nas56-79 90

6 00 800
CTC (Coopersucar):

Landmark in sugarcane breending

8841-76
700 s




Method of choice for sugarcane breeding
C Method of recurrent selection

Characteristics of recurrent selection

V Increasing the frequency of favourable alleles C repeated cycles of selection
and crossing

V Favor additive genetic effects

V Maintaining genetic variation in breeding populations

V EX; Increase sugar levels

. . . €
Distribution of Brix in four cycles
of recurrent selection 3

-
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Some examples.of cr:




Actual RIDES. ling parameters

V Productivity

V Stalk sucrose content

V Stalk sprouting after mechanical harvesting
V Longevity

V Disease resistance

V Low susceptibility to flowering

New RIDESA hree: £\ heggining.in.2008

Energy cane:

V Higher biomass production keeping or increasing sugar production/area
V Low lignin and/or changed lignin composition



Actual sugarcane interespecific hybrids culm composition

Water 7376

Total Solids 24-27

Total Soluble Sugard0-16

Fiber (DW) 11-16%

50% of its dry weight as sucrose



Component Energy (MJ/tc)

150 kg sugars 2500
135 kg of stalk fiber 2400
140 kg of leaf fiber 2500
Total 7400 (0.176 Toe)

Conversion Efficiency

15t Generation

1) 86 L ethanol + 10.8 kg bagasse (DM) = 2200 MJ C efficiency = 29.8%
2) 86 L ethanol + 60 kwh = 2230 MJ C efficiency = 30.1%

Alcohol production using only sucrose : wasting of energy

Alcohol production using sucrose and burning bagasse for thermical energy :
still waste of energy: 70% of energy present in sugarcane is lost



Energy cane:.th alcohol production

Sugarcane & Multipurpose cane

Varieties> B77602 WIi81456
Canet/ha [77.6 1254

Fibre t/ha |11.5 30.0

Dry matter | 26.6 45.3

(Brix+fibre)

t/ha

Tops % |17.8 17.3

Biomass |91 .4 147.1

(C+T) t/ha Source: Rhao S. (2006)

Production of lignocellulosic alcohol:
Possible to double the ethanol production:
increase from 6.000 L/hato 12.000 L/ha

Potential : 1 ton canaV¥Y 160 L cel



Sugarcane have different cell walls than Dicots

Approximate composition® (% dry weight) of typical dicot and grass primary and secondary cell walls

Primary wal Secondary wall
Grass Dot Gmass Dicat

Celluiose 20-307° 15-30°%* 35-45°" 45-50°
Hamicdlulos es

Xytare 20-40° 5¢ 40-50°% 20-a0°%

MLG 10-30° Aosent Minor Avsart

XyG 15573 20-25° Minoe Mince

Mamare and gucananmans Minoe 5-10° Minor 3-5°
Pectins 5° 20-35° 0.1¢ Q.1¢
Sructird prokine 3 10%° Minor Minor
Phencics

Ferulic acid and p-coumanic adgd 1-5%¢ Minor [@cept ordes  05-15° Minor (except onsar

Caryophnilaes) Caryophlises)

Lignin Minoe Minor 20° 7-10°

Sica 5-15° Vanabee

Our sugarcane cultivars:

50 % e-celluldse,
25-30% hemicelluloses
10-25% de lignina

Source: Vogel (2008)



Irmpor | icellulose composition for ethanol production

U Ferulic acid crosslinkage of hemicellulose inhibits saccharification
U We do not know nothing about the dinamic of this process

U We do not know about the structure of this crosslinkages



