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Figure 5. Biomass Resources and Energy Pathways
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7 REN21

RENEWABLES 2019

FIGURE 1. Estimated Renewable Share of Total Final Enengy Consumption, 2017
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REMEWABLES 2B GLOBAL STATUS REFORT

FIGURE 3. Renewable Energy in Total Final Energy Consumption, by Sector, 2015
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Figure 9. Biofuels Global Production, Shares by Type and by Country/Region, 2015
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FIGURE 20. Global Ethanol, Biodiesel and HVO/HEFA Fuel Production by Energy Content, 2008-2018
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Source: REN 21 Global Status Report (2019)
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Mote: CNG = compressed natural gas; LPG = liquified petroleum gas

Figure 4 Global energy use in the transport sector (left) and use of biofuels in different
transport modes (right) in 2050 (BLUE Map Scenario). Source: IEA, 2010.
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Table 1 Recent dthelaemonstration flights using biomass derived jet fuel (1CAD, 2011).
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Tahble 2 Commercial flights using biomass derived jet fuel 1CA0, 20120,
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Recent and Active Biofuel Projects Outcomes
anzaTec Inau | Chinese First Boeing delivery
V:o/u:bo aT_e;h *: bi?:::z:l lli]g.l:t biofuel flight ' a ASTM & DEF
ol - Mo STAN approval
< *» SAFUG
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*Farm to Fly

North America
commercial flights

MOU Hawaii
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* Commercial flights
from June, 2011

» Research
consortia in China
and UAE started
and beginning to
yield IP

= Biofuel roadmaps
published

Figure 23 Boeing global biofuel engagements. Source: Boeing apud Lyons, 2012.
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Figure 11 Comparative Life Cycle Analysis (LCA) for CO; emissions using kerosene
(left) and biofuels (right). Source: ATAG, 2011.
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Biofuels
1st, 2nd, 3rd, and 4th Generation Biofuels

1st Generation (conventional biofuels): Produced from food crops
grown on arable land. Vegetable oil or sugar/starch converted into
biodiesel or ethanol, using transesterification or yeast fermentation.
Criticized for marginal environmental benefits and for placing fuel in
competition with food.

Conventional approaches

W oy
N e HEORL e e RN o
CH,,0,— 2C0O, +2C,H,OH ¢ Oil+ 3 Alcohol — Glycerine + 3 Biodiesel
. pa

e 0 3 pans methyl ester
1 1 part oil/far 3 parts methanol 1 pan glycerol (FAME)
- U gasoline
worn

starch

bk ol froiif'Stgar Biodiesel firom oil/fat -

-
— Source: De Beer
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Biofuels
1st, 2nd, 3rd, and 4th Generation Biofuels

2nd Generation: Produced from lignocellulosic biomass, agricultural
residues or waste plant material, grown on lands not targeted for
cultivating food, not consuming large amounts of water or fertilizer.

Examples of Feedstocks Examples of Conversion Processes
* Energy crops * Syngas catalysis
* Agricultural residues/green wastes  « Syngas-to-liquid (Fischer—Tropsch)
« MSW * Biocatalysis
* Black liquor * Hydro thermal upgrading
Sdo Paulo School of Advanced Sciences on Renewable Energies — www.usp.br/spsasre N FAPESP

July 23rd - Aug. 3rd, 2018 — 580 Paulo (Brazil)
Chanes Kinoshita — Advanced Techmgfea for Biomass Enﬁ Lise
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Biofuels
1st, 2nd, 3rd, and 4th Generation Biofuels

3rd Generation: Uses specially
engineered energy crops such as algae.
Algaculture — unlike crop-based
biofuels — does not compete with food
production, requiring neither farmland
nor fresh water.

Sao Paulo School of Advanced Sciences on Renewable Energies — www.usp.br/spsasre =] W
July 23rd - Aug. 3rd, 2018 — Sédo Paulo (Brazil)
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1st, 2nd, 3rd, and 4th Generation Biofuels

4th Generation: Produces
sustainable energy while
sequestering CQO,; carbon negative
rather than carbon neutral.

ll//

:\

The Biochar Cycle

Biochar

Pyrolysis Energy

)
o))

Up to half of the carbon is sequestered

Source: Nature
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July 23rd - Aug. 3rd, 2018 — S&o Paulo (Brazil)

Charles Kinoshita — Advanced Technologies for Biomass Energy Use
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CHALLENGES FOR BECCS IMPLEMENTATION THROUGH A SOCIO-TECHNICAL APPROACH!

Mascarenhas., Karen L.1-*3; Coelho. Suani T.'*: Meneghini. Julio R.!?
IResearch Centre for Gas Innovation. University of Sdo Paulo: “Imperial College London
SUniversity of Sdo Paulo. Sio Paulo. Brazil

ABSTRACT: Some of the great contemporaneous challenges in the world mvolves dealing with energy, food
production and supply. at the same time, reducing greenhouse gas emissions and their impact on climate change. As
s0. aiming to reduce carbon concentrations in the atmosphere, many studies recommend the inclusion of technologies
as Carbon Capture and Storage (CCS) or Carbon Capture Usage and Storage (CCUS) to follow through energy
transition to lower carbon concentration. As discussed in this paper and other publications by one of the authors

(STC). only fossil fuel replacement is not enough to achieve a temperature increase of up to 2° C. Therefore,
bioenergy. together with these technologies. named Bioenergy Carbon Capture and Storage (BECCS) or Bioenergy
Carbon Capture Usage and Storage (BECCUS), has the potential to reach negative emissions on bioenergy life cycle.
Consequently, understanding the challenges for the implementation of such technologies requires a broad perspective
that 1s addressed through a socio-technical approach. In fact, BECCUS can be an option to contribute to these goals.
putting together both bioenergy and CCS / CCUS as discussed in previous publication. BECCUS 1s already becoming
a reality in Brazil. since several sugarcane ethanol nulls already sell CO2 from their fermentation process to other
industries. However. there are still (technical. economic. social and environmental) challenges mainly related to
BECCS. not yet implemented in the country. Therefore. this i1s the main objective of this paper: to analyse the
challenges for BECCS 1n the country in a socio-technical approach.

Keywords: technology. social aspects. sustainability. sugarcane. CO2 emission. CO:2 reduction.

EUBCE 2020 (European Biomass Conference) — Disponivel no e-disciplinas
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Biocombustiveis liquidos no Brasil
- Etanol
- Biodiesel
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Matriz energética

BEN 2019 | Reparticao da oferta interna de energia - OIE

RENOVAVEIS » 45,3% NAO RENOVAVEIS » 54,7%
Biomassa da Hidraulica® Petroleo e Gas Carvao
Cana 12,6% derivados Natural Mineral
17,4% 34,4% 12,5% » 5,8%
Lenhae Lixivia e outras Uranio outras nao
Carvao Vegetal renovaveis 1,4% renovaveis
8,4% 6,9% 0,6%
H
* Inclui importacdo de eletricidade oriunda de fonte hidrdulica 18

BEN 2019 | Destaques | ano base 2018

http://www.epe.gov.br/sites-pt/publicacoes-dados-abertos/publicacoes/PublicacoesArquivos/publicacao-377/topico-
470/Relat%C3%B3rio%205S%C3%ADntese%20BEN%202019%20An0%20Base%202018.pdf
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Matriz energetica

BEN 2019 | Participacao de renovaveis na matriz energética’

v" Incremento da geragao hidraulica e edlica;
v Aumento da oferta de lixivia e biodiesel;

v" Reducéo da oferta de petroleo e derivados;
¥v" Reducgéo da oferta de gas natural.

Participacao das renovaveis na OIE
Brasil (2018)

Brasil (2017) 47% 5%
Mundo (2016) 3%
39%
OCDE (2016) NS
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
mRenovaveis =Nao renovaveis
A renovabilidade é calculada com base na Oferta Interna de Energia - OIE. Fonte: EPE; Agéncia Internacional de Energia. Elaboragdo: EPE 16

BEN 2019 | Destaques | ano base 2018
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Matriz energética

BEN 2019 | Reparticao de ‘lixivia e outras renovaveis’

Lixivia e outras

Ean Vet Lixivia 8892 9553  7.4%

Biodiesel 3.313 4174 26,0%

Outras biomassas' 1.280 1.351 5,5%

Lndﬁii;:l Biogés 191 204 6.7%

Biog;s f:ga;’af S‘O;Zr Gas industrial de carvao vegetal 74 88 18,7%
ouras Edlica 3644 4169 14,4%

a

Solar 72 298 316,2%

Total 17.467 19.837 13,6%

Biodiesel ultrapassa Edlica * Inclui casca de arroz, capim-elefante e dleos vegetais

BEN 2019 | Destaques | ano base 2018
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Matriz energética

BEN 2019 | Oferta interna de energia 2009 - 2018

Mil tep
2009 2010 2011 2012 2013 2018
243.070 268.706 272.250 283.321 296.422 305.635 299.672 288.395 293.268 288.392

100,0

Derivados da cana

75,0 Lenha e carvdo vegetal Renovaveis

Hidraulica

% s00 DEE———
Gas natural

25,0
Petréleo e derivados

0,0
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

# URANIO (U308) m OUTRAS NAO RENOVAVEIS  =EOLICA SOLAR  mOUTRAS RENOVAVEIS

21

BEN 2019 | Destaques | ano base 2018
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[ M Ethanol Blend
~25% |
Renewable H Ethanol E100
i 1 Biodiesel Blend
Passenger vehicles only
Total:
78 Mtoe ~42% Renewable
1
M Diesel I 1
~75% _
Fossil Fuels M Gasoline ®m E100 M Ethanol Blend
M Gasoline
. M Natural Gas

Road transport energy supply
Source: data from EPE (2019) — Year 2018
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BEN 2019 | Consumo de energia nos transportes - matriz

Participagdo das renovaveis nos transportes = 23%

2018 83,7 Mtep 21%
2017 84,3 Mtep 0%
-0,8%

15%

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Querosene Gas natural

4 oo c35% N
Produtos substitutos

.v Gasolina -13,1%

Qutras 1,0%

‘ Biodiesel +2,7% (aumento do percentual na mistura — B10)

Biodiesel 4,4% 29

BEN 2019 | Destaques | ano base 2018
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Setor de transportes

BEN 2019 | Consumo de energia nos transportes - destaques

Aumento da participagao do etanol (anidro+hidratado)

f Etanol hidratado 38,6% no mercado de veiculos leves
. Gasolina automotiva -13,1%
3ﬁx 42% Etanaol
varniagdo % 2018/2017 Gasolina A
2017 2018

Queda da produgao e da importagao de gasolina
_ Servigos (Transporte, armazenagem e correio)
mil m?) Variagdo Consumo Diesel' _
000 Gasoling A _ T - Variagao valor adicionado
utomotiva
33.000 a18/17 ORI
30.000 -
Importagao
000 e s17116 R B
i Producao

24.000 2017 2018 8.2% ‘ linclui biodiesel AT/ 16 A18/17

Fonte: EPE; IBGE. Elaboragdo: EPE 30

BEN 2019 | Destaques | ano base 2018
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BEN 2019 | Consumo final de energia por fonte - participacao

Quer_n_s_ene; 1,3% Quemse_rjfz_;. 13% o Lixivia; 2,7%

Lixivia; 2,0% —__ <
' /

S

Oleo combustivel: 2,7% — "= Bleo combustivel; 0,8%

BRASIL (2009) BRASIL (2018)

" Inclui biodiesel

? Inclui gasolina de aviagdo
* Inclui gés de refinaria, coque de carvdo mineral , de carvéo vegetal e de petréleo, alcatrdo, nafta, carvdo mineral,
outros energéticos de petrdleo, asfalto, lubrificante s e solventes.

BEN 2019 | Destaques | ano base 2018
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O Programa Brasileiro do Alcool

e Foi o maior programa comercial de
biomassa. Hoje em segundo lugar...

e |[niciado pelo Governo Federal em
1975.

e Decisao do Governo Federal de
produzir etanol e acucar (de cana-
de-acucar): objetivo de reduzir as
importacoes de petroleo.

e Combustivel de alta octanagem,
substituiu chumbo e MTBE.

e 2003 - Veiculos bi-combustivel -
flex

e Etanol (anidro) adicionado a

toda gasolina: 20 a 27% de etanol
(em volume) — gasohol (HOJE 27%)

e Atualmente - deve ser
economicamente competitivo com
a gasolina

e RENOVABIO
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Precos historicos de petroleo

Goldemberg, 2011

Crude oil princes 1861-2009 Growth of Loss of Netback Asian
US doll barre] Venezuelan Iranian pricing, fi |
e pariarme production supplies introduced crisis
World events
P Ivani Russi Sumatr: Discovery of Fears of East Texas Post-war Suez Iranian Irag Invasion
oil boom oil exports|  production Spindletop. shortage field reconstruction crisis revolution invaded of Irag
began began Texas inUs discovered Kawait
120
110
100
90

\ :
[ | )

50

40

-\ 30
A V A A L\ "
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/\,— /\_ﬁ_‘r 10
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Incentivos, mandatos de mistura, = Desregulamentacao e @ Carro G0
novas tecnologias exportacoes de acicar ISl Externo?
Final anos 80 CRISE DO ALCOOL
14 | Baixos pregos do petréleo. Governo brasileiro corta o

apoio. Altos precos do agucar afetam a produgao.

ANIDRO

21 o Vendas de carros E-100 caem vertiginosamente.

;10 T 1975

£ PROALCOOL

28 1! FASE HIDRATADO
Mistura obrigatéria

E g e subsidios.

§

[

o N A2 oo o

L HH-

1978-1979 PROALCOOL - 2? FASE
Incentivos fiscais e isengdes de impostos para a ) 2003 FLEX FUEL
Crise do petr6leo & baixos produgéo de etanol e canos movidos a E-100. Todos Veiculos flex fuel come¢am a
precos do aguicar. 0s p?ss;os gevem v/e_anc}er etangl. Preggs dg etanol ser vendidos.
% da gasolina) garantidos na bomba..
‘ — — p— B — =N

Source: Datagro, Icone e
UNICA
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Ethanol-Sugar Mills Location in Brazil

In Brazil thers are two sugarcane areas: 20 19/ 2020
« in the North-Northeast at about 12% of
the production area of sugarcane SUga rcane season
« and the Center-South with the

remaining 8%
642.7 MM t cane
gy oo | ’ In the Center-South, the harvest takes place _ Center-South:
’ | o w :ﬂ f | F ﬁomm ’
2300km v d e 2 S 590.4 MM t cane
[ Bt/ The North-Northeast harvest begins in
R L — September, ending the following year in March.
e » Sao Paulo State

343.7 MM t cane

= --«——A
O e

Proxima aula: séries histdricas de produg¢ao de cana, agucar e
alcool no Brasil, NE, Centro-Sul e SP
Graficos e discussao

31
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Produtividade agricola de cana no Brasil
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Usinas de etanol em S3ao Paulo
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‘o« Ethanol production costs for different crops
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"..USPBraz// - Hydrous (sugarcane) ethanol and gasoline (net?'1

prices comparison
(1976-2016)

Hydrous ethanol and gasoline net prices comparison (1976-2016)

i3T I8E ISE 1530 1955 400 10 IR0 JedS  I0a0

Source: J Goldemberg, P Guardabassi (IEE/USP).
Personal Communication (2017)
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Uso veicular do etanol
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Bicombustiveis (flex)
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C@r MODELOS v OFERTAS G SERVIOS EACESSORIOS v VENDAS DIRETAS v LEXUSE EUQUERO {
TOYOTA

AlLL NEW
COROU LA ), 4
/A 7 0 i =
SEMPRE A FRENTE - — noticias Q

automotivas

HOME MARCAS ~ SECOES ~ SEGMENTOS -~ VIDEDS ANUNCIE CONTATO  SOBRENOS -

HONIERSEY 4 , g . Toyota hibrido Flex sera produzido no Brasil
SIMULEPELOCICLO i ®
TOvOTA & Y - em 2019

ESPECIFICAGOES N
TECNICAS

)

NOVOSMOTORES PACOTE DE NOVA NOVO MULTIMIDIA
HYBRID SYNERGY SEGURANGA PLATAFORMA TOVOTAPLAY +
DRIVE £ DYNAMIC TOVOTATSS ™ TNGA Tov0TA 1 ANDROID AUTO®
FORCE20LFLEX APPLE CARPLAY®
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‘ Volkswagen Virtus

Fiat Cronos
Honda Civie %P v @ GRUPO DE PESQUISA EM
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NOTICIAS ~ CARROS  ANALISES  SERVICO  REVISTA  FOTOS  VIDEOS  SEGUROS  TUDO! Universidadede S0 Pt Insut de Enrgia Ambiene

TOYOTA COROLLA HIBRIDO FLEX SERA FABRICADO
EM SAQ PAULO E CHEGA ESSE ANO

Sedd sera o primeiro modelo no mundo a adota tal tecnologia. Consumo pode
chegar a 30 km/1

por ALEXANDRE 120 A Toyota revelou nesta quarta (17) que o Corolla sera o primeiro modelo a adotar a tecnologia
hibrida flex. A producdo e a estreia do sedd no mercado brasileiro esta marcada para o iltimo
ﬂmﬂu trimestre do ano, na fabrica de Indaiatuba (SP), onde & feito atualmente o sedi. O anancio foi
feito no Palacio dos Bandeirantes, sede do Governo paulista, com participacdoc do governador
17/04/2019 12h19 - atualizado as 17h02 em 18/04/2019 Joio Déria.

O lancamento & parte da estratégla de investimentos da Toyota que ao todo ja aportou R$ 1,6

ﬂum bilhdo em um periodo de dois anos. Destes, cerca de R$ 1 bilhdo fol destinado para moderinzar
e preparar a fabrica paulista para receber a nova geracdo do Corolla. E os demais R$ 600
milh&es teriam sido aplicados nas planta de Porto Feliz (SP).

CARROS ELETRICOS E HIBRIDOS

Toyota confirma que Corolla sera
1° carro com motor hibrido flex

https://g1.globo.com/carros/carros-eletricos-e-
hibridos/noticia/2019/04/17/toyota-confirma-gque-corolla-sera-1o-
carro-com-motor-hibrido-flex.ghtml

https://revistaautoesporte.globo.com/Noticias/noticia/2019/04/toyot
a-corolla-hibrido-flex-sera-fabricado-em-sao-paulo-e-chega-esse-
ano.html



https://revistaautoesporte.globo.com/Noticias/noticia/2019/04/toyota-corolla-hibrido-flex-sera-fabricado-em-sao-paulo-e-chega-esse-ano.html
https://g1.globo.com/carros/carros-eletricos-e-hibridos/noticia/2019/04/17/toyota-confirma-que-corolla-sera-1o-carro-com-motor-hibrido-flex.ghtml
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UNIAO DA INDUSTRIA DE CANA-DE-ACUCAR

NISSAN ESCOLHE BRASIL COMO PLATAFORMA PARA CELULA DE COMBUSTIVEL ALIMENTADA POR ETANOL
30/08/2016

& ampla infraestrutura de producio e abastecimento de etanol existente no Brasil servird como base para a montadora japonesa
Missan aprimorar uma tecnologiz 2 base de etanol de cana gue promete aumentar para 600 quildmetros 2 autonomia de carros
elétricos - igual ao de um modelo 2 gasoling - sem a necessidade de longos periodos de recarga das baterias. Trata-se do sistema
de Célula de Combustivel de Oxido Sélido (SOFC, em inglés), que utiliza a reac3o do oxigénio com o biocombustivel (anidro ou
com 55% de agua) para gerar eletricidade nos veiculos.

http://www.unica.com.br/no
ticia/2003044192034578544
/nissan-escolhe-brasil-como-
plataforma-para-celula-de-

combustivel-alimentada-por-

etanol/



http://www.unica.com.br/noticia/2003044192034578544/nissan-escolhe-brasil-como-plataforma-para-celula-de-combustivel-alimentada-por-etanol/
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ula combustivel a etanol

A Nissan e o Instituto de Pesquisas Energéticas e Nucleares (Ipen)
assinaram nesta segunda-feira (18) uma parceria para o

desenvolvimento de veiculos elétricos com etanol no Brasil.

Existing Regional

v a—
.
infrastructure energy

Carbon neutral cycle

https://g1.globo.com/carros/carros-eletricos-e-
hibridos/noticia/2019/11/25/nissan-faz-nova-parceria-para-
desenvolver-carros-eletricos-com-etanol-no-brasil.ghtml

4 Bioethanol

A’



https://g1.globo.com/carros/carros-eletricos-e-hibridos/noticia/2019/11/25/nissan-faz-nova-parceria-para-desenvolver-carros-eletricos-com-etanol-no-brasil.ghtml
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Fuel tank

SOFC system
(Fuel cell system)
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100% Ethanol

(= | S B
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SOFC- solid oxide T
fuel cell
SOFC System Fuel Tank
B O [ wes | 4a
co: /e &g = - % Ethanal
LRE S S ar i
‘ SOFC Stack ‘?’ @ Reformer
Exhaust Heat (Main raaction]

https://www.nissan-global.com/EN/TECHNOLOGY/OVERVIEW/e bio fuel cell.html



https://www.nissan-global.com/EN/TECHNOLOGY/OVERVIEW/e_bio_fuel_cell.html
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System mechanism

EBecause a SOFC generates electricity from the movement of oxygen ions inside an electrolyte, it is possible to
generate eleciricity from any fuel that reacts with oxygen, and can also generate electricity from low-purity hydrogen.
Further, this technology makes it possible to design compact on-board SOFC systems.

Along with ethanol, a wide range of other fuels, such as natural gas, can be a fuel source.

SOFC systems operate at high temperatures, thus making rare metals or other highly active catalysts unnecessary.

H, H;0

H;
% | |? Fuel side % | | Fuel side
v

v

— ———" =

Electrolyta . | Elactrolyte ‘@ -

e [T, B remccoll
1 e ik ArT

® ° ® °: &® o

SOFC (Solid Oxide Fuel Cell) PEFC (Polymer Electrolyte Fuel Cell)

Power is generated from the movement of Power is generated from the movement of
oxygen ions in an electrolyte solution hydrogen ions (protons) in an electrolyte solution

https://www.nissan-global.com/EN/TECHNOLOGY/OVERVIEW/e bio fuel cell.html
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Fossil fuel

Graphical representation of the emissions caused by (I)LUC, direct and indirect land

use change, for different biofuel pathways and different studies. For reference, typical

non-land-use change emissions for the different pathways and a fossil reference from

the EU Renewable Enerayv Directive (REDY have been added.
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* https://www.youtube.com/watch?v=Ghro8yLV
oY

* https://www.youtube.com/watch?v=jlV_JM5
M20M

* https://www.youtube.com/watch?v=m3XS19j
eBUw



https://www.youtube.com/watch?v=Ghr98yLVoiY
https://www.youtube.com/watch?v=jIV_JM5M2OM
https://www.youtube.com/watch?v=m3XS19jeBUw
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Figure &. Bioenergy Conversion Pathways
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Matérias primas para producao de etanol
Brasil

Agucaradas Amiliceas Lignocelulésicas
(Sacarineas)
Fonte: Donke, v J Y
A.C.G. 2016 Sacarose, Amido Celulose Hemicelulose
T N Glicose , Frutose
Dissertagao de |
Mestrado — P—
Hidrdlise Enzimatica Hidrdlise Quimica
PPGE efou Enzimatica

Glicose Glicose, Manose,

Arabinose, Galactose,
Xilose

Y

Fermentagdo

v
&

Destilagio [ Vinhaga

Etanol

Figura 3.2 - Matérias-primas e seus processos para producio de etanol
Fonte: Pereira Junior, 1991 apud Barcelos, 2012.
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Ethanol production costs from different crops
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http://demoplants.bioenergy2020.eu/

Commercializing

Liquid Biofuels from Biomass

This database has been
elaborated and is
maintained by

@ =.==15

Bioenergy and
Sustainable Technologies

To add your project
please contact Dina
Bacovsky.

Latest publication based
on this database "Status
of Advanced Biofuels
Demonstration Facilities
in 2012"

English | Chinese

Filter Projects

Projects

Search Owner/Name/Input

Owner

Aarhus University

Abengoa
Abengoa

Abengoa Bioenergy

Abengoa Bioenergy
Biomass of Kansas, LLC

Advanced Biofuels
Solutions (aquired the

Name

Center for Biorefining
Technologies

Salamanca
Seville

demo

commercial

GoGreenGas

Location
Denmark
Spain
Spain

Spain

United
States

United

Submit

Info

Info

Info

Info

Info

Info

IEA Bioenergy

Atianti

§ operational | § under construction |
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Disclaimer

Leaflet | Map data © OpenStreetMap Tiles © Esri
planned | 9 non operational | 9 no status
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Etanol 2G no Brasil

https://www.youtube.com/watch?v=HLOCSL5x0GS8

https://www.youtube.com/watch?v=TSn 12jpWP4

Etanol 3G — algas

https://www.youtube.com/watch?v=vPBcRt9Lh8A



https://www.youtube.com/watch?v=HLOCSL5xOG8
https://www.youtube.com/watch?v=HLOCSL5xOG8
https://www.youtube.com/watch?v=TSn_12jpWP4
https://www.youtube.com/watch?v=vPBcRt9Lh8A
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Alagoas inaugura em marg¢o primeira
usina de etanol de 22 geracao do
hemistério Sul

P T 57 pessoas curliram isso

A empresa GranBio, companhia controlada pela familia Gradin com um braco de
participacio do BNDES, mantém para marco a previsdo de inauguracio em S3o Miguel
dos Campos da pnmeira usina de etancl de segunda geracio de todo o hemisféno sul.

Produzido a partir do bagaco e da palha da cana, o etanol de segunda geracio produzido
em Alagoas devera ser o primeiro do pais a chegar aos postos de combustiveis. A
expectativa do Banco Nacional de Desenvolvimento Econdmico e Social (BNDES) & de
que a usina em Alagoas seja o pontapé para a producio em escala comercial do etanol de
segunda geracdo em todo pais ainda no primeiro semestre. "As Unicas plantas que
existem hoje deste tipo de etanol estdo na Italia e nos Estados Unidos, entdo o Brasil ja
pode comemorar um protagonismo em segunda gerac3o similar ac que ja tem em primeira NEG OC 10S
geracao”, disse nessa segunda-feira o gerente do Departamento de Biocombustiveis do

Economia

BMDES, Artur Yabe, em entrevista a jornalistas apds evento de lancamento do chamado
PAISS Agricola.

Alagoas exportara para a Calitérnia
Segundo o BNDES, com a entrada em operacdo da usina da GranBio e de outros projetos g -~ o .
como o da Raizen (associacio entre a Shell e a Cosan), o Brasil ja teria potencial para etan()l telto a partlr de bagago de Cana

atingir, em 2015, uma producio inicial de 130 milhdes de litros. Apesar desse volume
representar apenas 0,5% da da producio total de etanol (de primeira geracéo) do Brasil, a Publicado em 07 de Margo de 2014

(elil NiE i i FTll 99 pessoas curliram isso.

A GranBio, companhia de biotecnologia controlada pela familia Gradin que inaugurara nos

producédo seria significativa para fazer o pais largar na frente na tecnologia de producdo

proximos dias, em Sdo Miguel dos Campos, a primeira usina de etanol de segunda
geracao do hemisfério Sul (etancl preduzido a partir de bagaco e da palha da cana),
afirmou em reportagem publicada nessa sexta no Valor Econdmico que parte da producdo

https://www.youtube.com/watch?v=ufTDAOOOKd8&noredirect=1

na Usina do Estado deve ser exportada para os Estados Unidos, principalmente para o
mercado da Califorma.

Segundo a reportagem, o plano da empresa & de que a usina em Alagoas seja a primeira
de cerca de outras dez que deverdo entrar em operacdo ate 2021, com producdo anual de
1 bilhdo de litros de etanol de segunda geracéio. “A ideia & exportar pelo menos 50%.
Hoje, a Califéornia se apresenta como mercado muito atraente”, disse ao jornal o
presidente e acionista da empresa, Bernardo Gradin.
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Cellulosic Ethanol Process
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Renewable energy technology

1A
RENEWABLE ENERGY TECHNOLOGY v Second generation ethanol

First generation ethancl

\ Second generation ethanol

Power cogeneration

Separation

Power Generation

O 0=

FUEL TECHNOLOGY

TECHNOLOGY RSHPS !
Z2R 2SR SIFARIDERE B As a pioneer in second generation ethanol, or cellulosic ethanol,
INTEGRATED PROCESS production technology, Raizen is committed to developing the energy of

Distillation

the future, using renewable and more sustainable sources. The biofuel is
generated from the by-products of sugarcane (bagasse and straw) used in
the traditional process of manufacturing ethanol and sugar. Therefore we

are able to increase our annual ethanol production, without needing to
expand the area of cultivation.

6 I

CELLULOSIC ETHANOL ELECTRICITY

In November, 2014, we began operating our first industrial plant for the manufacture of biofuel on a commercial scale.

Finished in record time, the unit, located in Piracicaba (SP), allows for production of around 40 million more liters of ethanol a
year.
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Raizen ja ergue usina de etanol de
28 geracao

Nova unidade emn Piracicaba vai produzir 40 milhoes de
litros por ano do biocombustivel

Y iES o
Terca, 07 Janeiro 2014 07:38 . Automotive Business

A Raizen vem construindo em Piracicaba (SP) sua primeira
unidade de producio de etanol celulésico no Brasil. A nova usina
para etanol de sesunda seracio tem capacidade para 40 milhdes
de litros por anco. Com investimento de RS 230 milhoes, as

instalagdes entram em operagac no quarto trimestre de 2014.

Parte dos recursos foi obtida com o Banco Nacional do
Desenvolvimento Econdmico e Social (BWDES). O biocombustivel
de segunda geracac & produzido a partir do bagaco, folhas, cascas

e outros residuos da producgio de cana-de-agiicar. Com Por ficar ao

lado da unidade Costa Pinto, a nova usina tera total c~Tana 1355332 500 ac 2013 | atualizado em 28/11/2013
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de primeira geracio, reduzindo custos e aproveitand« pajzan vai ter usina de etanol de segunda geracao em 2014

sistema logistico ja existente na regido.

Grupo vai investir R¢$ 230 milh&es para produzir biocombustivel a partir de bagaco e palha de cana

POR VIVIANE TAGUCHI

3 Compartithar

W Tweet O

Investimento na unidade sera de RS 240 milhdes (Foto: Editora Globo)
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(L Projecdes de custos etanol celuldsico

1,10
1,00 —
0,20 —
0,80 —
0,70 —

0,60 —
0,50 —

0.40 | 1 1 l I : T
2010 2015 2020 2025 2030 2035 2040 2045 2050

U$S/ litro de gasolina equivalente

B Etanol lignocelulésico Etanol lignocelulésico
Cenario Pessimista Cenario Otimista

(IEA, 2008)
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Etanol de Cana-de-Acucar

Figura 3.3 - Saccharum officinarum L.
Fonte: Navez, 2007.

Fonte: Donke, A.C.G. 2016
Disserta¢do de Mestrado
PPGE
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Composicao Média da Cana-de-Acucar
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Producao ¢

Proc

(CgHy0s), +n{H,0]) 2n CgH1;05

Sacarificacao

n GRUPO DE PESQUISA EM
BIOENERGIA
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e etanol de cana

ucao de Etanol

6 CO,+ 6 H,0 =2 C;H,,0,+6 0,
Fotossintese

CH,,0, 2 2C,H-0H + 2C0,
Fermentacdo
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Combustao de etanol

* 2C,H.OH +11/2 0, 4 CO, +5H,0
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RECERC A Tia CAMA !
Descarza ! Extracac Cakdo
g Bre
Pesazemn [ Amostagem  [® e | Lavagem —III par do calda =
1
____________________________________ Bagpn e cars :
alkds .
Tratamenta do Evaparagao e : -
" cade 4'( Concentracie T’| Cozmenta —|  Secagem "[ Agticar ]
i ¥
+ Tt ik Filirg g Il
Mg I bl 1
l ' + I Hedratadin
P Tanque ds — ,
2 okl " Tratamerto do — —— do X . Ferm winlko Desti - Etamol
- Mosto T l l l Aniden
Tantz e Felins Tratamento do Leite de Vishass Cilexs Alceui & Begandta
Levedura ree

Fonte: CAMARGO et al., 1990
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Anhydrous ethanol Fise ;
. 'i é} 5 '
production __%'m;.i ig -
(through extractive distillation with L. ,,| !,,'_ ‘” »

monoethylene glycol — MEG) '

(replacing benzene and
cyclohexane)

Santa Elisa mill —
Sertaozinho — Sao Paulo)



B i
An hyd rous ethanol P roduction Unversdad te S50 Pauo | s e Eerga ¢ Ambie
Adsortion process (molecular sieve)

Hydrated ethanol passes through a molecular
sieve, where water molecules are captured in
special resins (zeolites —aluminum silicate)

PENEIRA MOLECULAR

eneira Molecular - Costa |

Planta Instalada na COAMO, Campo Mourdo - PR - Brasil =
Capacidade: 100.000 Lidia Planta Instalada na Costa Rica

Ribeirdo Preto, Segunda-Feira, 14 de Novembro de 2011

Planalcool Engenharia e Planejamento Industrial S/C Ltda.
Dita Marmiiacira MNéacar AQ4 420 Andar Mantrn
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Energy Contained in 1,000 tons
of Sugar Cane

(in tons of oil equivalent)

M Sucrose M Bagasse ™ Tops and Leaves

Fonte: Nastari, Lisbon, 2000
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Composicao do bagaco de cana

Celulose
46%

Qutros
8%

Lignina Hemicelulose

21% 25%
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Ethanol Energy Balance from Sugarcane

2C,H,OH + 11/2 0, 4 CO, +5 H,0

s ,,;A-:‘,:jH-H‘HmHH![[H |

il 'I BIOELECTRICITY
e - (sugarcane bagasse)

TRANSPORT
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Fonte: Donke, A.C.G. 2016
Dissertagdo de Mestrado
PPGE

Etanol de Milho

n GRUPO DE PESQUISA EM
BIOENERGIA

Universidade de Sdo Paulo | Instituto de Energia e Ambiente

Figura 3.4 - Zea Mays L.
Fonte: Zell, 2010.
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Corn — chemical composition

Proteina
11%

Lignina
1%

Outros
Cinzas 2%




Ethanol production from corn

"’)f ':-" =14 g / o . e
Corn is the main feedstock for the &5
production of ethanol fuel in the U.S.

Ethanol fuel plant in West Burlington, &)
lowa.
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Etanol de milho - EUA

Fiber

Glucen

Fizure I Corn Wet AMilline Process

Corn

+

Stecping

!

Germm

Separation

!

Corinding
&

Screendng

w

Starch
Separation

Starch
Hydroly=is

Fermentation

Dhztillation

!

Dehydration
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Ol Carn
Refining | ol
Drenaturing » Fue
ExDH

Fossil Energy Use in the Manufacture of Corn Ethanol, August 2002.
Michael S. Graboski. Colorado School of Mines
Prepared for the National Corn Growers Association
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Etanol de milho — EUA

mre 1 Syztem Flow DMagram
[ # - Included in tL.HV)

Fossil Source

- Dry milling: Tmport o
- Eletricidade da =

Transport

*

rede —
- Energia téermica - == Kooy +

( ;N natural gas -
h /év.&r
Gensration &
Tramsport Tramsmission

- Wet milling i

-l
-

A
.‘_1

- Cogeracao com , v Ffm ‘ G
carvao ou GN e
: 1 T I*- - -

Fonte: Donke,

A.C.G. 2016 Fossil Energy Use in the Manufacture of Corn Ethanol, August 2002.
Dissertagao de Michael S. Graboski. Colorado School of Mines

Prepared for the National Corn Growers Association
Mestrado P

PPGE
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Etanol de milho pode corresponder a 50% da prodljgéo no Mato Grosso em 2020
11/04/2019 07:07:00

P t

Mato Grosso Mais

Jornalismo Sério

ULTIMAS NOTIiCIAS GERAL  POLITICA POLICIA JUDICIARIO ESPORTE  QUENTINHAS VAR

14 DE MARCO DE 2019 - 15:32

SUSTENTAVEL

Usina de etanol de milho deve produzir 200
milhoes de litros por ano em MT

Segundo o Sindialcool, a
moagem de cana na ultima safra
do estado foi de 17.186.982
toneladas com previsdao de um
pequeno aumento para proxima
safra, elevando a moagem para
aproximadamente 17.500.000
toneladas.

Quanto ao milho, para a
ultima safra (2018/2019) a
expectativa de moagem é de
1.750.000 toneladas. Os dados
de moagem de milho das ultimas
5 safras mostram que o aumento
é exponencial.

Fonte: Workshop
SEBRAE/GBIO, 2019
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Usina Porto Seguro: produz etanol
tanto a partir da cana-de-agucar
guanto de milho — por esse motivo é
chamada de usina “flex”

Caldeiras queimam cavaco de madeira
de floresta plantada — menores
emissoes de GEE

Fonte: visita de campo GBIO,20109.
Projeto BIOMAT GBIO/SEBRAE

oRCOHML O«4X07 pZ~0C
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Etanol de Sorgo

-sorgo sacarino (acucares fermentesciveis-
etanol),

- sorgo forrageiro (alimentacdo animal),

- sorgo granifero/bicolor (amido- etanol)

Fonte: Donke,

A.C.G. 2016 Figura 3.5 - Sorghum bicolor L. Moench
Dissertacao de Fonte:Dohne, 2008.
Mestrado

PPGE
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Fonte: Donke, A.C.G.
2016

Dissertacao de
Mestrado

PPGE

USina integrada em Mato Grosso Univesidade de SaoPaio | st de Energiae Ambierte

GRUPO DE PESQUISA EM

BIOENERGIA

M

fgua de Sobra de bagago
embebicdo
- Cogeragdo
cana .
. ,?1 ,?1 }‘;1 i1 Recepcdo e moagem bagago .. -
- FaY Fal a Sy o
Y | Vapor AP
i Tratamento dgua
< — do caldo P
Eletricidade e vapor
paraos equipamentos
Milho [ Agua de
Sorgo embebicio i l/enz-rnas lpnrumm
lies . ~| Propagacdode
Diluicio, Cozimento, Fermento > Fermentagdo
liquetacie > hidrlise
enzimatica
Recepgdoe
moagem
J/ Destilagio
Tratamento Vinhaga
de Vinhaga
Etanol

Figura 3.1. Esquema ilustrativo de uma Usina Flex ou Usina Integrada
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** Balanco de energia do etanol de diferentes matérias
primas
Balanco de energia = energia produzida com o etanol/energia
consumida de origem fossil
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Cana Milho Trigo Beterraba Mandioca Residuos ligno-
celulésicos*

Matéria-s-primas

* Estimativa tedrica, tecnologia em desenvolvimento
Fontes: Dai et al, 2006; EBAMM, 2005; IEA, 2004; Macedo et al, 2007 e Nguyen et al, 2007
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Ethanol Energy Balance for Different Crops

1“..—.-

T

Sugarcane Wheat Sugar beets Corn
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GHG emissions avoided with gasoline replacement

Sugarcane 61% to 82%

Corn -30% to 38%
Wheat 19% to 47%
Sugar Beet 35% to 56%
Cassava 63%
Lignocellulosic residues™ 66.5% to 73%

- UNICA (2010) - including iLUC - sugarcane ethanol has | - EPA’s calculations - sugarcane ethanol from Brazil
a reduction of GHG emissions of 73-82% compared with | reduces GHG emissions compared to gasoline by
gasoline, on a 30- or 100-year time horizon, respectively. | 61%, using a 30-year payback for iLUC emissions

http://english.unica.com.br/news/38990375920334398749/epa-reaffirms-sugarcane-biofuel-is- * In theory — technology under development
advanced-renewable-fuel-with-61-por-cento-less-emissions-than-gasoline/ Sources: Dai et al, 2006; EBAMM, 2005; |IEA, 2004; Macedo et al, 2007 e Nguyen et al, 2007



http://english.unica.com.br/news/38990375920334398749/epa-reaffirms-sugarcane-biofuel-is-advanced-renewable-fuel-with-61-por-cento-less-emissions-than-gasoline/
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Ethanol Life Cycle Emissions (2004)

(kg CO_eq./TC)

Scenario 1 Scenario 2
(average) (best wvalues)
Type
Fossil fuels 19.2 7.7
Methane and N,O from trash burning 9.0 9.0
Soil N,O 6.3 6.3
Total emissions 34.5 33.0
Avoided emissions
Surplus bagasse use 12.5 23.3
Ethanol use 242.5 (A); 169.4 (H) 259.0 (A); 180.8 (H)
Total avoided emissions 255.0 (A); 181.9 (H) 282.3 (A); 204.2 (H)
Met avoided emissions 220.5 (A); 147.4 (H) 249.3 (A); 171.1 (H) |

(A): Anhydrous ethanol
(H)l: Hydrous ethanol

GHG emissions reduction: up to 90%
Average energy balance: up to 8.0 (year 2004) - 9.3 (year 2006)

Source: Macedo et al, 2004, 2008
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Impact on Biodiversity and Ecosystem

LAND USE

Soybeans: ~ 30 Mha s
Total Area Na:\;';’:;;:t:‘t’ion Arable Land Others

Sugarcane: 8.7 Mha as1 i f:: 12:‘
For ethanol and sugar e R A o
Brazil:
#1 sugar exporter
(> 1/3 of total global
exports) Liters of ethanol per hectare
Produces 17% of 16,000

global consumption

12,000
8,000
" @

- = 0s  Tod
= " «a

— icA
Sources Icone, Esalge Area 2008

S&o Paulo School of Advanced Sciences on Renewable Energies — www.usp.br/spsasre " FAPESP
July 23rd - Aug. 3rd, 2018 — S0 Paulo (Brazil)
Charles Kinoshita — Advanced Technologies for Biomass Energy Use POLI Llﬂj
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Pesquisar os resultados do balancgo BIOEﬂERmGIA
energético do etanol de cana, milho e

sorgo no MT

Referencia

(Ana Cristina Guimaraes Donke.
Avaliacao do desempenho ambiental e
energético na producao de etanol
decana, milho e sorgo em uma unidade
integrada pela abordagem de ciclo de
vida. Dissertacao de mestrado.
PPGE/IEE/USP. 2016)

Comentar as diferencas entre MT e SP



Portal Brasil

Perguntas frequentes

VOCE ESTA AQUI: PAGINA IMICIAL > INFRAESTRUTURA = 2017 = 02 = RENOVABIO VAl EXPANDIR PRODUGAD DE BIOCOMEBUSTIVEL NO PAIS

Ultimas noticias INFRAESTRUTURA

Portal Planalto

Navegue por Estados RenovaBio vai expandir
S producao de biocombustivel no

Pais
ASSUNTOS
Enengia
Cidadania e
Justica Programa tambem vai ajudar no processo de reducéo de 43% das
) emissdes de gases de efeito estufa até 2030
Ciéncia e
Tecnologia

http://www.brasil.gov.br/infraestrutura/201
7/02/renovabio-vai-expandir-producao-de-
biocombustivel-no-pais
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Ministério de Minas e
Energla (MME)

Estabelpre o5 procedimentos &
FespOmabilidades para 0 credenciaments
da Firma Inspetona.

Credenciamento

Frocesiments o gual s avalia,
qualifica, credoncia e rogista 3
habilitacio Se uma Finma | ngetos par
realizar a centificacko & emith o
ConiFicadn da Produg s ENciente o
Blocombusiivet.

Representantes de Orgfos
e Entidades da
Administracio Pablica
Federal (EPE, ANP, etc.)

Sistema de Produto
(RenovaCalc)

Colegin d processes LItanos, com flos
elementares & 0 produtes, que realizam

uma ou mals Tunches delinklas & que
modela o ciclo de vida de um produto.

Organisma creden ciade para realizar a
Certificago de blacombustiveis & omitlr o
Cormificadn da Predugse Eficiente de
Blocombestivel @ a Hota o ENcincia
EnrgitioomAmbiental.

A

Fiscalizacio

alizacho ¢ aplicacdo de sanclbes
administrathas e pecunidrias, quano ag
cumprimente dos requisibes.

F Y

Fluxograma RenovaBio

Ciclo de Vida

Estigios 0ONSECutivs @ encadeados d¢ um
SHIOMA G produte, Sesse & Maldrinprma
o 0 52 QITACE0 & PATF 0€ FRCUNOS
natura o @ Sepesicie final. conforme
def i em regulamenta.

Certificaco de
Biocombustiveis

Conjjunbe G pECEMMENtos & critérios om
um proceses, na qual a Finma nspeton
avalla a confomidade da mensuracis de
aspectos relativas & producio ou &
IMOTaCio S hioComitus e, em Tngas
da eficinia enengatica @ das emisides de
gases de efelte estula, no ciclo de vida.

Consulta Piblica

Finma Gpe1ona sl te 3 Crogosia &
cenificacio & Corulta Piblica, com a
propeslciss da Hota de Eficiingla
Enenpético-ambiental 3 sor atribuida, com
aimpla dhulgacts oo proceEs.

Mota de Eficiéncia
Energético-Amblental

Walor atritubdo no Cemificado da Produgsn
ETicknite de Bocombusthvets,
individualmanie por smitsor primina, que

Produtor de

Biocombustivel

Agente BCondMica, RS 1Mo d art. S8
2 Led 1™ 9.478, de 1957, autorizado peta
AN exeroer 3 aividade df producio e

[ ——

suitaritatn ¢ 23 intensidade o8 camena
estabelarits o precess db cormificagis.

Certificado da
- Producio Eficiente de
Biocombustiveis

Dooumanto pmitids excluivamente por
Flma lnspetora coms resultade da
processs de certificacio de

Blocombne?

+

Fiscalizaco

Auditonia S proceso S embsio ou de
renovage b Cortificads da Fredugio
Eficionte o Biecombnsheis

regulamenie prgrio Sa AHP.

Importador de
Biocombustivel

Agente econdmico autorizad pHa ANP 2

Empresa de Pesquisa Energética

Emissor
Primério

Predutor o imporader S0 bocombus e,
austorizade pela AN, habillade 2 solkcitar
2 ermisido e Crédite de Deschbongacia
em quantisade proport lonal a volume de
blocombusthved froduTioo o Importade &
comeerializade, relachaments & Hoa de
Eficidncia Enerpitice-smblental cortante
do Certificad da Preducia Eficients e
Bncamb s, 1O DTS AETALS ST
regusmants.

Fiscalizacdo

Flscalizacio da movimentacio de

descahonlzagho emitidos @ 0 Cumprimenta
das metas individuais computssrias.

Modelo Econdmico

Crédito de
Descarbonizacio
{CBIO)

Ingnumento regictrado sob a fomma
euwcritural, para fins o Comprovacis di
mena individual do ditribuidor de
combustheed de que LRta €518 mane.

A detinicio d quantidade de Crbdinm de
Descaronizaghe s serem emitides
considerard o volume de blocombustie,

ol
respecti Hata db Eficinga Ensrpdtico.
Amitkantal cofsrante s Comificata g
Pridu;an Eficiente do Bcombustiv.

Bance ou insticuicke linancein, contatada

Comité de Monitoramento

de Biocombustiveis e

Combustiveis (CMBC)
Fropor 2 CNPE a5 M tas compulonas
anarts de reduCio de emisuies de gases
Carkadores 0o efeito estula para a
COmenTializag o e combustvels.

Conselho Nacional de
Politica Energética
(CNPE)
Estabsocs 25 maetas compuludrias anak
O reducio de emisades 0o gases

caumderes do efelto estula para a
comercializacho de combustivets.

Meta de
Descarbonizacio

Mot flnadi Par) SEqUIAT Mool
inersidade de carbona na matriz nacional
i combustivess.

Metas Individuais

A mita computabia amal serd deutnbrata
peta ANP, para 2k 300 CONENE, em

combrstivels fbssels no ans antedor.

2

Distribuidor de
Biocombustiveis

Agente pcondmicn terizadn pols ANF 2
exercer a athvidade de distribuicio de
Combustiwels, nos Lermos 40 regulamenta
proprio da AHP.

Mercado
de Actes

O Créelit o Descarbon| o somonte
serd

N pariods e g ok titulos extkerem
registrades.

To incentivize biofuels producers efficiency based
on carbon footprint — LCA of the biofuel process
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RenovaBio: incentive to reduce carbon

" footprint - available and new
Brazilian
commitments at technolo
COP 21
al
(Carbon
Intensity)
(8CO,e/MJ) Emissions reductions = Fossil Fuel’s Cl — Biofuel’s Cl
3
96
gasoline Emissions reductions = carbon credits
RenovaBio
46 36
Carbon credits for biofuels based on simple 16 —
. . . . sugarcane tandar
lifecycle emissions reductions vs a ethanol SC ethanol w/ 20
f . bagasse CHP T —
ossil fuel 1G 5C ethanol 10
Y w/ CHP + —_—
Credits purchased by fuel distributors c RenovaCalc biogas 16+2GSC
based on Cl reduction targets for the fuel G
supply
All biofuels: Ethanol, biodiesel, 2020 — new Project.proposal.s at RCGI/FAPESP/SI—!ELL -
biomethane, HEFA-aviation, ... BECCS perspectives and impacts on RenovaBio
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Biofuels | biofuels i Fuels i | Fuel | @3
i producer i | distributor | i_stations i
Regular fuels

market




————————————————————————

Brazil's fuel supply 10 year |
Accredited carbon intensity targets ,'

| ; __ carbon intensity targets _
| o .

| certifier | CBio
l_____l_____' obligation

—_—_——— e —— — — —_—

| GHG | %% | Biofuels ;  biofels | Fuels | | Fuel | m3y
| Calculator g, LPrOdUCer | MEEGLol | statons
$
CBio
Regular fuels
market market
T L with
CBio = Decarbonisation :_ E)t_h;r e_ntitTe_s_: RenovaBlo
credit (1 tCO,e) oo ‘ (a carbon
price)
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RenovaBio

* Metas compulsorias

Definido na meta

Fonte: UNICA

~74,25
gCO,/MJ

2017

Meta de reducdo da Intensidade de Carbono (IC) da matriz de
combustiveis do Brasil (g CO,/ MJ) —Resolucd@o CNPE N°05/2018

Milhoes
de CBios
73,55 73,51 70,1
72,83 851
! 72,55 72’34 79,5
71,81 73,3
7662
/5:;5/: l 69,49
49,8/ 68,39
41,0 e 67,49
/,./ 66,75
28,7 /
16,8 /
V
2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028



IEE

Cddigo do
Agente CNPJ
Regulado

1033337122 33.337.122/0001-27
5034274233 34.274.233/0001-02

1033453598 33.453.598/0001-23

RenovaBio
* Metas compulsdrias de descarbonizacao (trés maiores)

Razdo Social

IPIRANGA PRODUTOS DE PETROLEO S.A

PETROBRAS DISTRIBUIDORA S.A.

RAIZEN COMBUSTIVEIS S.A.

Total de emissdes 230.867.088 t CO2 eq

Total — Metas individuais (CBIO) 16.800.000
Total — Metas individuais (8/365) 368.230 CBIO, conforme Res CNPE N15

Somatoério das
Emissdes
(tCO2 equivalente)

47.672.760,02

65.866.372,46

40.360.619,61

Participacao
de Mercado (%)

20,65%

28,53%

17,48%

(http://www.in.gov.br/web/dou/-/despacho-n-585-de-26-de-julho-de-2019-207468076)
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*
Meta Individual (8/365.) .
2019 (Meta Individual
(CBIO) 2019)
(CBIO)
3.469.106
76.035
4.793.039
105.053
2.937.008
64.373

Resolugdo CNPE N2 15 DE 24/06/2019 - Art. 32 Excepcionalmente, o distribuidor de combustiveis podera comprovar sua meta individual
do ano de 2019, com vigéncia a partir do dia 24 de dezembro, em quantidade proporcional ao nimero de dias de sua vigéncia, isto &,
observada a fragdo 8/365, cumulativamente com sua meta individual referente ao ano de 2020.

Fonte: ANP - http://www.anp.gov.br/producao-de-biocombustiveis/renovabio/metas-individuais-

compulsorias-reducao



http://www.anp.gov.br/producao-de-biocombustiveis/renovabio/metas-individuais-compulsorias-reducao
http://www.in.gov.br/web/dou/-/despacho-n-585-de-26-de-julho-de-2019-207468076
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* Projecoes de Ciclo Otto (gasolina C + etanol + GNV)

Estimativa divulgada pelo Comité RenovaBio, em consulta publica do Ministério de Minas e Energia

Fonte: UNICA

Volume em bilhdes 7°

de lifros ,

(@]

5

(=]

[

(@]

o

(@]

Biogds

4
B GNV

3
B Etanol hidratado

2
r Etanol anidro
B Gasolina A ]

| 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028
115 11,9 122 127 133 135 132 127 120 11,6 11,1
152 154 167 166 160 170 204 250 297 331 36,
267 273 289 293 293 305 336 37,7 41,7 447 472
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Efeitos COVID-19 — reducéo das metas do Renovabio

MINISTERIO DE MINAS E ENERGIA ACESSO A INFORMAGAQ M- ALTO CONTRASTE % VLBRAS

Minas e Energia v feeGM

Home / Comunicacao / Todas as Noticias / Metas de Descarbonizagao do RenovaBio

&) Imprimir

O MINISTERIO

Metas de Descarbonizacao do RenovaBio

publicado: 26/09/2020 13:04, Ultima modificagdo: 26/09/2020 13:47

http://www.mme.gov.br/todas-as-noticias/-
/asset publisher/pdAS9IcdBICN/content/nota-
a-imprensa-metas-de-descarbonizacao-do-
renovabio



http://www.mme.gov.br/todas-as-noticias/-/asset_publisher/pdAS9IcdBICN/content/nota-a-imprensa-metas-de-descarbonizacao-do-renovabio
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Impacts of COVID pandemic on biofuels*®

Impacts of COVID on fuels’ consumption

Two challenges:
* Huge decrease in transportation fuel demand
* Low oil prices

Huge impacts on biofuel sector

To be discussed in this presentation

* COELHO, S. T. How bleak is the future for Brazil’s biofuels sector? Latin America Advisor - Energy Advisor. Washington,
DC, USA, p.1 - 6, 2020. https://www.thedialogue.org/energy-advisor/



\\I GRUPO DE PESQUISA EM
~'IEE \4 BIOENERGIA
" 4 US P Universidade de Sao Paulo | Insftuto de Energia e Ambienie

L)

Impacts of COVID pandemic on biofuels*

« ' demand for fuels and \ oil prices: huge impact on
biofuels

* |n Brazil:
* Ethanol demand ¥ by 50% (UNICA)
* Ethanol prices ¥ by 35% (from 2.0 BRL down to 1.3 BRL)
e Main difficulty is ethanol storage, as cane must be crushed
* Only large groups have relevant storage capacity

e Sugar production is an option only for industries with flexible
process

* COELHO, S. T. How bleak is the future for Brazil’s biofuels sector? Latin America Advisor - Energy Advisor. Washington, DC, USA, p.1 -
6, 2020. https://www.thedialogue.org/energy-advisor/
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Impacts of COVID on biofuels in Brazil (2020)*

* Main difficulty: to store ethanol since all mills must crush the cane

* Large groups (Raizen and Sao Martinho) can afford to store the ethanol
produced

* Average storage capacity is 48.8%**

e Option to produce sugar: an option for industries with flexible process. But
several mills produce only ethanol (distilleries). No option for sugar
production.

e 2020 Federal Government reduced CBIOs targets by 50%

* COELHO, S. T. How bleak is the future for Brazil’s biofuels sector? Latin America Advisor - Energy Advisor. Washington, DC,

USA, p.1- 6, 2020. https://www.thedialogue.org/energy-advisor/
** https://projetos.pecege.com/



https://www.thedialogue.org/energy-advisor/
https://projetos.pecege.com/
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Biocombustiveis — beneficios (pos Covid)

* Geracao de emprego e renda nas zonas rurais
(importante em periodos de recessao econdmica)

* Seguranca energética e sustentavel

* Menores impactos ambientais locais (reducao nas
emissoes de particulados

* Reducao nas emissdoes de GEE — mudancas
climaticas

 E 0os incentivos....
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Bioenergy Sustainability
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GRUPO DE PESQUISA EM
BIOENERGY CONTRIBUTING TO ACHIEVE SUSTAINABLE “1 BIOENERGIA
DEVELOPMENT GOALS Univesidate d S50 Pl | ntit d Enrgiae Ambere

GOOD HEALTH QUALITY GENDER 6 CLEAN WATER
AND WELL-BEING EDUCATION EQUALITY AND SANITATION

TN KS]

DECENT WORK AND i 1 REDUCED
ECONOMIC GROWTH INEQUALITIES

@

1 PEACE, JUSTICE PARTNERSHIPS
AND STRONG FOR THE GOALS
INSTITUTIONS

SUSTAINABLE
DEVEEOPMENT
¥ @ GOALS

Established in 2015 at the United Nations
Each goal has specific targets to be achieved over the next 15
years (2030)
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Bioenergy and Sustainable Development

* Reduce greenhouse gas emissions (including in
some instances where other opportunities are
limited).

* Improve energy security through enhancing
diversity of energy supply and reducing the
exposure to fluctuating global energy markets.

* Provide economic onortunit.ies including jobs
and income for rural economies.

* Complement efforts to improve waste
management and air and water quality.

* Help improve modern energy access for some of
the 2.7 billion people who lack it (both for
heating, cooking and electricity).

IEA, 2017 — Bioenergy Technology Roadmap
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Estudos recentes

e Mauricio Roberto Cherubin, ESALQ/USP, 2016. Soil quality
response to land-use change for sugarcane expansion in Brazil
(Premio 2017)

* Jose Goldemberg, Suani Coelho, Patricia Guardabassi, Plinio
Nastari. The Brazilian Experience with Biofuels. Encyclopedia of
Sustainability. Springer. 2017

* Ana Cristina Guimaraes Donke. Avaliacao do desempenho
ambiental e energético na producao de etanol decana, milho e
sorgo em uma unidade integrada pela abordagem de ciclo de
vida. Dissertacao de mestrado. PPGE/IEE/USP. 2016.

* Goldemberg, J., Coelho, S. (2019). Sustainability and
Environmental Impacts of Sugarcane Biofuels. In Khan, M.T., Khan,
|.LA. (eds.) Sugarcane Biofuels Status, Potential, and Prospects of
the Sweet Crop to Fuel the World. Springer. DOI: 10.1007/978-3-
030-18597-8 18.



https://doi.org/10.1007/978-3-030-18597-8_18
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PILLARS
ENERGY GEEF"s work on st Aty Ind rs was de urder the following three plilars,

noting interinkages betwsen tham:
TNERSHIP SUSTAINABILITY

Envirommental Social Ecomnoemic
INDICATORS FOR BIOENERGY
THEMES
FIRST EDIT—‘[ON GEEP considers the fTollowing themes relevant, and these guided the development of Indicators under
mese pllars:
‘gas emissions, Price and supply of a national Resource avallablity and use

Productive capacity of the land food basket, Access io kand, water | efMclencles In bloenergy

and scosystems, Alr qualkiy, and ather natural b

Water use efMclency Rural and distinution and end use,

and quallty, Biclogloal diversity, Access o Economic development,

change., Inciudng ensergy. Human haaith and safely. | Economic viabillty and
af bloenengy,
Access to technology and
technokgical capabiities, Enengy
of saurces
and supgty, Enengy
P secumity/InfrasTucture and
== G B E P Ioaistics for distribution and wse.
Global Bioenergy Partnership
INDICATORS

1. Liecycle GHG emisslons P ooy | 17- Proguctity

2. Soll quallty '“‘ﬁ"""ml"am 18_Net energy balance

S Hafvest lvsis of wood 11. Ghange In Income 19. Gross valwe asded
GLOBAL BIOENERGY ¢ ERESERIITE® | o e e vearergy s | BB SRS
PARTNERSHIP/FAO S Water use and emciency 11m:dmm 21.::r-1ga1dmﬂcalmuf

. callecting biomass SITATEE

www.globalbioenergy.org e e somemusstoopmy |

7. Edological dversky In the '5“:':::' I;;'fr"’. i | 23- Infrastructure and logistics for

B W&m Iﬁmm m_ucrmmmﬂm
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Three GBEP Sustainability Pillars

1. Environmental
Sustainability

2. Social Sustainability

3. Economic Sustainability

www.globalbioenergy.org

PILLARS
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GEEP s work on sustainabillty Indicabors was dewsloped under the following three pillars,

Envircnmental

noting imteninkages betwasn tham:

Hoclal

Econonnic

THEMES

GBEP considers the following themes relevant, and these quided the develooment of Indicators wnder

Ereennowss gas emissions,
Productive capachy of the land
and ecEYstams, Alr quallty,
Water avallability, use eMciency
ang quaity, ESiogical diversty,
Land-use change, Including
Indirect afects.

mese pllars:

Price and supply of a national
food basket. Access 1o land, water
and other Natural FTESaucss,
Lanouwr condlions, Rural and
social developmeant, ACCEES 1o
ena2rgy, Human haalih and safety .

INDICATORS

REsource avallablity and use
efMciencies In bloenergy
oduction, conversion,
distribution and end use,
Economic development,
Economic wiabillty and
compettiveness of Dloenengy.
Access to technology and
technological capablities, Enengy
secunity/Diversification of sources
and supply, Ensrgy
securty/Infrasiucture and
loqistics for distribution and usa.

=

LFecycle GHG smissions
2 Soll quallty

3. Harvest levals of wood
FES0UNCES

4 Emissions of non-GHG air
pollustants, Inciuding air
boxdes

5. Water use and eMcency

6. Water quality

. ANocation and tenure of land
fior naw Dlocensrgy production

1. Price and supply of a national
fiood Daskel

11. Changs In Income

12. Jobs In the bloenergy Secior

13. Change In unpald ime spant
by woman and children
colizciing Momass

14. Bloenengy used to expand
ACCESS 10 MONSEM SneErgy
services

17. Proguctivity
18. Het energy balance

19, Gross value asded

20. Change In consumption of
Tossll fuels and tradiional wse
of blomass

21.Tralning and requalification of
the warkforce

22, Energy divessity

7. Elological giversiy In the
landscape

8. Land uwse and land-uss
changs relatad to bloenangy
proguction

15. Change In mostality and
burden of disease attributabie
bo Indoor smoke

15. Incldence of cocupational
Injury, liness and fatallties

23. Infrastructure and logistics for
distribution of bloenargy

24, Capacily and Sexibilty of use
of bloenengy
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Ethanol Energy Balance for Different Crops

10

2 T4
0_

Sugarcane Wheat Sugar beets Corn

our
Elaboration: UNICA
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Ethanol Energy Balance from Sugarcane

Diesel oil CO,

/ \
/ \
/ \
/ \

AGRICULTURE OPERATIONS

ETHANOL

FERTILIZERS

T - |
- BIOELECTRICITY
; (sugarcane bagasse)

TRANSPORT

I —— = -
5] OTHERS I p— s _._»
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Reduction of GHG emissions

* Ethanol from sugarcane reduces GHG emissions by
90%, to replace gasoline

0%
-20%
-40%
-60%
-80%

-100%

_ B - E

Grains ethanol

Beet ethanol

Sugarcane ethanol

I
Etanol de graos

(EUA/UE)

Source: IEA — International Energy Agency (2004). Elaboration: UNICA.

I
Etanol de beterraba

(UE)

—
Etanol de cana

(Brasil)
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GHG emissions avoided with gasoline replacement

Sugarcane 61% to 82%

Corn -30% to 38%
Wheat 19% to 47%
Sugar Beet 35% to 56%
Cassava 63%
Lignocellulosic residues™ 66.5% to 73%

- UNICA (2010) - including iLUC - sugarcane ethanol has | - EPA’s calculations - sugarcane ethanol from Brazil
a reduction of GHG emissions of 73-82% compared with | reduces GHG emissions compared to gasoline by
gasoline, on a 30- or 100-year time horizon, respectively. | 61%, using a 30-year payback for iLUC emissions

http://english.unica.com.br/news/38990375920334398749/epa-reaffirms-sugarcane-biofuel-is- * In theory — technology under development
advanced-renewable-fuel-with-61-por-cento-less-emissions-than-gasoline/ Sources: Dai et al, 2006; EBAMM, 2005; |IEA, 2004; Macedo et al, 2007 e Nguyen et al, 2007



http://english.unica.com.br/news/38990375920334398749/epa-reaffirms-sugarcane-biofuel-is-advanced-renewable-fuel-with-61-por-cento-less-emissions-than-gasoline/
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Millions of hectares

Brazl 851

Arable land 3548

1. Total cultivated area 84,2

Soy 33,2

Corn 15,2

Gramns 10,1

1 9
I Sugar cane ] 6LI Ethanol =4.3
Forestry production 7.8 MM ha
| 2. Grasslands 168,0 | | cttle

3. Available area (degraded) 140,0

Source: (Escobar, 2016). Based on (IBGE, 2016); (FEAP, 2016);
(FUNDECITRUS, 2016); (CONAB, 2016a); (CONAB, 2016b).
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Impact on Biodiversity and Ecosystem
LAND USE
Millions of hectares*
Total Area N.::“”;";;; :t';‘t’ion Arable Land Others
851 498 338 15
100% 58% o 2%
Liters of ethanol per hectare
N, W —
S&o Paulo School of Advanced Sciences on Renewable Energies — www.usp.br/spsasre ] FAPESP
July 23rd - Aug. 3rd, 2018 — Sdo Paulo (Brazil,
Ct;agdes Kino:%ita — Advanced '?echrl:lolog( 'eszgr Biomass Energy Use p D LI UbP
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“* Evolution of the pasture area in the State of Sao Paulo-
2001/2008

Cattle

(million heads) 13,15 13,46 13,76 13,77 14,07 13,75 12,20 11,95
Pastures

(million hectares) 10,29 10,10 10,11 10,12 10,01 9,71 9,12 7,64

Density
(heads of cattle/ha) 1,33 1,36 1,36 1,41 1,42 1,34

Trend for more intensive use

Source: Secretaria de Estado de Agricultura. Elaboration: GBIO/IEE/USP



\\\I n GRUPO DE PESQUISA EM
- IEE BIOENERGIA
v USP Universidade de 30 Paulo |Institto de Energia e Ambiente

'00 u n u u .
Scenarios for more intensive pastures in Brazil

Current situation

Area Heats of cattle Density
(Heats of cattle/ha)

172 million hectares 169 million 0,98
Prospects
108 million hectares 169 million heats of cattle 1,56 (SP - 2008)

( Biofuels

64 million hectares will be available !

Food
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?+« Brazil/Sao Paulo - Agro-ecological Zoning of Sugarcane

W AREA CORRESPONDENTE A AMAZONIA,
. © PANTANAL E ALTO RIO PARAGUAI

AREAS COM | 92,5%
RESTRICAO | 789.8 MILHOES/HA

AREA [ 7,5%
PROPICIA 64,7 MILHOES/HA

7,8 milhoes qe

hectares € a area
atualmente cultivada com
cana-de-agulicar no Pais

572 mil toneladas

foi a produgd@o de cana
em 2008

630 mil toneladas

€ a producao estimada
para 2009

BOLIVIA

ARGENTINA

Adequada ~ 3.900.855
Adequada com limitagdes
ambientais ~ 8.614.161
Adequada com restrigoes
ambientais ~ 5.546.510
I 'nadequada ~ 6.741.748
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Water use in sugarcane ethanol

* Irrigation: most of the sugarcane produced in Brazil does not need irrigation.

Industrial processes:

- reduction on water consumption (SP):
1997:5 m3 /t sugarcane
2004: 1.83 m3/t sugarcane

2013/14: 1,18 m3/tc

2014/15: 1 m3/tc (some mills 0.7)
- 2015 — Cetesb - 0.85 m3/t sugarcane
- water recycling

- high efficiency in water treatment: 98%
- sugarcane washing process replaced by dry cleaning

- mechanical harvesting of green cane — no cleaning
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Agrochemical consumption — sugarcane vs corn ethanol

consumption/ha consumption/m3 consumption/ha consumption/m3
Ethanol production(m?3) 8,1 4,2
N (kg) 25 3,1 140 33,7
P (kg) 37 4,6 100 24,1
K (kg) 60 7,4 110 26,5
Limestone (kg) 600 74,5 500 120,5
Herbicide (liters) 2,6 0,3 13 3,1
Insecticide (liters) 0,1 0 2,2 0,5
Ant Insecticide (kg) - - 0,5 0,1
Nematicide (liters) 1,2 0,1 - -
Total 726,2 90,2 865,7 208,5

Sources: Agrianual (2008); Fancelli e Dourado Neto (2006)



RESOLUCAO CONAMA no 382, de 26 de dezembro de 2006 Publicada no DOU n? 1, de
2 de janeiro de 2007, Secao 1, pagina 131-137 Estabelece os limites maximos de
emissao de poluentes atmosféricos para fontes fixas.

Caldeiras a bagaco

Poténcia térmica nominal (MW) MO(I)
Menor que 10 280 N.A.
Entre 10 e 75 230 350
Maior que 75 200 350

(1)os resultados devem ser expressos na unidade de concentragdo mg/Nm3, em base seca e
corrigidos a 8% de oxigénio.
N.A. - Ndo aplicavel.
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Fossil fuel

Graphical representation of the emissions caused by (I)LUC, direct and indirect land

use change, for different biofuel pathways and different studies. For reference, typical

non-land-use change emissions for the different pathways and a fossil reference from

the EU Renewable Enerayv Directive (REDY have been added.



nGRUPO DE PESQUISA EM
IEE BIOENERGIA

Universidade de Sao Paulo | Insftuto de Energia e Ambienie

Three GBEP Sustainability Pillars

GEEF's work on sustalnability Indicators was developed under the following three pillars,
noting Interfinkages betwaen tham:

Enwircnmental Social Econanmbc

1. Environmental Sustainability E—

GEBEP considers the following themes relevant, and these quided the dewvelopment of Indicators wnder

these pllans:
Freennouss Qas emissions, Price and supply of a natonal Resource avallablity and wse
Productive capacity of tha land Tood basket, Access 1o land, watsr | efMclencles In blosnergy
and ecosysiems, Alr guality, and other natural resouncas, progucion, conwarsion.
. I ] b-Io Water awvallaipliny, use eMclency Lanour condlions, Rural and distriouiion and end use,
and quallty, B Y. social A (1] Economic developmend,
2- SOCIa SUStalna I Ity Land-us2 change, Including energy. Human heaith and safety. | Economic viabilty ang

Indinect effecis
technological capablities, Enengy
secumty/DiversMcation of sourcas

3. Economic Sustainability oaitcE o aletoton a0 uss.

INDICATORS

. Alocation and tenure of land
fior new Dloenergy production
10. Price and supply of a national

17. Productvity

2. Soll quality ey 18. M2t energy oalance

3. Harvest levels of wood
reEnureEs 11. Change In Incame 19, Gross valus asded

4. Emisslons of non-GHE air 20, Change In consumption of
pollutants, Incuding air 12. Jobs In the bloenergy secior fossll fusis and traditional use
toxics of blomass

13. Change In unpald tme spent | 5
o wra o] by womean and chiidren

. Training and requalincation of
the workforce

collechng Domass
14. Bisenengy used to expand
N.A. e _twac v ; tomodem eneray | 22 Energy dversity
Teervices
7. Blological dvershy In the e Y e tapic| 23 IMTrastucture ana logistics ror
Isease aributal @stnoution of bicenargy
ta Indaor smaoke
= mﬁm 15. Incldence of oocupatonal 24_Capactty and Sexipiity of uss
el Inpury, liness ana fislles o blaenergy




Bioenergy and Jobs Creation

igure 5. Jobs in Renewable Energy
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REN21, 2018
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Project main results

‘ CSP
N i
ESALQ-USP EsalQ

Effect on municipalities:

= 10 percentual points increase in the relation sugarcane
area/temporary crops: municipal GDP increase US 76 per capita

* |[ndustrial plant installation: increase on average municipal GDP
(anual per capita)
= US 1098 in the municipality where the mill is installed
= US 457 in each of the 15 municipalities around the mill

= Timeline: 10 years after mil installation / sugarcane areas, anual
municipal GDP increase:

= US 1028 in the municipality where the mill is installed
= US 324 in each of the 15 municipalities around the mil
Source: Azanha, M. et al
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10. Price and supply of a national food basket

Summary of main agricultural products produced in Sao Paulo and their
representativeness in gross value of agricultural production in Sao Paulo

Average 2002/11

SUGARCANE 53,35%
ORANGE 14,29%
CORN 5,28%
ROUNDWOOD 4,56%
SOYBEAN 3,69%
COFFEE 3,54%
POTATO 2,26%
TOMATO 1,91%
BEAN 1,84%

Source: CEPEA/USP(2015)
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10. Price and supply of a national food basket

Real value of the food basket in the State of Sdo Paulo (DIEESE 2015)

400 200
300 e £
3 [ —— S *
g 200 e — = - =t 100 @
[<T1)
& « 100 50 % ®©
m m O T T T T T T T T T T T T T T T T T T T T O .2 g
g n N O©W O NN 00 0 OO O O O o =" N N N N < < Lm
= O O O 0 0 00000 o4 dA A A A A oA oA A — 0O —
NS SN > >
g £ 2§ 32§3252525258205820822582T%6 =
<
——Price Hours
140,00
12000 — =
100,00
Forecasting of agricultural food 80,00
commodity prices 60.00

Source:World Bank (2015) 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

- Agricultural Commodities Price: Food, 2010=100, nominal$



n GRUPO DE PESQUISA EM
BIOENERGIA

|EE
Universidade de Sao Paulo | Insftuto de Energia e Ambienie
Percentage of informal jobs in agricultural sector.
Brazil, 2006
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Evolution of the average income of employees in several crops. Brazil and Sao Paulo,

2002-2006 (BRL - August 2007)
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“Phase out of sugarcane burning
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Evolution of Mechanical Havesting Sdo Paulo

State
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c
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Season

Manual

m Mechanized

Fig. 3.12 Mechanical harvesting of green cape. (Photo courtesy of Agricef Solugdes Tecnologicas
Pam Agrncultura Lida, Brazil: reprinted with permission)

Mechanical harvesting in Sao Paulo:

May 2013: 72.6% of the areas that could be
mechanized

were harvested without burning, corresponding to
3.38 million hectares, against

34.2% in 2006

Source: Coelho, S. T., Guardabassi, P. “Ethanol”. In: B. D. Solomon, R. Bailis (eds.), Sustainable
Development of Biofuels in Latin America and the Caribbean, DOI 10.1007/978-1-4614-9275-

7_3 © Springer Science+Business Media NewYork

Evolution of jobs for manual harvesting of sugarcane in Sao

Paulo

Evolug¢dao da Demanda de Trabalhadoras
para Colheita de Cana-de-acgucar (SP)

—e&— Postos de Trablaho

510
71.228

154.274

2007 2008 2009

Dados: TEM (Ministério do Trabalho e Emprego)
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21. Social impacts from mechanized harvesting
Elimination of sugarcane crops in the state of Sao Paulo
Slopes higher than 12%

Other crops?

Or

New harvesting
machines for slopes
higher than 12%?

6.7% of sugarcane area in

400

( Sdo-Paulo

350

300

250

200

150

100

50 —
j I 0 &

Source: Embrapa/FIESP (2014)

Fig. 3.12 Mechanical harvesting of green cane. (Photo courtesy of Agricef Solugdes Tecoologicas
Pama Agricultura Lida, Brazil: reprinted with permission)
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21. Requalification - social impacts from mechanized harvesting (desk
review)

* Reduction on the number of jobs in compliance with the elimination of burning.
e Since 2007 Unica associates retrained more than 5,000 people.

e Requalification program:
* Unica, Feraesp and companies in the production chain,
* support of the Interamerican Development Bank (IADB),
* workers and members of the communities in six regions of S3o Paulo.

* capacity building: drivers, tractors operators and harvesters, other areas (mechanic, electrician and welder);
programs for other sectors such as forestry, horticulture, handicrafts, construction, computing, sewing, catering and
tourism.

* Renovagdo project : 4,350 workers qualified in 2012/2013 season  (http://www.unica.com.br)
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Energy access

* Development of economic activities, making energy
supply economically sustainable and affordable for the
local population.

* Brazil: surplus of sugarcane-bagasse-based electricity is
sold to the interlinked grid and distributed all over the
country.

*In other DC’s - supply rural households.

o

Source: Field visit (S. Coelho) — Cogen for Africa project
(2011)
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Three GBEP Sustainability Pillars
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PILLARS

GEEP's WOk on SUstaInatdity Indicators was dewvaloped under the following three pilars,

Envirenmental

noting Imterinkages between them:

Foclal

[Econamnbc

THEMES

GEBEP considers the following themes relevant, and these quikied the dewsiopment of Indicators wnder

1. Environmental Sustainability

Sreenhouss gas emissions,
Productive cagacity of the (and
and ecosystems, Alr qualiy,
wWater avallaoiify, use efMclency
ana quallty, Biological diversity,
Land-ss=e change, Inciusng
Indirect effecis.

2. Social Sustainability

3.

mese pilars:

Price and supply of a national
Tood basket, Access 1o land, water
and gther natwral resouncas,
Laibour condiions, Rural and
social developimeant, Access o
enargy, Human haarth and safety.

INDICATORS

Resounce avallablity and use
efMciencies In Wosnengy
converson,

security
ana supply, Enargy
sepurbylinfrasrucure and
loqgistics for distribution and wsa.

Economic Sustainability - —
2. Soll qualiy

3. Harvest lewels of wood
FEEOUNCes:

4. Emissions of non-GHG air
pollstants, Inciuding air
toxcs

5. Water use and eflclency

6. WWater qualtty

o, ABocation and tenure of land
fior mew Dlcensry croducton

10. Price and supply of a national
food basket

11. Changs In Income

12. Jobs In the DloSnergy sector

13. Change In unpald ime spent
by woemen and chiidren
collecing blomass

gy used o
SCCESS 0 MOGSEM energy
services

14

17. Productvity

18. Mgt energy Dalance

19, Gross valus asded

20. Changs In consumiption of
Tossll fusis and traditicnal s
of blomass

21. Tralning and requalification of
1hie workfiorce

22, Energy diversity

7. Binlogical diversiy In the
landscape

land-usa
change relabed to bloenargy
fTaedstock production

15. Change In mortality and

23. Imfrastruchure and loqistics for
@istribution of bloenargy

24 Capachy and Sexipdiity of wss
o Dkoenengy
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Sugarcane ethanol in Brazil
Growth rate 3.8% per year
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Hydrous ethanol and gasoline net prices comparson (1976-2016)
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Source: J Goldemberg, P Guardabassi (IEE/USP).
Personal Communication (2017)
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(SAFRA 2013/2014)

Tabela 1. Indicaddres de produtividade agricola

Descrigao— Regides——_
¢ ~~ Tradicional Expansio ™

Produtividade (t/ha) 86,55 69,93
Processamento total de cana (t) 2.225. {088.976 Fonte CEPEGE/ESALQ/USP, 2015
ATR cana processada (kg/t) 131,37 132,70
ATR cana fornecedor (kg/t) 134,79 133,29
ATR padréo (kg/t cana) 121,97 121,97
Preco do ATR (R$/kg) 0,4836 0,4681
Tabelam rendimentom
- ) Cx N _/ Tradicional Expansédo
*  Tradicional : sub-regides de Catanduva, Nivel de utiTizacao.da capacidade instalada—— 92.7% 87.0%
Jau, Piracicaba e Sertaozinho (numero
amostral de 11 usinas; 14% de moagem Perdas industriais
| - . d 290 milhd Perdas industriais comuns 8,3% 7,0%
total na regido, estimada em 230 milhoes Rendimento de fermentacao 90,3% 88,3%
de ton) Rendimento de destilagéo 99,6% 99,7%
*  Expansdo: sub-regides de Aracatuba e o )
Assis (6 usi tradas: 13% d Produtividade Industrial
ssis (6 usinas amostradas; 6 da cana Etanol anidro (L/t cana)
produzida na regido, que foi de Etanol hidratado (L/t cana)

aproximadamente 123 milhdes de ton). Producao eletricidade (KWh/t)

Mix Producgado
Etanol 39,7% 42,5%
Anidro 72,8% 22,0%
Hidratado 27,2% 78,0%
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(SAFRA 2013/2014)

de agicar ——

abela 3. Custos de producado de cana de acucar
CRICAO - — Tradicional Expansio

Matéria-prima

_— 79,52 80,15

COE 59,28 57,95

Cana de fornecedores 27,5 ,56

COE cana proépria 31,77 39,39
Depreciacdes 11,77 15,41
Remuneracado do capital e terra 8,48 6,79
Industrial 26,09 26,26
Operacgao industrial 13,47 12,82
Deprec. 3,88 4,14
Custo de Capital 8,74 9,31
Administrativo 9,36 7,70

Custo Total

Fonte: PECEGE/ESALQ/USP, 2015

114,97 llD

Os custos de produgdo na regiéo Tradicional superam os custos da regido
Expansdo, algo ndo esperado quando sGo comparados os indicadores agricolas e
industriais de ambas as regides. A explica¢do para isso é o elevado custo da
terra na regido Tradicional, que acaba por mais que compensar os ganhos de
eficiéncia obtidos no campo e na baixa ociosidade da industria
(PECEGE/ESALQ/USP, 2015).
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Custos, precos e margens do etanol anidro e hidratado

(SAFRA 2013/2014)

1.800
1.200 I I
900
600
300
- Tradicional Expansdo Tradicional Expansdo
ANIDRO HIDRATADO
ERT+RC 22331 208,16 211,94 197.56
ODEP 203,02 25278 192.68 23991
OCOE 1.054.27 1.018.04 989,70 954,88
CcOT 1.257 30 127082 1182 30 1.194,79
CT 1.480.61 1.478.98 1.394.33 1.392.35
—Preco 1.342.36 1.367.38 1.226.26 1.220,73
— Margem -9.3% -7.5% -12.1% -12.3%

Fonte: PECEGE/ESALQ/USP, 2015

Custos Operacionais Efetivos (COE)
Custos Operacionais Totais (COT)

Custo Total (CT).

Custos desembolsaveis: COE.

COT: COE mais as depreciagoes.

CT = COT mais os custos de oportunidade
(uso do capital e da terra)
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Ethanol exports - Brazil (UNICA, 2014)
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23. Infrastructure and logistic
Logistic - Ethanol pipelines in S3o Paulo
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* Logum Co. was formed as a joint

venture of Copersucar, Cosan,
Petrobras, ETH Bioenergia, and other
independent producers.

* To construct and operate a dedicated
ethanol pipeline (21.8 billion litters per
year when it becomes full operation).

* First section - linking Ribeirao Preto to
Paulinia (later on to Ilha d’Agua
terminal in Rio de Janeiro) -

commissioned in March 2013.
Source: Goldemberg, Coelho, Nastari et al. Production and
Supply Logistics of Sugarcane as an Energy Feedstock. In Wang,
L. (ed), “Sustainable Bioenergy Production”, 2013.

O1 —_Fazenda Conquista do Pontal, Mirante do Paranapanema. Odebrecht
O2 — Fazenda Alcidia, Teodoro Sampaio. Odebrecht.

R1 — Fazenda Bom Retiro, Capivari. Rai

R2 — Costa Pinto, Piracicaba ¥
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Analysis of Infrastructure for
Fuel Distribution in Brazil:
Investiments 2020 - 2025

Marcus D’Elia

Current Infrastructure
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23. Infrastructure and logistic
Ethanol distribution system

Base de Distribuicdo Rodowviaro
Aprox. 10 Ferroviario

USINA

= 300 unidades no pais

Sao Paulo: Transportation of sugar with railcars by Rumo
Logistica (Grupo Cosan, the world largest independent cane

processor, and Grupo Sao Martinho).

Source: Goldemberg, Coelho, Nastari et al. Production and Supply Logistics of Sugarcane as an
Energy Feedstock. In Wang, L. (ed), “Sustainable Bioenergy Production”, 2013.

Dutoviano BSE DE

Rodowviario Direto para a Base Fluvial

48.051 postos
cadastrados no pais
{ANP)

DISTRIBUICAD

_t

REVENDEDOR
{postos)
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LOGISTICA

Exportacao de etanol

(UNICA, 2015)

Exportacdes anuais de etanol por local de embarque (mil litros)
Fonte: UNICA a partir de dados da SECEX.

Local de embarque 2012 2013
PORTO DE SANTOS 2.447.990 2.519.845
PORTO DE PARANAGUA 431.055 287.173
MACEIO - PORTO 120.420 35.781
RECIFE - PORTO (SUAPE) 34.198 16.083
SAO LUIS - PORTO 34.413 9.801
VITORIA - PORTO 14.762 9.844
JOAO PESSOA - PORTO (CABEDELO) 5.116 6.467
RIO DE JANEIRO - PORTO 51 11.111
JAGUARAO - RODOVIA 4.811 3.432
FOZ DO IGUACU - RODOVIA 2.060 1.598
CHUI 1.347 1.106
URUGUAIANA - RODOVIA 1.122 423
SAO FRANCISCO DO SUL - PORTO 815 217
PONTA PORA - RODOVIA 85 91
PONTA PORA - AEROPORTO 51 37
PORTO DE RIO GRANDE 0,41 )
BAGE 0,39 )
CAMPINAS - AEROPORTO 0 0,23
RIO DE JANEIRO - AEROPORTO 0,01 0]
MANAUS - AEROPORTO 0 0,00
SAO PAULO - AEROPORTO 0,00 0
CENTRO-SUL 2.904.150 2.834.877
NORTE-NORDESTE 194.148 68.133
TOTAL 3.098.298 2.903.010

GRUPO DE PESQUISA EM
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Methodology for impacts allocation

Study case for an average sugarcane mill

SUGARCANE CRUSHED
SUGAR PRODUCTION

ETHANOL PRODUCTION anhydrous

hydrous

ELECTRICITY TO THE GRID

300 tc/h
17 t/h

7375 litters/h
7375 litters/h

40 kWh/tc

To be adapted to each mill
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Allocation methods - examples

* Energy basis

Sugar 3865kcal/kg
Anhydrous ethanol 6750LHV (kcal/l)
Hydrous ethanol 6300LHV (kcal/l)

* Economic basis (average prices in September 2014)

Sugar 1,0367 RS/kg
Hydrous ethanol 1,1683 RS/litter
Anhydrous ethanol 1,3366 RS/litter

RS/MWh (marginal
Electricity 197 expansion cost)
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Preliminary Results

* Allocation — energy basis

Energy equivalent

Sugar 64.416.667
Ethanol 96.243.750
Electricity 10.320.000
Total 170.980.417

kcal eg/season
kcal eg/season
kcal eg/season
kcal eg/season

* Allocation — economic basis

Economic equivalent

Sugar 88.191.493,06
Ethanol 94.292.524,74
Electricity 12.066.250,00
Total 194.550.267,80

RS/season
RS/season
RS/season
RS/season

38%
56%
6%
100%

GRUPO DE PESQUISA EM
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Universidade de Sao Paulo | Insfituto de Energia e Ambiente

% in energy equivalent

Porcentage

45%
48%
6%
100%

L
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EVALUATION OF SUSTAINABILITY INDICATORS
FOR SUGARCANE MILLS IN SERTAOZINHO
REGION, SAO PAULO, BRAZIL: A CASE STUDY

Adriano C. Violante - 2018

PhD Thesis — PhD Program on Bioenergy — USP
— UNICAMP - UNESP
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Caio Luca Joppert - MSc candidate

Technical and Economic viability of the
energetic shift of sugarcane bagasse
using biogas produced from vinasse
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How much bagasse is it possible to
displace towards 2G ethanol
production using biogas produced
from vinasse, without causing an
impact on the mill energy matrix?



~ BIOCOMBUSTIVEIS
NO BRAS"_ Biocombustiveis no Brasil: Fundamentos,

AplicacOes e Perspectivas - Carlos
Augusto G. Perlingeiro
ANP - SYNERGIA EDITORA

Fundamentos, Aplicacdes ¢ Perspectivas

CASSINI, S. T.; COELHO, S. T. ; PECORA, V...
Biogas- Biocombustiveis ANP. In: Carlos
Augusto G. Perlingeiro. (Org.).
Biocombustiveis no Brasil - Fundamentos,
AplicagOes e Perspectivas. C. Rio de Janeiro:
Synergia Editora, 2014, v. 1, p. 136-167
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