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Source: Lago et al., 2012. Sugarcane as a carbon source. Biomaas and Bioenrgy.




& ' I CNPEM
Laboratério Nacional de Giéncia
@ e Tecnologia do Bioetanol

sugarcane production chain




& ' ' CNPEM
Laboratério Nacional de Ciéncia
@ e Tecnologia do Bioetanol

virtual sugarcane biorefinery




® .
*® 9.

@ Microsoft Excel - Planilha Agricola - BVC_V16

. W= .

o ——

Plalelclp|le[F|G|H]|1[s|k[L|M|N|O|P[Q|R|S|T]|

W 0N B W N

g g
wN O

14

2
20 f‘ l CNPEM
31 Centro Nacional de Pesquisa

32 em Energia e Materiais

. ) —_— ===
PR 12 = VW HiEal = Cee a0 Hee e =2 Recultados ECONomIcos

U |v|w|x|Y| z aAABACADAE/AFAGAH Al AJlAK

AMANAOAPAQAR AS/ATIAUAVIAWAX!AY| AZ/BA!BB|BC/BD BE|BF |BG|BH| BI |BJ |

CanaSoft

Biorrefinaria Virtual de Cana-de-Agucar

°® o
°9 9o

G OV ERNDO fFEO LR AL
Ministério da
Ciéncia, Tecnologia

Laboratério Nacional de Ciéncia
e Inovagdo

eTecnologia do Bioetanol PAIS RICO £ PAIS SEM POBREZA

LBMBN/BO BPBQ

_Tnventario Aqricold L DDErICes il E T RS TSN DOrte - - HaEDOIE g oo T B e tmoe= il || All




o® .
°® 9

« N 2N

@I Microsoft Excel - Planilha Agricola - BVC_V16

Laboratério Nacional de Ciéncia

Descricdo do cendrio

Operacdes agricolas

Magquinario

Resultados

B CanaSoft

Biorrefinaria Virtual de Cana-de-Agicar
31 E

M 4> M [SEireee _initial

Transporte

Caminhdes

Custos de produgio J

Fertilizantes

Agroquimicos

Ambiental

Inventario do Ciclo de J

Irrigacdo

Sistemas de irrigagio

Sistemas de aplicagdo

Saida Insumo-Produto J

Fatores de emissdo




o ———
(X Microsoft bxcel - Planitho Agricola-BVCV6 .. ...

°® .

A

B

e ]

.o e T

A
[8E[8|e]=|~ o]

—AA =
M A b M s sy sl _scenario. descrip.

Descrigdo do cendrio

[ 1. Tamanho da usina

2. Cicloda cana e Rotacdo de cultura

3. Produtividade

4. Plantio

o
g
g
g

7. Carregamento e transporte

8. Aplicacio de residuos industriais

-]
3
T

10. Propriedade da terra

11. Culturas de rotagdo

]
]
]
]
)
6. Recolhimento de palha ]
]
]
)
)
]

e N R e N ] T T

CanaSoft

Biorrefinaria Virtual de Cana-de-Agicar

Recultados EConcimicos

Operagdes - Cana-de-aglcar

S W WL W W S

Areade expansdo

Areade reforma

Prep. do solo - Convencional

S W U S W

[
{
[ Adequagdo do solo
[
[

Prep. do solo - Plantio direto

S

[ Plantio semi-mecanizado

S

[ Plantic mecanizado - Conv.

[ Plantio mecanizado - ETC

S

[ Tratos culturais - Cana planta ]

[ Tratos culturais - Cana soca ]

S

[ Colheita manual

[ Colheita mecanizada- Conv.

S

[ Colheita mecanizada- ETC ]

nventdrio Agricold

Operagdes - Culturas de rotagio

[ Sorgosacarino

CrotaldriaJuncea

Crotalaria Spectabilis

Eucalipto

{
[
(amerdorm
{
[
{

Voltar para a Pagina Inicial




T Planilha Agricola - BVC_V16 [Somente leitura] - Microsoft Excel =

_,/ Inicio Inserir Layout da Pagina Farmulas Dados Revisdo Exibicdio  Aspen ASW @ - = x
T4 Recotar Calibri -l - |AE = §|| ¥~ | | S Quebrar Texto Automaticamente || Geral M i_jl ﬁ}? Q E‘I E\ ’F—\ % Autosoma - [ﬁ
~— 33 Copiar - = = @ Preencher ~
0 romatarpince [N 218 ] | s« Cenralzar (58 0[5 48] et comoToneia- Clne | e e T D lipare o seedomt-
Area de Transferéncia & Fonte I Alinhamento ] Himero I Estilo Células Edigio

‘ F305 s )‘i| APTA, 2007. Workshop Tecnoldgico sobre vinhaga, Painél 2: Métodos de Utilizagio e Aplicagdo de Vinhaga. Palestrante: Sérgio Anténio Veronez de Souza

A B C D E F G H 1 ] =

157

158

159 51 Forma de colheita Referéncia:

160 0 Fragdo da &rea com colheita manual

161 0 Fracdo da area com colheita mecanizada

162 1 Fragio da drea com colheita com ETC Fraction of area With

163 52  Queima Referéncia:

164 1 Fragdo de queima em area de colheita manual mEChanical harvesting H

165 0 Fragio de queima em area de colheita mecanizada

166 0 Fragio de queima em area de colheita com ETC

167 0 Fracdo de cana crua em area de colheita manual

168 1 Fracdo de cana crua em area de colheita mecanizada

169 1 Fragdo de cana crua em area de colheita com ETC

170 0,000 Fragdo da area com cana queimada

171 1,000 Fragdo da area com cana crua

172 53 Perdas Referéncia:

173 0,1 Fracdo de perdas em colheita manual

174 0,1 Fracdo de perdas em colheita mecanizada

175 0,05 Fracdo de perdas em colheita com ETC

176

177 [ volar |

178

179

180

181

182

183

184 .

155 Quantity of straw

186 61  Producio .

187 139 Palha produzida por tonelada de cana kelbs)/tc tra nspo rtEd Wlth sta I ks

188 13,28 Quantidade de palha produzida por hectare  t bsf{ha.ano)

189 6.2  Transporte de palha aderida aos colmos

130 0,042 % de palha na carga %

101 4336 Quantidade (bu) de palha na carga tbu/{ha.ano)

192 0,521 Umidade da palha (limpeza convencional) %

193 2,1 Quantidade (bs) de palha na carga tbsf{ha.ano)

104 2 i ilidade o i Referénrias
4 4 v M |_Planilha Agricola - Saida EconoSoft < Planl  #GCERwloR= s DAV =L A1: 8 (- g P 8 1= e Maguindrio #SEeiaie=se Plan2 < Caminhes #siirii Fertiizantes < Agroguimicos  #s:h
Pronto Contagem: 3 | 5[

0 01

e




En\ | = Planilha Agricola - BVC_V16 [Somente leitura] - Microsoft Excel =
Initio Inserir Layout da Pagina Farmulas Dados Revisdo Exibicdo Aspen ASW @
4 Recortar - T =T = : ) ] e - % AutoSoma ~
’ Calibri 11~ |F= §|| &= | | S Quebrar Texto Automaticamente | Geral M i_:gll ?\j _’;'ﬂ E. ?‘ E\ ? [ﬁ
e == = y i 200 Forma:cacéo Formatar  Estilos de | Inserir Excluir Formatar @ Fresneher Classificar Localizar e
COlEr fFormatarF'lnceI (N6 ) £ é ) || e ! @Mesclare&ntrallzar ’ |E§ "% 0|5 i 5.0 Condicional - como Tabela = Célula~ - - - Limpar ~ e Filtrar ~ Selecionar ~
Area de Transferéncia [ Fonte ] Alinhamento ] Himero ] Estilo Células Edigdo
‘ G123 v fe | Trator pneu 75 ov (4x4)
A B C D E G H
106
107 Operagdo Mecanizada Ocorre em: Méo de obra Tipo de Maquindrio Maguindrio Implemento %
108 Descrigdo R$/h
112 Gessagem Pré-plantio/Prepar{Operador maguinas e imple 7,24 (Trator Trator pneu 88 cv (4xd) Distr. Calcario 2,3 m3 - 4 pneus (
113 Contrugdo de carreadores Pré-plantio/Prepar|{ Operador maguinas e imple 724 (Trator Trator pneu 125 cv (dxd) Plaina 2,3 m/PTL Marchesan
114 Manutengdo de estradas Toda a drea Operador maquinas e implel 7,24|0utros Retroescavadeira Cat 416 E (Caterpillar) -
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120 Aplicacdo de torta de filtro Plantio Operador maguinas e implel 7 24 (Trator Trator pneu 88 cv (dxd) Distr. Torta de filtro {Com sulcadc
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sensitivity analysis - Morris method

top 15 variables at the sugarcane agricultural sector
intensification factor of sugarcane area

yield

processing capacity of the plant

cost of trucks

global agricultural operation efficiency (man, maintenance, operational)
cost of land

effective days of the harvesting season

number of harvestings per cycle

. life spam of trucks

10 number of harvesting lines for the harvester

11.salvage value of trucks

12.fraction of cane transported by truck with trailer
13.fraction of mechanical harvesting

14.fraction of sugarcane harvest with 12 months

15. cost of diesel
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sugarcane production costs

M Planting m Harversting, loading and transportation B Cultivation ® Land and taxes
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harvesting, loading and transportation costs

Harvesting and loading
B Labor

5,00 - . Tractors and Harvesters 4,74
4,50 - Fuel and lubricating oil
4,00 - Transportation
3,50 - B Labor
. 3,00 - 271 ™ Trucks
g Fuels and tires
'U')-ZISO 7
=
2,00 -
1,51
1,50 -
0,99 L1l 0,90
1,00 - 0,82
0,50 -
0,00 -

Manual harvesting Mechanized harvesting
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relative environmental impacts - ReCiPe

0,020 -
W Other
0,015 -
M Fossil depletion
& 0,010 -
B M Agricultural land
occupation
0,005 - W Particulate matter
formation
0.000 - M Climate change on

Manual Mechanized human health

harvesting harvesting



°®
°®9o r ' CNPEM

Laboratério Nacional de Ciéncia
e Tecnologia do Bioetanol

techonlogical routes assessed




® .

)o g ' CNPEM
Laboratério Nacional de Ciéncia
@ e Tecnologia do Bioetanol

techonlogical routes assessed

[

integrated or not to 1G biorefinery
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Main Technical Parameters

Parameter Value

Plant operation — sugarcane processed (TC/year) 2,000,000
Sugarcane quality - fibers content (%) 13
- TRS content (%) 15.3
- trash produced in the fields (kg/TC, dry basis) 140
Efficiency — sugar extraction in the mills (%) 96
— fermentation (%) 90
— boiler 90 bar (LHV basis) (%) 87
Sugarcane bagasse/trash — cellulose content (dry basis) (%) 40.7
— hemicellulose content (dry basis) (%) 26.5
— lignin content (dry basis) (%) 21.9
Sugarcane bagasse/trash moisture (%) 50/15
Steam explosion — hemicellulose conversion (%) 70
— cellulose conversion (%) 2
Enzymatic hydrolysis (current/future technology) — celullose conversion (%) 60/70
— solids loading 10/15
— reaction time 72h/48h
Pentoses fermentation to ethanol conversion (%) 80




1G
optimized

v use of trash (50%)
v surplus electricity
v'90 bar boilers

\/dehydration using
molecular sieves

v reduction on steam
consumption

evaluated scenarios

1{cpic

current
technology

1G2G

future
technology

v'70% hydrolysis yield
v 15% solids

v pentose
fermentation to
ethanol

v 60% hydrolysis yield
v'10% solids
4 pentose biodigestion

\/high investment and

enzyme costs
v lower investment

and enzyme costs

2G
stand alone

v Future
technology

4 Receiving
feedstock from a
1G (optimized)
with surplus
bagasse
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ethanol .
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electricity

1G
1G2G - CT

1G2G - FT
1G-SB

1G
1G2G - CT

1G2G - FT

() cnrem
outputs

116 L/TC

173

kWh/TC

Source: Dias et al., 2012. Integrated versus stand-alone second generation ethanol production from

sugarcane bagasse and trash. Bioresource technology



CTBE> economic impacts

(anhydrous ethanol)

1G
. 1G2G - CT 346
Investment 1G2G - FT 316 MS$

1G-SB
2G - FT

1G
internal rate of 1G2G - CT % per yr
1G2G - FT . 0
return 1G - SB

2G - FT

1G 0.37
1G2G - CT

ethanol cost 1G2G - FT . S/L
1G - SB 0.39

2G - FT

Source: Dias et al., 2012. Integrated versus stand-alone second generation ethanol production from
sugarcane bagasse and trash. Bioresource technology
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estimated costs of second generation ethanol

Integrated to 1st generation plant

e 1G ethanol > S0.37/L
e 2G ethanol (current technology) > $0.39/L
e 2G ethanol(future technology) > $0.35/L

Future technology allows a competitive
production cost.
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environmental impacts

global warming
potential

energy use

(human)toxicity

land use

1G 0.39

1G2G - CT 0.39 kg CO,eq
1G2G - FT 0.35

1G-SB 0.41

1G

1G2G - CT

1G2G - FT Wi
1G-SB 3.07

1G

1G2G - CT g 1,4-DBeq
1G2G - FT

1G - SB

2G - FT

1G 1.40

1G2G - CT 1.36 m2/year

1G2G - FT :
1G-SB 1.47
2G - FT

Source: Based on Dias et al., 2012. Integrated versus stand-alone second generation ethanol production

from sugarcane bagasse and trash. Bioresource technology
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environmental impacts

M Climate change on human health B Particulate matter formation M Climate change on ecosystems

m Agricultural land occupation M Fossil depletion m Others
0,07 -
0,06 -
0,05 - l . .
- 0,04 - | ‘ H
Q.
0,03 - |
0,02 - |
0,01 -
0,00 -

1G 1G2G-C 1G2G-F 1G-LM 2GF

1G: Autonomous Distillery 1G2G-C: Integrated 15t and 2"d Gen Ethanol Production (Current Technology) 1G2G-F:
Integrated 15t and 2" Gen Ethanol Production (Future Technology) 1G-LM: Autonomous Distillery with Surplus
Lignocellulosic Material 2G-F: 2" Gen Ethanol Production (Future Technology)
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Investment data

1G - Autonomous distillery

USS 150 million — Dedini (2010)
= 2,000,000 TC/year
= 22 bar boiler

= Azeotropic distillation

Technological improvements (optimized 1G):
v' +40 % on distillation sector (molecular sieves)
v" + 40 % on cogeneration sector (90 bar boilers)
v" +10% on distillation sector (heat exchanger

network)

Transmission lines — electricity credit
= Costs (RS/km): RS 480,000/km
= Length: 40 km

2G / Biodigestion

Current technology: USS 70 million — 268,350(1) t
bagasse/year (USS525/t dry bagasse)

Future technology: USS 76 million —462,451(1) t
bagasse/year (USS 327/t dry bagasse)

Pentoses biodigestion(2): USS 13 million for

processing 76,000 Nm? biogas/day

Enzyme Costs

Current technology: USS 0.11/L cellulosic
ethanol (producer’s estimate)

Future technology : USS 0.05/L cellulosic ethanol
(CTBE estimate)

= RS 19.2 million for transmission lines () Bjoetanol combustivel: uma oportunidade para o Brasil, CGEE, 2009
(2) Dedini — turn key stillage biodigestion unit



